[ Name of Docunent] SPECIFICATION [Title of the

I nvention] H GH CONCENTRATION SI LI CA SLURRY [Field of
the invention] The present invention relates to a
silica slurry having |low viscosity even if a high
silica concentration by using a silica powlder having a
uniform particle size and | ow aggl onerati on, and al so
relates to a polishing conposite having excellent

[N.ﬁﬁf%mﬂ@lﬁngﬁtwSSPgI(ﬁTI@Asli‘IUNa slurry. As for the

silica dispersion urry of the present invention, the
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viscosity is low. So this slurry is excellent in
handling, stable with the passage of tine, and

Ukt apl.e to highyspeed polishing or rough polishing.
[%?%85{91}9, llg’ieﬂélgng he inpurity concentration is low, it
i's suthable to a chem cal. mechanical polishing of _ _
seni conBRERENIRventiansrelates tepmikiea slimychawing low viscosity
silica dispersion slurry can be handled with the high
eYgIhHehhigh pdica comeentraisnybngsuusa sdica pewdeuhayinga uniform
| ow. [Description of the Prior Art] In a chem cal
paetetiasizeand v sgglegn¢anion, anddilspeeksitentsh polighirg composite
fumed silica or colloidal silica has been used
havingaexcedlens tparforinaanceCbgnuding sAA33Red 98¥rry. As for the silica
154760- 1993, 342455-2001). Cenerally, a polishing
dspecess slufryeofsitel prssenafiaventios) @askilicatbowddy & dispersed in
processes, i.e., a primary polishing, a secondary
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in the finishing polishing that the final condition of

visbesiBuis 46&. s this gnm?cﬁ, aReblIMAZ i Hatdihiey "Rl WPRh the
hi gh purity polishing slurry is strongly required In
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.
30333 — 1987, 154760 — 1993, 342455 ~2001). Generally, a polishing process
of a silicon wafer is classified with 3 processes, i.e., a primary polishing, a
secondary polishing and a finishing polishing, and it is required 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 netal ions, especially sodium into a
surface | ayer of the substrate at the tinme of

polishing. As for the dispersion liquid of the silica
powder, in order to obtain a polishing Iiquid having
few nmetal contam nations and excell ent polishing
accuracy and speed, it is necessary that the slurry has

oHiE B DR YAl mePUERRE ShlAihta iR o8l Y Sekihe Bkt fons
R0, B, PRSI bl B NSRS e time o

Cﬁgﬁentration of the conventional silica dispersion
PAEPF-is 1inited about 40 % If the silica

concentr tiﬁnéf'.s nmore _ than 40 % the suitable _
f 1 owaFI1PE $0¢ dispersiopglauid ofbhe silia pevwider; dnvader daabtain a

di;ﬁfrsLon_liquld has a problemthat the viscosity
pehishing hguid dpving fpasmegal contammationy emd Eepélentl polishing
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in the case of the silica powder having the fine
aparary | andj speed; hitsiprmstskesarys that gehe Mbueryc tiasr ehel axcellent
for exanple, in the case of the conventional slurry
dispengbility, therbaw siisdosiyhand ihetdecHent agsbility WEEY the passage
particle size of from7 to 50 nm since the silica
optimieeves ibhigh eili@s corggiteaton) s additide s the Kigh purity
many cases, the particle size at the tinme of polishing

siliea npdw diex. IBoWevan dhehelich SeRebhirG AN GE thet dbdva@tional silica
passage of tine is large. The present invention solves

dispesgoRrdteNEs lithitd¥eabouy a0t 4,01k he Sikié£ @oﬁ!:éiﬁi‘é(tioﬂnjg more
provi des the high concentration silica slurry having
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passage of tine even i avin

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.

The 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 conmposite conprising
the follow ng constitutions. [11 A high concentration
silica slurry having a silica concentration of nore
than 50 wei ght % and viscosity of |ess than 1000 nPa -
s, wherein the silica powder is dispersed in an

sol vemrye ﬂl‘%§eﬁ@ﬁ1\re‘ri’1ttidﬁ Lt of tl?é flﬁ@'u é&ﬁ?ecn;tr%g%mésﬁfiga slurry

DL Is an average particle size o
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y wei ght .t.o | es than 80 % by wei ght and the

W 'eg%lé‘s‘%’t lhﬁa PEYSET BRAIDETS ag sgiventehas fhe patio DL DT of
preparing. [31 The high concentration silica slurry

legs ¢ dedt Where DL isoan avgregei pantivde rsazé of Bhe sdidacpswder
than 1, 5, where Ais the viscosity of the slurry

meagutrd by a lases diffrectédn paepicle sige ahistribuitson masthaflt #nd DT is
one nonth. [41 The high concentration silica slurry

thagc by d nEEM phmtograplyf dbsértatior], 3dnd whes eihe tkerage primary

impurity concentrations of silica powder are |ess than
particlepize ofdamn 008 gaditord.&”dnpot assi um | ess than 1.0
ppm al um num and |l ess than 5

[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/ 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.

