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Abstract-Silica slurry in aqueous medium for wafer polishing was prepared by sol-gel reaction of silicon alkoxide
utilizing commercial silica particles as seeds that were grown stepwise through intermittent additions of tetraethyl-
orthosilicate (TEOS) as a silica precursor. Before the growth reaction, the commercial silica particles were pre-treated in
the vibratory mill partially filled with zirconia ball and the sonicator to ensure good dispersion. The alcohol left after
growth reaction was removed by vacuum distillation and repeated washings with distilled water followed by centrifuga-
tions. Then, the alcohol-free silica particles were redispersed in water. The dispersion stability of the silica slurries was
examined by measuring surface charge of silica particles and rheological properties. Finally, wafer-polishing perfor-
mance of the prepared silica slurries was considered by measuring the polishing (or removal) rate, and RMS (root mean
square) roughness of the polished wafer surface. For the polishing, MEA (monoethanolamine) and TMAH (tetramethy-
lammonium hydroxide) were used as polishing accelerators. The polishing result showed that the removal rate was
nearly independent of the concentrations of MEA and TMAH in the range of 0.3-0.5wt% and 100-500 ppm,
respectively. One of the most interesting features is that hydrothermal treatment of the prepared silica slurries in
autoclave increased the removal rate as high as ten times. Although the removal rate was increased by the increased
size of the abrasive patrticle, surface roughness of the polished wafer surface was deteriorated.
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INTRODUCTION Amorphous silica prepared in liquid phase is called precipitated or
colloidal silica, and vapor-phase synthesis produces fumed silica.
Slurries of amorphous silica particles have numerous applicaThese amorphous silica particles are commercially available from
tions in catalysis, separation processes, composite materials, micrstich companies as DuPont and Degussa. Most precipitated or col-
electronics, and others. Agueous silica slurries have been also uséaidal silica particles are synthesized by the formation of active silicic
in the wafer polishing process, which is the final step in manufacturacid from a dilute aqueous solution of water glass followed by nu-
ing the silicon wafer by crystal growth and wafer preparation stepsleation and polymerization [ller, 1979]. In those processes, purifi-
[Sze, 1988]. For many years, the planarization of polysilicon waferscation of silica sol or removal of impurities is important. In particu-
has employed polishing slurries containing abrasive colloidal silicalar, low sodium content is preferred and extensive studies have been
particles dispersed in aqueous alkaline solution. Generally, a wafereported on the preparation of colloidal silica with low-sodium con-
is polished by simultaneous chemical and mechanical actions [Széent [Romberger and Payne, 1991; Deal and Werho, 1992]. Fumed
1988; Sasaki and Maeda, 1994; Chang and Sze, 1996]. Rapid osgilica particles synthesized by pyrolysis of Si@ve irregular shape
idation of silicon-to-silicon oxide by the solution softens the surfaceand wide size distribution relative to colloidal silica. During the syn-
of silicon wafer. In agueous medium, hydroxyl groups are formedthesis, fumed silica particles tend to fuse together to form larger
on the silicon oxide surface, and hydroxyl-hydrogen bonding oraggregates irreversibly [Eisenlauer and Killmann, 1980].
molecular bonding occurs between slurry particles and wafer sur- Stober et al. [1968] synthesized monodisperse silica particles by
face. Then, Si-Si bonds on the wafer surface are broken when theydrolysis and condensation of silicon alkoxide and showed that
slurry particles move away. Thus, the silica particles in the polishthe control parameters in determining final size were the concen-
ing slurry serve as fine abrasives removing micro peaks from thération of ammonia, water, and types of alkoxide precursor and al-
wafer surface caused by earlier processing steps [Sze, 1988; Changhol solvent. Since this sol-gel method has many advantages in
and Sze, 1996; So et al., 2001a]. This simultaneous chemical argteparing advanced materials at low temperature with high purity,
