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(57) ABSTRACT

Disclosed is a polishing slurry, particularly, a slurry for
chemical mechanical polishing, which is used in a chemical
mechanical polishing process for flattening a semiconductor
laminate. More particularly, the present invention provides a
method of producing a slurry which has high removal selec-
tivity to a nitride layer used as a barrier film in a shallow
trench isolation CMP process needed to fabricate ultra highly
integrated semiconductors of 256 mega D-RAM or more
(Design rule of 0.13 um or less) and which decreases the
occurrence of scratches on a flattened surface, and a method
of polishing a substrate using the same.
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POLISHING SLURRY, METHOD OF
PRODUCING SAME, AND METHOD OF
POLISHING SUBSTRATE

[0001] This application is a divisional of U.S. patent appli-
cation Ser. No. 11/193,094, filed on Jul. 28, 2005, the disclo-
sure of which is incorporated by reference herein in its
entirety, which claims priority to Korean Patent Application
No. 2004-0059245, filed on Jul. 28, 2004, 2004-0059246,
filed on Jul. 28, 2004, 2004-0067536, filed on Aug. 26, 2004
and 2004-0118158, filed on Dec. 31, 2004 in the Korean
Intellectual Property Office, the disclosures of which are
incorporated herein in their entireties by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a polishing slurry,
particularly, a slurry for chemical mechanical polishing
(hereinafter, referred to as ‘CMP”), which is used in a chemi-
cal mechanical polishing process for flattening a semiconduc-
tor laminate. More particularly, the present invention pertains
to a method of producing a slurry which has high removal
selectivity to a nitride layer used as a barrier film in a shallow
trench isolation CMP process needed to fabricate ultra highly
integrated semiconductors of 256 mega D-RAM or more
(Design rule of 0.13 pm or less) and which decreases the
occurrence of scratches on a flattened surface, and a method
of polishing a substrate using the same.

[0004] 2. Description of the Related Art

[0005] Chemical mechanical polishing (CMP) is a semi-
conductor processing technology in which a mechanical pro-
cess using polishing particles between a pressed wafer and a
polishing pad and chemical etching using a slurry are simul-
taneously conducted, and has been an essential process of
global planarization technology in the production of submi-
cron-scaled semiconductor chips since IBM Co., Ltd. in the
USA developed it at the end of the 1980’s.

[0006] The types of slurry are roughly classified into a
slurry for oxide, a slurry for metal, and a slurry for poly-
silicon according to the type of object to be polished. The
slurry for oxide is used to polish an interlayer insulating film
and a silicon oxide (Si0,) layer employed in an STI (shallow
trench isolation) process, and roughly comprises polishing
particles, deionized water, a pH stabilizer, and a surfactant.
The polishing particles function to mechanically polish the
surface of the object by means of pressure from a polishing
machine, and are exemplified by silica (Si0,), ceria (CeO,),
and alumina (Al,O;).

[0007] Particularly, ceria slurry is frequently used to polish
the silicon oxide layer during the STI process, and in this case,
a silicon nitride layer is mainly used as a polishing stopper
layer. Hence, an additive is added to the ceria slurry to reduce
the removal speed of the nitride layer so as to improve the
polishing speed selectivity of the oxide layer to the nitride
layer. However, the use of the additive is disadvantageous in
that the removal speed of the oxide layer, as well as the
removal speed of the nitride layer, is reduced. Furthermore,
the polishing agent of the ceria slurry typically has particles
larger than those of the silica slurry, and therefore scratches
the surface of the wafer.

[0008] However, if polishing speed selectivity of the oxide
layer to the nitride layer is low, a dishing phenomenon, in
which an excessive volume of the oxide layer is removed,
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occurs due to the loss of adjacent nitride layer patterns. Thus,
it is impossible to achieve uniform surface flattening.

[0009] Accordingly, the slurry for STI CMP requires high
selectivity and polishing speed, dispersion and micro-scratch
stabilities, and narrow and uniform particle size distribution.
Additionally, the number of large particles having the size of
1 um or more must exist within a predetermined range.
[0010] With respect to conventional technology of produc-
ing the slurry for STT CMP, U.S. Pat. Nos. 6,221,118 and
6,343,976, granted to Hitachi Inc., disclose a method of syn-
thesizing ceria particles and a method of producing a slurry
having high selectivity using the same. These patents describe
characteristics of particles required in the slurry for STICMP,
the type of additives containing polymer, and the production
method using them in very critical and wide ranges. Particu-
larly, the patents suggest wide ranges of an average grain size,
an average primary particle size, and an average secondary
particle size. Particularly, they mention a change of the grain
size depending on calcination temperature, and scratches cor-
responding to this. In another conventional technology, U.S.
Pat. No. 6,420,269, granted to Hitachi Inc., discloses a
method of synthesizing various ceria particles and a method
of producing a slurry having high selectivity using the same.
Meanwhile, U.S. Pat. No. 6,615,499, granted to Hitachi Inc.,
discloses a change of ratios of peak intensities in a predeter-
mined range of X-rays, which depends on a rate of tempera-
ture increase in a calcination process, and a change of a
removal rate according to this. Furthermore, in the prior arts,
U.S. Pat. Nos. 6,436,835, 6,299,659, 6,478,836, 6,410,444,
and 6,387,139, which have been made by Showa Denko Co.
Ltd. in Japan, disclose a method of synthesizing ceria par-
ticles and a method of producing a slurry having high selec-
tivity using the same. These patents mostly describe the types
of additives added to the slurry, effects due to them, and a
coupling agent.

