[ Name of Docunent] SPECI FI CATION (Title of the Invention] H GH CONCENTRATI ON
SILICA SLURRY [Field of the invention] The present invention relates to a
silica slurry having |l ow viscosity even if a high silica concentration by
using a silica powder having a uniform particle size and | ow aggl onerati on,
and also relates to a polishing conposite having excellent perfornmance by
using said silica slurry. As for the silica dispersion slurry of the
present invention, the silica powder is dispersed in the w de concentration

range fr | ow hi gh wit inittating, and the viscosity is low So
this sl uﬁ AIPS Otg)@é}‘g“é’ﬁ%i %ﬁﬁf@é&éﬁgbl e with the passage of tine, and
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pol i shing of sem conductor materials. Furthernore, since said silica

di spersion slurry can be handled with the high concentration, the supplying
cost of the slurry is low._[Description of the Prior Art] In a chem cal
nmechani cdFigldidfshengvé@v] a di spersion slurry of funed silica or
colloidal silica has been used (Japanese Patent Laid Open No.. 30333-1987,
154760- 1993, 34 hbprexent)inventionatelytesatopolsilidd smpy deeang lofv sissoditygon
wafer is classified with 3 processes, i.e., a primary polishing, a

secondar yeveal if alhigh silich daohédtitzhtiog Bohsinlyl Mgilicansowler havathnadformt he
finishing polishing that the final condition of the surface has no scratch
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| having excellent performance by using said silica élurry. As for the silica
dispersion slurry of the present invention, the silica powder is dispersed in

the wide concentration range from low to high without precipitating, and the

viscosity is low. So this slurry is excellent in handling, stable with the

passage of time, and suitable to high-speed polishing or rough polishing.
Moreover, since the impurity concentration is low, it is suitable to a chemical

" mechanical polishing of semiconductor materials. Furthermore, since said

silica dispersion slurry can be handled with the high concentration, the

supplying cost of the slurry is low.

[Description of the Prior Art]

In a chemical mechanical polishing (CMP), a dispersion slurry of
fumed silica or colloidal silica has been used (Japanese Patent Laid Open No.
303331987, 1547601993, 342455 2001). Generally, a polishing process
of a silicon wafer is classified with 3 processéé, i.e., a primary polishing, a
secondary polishing and a finishing polishing,\and it 1s iequired in the
finishing polishing that the final condition of the surface has no scratch and

haze. Furthermore, the high purity polishing slurry is strongly required in



1 order to prevent netal ionic contam nations aroused by taking nmetal ions,
especially sodium into a surface |ayer of the substrate at the tine of
polishing. As for the dispersion liquid of the silica powder, in order to
obtain a polishing liquid having few netal contam nati ons and excel | ent
pol.i shing accuracy and speed, it is necessary that the slurry has the
excellent dispersibility, the ow viscosity, and the excellent stability
with the passage of time even if high silica concentration, in addition

usi ng t e rRbgho BiHeveNt nfdthl GEnROMIRE miHAYBHE arcilEd Ty tLBNEORERA] fd on of
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Vi scosi t Ozlts bility with the passage of tine is low Especially, in the
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and the viscosity change with the passage of tine is |arge. The present
i nvent i orfcEBTaRYs anse $epoldt eivs Dere98EY c bivdve ritieo sHITTY s hes c Bhe | exge)lening
provi des the high concentration silica slurry having |ow viscosity and
little videpestsikaligndhgelow viscosisy, pred dhe exrellemi stabshty witlabheapassage
Ct of time even if high silica concentration, in addition using the high purity
silica powder. However, the silica concentration of the conventional silica
aispersion slurry is limited about 40 %. If the silica concentration is more
than 40 %, the suitable flowability is lost easily. Moreover, the conventional
dispersion liquid has a problem that the viscosity stability with the passage
of time is low. Especially, in the case of the silica powder having the fine
particle size, this problem is large. More concretely, for example, in the case
of the conventional slurry using the fumed silica having the average primary
particle size of from 7 to 50 nm, since the silica powder is existed as
agglomerates in the slurry in many cases, the particle size at the time of
polishing is not uniform, and the viscosity change with the passage of time is
large.
Thé present invention solves these problems in the conventional
silica slurry, and provides the high concentration silica slurry having low

viscosity and little viscosity change with the passage of time even if having

high concentration.

