SPECIFICATION

TITLE OF THE INVENTION:

CERIA COMPOSITE PARTICLE DISPERSION, METHOD FOR PR ODUCING

SAME, AND POLISHING ABRASIVE GRAIN DISPERSION COMPR ISING CERIA

COMPOSITE PARTICLE DISPERSION
TECHNICAL FIELD

[0001]

The present invention relates to a ceria-based com
fine particle dispersion suitable as an abrasive th
used to manufacture semiconductor devices or for ot
The present invention more specifically relates to
composite fine particle dispersion for flattening a
on a substrate to be polished by means of chemical
polishing (CMP), a method of manufacturing the same
polishing abrasive grain dispersion containing the
composite fine particle dispersion.

BACKGROUND ART

[0002]

Semiconductor devices such as a semiconductor subs

a circuit board realize high performance by achievi
density and finer design. So-called chemical mecha
polishing (CMP) is applied to the semiconductor man
step, and is more specifically an essential techniq
shallow trench isolation, flattening of an interlay

film, and formation of contact plugs and Cu damasce
interconnects.

[0003]

In general, an abrasive for CMP includes abrasive
and chemical components, and the chemical component
in promoting polishing through oxidation or corrosi
coating to be polished. On the other hand, the abr
have a role in polishing through a mechanical actio
colloidal silica, fumed silica, and ceria particles

the abrasive grains. In particular, ceria particle
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specifically high polishing rate with respect to a
film and are therefore applied to polish in a shall
isolation step.

Not only polishing of a silicon oxide film but als
polishing of a silicon nitride film is performed in
trench isolation step. In order to facilitate isol
desirable to have a high polishing rate for a silic
and a low polishing rate for a silicon nitride film
ratio between the polishing rates (selected ratio)
important.

[0004]

A method of obtaining a smooth surface or an extre
highly accurate surface having few scratches or fla
conventionally been performed as such a member poli
by performing a comparatively coarse primary polish
followed by a fine secondary polishing process.

For instance, methods to be described below have
conventionally been proposed for the abrasive that
in secondary polishing as such finish polishing.

[0005]

For instance, Patent Document 1 describes a method
manufacturing cerium oxide ultrafine particles (ave
size: 10 to 80 nm) which are formed of cerium oxide
crystals, including the steps of mixing, with stirr
agueous solution of cerous nitrate with a base at s
that the pH value ranges from 5 to 10, then rapidly
resulting mixture to a temperature of 70 to 100°C,
mixture at that temperature. Patent Document 1 fur
that this manufacturing method can provide cerium o
ultrafine particles which are highly uniform in par
and particle shape.

[0006]

Non-Patent Document 1 discloses a method of manufa

ceria-coated silica including manufacturing steps w

similar to those of the method of manufacturing cer
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ultrafine particles as described in Patent Document
method of manufacturing ceria-coated silica does no
burning-dispersion step which is included in the ma
method described in Patent Document 1.

[0007]

Further, Patent Document 2 describes silica-based
particles including, on surfaces of amorphous silic
A, a crystalline oxide layer B containing one or mo
selected from zirconium, titanium, iron, manganese,
cerium, yttrium, calcium, magnesium, fluorine, lant
strontium. Patent Document 2 also describes, as a
embodiment, silica-based composite particles includ
silica particles A; an amorphous oxide layer C whic
on surfaces of the amorphous silica particles A, co
elements such as aluminum, and is different from an
silica layer; and a crystalline oxide layer B which
the amorphous oxide layer C and contains one or mor
selected from zirconium, titanium, iron, manganese,
cerium, yttrium, calcium, magnesium, fluorine, lant
strontium. Patent Document 2 also describes that t
based composite particles described above have the
oxide layer B on the surfaces of the amorphous sili
A to enable improvement of the polishing rate, the
particles are pre-treated to suppress sintering bet
particles during burning, thereby enabling improvem
dispersibility in a polishing slurry, and further n
cerium oxide or considerable reduction of the amoun
oxide used can be achieved to thereby provide an in
abrasive having high polishing performance. Patent
also describes that the silica-based composite part
having the amorphous oxide layer C between the sili
particles A and the oxide layer B are particularly
suppressing particle sintering and in improving the
rate.
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PATENT DOCUMENTS

[0008]

Patent Document 1: JP 2,746,861 B
Patent Document 2: JP 2013-119131 A
NON-PATENT DOCUMENTS

[0009]

Non-Patent Document 1: Seung-Ho Lee, Zhenyu Lu, S.

and Egon Matijevic, “Chemical mechanical polishing
oxide films using silica particles coated with ceri

of Materials Research, Volume 17, Issue 10, 2002, p
SUMMARY OF THE INVENTION

PROBLEM TO BE SOLVED BY THE INVENTION

[0010]

However, the inventors of the present invention ha
actually prepared and examined the cerium oxide ult
particles described in Patent Document 1 and found
polishing rate is low and a polished substrate surf
further more likely to have defects (deteriorated s
accuracy, increased number of scratches, and an abr
remaining on the polished substrate surface).

The inventors of the present invention assume that
mainly because, as compared to a method of manufact
particles including a burning step (burning increas
of crystallinity of ceria particles), the method of
manufacturing cerium oxide ultrafine particles as d
Patent Document 1 does not include a burning step b
crystallizes cerium oxide particles with a liquid p
solution containing cerous nitrate) and produced ce
particles have therefore a relatively low degree of
crystallinity, and cerium oxide does not adhere to
particles for lack of burning treatment and remains
polished substrate surface.

[0011]

Further, the ceria-coated silica described in Non-

Document 1 is not burned and the actual polishing r
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therefore deemed to be low. Furthermore, the ceria
Is not integrated with silica particles through adh
therefore comes off easily to decrease the polishin
lacks in polishing stability. There is also a conc
particles that may remain on a polished substrate s

[0012]

The inventors of the present invention further fou
polishing with the use of the silica-based composit
in the embodiment including the oxide layer C as de
Patent Document 2 may cause impurities such as alum
remain on surfaces of a semiconductor device to adv
the semiconductor device.

Further, the ceria particles described in these do
adhere onto mother particles and are easily detache
mother particles because they do not adhere firmly.

In addition, when polishing is performed using abr
grains each having crystalline ceria particles form
perfectly spherical silica mother particle as descr
Patent Document 2, a high silica film polishing rat
by a chemical reaction that takes place simultaneou
mechanical action of the ceria particles during pol
However, ceria crystals may be detached, worn out o
under a high pressure condition to reduce the area
between a substrate and ceria, leading to a reduced
rate.

[0013]

The present invention has been made to solve the p

as described above. More specifically, the present
aims at providing a ceria-based composite fine part
dispersion capable of polishing even a silica film,
and a hard-to-work material at a high rate, simulta
achieving a high degree of surface accuracy (a smal
scratches, a small number of residual abrasive grai
substrate, improved substrate Ra value and the like

further being preferably used in polishing surfaces

-coated silica
esion and

g rate and
ern about

urface.

nd that
e particles
scribed in
inum to

ersely affect

cuments
d from the

asive
edon a
ibed in
e is achieved
sly with a
ishing.
r broken
of contact
polishing

roblems
invention
icle
an Si wafer,
neously
| number of
nson a
), and

of



semiconductor devices such as a semiconductor subst
circuit board when impurities are not contained, a
manufacturing the same, and a polishing abrasive gr
dispersion containing the ceria-based composite fin
dispersion.
MEANS FOR SOLVING THE PROBLEM
[0014]

The inventors of the present invention have made a

intensive study to solve the problems described abo
completed the present invention.

The present invention provides the following (1) a
(1) A ceria-based composite fine particle dispersio
ceria-based composite fine particles having an aver
size of 50 to 350 nm and having characteristic feat
to [5]:
[1] each of the ceria-based composite fine particle
mother particle having a core particle, a cerium-co
silica layer on a surface of the mother particle, a
particles dispersed inside the cerium-containing si
the core patrticle is primarily composed of amorphou
the child particles are primarily composed of cryst
[2] the child particles have a coefficient of varia
value) of 14 to 40% in their particle size distribu
[3] the ceria-based composite fine particles have a
between silica and ceria of 100:11 to 316;
[4] a ceria crystal phase is only detected when the
composite fine particles are subjected to X-ray dif
and
[5] an average crystallite size of the crystalline
measured by subjecting the ceria-based composite fi
to X-ray diffractometry, is 10 to 25 nm.
(2) The ceria-based composite fine particle dispers
to (1) above including the ceria-based composite fi
further having a characteristic feature of [6]:

[6] silicon atoms enter into solid solution in the
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ceria included in the child particles.
(3) The ceria-based composite fine particle dispers
to (2) above, wherein as for cerium atoms and silic

included in the child particles, a relationship of

R; is a distance between cerium and silicon atoms, an

distance between cerium atoms) is satisfied.
(4) The ceria-based composite fine particle dispers
to any one of (1) to (3) above, wherein the ceria-b

composite fine particles include coarse particles h

of 0.51  um or more, whose number measured on dry basis is

100,000,000 particles/cc or less.

(5) The ceria-based composite fine particle dispers
to any one of (1) to (4) above, wherein impurities
in the ceria-based composite fine particles in amou
(a) and (b):

() Na, Ag, Al, Ca, Cr, Cu, Fe, K, Mg, Ni, Ti, and

contained in amounts of 100 ppm or les, respectivel

ion according

on atoms

Ri <R , (where
dRisa

ion according
ased

aving a size

ion according
are contained

nts shown in

Zn are

y; and

(b) U, Th, CI, NO 3, SO 4, and F are contained in amounts of 5 ppm

or less, respectively.

(6) The ceria-based composite fine particle dispers
to any one of (1) to (5) above, wherein the mother
the core particle and projections on its surface, a
projections are primarily composed of silica.

(7) The ceria-based composite fine particle dispers
to (6) above, wherein each of the projections conta
mother particle has a width of 5 to 25 nm.

(8) The ceria-based composite fine particle dispers
to any one of (1) to (7) above, wherein when cation

titration is performed, a streaming potential curve

ratio (  APCD/V) between an amount of streaming potential cha

( APCD) and an amount of cation colloidal titrant adde

knick (V) as expressed by formula (1) is in a range
-15.0 is obtained:
APCD/V=(1-C)/V - formula (1)

C: streaming potential (mV) at the knick
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I: streaming potential (mV) at a starting point of
streaming potential curve; and

V: amount of the cation colloidal titrant added at
knick (ml).

(9) A polishing abrasive grain dispersion including
based composite fine particle dispersion according

(1) to (8) above.

(10) The polishing abrasive grain dispersion accord
above, wherein the polishing abrasive grain dispers
for flattening a semiconductor substrate having a s
formed thereon.

(11) A method of manufacturing a ceria-based compos
particle dispersion including Steps 1 to 3:

Step 1: a step which includes stirring a silica-ba
particle dispersion containing silica-based fine pa
dispersed in a solvent; and continuously or discont
adding a cerium metal salt while keeping a temperat
20°C, a pH at 7.0 to 9.0 and an oxidation-reduction
50 to 500 mV, respectively, thereby obtaining a pre
particle dispersion containing precursor particles;

Step 2: a step which includes drying the precursor
dispersion; burning the dried precursor particle di
950 to 1,200°C to obtain a burned body; and subject
resulting burned body to wet grinding at a pH of 8.
after addition of a solvent to the burned body, the
obtaining a dispersion including a burned and groun

Step 3: a step which includes subjecting the dispe
including the burned and ground body to centrifugat
relative centrifugal acceleration of 300 G or more;
subsequently removing precipitated components to ob
ceria-based composite fine particle dispersion.

(12) The method of manufacturing the ceria-based co
particle dispersion according to (11) above, wherei
step which includes stirring the silica-based fine

dispersion; continuously or discontinuously adding

the
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metal salt while keeping the temperature at O to 20
7.0 to 9.0 and the oxidation-reduction potential at
mV, respectively; and thereafter continuously or di
adding the cerium metal salt while keeping the temp
20°C or more but 98°C or less, the pH at 7.0 t0 9.0
oxidation-reduction potential at 50 to 500 mV, resp
thereby obtaining the precursor particle dispersion
(13) The method of manufacturing the ceria-based co
particle dispersion according to (11) or (12) above
Step 1 is a step which includes stirring the silica
particle dispersion; continuously or discontinuousl

cerium metal salt while keeping the temperature at

°C, the pH at
50 to 500
scontinuously
erature at
and the

ectively,

mposite fine
, Wherein
-based fine
y adding the

20°C or more

but 98°C or less, the pH at 7.0 to 9.0 and the oxid ation-
reduction potential at 50 to 500 mV, respectively; and
thereafter continuously or discontinuously adding t he cerium
metal salt while keeping the temperature at O to 20 °C, the pH at
7.0 to 9.0 and the oxidation-reduction potential at 50 to 500
mV, respectively, thereby obtaining the precursor p article
dispersion.

(14) The method of manufacturing the ceria-based co mposite fine
particle dispersion according to any one of (11) to (13) above,
wherein impurities are contained in the silica-base d fine
particles in Step 1 in amounts shown in (a) and (b)

(a) Na, Ag, Al, Ca, Cr, Cu, Fe, K, Mg, Ni, Ti, and Zn are
contained in amounts of 100 ppm or less, respective ly; and

(b) U, Th, CI, NO 3, SO 4, and F are contained in amounts of 5 ppm

or less, respectively.

(15) The method of manufacturing the ceria-based co mposite fine
particle dispersion according to any one of (11) to (14) above,
wherein Step 1 is a step which includes stirring th e silica-
based fine particle dispersion containing the silic a-based fine

particles having projections with a width of 5 to 2
surfaces and dispersed in a solvent; and continuous
discontinuously adding the cerium metal salt while
temperature at 3 to 20°C, the pH at 7.0 to 9.0 and

5 nm on their
ly or

keeping the
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oxidation-reduction potential at 50 to 500 mV, resp
thereby obtaining the precursor particle dispersion
the precursor particles and in which the ceria-base
fine particle dispersion according to (6) or (7) ab
obtained.

EFFECT OF THE INVENTION

[0015]

When used, for example, for polishing as a polishi
abrasive grain dispersion, the ceria-based composit
particle dispersion of the invention can polish eve
work materials including a silica film and an Si wa
rate, and simultaneously achieve a high degree of s
accuracy (a small number of scratches, low surface
(Ra) of a polished substrate and the like). The me
manufacturing the ceria-based composite fine partic
according to the invention provides a method of eff
manufacturing a ceria-based composite fine particle
having the excellent performance described above.

The method of manufacturing the ceria-based compos
particle dispersion according to the invention can
considerably reduce impurities contained in the cer
composite fine particles to achieve a higher purity
purity ceria-based composite fine particle dispersi
by a preferred embodiment of the method of manufact
ceria-based composite fine particle dispersion of t
contains no impurities and can be therefore prefera
polish surfaces of semiconductor devices such as se
substrates and circuit boards.

Further, the ceria-based composite fine particle d
of the invention is effective in flattening semicon
surfaces when used as the polishing abrasive grain
and is particularly suitable for polishing a substr
silica insulating film formed thereon.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016]
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[FIGS. 1] FIGS. 1 are each a schematic cross-secti
of a composite fine particle of the invention.

[FIG. 2] FIG. 2 is a schematic cross-sectional vie
embodiment included in the composite fine particles
invention.

[FIG. 3] FIG. 3 is a schematic cross-sectional vie
mother particle in an embodiment included in the co
particles of the invention.

[FIGS. 4] FIG. 4(a) is an SEM image of composite f
particles in Example 2; and FIG. 4(b) is a TEM imag
composite fine particles in Example 2.

[FIG. 5] FIG. 5 is an X-ray diffraction pattern in

[FIGS. 6] FIG. 6(a) is an SEM image of composite f
particles in Example 3; and FIG. 6(b) is a TEM imag
composite fine particles in Example 3.

[FIG. 7] FIG. 7 is an X-ray diffraction pattern in

[FIG. 8] FIG. 8 is an X-ray diffraction pattern in
Comparative Example 1.
DESCRIPTION OF EMBODIMENTS

[0017]

The present invention is now described.

The present invention provides a ceria-based compo

particle dispersion including ceria-based composite
particles having an average particle size of 50 to
having characteristic features of [1] to [5]:

[1] each of the ceria-based composite fine particle
mother particle having a core particle, a cerium-co
silica layer on a surface of the mother particle, a
particles dispersed inside the cerium-containing si
the core patrticle is primarily composed of amorphou
the child particles are primarily composed of cryst
[2] the child particles have a coefficient of varia

value) of 14 to 40% in their particle size distribu
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[3] the ceria-based composite fine particles have a
between silica and ceria of 100:11 to 316;

[4] a ceria crystal phase is only detected when the
composite fine particles are subjected to X-ray dif
and

[5] an average crystallite size of the crystalline
measured by subjecting the ceria-based composite fi
to X-ray diffractometry, is 10 to 25 nm.

[0018]

The ceria-based composite fine particles having an
particle size of 50 to 350 nm and having the charac
features of [1] to [5] are hereinafter referred to
“composite fine particles of the invention.”

The ceria-based composite fine particle dispersion
described above is hereinafter referred to also as
of the invention.”

[0019]

The present invention also provides a method of
manufacturing a ceria-based composite fine particle
including Steps 1 to 3 described below:

Step 1: a step which includes stirring a silica-ba
particle dispersion containing silica-based fine pa
dispersed in a solvent; and continuously or discont
adding a cerium metal salt while keeping a temperat
20°C, a pH at 7.0 to 9.0 and an oxidation-reduction
50 to 500 mV, respectively, thereby obtaining a pre
particle dispersion containing precursor particles;

Step 2: a step which includes drying the precursor
dispersion; burning the dried precursor particle di
950 to 1,200°C to obtain a burned body; and subject
resulting burned body to wet grinding at a pH of 8.
after addition of a solvent to the burned body, the
obtaining a dispersion including a burned and groun

Step 3: a step which includes subjecting the dispe

including the burned and ground body to centrifugat
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relative centrifugal acceleration of 300 G or more;
subsequently removing precipitated components to ob
ceria-based composite fine particle dispersion.

The relative centrifugal acceleration is expressed
ratio with respect to the acceleration of gravity o
denoted by 1 G.

The manufacturing method as described above is her

referred to also as “manufacturing method of the in

[0020]

The dispersion of the invention is preferably manu
by the manufacturing method of the invention.

[0021]

The term “the invention” simply used in the follow
description refers to all of the dispersion of the
the composite fine particles of the invention, and
manufacturing method of the invention.

[0022]
<Composite fine particles of the invention>

The composite fine particles of the invention are
described.

The composite fine particles of the invention have
structure shown in FIGS. 1. FIG. 1(a) and FIG. 1(b
schematic cross-sectional view of a composite fine
FIG. 1(a) shows a type in which some of child parti
exposed outside, and FIG. 1(b) shows a buried type
of child particles are not exposed outside.

As shown in FIGS. 1, a composite fine particle 20
invention has a mother particle 10, a cerium-contai
layer 12 on a surface of the mother particle 10, an
particles 14 dispersed inside the cerium-containing
12.

[0023]

The composite fine particles of the invention may
structure shown in FIG. 2. FIG. 2 is a schematic c

view (schematic view) in an embodiment included in
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fine particles of the invention. As shown in FIG.
fine particle 20 of the invention has a mother part
having a core particle 10a and projections 10b on i
cerium-containing silica layer 12 on a surface of t
particle 10, and child particles 14 dispersed insid
containing silica layer 12.

[0024]

2, a composite
icle 10

ts surface, a
he mother

e the cerium-

Symbols A in FIGS. 1 and 2 illustrate measurement points X

to Z where TEM-EDS analysis to be described later i

[0025]

Regarding the mechanism by which the cerium-contai

silica layer is formed in the composite fine partic

invention, and the mechanism by which child particl

present in a dispersed manner inside the cerium-con

silica layer, the inventors of the invention assume

below.

For instance, when a cerium salt solution and an a

added in parallel to a silica-based fine particle d

(silica sol) obtained by adding ammonia to tetraeth

orthosilicate (Si(OC »Hk) 4) and performing operations of

hydrolysis and polycondensation, or to a silica-bas
particle dispersion obtained by performing operatio
neutralization of water glass, desalting, and remov
impurities, the cerium salt solution is neutralized
result, silanol groups at the surfaces of silica-ba
particles react with a product (cerium hydroxide or
obtained by neutralizing the cerium salt solution t
form, for instance, a layer containing CeO

ultrafine particles (particle size: 2.5 nm or more

10 nm) (this layer is hereinafter referred to also
ultrafine particle-containing layer” and includes t
ultrafine particles and the cerium silicate layer)

surfaces of the silica-based fine particles through

such as Ce(OH)-Si(OH). Cerium atoms phase-separate

cerium silicate layer in the burning step are depos

s performed.
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CeQ ultrafine particles formed on the surfaces of the silica-
based fine particles to cause ceria particles to gr ow. In order
that the ceria particles have a sufficient crystal size (10 to
25 nm) to achieve the required polishing rate, burn ing at a
higher temperature is necessary when the crystallit e size
obtained by mixing is less than 2.5 nm. However, h igh
temperature treatment causes silica formed by phase separation
to serve as an adhesive, whereby the monocrystallin e ceria-
coated composite particles of the invention cannot be obtained

by grinding in the posterior step.