mechanical polishing (so-called CMP process) is also applied tanuch work has been done, especially in the development of the
global planarization of multilevel interconnections of ultra large- fine ceramics and the advanced functional materials [Stober et al.,
scale integrated circuits [Yasseen et al., 1997]. 1968; Brinker and Scherer, 1990; Pierre, 1998]. Many related stud-
Amorphous silica particles have been synthesized by various wayes have focused on the control of final particle shape, size and its
and can be classified by synthetic route in liquid or vapor phasedistribution [Tan et al., 1987; Blaaderen and Kentgens, 1992; Konno
etal., 1994; Buining et al., 1996; Satoh et al., 1997; Oh et al., 1999].
*To whom correspondence should be addressed. In spite of numerous studies, silica particles formation through the
E-mail: smyang@kaist.ac.kr hydrolysis and condensation of silicon alkoxide have not been
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used commercially because this route can produce monodispersgyents were used as received, except twice distilled ethanol (Orien-
silica dispersions only with very low particle loadings [Bogush et tal Chem.). Three types of silica suspensions were prepared by us-
al., 1988]. Also, the relatively high cost of silicon alkoxide makes ing different seed particles, which are conventional Stéber silica,
this synthetic route less promising. To overcome these drawback#erosil OX-50 and Ludox AS-40 (hereafter designated by PT, AG
a seed growth technique has been conducted by adding reactamtad LG, respectively). In Table 1, the number right next to the ab-
stepwise [Bogush et al., 1988; Han et al., 1999; So et al., 2001b, dhreviation indicates the number of the growth steps.
The seed is either commercial Ludox silica [Coenen and de Kruif, After the growth reaction was completed, the prepared particles
1988] or alcohol that is made by dilution of an aqueous sodiumwere dispersed in organic ethanol medium. The organic ethanol me-
silicate solution with excess ethanol [Buining et al., 1996]. Although dium must be substituted by agueous medium for the purpose of
a number of studies have been conducted, the Stdber silica particlegafer polishing. Therefore, ethanol was removed by vacuum dis-
have not been commercialized yet because of embedded microportfation and the particles were redispersed in distilled water. The
and poor hardness compared to fumed or precipitated silica partsilica loading was adjusted to 12 wt% and the silica slurry was for-
cles. mulated by adding polishing accelerator such as MEA (monoetha-
In this study, amorphous colloidal silica suspensions were prenolamine) and TMAH (tetramethylammonium hydroxide). Finally,
pared by controlled growth of commercial seeds such as colloidathe silica slurry was diluted to 10 wt% of silica content.
silica and fumed silica. To do this, the silica precursor of TEOS (tet- The particle size and its distribution were measured by using trans-
raethylorthosilicate) was added sequentially. The stepwise growtimission electron microscopy (TEM, EM912, Carl Zeiss) in combi-
method was promising in overcoming some drawbacks of Stdber'siation with electrophoretic light scattering (Zetaplus, Brookhaven).
method mentioned above. We also considered applicability of theVioreover, thel-potential of silica surfaces at various pH and the
prepared silica slurries to the wafer polishing process by measuringffective diameter under the action of electrostatic repulsion were
the silica surface potential as a function of pH and the slurry vis-also measured. The pH of silica suspension was adjusted by 1 N
cosity as a function of shear rate. These material properties wereydrochloric acid and 1N sodium hydroxide (Yakuri).
used to determine the level of phase stability required by wafer po2. Wafer Polishing
lishing slurries. In addition, the polishing performance of the pre- In the wafer polishing test, lapped silicon wafers of 4 inch in di-
pared slurries was examined by measuring the removal rate of polyameter (LG Siltron) were used. Wafer polishing was conducted by
silicon wafer and the surface roughness of polished wafer surfaca wafer polisher (Logitech; PM5) with polyurethane polishing pads
using AFM (atomic force microscopy). Finally, the silica abrasives (Rodel; Suba 600). Removal rate of a wafer surface during polish-
were treated hydrothermally in an autoclave to improve the harding was determined from the weight loss during wafer polishing.