[Summary of the Invention]



hi gh concentration. [Summary of the Invention] 2 The present invention
relates to the high concentration silica slurry and the polishing conposite
conprising the follow ng constitutions. [1] A high concentration silica
slurry having a silica concentration of nore than 50 wei ght % and viscosity
of less than 1000 nPa's, wherein the silica powder is dispersed in an
solvent, has the ratio DL/DT of less than 1.3, where DL is an average
particle size of the silica powder neasured by a laser diffraction particle

size distributiTHe pRidead iaten{idnirglatebab the RighEMivkatagiapRNiePsRiryat i on,
and has the average primary particle size of from0.08 u mto 0.8 um [2]
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concentration is fromnore than 70 % by weight to less than 80 % by wei ght
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measurred by a laser diffraction particle size distribution method and DT is
that by a TEM photography observation, and has the average primary
particle size of from 0.08 4L m to 0.8 L m.

[2] The high concentration silica slurry according to [1],
wherein the silica concentration is from more than 70 % by weight to less
than 80 % by weight and the viscosity of less than 800 mPa"s at the time of
preparing.

[3] The high concentration silica slurry according to [1] or [2],
wherein the ratio B Ajis less than 1.5, where A is the viscosity of the slurry
measured at the time of preparing and B is that after one month. |

[4] The high concentration silica slurry according to any one of [1] to
(3],
wherein the impurity concentrations of silica powder are less than 1.0 ppm
each of sodium and potassium, less than 1.0 ppm aluminum, and less than 5
ppm each of sulfur, nickel, chromium, and iron.

[5] A polishing composite,

comprising the high concentration silica slurry according to any one of from

[1] to [4].



ppm each of sul fur, nickel, chromum and iron. [5] A polishing conposite,
conprising the high concentration silica slurry according to any one of from
[1] to [4]. 3 [Detailed description of the preferred enbodi nent]

Hereinafter, the present invention is explained nore concretely according
to the preferred enbodinent. In addition, %is by weight unless it is shown
especially. The silica slurry of the present invention is a high
concentration silica slurry having a silica concentration of nore than 50

wei ght % MIS f wherein the silica powder
Is di sper@g%aiﬂ\réfd %%%g%\ﬁo?l ?tlt%%} ?%eeé%?&%%ﬂ | ess than 1.3, where DL
I S an aver age rt.icl.e SI e of th owder {Bas red by
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|nvent|on,|s the powder having the average primary particle size of from
0.08 4 mischwven gspgeiallien the silica powder having the average primary
particle size of smaller than 0.08 4 mis used, the s|lurry beconmes unstable
easily, so that Theesilioa shumiyt pf dharipresent Hinyhetioasisagehigh iconeentratione
precipitation in the slurry occurs easily. On the other hand, when the
silica posiien $laviyndpavineg s ellageconenteatyopaft nore thlaz:e56fwlealge% wndn 0. 80
4 mis used, said powder precipitates
viscosity of less than 1000 mPa"s, wherein the silica powder is dispersed in
an solvent, has the ratio DL/ DT of lesskthan 1.3, where DL is an average
particle size of the silica powder measured by a laser diffraction particle size
distribution method and DT is that by a TEM photography observation, and
has the average primary particle size of from 0.08 £ m to 0.8 £ m.
The silica powder used in the slurry of the present invention is the
powder having the average primary particle size of from 0.08 X m to 0.8 L m.
When the silica powder having the average primary particle size of smaller
than 0.08 £ m is used, the slurry becomes unstable easily, so that the
viscos 51ty change with the passage of time and the precipitation in the slurry
occurs easily. On the other hand, when the silica powder having the average
primary particle size of larger than 0.80 £ m is used, said powder precipitates
easily in the slurry, and causes the scratch or the like at the time of
polishing.
Moreover, the silica powder used in the slurry of the present
invention is the powder, in which the ratio DL/ DT is less than 1.3, where
" DL is the average particle size of the silica powder measured by the laser

diffraction particle size distribution method and DT 1s that by the TEM

photography observation. Since the TEM observation is suitable to measure



easily in the slurry, and causes the scratch or the like at the tinme of
pol i shing. Mreover, the silica powder used in the slurry of the present
invention is the powder, in which the ratio DL/DT is less than 1.3, where