[0026]

In order to obtain the CeO 2 Ultrafine particles having a
particle size of 2.5 nm or more in the mixing step, the
temperature of the silica-based fine particle dispe rsion at the
time of adding a cerium salt is preferably 20°C or less to
suppress reaction with silica. In this process, so me of the CeO
ultrafine particles are already crystallized withou t heating or
aging by keeping the oxidation-reduction potential during mixing
in a predetermined range. On the other hand, even when mixing at
a temperature of 20°C or more is followed by heatin g treatment
and aging in a liquid phase, the CeO 2 Ultrafine particles do not
grow to a size of 2.5 nm or more and crystallizatio nis also

less likely to occur.

It is assumed that the surfaces of the silica-base d fine
particles are dissolved by the reaction between sil anol groups
at the surfaces of the silica-based fine particles and a product
(cerium hydroxide or the like) obtained by neutrali zing the
cerium salt solution, and the dissolved surfaces ar e affected by
oxygen or the like (derived from blown air) to be s olidified to

form the CeO , ultrafine particle-containing layer.

After that, when the CeO 2 Ultrafine particle-containing
layer is dried and burned at about 950 to 1,200°C, the CeO »
ultrafine particles which are present inside the Ce O, ultrafine
particle-containing layer and have a particle size of 2.5 nm or

more but less than 10 nm incorporate therein cerium atoms
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present in the cerium silicate layer to increase th
size, thereby finally having crystalline ceria part
child particles) having grown to an average crystal

about 10 to 25 nm. The cerium silicate layer (for

SiO ;- SiOH) is turned into the cerium-containing silica |
thermal decomposition or thermal diffusion. Theref
crystalline ceria particles are present in a state

in the cerium-containing silica layer. The crystal
particles (child particles) formed by such a mechan
likely to be aggregated together. A part of cerium

the cerium silicate layer is not turned into crysta
particles but remain as such, and the cerium-contai
layer is therefore formed.

[0027]

When the mixing temperature exceeds 20°C and the o
reduction potential is kept in a predetermined rang
reactivity between cerium hydroxide or the like and
fine particles is increased to considerably increas
of dissolved silica-based fine particles. As for t
based fine particles after mixing, for instance, th
size is reduced about by half and the volume is red
90%. Then, the dissolved silica is contained in th
ultrafine particle-containing layer, and in the abo
example, the CeO , ultrafine particle-containing layer has a
composition in which the silica concentration is ab
the ceria concentration is about 60%, and the ratio
the CeO , ultrafine particle-containing layer is increased.
the ceria child particles are grown to a crystal si
25 nm by burning, cerium atoms phase-separated from
silicate layer are deposited onto and grow the ceri
particles, and the ceria particles are coated with
consequently generated by phase separation (diffusi
cerium atoms, whereby the ceria child particles are
the mother particle silica and further covered with

coating. When the burning temperature is high, sil
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the ceria coated mother particles serves as an adhe
promote aggregation of particles, whereby the parti
be ground to a monodisperse state in a subsequent g
When the burning temperature is low, grinding is fa
However, ceria particles do not grow and a sufficie
rate is therefore not obtained.

[0028]

Further, when the mixing temperature exceeds 20°C
oxidation-reduction potential is kept in a predeter
the crystallite size after mixing is reduced to 2.5
and in order to grow the ceria child particles to a
predetermined crystal size by burning, it is necess
diffuse more cerium atoms from the cerium silicate
consequently increasing the silica concentration in
silicate layer, and the silica coating that covers
particles tends to be increased.

When the mixing temperature during the reaction be
silica-based fine particle dispersion and the ceriu
is 0 to 20°C and the oxidation-reduction potential
predetermined range, the reactivity between cerium
the like and silica-based fine particles is suppres
silica-based fine particles are not dissolved so mu
the silica-based fine particles after mixing, for i
particle size is reduced by about 1 to 5% and the v
reduced by about 3 to 15%. Therefore, in the above

example, the CeO , ultrafine particle-containing layer has a

composition in which the silica concentration is ab

the ceria concentration is about 90%, and the ratio

the CeO ; ultrafine particle-containing layer is increased t
the cerium-containing silica layer after burning.

after mixing has a crystal size of about 2.5 nm or

than 10 nm (for example, 6 to 8 nm) and the amount
atoms diffused for crystal growth of the ceria chil

to a predetermined size through burning is therefor

as a result, a large amount of cerium remains in th
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silicate layer to cause crystal growth through burn
temperatures, thereby obtaining ceria particles hav
particle size of 10 to 25 nm. Therefore, the case

to 20°C has a form in which the cerium-containing s
is formed on the surfaces of the mother particles a
child particles are dispersed in this layer.

[0029]

When the ceria particles have a particle size of 1
more in the mixing step, the ceria particles are ag
together and uniform ceria particles are not dispos
monodisperse manner on the surfaces of the mother p
excellent polishing properties are therefore not ob

[0030]

In general, the silica-based fine particles contai
the composite fine particles of the invention are m
have a projection-containing cross-sectional shape
of the shape of the silica-based fine particles use
material. In the cerium silicate layer formed by m
atoms are dispersed by burning but a large part for
cerium-containing silica layer where cerium atoms r
other hand, the cerium atoms are almost diffused, a
result, a region (silica) where the cerium concentr
considerably reduced also occurs. This region is i
likely to be formed between ceria child particles,
integrated with the mother particle or core particl
projection. Therefore, the mother particles contai
composite fine particles are consequently more like
projection-containing shape.

[0031]

As is easily understood in the drawings of FIGS. 1

the mother particle 10, the cerium-containing silic

and the child particles 14 are shown so that they c
distinguished from each other. However, it is assu
composite fine particles of the invention are forme

mechanism as described above, and hence they are pr
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in an integrated manner, and it is difficult to cle
distinguish the mother particle 10, the cerium-cont
layer 12, and the child particles 14 from each othe
using contrast on STEM/SEM images or EDS analysis.

When the composite fine particles of the invention
subjected to cross-sectional STEM-EDS analysis to m
concentrations of Ce and Si elements, it can be con
the composite fine particles have structures shown
and 2.

More specifically, when EDS analysis including sel
irradiation of specified portions with electron bea
scanning transmission electron microscope (STEM) is
and the Ce and Si element concentrations are measur
sectional measurement points X of the composite fin
of the invention shown in FIGS. 1 and 2, the ratio
of the Ce molarity to the total of the Ce molarity
molarity (Ce/(Ce+Si) x 100) is less than 3%. When
element concentrations are measured at measurement
ratio (percentage) of the Ce molarity to the total
molarity and the Si molarity (Ce/(Ce+Si) x 100) exc
When the Ce and Si element concentrations are measu
measurement points Y, the ratio (percentage) of the
to the total of the Ce molarity and the Si molarity
x 100) is 3 to 50%.

Therefore, the mother particles 10 and the cerium-
containing silica layer 12 in the composite fine pa
the invention can be distinguished from each other
where the ratio (percentage) of the Ce molarity to
the Ce molarity and the Si molarity (Ce/(Ce+Si) x 1
an elemental map obtained by STEM-EDS analysis. Th
containing silica layer 12 and the child particles
composite fine particles of the invention can also
distinguished from each other by a line where the r
(percentage) of the Ce molarity to the total of the
and the Si molarity (Ce/(Ce+Si) x 100) is 50% on th
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aining silica
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map obtained by STEM-EDS analysis.

[0032]

In the specification, STEM-EDS analysis is perform
observing at 800,000X.

[0033]

The composite fine particles of the invention are
embodiments shown in FIGS. 1 and FIG. 2. Therefore
the cross-sectional STEM-EDS analysis and elemental
least one layer having a relatively high ceria conc
(composed of ceria fine particles) is very often fo
the outermost shell of each composite fine particle
mother particle (primarily composed of amorphous si
in the center.

[0034]
<Core particles>

The core particles are now described.

The core particle in each of the composite fine pa
of the invention is included in the mother particle
particle may be composed of the core particle. In
the mother particle may be the core particle. The
particle may also be the core particle having proje
on its surface.

The core particles are primarily composed of amorp
silica and are usually silica-based fine particles.
fine particles can be preferably used because spher
particles having a narrow patrticle size distributio
be easily prepared and particles having a variety o
sizes can be prepared.

[0035]

For instance, a method described below can be used
confirm that the core particles are primarily compo
amorphous silica. When an X-ray diffraction patter
by, for instance, a conventionally known X-ray diff
(for example, RINT 1400 manufactured by Rigaku Corp

after the dispersion containing the composite fine
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the invention is dried and pulverized with a mortar
diffraction pattern does not have peaks of crystall
such as Cristobalite. In this way, it can be confi
silica contained in the core particles are amorphou
case, the core particles are deemed to be primarily
amorphous silica.

Drying of the dispersion of the invention and resi
embedding are followed by sputter coating using Pt,
conventionally known focused ion beam (FIB) device
form a cross-sectional sample. When an FFT pattern
by subjecting, for instance, the formed cross-secti
to fast Fourier transform (FFT) analysis using a co
known TEM device, a diffraction diagram of crystall
such as Cristobalite does not appear. In this way,
confirmed that silica contained in the core particl
amorphous. In such a case, the core particles are
primarily composed of amorphous silica.

Another exemplary method includes a method which i
forming a cross-sectional sample in the same manner
observing as to whether there are lattice fringes d
atomic arrangement of the mother particles using a
conventionally known TEM device. When silica is cr
lattice fringes corresponding to the crystal struct
observed, while when silica is amorphous, no lattic
observed. In this way, it can be confirmed that si
in the core particles is amorphous. In such a case
particles are deemed to be primarily composed of am
silica.

[0036]

The average patrticle size of the core particles ha
which is smaller than the mother particles to be de
by a size of the projections. The same method as t
measuring the average particle size of the mother p
be described later is applied to measure the averag

size of the core particles.
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The core particles preferably have a narrow averag
particle size distribution width.

[0037]

The shape of the core patrticles is not particularl
limited, and the core particles may have, for examp
spherical shape, a bale shape, a short fiber shape,
tetrahedral shape (triangular pyramid shape), a hex
shape, an octahedral shape, a plate-like shape, an
shape, or a porous shape.

[0038]

The core particles may have a spherical shape. Th
spherical shape means that the percentage of the nu
particles having a ratio between their shorter diam
longer diameter of 0.8 or less with respect to all
particles is 10% or less. In the core patrticles, t
of the number of particles having a ratio between t
diameter and the longer diameter of 0.8 or less wit
all the core particles is more preferably 5% or les
more preferably 0%.

The ratio between the shorter diameter and the lon
diameter is measured by the same method as the meth
analysis method) of measuring the ratio between the
diameter and the longer diameter of the composite f
of the invention to be described later. When proje
primarily composed of silica are formed on spherica
particles having a narrow average patrticle size dis
width, mother particles also having a narrow averag
size distribution width are easily obtained.

[0039]
<Projections>

The projections are now described.

The projections in each of the composite fine part
the invention are included in the mother particle.
mother particle may not include the projections. |

the mother particle may only be composed of the cor
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The mother particle may also be the core particle h
projections formed on its surface.

The projections are preferably bound to the surfac
core patrticle.

[0040]

The projections in each of the composite fine part
the invention are described with reference to FIG.

a schematic cross-sectional view of a mother partic
composite fine particle of the invention. As descr
when a line where the ratio (percentage) of the Ce
the total of the Ce molarity and the Si molarity (C
100) is 3% is determined on an elemental map obtain
EDS analysis, a mother particle having a contour sh
in FIG. 3 can be obtained. When the start point an
point of a curve indicating a projection are denote
and point B, respectively, the length of a portion

the curve AB does not exceed one-quarter of the cir
length of a maximum circle inscribed in the project
the contour of the mother particle.

[0041]

The projections each have sufficiently small heigh
width as compared to the particle size of the compo
particles of the invention.

The width of one projection means a linear distanc
the point A and the point B shown in FIG. 3.

The width of the projections in the mother particl
a value obtained by simply averaging linear distanc
measurements of arbitrary 50 projections between th
the point B.

[0042]

As shown in FIG. 3, the height of one projection m
maximum length of a line segment CD orthogonal to t

The height of the projections in the mother partic
a value obtained by simply averaging height measure

(maximum length of the line segment CD orthogonal t
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line AB) of arbitrary 50 projections.

[0043]

The shape of the projections are not particularly
but the projections may have a particulate shape su
tetrahedral shape or a spherical shape.

The projections may be crystalline or amorphous.
Alternatively, a gel-like substance may adhere to t
the core patrticle to form the projections. The pro
the surface of the mother particle are preferably b
surface of the core particle.

This is because if the projections or a non-smooth
included, differences in height of the child partic
(differences in the distance connecting the center
particle with the outermost surface of each child p
occur by forming the child particles on the surface
particle.

[0044]

The projections preferably have a width of 5 to 25
When the projection width is 25 nm or more, the chi
are more likely to be buried in the projections, an
case, the polishing effect tends to be reduced. Wh
projection width is 5 nm or less, the effect obtain
projections tends to be reduced.

[0045]

The height of the projections is not particularly
as long as the projections are higher in height tha
of the core patrticle. It is preferably recommended
height of 5 to 25 nm.

[0046]

The projections are preferably primarily composed
silica.

[0047]

The expression “primarily composed of’” means that

content is 90 mass% or more. In other words, the s

in the projections is 90 mass% or more. The conten
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preferably 95 mass% or more, more preferably 98 mas
and even more preferably 99.5 mass% or more.

In the description of the invention to be given be
unless otherwise specified, the expression “primari
of” is used for the meaning described above.

[0048]

The projections are primarily composed of silica,
be confirmed by analyzing the presence of Si compon
elemental map obtained by subjecting the projection
analysis.

[0049]
<Mother particles>

The mother particles are now described.

The mother particle in each of the composite fine
of the invention includes the core particle and may
composed of the core patrticle.

[0050]

The shape of the mother particles is not particula
limited, and the mother particles may have, for exa
spherical shape, a bale shape, a short fiber shape,
shape, a tetrahedral shape (triangular pyramid shap
hexahedral shape, an octahedral shape, a plate-like
amorphous shape, a porous shape, an okoshi (Japanes
cake)-like shape, a crenated shape, or a raspberry-
(projections or particulate portions are scattered
surfaces of spherical particles or approximately sp
particles).

[0051]

The mother particles may have a spherical shape.

spherical shape means that the above-described perc
number of particles having a ratio between their sh
diameter (DS) and longer diameter (DL) of 0.8 or le
less. The percentage of the particle number is det
subjecting 50 mother particles to measurement. The

the number of mother particles having a ratio betwe
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shorter diameter and the longer diameter of 0.8 or
preferably 5% or less and even more preferably 0%.

[0052]

When the mother particle in the composite fine par
the invention is formed of a core particle and proj
its surface, it is assumed that the appearance has
like shape, a crenated shape, or a raspberry-like s
(projections or particulate portions are scattered
surfaces of spherical particles or approximately sp
particles).

Irrespective of the shape of the silica-based fine
particles used as the material, the silica mother p
the composite fine particles of the invention are |
a projection-containing cross-sectional shape such
like shape, a crenated shape, or a raspberry-like s

[0053]

As described above, when the composite fine partic
the invention are subjected to STEM-EDS analysis to
Ce and Si element concentrations in the cross-secti
composite fine particles of the invention shown in
of the mother particles is in a portion where the r
(percentage) of the Ce molarity to the total of the
and the Si molarity (Ce/(Ce+Si) x 100) is less than

[0054]

As will be described later, the composite fine par
the invention have an average particle size in the
to 350 nm and the mother particles have necessarily
average particle size than 350 nm. In the present
the average particle size of the mother particles i
be the same as the average patrticle size of the sil
fine particles contained in the silica-based fine p
dispersion used in Step 1 included in the manufactu
of the invention to be described later. The compos
particles of the invention in which the mother part

average particle size of 30 to 330 nm are advantage
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When the dispersion of the invention obtained by u
mother particles having an average particle size of
as its material is used as an abrasive, occurrence
due to polishing is reduced. When the dispersion o
the mother particles having an average particle siz
than 30 nm is used as an abrasive, the polishing ra
to reach a practical level. When the mother partic
average particle size exceeding 330 nm, the polishi
tends not to reach a practical level and such mothe
also tend to deteriorate the surface accuracy of th
to be polished. The mother particles more preferab
monodisperse properties.

[0055]

The average particle size of the mother particles
measured as described below.

First, observation is performed by STEM-EDS analys
800,000X and a line where the ratio (percentage) of
molarity to the total of the Ce molarity and the Si
(Ce/(Ce+Si) x 100) is 3% is determined to specify t
particles. Next, the maximum diameter of the mothe
deemed as the major axis and its length is measured
measured value is taken as a longer diameter (DL).
dividing the major axis length on the major axis in
is determined. Two points of intersection of a lin
to the major axis at the point with the periphery o
particle are determined, and the distance between t
Is measured and taken as a shorter diameter (DS).
mean value of the longer diameter (DL) and the shor
(DS) is determined and taken as the particle size o
particle.

The particle size of 50 mother particles is thus m
and a value obtained by simply averaging particle s
measurements is taken as the average patrticle size.

[0056]

When a mother particle is formed of a core particl
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projections, the core particle is primarily compose
amorphous silica and has a considerably large mass
to the projections, and the mother particle is ther
primarily composed of amorphous silica.

[0057]

The mother particles are primarily composed of amo
silica and may contain other components, for exampl
and Zr in amounts of 10 mass% or less, respectively
crystalline silica and impurity elements.

For instance, the elements of Na, Ag, Al, Ca, Cr,
K, Mg, Ni, Ti, Zn, and Zr (hereinafter often referr
“specific impurity group 1”) are contained in the m
particles in amounts of desirably 5,000 ppm or less
1,000 ppm or less, preferably 100 ppm or less, more
50 ppm or less, even more preferably 25 ppm or less
preferably 5 ppm or less, and even still more prefe
or less, respectively. The elements of U, Th, Cl,

F (hereinafter often referred to as “specific impur
are preferably contained in the mother particles in
ppm or less, respectively.

[0058]

The contents of the specific impurity group 1 or t
specific impurity group 2 in the mother particles a
composite fine particles of the invention to be des
and in the silica-based fine particles to be descri
mean the contents with respect to the dry amount.

Each of the contents with respect to the dry amoun
value of the ratio (percentage) of the weight of a
element (in the specific impurity group 1 or the sp
impurity group 2) to the mass of solids contained i
object (mother particle, composite fine particle of
invention or the silica-based fine particle to be d
later). If there is no incorporation due to contam
like, the impurities of the mother particles approx

coincide with the impurities of the silica-based fi
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[0059]

The silica-based fine particles or silica fine par
generally prepared using water glass as a material
specific impurity group 1 and the specific impurity
derived from the water glass used as the material i
amount of about a few thousand ppm.

In the case of a dispersion containing the above-d
silica-based fine particles or silica fine particle
in a solvent, it is possible to perform ion exchang
to reduce the contents of the specific impurity gro
specific impurity group 2. Also in such a case, ho
specific impurity group 1 and the specific impurity
remain in a total amount of a few ppm to a few hund
Therefore, when the silica-based fine particles or
particles prepared from the water glass material ar
impurities are also reduced by acid treatment or th

In contrast, in the case of a dispersion in which
based fine particles or silica fine particles synth
an alkoxysilane material are dispersed in a solvent
the element contents in the specific impurity group
preferably 100 ppm or less, and more preferably 20
respectively, and the element contents and the anio
the specific impurity group 2 are preferably 20 ppm
more preferably 5 ppm or less, respectively.

[0060]

In the invention, the amounts of Na, Ag, Al, Ca, C
Fe, K, Mg, Ni, Ti, Zn, Zr, U, Th, CI, NO
in the mother particles (core particles) are expres
determined through measurement using methods descri
respectively.

* Na and K: atomic absorption spectrometry

* Ag, Al, Ca, Cr, Cu, Fe, Mg, Ni, Ti, Zn, Zr, U, an
(inductively coupled plasma mass spectrometry)
* Cl: potentiometric titration

*NO 3, SO 4, and F: ion chromatography
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[0061]
<Child particles>

The child particles primarily composed of crystall
in the composite fine particles of the invention (h
referred to also as “ceria child particles”) are di
the cerium-containing silica layer formed on the mo
particles.