ness of abrasive silica particles before polishing. Each silicon wafer was cleaned with SC1 standard cleaning solu-
tion with the composition of NI®H : H,0O,:H,0=1:1:10, and
EXPERIMENTAL subsequently with deionized water. Before a wafer was loaded into
the polisher, the pad temperature was stabilized at aroui@ 30
1. Preparations of Silica Particles Seasoning of the pad was conducted with pad conditioner so that

The silica particles were prepared in water-ethanol mixture athe pad was sufficiently wetted. Usually, 30-min pre-rotation was
25°C using stepwise growth reaction [Bogush et al., 1988; Coenemequired to stabilize the rotations of platen and pad temperature be-
and de Kruif, 1988; Oh et al., 1999]. Fumed silica (Aerosil OX-50, fore a wafer was loaded. The polishing slurry was diluted with de-
Degussa) and colloidal silica (Ludox AS-40, DuPont) were usedionized water to 2 wt% of silica content. After the polishing was
as seeds in the growth reaction. The seed particles grew through tltempleted, the polished wafer surface was washed with deionized
hydrolysis and condensation of TEOS (Si(B{., tetraethylortho-  water, and the pad conditioning was conducted for 1 minute. The
silicate, Aldrich), which was added sequentially with a time inter- morphology of the polished wafer surface and its roughness were
val of 12 hr. To obtain spherical silica particles, the growth reactionexamined by AFM (atomic force microscopy) with a scan area of
proceeded under basic condition using ammonium hydroxide (Al-5 pmx5um.
drich) as a morphological catalyst. Detailed reactant compositions
and particle size determined by TEM are given in Table 1. All re- RESULTS AND DISCUSSIONS

Table 1. Compositions of the controlled growth reaction and particle size distributions

TEOS [M] H,O [M] NH, [M] Seed particle Average radius
PT-1 0.38 10.46 0.18 - 105.04+0.7
PT-3 0.38+0.25+0.13 4.09 0.13 - 62+2.2
AG-1 0.38 10.46 0.18 Aerosil OX50 0.07 M 124.0+40.4
AG-2 0.38+0.25 10.46 0.18 Aerosil 0X50 0.07 M -
AG-3 0.38+0.25+0.13 10.46 0.18 Aerosil 0X50 0.07 M -
LG-1 0.38 4.09 0.13 Ludox AS40 0.24 M -
LG-2 0.38+0.25 4.09 0.13 Ludox AS40 0.24 M -
LG-3 0.38+0.25+0.13 4.09 0.13 Ludox AS40 0.24 M 47.3+8.6
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Fig. 1. Silica particles prepared (a) by conventional Stober method
(PT-1); (b) by three-step addition of TEOS (PT-3).

1. Preparations of Aqueous Silica Suspensions

In the controlled growth of silica particles from seeds, the par-
ticle size was controlled by the sequential additions of TEOS. First
in order to check this size tailoring with the concentration of the
added TEOS, silica suspensions, PT-1 and PT-3, were prepared |
intermittent addition of TEOS without seeds (see Table 1 for the
reactant compositions). The transmission electron microscope imagt
of the prepared particles are shown in Fig. 1. It can be noted the
spherical silica particles were produced successfully as reported k
Bogush et al. [1988]. As expected, however, the stepwise sol-ge
reaction produced silica slurries with very low mass fractions of
silica particles, which displayed somewhat broad size distribution.
Moreover, when silica particles are grown directly without seeds,
there is a certain critical concentration of silicon alkoxide in the step-
wise growth reactions above which bidisperse silica particles are
formed [Bogush et al1988]. Therefore, it was necessary to syn-
thesize silica particles by stepwise growth of seeds. We used corn

mercially available fumed and colloidal silica particles. Atthough .,
cheap, fumed silica particles are irregular in shape and have a broadg

size distribution. Meanwhile, colloidal particles are spherical and

monodisperse [Coenen and de Kruif, 1988]. In the present study,
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we compared morphological features of the prepared silica parti-

cles grown from seeds of fumed and colloidal silica particles.
During the growth reaction, the initial dispersion stability of the
commercial seeds was extremely important in order to prepare mo-