[4] The high concentration silica slurry according to any one of [1] to
[,
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

f1] to [4].




ppm each of sul fur, nickel, chroniun1_and i ron. [51_A
pol i shing conposite, conprising the high concentration
silica slurry according to any one of from [11 to [4].
3 [Detailed description of the preferred enbodi ment]
Herei nafter, the present invention is explained nore
concretely according to the preferred enbodinent. In
addition, %is by weight unless it is shown

[BERARIPALriptR 5f oSt ibReRBodifif bt esent i nvention

is a high concentration ica s ﬁrr¥ haéing_a si!ica
] f . Lght %a I scosi
R S e S srvfaege%owggr pdncretely
' ' I . h h i [ DT .l ess )
a0 B ol B0RY SRRt g ad BeRc Pt by vedeht potess it
. Si,lica powd neasured by a laser diffraction particle
lssﬁlﬁoé’vnagg??%ti on nethod and DT is that by a TEM

hot og{ aphy. observatiopn, and has the average primary _
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powder used in the slurry of the present invention is

sk slypu Sa v ian §ilicaecanrenseation iofemgre shanch@® weight & and
from0.08 Umto 0.8 Um Wien the silica powder .

VisgRa1h of Hass dhanatROG mBanrsy wharein the silia péwdenld dispersed in
than 0.08 tt mis used, the slurry becomes unstable

angolvent, bas tthatrativeDLvi DAbef 1asscihany &.3piwhertehBlpasangeverage
of tinme and the precipitation in the slurry occurs

Pauile pize@f theeibehpowdandyeasuend thyea $adeiratiffpestilan particle size
having the average primary particle size of larger

distahutiofiGuethat and I¥Bds tse by A0NER phbsErAph@tddServation, 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 0.084m to 0.8 4 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
viscosity 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 is that by the TEM

photography cbservation. Since the TEM observation is suitable to measure




easily in the slurry, and causes the scratch or the
like at the tinme of polishing. Mireover, the silica
powder used in the slurry of the present invention is
the powder, in which the ratio DL/DT is |ess than_1.3,
where DL is the average particle size of the silica
powder neasured by the laser diffraction particle size
di stribution method and DT is that by the TEM

atq ince the TEM ervation i.s
P ARR A P e ST Ry ST iR sﬁﬁ%g)owigﬂ by the
r ti.cl.e size of e.silica powder by the .
"HRE BB MoE B B % KBy e on o
i 26, h ot hand, the. laser_diffraction . )
ofithand b¥Jasch dtfalfion it o sl aon anothod is suitable
measure the particle sjze including the secondary
o, G asvEe él?oa@&llft fie inchadingetheyseqomdarry | agalomeratest lse that
silica powder neasured by the |aser diffraction
theyravyerpge spawticle stize bof ithe sdiddodopnler shemmireieby the laser
particle size including the secondary aggl onerates.
diffrectipprpartidle siee idistgibuthes enpthad €DE) sioves thBLpaiTicle size
shows the ratio of the agglonmeration of particles. Mre
inchadingt dieysecohdasy hggwopanades. Thsefigre, the ratiooofofhdsbeparticle
average particle sizes (DL/DT) of nore than 1.3, has

siges (DN dahywagtheomatist f, t1Ro aggidmbtation o bhirGbles. More
to make the silica slurry having high concentration and