A mother particle in a composite fine particle of
invention may contain a core particle and only incl
particle. However, when a mother particle in a com
particle of the invention has a core particle and p
its surface, ceria child particles are mainly prese
form of (a), (b), or (c) described below:

(a) a form in which a child particle is bound to a

a mother particle through a part of a cerium-contai
layer;

(b) a form in which a child particle is bound to bo
projection and a projection-free portion in a mothe
through a part of a cerium-containing silica layer;
(c) a form in which a child particle is bound to a
free portion of a mother particle through a part of
containing silica layer.

These forms (a), (b), and (c) are desirably presen
simultaneously because when the dispersion of the i
used as a polishing abrasive grain dispersion, each
particle has an uneven surface and hence at the tim
polishing, child particles in the form (a) first co
contact with a substrate to be polished and polishi
performed. Even if detachment, abrasion, or breaka
child particles in the form (a) occurs due to polis
pressure, next ceria child particles in the form (b
ceria child particles in the form (c) come into con
substrate to be polished to enable the contact area
at a high level, whereby efficient polishing can be

a stable polishing rate.
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The dispersion of the invention containing the com
fine particles of the invention in which the child
these forms (a), (b), and (c) are present simultane
easily obtained by the manufacturing method of the
be described below.

[0062]

Further, the ceria child particles may be stacked
cerium-containing silica layer. The shape is not p
limited and examples thereof include a perfectly sp
shape, an elliptical shape, and a rectangular shape
Furthermore, the particle size distribution may be
sharp. The ceria child particles may each have an
due to mother particles having projections or a non
formed therein.

Some of the ceria child particles are buried in th
containing silica layer and others are partially ex
the cerium-containing silica layer.

[0063]

As described above, when the composite fine partic
the invention are subjected to STEM-EDS analysis to
Ce and Si element concentrations in the cross-secti
composite fine particles of the invention shown in
2, each child particle is in a portion where the ra
(percentage) of the Ce molarity to the total of the
and the Si molarity (Ce/(Ce+Si) x 100) exceeds 50%.

[0064]

The child particles primarily composed of crystall
in the invention are dispersed in the cerium-contai
layer formed on the mother particles, and have a co
variation (CV value) of 14 to 40% in their particle
distribution. Namely, the child particles have a |
size distribution width. When the dispersion of th
which contains the ceria child particles having suc
particle size distribution width is used as a polis
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posite
particles in
ously can be

invention to

in the
articularly

herical

uniform or
uneven surface

-smooth shape

e cerium-

posed from

les of
measure the
ons of the
FIGS. 1 and
tio
Ce molarity

ine ceria

ning silica
efficient of

size
arge particle
e invention

h a large

hing abrasive

ild particles



32

having a larger particle size come into contact wit

to be polished and polishing is performed. Then, e
detachment, abrasion, or breakage of such child par
due to polishing pressure, next child particles hav
particle size come into contact with the substrate
polished to enable the contact area to be kept at a
whereby efficient polishing can be performed at a s
polishing rate.

[0065]

According to the invention, the child particles di
in the cerium-containing silica layer have a coeffi
variation (CV value) of 14 to 40%, preferably 16 to
more preferably 18 to 30% in their particle size di

[0066]

According to the invention, the average particle s
distribution of the child particles is measured as
below.

First, the composite fine particles of the inventi
observed at 800,000X by STEM-EDS analysis and a lin
ratio (percentage) of the Ce molarity to the total
molarity and the Si molarity (Ce/(Ce+Si) x 100) is
determined to specify the child particles. Next, t
diameter of the child particle is deemed as the maj
its length is measured and the measured value is ta
longer diameter (DL). A point dividing the major a
the major axis into two halves is determined. Two
intersection of a line orthogonal to the major axis
with the periphery of the particle are determined,
distance between the two points is measured and tak
shorter diameter (DS). A geometric mean value of t
diameter (DL) and the shorter diameter (DS) is dete
taken as the patrticle size of the child particle.

The particle size distribution can be obtained by
the particle size of 100 or more child particles in

[0067]
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According to the invention, the coefficient of var
(CV value) of the child particles in their particle
distribution is calculated by obtaining a standard
a number average value from the particle size distr
obtained as described above which is used as a popu
dividing the standard deviation by the number avera
multiplying the resulting value by 100 (more speci
standard deviation / number average value x 100).

[0068]

The child particles preferably have an average par
size of 10 to 25 nm, and more preferably 14 to 23 n

When the child particles have an average particle
exceeding 25 nm, there is a tendency that sintering
coagulation of the precursor particles having such
particles occurs after burning in Step 2 and grindi
difficult. Such a ceria-based composite fine parti
is not preferred because when used for polishing, t
based composite fine particle dispersion causes scr
polished member. There is a tendency that, when al
polishing, the child particles having an average pa
of less than 10 nm do not easily achieve a sufficie
rate for practical use.

[0069]

According to the invention, the average patrticle s
the child particles means a number average value in
size distribution obtained as described above.

[0070]

The child particles may be stacked. In other word
plurality of child particles may be radially presen
center of the mother particle inside the cerium-con
silica layer.

Further, the child particles may be buried in the
containing silica layer or be partially exposed to
of the cerium-containing silica layer. However, th

particles are desirably buried in the cerium-contai
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layer because when the child particles are buried i
containing silica layer, the surface of each ceria-
composite fine particle is made closer to the silic
therefore the storage stability and the polishing s
improved and the amount of abrasive grains remainin
polished substrate is reduced.

[0071]

The shape of the child particles is not particular
limited. The child particles may have, for example
spherical shape, an elliptical shape, or a rectangu
When the dispersion of the invention is used for po
high polishing rate is to be obtained, the child pa
preferably have a non-spherical shape and more pref
rectangular shape.

[0072]

The child particles dispersed in the cerium-contai
silica layer disposed on the surfaces of the mother
may be in a monodisperse state, a state in which th
particles are stacked on each other (namely, a stat
the plurality of child particles are stacked on eac
the thickness direction of the cerium-containing si
or a state in which the plurality of child particle
together.

[0073]

According to the invention, the child particles ar
primarily composed of crystalline ceria.

For instance, the dispersion of the invention is d
obtain a solid and the obtained solid is pulverized
mortar to obtain the composite fine particles of th
which are then subjected to X-ray analysis using a
conventionally known X-ray diffractometer (for exam
1400 manufactured by Rigaku Corporation). If a cer
phase is only detected on an X-ray diffraction patt
it can be confirmed from this that the child partic

primarily composed of crystalline ceria. In such a
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child particles are deemed to be primarily composed
crystalline ceria. The crystal phase of ceriais n
particularly limited and an example thereof include

[0074]

The child particles are primarily composed of crys
ceria (crystalline cerium oxide) and may contain ot
components, for example, elements other than cerium
hydrous cerium compound may be contained as a polis
catalyst.

However, as described above, the ceria crystal pha
only detected when the composite fine particles of
are subjected to X-ray diffractometry. In other wo
crystal phase other than ceria is included, the cry
other than ceria is out of detection range in X-ray
diffractometry due to its low content or a solid so
ceria crystals.

[0075]

The average crystallite size of the ceria child pa
is calculated using the full width at half maximum
peak that appears on the chart obtained by subijecti
composite fine particles of the invention to X-ray
diffractometry. For instance, a (111) plane has an
crystallite size of 10 to 25 nm (full width at half
0.86 to 0.34°), preferably 14 to 23 nm (full width
maximum: 0.62 to 0.37°), and more preferably 15 to
width at half maximum: 0.58 to 0.38°). In many cas
plane has a maximum peak intensity but another crys
for example, a (100) plane may have a maximum peak
The average crystallite size can be calculated in t
manner also in this case, and the average crystalli
this case may be the same as the average crystallit
above-described (111) plane.

[0076]

The (111) plane (2
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size of child particles.

First of all, the composite fine particles of the
are pulverized with a mortar and an X-ray diffracti
obtained by, for instance, a conventionally known X
diffractometer (for example, RINT 1400 manufactured

Corporation). Then, the full width at half maximum

the (111) plane (2 6 = around 28°) in the resulting X-ray

diffraction pattern is measured and the average cry
can be determined by the Scherrer equation shown be
D=K A/ Bcoss8

D: average crystallite size (angstrom)

K: Scherrer constant (K = 0.94 in this invention)

A: X-ray wavelength (1.5419 angstroms, Cu lamp)

B: full width at half maximum (rad)

6: angle of reflection

[0077]

In the composite fine particles of the invention,
atoms preferably enter into solid solution in the ¢
ceria as a main component of the child particles.
“enter into solid solution” generally means that tw
elements (which may be metal or non-metal elements)
dissolved in each other to form a uniform solid pha
whole, and the solid solution obtained by this proc
classified into a substitutional solid solution and
interstitial solid solution. A substitutional soli
easily take place between atoms having atomic radii
each other. Ce and Si have atomic radii considerab
from each other and at least a substitutional solid
therefore less likely to take place. In the Cerian
structure, the coordination number of Ce seen from
Ce is 8 but should be 7 when Si is, for instance, s
with Ce at a ratio of 1:1. However, it is assumed
preferred embodiment of the composite fine particle
invention is of an interstitial type because analys

the preferred embodiment of the composite fine part
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invention show that the average coordination number
from the center of Ce is 8.0 and further the averag
coordination number of Siis 1.2. Furthermore, it
assumed from the analysis results of the preferred
the composite fine particles of the invention that
embodiment of the composite fine particles of the i
of an interstitial solid solution type because the
distance between Ce and Si is smaller than that bet
Ce. More specifically, as for cerium atoms and sil
included in the child particles, a relationship of
R; is a distance between cerium and silicon atoms, an
distance between cerium atoms) is preferably satisf

It has conventionally been known that, as compared
case of using other inorganic oxide particles, a sp
high polishing rate is exhibited when polishing a s
coated substrate or a glass substrate using ceria p
abrasive grains. It is pointed out that one of the
the ceria particles exhibit a particularly high pol
on the silica film-coated substrate is that trivale
contained in the ceria particles have high chemical
with respect to the silica coating on the substrate
polished. Cerium in cerium oxide may have valences
but high-purity cerium oxide particles that may be
semiconductor abrasive are obtained through a proce
includes burning a high-purity cerium salt such as
carbonate at a high temperature of 700°C. Therefor
burned type ceria particles mainly has a valence of
trivalent cerium content is not enough even if triv
IS contained.

In the preferred embodiment of the composite fine
of the invention, Si atoms are deemed to enter into
solid solution in CeO
fine particles) present on the outermost surface si
assumed that Si atoms enter into solid solution to
distortion of CeO

2 crystals in the child particles (ceria
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is increased even through burning at high temperatu
generate a large amount of trivalent cerium which i
active to SiO 2, thus accelerating chemical reactivity of CeO
resulting in the high polishing rate as described a

with La or Zr is also possible to increase the triv

content.

The interatomic distances of cerium atoms and sili
expressed by R ; and R ,, respectively, refer to average
interatomic distances obtained by measurement accor
method to be described in Examples to be referred t

[0078]
<Cerium-containing silica layer>

The composite fine particles of the invention have
cerium-containing silica layer on the surfaces of t
particles. The child particles are dispersed insid
containing silica layer.

[0079]

By having such a structure, the child particles ar
likely to come off under pressure during grinding o
at the time of manufacture, and even if some of the
particles come off, most of the child particles do
but are present in the ceria-containing silica laye
polishing performance is therefore not reduced.

[0080]

As described above, when the composite fine partic
the invention are subjected to STEM-EDS analysis to
Ce and Si element concentrations in the cross-secti
composite fine particles of the invention shown in
2, the cerium-containing silica layer is in a porti
ratio (percentage) of the Ce molarity to the total
molarity and the Si molarity (Ce/(Ce+Si) x 100) is

[0081]

According to an image (TEM image) obtained through
observation of the composite fine particles of the

with a transmission electron microscope, an image o
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particles densely appears on the surfaces of the mo
particles but a part of the cerium-containing silic
appears as a relatively light image on the peripher
of the child particles, namely, on the surface side
composite fine particles. It can be confirmed that
molarity is very high when the Si molarity and the

of this portion are determined by subjecting the po
STEM-EDS analysis. More specifically, the ratio (p
the Ce molarity to the total of the Ce molarity and
molarity (Ce/(Ce+Si) x 100) is 3 to 50%.

[0082]

The cerium-containing silica layer preferably has
average thickness of 10 to 40 nm and more preferabl
nm.

The average thickness of the cerium-containing sil
is determined by drawing arbitrary twelve straight
connecting the center of the mother particle of the
fine particle of the invention with its outermost s
measuring the distance from the line where the rati
(percentage) of the Ce molarity to the total of the
and the Si molarity (Ce/(Ce+Si) x 100) is 3% and wh
determined on an elemental map obtained by STEM-EDS
described above to the outermost shell of the compo
particle of the invention (distance on a line passi
the center of the mother particle), and simply aver
measurements. The center of the mother particle me
of intersection between the major axis and the mino
described above.

[0083]

It is assumed that the cerium-containing silica la
the composite fine particles of the invention promo
force between the child particles that have grown a
dispersion in the cerium-containing silica layer in
step (ceria fine particles primarily composed of cr

ceria) and the mother particles. Therefore, the ce
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composite fine particle dispersion is obtained by,
subjecting the dispersion including the burned and
obtained by burning to dry preliminary grinding whe
in the step of obtaining the dispersion of the inve
performing wet grinding, and further performing cen
but it is deemed that the cerium-containing silica
effect of preventing the child particles from being
from the mother particles. In this case, there is
local detachment of the child particles, and the wh
of the child particles may not be coated with a par
cerium-containing silica layer. The child particle
have sufficient strength to prevent the child parti

being detached from the mother particles in the gri

It is deemed that, when the dispersion of the inve

used as an abrasive, having such a structure is eff
having a high polishing rate and less deterioration
accuracy and scratches.

[0084]

Further, in the composite fine particles of the in
at least a part of the surface of each child partic
with the cerium-containing silica layer and -OH gro
are therefore present on the outermost layer (outer
of each composite fine particle of the invention.
is deemed that when used as an abrasive, the compos
particles of the invention repel each other due to
charges of -OH groups at the polished substrate sur
a result, are less attached to the polished substra

[0085]

In general, ceria has a different potential from s
polished substrate and a polishing pad, and the neg
potential decreases while the pH changes from the a
toward the vicinity of the neutral range, and a wea
region has an opposite positive potential. Therefo
acidic pH in polishing, ceria is more likely to be

the polished substrate and the polishing pad due to

for instance,
ground body
n necessary
ntion, then
trifugation,
layer has the
detached
no problem of
ole surfaces
t of the
s need only
cles from
nding step.
ntion is
ective in

in surface

vention,

le is coated
ups of silica
most shell)
Therefore, it
ite fine
electric

face, and as

te surface.

ilica, a
ative zeta
lkaline range
Kly acidic
re, at the
attached to

differences



41

in magnitude of the potential and the polarity, to
remain on the polished substrate and the polishing
other hand, the composite fine particles of the inv
silica at the outermost shell as described above, a
potential therefore has a negative charge due to si
pH maintains a negative potential in the range from
pH to the acidic pH, and as a result, abrasive grai
likely to remain on the polished substrate and the
pad. When grinding is performed while keeping the
10.8 during grinding treatment in Step 2 in the man
method of the invention, a part of silica (silica i
containing silica layer) at the surfaces of the com
particles of the invention is dissolved. The disso
deposited onto the composite fine particles (abrasi
the invention by adjusting the dispersion of the in
manufactured under the conditions described above a
less than 7 when applied to polishing. Therefore,
of the composite fine particles of the invention ca
negative potential. When the potential is low, a s
added to appropriately reinforce the cerium-contain
layer.

[0086]

It is also possible to adjust the potential with a
polymer such as polyacrylic acid in order to adjust
potential of the child particles. However, accordi
invention, silica having softly adhered to the surf
to adjust the potential, so that use of organic sub
reduced and substrate defects due to organic substa
(residual organic substances) are less likely to oc
silica having softly adhered to the surfaces is not
a burning step and therefore forms a low-density, a
soluble flexible silica layer. The easily soluble
has an adhesive action relative to a substrate and
effect of improving the polishing rate. The easily
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the invention at a pH of 9 and measuring the silica
concentration in the solution after solid-liquid se

In the dispersion of the invention, silica is pres
variety of modes, and there are also cases in which
not make up the composite fine particles of the inv
dispersed or dissolved in a solvent, or is present
adhesion to the surfaces of the composite fine part
invention.

[0087]
<Composite fine particles of the invention>

The composite fine particles of the invention are
described.

As described above, the composite fine particles o
invention are characterized in that: [1] each of th
composite fine particles includes a mother particle

core particle, a cerium-containing silica layer on

paration.
entina
silica does
ention but is
in a state of

icles of the

now

f the
e ceria-based
having a

a surface of

the mother particle, and child particles dispersed inside the
cerium-containing silica layer, the core particle i s primarily
composed of amorphous silica, and the child particl es are
primarily composed of crystalline ceria; [2] the ch ild particles
have a coefficient of variation (CV value) of 14 to 40% in their
particle size distribution; [4] a ceria crystal pha se is only
detected when the ceria-based composite fine partic les are
subjected to X-ray diffractometry; and [5] an avera ge
crystallite size of the crystalline ceria, as measu red by
subjecting the ceria-based composite fine particles to X-ray
diffractometry, is 10 to 25 nm.

The composite fine particles of the invention are further
ceria-based composite fine particles having an aver age particle
size of 50 to 350 nm, which are characterized in th at [3] the
ceria-based composite fine particles have a mass ra tio between
silica and ceria of 100:11 to 316.

[0088]

The mass ratio between silica (SiO 2) and ceria (CeO 2)in
the composite fine particles of the invention is 10 0:11 to 316,
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preferably 100:30 to 230, more preferably 100:30 to
even more preferably 100:60 to 100:120. The mass r
silica and ceria is deemed to be approximately equa
ratio between the mother particles and the child pa
the amount of the child particles with respect to t
mother particles is too small, the mother particles
composite fine particles may be bound together to g
coarse particles. In such a case, the abrasive con
dispersion of the invention (polishing slurry) may
defects (reduction in surface accuracy including an
number of scratches) on a surface of a polished sub
the amount of ceria with respect to that of silica
costs are not only increased but risk of resources
increased. The patrticles are further bound togethe
result, this may cause troubles such as an increase
surface roughness (an increase in surface roughness
increase in number of scratches, and further free c
remaining on a substrate, and attachment to wastewa
the like of a polishing device.

Silica to be treated when calculating the above-de
mass ratio between silica (SiO
silica (SiO

invention. Therefore, the silica amount means the

2) and ceria (CeO
2) contained in the composite fine particles of the

of the silica component making up the mother partic
silica component contained in the cerium-containing
formed on the surfaces of the mother particles, and
component that may be contained in the child partic

[0089]

The amounts (mass%) of silica (SiO
contained in the composite fine particles of the in
determined as follows: The solids concentration in
dispersion of the invention is first determined by
after loss on ignition at 1,000°C.

Next, the amount (mass%) of cerium (Ce) contained

specified amount of the composite fine particles of
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invention is determined by ICP plasma emission spec
is calculated in terms of oxide mass% (CeO

Then, SiIO , mass% can be calculated assuming that the componen
other than CeO  , making up the composite fine particles of the

invention is SiO 2.

In the manufacturing method of the invention, the
ratio between silica and ceria can also be calculat
amounts of silica source materials and ceria source
introduced to prepare the dispersion of the inventi
be applied to a case which does not include a proce
ceria and silica are dissolved and removed, and in
there is a good coincidence between the amounts of
silica used, and analysis values.

[0090]

The composite fine particles of the invention have
uneven surface because the cerium-containing silica
formed on and firmly bound to the surfaces of the m
particles, and the particulate crystalline ceria (c
particles) is dispersed in the cerium-containing si

[0091]

The particle size distribution of the composite fi
particles of the invention may be of a particle-lin
monodisperse type but a particle-linked type is des
because the area of contact with a substrate can be
high level and the polishing rate is high. The par
type means that two or more mother particles are bo
other at a part of each particle, and up to 3 parti
preferably linked together. It is assumed that the
particles are firmly bound together by making at le
preferably both) of the mother particles adhere at
points or having a solidification history through t
intervention of ceria. The particle-linked type in
in which mother particles are bound together and th
containing silica layer is formed on the surface th
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surface of a mother particle before the mother part
to another mother particle.

The linked type allows a large area of contact wit
substrate, whereby the polishing energy can be tran
the substrate with high efficiency. Therefore, the
rate is high.

[0092]

The composite fine particles of the invention is p
of a particle-linked type in which the percentage o
of particles having a ratio between their shorter d
longer diameter, as measured by the image analysis
less than 0.80 (preferably 0.67 or less) is 45% or

It is deemed that particles having a ratio between
shorter diameter and longer diameter, as measured b
analysis method, of less than 0.80 are of a particl
type.