DL is the average particle size of the silica powder neasured by the |aser
diffraction particle size distribution nethod and DT is that by the TEM
phot ogr aphy observation. Since the TEM observation is suitable to neasure 4
the primary particle size, the average particle size of the silica powder by

the TEM ﬂ?fé%ﬁgfa%?ﬁ%ar%?&éi\ég,lt éfk%"a\(é?%e%‘}‘éﬁ:lé ‘%e%?f%ﬁ@%?ﬂéﬁ?%&vﬁk? byithe. On
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sizes (DL/DT) of nore than 1.3, has many secondary aggl onerates, so that it
is diffildg Avesagukeatide ssipe cef §gﬁr FYlid3a\naveeT gReRBHEENYattnenlased | ow
viscosity. As nmentioned above, the silica powder of the present invention
has few @@fé'éﬁ@anyp%@gﬂ%rﬁé$%tdé%§rﬂaﬁd013§nﬁﬂiloc\ll\ﬁ3@e%hﬁmér@eaggr@ﬁl@r 8izgs, it
is preferable that the average particle size of themis nostly snmaller than
1.0 u including the secondary agglomerates. Therefore, the ratio of these particle

sizes (DL/DT) shows the ratio of the agglomeration of particles. More

concretely, the silica powder having the ratio of the average particle sizes

(DL/DT) of more than 1.3, has many secondary agglomerates, so that it is

difficult to make the silica slurry having high concentration and low

Viscosity.

As mentioned above, the silica powder of the present invention has

few secondary agglomerates, and as for the secondary agglomerates, it is

préferable that the average particle size of them 1s mostly smaller than 1.0 &4

m. Moreover, as for the agglomerated particles, it is preferable that the
A_ agglomerated particles of more than 95 % are in one peak of a size

distribution curve in the range of the particle size of less than 1.0 4 m. When

the agglomerated particles of less than 95 % are in one peak of the size

distribution curve or the average particle size of the secondary agglomerates

in this peak is more than 140Mm, the slurry becomes unstable, so that the

viscosity change with the passage of time becomes large.

Moreover, as for the silica powder used in the slurry of the present

invention, it is preferable that the each impurity concentration of sodium

and potassium in the silica powder is less than 1.0 ppm. When the slurry



m Moreover, as for the agglonerated particles, it is preferable that the
aggl onerated particles of nore than 95 % are in one peak of a size
distribution curve in the range of the particle size of less than 1.0U m
When the agglonerated particles of Iess than 95 % are in one peak of the
size distribution curve or the average particle size of the secondary
agglonerates in this peak is nore than 1.01 m the slurry becones unstabl e,
so that the viscosity change with the passage of tine becones | arge.
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pot assi um are kept as |ow as possible. Mre concretely, for exanple, it is
pr ef er abl poliphed anxfaceum is less than 1.0 ppm and each of sul fur, nickel,

chromumand iron is less than 0.5 ppm Mre preferably, each of sulfur,
ni ckel and chr ohm wirdes té @zsvenharetd] toppaminations, it is preferable that the

N concentrations of impurities other than sodium and potassium are kept as
low as possible. More concretely, for example, it is preferable that aluminum
is less than 1.0 ppm, and each of sulfur, nickel, chromium and iron is less
than 0.5 ppm. More preferably, each of sulfur, nickel and chromium is less
than 0.1 ppm.

The silica powder havihg the low impurities concentration and the
particle size of said range is, for example, the fumed silica or the like
produced by a dry process, such as a flame hydrolysis method or the like. In
the case of the silica powder produced by a wet process, it is difficult to
obtain the slurry having the impurities concentration of less then the
above-mentioned level. As the silica powder produced by the dry process, for
example, it is preferable to use the silica powder produced by the method
described in Japanese Patent Laid Open No. 3213 —2002. This production
method is to produce an amorphous fine silica powder by introducing a
gasekous silicon compound into a flame and hydrolyzing it. In this pi’oduction
method, the amorphous silica powder having the average particle size

