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SPECI FICATION [Title of the Invention] H GH
CONCENTRATI ON SI LI CA SLURRY [Field of the invention]
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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 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
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finishing polishing that the final condition of the
surface has no scratch and haze. Furthernore, the
high purity polishing slurry is strongly required in
*000002* order to prevent netal ionic contam nations
aroused by taking netal ions, especially sodium into
a surface |ayer of the substrate at the tine of
polishing. As for the dispersion liquid of the silica
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time of polishing is not uniform and the viscosity
thaad@ &5, whehsuitiblp desageliof id 10%e dasilyl Blo@6sver, 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.
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]



The present invention solves these problens in the
conventional silica slurry, and provides the high
concentration silica slurry having |l ow viscosity and
little viscosity change with the passage of tine even
i f having high concentration. [Summary of the

I nvention] 2 The present invention relates to the high
concentration silica slurry and the polishing

conpagjet fr&@HP ik v iiSort *ﬂ@lafté’é k&‘ﬁhé‘%l Rehbd h%ﬁ silidd slurry
A high concentration silica slurry having a silica

|ty
ar R R S0 BipgsTHB cBptr MipR e AR ind B AAEEAS,
is d| f. /DT
| ess LTRARER coRodlaRAH hien Rk Mifl a0sibe A
t he .si | asu actlon
mgdritn o6 Sbehbiand BREPYE sbtad Bl o i Bhar by
M. phot ogr ap bseryvation, .and has th
ka%leh‘gh}ff %ﬁ\m%’f& S5 ASRATSP id. 9AVIRE. PAStheaubioPLK DT of
[ 21 The hlgh concentration silica slurry accordlng to
1e§811ha%1e3ewhqlﬁe di 15 @n avprasgs Pariiga sizere omwﬂéca powder
than 70 % by weight to less. than 80 %D { ght and
m@&@l@ﬂé&bgulﬁwodl frastionpartedo simadistrby lommetmﬁeaati DT is
preparin Né31 The high concentration silica slurry
that dor di phetogsrphy 10bsexmatienn ande hast the Bvarage primary
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one nonth. [41 The high concentration silica slurry
accoi 2l Tihe hiclanyn@merafion silidacslurry 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
[3l,
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].



[31, wherein the inpurity concentrations of silica
powder are less than 1.0 ppm each of sodi um and
potassium |ess than 1.0 ppm al um num and less than 5
ppm each of sulfur, nickel, chromum and iron. [51 A
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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 “ m 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 observation. Since the TEM observation is suitable to measure
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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 4
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 £ 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 1.0t 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



As nentioned above, the silica powder of the present
invention has few secondary agglonerates, and as for
the secondary agglonerates, it is preferable that the
average particle size of themis nostly smaller than
1.0 tt m Mreover, as for the aggl onerated
particles, it is preferable that the aggl onerated
particles of nore than 95 % are in one peak of a size
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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 m2 / g by the BET method, is produced by making the flame temperature



is less than 1.0 ppm and each of sulfur, nickel,
chromumand iron is less than 0.5 ppm More
preferably, each of sulfur, nickel and chromumis
less than 0.1 ppm The silica powder having the | ow
I mpurities concentration and the particle size of
said range is, for exanple, the funed silica or the
i ke produced by a dry process, such as a flane
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tetrachloride, trichlorosilane, dichlorosilane,
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
is 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.
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methyltrichlorosilane or the |like are used and can be

carried out a hydrolysis reaction at high tenperature

by introducing into an oxy-hydrogen flane in gaseous

state. These gaseous silicone conpounds, such as

silicon tetrachloride or the like, are suitable to

produce the high purity silica particle since the

inmpurities in the raw naterial can be renoved easily
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reduced, by which the gelation or the
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, i.e., the silica concentration is more



preci pitation generates easily by the genera
tenperature change or the difference of the
transportation or preservation conditions.

Furthernore, when the viscosity of the slurry is nore
than 1000 nPa*s, the handling becones difficult. In
addition, as a solvent dispersing the silica powler, a
pol ar solvent, such as the distilled water or the
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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 is

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



average primary particle size are prepared in the
fixed range. It is preferable that the silica
concentration is from70 % by weight to 80 % by
wei ght, the viscosity at the tinme of preparing is
| ess 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
| ow viscosity and little viscosity change with the
passage of tinme, even if having high silica
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mont Fuliedn diliea t preluekbdt be Nippoy eepail aloonltd 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. 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 Examplel

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 30m?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 8.9. Then, the slurry having the silica