The shape of the composite fine particles of the i
is not particularly limited but the composite fine
be of a particle-linked type or of a single particl
particle) type, and are usually of a mixed type the

When the composite fine particle dispersion contai
composite fine particles is used for polishing and
to be placed on improvement of the polishing rate o
to be polished, the percentage of the number of par
a ratio between their shorter diameter and longer d
measured by subjecting the composite fine particles
analysis method, of less than 0.80 (preferably 0.67
45% or more (more preferably 51% or more).

When importance is likewise to be placed on a lowe

roughness level on a substrate to be polished, the

the number of particles having a ratio between thei
diameter and longer diameter, as measured by subjec
composite fine particles to the image analysis meth

or more (preferably 0.9 or more) is 40% or more, an

preferably 51% or more.
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The patrticles of the particle-linked type mean par
(aggregated particles) in which chemical bonding oc
particles to such an extent that redispersion is no
cause the particles to be linked together. The sin
means that a plurality of particles are not linked
are not aggregated irrespective of the particle mor

When importance is to be placed on the improvement
polishing rate on a substrate to be polished, Embod
described below can be illustrated as the composite
particle dispersion of the invention.

[Embodiment 1] Dispersion of the invention characte
the percentage of the number of particles having a
their shorter diameter and longer diameter, as meas
subjecting the composite fine particles of the inve
image analysis method, of less than 0.8 is further

When importance is to be placed on a lower surface
roughness level on a substrate to be polished, Embo
described below can be illustrated as the composite
particle dispersion of the invention.

[Embodiment 2] Dispersion of the invention characte
the percentage of the number of particles having a
their shorter diameter and longer diameter, as meas
subjecting the composite fine particles of the inve
image analysis method, of 0.8 or more is further 40

[0093]

A method of measuring the ratio between the shorte
diameter and the longer diameter by means of the im
method is described. In a projection image obtaine
the composite fine particles of the invention with
transmission electron microscope at a magnification
(or 500,000X), the maximum diameter of a particle i
the major axis and its length is measured and the m
is taken as a longer diameter (DL). A point dividi
axis length on the major axis into two halves is de
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the point with the periphery of the particle are de
the distance between the two points is measured and
shorter diameter (DS). Then, the ratio between the
diameter and the longer diameter (DS / DL) is deter
percentage (%) of the number of particles having th
between the shorter diameter and the longer diamete
than 0.80 or 0.80 or more is determined in arbitrar
particles observed in the projection image.

[0094]

The composite fine particles of the invention are
preferably of the above-described particle-linked t
have another shape, and contain, for example, spher
particles.

[0095]

The number of coarse particles that may be contain
dispersion of the invention and have a particle siz
or more, as measured by dry amount, is preferably 1
particles/cc or less. The number of coarse particl
preferably 100,000,000 particles/cc or less, and mo
80,000,000 particles/cc or less. Coarse particles
particle size of 0.51 um or more may cause flaws due to
polishing and further deteriorate the surface rough
polished substrate. When the polishing rate is usu
although the polishing rate is high, a large number
tend to occur due to polishing to deteriorate the s
roughness of the substrate. However, when the comp
particles of the invention are of the particle-link
high polishing rate is obtained, and if the number
particles having a particle size of 0.51
100,000,000 particles/cc or less, the number of fla
polishing can be reduced with a surface roughness i
low level.

[0096]

The method of measuring the number of coarse patrti

may be contained in the dispersion of the invention
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follows.

A sample is diluted with pure water to 0.1 mass%.
portion is collected and poured into a conventional
coarse particle number counter. Then, the number o
particles having a particle size of 0.51
determined. This measurement is performed three ti
mean value is determined and is multiplied by 1,000
resulting value is taken as a value of the number o
particles having a particle size of 0.51

[0097]

The composite fine particles of the invention pref
have a specific surface area of 4 to 100 m
preferably 20 to 70 m 2/g.

[0098]

A method of measuring the specific surface area (B
specific surface area) is now described.

First, a dried sample (0.2 g) is placed in a measu
cell and subjected to degassing treatment at 250°C
minutes in a nitrogen gas stream. The sample is ma
the liquid nitrogen temperature in a gas mixture st
vol% nitrogen and 70 vol% helium to cause equilibri
of nitrogen onto the sample. Next, the temperature
is gradually increased to room temperature while fl
mixture, the amount of nitrogen detached during thi
detected, and the specific surface area of the samp
measured from a previously prepared calibration cur

The BET specific surface area measuring method (ni
adsorption method) as described above can be perfor
for example, a conventionally known surface area me
device.

Unless otherwise specified, the specific surface a
the invention means a value obtained through measur
the method described above.

[0099]

The composite fine particles of the invention pref
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have an average patrticle size of 50 to 350 nm and m
preferably 100 to 300 nm. The composite fine parti
invention preferably have an average particle size
50 to 350 nm, because the polishing rate is increas
composite fine particles are used as an abrasive.

The average particle size of the composite fine pa
according to the invention means the number average
average particle size measured by the image analysi

A method of measuring the average patrticle size by
the image analysis method is described. In a proje
obtained by shooting the composite fine particles o
invention with a transmission electron microscope a
magnification of 300,000X (or 500,000X), the maximu
a particle is deemed as the major axis and its leng
measured and the measured value is taken as a longe
(DL). A point dividing the major axis length on th
into two halves is determined. Two points of inter
line orthogonal to the major axis at the point with
periphery of the particle are determined, and the d
between the two points is measured and taken as a s
diameter (DS). A geometric mean value of the longe
(DL) and the shorter diameter (DS) is determined an
the average particle size of the composite fine par

The average particle size of 50 or more composite
IS measured as described above to calculate their n
value.

[0100]

The elements of the specific impurity group 1 are
preferably contained in the composite fine particle
invention in amounts of 100 ppm or less, respective
elements of the specific impurity group 1 are conta
composite fine particles in amounts of more prefera
less, even more preferably 25 ppm or less, still mo
5 ppm or less, and even still more preferably 1 ppm

respectively.
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The elements of the specific impurity group 2 are
preferably contained in the composite fine particle
invention in amounts of 5 ppm or less, respectively
described above can be applied as the method of red
amounts of the elements in the specific impurity gr
specific impurity group 2 contained in the composit
particles of the invention.

The amounts of the elements in the specific impuri
1 and the specific impurity group 2 contained in th
fine particles of the invention can be measured by
method as in the case of measuring those in the spe
impurity group 1 and the specific impurity group 2
the above-described mother particles.

[0101]
<Dispersion of the invention>

The dispersion of the invention is now described.

The dispersion of the invention includes the above
mentioned composite fine particles of the invention
a dispersion solvent.

[0102]

The dispersion of the invention contains water and
organic solvent as the dispersion solvent. Water s
water, ultrapure water, or ion exchanged water is p
used as the dispersion solvent. Further, the dispe
invention is advantageously used as a polishing slu
one or more additives for controlling the polishing
which are selected from the group consisting of a p
accelerator, a surfactant, a pH adjuster, and a pH

[0103]

An organic solvent can be used as the dispersion s
included in the dispersion of the invention. Examp
organic solvent include alcohols such as methanol,
isopropanol, n-butanol, and methyl isobutyl carbino
such as acetone, 2-butanone, ethyl amyl ketone, dia

alcohol, isophorone, and cyclohexanone; amides such

s of the
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dimethylformamide, and N,N-dimethylacetamide; ether
diethyl ether, isopropyl ether, tetrahydrofuran, 1,

and 3,4-dihydro-2H-pyran; glycol ethers such as 2-
methoxyethanol, 2-ethoxyethanol, 2-butoxyethanol, a
glycol dimethyl ether; glycol ether acetates such a
methoxyethyl acetate, 2-ethoxyethyl acetate, and 2-
acetate; esters such as methyl acetate, ethyl aceta
acetate, amyl acetate, ethyl lactate, and ethylene
aromatic hydrocarbons such as benzene, toluene and
aliphatic hydrocarbons such as hexane, heptane, iso
cyclohexane; halogenated hydrocarbons such as methy
chloride, 1,2-dichloroethane, dichloropropane, and
chlorobenzene; sulfoxides such as dimethyl sulfoxid
pyrrolidones such as N-methyl-2-pyrrolidone, and N-
pyrrolidone. These may be mixed with water for use

[0104]

The solids concentration in the dispersion of the
is preferably in the range of 0.3 to 50 mass%.

[0105]

When cation colloidal titration is performed, the
dispersion of the invention preferably provides a s
potential curve in which the ratio (
of streaming potential change (
colloidal titrant added at a knick (V) as expressed
(1) is in the range of -110.0 to -5.0.

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

C: streaming potential (mV) at the knick

I: streaming potential (mV) at a starting point of
streaming potential curve; and

V: amount of the cation colloidal titrant added at
knick (ml).

[0106]

Cationic colloidal titration is performed by addin
cation colloidal titrant to 80 g of the dispersion

invention which is adjusted to a solids concentrati
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mass%. A 0.001 N polydiallyldimethylammonium chlor
Is used as the cation colloidal titrant.

[0107]

The streaming potential curve obtained by the cati
colloidal titration is a graph that takes the amoun
cationic titrant added on the x-axis and the stream
(mV) of the dispersion of the invention on the y-ax

The knick is a point (inflection point) where the
potential abruptly changes in the streaming potenti
obtained by the cation colloidal titration. Then,
potential at the inflection point is denoted by C (
amount of cation colloidal titrant added at the inf
is denoted by V (ml).

The starting point of the streaming potential curv
streaming potential in the dispersion of the invent
titration. More specifically, a point where the am
colloidal titrant added is O is taken as the starti
streaming potential at the starting point is denote

[0108]

When APCD/V has a value of -110.0 to -5.0, the polishing

rate of an abrasive is further improved when the di
the invention is used as the abrasive. It is deeme
reflects the degree to which the child particles ar
the cerium-containing silica layer at the surfaces
composite fine particles of the invention and/or th
which the child particles are exposed at the surfac
composite fine particles or the presence of easily
silica. The inventors of the invention assume that
has a value within the above-defined range, the chi
are less likely to be detached in wet grinding, and
polishing rate is also high. When
value than -110.0 to the contrary, the surfaces of
fine particles are entirely covered with the cerium
silica layer and the child particles are therefore

to come off in the grinding step. However, silica

ide solution
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to be detached during polishing to reduce the polis
the other hand, it is deemed that the child particl
likely to come off when
-5.0. The inventors of the invention assume that w
within the above-defined range, the surfaces of the
particles are properly exposed during polishing, le
coming off of the child particles, and the polishin
further improved.
even more preferably -100.0 to -10.0.

[0109]

When the pH value is in the range of 3 to 8, the d
of the invention preferably has a negative streamin
before starting cation colloidal titration, that is
titer is 0. This is because when the streaming pot
negative potential, the abrasive grains (ceria-base
fine particles) are less likely to remain on a poli
substrate also showing a negative surface potential

[0110]
<Manufacturing method of the invention>

The manufacturing method of the invention is now d

The manufacturing method of the invention includes
to Step 3 to be described below.

[0111]
<Step 1>

A silica-based fine particle dispersion containing
based fine particles dispersed in a solvent is prep
1.

In this specification, “Step 1" is often called “m
step.”

[0112]

Although there is no particular limitation in the
embodiment of the silica-based fine particles, the
fine particles preferably have the same average par
and shape as those in the core particles described

Further, the silica-based fine particles are primar
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of amorphous silica as in the core particles descri bed above.
Herein, “primarily composed of” is also defined as in the case
of the core particles.

[0113]

In Step 1, a silica-based fine particle dispersion which
contains silica-based fine particles each having 5 to 25 nm wide
projections on its surface and dispersed in a solve nt may be

used as a material.

Even if the silica-based fine particles used as th e
material have any shape, the cross-sectional struct ure of the
mother particles contained in the composite fine pa rticles of
the invention is in general more likely to have a p rojection-
containing shape due to the generation mechanism of the
composite fine particles of the invention, but when the silica-
based fine particles used as the material have a pr ojection-
containing shape, projections are more easily forme d.

Such silica-based fine particle dispersions and th eir
manufacturing methods are known, for example, in JP 4,907,317 B,
JP 4,963,825 B, JP 2009-78936 A, JP 5,137,521 B, JP 4,949,209 B,
JP 2009-137791 A, JP 5,700,944 B, JP 5,860,587 B, J P 5,587,957 B
and the like.

Of these, JP 2015-63451 A prepares a solution in w hich a
silica fine particle dispersion primarily composed of silica
having a narrow particle size distribution width is adjusted to
a pH of 9 or less. Then, the solution is mixed wit h particles
having a different { potential, for example, particles having a
particle size ten times smaller than that of the mo ther
particles to form projections, and particles for fo rming the
projections on the silica fine particles are aggreg ated by
adjusting the pH to less than 6 for heteroaggregati on. In this
process, a binder for promoting particle binding, s uch as a
silicate solution, water glass, or tetraalkoxysilan e hydrolysate

is preferably incorporated in advance.
JP 5,137,521 B prepares silica-based fine particle s having

a few nanometer silica projections by adding sodium aluminate to
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silica having a narrow particle size distribution w

a silica alumina layer at a part of each surface, a
coating the silica alumina layer with silica. Acco
method, the projections are less high than those in
63451 A but the projections formed are firmly bound
silica fine particles.

Furthermore, JP 2010-58985 A prepares projection-c
silica-based fine particles by adding methyltrimeth
silica fine particles for hydrolysis to form a hydr
of the methyltrimethoxysilane at a part of the surf
of the silica fine particles, and further forming a
layer.

[0114]

The average patrticle size of the silica-based fine
particles is measured as described below.

First, ceria-based composite fine particles contai
the ceria-based composite fine particle dispersion
the manufacturing method of the invention are colle
observed at 800,000X according to the STEM-EDS anal
line where the ratio (percentage) of the Ce molarit
total of the Ce molarity and the Si molarity (Ce/(C
is 3% is determined to specify silica-based fine pa
Next, the maximum diameter of the silica-based fine
deemed as the major axis and its length is measured
measured value is taken as a longer diameter (DL).
dividing the major axis length on the major axis in
is determined. Two points of intersection of a lin
to the major axis at the point with the periphery o
particle are determined, and the distance between t
Is measured and taken as a shorter diameter (DS).
mean value of the longer diameter (DL) and the shor
(DS) is determined and taken as the particle size o
based fine particle.

The particle size of 50 silica-based fine particle

measured and a value obtained by simply averaging p
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measurements is taken as the average particle size
silica-based fine particles.

When it is clear from the charged materials or oth
composition analysis that there is clearly no line
(Ce/(Ce+Si) x 100) is 3% or more, the EDS analysis
omitted.

[0115]

When the dispersion of the invention to be applied
polish a semiconductor device or the like is to be
the manufacturing method of the invention, a silica
particle dispersion in which silica-based fine part
prepared by hydrolyzing alkoxysilane are dispersed
is preferably used as the silica-based fine particl
When a conventionally known silica-based fine parti
dispersion other than the above (silica-based fine
dispersion prepared by using a water glass material
is used as a material, the silica-based fine partic
is preferably subjected to acid treatment and furth
deionization treatment before use. In this case, t
Na, Ag, Al, Ca, Cr, Cu, Fe, K, Mg, Ni, Ti, Zn, U, T
SQ, and F contained in the silica-based fine particle
reduced. More specifically, the amounts may be red
ppm or less.

To be more specific, fine particles satisfying con
(a) and (b) below are advantageously used as the si
fine particles in the silica-based fine particle di
serving as the material.

(a) Na, Ag, Al, Ca, Cr, Cu, Fe, K, Mg, Ni, Ti, and
contained in amounts of 100 ppm or less, respective

(b) U, Th, CI, NO

or less, respectively.

[0116]

Particles of which the reactivity with cerium (the
of the silica-based fine particles dissolved per ce

is suitable are advantageously used as the silica-b
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particles. When the cerium metal salt is added in
step in Step 1 according to the manufacturing metho
invention, a part of silica in the silica-based fin
is dissolved in cerium hydroxide or the like to red
of the silica-based fine particles, whereby a ceriu
silica layer precursor containing cerium fine cryst
on the surfaces of the dissolved silica-based fine
When the silica-based fine particles are composed o
silica having high reactivity with cerium, the ceri
silica layer precursor has a large thickness to inc
thickness of the cerium-containing silica layer for
burning or the silica content in the layer is exces
increased to make grinding in the grinding step dif
the silica-based fine particles are composed of amo
having excessively low reactivity with cerium, a ce
containing silica layer is not sufficiently formed
child particles easily come off. When the reactivi
is suitable, excessive dissolution of silica is sup
the cerium-containing silica layer has a suitable t
prevent the child particles from coming off, and gr
facilitated because the strength is assumed to be h
the strength between the composite fine particles.
such a case is desirable.

[0117]

In Step 1, a silica-based fine particle dispersion

containing silica-based fine particles dispersed in
stirred; and a cerium metal salt is continuously or
discontinuously added while keeping the temperature
20°C, the pH at 7.0 to 9.0 and the oxidation-reduct
at 50 to 500 mV, respectively, thereby neutralizing
metal salt to obtain a precursor particle dispersio
precursor particles.

[0118]

When the silica-based fine particles have projecti
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time of adding the cerium metal salt is preferably

[0119]

The dispersion medium in the silica-based fine par
dispersion preferably contains water, and an aqueou
based fine particle dispersion (aqueous sol) is pre

[0120]

The solids concentration in the silica-based fine
dispersion is preferably 1 to 40 mass% in terms of
the solids concentration is too low, the silica con
the manufacturing step is reduced, thus leading to
productivity.

[0121]

For instance, when the temperature of the reaction
the silica-based fine particles and the cerium meta
Step 1 is set to 40 to 50°C in the manufacturing me
invention, the reactivity between ceria and silica
to make dissolution of the silica-based fine partic
proceed. As a result, the particle size of the CeO
particles in the precursor particles obtained by dr
intermediate process in Step 2 is reduced to less t
This indicates that, when silica is reacted with ce
liquid phase in the high temperature range, silica
growth of ceria particles, whereby the average part
dried ceria is reduced to less than 2.5 nm.

It is possible to obtain ceria child particles hav
average crystallite size of 10 nm or more from the
particles as described above by adjusting the burni
temperature to 1,200°C or more. In this case, howe
a problem in that grinding is difficult because a c
containing silica layer is not formed but a silica
formed, and the ceria child particles are more like
firmly coated with the silica coating. Therefore,
controlling the reaction between silica and ceria i
phase while keeping the reaction temperature at O t

average crystallite size of the CeO

3 to 20°C.
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precursor particles after drying can be adjusted to
more to have easily grinding particles. Because th
crystallite size after drying is large, the burning

to increase the average crystallite size of the cer
particles to 10 nm or more can be reduced, whereby
of the cerium-containing silica layer formed by bur
excessively increased to facilitate grinding.

[0122]

It is possible to extract impurities with a cation
resin, an anion exchange resin, a mineral acid or a
acid and, if necessary, deionize the silica-based f
dispersion using an ultrafiltration membrane. The
fine particle dispersion from which impurity ions w
by deionization treatment is more preferred because
containing hydroxide is easily formed on its surfac
deionization treatment is not limited thereto.

[0123]

In Step 1, the silica-based fine particle dispersi
described above is stirred, and the cerium metal sa
continuously or discontinuously added while keeping
temperature at 0 to 20°C, the pH at 7.0 to 9.0, and
oxidation-reduction potential at 50 to 500 mV, resp
When the oxidation-reduction potential is low, depo
silica-based fine particles is difficult because of
bar-like crystals.

Further, when the oxidation-reduction potential is

adjusted in a predetermined range, the CeO
formed in the mixing step are less likely to be cry
and heating and aging after mixing do not promote
crystallization of the non-crystallized CeO
Therefore, burning at high temperatures is necessar
crystallize to a predetermined size in the burning
grinding is made difficult.

[0124]

The type of the cerium metal salt is not limited,
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chloride, a nitrate, a sulfate, an acetate, a carbo
metal alkoxide of cerium can be used. Specific exa
include cerous nitrate, cerium carbonate, cerous su
cerous chloride. Of these, trivalent cerium salts
nitrate, cerous chloride and cerium carbonate are p
because a crystalline cerium oxide, cerium hydroxid
like are produced from a solution supersaturated at
time as neutralization, and are promptly aggregated
deposited to silica-based fine particles to finally
ultrafine particles in a monodisperse manner. Furt
trivalent cerium salts suitably react with the sili
particles to easily form the cerium-containing sili
trivalent cerium salts are also preferred because t
cerium having high reactivity with the silica film
substrate to be polished is easily formed in ceria
However, sulfate ions, chloride ions and nitrate io

in the metal salts exhibit corrosive properties. T

is necessary to perform cleaning as desired in the
after mixing to remove the ions to 5 ppm or less.
hand, a carbonate and an alkoxide can be preferably
the former is released during mixing as carbonic ac
the latter is decomposed into alcohol.