(median size) of from 0.08 to 0.8 4 m and the specific surface area of from 5 to

30 m2/ g by the BET method, is produced by making the flame temperature



The silica powder having the low inpurities concentration and the particle
size of said range is, for exanple, the funed silica or the |like produced
by 'a dry process, such as a flane hydrolysis nmethod or the like. In the
case of the silica powder produced by a wet process, it is difficult to
obt-ain the slurry having the inpurities concentration of |less than the
above-nentioned level. As the silica powder produced by the dry process, for
exanple, it is preferable to use the silica powder produced by the. nethod
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method is to produce an anorphous fine silica powder by introducing a
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6 to be norg.than, L.tin oint.of silica, growing the silica particle
whil e kéﬂﬁﬁﬁbgpﬂ’é‘%ﬁrf%iﬂ&? ﬂb%&%‘?fttﬂ@l&ron inthe flame of nore than 0.25 kg /
N8, and staying the g&omm silica particle at th i gh..t enperature of nore
than the nelt iIRGaidPrPdBtian methodnag Raw mpaterialn the sicgRd@mpPo WHisret hod,
as a raw material, the silicon conpounds, such as, silicon tetrachloride,
trichl or ¢&icbane 2sdi cistlifassi | daEachierads t r itelshinresipase odichlerpsianer e used
and can be carried out_a hydrolysis reaction at_ high tenperature by
i nt r oducimgthyltachioresiane e Brpehke lazemised angheamwbs carried outirebedrpvsisus
silicone conpounds, such as silicon
’ reaction at high temperature by introducing into an oxy-hydrogen flame in
gaseous state. These gaseous silicone compounds, such as silicon
tetrachloride or‘ the like, are suitable to produce the high purity silica
particle since the impurities in the raw material can be removed easily by a
distillation refining.
By using the silica particle, in which the ratio of average particle size
(DL/DT) and the average primary particle size are above-mentioned range, it
1s possible to obtain the low viscosity silica slurry having the viscosity of less
than 1000 mPa's and the little viscosity change with the passage of time,
even if having the high silica concentration of more than 50 %. More
concretely, for example, it is possible to obtain the low viscosity silica slurry,
in which the silica concentration is more than 70 %, the initial viscosity is
less than 800 mPa-s., and the ratio B/A is less than 1.5,where B is the
viscosity of the slurry measured after one month and A is that at the time of
preparing (hereinafter, it is said to as the viscosity ratio with the passage of
time). When the viscosity ratio with the passage of time (B/A) is more than

1.5, the viscosity change with the passage of time 1s large and the slurry is

unstable.
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tetrachloride or the like, are suitable to produce the high purity silica
particle since the inpurities in the raw material can be renoved easily by a
distillation refining. By using the silica particle, in which the ratio of
average particle size (DL/DT) and the average primary particle size are
above-nentioned range, it is possible to obtain the |Iow viscosity silica
slurry having the viscosity of less than 1000 nPa's and the little
viscosity change with the passage of time, even if having the high silica

concentration of igpi-eférhBle fitht%heMilita BRBSH @RI, of e éiii@f&pise]zesé thha
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condi tions. Furthernore,

becomes difficult. In addition, as a solvent dispersing the silica powder, a

polar solvent, such as the distilled water or the .like, is preferable. It is
suitable that the viscosity of the solvent is less than 10 mPa"s.

In the silica slurry of the present invention, if the characteristics of
the s.ilica powder, such as the concentration of impurities, the ratio of
‘average particle size (DL/DT) and the average primary particle size, are in
above-mentioned range, more than two kinds of the silica powder having the
different particle size can be used. Furthermore, other metal oxide powders,
such as an alumina powder, composite oxide powders, doped materials or the
like, can be contained with the silica powder. It is necessary that the amount
of these oxide powders is in the range which does not disturbr the
characteristics of the slurry of the present invention. By containing these

metal oxide powders, the polishing according to the purpose can be carried

out.