2. Commercial silica particles used as seeds in the growth reac-
tions: (a) Aerosil OX-50 without pretreatment; (b) Aerosil
OX-50 pretreated with paint shaker using zirconia ball; (c)
Ludox AS-40.
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Fig. 3. Silica particles grown from the pretreated seeds by stepwise addition of TEOS.
(a) AG-1, (b) AG-3, (c) LG-1, (d) LG-3

nodisperse particle dispersions. If the seed particles had aggregatedated Ludox silica of 20 nm in diameter formed loose aggregates
or flocculated structure, they were not able to grow uniformly andas noted from Fig. 2(c). These colloidal silica seeds were also soni-
formed highly aggregated and unstable particle dispersions. In thisated for 30 min beforehand to improve dispersion stability. With
case, rapid formation of silica sediment was observed during théhe pre-treated commercial silica seeds, silica suspension was pre-
growth reaction. In particular, fumed silica particles synthesized bypared through the controlled hydrolysis and condensation of TEOS
flame hydrolysis displayed a fractal structure composed of fusedunder basic condition. Each reactant composition in the growth reac-
primary particles in the dispersion, unlike colloidal silica. There- tion is shown in Table 1. The growth reaction at each step pro-
fore, the seeds of fumed silica were treated before growth by usingeeded as TEOS was added intermittently with a time interval of
proper methods such as precipitation, filtration, sonication, milling12 hr. In order to confirm the controlled growth reaction, the silica
and others. In this study, the fumed silica (Aerosil OX-50) seed diparticles prepared by a single-step growth and a three-step growth
spersion of 15 wt% was pre-treated with a vibratory mill (Paint sha-were observed by TEM (see Fig. 3). The effective diameters and
ker, ASADA) containing zirconia balls for 6 hr. After the milling particle size distributions measured by electrophoretic light scatter-
process, the aqueous seed particle suspension was sonicated vigog were also plotted as a function of the TEOS concentration in
ously for 30 min to ensure its dispersion stability. TEM images of Fig. 4(a) and (b), respectively. It can be easily seen that the seed
the commercial seed particles used in this work are shown in Fig. Darticles become larger as the hydrolysis and condensation reac-
It can be easily seen from Fig. 2(a) that the fumed silica particlegions of TEOS proceed. Consequently, the final weight fractions of
(Aerosil OX-50) dispersed in water with no pretreatment had a broadolid content were also increased. Moreover, as the growth steps
size distribution and formed large aggregates. As expected, the sizoceed, the particles grow and size distribution becomes some-
of aggregates was much larger than the primary particle size of 4d&hat narrow. However, AG-3 contains too large particles for wafer
nm in diameter. Fumed silica seed particles pretreated with the vipolishing. Therefore, wafer polishing was conducted only using
bratory mill for 6 hr are also shown in Fig. 2(b). Indeed, the pre-AG-1 & LG-3 silica abrasives. Average radius and standard devia-
treatment enhanced the dispersion stability greatly. In addition, untion of AG-1 & LG-3 measured from TEM images are included in