[0125]

The cerium metal salt is added to the silica-based
particle dispersion such that the mass ratio betwee
ceria in the resulting ceria-based composite fine p
falls within the range of 100:11 to 316, as in the
described composite fine particles of the invention

[0126]

The temperature at the time of stirring after addi
the cerium metal salt to the silica-based fine part
dispersion is preferably 0 to 20°C, more preferably
and even more preferably 3 to 18°C. When the tempe
low, reactivity between ceria and silica is reduced

considerably decrease the solubility of silica and
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crystallization of ceria is therefore not controlle

result, coarse crystalline ceria oxide is generated

abnormal growth of CeO 2 Ultrafine particles at the surfaces of

the silica-based fine particles, whereby grinding i
performed after burning, and the amount of silica d

the cerium compound is reduced, thus leadingto a d

silica supplied to the cerium-containing silica lay
assumed that immobilization of the ceria child part
silica mother particles does not easily occur for |
which serves as a binder between the silica mother
the ceria child particles (for lack of silica stack
mother particles). When the temperature is too hig
contrary, the solubility of silica is considerably
suppress generation of the crystalline ceria oxide.
high temperature is required in burning to promote
between particles, which may hinder grinding, and f
scale is more likely to be formed on the wall surfa
reactor. Such a temperature is thus not preferred.
fine particles which are not easily soluble in the
compound (neutralizing material of the cerium salt)
preferred. In the case of the easily soluble silic
particles, silica suppresses the growth of ceria cr

the CeO ; ultrafine particles have a particle size of less t

2.5 nm in the mixing step.

When the CeO , ultrafine particles have a particle size of

less than 2.5 nm in the mixing step, it is necessar
the burning temperature to adjust the particle size
after burning to 10 nm or more. In this case, the
particles may be firmly coated with the cerium-cont
thus making grinding difficult. The solubility can
by using the easily soluble silica-based fine parti
material after drying at 100°C or more.

[0127]

The stirring time of the silica-based fine particl

dispersion is preferably 0.5 to 24 hours, and more
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0.5 to 18 hours. Too short a stirring time is not

because the CeO , ultrafine particles are aggregated to hinder

reaction with silica at the surfaces of the silica-
particles and composite fine particles which are no
ground tend to be formed. Even when the time is to
contrary, a reaction for forming the CeO

containing layer does not further proceed, which is
economical. The silica-based fine particle dispers
aged at 0 to 80°C as desired after addition of the

salt because aging has the effect of promoting reac
cerium compound and at the same time, adhering the
particles which did not adhere to but were separate
silica-based fine particles onto the silica-based f
particles.

[0128]

When the cerium metal salt is added to the silica-
fine particle dispersion and stirred, the silica-ba
particle dispersion has a pH of 7.0 to 9.0, and pre
to 8.6. In this process, it is preferred to perfor
adjustment by adding an alkali or the like. Exampl
alkali that may be used include known alkalis. Mor
specifically, exemplary alkalis include an aqueous
solution, and other aqueous solutions of alkali hyd
alkaline-earth metals and amines, but the alkali is
thereto.

[0129]

When the cerium metal salt is added to the silica-
fine particle dispersion and stirred, the oxidation
potential of the fine particle dispersion is adjust
500 mV. The oxidation-reduction potential is prefe
to 100 to 300 mV because when a trivalent cerium me
used as the material, the oxidation-reduction poten
fine particle dispersion is reduced during mixing.
Crystallization of the generated CeO

promoted by keeping the oxidation-reduction potenti
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range. When the oxidation-reduction potential is 5
or takes a negative value, plate- or rod-like ceria
particles or composite ceria particles tend to be g
instead of deposition of the cerium compound onto t
of the silica-based fine particles. Further, the C
particle-containing layer is not formed because of
the reactivity of cerium hydroxide or the like with
based fine particles. Even if the CeO

containing layer is formed, the silica content in t
ultrafine particle layer is excessively reduced. T
cerium-containing silica layer containing the ceria
particles therein is not formed after burning, and
child particles tend to be positioned so as to be e
surfaces of the silica mother particles.

Examples of the method of keeping the oxidation-re
potential in the above-defined range include a meth
an oxidizing agent such as hydrogen peroxide and a
blowing air, oxygen, and ozone. When these methods
performed, the oxidation-reduction potential tends
negative value or be reduced to 50 mV or less.

[0130]

The dispersion containing particles (precursor par
serving as the precursor of the composite fine part
invention (precursor particle dispersion) can be ob
Step 1 as described above. In this step, it is pos
obtain particles in which the average crystallite s
CeQ ultrafine particles contained in the precursor par
2.5 nm or more but less than 10 nm. When the react
silica and ceria is too high, the average crystalli
the CeO ; ultrafine particles contained in the precursor par
tend to be less than 2.5 nm. Therefore, burning at
excessively high temperature is necessary in Step 2
ceria particles with an average crystallite size of
more. As a result, adhesion between particles may

strengthened to make grinding difficult.
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[0131]

As described above, in Step 1, it is preferred to
silica-based fine particle dispersion; continuously
discontinuously adding the cerium metal salt while
temperature at O to 20°C, the pH at 7.0 to 9.0 and
oxidation-reduction potential at 50 to 500 mV, resp
thereafter continuously or discontinuously adding t
metal salt while keeping the temperature at 20°C or
98°C or less, the pH at 7.0 to 9.0 and the oxidatio
potential at 50 to 500 mV, respectively, thereby ob
precursor particle dispersion.

In other words, although treatment is performed at
temperature of 0 to 20°C in Step 1, the treatment i
followed by another treatment at the temperature ch
or more but 98°C or less, thereby obtaining the pre
particle dispersion.

This is because the dispersion of the invention co
the composite fine particles of the invention in wh
coefficient of variation of the child particles in
size distribution takes a suitable value is easily
performing Step 1 as described above.

When the treatment is performed at the temperature
range of 20°C or more but 98°C or less, suitable va
and oxidation-reduction potential and their adjusti
are the same as those in the case of treating at th
of 0 to 20°C.

[0132]

It is preferred to obtain the precursor particle d
by treating at the temperature of 20°C or more but
before treating at the temperature of 0 to 20°C to
More specifically, it is preferred to stir the sili
particle dispersion; continuously or discontinuousl
cerium metal salt while keeping the temperature at
but 98°C or less, the pH at 7.0 to 9.0 and the oxid

reduction potential at 50 to 500 mV, respectively,
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thereafter continuously or discontinuously adding t
metal salt while keeping the temperature at O to 20
7.0 to 9.0 and the oxidation-reduction potential at
mV, respectively, thereby obtaining the precursor p
dispersion.

This is because the dispersion of the invention co
the composite fine particles of the invention in wh
coefficient of variation of the child particles in
size distribution takes a suitable value is easily
performing Step 1 as described above.

When the treatment is performed at the temperature
range of 20°C or more but 98°C or less, suitable va
and oxidation-reduction potential and their adjusti
are the same as those in the case of treating at th
of 0 to 20°C.

Even when mixing is performed by changing the temp
during the mixing, the composite fine particles hav
generation mechanism as described above if the step
mixing is performed at the temperature of 0 to 20°C

[0133]

When the reaction is performed in the range of O t
CeQ ultrafine particles having a large size are genera
because of reduced reactivity of cerium with silica
the cerium metal salt is then added while keeping t
temperature in the range of 20°C or more but 98°C o
reactivity of cerium with silica is increased to pr
dissolution of the silica, and the silica therefore
crystal growth of ceria to generate CeO
having a smaller size. The CeO
ceria child particles can thus have a wide particle
distribution width by setting the reaction temperat
mixing step (Step 1) at 0 to 20°C as an essential ¢
adding the cerium metal salt while changing the rea
temperature to the range of 20°C or more but 98°C o

long as the step of adding the cerium metal salt at
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temperature ranging from 0 to 20°C is included, the

the temperature in the range of 20°C or more but 98

may be performed before or after the reaction at 0

the temperature may be changed three times or more.
In the step of reacting at 0 to 20°C in the case o

treating at two or more reaction temperatures, the

salt is preferably added in an amount of 10 to 90 m

respect to the total amount of addition of the ceri

because when the amount of addition exceeds this ra

amounts of the CeO 2 Ultrafine particles and the ceria child

particles having a larger (or smaller) size are red
particle size distribution does not therefore have
width.

[0134]

The precursor particle dispersion obtained in Step
further diluted or concentrated with pure water or
water before being subjected to the subsequent Step

[0135]

The solids concentration in the precursor particle
dispersion is preferably 1 to 27 mass%.

[0136]

The precursor particle dispersion may be subjected
desired to deionization treatment using a cation ex
an anion exchange resin, an ultrafiltration membran
exchange membrane, and centrifugation.

[0137]
<Step 2>

In Step 2, the precursor particle dispersion is dr
then burned at 950 to 1,200°C.

[0138]

The drying method is not particularly limited. A
conventionally known dryer can be used to perform d
Specific examples of the dryer that can be used inc
compartment dryer, a band dryer, and a spray dryer.

Advantageously, it is recommendable to adjust the

reaction at
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particle dispersion before drying to a pH of 6.0 to
surface activity can be suppressed when the precurs
dispersion before drying is adjusted to a pH of 6.0

[0139]

The burning temperature after drying is 950 to 1,2
preferably 1,000 to 1,100°C, more preferably 1,010
and most preferably 1,030 to 1,090°C. When burning
in the temperature range as described above, ceria
crystallization sufficiently proceeds and the ceriu
silica layer containing the ceria child particles d
therein has a suitable thickness, whereby the ceriu
silica layer is firmly bound to the mother particle
child particles dispersed in the cerium-containing
are less likely to come off. Further, when burning
in the temperature range as described above, cerium
the like does not easily remain. When the temperat
high, abnormal growth of ceria crystals and excessi
of the cerium-containing silica layer may take plac
amorphous silica making up the mother particles may
crystallized, and particles may be fused together.

[0140]

It is also possible to promote the growth of ceria
by adding an alkali metal, an alkaline-earth metal,
sulfate as flux components during burning. However
components may cause metallic contamination or corr
substrate to be polished. Therefore, the flux comp
during burning with respect to the dry amount of th
particles is preferably 100 ppm or less, more prefe
or less, and most preferably 40 ppm or less.

The flux component may be used through a colloidal
material. Alternatively, the flux component may be
alkali that may be used to neutralize the cerium me
during mixing. However, when an alkali metal or an
earth metal is present during mixing, polymerizatio

silica-based fine particles is promoted to make the
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particles more compact, and the reactivity between cerium
hydroxide or the like and the silica-based fine par ticles is
therefore reduced. Further, the surfaces of the si lica-based
fine particles are protected by the alkali metal or the
alkaline-earth metal, so that the reactivity with c erium
hydroxide or the like is suppressed and the cerium- containing
silica layer is less likely to be formed. Further, dissolution

of silica is suppressed during mixing, so that sili

not easily enter into solid solution in the ceria c

con atoms do
hild

particles.

[0141]

When burning is performed in the temperature range as
described above, silicon atoms enter into solid sol ution in the
crystalline ceria as the main component of the chil d particles.
Therefore, as for cerium atoms and silicon atoms in cluded in the

child particles, a relationship of R 1<R 2(whereR ;jisa

distance between cerium and silicon atoms, and R > IS a distance

between cerium atoms) may be satisfied.
[0142]

In Step 2, a dispersion including a burned and gro und body
is obtained by adding a solvent to a burned body ob tained by
burning and performing wet grinding at a pH of 8.6 to 10.8.

The burned body may be subjected to wet grinding a fter
having been subjected to dry grinding.

[0143]

A conventionally known device can be used as a dry grinder
and examples thereof include an attritor, a ball mi I, a
vibrating mill, and a vibrating ball mill.

A conventionally known device can also be used as a wet
grinder, and examples thereof include a batch type bead mill
such as a basket mill, continuous type bead mills s uch as
horizontal type, vertical type and annular type bea d mills, a

sand grinder mill, a ball mill, a rotor/stator type
an ultrasonic dispersion type homogenizer, and a we

stirring mill (wet grinder) such as an impact grind

homogenizer,
t medium

er where fine
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particles in a dispersion are made to collide again
other. Examples of the beads that may be used in t
stirring mill include beads made from materials suc
alumina, zirconia, steel, flint, and organic resins

Water and/or an organic solvent is used as a solve
use in grinding the burned body in a wet process.
water such as pure water, ultrapure water, or ion e
water is preferably used. The solids concentration
dispersion including the burned and ground body is
particularly limited, and is preferably in the rang
example, 0.3 to 50 mass%.

[0144]

When the burned body is subjected to the wet grind
wet grinding is preferably performed while maintain
solvent at a pH of 8.6 to 10.8. If the pH is kept
it is possible to finally obtain with more ease the
composite fine particle dispersion that provides a
potential curve in which the ratio (
of streaming potential change (
colloidal titrant added at the knick (V) as express
(1) is in the range of -110.0 to -15.0 when cation
titration is performed.

In other words, grinding is preferably performed t
extent that the dispersion of the invention corresp
above-described preferred embodiments is obtained b
described above, the polishing rate is further impr
dispersion of the invention corresponding to the pr
embodiments is used as an abrasive. In this regard
inventors of the invention assume that the cerium-c
silica layer at the surfaces of the composite fine
the invention is suitably reduced in thickness and/
particles are suitably exposed at a part of the sur
of the composite fine particles, whereby the polish
be further improved and coming off of the ceria chi

can be controlled. It is further assumed that, sil

st each
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cerium-containing silica layer is dissolved and dep
during grinding to form an easily soluble flexible
as the outermost layer, and the easily soluble sili
improves the frictional force by adhesive action to
thus improving the polishing rate. It is also assu
cerium-containing silica layer is thin or comes off
child particles are therefore more likely to be det
extent during polishing.

-15.0, and even more preferably -100.0 to -20.0.

When burned powder is made less hard without passi

through the wet grinding process as in Step 2, dry
pulverization are only performed, or the pH is outs
predetermined range even if wet grinding is perform
less likely to fall within the range of -100.0 to -
further an easily soluble flexible silica layer is
formed.

[0145]
<Step 3>

In Step 3, the dispersion including the burned and
body that was obtained in Step 2 is centrifuged at
centrifugal acceleration of 300 G or more, and subs
precipitated components are removed to obtain the ¢
composite fine particle dispersion.

More specifically, the dispersion including the bu
ground body is subjected to classification using a
centrifugation process. The relative centrifugal a
the centrifugation process is set to 300 G or more.
based composite fine particle dispersion can be obt
removing the precipitated components after the cent
process. The upper limit of the relative centrifug
acceleration is not particularly limited and the re
centrifugal acceleration of 10,000 G or less is pra
used.

[0146]

It is necessary in Step 3 to include a centrifugat
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process satisfying the conditions described above.
centrifugal acceleration does not satisfy the condi
described above, coarse particles remain in the cer
composite fine particle dispersion, which may there
scratches when the ceria-based composite fine parti
dispersion is used for polishing as an abrasive usi
based composite fine particle dispersion.

[0147]

According to the invention, the ceria-based compos

particles can be obtained by further drying the cer
composite fine particle dispersion obtained by the
method described above. The drying method is not p
limited, and a conventionally known dryer can be us
drying.

[0148]

The dispersion of the invention can be obtained by
manufacturing method of the invention as described

[0149]
<Polishing abrasive grain dispersion>

A liquid containing the dispersion of the inventio
preferably used as the polishing abrasive grain dis
(hereinafter referred to also as “polishing abrasiv
dispersion of the invention”). In particular, the
advantageously used as the polishing abrasive grain
for flattening a semiconductor substrate having an
insulating film formed thereon. The liquid contain
dispersion of the invention can be also advantageou
polishing slurry by adding a chemical component for
the polishing performance.

[0150]

The polishing abrasive grain dispersion of the inv
has excellent effects including a high polishing ra
polishing a semiconductor substrate or the like, a
of flaws (scratches) at a polished surface during p

a small amount of residual abrasive grains on a sub
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[0151]

The polishing abrasive grain dispersion of the inv
contains water and/or an organic solvent as a dispe
solvent. Water such as pure water, ultrapure water
exchanged water is preferably used as the dispersio
Further, the polishing abrasive grain dispersion of
invention is advantageously used as a polishing slu
one or more additives for controlling the polishing
which are selected from the group consisting of a p
accelerator, a surfactant, a heterocyclic compound,
adjuster, and a pH buffer.

[0152]
<Polishing accelerator>

Although the polishing accelerator to be used diff
depending on the type of a member to be polished, a
conventionally known polishing accelerator can be a
polishing abrasive grain dispersion of the inventio
necessary and used as a polishing slurry. Examples
polishing accelerator as described above include hy
peroxide, peracetic acid, urea peroxide, and a mixt
When an abrasive composition containing the polishi
accelerator such as hydrogen peroxide is used, the
rate can be effectively improved when a member to b
made of metal.

[0153]

Other examples of the polishing accelerator includ
inorganic acids such as sulfuric acid, nitric acid,
acid, oxalic acid, and hydrofluoric acid; an organi
as acetic acid; a sodium salt, a potassium salt, an

salt, and an amine salt of these acids; and a mixtu

When polishing a member composed of composite compo

the polishing composition containing the polishing
described above, the polishing rate can be accelera
specific components of the member to be polished to

finally obtain a polished flat surface.
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[0154]

When the polishing abrasive grain dispersion of th
invention contains the polishing accelerator, the p
accelerator content is preferably 0.1 to 10 mass%,
preferably 0.5 to 5 mass%.

[0155]
<Surfactant and/or hydrophilic compound>

A cationic, anionic, nonionic or amphoteric surfac
hydrophilic compound can be added to improve the di
and stability of the polishing abrasive grain dispe
invention. Both the surfactant and the hydrophilic
the effects of reducing the angle of contact with t
be polished and accelerating uniform polishing. Th
and/or the hydrophilic compound can be, for instanc
for use from the group shown below:

[0156]

Examples of the anionic surfactant include carboxy
salts, sulfonate salts, sulfate ester salts, and ph
salts. Exemplary carboxylate salts include soap, N
acid salts, polyoxyethylene or polyoxypropylene alk
carboxylate salts, and acylated peptides. Exemplar
salts include alkyl sulfonate salts, alkylbenzene a
naphthalene sulfonate salts, naphthalene sulfonate
sulfosuccinate salts,
sulfonate salts. Exemplary sulfate ester salts inc
oils, alkyl sulfate salts, alkyl ether sulfate salt
polyoxyethylene or polyoxypropylene alkyl allyl eth
salts, and alkyl amido sulfate salts. Exemplary ph
salts include alkyl phosphate salts and polyoxyethy
polyoxypropylene alkyl allyl ether phosphate salts.

[0157]

Examples of the cationic surfactant include alipha
salts, aliphatic quaternary ammonium salts, benzalk
chloride salts, benzethonium chloride, pyridinium s

imidazolinium salts. Examples of the amphoteric su

o-olefin sulfonate salts, and N-acyl
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include carboxybetaine surfactants, sulfobetaine su
aminocarboxylate salts, imidazolinium betaines, lec
alkylamine oxides.

[0158]

Examples of the nonionic surfactant include ether
surfactants, ether ester surfactants, ester surfact
nitrogen-containing surfactants. Exemplary ether s
include polyoxyethylene alkyl and alkylphenyl ether
allyl formaldehyde-condensed polyoxyethylene ethers
polyoxyethylene polyoxypropylene block polymers, an
polyoxyethylene polyoxypropylene alkyl ethers. Exe
ester surfactants include polyoxyethylene ethers of
esters, polyoxyethylene ethers of sorbitan esters,
polyoxyethylene ethers of sorbitol esters. Exempla
surfactants include polyethylene glycol fatty acid
glycerin esters, polyglycerin esters, sorbitan este
glycol esters, and sucrose esters. Exemplary nitro
surfactants include fatty acid alkanolamides, polyo
fatty acid amides, and polyoxyethylene alkylamides.
exemplary surfactants include fluorosurfactants.

[0159]

Anionic surfactants or nonionic surfactants are pr
surfactants. Exemplary salts include ammonium salt
salts and sodium salts, and ammonium salts and pota
are particularly preferred.