[Effectiveness of the Invention]
The silica slurry of the present invention is the slurry having the

high concentration and low viscosity, i.e., the silica concentration is more



when the viscosity of the slurry is nore than 1000 nPa's, the handling
becones difficult. In addition, as a solvent dispersing the silica powder, a
pol ar solvent, such as the distilled water or the like, is preferable. It is
suitable that the viscosity of the solvent is less than 10 nPa's. In the
silica slurry of the present invention, if the characteristics of the
silica powder, such as the concentration of inpurities, the ratio of

average particle size (DL/DT) and the average prinmary particle size, are in
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prepared in the fixed range, is preferable that the silica concentration
i s from 70reeby imweghiont s 8be %1byr3wehzg»hng idve viscosity and little viscosity

change with the passage of time, even if having high silica concentration.
More preferably, the silica slurry of the present invention uses the silica
having low impurities, in which the each impurity concentration of sodium
and potassium is less than 1.0 ppm, the amount of aluminum is less than 1.0
ppm, and each of the content of sulfur, nickel, chromium and iron is less than
0.5 ppm. Therefore, the silica slurry having high silica concentration of the
present invention is suitable to use for polishing and, in the chemical
mechanical polishing (CMP) or the like, the polishing speed is comparatively

high and the polishing accuracy is excellent.

[Example]

Hereinafter, the present invention will be explained more concretely
with examples and comparison examples. In addition, in each example, the
viscosity is measured using Rheo Stress meter produced by HAAKE Co., and
the particle size is measured using é laser dispersion type particle size
distribution meter produced by HORIBA Co. The viscosity is the value at the
shearing speed of 100 / s, and the viscosity change with the passage of time 1s

measured after one month from the time of the slurry preparation.



viscosity at the tine of preparing is less than 800 Pa's, and the viscosity
ratio with the passage of tinme (B/A) is less than 1.5. The silica slurry of
the present invention is the slurry having |low viscosity and little
viscosity change with the passage of tinme, even if having high silica
concentration. More preferably, the silica slurry of the present invention
uses the silica having lowinpurities, in which the each inpurity
concentration of sodium and potassiumis less than 1.0 ppm the anount of
alumnumis less than 1.0 ppm and each of the content of sulfur, nickel,
chromumand iron is less than 0.5 ppm Therefore, the silica slurry having
hi gh siIiﬁE&a eﬂtration of the present invention is suitable to use for
polishing and, 1 nthe chem cal nechanical polishing (CW) or the |like, the

pol i shi ng speedy] onpar.ativel hi gh.and th | hshi ng,.accuracy. i
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the value_at_the shearing speed of. 100 / s, and the viscosity change with

t he passaystibled:waten dhenpdded dumed; silicanwaguhisnersednia hecamaeslvrrst BE slurry

preparation. 9 [Exanple 1] Funed silica produced by N ppon Aerosil _Co. Itd,
havi ng t Hgirring, and pH was adjusted to 8.9. Then, the slurry having the silica

concentration of 75 % was prepared. The viscosity and the viscosity ratio
with therpassage of time of this slurry were measured. These results were
shown in Table 1 with the making slurry conditions.

[Example 2]

Fumed silica produced by Nippon Aerosil Co. ltd, having the
impurities concentration shown in Table 1 (the trade name was VP —0X10 |
and the specific surface area was 10m2/ g by the BET method) was added to
a distilled water. The added fumed silica was dispersed to become slurry by
stirring, and pH was adjusted to 9.2. Theh, the slurry having the silica
concentration of 80 % was prepared. The viscosity and the viscosity ratio
with the passage of time of this slurry were measured. These results were
shown in Table 1 with the making slurry conditions.

[Test Example]

Fumed silicav produced by Nippon Aerosil Co. Itd, having the
impurities concentration shown in Table 1 (the trade name was VP—0X30
and the specific surface area was 30m2/ g by the BET method) was added to
a distilled water. The added fumed silica was dispersed to become slurry by

stirring, and pH was adjusted to 8.9. Then, the slurry having the silica

10



impurities concentration shown in Table 1 (a trade nane was VP- OX30 and

the specific surface area was 30n2 / g by the BET nethod) was added to a
distilled water. The added funmed silica was di spersed to beconme slurry by
stirring, and pH was adjusted to 8.9. Then, the slurry having the silica
concentration of 75 % was prepared. The viscosity and the viscosity ratio
with the passage of tinme of this slurry were neasured. These results were
shown in Table 1 with the making slurry conditions. [Exanple 21 Funmed silica
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shown in Table 1 (the trade nanme was VP-OX10 and"the specific surface area