10



[ Exanpl e 1] Funed silica produced by N ppon Aerosi

Co. |Itd, having the inpurities concentration shown in
Table 1 (a trade nane was VP-0X30 and the specific
surface area was 30n2 / g by the BET nethod) was added
toa 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

co t(%'?ﬁ%&@tdf o8k Of vk § Wé@eﬁqﬂ% Sfhcodite MEP RS fi¥ecd ratio

e viscosity ratio e passage of time of thi

. . X t ' .
witf §hE 4Gk g OF REHE . chIDERG WP RefiShfed SPRIR. Kibuity were
Fumed ,silyl. ca oquced, b i ppon Aerosil Co. |td,
shiginglate T AR makie MRy RaffHenomn ' Tabl e 1
(the trade nane was VP-OX10 and the specific surface
area was 102 / g by the BET nethod) was added to a
disti|led water, The added funmed silica was di spersed
[C@@pﬁé@éﬁfé’x@mﬂlﬁ} by stirring, and pH was adjusted to
9.2. Then, the sl urr,g havi ng the silica concentration
of 88 gsgmamergiadpepllaidalrdiog wesspdgedide andistilledowatgr. The
ratio with the passage of tine of this slurry were
added solleidal sHiogewne difpessektebeemanaluray Pamitermgiaml pH was
the making slurry conditions. [Test Exanple] Funed
adgpidted o S odlbenl the Nippohayy el sitioa cbnepntitatipnPftHe% was
i mpurities concentration shown in Table 1 (the trade
preare dwdheVPiscoB @ndatit viseosipp aiatiocwstlr flac paasaeze vhsime of
30n2 / g by the BET nethod) was added to a distilled
thisaslerry Wereagidasufddrethasel rasaltvawete shewseth tlabbedomith the

slurry by
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]

11



stirring, and pH was adjusted to 8.9. Then, the slurry
having the silica 10 concentration of 85 % was
prepared. The viscosity and the viscosity ratio wth
the passage of tine of this slurry were neasured.
These results were shown in Table 1 wth the making
slurry conditions. [Conparison exanple] A commercia
colloidal silica was added to a distilled water. The

addedysCH oAl dalrabid 1,Ga t\mscagb %@%ﬁéﬁ@ﬂié& Qﬁ?ﬁ"@f Ekyﬁlwe land

by stirring, and pH was adjusted .

2 & thd ¥ A&%&rqgvémoﬁ' éa&anﬁgl t %@Jogftg%}“ e §19 ¥B3he time of

prepar e he vi scosi t he vistosity

pr%;ﬁgrlﬁgs(ﬁfsg?(t)@ ];nlbé By (ﬁ SOb%Paa%résrp%cm{eﬁr ?ﬁgﬁ ek%l %ebch silica

ese’resu wer e s own in
conditions. exa e The ur .
COH&WﬁéU%eW%% RO ER AR e@c]%aéscaﬁﬁzaqfre%w silica
the s ocess as i he conpari.s
SR Mg e Mg FEHTs PR & S HONHoP JRGctiLEa Brtine afber one
cess d of | oidal si]ica. The
m@?@bﬂéﬁtiﬁ%awgﬁ% ﬁewi ggesm % ’5 FETRECHIVER, tRethgdsagheslyrry had
tinme of this slurry were neasured. These results were
litElgoipeasity Temnge v iy they iassaar iof §inae andywag ghrhle; Omsthe other
(Conpari son Exanple 2) The slurry was prepared by the
hagglyin phe easesol{gomparispa exagxdeds the averagegpimass particle size
silica having the ratio of the average particle size
wiDitb@mell Bnd haddat highaviermgetyprdomaentrpaioni clire thezease of
of 0.012ttm The concentration of silica, the
Companson gxameple Be the satsidf\theatvievage tplartihke sias $BHADT) was a
time of this slurry were neasured. These results were '
litsleohighi anddidde ah extirbmiclye higkiingpurity 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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slurry conditions.

[Results] 11 As shown in Table 1,

in the case of each silica slurry of Exanple land 2

of the present inventio n, each initial

vi scosity of

the slurry at the tinme 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,

[nggpyviscosity of the silica slurries after one nonth
was 730 nPa's __and 850 nPa's_respectively, so that
each sl ur ry had littl eExynle?écoé(LrF\% ch e@ge Wlorgplgrist nhf'gomnarison Comparison
passage of tine and wds stable. On the otfher hapd, n
the case of Conparisorl example [, tdgmﬁﬁan%g%hpr MBIN o2 | example 3
particle size was toq small] and had a gh 1 npuf i Ty
congentratign. IH t he case af &pnparigow exanpl e 2 226
the |ratio of| the™averdge ﬁarti%re si ¢ 8 (3L/5 whs & <10
littll e high|and had an extrenely hlgﬁ’lnpur|t¥
condentratidn. THus thes€d? sl ur'tl es of° Conparfsop <190 <10
exarnpl e 1 ar[d 2 were rjot suiftable jfor the porishing
agent Imewieseqver, Sin t He <Pdse 0<f0-1C31rrpé(H spn €kénp| e %00 <01
si nge the rgtioof thg—average partictersize (B BT
i s rlatArernthijgh afel t hg awer qge i mat8s particl el si 2 <05
i s llower thantherange—of present—invenit+on—the
siiks qosisyl of| t heAl sl urlrytios |r ermar kjabd o hi gh<as npre<i1.o <1.0
than 3000mMRa—s—evenwhen—the-silica—cpncentration
Panae | ow as 10 % Nil2 [ Takdea 1] <®sanpl o <10 <10 <01
Cr <0.1 <01 <0.1 <10 <10 <01
DLDT 12 1.1 1.2 1.1 1.60%) 1.50%)
Average Primary Particle Size
0.1 015 | 0.065(%) 0.03(x) 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] 730 850 1620 660 750 >3000(%)
Viscosity Ratio with Passage of
1.04 1.06 1.84(%) 0.95 0.91 -
Time [B.7A]