[0160]

Furthermore, other exemplary surfactants and hydro
polymers include esters such as glycerin ester, sor
and alanin ethyl ester; ethers such as polyethylene
polypropylene glycol, polytetramethylene glycol, po
glycol alkyl ether, polyethylene glycol alkenyl eth
polyethylene glycol, alkyl polyethylene glycol alky
alkyl polyethylene glycol alkenyl ether, alkenyl po
glycol, alkenyl polyethylene glycol alkyl ether, al
polyethylene glycol alkenyl ether, polypropylene gl

rfactants,
ithins, and

ants, and
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ether, polypropylene glycol alkenyl ether, alkyl po
glycol, alkyl polypropylene glycol alkyl ether, alk
polypropylene glycol alkenyl ether, and alkenyl pol
glycol; polysaccharides such as alginic acid, pecti
carboxymethyl cellulose, curdlan, and pullulan; ami
such as glycine ammonium salt and glycine sodium sa
polycarboxylic acids and their salts such as polyas
polyglutamic acid, polylysine, polymalic acid, poly
acid, poly(ammonium methacrylate), poly(sodium meth
polyamide acid, polymaleic acid, polyitaconic acid,
acid, poly(p-styrene carboxylic acid), polyacrylic
polyacrylamide, aminopolyacrylamide, poly(ammonium
poly(sodium acrylate), polyamide acid, ammonium sal
polyamide acid, sodium salt of polyamide acid, and
acid; vinyl polymers such as polyvinyl alcohol,
polyvinylpyrrolidone, and polyacrolein; sulfonic ac
salts such as ammonium methyl taurate, sodium methy
sodium methyl sulfate, ammonium ethyl sulfate, ammo
sulfate, sodium vinyl sulfonate, sodium 1-allyl sul
sodium 2-allyl sulfonate, sodium methoxymethyl sulf
ammonium ethoxymethyl sulfonate, and sodium 3-ethox
sulfonate; and amides such as propionamide, acrylam
methylurea, nicotinamide, succinic amide, and sulfa

[0161]

When a substrate to be applied for polishing is a
substrate, any surfactant may be advantageously use
when an effect of contamination with an alkali meta
alkaline-earth metal or a halide is to be avoided i
substrate for a semiconductor integrated circuit or
surfactant of an acid or its ammonium salt is desir

[0162]

When the polishing abrasive grain dispersion of th
invention contains a surfactant and/or a hydrophili
the surfactant and the hydrophilic compound are pre

contained in a total amount of 0.001 to 10 g, more
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0.01 to 5 g, and particularly preferably 0.1 to 3 g
polishing abrasive grain dispersion.

[0163]

The surfactant and/or the hydrophilic compound is
in an amount of preferably 0.001 g or more per L of
polishing abrasive grain dispersion in order to obt
advantageous effects, and in an amount of preferabl
less per L of the polishing abrasive grain dispersi
to prevent reduction of the polishing rate.

[0164]

The surfactants or the hydrophilic compounds may b
alone or in combination of two or more, and differe
surfactants or hydrophilic compounds may also be us
combination.

[0165]
<Heterocyclic compound>

When metal is included in the substrate to be poli
heterocyclic compound may be contained in the polis
grain dispersion of the invention for the purpose o
erosion of the substrate to be polished through for
passive layer or a dissolution inhibiting layer on
The heterocyclic compound is a compound having a he
containing at least one heteroatom. The heteroatom
atom other than carbon atom and hydrogen atom. The
refers to a cyclic compound having at least one het
heteroatom only refers to an atom that forms a cons
portion of a ring system of a heterocycle, and does
an atom that is positioned outside the ring system,
separated from the ring system by at least one non-
single bond, or forms a part of a further substitue
ring system. Preferred examples of the heteroatom
are not limited to, nitrogen atom, sulfur atom, oxy
selenium atom, tellurium atom, phosphorus atom, sil
and boron atom. Examples of the heterocyclic compo

be used include imidazole, benzotriazole, benzothia
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tetrazole. More specific examples of the heterocyc
include, but are not limited to, 1,2,3,4-tetrazole,
1,2,3,4-tetrazole, 5-methyl-1,2,3,4-tetrazole, 1,2,
4-amino-1,2,3-triazole, 4,5-diamino-1,2,3-triazole,
triazole, 3-amino-1,2,4-triazole, and 3,5-diamino-1
triazole.

[0166]

When the polishing abrasive grain dispersion of th
invention contains the heterocyclic compound, the h
compound content is preferably 0.001 to 1.0 mass%,
preferably 0.001 to 0.7 mass%, and even more prefer
0.4 mass%.

[0167]
<pH adjuster>

An acid or a base, or a salt compound thereof can
optionally added to enhance the effects of the abov
additives, thereby adjusting the pH of the polishin
composition.

[0168]

When the polishing abrasive grain dispersion of th
invention is adjusted to a pH of 7 or more, an alka
adjuster is used. Sodium hydroxide, ammonia water,
carbonate, and amines such as ethylamine, methylami
triethylamine, and tetramethylamine are desirably u

[0169]

When the polishing abrasive grain dispersion of th
invention is adjusted to a pH of less than 7, an ac
adjuster is used. For example, hydroxy acids such
acid, lactic acid, citric acid, malic acid, tartari
glyceric acid, and mineral acids such as hydrochlor
nitric acid are used.

[0170]
<pH buffer>

The pH buffer may be used to keep the pH of the po

abrasive grain dispersion of the invention at a con
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Examples of the pH buffer that may be used include
and borates such as ammonium dihydrogen phosphate,
hydrogen phosphate, and ammonium tetraborate tetrah
organic acid salts.

[0171]

An organic solvent can be used as the dispersion s

the polishing abrasive grain dispersion of the inve
Examples of the organic solvent include alcohols su
methanol, ethanol, isopropanol, n-butanol, and meth
carbinol; ketones such as acetone, 2-butanone, ethy
ketone, diacetone alcohol, isophorone, and cyclohex
such as N, N-dimethylformamide, and N,N-dimethylace
ethers such as diethyl ether, isopropyl ether, tetr
1,4-dioxane, and 3,4-dihydro-2H-pyran; glycol ether
methoxyethanol, 2-ethoxyethanol, 2-butoxyethanol, a
glycol dimethyl ether; glycol ether acetates such a
methoxyethyl acetate, 2-ethoxyethyl acetate, and 2-
acetate; esters such as methyl acetate, ethyl aceta
acetate, amyl acetate, ethyl lactate, and ethylene
aromatic hydrocarbons such as benzene, toluene and
aliphatic hydrocarbons such as hexane, heptane, iso
cyclohexane; halogenated hydrocarbons such as methy
chloride, 1,2-dichloroethane, dichloropropane, and
chlorobenzene; sulfoxides such as dimethyl sulfoxid
pyrrolidones such as N-methyl-2-pyrrolidone, and N-
pyrrolidone. These may be mixed with water for use

[0172]

The solids concentration in the polishing abrasive
dispersion of the invention is preferably in the ra
50 mass%. When the solids concentration is too low
polishing rate may be reduced. Even when the solid
concentration is too high to the contrary, the poli
scarcely further increased, which may be uneconomic
EXAMPLES
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The present invention is described below by way of
examples. The present invention should not be cons
limited to these examples.

[0174]
<Experiment 1>

Each measuring method and each testing method in E
and Comparative Examples are first described in det
Measurement results and testing results in each of
Comparative Examples are shown in Tables 1 to 3.

[0175]
[Component analysis]
[Measurement of SiO 2 content]

When the silica-based fine particle dispersion was
from a sodium silicate material, the SiO
based fine particle dispersion was determined by we
loss on ignition at 1,000°C in the silica-based fin
dispersion, assuming that the resulting product was
When the silica-based fine particle dispersion was
alkoxysilane material, the SiO
weighing after drying the silica-based fine particl
at 150°C for 1 hour assuming that the resulting pro
SiO,. The solids concentration in the silica-based fin
dispersion can also be determined.

The SiIO , content in the ceria-based composite fine
particles was determined as follows: The solids ma
obtained after loss on ignition at 1,000°C in the ¢
composite fine particle dispersion; then the Ce con
determined by the standard addition method using an
emission spectrometer (for example, SPS5520 manufac
in the same manner as in Al to Th to be described |
calculating CeO 2 mass%, and the SiO
assuming that the component of the solids other tha
SiO,. The SiO  , content, the CeO
of ceria with respect to 100 parts by mass of silic

calculated based on the CeO >, content and the SiO

trued as being
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determined in the above process. The solids concen
ceria-based composite fine particle dispersion can
determined.
In the measurement of the contents in the specific
group 1 and the specific impurity group 2 to be des
the content of each component with respect to the d
determined based on the solids mass obtained as des
[0176]
[Component analysis of ceria-based composite fine p

silica-based fine particles]

The element contents are measured by the method de

below.

About 1 g of a sample (adjusted to a solids conten
mass%) which is made of ceria-based composite fine
a ceria-based composite fine particle dispersion is
in a platinum dish. Phosphoric acid (3 ml), nitric
and hydrofluoric acid (10 ml) are added and heated
bath. When dried, the sample is dissolved by addit
amount of water and nitric acid (50 ml) and is then
100 ml volumetric flask and the volume is adjusted
addition of water. Na and K in this solution are m
atomic absorption spectrometer (for example, Z-2310
by Hitachi, Ltd.). Next, a portion (10 ml) of the
adjusted to 100 ml is placed in a 20 ml volumetric
operation is repeated five times to obtain five 10
The five portions are used to make measurement of A
Cr, Cu, Fe, Mg, Ni, Ti, Zn, U, and Th by a standard
method by means of an ICP plasma emission spectrome
example, SPS5520 manufactured by Sll). A blank val
measured by the same method and a measured value of
is obtained by adjusting through subtraction of the

Then, the content of each component with respect t
amount was determined based on the solids mass obta
above-described method.

[0177]
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The anion contents are measured by the method desc

below.
<Cl>

Acetone is added to 20 g of a sample made of ceria
composite fine particles or the ceria-based composi
particle dispersion (and having a solids concentrat
to 20 mass%) to adjust the volume to 100 ml, and to
are added acetic acid (5 ml) and a 0.001 mol sodium
solution (4 ml). The mixture is analyzed with a O.
nitrate solution by potentiometric titration (poten
titrator AT-610 manufactured by Kyoto Electronics M
Co., Ltd.).

Separately as blank measurement, acetic acid (5 ml
0.001 mol sodium chloride solution (4 ml) were adde
(100 ml) and titration was performed with a 0.002 m
nitrate solution. The titer in this titration was
was subtracted from the titer in the case of using
obtain the titer of the sample.

Then, the content of each component with respect t
amount was determined based on the solids mass obta
above-described method.

[0178]
<NQ, SO 4, F>

A sample (5 g) made of ceria-based composite fine
or a ceria-based composite fine particle dispersion
a solids content adjusted to 20 mass%) was diluted
100 ml and centrifuged at 4,000 rpm for 20 minutes
centrifuge (HIMAC CTO6E manufactured by Hitachi, Lt
solution obtained by removing the precipitated comp
analyzed by ion chromatography (ICS-1100 manufactur
DIONEX).

Then, the content of each component with respect t
amount was determined based on the solids mass obta
above-described method.

[0179]
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[X-ray diffractometry, measurement of average cryst

The ceria-based composite fine particle dispersion
silica-based composite fine particles obtained in e
Examples and Comparative Examples were dried with a
conventionally known dryer, and the resulting powde
pulverized with a mortar for 10 minutes and an X-ra
pattern was obtained by an X-ray diffractometer (RI
manufactured by Rigaku Corporation) to thereby spec
crystal type.

Further, the above-described method was used to me
full width at half maximum of a peak of a (111) pla
around 28°) in the resulting X-ray diffraction patt
around 28°, thereby determining the average crystal
using the Scherrer equation.

[0180]
<Average patrticle size>

The average particle size of the particles contain
each of the silica-based fine particle dispersions
ceria-based composite fine particle dispersions obt
Examples and Comparative Examples was measured by t
analysis method described above.

[0181]
<Number of coarse particles>

The number of coarse particles in the ceria-based
fine particles was measured using Accusizer 780APS
by Particle Sizing System Inc. The measurement sam
diluted with pure water to adjust to 0.1 mass% and
portion was poured into the measurement device to p
measurement under the conditions described below.
measurement was performed three times, the average
number of coarse particles having a particle size o
more in the resulting measurement data was calculat
average value was further multiplied by 1000 to obt
number of coarse particles on dry basis in the ceri

composite fine particles. The measurement conditio
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follows:

<System Setup>

- Stir Speed Control / Low Speed Factor 1500 / High S
2500

<System Menu>

-Data Collection Time 60 Sec.

- Syringe Volume 2.5ml

-Sample Line Number: Sum Mode

Initial 2 "d_Stage Dilution Factor 350
-Vessel Fast Flush Time 35 Sec.

- System Flush Time / Before Measurement 60 Sec. / Af
Measurement 60 Sec.
-Sample Equilibration Time 30 Sec./ Sample Flow Time

[0182]

[Method of polishing test]
<Polishing of SiO 2 film>

The polishing abrasive grain dispersion containing
ceria-based composite fine particle dispersion obta
of Examples and Comparative Examples was prepared.
concentration was 0.6 mass%, and nitric acid was ad
the pH to 5.0.

Next, a substrate of an SiO
um) made by a thermal oxidation technique was prepar
substrate to be polished.

Next, the substrate to be polished was set on a po
device (NF300 manufactured by Nano Factor Co., Ltd.
polished by using a polishing pad (concentric circl
1000/SUBA400 manufactured by Nitta Haas Incorporate
supplying the polishing abrasive grain dispersion f
at a rate of 50 ml/min under a substrate load of 0.

a table rotation speed of 90 rpm.

Then, a weight change of the substrate to be polis

between before and after polishing was determined t

the polishing rate.

peed Factor

ter

30 Sec.

the
ined in each
The solids
ded to adjust

2 insulating film (thickness: 1

ed as a

lishing
) and
e type “IC-
d) and
or 1 minute
5 MPa and at

hed

o calculate



84

The smoothness (surface roughness Ra) of a surface
polished substrate was measured using an atomic for
(AFM manufactured by Hitachi High-Tech Science Corp
There is approximately a proportional relationship
smoothness and surface roughness and Table 3 shows
surface roughness.

As for the observation of flaws due to polishing,
insulating film surfaces were observed with an opti
microscope.

[0183]
<Polishing of aluminum hard disk>

The polishing abrasive grain dispersion containing
ceria-based composite fine particle dispersion obta
of Examples and Comparative Examples was prepared.
concentration was 9 mass%, and nitric acid was adde
the pH to 2.0.

A substrate for an aluminum hard disk was set on a
polishing device (NF300 manufactured by Nano Factor

and polished by using a polishing pad (Polytex

of the
ce microscope
oration).
between

therefore

cal

the
ined in each
The solids
d to adjust

Co., Ltd.),
®12 manufactured

by Nitta Haas Incorporated) and supplying the polis hing slurry
for 5 minutes at a rate of 20 ml/min under a substr ate load of
0.05 MPa and at a table rotation speed of 30 rpm. Its whole
surface was observed at a zoom factor of 15 by an u ltrafine
defect visualizing macro inspection system (trade n ame: Maicro-
Max manufactured by Vision Psytec). The number of scratches
(linear scratches) present at a 65.97 cm 2 polished substrate

surface portion to was counted, and the substrate w
according to the criteria shown below:

Number of linear scratches Evaluation
Less than 50 “Few”
50 or more but less than 80 “A few”

80 or more “Many”

* At least 80 and the total number is so large tha
counting cannot be made o
[0184]

as evaluated
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Examples are described below. “Solids concentrati
simply used herein means concentration of fine part
dispersed in a solvent irrespective of chemical spe

[0185]

[Preparation step 1]

<Preparation of high purity silica-based fine parti

dispersion (average patrticle size of silica-based f
particles: 113 nm)>

<<Preparation of silica-based fine particle dispers
particle size of silica-based fine particles: 63 nm

Ethanol (12,090 g) was mixed with ethyl orthosilic
(6,363.9 g) to obtain a mixed solution a 1.

Next, ultrapure water (6,120 g) was mixed with 29%
water (444.9 g) to obtain a mixed solution b 1.

Next, ultrapure water (192.9 g) and ethanol (444.9
mixed and used as heel water.

Then, the heel water was adjusted to 75°C and the
solutiona ; and the mixed solution b
to the heel water so that addition of each solution
hours. After the end of addition, the solution was
keeping its temperature at 75°C for 3 hours. Then,
concentration was adjusted to obtain silica sol (9,
having an SIO  , solids concentration of 19 mass% and having
silica-based fine particles with an average particl
nm (according to the image analysis method) dispers
solvent.

[0186]
<<Preparation of silica-based fine particle dispers
particle size of silica-based fine particles: 113 n

Methanol (2,733.3 g) was mixed with ethyl orthosil
(1,822.2 g) to obtain a mixed solution a 2.

Next, ultrapure water (1,860.7 g) was mixed with 2
ammonia water (40.6 g) to obtain a mixed solution b

Next, ultrapure water (59 g) and methanol (1,208.9

mixed and used as heel water. To the heel water wa
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silica sol (922.1 g) obtained in the previous step which
contained the silica-based fine particles with an a verage
particle size of 63 nm dispersed in a solvent.

Then, the heel water containing the silica sol was adjusted
to 65°C with stirring and the mixed solution a 2 and the mixed
solutionb  , were simultaneously added to the heel water so tha t
addition of each solution ended in 18 hours. After the end of
addition, the solution was aged while keeping its t emperature at
65°C for 3 hours. After that, the solution was con centrated
using an ultrafiltration membrane and a rotary evap orator to
obtain a silica-based fine particle dispersion (3,6 00 g) having
a solids concentration (SiO 2 solids concentration) adjusted to 19
mass% and having silica-based fine particles with a n average
particle size of 113 nm (according to the image ana lysis method)

dispersed in a solvent.

[0187]

Cation exchange resin (SK-1BH manufactured by Mits ubishi
Chemical Corporation; 114 g) was gradually added to the
resulting silica-based fine particle dispersion (1, 053 g) and
the dispersion was stirred for 30 minutes to separa te the resin.

The pH at that time was 5.1.

Each of the contents of Na, Ag, Al, Ca, Cr, Cu, Fe , K, Mg,
Ni, Ti, Zn, U, Th, CI, NO 3, SO 4 and F in particles contained in
the silica-based fine particle dispersion after the treatment
using the cation exchange resin (contents of the re spective
components with respect to the silica dry amount) w as 1 ppm or
less.

[0188]
[Preparation step 2]
<Preparation of high-purity acidic silicate solutio n>

Pure water was added to an aqueous sodium silicate solution
(silica concentration: 24.06 mass%; Na 20 concentration: 7.97
mass%) to obtain an aqueous sodium silicate solutio n (silica

concentration: 5 mass%).

The resulting aqueous sodium silicate solution (18 kg) was
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passed through a strong acid cation exchange resin (6 L; SK1BH
manufactured by Mitsubishi Chemical Corporation) at a space
velocity of 3.0 h "1 to obtain an acidic silicate solution (18 kg;

silica concentration: 4.6 mass%; pH: 2.7). Then, t he resulting
acidic silicate solution (18 kg) was passed through a chelate
ion exchange resin (6 L; CR-11 manufactured by Mits ubishi
Chemical Corporation) at a space velocity of 3.0 h "1 to obtain a

high-purity acidic silicate solution (18 kg; silica
concentration: 4.5 mass%; pH: 2.7).
[0189]

<Example 1>

Ultrapure water was added to the silica-based fine particle
dispersion obtained in the above-described preparat ion step 1 to
obtain a dispersion (6,000 g; SiO > dry amount: 180 g) having an
SiO solids concentration of 3 mass% (this dispersion i S

hereinafter referred to also as solution A).

[0190]

Next, ion exchanged water was added to cerium(lil) nitrate
hexahydrate (4 N high-purity reagent manufactured b y Kanto
Chemical Co., Inc.) to obtain an aqueous cerium nit rate solution
having a concentration of 3.0 mass% in terms of CeO 2 (this
solution is hereinafter referred to also as solutio n B).

[0191]

Next, the solution A (6,000 g) was maintained at 1 0°C and
the solution B (7,186.7 g; CeO 2 dry amount: 215.6 g) was added to
the solution A with stirring over 18 hours. During this
operation, the solution was maintained at a tempera ture of 10°C
and 3% ammonia water was optionally added to mainta in the
solution at a pH of 8.6 to 8.8. After the end of a ddition, the
solution was aged at a solution temperature of 10°C for 4 hours.
During addition of the solution B and aging, mixing was
performed while air was blown into the solution mix ture, and the
oxidation-reduction potential was kept at 100 to 20 0 mV.

Then, cleaning was performed while supplying ion e xchanged

water through an ultrafiltration membrane. The pre cursor
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particle dispersion obtained after the end of clean
solids concentration of 4.7 mass%, a pH of 8.8 (at
electric conductivity of 44 us/cm (at 25°C).

[0192]

Next, the resulting precursor particle dispersion
in a dryer at 120°C for 16 hours. After that, burn
performed for 2 hours using a muffle furnace at 1,0
obtain a powder (burned body).