cdmevetely, sthessiliva pRevd@nhheingdild o dthehe vk P BWHSEle sizes
of the present invention has few secondary
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is preferable that the average particle size of them
diffcw®Std YmaRB! tY diRéD dulry -Raving 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
preferable that the average particle size of them is mostly smaller than 1.0 &
m. Moreover, as for the agglomerated particles, it is preferable that the
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 1.0 4 m, 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 Mbreover, as for the agglonerated particles, it is
preferable that the agglonerated particles of nore
than 95 % are in one peak of a size distribution curve
in the range of the particle size of less than 1.0 U m
When the agglonerated particles of less than 95 %are
in one peak of the size distribution curve or the
average particle size of the secondary agglonerates in
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ipvention,..it.is preferable that the_each inpurity _
wadir on the ikgnionic SpRnEie otrbrasandmaAssiRE sontasmed in the
powder s less than 1.0 ppm Wen the slurry 5
SIfCA RAVERT et 1RkeRranss te santsentmate theiswgfacedayenplithe wafer at
concentration of sodiumand potassiumof nore than 1.0
the, fime of podishing, ke pat the sgrasthtorethevlibee @curheakilkamn the
ionic inpurities of sodiumand potassiumcontained in
relpghedssunface.powder are taken into to contaninate the
surface | ayer of the wafer at the tinme of polishing,
so t hiat otder & patemtometile chazenietions, ¢ass IpreforablRethat the
pol i shed surface. In order to prevent netal

coygahbratinatsi ahmpputities qthef ehahl &dital ahliepotassium are kept as
concentrations of inpurities other than sodi um and

lopohapsidiblea Moteafincastely, Rt a8a RS iPh€ prdfeisble that aluminum
concretely, for exanple, it is preferable that alum num

isi lesé Qﬁﬁntf}@:})plnpaﬁﬂrﬁacﬁn&' S, Q%icﬁé'f, fohromhik8hd iron is less

chromumand iron is less than 0.5 ppm More

theirC0 By MERC Pr&xbralf Bheh BF S B ur2 RSP AH MPorfidE ST less
than 0. 1 ppm

than 0.1 ppm.

The silica powder having 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 than 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
gaseous silicon compound into a flame and hydrolyzing it. In this production
method, the amorphous silica powder having the average particle size
(median size) of from 0.08 to 0.8 £ m and the specific surface area of from 5 to

30 m? / 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 |ike produced by
a dry process, such as a flanme hydrolysis nmethod or the
like. In the case of the silica powder produced by a
wet process, it is difficult to obtain the slurry
having the inpurities concentration of |ess than the
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I ion nethod is.to produce an anorphous fine
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C ound inta.,.a fla and hydrolyzing it. In this
mﬁiﬁggcﬁo%%ogsf@%%?’ﬁg’f@l%r phous silica powder having

t he erage particle size (median size) of fromO0.O08

to 0%@5{ RIRduEHen dpeidiod, as aurswmaeateriad, the silisom Fompounds,

30 M / g by the BET nethod, is produced by naking the
syghane asenpeiiliten e  tetrashierider e thighlarosithné,ng dichlorasfilane,

silica, gromng the silica particle while Kkeeping the
methylsuichlorogitanaor the like e uskdmmdodambe eatied oGt ahydrolysis

/ NMB, and staying the grown silica particle at the
refaictiont anpghatempesiture by idtesduding ired hinngyPRydfogh flame in

silicain short time. In said production nethod, as a
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tetrachloride, trichlorosilane, dichlorosilane,
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carried out a hydrolysis reaction at high tenperature

pat¥iclé bined UbleNeh putifle @ in XY TAKILREERA ] SQHQ)ei emSAREONSily by a
state. These gaseous silicone conpounds, such as
diStilla€ieR 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
18 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 is large and the slurry is

unstable.



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 | ow viscosity

si i qaishitfeyahiathad thd &ilvdscasiehYrftion 68 fhe sRaRy 199%s than
nPa's and the little viscosity change with the passage

I -
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initial viscosji.ty i | ess than 800 a*s. nd t.he.
withithg Baske S ST ¢fibe o8 HaRANE S ek, PECeuRBipngr the
the . slurry measured after gne m)nthland Ais that at
PIERP1tALIRN @Fnebﬁt@ﬁa%% g’ﬁef #EPEERL temppLatiye Chapges or the
the viscosjty ratio with the passage of tjinme). \Wen
dlffﬁ@nﬁesefgéii@ytraaﬁp%rtwlpﬁ PhH PIFERVAGIO, Confionsg Iyrthgrmore,
nore than 1.5, the viscosity change with the passage
when ttheevisgosity gé thadslumey 38 unpge ithan HeQQpnBa“ s the i%gmdlmg
preferable that the silica concentration of the slurry
becgmieg stifficidlp. Iisadditipnens tsheolvient chispenseegithatdibea ippwder, a
nore than 80 % the viscosity becomes too high to
pojanephtemtgehieh i anthe disatedi watéronr adei like, Mompeefernble. It is
the stability wth the passage of tinme of the slurry
suitable thaethe bigcoditic bf thresaletnt isdesoth4hd 0 piPackpi t ati on
generates easily by the general tenperature change or
t he [ditdHeesitiog slafryt dfetHe prsseat iatéwtion) iftheseiaratteristics of
condi ti ons. Furthernore,