July, 2001



Silica Slurry for Wafer Polishing 551

50 | colloidal silica (noted as LG-3) were used as polishing abrasives.
50 . () As mentioned earlier, the solvent ethanol used in the growth step
: O= &0 was replaced by water, for the purpose of wafer polishing, through
e E distillation at 40C and 13-40 kPa using a vacuum evaporator (Hei-
55k ] dolph). To ensure no residual ethanol, the supernatant separated from
{ I the silica dispersion by centrifugation was analyzed with a gas chro-
i - 1 matograph after the solvent was exchanged. In addition, the parti-
250 | cle size was measured again by electrophoretic light scattering. These
t analyses confirmed that no measurable residual ethanol was pre-
' sent and the particle size distribution remained unchanged.
2. Dispersion Stability
The colloidal dispersion stability is very important for practical
applications. Particularly, the dispersion stability is required for long-
e time shelf storage of the silica slurry. In order to enhance the di-
PR P T SRR Tl SR, spersion stability of the prepared silica slurry, either electrostatic or
0g hi a4 L L steric stabilization can be used [Tadros, 1978; Hunter, 1989; So et
TR Criaadion e < al,, 2001a]. In this study, the electrostatic interaction was checked
AVt ; by monitoring the-potential of aqueous silica particles in the dilute
= fg-f;“ s > L regime. The-potentials of AG-1 and LG-3 silica particles at var-
o LG and { ious pH's are shown in Fig. 5. The isoelectric point of silica was about
pH=2-3, which coincided with other previous reports [Tadros, 1978;
So et al., 2001a]. For both the silica particles, the surface potential
decreased from positive to negative as pH increased. In the particle
preparation, ammonium hydroxide was used as a morphological
catalyst. Therefore, the particle suspension remained at high pH
around 10-11 during the synthetic step, which produced strong elec-
trostatic repulsion. Moreover, pH was kept at relatively high value
of about 9 during the solvent exchange step to prevent aggregation.
| The dispersion stability of AG-1 aqueous silica suspension was
! also examined by measuring the shear viscosity as a function of
the shear rate (Fig. 6). The shear viscosities of slurry AG-1 with
|| { 10 wt% silica content were given as a function of the shear rate at
two different pH=3 and 9. At pH=3, which is close to the isoelec-
tric point, slurry AG-1 showed a very rapid shear thinning behav-
ior, and the slope of shear viscosity versus shear rate in log-log scale
Fig. 4. Particle size and size distribution measured by electropho-  was—1 at low shear rates. The slope-fifmeans that yield stress

retic light scattering (a) Particle size change during the  developed, which was indicative of the formation of flocculated
growth reaction, (b) Particle size distribution changes dur-

ing growth reaction.
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Table 1. The particle size measured by light scattering often reflect }
the effective diameter when the primary particles form aggregates of .
Therefore, the particle size measured by light scattering is some ®m AG_1
what larger than that from TEM images, which reflect the primary ?
particle size. This is because the particles tended to form loose ai
gregates as the amount of added TEOS increased. The electrophort
light scattering cannot distinguish a single particle from a loose ag
gregate, which is counted as a ‘large’ particle. Thus, the electro
phoretic light scattering reflects only the effective particle size.
Meanwhile, silica particles grown from the fumed silica, which x
were irregular in shape, showed rather broad size distribution conr 50| i
pared with silica particles grown from colloidal silica. This can be
expected from the fact that the fumed silica seeds used in the grow
reaction were still nonspherical with a broad size distribution in spite 80 - i ‘ . l L
of several steps of the pretreatment. As the growth step proceede
the particle size clearly increased. In the subsequent polishing tes.,
one-step growth fumed silica (slurry AG-1) and three-step growthFig. 5.{-potential of silica particles as a function of pH.
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Fig. 6. Shear viscosity as a function of the shear rate for slurry additive concentration. The abrasive was the hydrother-
AG-latpH3and9. mally treated silica.