[0193]

To the powder (burned body) (100 g) obtained after
burning was added ion exchanged water (300 g), and
ammonia solution was further used to adjust the pH
that, wet grinding (batch desktop sand mill manufac
Kanpe Hapio Co., Ltd.) was performed for 120 minute
quartz beads (diameter: 0.25 mm; manufactured by Da
Co., Ltd.).

Then, the grinding was followed by separation of t
through a 44 mesh wire. The resulting dispersion i
burned and ground body had a solids concentration o
and a weight of 1,115 g. During the grinding, an a
solution was added to keep the pH at 9.2.

[0194]

The dispersion after the grinding was further trea
1,700 G for 102 seconds by a centrifuge (model CR21
manufactured by Hitachi Koki Co., Ltd.), and light
collected to obtain a ceria-based composite fine pa
dispersion. The resulting ceria-based composite fi
dispersion was subjected to measurement of the aver
size. The measurement method is the image analysis
described above. The measurement results of the av
size are shown in Table 3. Further, the ceria-base
fine particles were subjected to STEM-EDS analysis
the shape of the mother particles contained in the
composite fine particles. The mother particles had

having 5 to 25-nm projections.
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[0195]

Next, the resulting ceria-based composite fine par
dispersion was used to perform a polishing test.

The average particle size of the silica-based fine
particles contained in the silica-based fine partic
used as the material, and impurity contents are sho
1. The silica content and the ceria content in the
composite fine particle dispersion (and parts by ma
with respect to 100 parts by mass of silica), the b
temperature, the average crystallite size of the ce
composite fine particles, the crystal type, the spe
area, the impurity content in the ceria-based compo
particles (content of each component with respect t
amount), the average patrticle size of the ceria-bas
fine particles, and measurement results of the poli
performance are shown in Table 3. The same applies
and Comparative Examples that follow.

[0196]
<Example 2>

The same operation (preparation of the ceria-based
particle dispersion) and evaluation as in Example 1
performed except that burning was performed at a bu
temperature of 1,078°C instead of 1,030°C at which
performed in Example 1.

[0197]

The ceria-based composite fine particles contained
ceria-based composite fine particle dispersion obta
Example 2 was observed using SEM and TEM. An SEM i
image are shown in FIG. 4(a) and FIG. 4(b), respect
observed from FIGS. 4 that a thin cerium-containing
was present so as to cover the outermost surfaces o
based composite fine particles. It was also observ
SEM image that the cerium-containing silica layer c
surfaces of the mother particles made of silica and

particles were dispersed in the layer. Further, th
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composite fine particles were subjected to STEM-EDS
observe the shape of the mother particles contained
ceria-based composite fine particles. The mother p
shape having 5 to 25-nm projections.

[0198]

Further, the ceria-based composite fine particles
in the ceria-based composite fine particle dispersi
in Example 2 were measured by X-ray diffractometry.
resulting X-ray diffraction pattern is shown in FIG
in FIG. 5, a rather sharp Cerianite crystal pattern
in the X-ray diffraction pattern.

[0199]
<Example 3>

The same operation (preparation of the ceria-based
particle dispersion) and evaluation as in Example 1
performed except that burning was performed at a bu
temperature of 1,107°C instead of 1,030°C at which
performed in Example 1.

[0200]

The ceria-based composite fine particles contained
ceria-based composite fine particle dispersion obta
Example 3 was observed using SEM and TEM. An SEM i
image are shown in FIG. 6(a) and FIG. 6(b), respect
observed from FIGS. 6 that a cerium-containing sili
present so as to cover the outermost surfaces of th
composite fine particles. It was also observed fro
image that the cerium-containing silica layer cover
surfaces of the mother particles made of silica and
particles were dispersed in the layer. Further, th
composite fine particles were subjected to STEM-EDS
observe the shape of the mother particles contained
ceria-based composite fine particles. The mother p
shape having 5 to 25-nm projections.

[0201]

Further, the ceria-based composite fine particles
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in the ceria-based composite fine particle dispersi

in Example 3 were measured by X-ray diffractometry.
resulting X-ray diffraction pattern is shown in FIG

in FIG. 7, a rather sharp Cerianite crystal pattern

in the X-ray diffraction pattern.

[0202]
<Example 4>

In Example 1, the solution A (6,000 g) was maintai
10°C and the solution B (7,186.7 g) was added to th
with stirring over 18 hours, and during this operat
solution was maintained at a temperature of 10°C an
water was optionally added to maintain the solution
8.6 to 8.8. In Example 4, however, the solution A
maintained at 10°C and the solution B (4,790.7 g) w
the solution A with stirring over 12 hours, and aft
addition, the mixture was aged at 10°C for 2 hours.
temperature was increased to 50°C and after the tem
increase, the solution B (2,396 g) was added over 6
amount of the solution B: 7,186.7 g). During addit
solution B, 3% ammonia water was optionally added s
was kept at 8.9 to 9.1 during mixing at 10°C and at
during mixing at 50°C. After the end of addition,
was aged at a solution temperature of 50°C for 4 ho
addition of the solution B and aging, mixing was pe
air was blown into the solution mixture, and the ox
reduction potential was kept at 100 to 200 mV.

Although burning was performed at a burning temper
1,030°C in Example 1, burning was performed at 1,10
Example 4.

Apart from these points, the same operation (prepa
the ceria-based fine particle dispersion) and evalu
Example 1 were performed.

The ceria-based composite fine particles were subj
STEM-EDS analysis to observe the shape of the mothe

contained in the ceria-based composite fine particl
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mother particles had a shape having 5 to 25-nm proj

[0203]
<Example 5>

In Example 4, the temperature of the solution A wa
10°C, the predetermined amount of the solution B wa
the solution A with stirring, 3% ammonia water was
maintain the solution at the predetermined pH, the
then aged at 10°C for 2 hours, the temperature was
increased to 50°C, 3% ammonia water was added while
predetermined amount of the solution B to keep the
predetermined value, and the mixture was then aged
hours. In Example 5, however, the temperature of t
was kept at 50°C, a predetermined amount of the sol
added to the solution A with stirring, 3% ammonia w
added to keep the pH at 7.2 to 7.4, the mixture was
50°C for 2 hours, the mixture was further cooled to
ammonia water was added while adding a predetermine
the solution B to adjust the pHt0 8.9t0 9.1 and t
mixture was then aged at 10°C for 4 hours. Apart f
points, the same operation (preparation of the ceri
particle dispersion) and evaluation as in Example 4
performed.

The ceria-based composite fine particles were subj
STEM-EDS analysis to observe the shape of the mothe
contained in the ceria-based composite fine particl
mother particles had a shape having 5 to 25-nm proj

[0204]
<Example 6>

The same operation (preparation of the ceria-based
particle dispersion) and evaluation as in Example 1
performed except that an aqgueous ammonia solution w
during the grinding to keep the pH at 9.2 in Exampl
8.6 in Example 6.

The ceria-based composite fine particles were subj

STEM-EDS analysis to observe the shape of the mothe

ections.
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contained in the ceria-based composite fine particl
mother particles had a shape having 5 to 25-nm proj
[0205]
<Example 7>
Pure water (16,654.2 g) was added while stirring t
mass% dispersion including the burned and ground bo
g; dry amount: 100 g) obtained in the grinding step
1. Then, a diluted high-purity acidic silicate sol
dry amount: 0.4 g) obtained by diluting the high-pu
silicate solution obtained in the preparation step
through addition of pure water was added (total wei
g; total dry amount: 100.4 g). The addition was fo
aging with continued stirring at 50°C for 24 hours.
was followed by concentration using a rotary evapor
obtain a 3.0 mass% aged concentrate.
The resulting aged concentrate was treated at 1,70
102 seconds by a centrifuge (model CR21G manufactur
Koki Co., Ltd.), and light liquid was collected to
ceria-based composite fine particle dispersion. Th
operation (preparation of the ceria-based fine part
dispersion) and evaluation as in Example 1 were per
The ceria-based composite fine particles were subj
STEM-EDS analysis to observe the shape of the mothe
contained in the ceria-based composite fine particl
mother particles had a shape having 5 to 25-nm proj
[0206]

<Comparative Example 1>

Cation exchange resin (SK-1BH manufactured by Mits

Chemical Corporation; 114 g) was gradually added to
based fine particle dispersion (1,053 g) obtained i
preparation step 1 and the dispersion was stirred f
to separate the resin. The pH at that time was 5.1

Next, ultrapure water was added to the silica-base
particle dispersion to obtain a dispersion (6,000 g

amount: 180 g) having an SiO
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(this dispersion is hereinafter referred to also as
1).

[0207]

Next, ion exchanged water was added to cerium(lil)
hexahydrate (4 N high-purity reagent manufactured b
Chemical Co., Inc.) to obtain an aqueous cerium nit
having a concentration of 2.5 mass% in terms of CeO
solution is hereinafter referred to also as solutio

[0208]

Next, the temperature of the solution A-1 (6,000 g
increased to 50°C and the solution B-1 (8,120 g, 11

mass of CeO , was contained with respect to 100 parts by mass of

SiO;) was added to the solution A-1 with stirring over
During this operation, the solution was maintained
temperature of 50°C and 3% ammonia water was option
keep the pH at 7.85. During addition of the soluti

aging, mixing was performed while air was blown int
solution mixture, and the oxidation-reduction poten

at a positive value.

After the end of addition of the solution B-1, the
temperature of the solution was increased to 93°C a
solution was aged for 4 hours. After the end of ag
solution was allowed to stand indoors and cool to r
temperature, and thereafter cleaning was performed
supplying ion exchanged water through an ultrafiltr
membrane. The precursor particle dispersion obtain
end of cleaning had a solids concentration of 7 mas
9.1 (at 25°C) and an electric conductivity of 67
25°C).

[0209]

Next, a 5 mass% aqueous acetic acid solution was a
the resulting precursor particle dispersion to adju
6.5 and the mixture was dried in a dryer at 100°C f
After that, burning was performed for 2 hours using

furnace at 1,088°C to obtain a powder.

solution A-

nitrate
y Kanto
rate solution
2 (this
n B-1).

) was

2.8 parts by

18 hours.
ata
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o the
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nd the
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oom

while

ation

ed after the
s%, a pH of

us/cm (at

dded to
st the pH to
or 16 hours.

a muffle
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[0210]

The powder (310 g) obtained after the burning and
exchanged water (430 g) were placed in a 1 L handle
3% aqueous ammonia solution was added. The mixture
to ultrasonic irradiation with stirring for 10 minu
ultrasonic bath to obtain a suspension having a pH
(temperature: 25°C).

Next, quartz beads (595 g) having a diameter of 0.
were introduced into a grinder (LMZ06 manufactured
Finetech Ltd.) that had previously been subjected t
cleaning and water operation. The above-described
further charged into a charge tank of the grinder (
factor: 85%). The concentration during the grindin
in consideration of the ion exchanged water remaini
grinding chamber and piping of the grinder. Then,
was performed under conditions of a disk circumfere
velocity in the grinder of 12 m/s, a number of pass
a retention time per pass of 0.43 minutes. For eac
agueous ammonia solution was added so as to maintai
suspension during the grinding at a pH of 10. A ce
composite fine particle dispersion having a solids
of 22 mass% was thus obtained.

Next, the resulting fine particle dispersion was
centrifuged at a relative centrifugal acceleration
1 minute by a centrifuge (model CR21G manufactured
Koki Co., Ltd.) and precipitated components were re
obtain a ceria-based composite fine particle disper

[0211]

Ceria-based composite fine particles contained in
ceria-based composite fine particle dispersion obta
Comparative Example 1 were measured by X-ray diffra
resulting X-ray diffraction pattern is shown in FIG

[0212]
<Comparative Example 2>

The same operation (preparation of the ceria-based

ion
beaker and
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particle dispersion) and evaluation as in Comparati
were performed except that the dry powder obtained
Comparative Example 1 by drying in the dryer at 100
hours was burned at 1,205°C.

[0213]
<Example 8>

The same operation (preparation of the ceria-based
particle dispersion) and evaluation as in Example 1
performed except that the grinding time applied in
grind the suspension containing the burned powder a
to a pH of 9.2 was 120 minutes but the grinding tim
Example 8 was 600 minutes.

The ceria-based composite fine particles were subj
STEM-EDS analysis to observe the shape of the mothe
contained in the ceria-based composite fine particl
mother particles had a shape having 5 to 25-nm proj

[0214]

[Table 1]

ve Example 1
in
°C for 16

fine
were
Example 1 to
nd adjusted
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r particles
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[Table 3]
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[0217]
<Experiment 2>
[Measurement of state of Si solid solution]

The ceria-based composite fine particle dispersion
prepared in Example 1 and Comparative Example 2 wer
to measurement of X-ray absorption spectra at CeL |
edge (5,727 eV) using an X-ray absorption spectrome
Looper manufactured by Rigaku Corporation) to obtai
vibrations appearing on the X-ray absorption spectr
REX-2000 manufactured by Rigaku Corporation was use
analysis and the average coordination numbers N of
cerium atoms on the periphery of cerium and the ave
lengths R were obtained. The results are shown in

It was confirmed from the results in Table 4 that
Example 1, oxygen, silicon, and cerium are present
periphery of cerium, the interatomic distance betwe
oxygen is 2.4A, and the interatomic distance betwee
cerium is 3.8A, whereas the interatomic distance be
and silicon is 3.1A. It is deemed from the XRD ana
that since cerium is present as CeO
Cerianite, Si enters into solid solution in cerium
contrast, an Si coordination having a Ce center was
in Comparative Example 2.

[0218]

[Table 4]

S
e subjected
[l absorption
ter (R-XAS
n EXAFS
a. Software
d for
oxygen and
rage bond
Table 4.

in
on the
en cerium and
n cerium and
tween cerium

lysis results

2 in the crystal type of

oxide. In

not detected
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Table 4
Unit Element Example 1 Cm::i;'e

coordination number (N) - Ce 8 79
from Ce center — Si 1_2 Detection limit or less

O 2.4 2.3

Distance (R) from Ce A Ce 38 37

Si 3.1 —_

[0219]
<Experiment 3>

Each measuring method and each testing method in E xamples

and Comparative Examples were the same as those in

Experiment 1.

However, SIO ,, CeO », and silica as the component of the

projections were measured as described below.
[0220]

Measurement results and testing results in Example

Comparative Examples are shown in Tables 5, 6, and
Unless otherwise specified, “silica concentration”
silica solids concentration. “Solids concentration
used herein means concentration of fine particles d
solvent irrespective of chemical species.
[0221]
<Synthesis Example 1> (Preparation of dispersion of
fine particles A having projections)
lon exchanged water was added to dilute a dispersi
silica fine particles dispersed therein (Cataloid S
manufactured by JGC Catalysts and Chemicals Ltd.; a
particle size: 80 nm; silica concentration: 40 wt%;
thereby obtaining a silica fine particle dispersion
diluted to a silica concentration of 21 mass%. Aft
cation exchange resin (Duolite manufactured by Rohm
Company; 150 g) was mixed and the mixture was stirr

s and

means
" as simply

ispersed in a

silica-based

on having

[-80P

verage

pH: 10.2),

(750 g)
er that, a

and Haas

ed for 0.5
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hours.

Then, after separation of the cation exchange resi
anion exchange resin (SUNNUP-C manufactured by Mits
Chemical Corporation; 135 g) was mixed and the mixt
stirred for 0.5 hours. Then, the anion exchange re
separated to prepare a purified silica fine particl
(750 g) having a silica concentration of 20 mass%.

[0222]

Then, polyaluminum chloride (Takibine #1000 manufa
Taki Chemical Co., Ltd.; alumina concentration: 23.

g) was added to the purified silica fine particle d
(750 g) and the mixture was stirred at room tempera
hours. Then, pure water (2,903 g) was added for di
prepare a dispersion (3,659 g; pH: 3.7) of metal ox
(A-2) for use in substrate which had a silica conce
4.1 mass%.

[0223]

Then, into the dispersion (3,659 g) of the metal o
particles (A-2) for use in substrate, was mixed a s
ultrafine particle dispersion (Cataloid SN-350 manu
JGC Catalysts and Chemicals Ltd.; particle size cal
terms of specific surface area: 7 nm; particle size
observation: 9 nm; silica concentration: 16.6 mass%

367 g), thereby obtaining a mixed dispersion (silic
concentration: 4.8 mass%; pH: 3.5).

[0224]

Then, an anion exchange resin (SUNNUP-C manufactur
Mitsubishi Chemical Corporation; 135 g) was mixed i
dispersion and the mixture was stirred for 0.5 hour
anion exchange resin was separated. The dispersion
aged at 93°C for 3 hours and cooled. After that, a
acetic acid solution having a concentration of 3 ma
to adjust the pH of the solution to 5.5. After tha
solution was dried at 120°C for 15 hours and burned

for 2 hours.

n, an
ubishi

ure was
sin was

e dispersion

ctured by
55 mass%; 5.1
ispersion
ture for 0.5
lution to
ide particles

ntration of

xide fine
ilica
factured by
culated in
under TEM
; pH: 3.7,
a

ed by

nto the mixed
S. Then, the
was further
n aqueous

ss% was added
t, the

at 1,000°C
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[0225]

Powder obtained by burning was dispersed in pure w

obtain a silica-based fine particle dispersion havi
concentration of 10 wt%. The dispersion was ground
for 180 minutes using a sand mill (glass beads manu
Shinmaru Enterprises Corporation; diameter: 0.5 mm,;
Then, the glass beads were separated to obtain a si
particle dispersion.

[0226]

To the silica fine particle dispersion were added
exchanged water and hydrochloric acid to dilute the
so that the solids concentration was 3.0% and the h
acid concentration was 3.0%. The dispersion was in
temperature of 60°C and aged at the temperature kep
6 hours. The dispersion was allowed to stand at ro
and cool. After that, an anion exchange resin was
mixture was stirred at room temperature for 1 hour.
ion exchange resin was separated. Further, a catio
resin was added and the mixture was stirred at room
for 1 hour. Then, the ion exchange resin was separ
same operations were repeated, and after that, the
after the separation was further subjected to centr
2,000 rpm for 3 minutes using a centrifuge (High-Sp
Refrigerated Centrifuge manufactured by Hitachi, Lt
Supernatant was separated, and the resulting supern
concentrated by a rotary evaporator to prepare a di
silica-based fine particles A having projections (s
concentration: 10 mass%).

[0227]

As a result of observation of an image of the sili
fine particles A magnified 300,000 times using a tr
electron microscope, it could be confirmed that the
fine particles A had a crenated shape. Further, th
50 projections was measured, and its average value

width of the projections) was 9 nm.

ater to
ng a silica
at 2,160 rpm
factured by
1,100 g).

lica fine

ion
dispersion
ydrochloric
creased to a
t at 60°C for
om temperature
added and the
Then, the
n exchange
temperature
ated. The
dispersion
ifugation at
eed
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spersion of

ilica
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ansmission
silica-based
e width of any
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[0228]
<Synthesis Example 2> (Preparation of dispersion of
fine particles B having projections)
[Preparation of purified silica-based fine particle
Ultrapure water (3,050 g) was added to silica sol
manufactured by JGC Catalysts and Chemicals Ltd.: t
Cataloid SI-80P (particle size calculated in terms
surface area: 80 nm; silica concentration: 40.5 mas
to obtain silica sol (4,050 g) having a silica conc
10 mass%. Then, a cation exchange resin (SK1BH man
Mitsubishi Chemical Corporation; 500 g) was gradual
stirring. After the addition, the mixture was incr
temperature of 80°C, maintained at that temperature
and cooled. After that, the resin was separated.
silica fine particle dispersion was concentrated by
evaporator to obtain a purified silica fine particl
(silica concentration: 40.5 mass%).
[0229]
[Preparation of acidic silicate solution]

Pure water was added to an aqueous sodium silicate

(silica concentration: 24.06 mass%; Na
mass%) to obtain an aqueous sodium silicate solutio

concentration: 5 mass%).

The resulting agueous sodium silicate solution (18

passed through a strong acid cation exchange resin
manufactured by Mitsubishi Chemical Corporation) at
velocity of 3.0 h
silica concentration: 4.6 mass%; pH: 2.7).

[0230]
[Preparation of diluted sodium aluminate solution]

Ultrapure water (324.2 g) was added to sodium alum

(13.8 g; alumina concentration: 22 mass%) to obtain
sodium aluminate solution (alumina concentration: O
[0231]

[Preparation of silica-based fine particles B havin

"1 to obtain an acidic silicate solution (18 kg;

silica-based

dispersion]

rade name:
of specific
s%; 1,000 g)
entration of
ufactured by
ly added with
eased to a
for 6 hours,

The resulting
a rotary

e dispersion

solution

>0 concentration: 7.97

n (silica

kg) was
(6 L; SK1BH
a space

inate
a diluted

.9 mass%).
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projections]

Ultrapure water (11,432 g) was added to the purifi
fine particle dispersion (1,300 g) to dilute the di
silica concentration of 4.1 mass%. The temperature
dispersion was increased to 98°C with stirring. Af
diluted sodium aluminate solution (alumina concentr
mass%) was added over 5 minutes. After the additio
solution was held at 98°C for 1 hour.