the silica 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 disturb 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, 1.e., the silica concentration i1s 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 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 nPa * s. In the silica slurry

of the present invention, if the characteristics of
tHae561%1 £ RRMWARE00sFYCR E‘éstthﬁncf’@@{?'?ﬁf’ﬁt"@rbyohsinlﬁ_the silica

impurities, the ratio of average particle size (DL/DT)
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ove-nentl oned range, nore t of t
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powders, the polishing accordin%_to t he purpose _can be

pregent daveniisen isethe clwiandaying lowe visppertyi anil Iitde viscosity
silica slurry of the present invention is the slurry _

changenyithhthe pagsageoat dime.aeven ihhdvingvhigh sbi¢a gon¢endration.
the silica concentration is nore 8 than 50 % and the

Mvirs qoefargblys thesslichalub)0of the presgnbynuentigntinges the silica
silica powder in which the ratio of the average

hpantiloweimspartieBUR wldohl thheachvienpae ty coneentratiohi afl odium
size are prepared in the fixed range. It is preferable

andpbtdsbfurint les thanckOtppah) the amohhoof A0 Dymweilgss than 1.0

80 % by wei ght, the
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 a 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 tinme of preparing is |less than 800
Pa's, and the viscosity ratio with the passage of tine
(B/A) is less than 1.5. The silica slurry of the
present invention is the slurry having | ow viscosity
and little viscosity change with the passage of tine,
even if having high silica concentration. More
preferably, the silica slurry of the present invention
uses the silica having lowinpurities, in which the
each inmpurity concentration of sodium and potassiumis

n 1.0 ppm the anpbunt of alumnumis |ess than
[Ef%@p%gﬂ] and each of the content of sulfur, nickel,

chrom.um and.;iron ig. less thgn 0.5 m., Ther re, the
o1+ o PR Bt enot BB CFodlEr BidAE the
. present invention is sui.tghl.e to use.for polishigg
infHRES CHRTE CONSERRHICa A1k EHTAGC el Wi The OX30 and
i ke, . the polishing speed_is conparatjively. high an
th@h%)eﬁbiflq gWriage aed Mas SPmidxg imnam .%&?[TE%FH@ Fasadded to a
Hereinafter, the present invention wll be expl ained
digHed cwatere Thieyaddgd fumgdnglies way desnessed dorbesemeppbyry by
In addition, in each exanple, the viscosity is o
stinraegir aad i nyaRad uswd ée S.Helldenpribgushdryyhavingrthe silica
Co., and the particle size is neasured using a | aser
cogicepanasionnof §pe¥epwiatimiepasédeThdiwteosiyt rod thet giscosity ratio
produced by HORI BA Co. The viscosity is the val ue at

withethes hasgagegofspmedoDthit Glurrys weae dnt deureds ddwist wesults were
change with the passage of tine is neasured after one

shvant in Table 1 kdth the nofkihgelahyrdonditiepar ati on. 9
[ Exanpl e 11 Funed silica produced by N ppon Aerosil Co.

[Exaghpleadi ng t he

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 10m?2/ 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. Then, 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 silica produced by Nippon Aerosil Co. ltd, 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



I mpurities concentration shown in Table 1 (a trade nane
was V-P - OX30 and the specific surface area was 30M2
/| g by the BET nethod) was added to a distilled water.
The added funed silica was di spersed to becone 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 wth
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results were shown in Table 1 with thé making slurry
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was added to a distilled water. The added funed silica
was di spersed to beconme slurry by stirring, and pH was
[Cad' usted to 9. Eé] Then, the slurry having the silica
o MPREFHRPSH 80 % was prepared. The viscosity and
the viscosity ratig vvlth t he passage of t| me.of this
sl ur #y cpByaerfaak Gplerdat faliga r%@,w eflebe a dagfibed (ater. The
Table 1 with the making slurry conditions. éTest
addedfellejdf mbien wiasi dapgrnsed e dgcomenlpponbyetrissng, apd pH was
|td, having the inpurities concentration shown in
adjusted to 9.2hThenatlee slurey bayinptiaxslicaemhcehtratpacof 7@ % was
surface area was 30M2 / g by the BET nethod) was added
preparal.dl'se¢ iviscedityaded thd hesaddgdrdtuimedtl ithegeassage of time of
di spersed to becone slurry by stirring, and pH was
thadsliatredwere thésufédnThede reduits wdrevslngvih Ha FTablech 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 using 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 0.012 4 m. The concentration of
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.