10n2 /. T ; L SEil .added
Fumed i1 i e PASeREd o A0 o A8 SREHETYER, pRodrbl TBCs TSR s MG 0Ce

adj usted t,0 9. 2. n, the slurry.havjng the,;silica concentration of 80 %
was pr epa?‘}éc’d’.v fﬂéﬂél})ﬁgélo‘gﬂ?‘\/&’gn% ﬁ%gﬂlgg%ﬁ){“;&?%ﬁ‘o w th the passage of
time of this slurry were neasured. These results were shown in Table 1 with
the making slurry conditions. [Test Exanple] Fumed silica produced by N ppon
Aer osi | ltd,. having th impurities concentration shown in Table 1 (the
trade nami-QBBAVISODRIOMRIRY t he specific surface area was 30n2 / g by the
BET net hod) was added to a distilled water. The added funed silica was

di spersed to beBosamnsiaieial enfloidal siicgg wasnadged vigs aadjsteled wateg. Gherhen,

the slurry having the silica 10 o
added colloidal silica was dispersed to become slurry by stirring, and pH was

adjusted to 9.2. Then, the slurry having the silica concentration of 70 % was
prepared. The viscosity and the viscosity ratio with the passage of time of
this slurry were measured. These results were shown in Table 1 with the
making slurry conditions. (Comparison example 1)

The slurry having the silica concentration of 70 % was prepared by
the same process as the comparison example 1 excepting ﬁsing the silica
powder produced by the wet process instead of the colloidal silica. The
viscosity and the viscosity ratio with the passage of time of this slurry were
measured. These results were shown in Table 1 with-the making slurry
conditions. (Comparison Example 2)

The slurry was prepared by the same process as Example 1 excepting
using fumed silica having the ratio of the average particle size (DL/DT) of 5.5
and the average primary particle size of 0.0124 m. The concentration of
silica, the viscosity and the yiscosity ratio with the passage of time of this
slurry were measured. These results were shown in Table 1 with the making .

slurry conditions.

[Results]

11



concentration of 85 % was prepared. The viscosity and the viscosity ratio
with the passage of tinme of this slurry were neasured. These results were
shown in Table 1 with the making slurry conditions. [Conparison exanple] A
comrercial colloidal silica was added to a distilled water. The added
colloidal silica was dispersed to become slurry by stirring, and pH was
adjusted to 9.2. Then, the slurry having the silica concentration of 70 %
was prepared. The viscosity and the viscosity ratio with the passage of

e o O S, SR NCh e RESULStho TGSEr SEMRS WA IMELPIT a0 L v L

the nmaking slurry conditions. arison exanp e slur I ng the
silica c fration.of 70.% was pr.epared by .. th a [0 s
conpari S%%g%%gésefte (‘:’éeBPiorrllg ea%f‘)ﬁa t“?ﬁleVIS?F%lsflgé 0?6%5%}1%6? %ﬁgﬁ%glrg%%? he wet
process instead of tg collgidal, silica.. The wvi.scosity and the,vi.scosity
oo wi cePAEmgYas J0GRPR §enu S0P s pErp e dPaS hidh s MReaB®Resul <
were shown in Table 1 with tgtg maki n ,flurry condi.tions.. ( ari.son
Exanpl e SPTEHRLIALION, AR08 ERan ol %3 hat yathegpasdeyiscasit esthica
excepting. using fuped silica having the ratio of the average particle size
(DL/ DT) cilurries ward lowie Mereesgle ¢adhnatsgopiyt olc the siliea glurries aftempnghe
concentration of silica, the viscosity and the viscosity ratio with the
passage chonthrwas 78GinzPasy andy8abmP arsamspedtivalyese thes gack skarwy Badwn in
Table 1 with the making. slurry conditions. [Results]