An aqueous sodium silicate solution (silica concen

ed silica
spersion to a
of the
ter that, the
ation: 0.9

n, the

tration:

24.31 mass%; Na .0 concentration: 8.00 mass%; 102.5 g) was further

added over 10 minutes, and the mixture was aged for
keeping the temperature at 98°C.

Subsequently, the acidic silicate solution (silica
concentration: 4.6 mass%; 1,849 g) was added over 7
the end of addition, the mixture was aged for 1 hou
keeping the temperature at 98°C. After the end of
mixture was allowed to stand at room temperature an
obtain a silica fine particle dispersion (solids co
4.25 mass%).

To the resulting silica fine particle dispersion w
ion exchanged water and hydrochloric acid to dilute
dispersion so that the solids content was 3.0% and
hydrochloric acid concentration was 3.0%. The temp
dispersion was increased to 60°C and the dispersion
6 hours at the temperature kept at 60°C. The dispe
allowed to stand at room temperature and cool. Aft
anion exchange resin was added and the mixture was
room temperature for 1 hour. Then, the ion exchang
separated. Further, a cation exchange resin was ad
mixture was stirred at room temperature for 1 hour.
ion exchange resin was separated. The same operati
repeated, and after that, the dispersion after the
was further subjected to centrifugation at 2,000 rp
minutes using a centrifuge (High-Speed Refrigerated

manufactured by Hitachi, Ltd.). Supernatant was se

1 hour while

hours. After
r while
aging, the

d cool to

ncentration:

ere added
the
the
erature of the
was aged for
rsion was
er that, an
stirred at
e resin was
ded and the
Then, the
ons were
separation
m for 3
Centrifuge

parated, and
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the resulting supernatant was concentrated by a rot
evaporator to prepare a dispersion of silica-based
particles B having projections (silica concentratio

[0232]

As a result of observation of an image of the sili
fine particles B magnified 300,000 times using a tr
electron microscope, it could be confirmed that the
fine particles B had a crenated shape. The width o
projections was measured, and its average value (na
width of the projections) was 8 nm.

[0233]
<Synthesis Example 3> (Preparation of dispersion of
fine particles C having projections)

[Preparation of silica-based fine particle dispersi
particle size of silica fine particles: 63 nm)]

A mixed solution Al, a mixed solution B1, and heel
(1) were prepared as described below.

Mixed solution A-3: Ethanol (12,090 g) was mixed w
orthosilicate (6,363.9 g) to obtain the mixed solut

Mixed solution B-3: Ultrapure water (6,120 g) was
with 29% ammonia water (444.9 g) to obtain the mixe
3.

Heel water (1): Ultrapure water (192.9 g) and etha
(444.9 g) were mixed and used as the heel water (1)

Then, the heel water (1) was heated with stirring
the temperature to 75°C and the mixed solution A-3
solution B-3 were simultaneously added so that addi
solution ended in 10 hours. After the end of addit
solution was aged while keeping the temperature at
hours. After that, the solids concentration was ad
obtain a silica fine particle dispersion (9,646.3 g
silica concentration of 19 mass% and having silica-
particles with an average particle size of 63 nm (a
the image analysis method) dispersed in a solvent.

[0234]

ary
fine

n: 10 mass%).
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[Preparation of silica-based fine particle dispersi
particle size of silica-based fine particles: 113 n

A mixed solution A-4, a mixed solution B-4, and he
(2) were prepared as described below.

Mixed solution A-4: Methanol (2,733.3 g) was mixed
ethyl orthosilicate (1,822.2 g) to obtain the mixed
4.

Mixed solution B-4: Ultrapure water (1,860.7 g) wa
with 29% ammonia water (40.6 g) to obtain the mixed
4.

Heel water (2): Ultrapure water (59 g) and methano
(1,208.9 g) were mixed and used as the heel water (

To the heel water (2) was added the silica-based f
particle dispersion (922.1 g) obtained as described
containing the silica-based fine particles with an
particle size of 63 nm dispersed in a solvent. The
adjusted to 65°C with stirring, and the mixed solut
the mixed solution B-4 were simultaneously added so
addition of each solution ended in 18 hours. After
addition, the solution was aged while keeping the t
65°C for 3 hours. Then, the silica concentration w
obtain a high purity silica-based fine particle dis
(3,600 g; silica concentration: 19 mass%; average p
as measured by the image analysis method: 113 nm).

[0235]

[Preparation of dispersion of silica-based fine par
having projections]

Ultrapure water was added to the high purity silic
fine particle dispersion (silica concentration: 19
prepare a diluted solution (4,000 g; containing 296
solids) having a silica concentration adjusted to 7
the diluted solution was added ammonia water (ammon
concentration: 28 mass%) to adjust the pH to 11.2.
temperature of this solution was increased to 65°C.

Subsequently, a solution of methyltrimethoxysilane

on (average

m)]

el water

with

solution A-

s mixed

solution B-

2).
ine
above and
average
mixture was
ion A-4 and
that
the end of
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as adjusted to
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methanol (obtained by diluting 1.63 g of KBM-13S ma
Shin-Etsu Chemical Co., Ltd. with 8.32 g of methano
over 60 minutes. The mixture was further aged for
keeping the temperature at 65°C. After the end of
mixture was cooled to obtain a solution.

Ultrapure water was added to this solution to dilu
solution to a silica concentration of 3.0 mass%. T
of the diluted solution (8,000 g; containing 240 g
solids) was increased to 65°C. To this dispersion
mixed solution of tetraethoxysilane (ethyl orthosil
manufactured by Tama Chemicals Co., Ltd.; 253.6 g)
(481.5 g) and a mixed solution of ultrapure water (
28% ammonia water (19 g) over 10 hours to perform h
After the end of addition, the mixture was further
temperature kept at 65°C for 3 hours. Subsequently
was concentrated to a solids concentration of 12 ma
an ultrafiltration membrane (SIP-1013 manufactured
Kasei Corporation). Further, methanol was approxim
completely removed by a rotary evaporator to furthe
the mixture to a solids concentration of 20 mass%,
obtaining a dispersion of silica-based fine particl
5-nm projections.

[0236]

The amounts of Na, Ag, Al, Ca, Cr, Cu, Fe, K, Mg,
Zn, Zr, U, Th, CI, NO
the dispersion were 1 ppm or less, respectively.

[0237]
<Example 9>

lon exchanged water was added to cerium(lll) nitra
hexahydrate (4 N high-purity reagent manufactured b
Chemical Co., Inc.) to obtain an aqueous cerium nit
having a concentration of 2.5 mass% in terms of CeO
solution is hereinafter referred to as solution B-5

To the dispersion of the silica-based fine particl

having projections that had been obtained in Synthe

nufactured by
l) was added
1 hour while
aging, the

te the
he temperature
of silica
were added a
icate
and methanol
343 g) and
ydrolysis.
aged at a
, the mixture
ss% through
by Asahi
ately
r concentrate
thereby
es C having

Ni, Ti,

3, SO 4, and F in the particles contained in

te
y Kanto
rate solution
2 (this
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es A
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1, was added ion exchanged water to prepare a dispe
g; hereinafter referred to as solution A-5) having
concentration of 3.0 mass%.

Next, the temperature of the solution A-5 was kept
and the solution B-5 (8,453 g, 117.4 parts by mass
contained with respect to 100 parts by mass of SiO
the solution A-5 with vigorously stirring over 18 h
this operation, the temperature of the solution was
and 3% ammonia water was optionally added to keep t
7.85. During addition of the solution B-5 and agin
performed while air was blown into the solution mix
oxidation-reduction potential was kept at 100 to 20

After the end of addition of the solution B-5, the
temperature of the solution was kept at 15°C and th
was aged for 4 hours. After the end of aging, clea
performed by supplying ion exchanged water through
ultrafiltration membrane. A precursor particle dis
obtained after the end of cleaning had a solids con
7 mass%.

[0238]

Next, a 5 acetic acid solution was added to the re
precursor particle dispersion to adjust the pH to 6
mixture was dried in a dryer at 100°C for 16 hours.
burning was performed at 960°C for 2 hours using a
furnace to obtain a powder (burned body).

[0239]

The powder (burned body) (310 g) obtained after th
and ion exchanged water (430 g) were placed ina 1
beaker and 3% aqueous ammonia solution was added.
was exposed to ultrasonic irradiation with stirring
minutes in an ultrasonic bath to obtain a suspensio
of 10 (temperature: 25°C).

Next, quartz beads (595 g) having a diameter of 0.
were introduced into a grinder (LMZ06 manufactured

Finetech Ltd.) that had previously been subjected t

rsion (6,000

a silica

at 15°C
of CeO , was
2) was added to
ours. During
kept at 15°C
he pH at
g, mixing was
ture, and the
0 mV.

e solution
ning was
an
persion

centration of

sulting
.5 and the
After that,
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L handle
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for 10
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25 mm
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0 equipment
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cleaning and water operation. The above-described
further charged into a charge tank of the grinder (
factor: 85%). The concentration during grinding is
consideration of the ion exchanged water remaining
grinding chamber and piping of the grinder. Then,
was performed at a disk circumferential velocity in

of 12 m/s. For each path, 3% agueous ammonia solut
SO as to maintain the suspension during the grindin
10. A dispersion including a burned and ground bod
solids concentration of 22 mass% was thus obtained.

Next, the resulting dispersion including the burne
ground body was centrifuged at a relative centrifug
acceleration of 675 G for 1 minute by a centrifuge
manufactured by Hitachi Koki Co., Ltd.) and precipi
components were removed to obtain a ceria-based com
particle dispersion.

[0240]

Next, the ceria-based composite fine particle disp
was used to perform a polishing test.

The average particle size of the silica-based fine
particles A contained in the dispersion of the sili
particles A used as the material, and impurity cont
shown in Table 5. The silica content and the ceria
the ceria-based composite fine particles (and parts
ceria with respect to 100 parts by mass of silica),
temperature at the time of preparing the ceria-base
fine particles, the crystallite size, the crystal t
specific surface area of the ceria-based composite
particles, the impurity contents in the ceria-based
fine particles, the average particle size of the ce
composite fine particles, and measurement results o
polishing performance are shown in Tables 6 and 7.
applies to Examples and Comparative Examples that f

[0241]

The ceria-based composite fine particles contained
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ceria-based composite fine particle dispersion obta
Example 9 was observed using SEM-EDS and TEM. Itw
that a thin cerium-containing silica layer was pres
cover the outermost surfaces of the ceria-based com
particles. Further, child particles formed on proj
mother particles, child particles formed in portion

the projections, and child particles each formed in
including a projection and its surrounding portion
observed. It was further observed from the TEM and
that the cerium-containing silica layer covered the
surfaces and child particles were dispersed in the

[0242]

The ceria-based composite fine particles contained
ceria-based composite fine particle dispersion obta
Example 9 were measured by X-ray diffractometry. A
Cerianite crystal pattern was observed in the resul
diffraction pattern.

[0243]
<Example 10>

Example 9 was repeated except that the dispersion
silica-based fine particles A having projections wa
a dispersion of the silica-based fine particles B h
projections to prepare a dispersion (6,000 g) havin
concentration of 3.0 mass%, thereby preparing a cer
composite fine particle dispersion. The resulting
composite fine particle dispersion was measured in
manner as in Example 9 and measurement results are
Table 5 to Table 7.

The ceria-based composite fine particles were subj
STEM-EDS analysis to observe the shape of the mothe
contained in the ceria-based composite fine particl
mother particles had a shape having 5 to 25-nm proj

[0244]
<Example 11>
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ined in

as observed
ent so as to
posite fine

ections of

s other than
an area
were

SEM images
silica

layer.

in the
ined in
rather sharp

ting X-ray

of the
s replaced by
aving
g a silica
la-based
ceria-based
the same

shown in

ected to
r particles
es. The

ections.

of the



112

silica-based fine particles A having projections wa

a dispersion of the silica-based fine particles C h
projections to prepare a dispersion (6,000 g) havin
concentration of 3.0 mass%, thereby preparing a cer
composite fine particle dispersion. The resulting
composite fine particle dispersion was measured in
manner as in Example 9 and measurement results are
Table 5 to Table 7.

The ceria-based composite fine particles were subj
STEM-EDS analysis to observe the shape of the mothe
contained in the ceria-based composite fine particl
mother particles had a shape having 5 to 25-nm proj

[0245]
<Comparative Example 3>

The dispersion of the silica-based fine particles
projections that had been prepared in Synthesis Exa
measured in the same manner as in Example 9. The r
shown in Table 5 to Table 7.

[0246]
<Comparative Example 4>

The dispersion of the silica-based fine particles
projections that had been prepared in Synthesis Exa
measured in the same manner as in Example 9. The r
shown in Table 5 to Table 7.

[0247]
<Comparative Example 5>

The dispersion of the silica-based fine particles
projections that had been prepared in Synthesis Exa
measured in the same manner as in Example 9. The r
shown in Table 5 to Table 7.

[0248]
<Comparative Example 6>

Example 9 was repeated except that the dispersion
silica-based fine particles A having projections wa

the high purity silica-based fine particle dispersi

s replaced by
aving
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ceria-based
the same
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ected to
r particles
es. The

ections.

A having
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particle size: 108 nm; silica-based fine particle d
having a silica concentration of 19 mass% and havin
projections) prepared in Synthesis Example 3 to pre
dispersion (6,000 g) having a silica concentration
the mixing temperature was adjusted to 50°C, and th
temperature was adjusted to 1,090°C, thereby prepar
based composite fine particle dispersion. The resu
based composite fine particle dispersion was measur
same manner as in Example 9 and measurement results
Table 5 to Table 7.

[0249]

[Table 5]

ispersion

g no
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[0252]

The ceria-based composite fine particles contained in the
dispersion of the invention contain no coarse parti cles and
therefore cause few scratches and has a high polish ing rate.
Therefore, the polishing abrasive grain dispersion containing
the dispersion of the invention can be preferably u sed to polish
surfaces of semiconductor devices such as semicondu ctor
substrates and circuit boards. More specifically, the polishing
abrasive grain dispersion can be preferably used to flatten

semiconductor substrates having a silica film forme d thereon.
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CLAIMS

[Claim 1]

A ceria-based composite fine particle dispersion ¢
ceria-based composite fine particles having an aver
size of 50 to 350 nm and having characteristic feat
to [5]:

[1] each of the ceria-based composite fine particle
mother particle having a core particle, a cerium-co
silica layer on a surface of the mother particle, a
particles dispersed inside the cerium-containing si
the core patrticle is primarily composed of amorphou
the child particles are primarily composed of cryst
[2] the child particles have a coefficient of varia
value) of 14 to 40% in their particle size distribu

[3] the ceria-based composite fine particles have a
between silica and ceria of 100:11 to 316;

[4] a ceria crystal phase is only detected when the
composite fine particles are subjected to X-ray dif
and

[5] an average crystallite size of the crystalline
measured by subjecting the ceria-based composite fi
to X-ray diffractometry, is 10 to 25 nm.

[Claim 2]

The ceria-based composite fine particle dispersion
according to claim 1 comprising the ceria-based com
particles further having a characteristic feature o
[6] silicon atoms enter into solid solution in the
ceria included in the child particles.

[Claim 3]

The ceria-based composite fine particle dispersion
according to claim 2, wherein as for cerium atoms a
atoms included in the child particles, a relationsh
(where R ; is a distance between cerium and silicon atoms, an
is a distance between cerium atoms) is satisfied.

[Claim 4]
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The ceria-based composite fine particle dispersion
according to any one of claims 1 to 3, wherein the ceria-based
composite fine particles include coarse particles h aving a size
of 0.51  um or more, whose number measured on dry basis is
100,000,000 particles/cc or less.

[Claim 5]

The ceria-based composite fine particle dispersion
according to any one of claims 1 to 4, wherein impu rities are
contained in the ceria-based composite fine particl es in amounts
shown in (a) and (b):
() Na, Ag, Al, Ca, Cr, Cu, Fe, K, Mg, Ni, Ti, and Zn are
contained in amounts of 100 ppm or les, respectivel y; and
(b) U, Th, CI, NO 3, SO 4, and F are contained in amounts of 5 ppm
or less, respectively.

[Claim 6]

The ceria-based composite fine particle dispersion

according to any one of claims 1 to 5, wherein the mother
particle has the core particle and projections on i ts surface,
and the projections are primarily composed of silic a.

[Claim 7]

The ceria-based composite fine particle dispersion
according to claim 6, wherein each of the projectio ns contained
in the mother particle has a width of 5 to 25 nm.

[Claim 8]

The ceria-based composite fine particle dispersion

according to any one of claims 1 to 7, wherein when cation

colloidal titration is performed, a streaming poten tial curve in
which a ratio ( APCD/V) between an amount of streaming potential

change ( APCD) and an amount of cation colloidal titrant adde d at
a knick (V) as expressed by formula (1) is in a ran ge of -110.0

to -15.0 is obtained:
APCD/V=(1-C)/V - formula (1)
C: streaming potential (mV) at the knick
I: streaming potential (mV) at a starting point of the

streaming potential curve; and
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V: amount of the cation colloidal titrant added at
knick (ml).

[Claim 9]

A polishing abrasive grain dispersion comprising t
based composite fine particle dispersion according
claims 1 to 8.

[Claim 10]

The polishing abrasive grain dispersion according
9, wherein the polishing abrasive grain dispersion
flattening a semiconductor substrate having a silic
thereon.

[Claim 11]

A method of manufacturing a ceria-based composite
particle dispersion comprising Steps 1 to 3:

Step 1: a step which comprises stirring a silica-b
particle dispersion containing silica-based fine pa
dispersed in a solvent; and continuously or discont
adding a cerium metal salt while keeping a temperat
20°C, a pH at 7.0 to 9.0 and an oxidation-reduction
50 to 500 mV, respectively, thereby obtaining a pre
particle dispersion containing precursor particles;

Step 2: a step which comprises drying the precurso
particle dispersion; burning the dried precursor pa
dispersion at 950 to 1,200°C to obtain a burned bod
subjecting the resulting burned body to wet grindin
8.6 to 10.8 after addition of a solvent to the burn
thereby obtaining a dispersion including a burned a
body: and

Step 3: a step which comprises subjecting the disp
including the burned and ground body to centrifugat
relative centrifugal acceleration of 300 G or more;
subsequently removing precipitated components to ob
ceria-based composite fine particle dispersion.

[Claim 12]

The method of manufacturing the ceria-based compos
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particle dispersion according to claim 11, wherein
step which comprises stirring the silica-based fine
dispersion; continuously or discontinuously adding
metal salt while keeping the temperature at O to 20
7.0 to 9.0 and the oxidation-reduction potential at
mV, respectively; and thereafter continuously or di
adding the cerium metal salt while keeping the temp
20°C or more but 98°C or less, the pH at 7.0 to0 9.0
oxidation-reduction potential at 50 to 500 mV, resp
thereby obtaining the precursor particle dispersion
[Claim 13]
The method of manufacturing the ceria-based compos
particle dispersion according to claim 11 or 12, wh
is a step which comprises stirring the silica-based
particle dispersion; continuously or discontinuousl
cerium metal salt while keeping the temperature at
but 98°C or less, the pH at 7.0 to 9.0 and the oxid
reduction potential at 50 to 500 mV, respectively;
thereafter continuously or discontinuously adding t
metal salt while keeping the temperature at O to 20
7.0 to 9.0 and the oxidation-reduction potential at
mV, respectively, thereby obtaining the precursor p
dispersion.
[Claim 14]
The method of manufacturing the ceria-based compos
particle dispersion according to any one of claims
wherein impurities are contained in the silica-base
particles in Step 1 in amounts shown in (a) and (b)
(a) Na, Ag, Al, Ca, Cr, Cu, Fe, K, Mg, Ni, Ti, and
contained in amounts of 100 ppm or less, respective
(b) U, Th, CI, NO
or less, respectively.
[Claim 15]
The method of manufacturing the ceria-based compos

particle dispersion according to any one of claims
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wherein Step 1 is a step which comprises stirring
silica-based fine particle dispersion containing th
based fine particles having projections with a widt
nm on their surfaces and dispersed in a solvent; an
continuously or discontinuously adding the cerium m
while keeping the temperature at 3 to 20°C, the pH
and the oxidation-reduction potential at 50 to 500
respectively, thereby obtaining the precursor parti
dispersion containing the precursor particles and i
ceria-based composite fine particle dispersion acco

claim 6 or 7 is obtained.
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