[Results]
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concentration of 85 % was prepared. The viscosity and
the viscosity ratio wth the passage of tinme of this
slurry were neasured. These results were shown in
Table 1 with the making slurry conditions. [Conparison
exanpl e] A commercial colloidal silica was added to a
distilled water. The added colloidal silica was

di spersed to become slurry by stirring, and pH was

adj usf &gndwn9n %:‘ab]-@ qnm tiecsd et éélchaéﬂl@zg sifiey |Ex%l§nple land

concentration of /0 % was prepared. The VISCOSIty and

2 E)th(y y?gé)esdttﬁﬁv%ﬁhoﬁ %ﬁlﬂ 1ﬁﬂ?alpﬁ§ Sr Of thd IQ;’ attT!]Heb ime of

eSU wer e S
h th d
prgyé“ﬁ%agevtvﬁ TR ??‘yﬂhaw w %ter'egﬁ‘?’c%‘fﬁﬁ%g hﬁs&l eggh silica
o t
codpta @ﬁﬁ%@g&ﬂ-ﬁ a%??éeﬁ% TSy ﬁboceg hoyippestty b e silica
pr qQduced 3‘? ﬂgﬁés i nst ea e col | oi dal
SABFReE vasy. Dlertaur\sachy visiasyy dtloda piiea SHTIAS,afigs one

passage of tinpe of th| s, slurry were, neasured. These

mpgtlywas 1l e Bagwand SotamRa ¢ wgspactivlynsx that each ﬁ{prry had
condj tions. (Conparison Exanple 2) The slurry was

ligflecpiacesitibghange wathethy paesagesf thogmnd wasestablst iy the other
using fumed silica having the ratio of the average

hapad,tindhe caise of ComiEF)saf exarBpleahdheteveaage pysnpry partycle size
particle size of 0.012/tm The concentration of

was | tooasntalke ands desi tay lagh trhpuvitg comdentratioro Wt the hmse of
passage of tinme of this slurry were neasured. These

Compakisen wamenslo @thienratabbftle wrétagehgamivté Bize @D was a
conditions. [Results]

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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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 time of
preparing was 700 nPa * 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. Moreover, each viscosity of the silica
[Toibks ] es after one nonth was 730 nPa * s and 850 nPa *

s respectively so that each slurry had little
viscosity change with tgﬁmaésgﬁgﬁe of TLJtrTE (.%plgariy}.‘nﬁs_ Comparison | Comparison
stable. On the other hand, {n theicase gf Conpar|i son
exanpl e 1, the av_er age pri may Par1 IEg(:almgle.Sl gx%m léMaS te)%%pleZ example 3
smal |l and had a high ippurity concéentratilon. n t{nhé
case| of Cowpariipn exp ;§ 2,<the r%ﬁio of ghe gverage <10
partjcle size (DM3DT) has a | {1 e hiﬁh and’’had |an '
extrenmely hiph inpuritly concentration. THus thesd
slurfies of Conpdrison| ekbhpl e<t®and<3°wdre 1Bt <10 <10
sui tjabl e for[The polishing agent. |NbreoVjer, in fhe
case} dfru@sppari son exanpf @' 3| §Phce B rlati<dlof |t hg200 <01
averiage partfctesize (DB s rather high—andjthe
averagémenti npry Fpartipcl €0%i ze<ps | owes tharf 10he |r anye <05
of present i pvert+or—the—vigecosttyofthe—sturry—+s
sieaaf kdipmy hj gh ag nore than| 300DrPa'<s.oeven «wen |t he 1.0 <10
silica concpptrationjvas—tow as—10 % 12 [Table 11
rExanpl e Exanpl e fgst Conpari somg.Conpanh san Cawpar|i Somno <01
1 2 Exanple pxanple | xampl e 2 exanple 3 Na < 0 <
1.0 < 1.0 277 2226 < 1] 0 <[ 1¢01<|1<@;<|1.Qy5 10 < 1.0 <01
< 1.0
DL DT 12 1.1 1.2 1.1 1.6(%) 1.5(%)
Average Primary Particle Size
0.1 015 | 0.065(%) 0.03(%) 0.25 0.012(+)
(um)
Silica Concentration (%) 75 80 85 70 70 10
Viscosity (at the time of
700 800 880 630 820 >3000()
preparing) [Al
Slurry
Viscosity (after one month) [B] 730 BS0 1620 660 750 >3000(=)
Viscosity Ratio with Passage of
1.04 1.06 1.84(%) 0.95 0.91 -
Time [B.~A]

{Note)DL is an average particle size by a laser dispersion type particle size distribution meter, and DT is an average particle

size by the TEM photography observation.