little viscosity change with the passage of time and was stable. On the other

hand, in the case of Comparison example 1, the average primary particle size

was too small and had a high impurity concentration. In the case of

| Comparison example 2, the ratio of the average particle size (DL/DT) was a

little high and had an extremely high impurity concentration. Thus these

slurries of Comparison example 1 and 2 were not suitable for the polishing

agent. Moreover, in the case of Comparison example 3, since the ratio of the

average particle size (DL/DT) is rather high and the average primary

particle size is lower than the range of present invention, the viscosity of the

slurry is remarkably high as more than 3000mPa‘s even when the silica

concentration was low as 10 %.
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11 As shown in Table 1, in the case of each silica slurry of Exanple land 2
of the present invention, each initial viscosity of the slurry at the tine
of preparing was 700 nmPa-s and 800 nPa's respectively, even when each
silica concentration was nore than 75 % That is, the each viscosity of the
silica slurries was | ow. Mreover, each viscosity of the silica slurries
after one nonth was 730 nPa's and 850 nPa's respectively, so that each
slurry had little viscosity change with the passage of tine and was stable.
On the other hand, in the case of Conparison exanple 1, the average primary
particle size was too small and had a high inpurity concentration. In the
case of Conparison exanple 2, the ratio of the average particle size
(DL/DT)Takde Ia little high and had an extrenely high inpurity concentration.
Thus these slurries of Conparison exanple 1 and 2 were not suitable for the
polishing agent. Mreover, in the case of Conparison exanple 3, since the
ratio W average particle size (DL/DT) is rather high and the average
pri mar yVispedityt RhﬁoﬂahﬂﬁséWTM@[B/h%] range of present invention, the

Vi scosi of the .slurry:isre ahl i gh as nore than 3000nPa-s even when
t he sil¢%ﬁpaggﬂ%§ﬁ??§g?gn mas-ﬂggéas—¥@5%> 12 Table 1 Slurry Viscosity
Rati o WedhaPidloage of Time [B/ A] Conparison exanple 1 0.95 -' 1.05

[Table 1]
Example | Example Test Comparison | Compsrison | Comparisen
1 2 Example example 1 example 2 example 3
Na <1.0 <10 <10 277 2226 <1.0
<10 <10 $10 <10 <10 <1.0
Impurities S <0.1 <01 <01 <10 1200 <0.1
Amount Fe <05 <05 <05 4 1:0 210 <03
Silica [opm] Al <10 <10 <10 <10 <10 <10
Particle Ni <01 <01 <01 <10 <10 <01
Cr <0.1 <01 <o <10 <10 <01
DL/DT 1.2 1.1 12 1.1 1.60¢) 1.508)
Aversge Primery Particle Size
0. 0.15 0.065(%) 0.03() 0.25 0.012(+)
(ym)
Silice Concentration (%) 75 80 85 70 70 10
Viscosity (st the time of
‘ 700 800 880 630 820 >3000(+)
preparing) [A] :
Slurry .
Viscosity (after one month) (B) 730 850 1620 860 750 >3000(%)
Viscosity Retio with Passsge of
1.04 1.06 1.84(%) 1.05 0.91 -
Time [B/A]

(Note)DL is an average particle size by 2 laser dispersion type particle size distribution meter, snd DT Is an average particle
size by the TEM photography observation, . .
DOL/DT Is the rstio of the average particle size, The unit of Viscosity is [mPa-s]

() is out of the value of the preferable range of the present invention
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See as follows. [Table 11 Exanpl e Exanpl e Test Conpari son Conpari son
Conparison 1 2 Exanple exanple 1 exanple 2 exanple 3 Na <1.0 <1.0 <1,0 277
2226 <1.0 K<1.0 <1.0 <1.0 <10 <1.0 <1.0 Inpurities S<0.1<0.1<0.1c¢<
1,0 1200 < 0.1 Amount Fe < 0.5 <0.5<0.5<1.0 210 < 0.5 Silica [ppn] Al
<1.0<1.0<1.0<1.0<1.0<1.0 Particle N <0.1 <0.1<01<10c¢c<
1.0<0.1 C <0.1<01<0.1<1.01.0<0.1D/,'DT1.212.11.21.1
1.6(s) 1.5(*) Average Primary Particle Size 0.1 0.15 0.065(*) 0.03(*) 0,25

0,012(s) [Nakik o HbAanERFIGND UETRIAL XPPOIGABSEIFY 70 10 Viscosity (at the
time of 70D 800 880 630 820 >3000(*) preparing) U Slurry Viscosity (after

one month) [ B) ’I“ﬁ@ sqﬁp? %?%%rggaqbgg%rf%‘?%(e*ﬂles\{hfqa%ht’loﬁa&éé% Md Rilkassage

of Tine 1.04
powder having few impurities, has the low viscosity, and the little viscosity

change with the passage of time even if having high concentration. Therefore,
the silica dispersion slurry of the present invention is suitable as the
polishing composite of a silicon wafer or the like. In addition, when said silica
dispersion slurry is used in CMP, it is possible to obtain the excellent effect in

both performances of the polishing speed and accuracy.