structure due to weak stabilizing electrostatic repulsion. At pH 9,
however, the viscosity was a very weak function of the shear rate In Fig. 7, the removal rates of polysilicon wafer surface were plot-
and shear thinned slowly and smoothly. In fact, the suspension did for both the hydrothermally treated and untreated (bare) silica
10 wt% behaved like Newtonian liquid. This implies that the silica slurries. Indeed, the removal rate of the hydrothermally treated silica
particles underwent a strong electrostatic repulsion and remainedlurry was about ten times as high as that of the untreated bare silica
stable under flow. The rheological behavior was clearly coincidentslurry. This is due to the enhanced hardness of silica abrasives. As
with the zeta potential data. mentioned previously, the Stober silica particles contain micropores
3. Polishing of Silicon Wafer and are softer than fumed silica particles. In addition, hydroxyl groups
Polysilicon wafers were polished with the silica slurries of AG-1, reside on the surface of amorphous silica as a vicinal hydrated form.
LG-3 and their mixtures. All wafers were p(100) type and 4 inchesHowever, when the slurry was hydrothermally treated at high tem-
in diameter. Silica slurries for wafer polishing were composed ofperature and pressure, the silica surfaces were dehydrated and the
silica particles, polishing accelerator, dispersion stabilizer and bacsurface hydroxyl groups changed to the vicinal anhydrous form [ller,
tericide [Romberger and Payne, 1991; Deal and Werho, 1992]. 16979]. This modification resulted in enhancement of the hardness
this study, MEA and TMAH were used as both polishing acceleratorof silica particleslt is interesting to note that the removal rate was
and bactericide. In polishing tests, the aqueous silica slurries of AGrearly independent of the TMAH concentration in the range of 100-
1 and LG-3 containing 200 ppm of TMAH and 0.5 wt% of MEA 500 ppm.
showed removal rate of 2-3x1Qm/min, which was lower than Polishing performance of the hydrothermally treated silica slur-
that of fumed silica slurry with the same accelerator compositionsries of LG-3 and AG-1 was examined with the same polishing ac-
This is because the untreated bare silica particles were too soft telerator composition of 0.5 wt% MEA and 300 ppm TMAH. The
polish silicon wafer. Therefore, the bare silica slurries were treatedurface morphologies of the polished polysilicon wafer were ob-
hydrothermally in an autoclave at T20for 90 min to increase the  served by AFM; the resulting removal rates, root mean square (RMS)
hardness of silica particles and modify the surface characteristiceoughness and average roughness are given in Table 2. In commer-
of silica abrasives [Seo and Kong, 2000]. In these tests, MEA coreial wafer polishing processes, required removal rate is alpoot 1
centration was fixed at 0.5 wt% and content of TMAH was varied min and root mean surface roughness should be below 40 A. How-
from 100 to 500 ppm. The applied pressure and slurry flow rateaver, polishing parameters such as rotational speeds of platen and
were 2.18 kP and 200 ml/min, respectively. head, pressure load of commercial processes are quite different from

Table 2. Removal rate and surface roughness of the polysilicon wafer polished by various silica slurries

Slurry Removal ratefm/min] RMS roughness [A] Average roughness [A]
Etched wafer surface - 18.14 16.42