DL/DT is the ratio 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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1 <1.0 1200 < 0.1 Anpunt
10 < 0.5 Silica Ippn] A <
< 1.0 Particle N <0.1 <
Cr<01<01<01<10

co
o
e

mary Partlcle Slze OA 0. 15 065( ) 0.03W
0.25 0.0 1 2W 01 n Silica Concentration M 75 80 85 70

[N d @f DdcaaRitl !N(ﬁysTRQAUﬂPPMcAQﬁlﬁ@@( 880 630 820

prepari ng lurry - 1 I Viscosity (after

ggtel gﬂvﬁg ?ﬂl%gélsségpagl? %_ll_&%ip?—p glg %§g%§&098%n%10§1h§%0 $hi %ilica
B(?Lﬁ] h&“%t e%eRth ufilicd) gq:%eplgw ‘stcﬁmﬁr aenci)¥ gl tﬁ%e O;scosmy

sperS|o ype Icle‘size distr on ne

DT i S ver age tlcle e TEM oto
b th PaSeRAC Pétlm?ee‘feam il hh famels 3??@?%1‘91“0%
. The unlt of V'sco Wis out. of the
th\?aﬁ I3, lsn?éswleﬂ%w t@itﬁg %‘#wt h’é"JﬁPé’é’é‘ntlS SHitakleods the
po:lhshmg 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.
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[ Name of Docurnent] | NDUSTRI AL APPLI CABI LI TY The silica
di spersion slurry of the present invention uses the
silica powder having few inpurities, has the | ow
viscosity, and the little viscosity change with the
passage of tinme even if having high concentration.
Therefore, the silica dispersion slurry of the present
invention is suitable as the polishing conposite of a

[Nsdrhé ePMotahfmtPr drbeiNiske. In addition, when said
lica dispersion slurry is used in CWP, it is

[mgg,?{sqglguﬁgd pbl}t ain the excellent effect in both

ormances of the polishing speed and accuracy. 14

lﬁpo i#cen t}#gﬁ%%eq&r%%h s%h&el aéllﬁ?%r ﬁlav rr% a:la silica

ion"sitTirca slurry hav

co%?gl‘#@é‘lﬁ%?fh PioosMRheg & hyiueis R Betifess PBan*1000

gls ersed in an solvent, has the ratio DL/DW of the
m 'ca powder is |ess than 1. 3, where DL is an average

article_size of the . silica powder neasure a
ReAR Fopiligh RoaY qroiseligperse |1&"|“i’ ﬁe{veé‘ﬁ At %daéll"?dbgT/ebT of
is that by a TEM phot ography observation, and has the
ha\ﬁéh%{gEOWdPﬁ&? lespahandi-3, wheee SiL 1§ an @xepraadpartagle sizsnef the
0.08 9 mto 0.8 tt m [Caim?21 The high concentration
sii¢d |powddrumeasyaedr by ny lase diffragtionvipertétle sige distribation
concentration is fromnore than 70 % by weight to | ess
method 80doDAYisvehghbyandT’ENE photepsiphy obsdrestionhamd3d@s the

nPa's at the tine of preparing.
average primary particle size of silica powder of from 0.08 4 m to 0.8 X 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
each 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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[Claim31 The high concentration silica slurry
according to Caiml or Caim2, wherein the ratio B/ A
is less than 1.5, where Ais the viscosity of the
slurry neasured at the tinme of preparing and B is that
after one nonth. [C aim41 The high concentration
silica slurry according to any one of Caiml to Claim
3, wherein the inpurity concentrations of silica powder
coﬁiﬁriéi%%st}fehﬁfghlc&lc@ﬁf@atﬁﬁpEEIRB s‘iﬁﬁ';ﬂlﬁ&c%@éirggoiﬁﬁﬁytﬂﬂe of from

less than 1.0 ppm al umi num and | ess than ppm each

f s . nisckel, chromum and iron. [Claimb51l A
%cl)ﬂ isflrté %alc?gr?posi te, 15 conprising the high
concentration silica slurry according to any one of
from Caiml to Caim4. 16
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