14



[B/A) (Note)DL is an average particle size by a | aser dispersion type
particle size distribution neter, and DT |Is an average particle size by the
TEM phot ogr aphy observation, DL/DT Is the ratio of the average particle
size, The unit of Viscosity is [nPas] (*) is out of the value of the
preferable range of the present invention 13 | [Nane of Docunent]

| NDUSTRI AL APPLI CABI LI TY The silica dispersion slurry of the present
invention uses the silica powder having few inpurities, has the | ow

Vi scosi t YNz of MR chidddt® \ds&mMty change with the passage of time even if
havi ng high concentration. Therefore, the silica dispersion slurry of the

pr esent W’]%Pct tabl e as the polishing conposite of a silicon wafer
or the Ilke Ifﬁ%g%iﬁ%iéégn when said silica dispersion slurry is used in

?Iﬁ”é’ p'oLi Shi hg J58 adl °§E?ﬁga yBnET LG os?ll E%Eélnfrr] lrfee RS
[ [ 11, A

concent r SORGHAHB S F19aR LBatogth ) e HRIE tﬁ%né%‘é%%g%%?a“@%nt 1301600
nmPa's, wherein a silica powder is dispersed in an solvent, has the ratio

DL/ DT of MfheS:silica powder is less than 1.3, where DL is an average

particle sjize of the .
wherein a silica powder is dispersed in an solvent, has the ratio DL/ DT of

the silica powder is less than 1.3, where DL is an average particle size of the
silica powder measured by a laser diffraction particle size distribution
method and DT is that by a TEM photography observation, and has the

average primary particle size of silica powder of from 0.08 Y m to 0.8 4 m.

[Claim 2] The high concentration silica slurry according to Claim 1,
wherein the silica concentration is from more than 70 % by weight to less
than 80 % by weight and the viscosity is less than 800 mPa"s at the time of
preparing.

[Claim: 3] The high concentration silica slurry according to Claim 1 or
Claim 2,
wherein the ratio B/A is less than 1.5, where A is the viscosity of the slurry
measured at the time of preparing and B is that after one month.

[Claim 4] The high concentration silica slurry according to any one of
Claim 1 to Claim 3,
wherein the impurity concentrations of silica powder are less than 1.0 ppm
é;\éh of sodium and potassium, less than 1.0 ppm aluminum, and less than 5
ppm each of sulfur, nickel, chromium, and iron.

[Claim 5] A polishing composite,
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silica powder neasured by a laser diffraction particle size distribution

nmet hod and DT is that by a TEM phot ography observation, and has the average
primary particle size of silica powder of from0.08 Umto 0.8 Um [Cdaim
21 The high concentration silica slurry according to Claim1, wherein the
silica concentration is fromnore than 70 % by weight to less than 80 % by
wei ght and the viscosity is less than 800 nPa's at the tine of preparing.
[Claim3] The high concentration silica slurry according to daim1l or

daim?2, cmﬁ.hﬁ&i égga het ﬂnﬁ{eﬁtfaiéﬁ%ﬁiéahaﬁr}y éccw%ﬁ‘{lg b drsy & o¥ irRERSi ty of

the slurry 'neas at” the time of preparing and that after one nonth.
[Caim4 i ntration silica slurry according to any one of
Claim1l ﬁ%gﬁﬁh?ﬁgg?gaﬁggein the inmpurity concentrations of silica powder are
| ess than 1.0 ppm each of sodium and potassium |ess than 1.0 ppm al um num
and less than 5 ppmeach of sulfur, nickel, chromum and iron. [Claim5] A
pol i shing conposite, 15 conprising the high concentration silica slurry
according to any one of from Caimlto Cdaim4. 16
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