AG-1 0.3677 3.59 2.93

LG-3 0.3195 191 1.46
AG-1/LG-3 mixture (1 : 1 by weight) 0.3567 331 2.46

Nalco 2371 (Rodel Co.) 0.3500 3.39 -
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those of this study. Therefore, it is not possible to compare our poBrinker, C.J. and Scherer, G. W., “Sol-Gel Science] Academic Press
lishing results directly with the commercially required level of po-  Inc., New York, USA (1990).
lishing performance. Instead, we compared the polishing perforBuining, P. A, Liz-Marzan, L. M. and Philipse, A. P., “A Simple Prepa-
mance of our silica slurries with those of commercialized wafer po- ration of Small, Smooth Silica Spheres in a Seed Alcohol for Stéber
lishing slurry (Nalco 2371, Rodel Co.); the result is reproduced in  SynthesisJ. Colloid Interface Sgil179 318 (1996).
Table 2. As noted, slurry AG-1 showed somewhat higher removalChang, C. Y. and Sze, S. M., “ULSI Technology, McGraw-Hill Com-
rate and slurry LG-3 displayed better roughness than the commer- panies Inc., New York, USA (1996).
cial slurry. Moreover, mixed AG-1/LG-3 (1:1 by weight) slurry Coenen, S. and de Kruif, C. G., “Synthesis and Growth of Colloidal Sil-
showed better removal rate and surface roughness. ica ParticlesJ. Colloid Interface Scil24 104 (1988).
The results can be simply expected from the fact that the siz€ook, L. M., “Chemical Processes in Glass Polishingjon-Crystal-
distribution of silica particles prepared from fumed silica seeds was line Solid 120, 152 (1990).
broad compared to that from colloidal silica seeds. Moreover, theDeal, P. W. and Werho, D. B., “Non-Contaminating Wafer Polishing
silica particles from fumed silica were irregular in shape, whereas Slurry; US Patent, 5, 139571 (1992).
the silica particles from colloidal silica were nearly spherical. There-Eisenlauer, J. and Killmann, E., “Stability of Colloidal Silica (AERO-
fore, the surface of polysilicon wafer polished by slurry LG-3 had ~ SIL) Hydrosols, 1. Preparation and Characterization of Silica (AE-
lower roughness than it would by polishing with slurry AG-1. Also  ROSIL) Hydrosols;J. Colloid Interface Sci74, 108 (1980).
as noted from Figs. 3 and 4, the silica particles in slurry AG-1 wereHan, Y.-S., Lee, K.-M., Kim, S.-G., Jang, H.-D. and Park, K.Y., “Mod-
larger in average than those using slurry LG-3, which was also re- eling of the Monomer Role and the Coalescence Limitation in Pri-
sponsible for the high removal rate of slurry AG-1. The removal mary Particle GrowthKorean J. Chem. End.6, 104 (1999).
rate is usually increased with the average diameter of abrasives idunter, R. J., “Foundations of Colloid Science; Oxford Univ. Press,
polishing processes. However, the surface roughness is strongly New York, USA (1989).
affected by their size distribution, as observed in glass polishingdler, R. K., “The Chemistry of Silica; Wiley, New York, USA (1979).
[Cook, 1990]. Konno, M., Inomata, H., Matsunaga, T. and Saito, S., “Growth Rate of
Silica Particles from Ammonia-Catalyzed Hydrolysis of Tetraethy-
SUMMARY lorthosilicate;J. Chem. Eng. Japa7, 134 (1994).
Oh, M.-H., So, J.-H., Lee, J.-D. and Yang, S.-M., “Preparation of Silica
The silica particles were prepared from the controlled growth of  Dispersion and its Phase Stability in the Presence of Raltsén
commercial silica seeds of fumed silica and colloidal silica. These J. Chem. Eng16, 532 (1999).
seeds were grown by sol-gel reaction of hydrolysis and condensarierre, A. C., “Introduction to Sol-Gel Processing; Kluwer Academic
tion reaction induced by intermittent addition of TEOS with atime  Publishers, Boston, USA (1998).
interval of 12 hr. Pretreatment of the commercial seeds was requireBomberger, J. A. and Payne, C.C., “Low Sodium, Low Metal Silica
for satisfactory dispersion stability. In the present work, milling with  Polishing Slurries; European Patent, 0, 520109, Al (1991).
zirconia balls and sonication dispersed the silica seeds. Polishin§asaki, S. and Maeda, H., “Electrostatic Effects on the Hydration Layer
performance was determined by measuring the removal rate, aver- of Colloidal Silica Particles;). Colloid Interface Scil67, 146
age roughness and RMS roughness of the polished wafer surface. (1994).
The removal rate of hydrothermally treated silica slurry was tenSatoh, T., Akitaya, M., Konno, M. and Saito, S., “Particle Size Distribu-
times higher than that of the untreated slurry. However, the re- tions Produced by Hydrolysis and Condensation of Tetraethylortho-
moval rate was nearly independent of MEA and TMAH concen-  silicate]J. Chem. Eng. JapaB0, 759 (1997).
trations in the range of 0.3-0.5wt% and 100-500 ppm, respectivelySeo, K. W. and Kong, H. G., “Hydrothermal Preparation of BaTith
In terms of the removal rate, the slurry prepared from fume silica Film} Korean J. Chem. Engl7, 373 (2000).
seeds was better than the slurry from colloidal silica seeds. HowSo, J.-H., Oh, M.-H., Lee, J.-D. and Yang, S.-M., “Effects of Polyvinyl
ever, the latter showed much better polishing performance consid- Alcohol on the Rheological Behavior and Phase Stability of Aque-
ering the polished surface roughness. The average roughness of poly- ous Silica Suspensiond’Chem. Eng. JapaB4(2), 262 (2001a).
silicon wafer surface was reduced substantially from Quir64o So, J.-H., Yang, S.-M. and Hyun, J. C., “Microstructure Evolution and

0.0146um by polishing with the slurry from colloidal silica seed. Rheological Responses of Hard Sphere Suspensitiesi. Eng.
Sci, 56(9), 2967 (2001b).
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