(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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Exanpl e Test Conpari son Conpari son Conpari son
12Exanpl eexanpl e lexanpl e 2exanple 3 Na< 1.0< 1.0<
1.02772226< 1.0 K<1.0<1.0<1.0<10<1.0<1.0 InpuritiesS<
0.1< 0.1< 0.1< 1.01200< 0.1 Anount Fe< 0.5< 0.5< 0.5<
1.0210< 0.5 Silica[ppnfAl< 1.0< 1.0< 1.0< 1.0< 1.0<
1.0 ParticleNi< 0.1< 0.1< 0.1< 1.0< 1.0< 0.1
Cr<0.1<0.1<0.1< 1.0< 1.0<0.1

; : [ Parti cl
NG DS Ea LR TR TY T ST e ©

g? n g g‘g%g%gg% ggé@éggg gg{rgg Q)g?téllg;/. fe%%?lc Pﬁ\yéﬁﬁoﬁ el IR silica
o AR SRV sty it viosi

chgﬁég dEh g}fle 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.
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1.041.061.84(*)0.950.91- Tine [B/A] (Note)DL is an
average particle size by a |laser dispersion type
particle size distribution neter, and DT is an average
particle size by the TEM phot ography observati on.
DL/DT is the ratio of the average particle size, The
unit of Viscosity is [nPas] (*) is out of the val ue
of the preferable range of the present invention 13

[INRNasr BhclaeRENE LA STRI AL APPLI CABI LI TY The silica
di spersion slurry gg the present invention uses the

j i . having few inpurities, has the | ow
[“ﬁaéégg}atlgf%@% the little viscosity change with the

paSSg(?ﬁilng ﬂi T Ryg icgn h%gxlé%r%g?rglnggﬁc(é?:]s S%L‘tgyr f}%aievqrnl'g a silica

Ther ef or the SiFT c& S

resent. invention is.sujtable.as the .polishi
cores e dbimarecthar g1 kL meidh pad, yiRgsinof frse, tham 1000
ﬁhgﬂ said silica dispersion slurry is used in CW, it
MY Shossible to obtain the excellent effect in both

per f ormgnces of. the polishjing speed and accuracy. 14

wheggipsa o‘?n?ﬂ%eawéﬁf is eisnenepd e sqleent, haseihe watig Blar AT of
11 _A high_concentration silica slurry having a silica

the silicaRawderds less thar Liharhar DLy ancavgragamarticle size of the

viscosity of less than 1000 nPa * s, wherein a

siliga] pewdgdwarepsieeddibypar daeeri diffractiiny @articleasizehalistribution
ratio DL/DT of the silica powder is |less than 1.3,

mejhed earpl D'E iarthaydhage THMt photogsapley @bseiwation, and has the

average primary particle size of silica powder of from 0.08 £ 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
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,

15



silica powder neasured by a | aser diffraction particle
size distribution nethod and DT is that by a TEM
phot ogr aphy observation, and has the average prinmary
particle size of silica powder of from0.08 Ain to
0.8 Uin. [Caim?21 The high concentration silica
slurry according to Claiml, wherein the silica
concentration is fromnore than 70 % by weight to |ess

coﬁgﬁﬁlﬁg tHe Qﬁﬁﬁfﬂoﬁbénﬁﬁﬁohrﬁh% §Eﬁ§yta§60bﬁhhgst% e{rﬁaﬂng Q@ from

S at the tine of preparing G aim 31 The high
C silica slurry accordlng to daim1l or
(Héﬁﬂjﬁﬂiéﬂahg?eln the ratio BfIAis less than 1.5, where
Ais the viscosity of the slurry neasured at the tine
of preparing and B is that after one nonth. [Caim4l
The hi gh concentration silica slurry according to any
one of Caimlto daim3, wherein the inpurity
concentrations of silica powder are less than 1.0 ppm
each of sodium and potassium less than 1.0 ppm
al um num and less than 5 ppmeach of sul fur, nickel,
chromium and iron. [Caim51 A polishing conposite,
15 conprising the high concentration silica slurry
according to any one of fromCaiml1l to Claim4. 16
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