[0011] However, the above prior arts disclose only the aver-
age particle size of the polishing particles constituting the
polishing slurry and the range thereof, but lack details on how
to disperse the particles. If it is considered that a dispersion
state and a particle size distribution of ceria powder are very
remarkably dependent on the degree of improvement of prop-
erties and dispersion stability thereof, and that, therefore, the
degree of improvement significantly affects the number of
micro-scratches, it becomes very important to find process
conditions capable of assuring optimum dispersion stability
using properties and dispersion of the ceria powder, which
depend on calcination conditions. Furthermore, it is very
important to find process conditions capable of assuring opti-
mum dispersion stability by mixing with an appropriate
amount of dispersing agent and using dispersing devices, and
to provide a slurry formed through the resultant process.

SUMMARY OF THE INVENTION

[0012] Accordingly, the present invention has been made
keeping in mind the above problems occurring in the prior art,
and an object of the present invention is to provide a high
performance nano ceria slurry which is capable of being
applied in a process of producing ultra highly integrated
semiconductors of 0.13 um or less, particularly, an STI pro-
cess, and is capable of minimizing micro-scratches that are
fatal to semiconductor devices by properly employing a
method and a device for pre-treating various particles, a dis-
persing device and a method of operating the dispersing
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device, amethod of adding a chemical additive and an amount
added, and a device for transferring samples.

[0013] Particularly, the present invention discloses a
change of surface areas of polishing particles by controlling
calcination conditions, and a change of dispersion stability
according to this in a process of producing powder used as a
raw material of a slurry.

[0014] Furthermore, where ceria powder and deionized
water (DI water) are mixed to produce a slurry, it discloses a
change of dispersion stability when dispersion stabilization is
conducted using dispersion devices by controlling an opti-
mum amount of a dispersing agent added depending on pH of
the slurry and controlling a stage at which the dispersing
agent is added.

[0015] Based on the above description, the present inven-
tion aims to provide a slurry that is capable of minimizing
micro-scratches and maintaining a suitable removal rate and
in which dispersion is stabilized.

[0016] Another object of the present invention is to provide
a method of effectively polishing a semiconductor substrate
having a fine design rule using the above slurry.

[0017] Inordertoaccomplish the above objects, the present
invention provides a polishing slurry which comprises pol-
ishing particles in which a surface area per unit weight is
changed so as to minimize agglomeration of the polishing
particles and improve dispersion stability.

[0018] The surface area per unit weight of the polishing
particles may be 1-100 m*/g, preferably 3-72 m*/g, and more
preferably 5-25 m?/g. A grain size of each of the polishing
particles may be 15-40 nm, preferably 18-30 nm, and more
preferably 20-25 nm.

[0019] The surface area per unit weight of the polishing
particles may be controlled depending on a temperature or a
holding time of a calcination process.

[0020] The present invention provides a polishing slurry,
which comprises polishing particles, deionized water, and a
dispersing agent and in which agglomeration of the polishing
particles is minimized and a variation (dD50) of a median
particle size of the polishing particles is 30 or less before and
after forcible dispersion treatment, by controlling an amount
of dispersing agent added or a stage at which the dispersing
agent is added. It is preferable that the variation (dD50) of the
median particle size of the polishing particles be 10 or less.
Conductivity of the polishing slurry is preferably 300-900
us/cm, and more preferably 500-600 ps/cm. The dispersing
agent is made of an anionic polymer compound, and the
anionic polymer compound may be at least one selected from
a group consisting of polymethacrylic acid, polyacrylic acid,
ammonium polymethacrylate, ammonium polycarboxylate,
and carboxyl-acryl polymer.

[0021] The polishing particles include ceria.

[0022] Furthermore, the present invention provides a
method of producing a polishing slurry. The method com-
prises preparing polishing particles, deionized water, and a
dispersing agent; preparing a mixture of the polishing par-
ticles, the deionized water, and the dispersing agent; and
milling the mixture of the polishing particles, the deionized
water, and the dispersing agent.

[0023] The preparation of the mixture of the polishing par-
ticles, the deionized water, and the dispersing agent may
comprise milling a mixture of the polishing particles and the
deionized water; measuring a pH of the mixture of the pol-
ishing particles and the deionized water; determining an
amount of dispersing agent to be added, depending on the pH;
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and mixing the dispersing agent with the mixture of the pol-
ishing particles and the deionized water.

[0024] In the determination of the amount of dispersing
agent, the amount of dispersing agent added is 2.2-3.0 wt %
based on the polishing particles when the pH of the mixture of
the polishing particles and the deionized water is 8.7-9.5,
1.4-2.2 wt % based on the polishing particles when the pH of
the mixture of the polishing particles and the deionized water
is 8.0-8.7, and 0.6-1.4 wt % based on the polishing particles
when the pH of the mixture of the polishing particles and the
deionized water is 7.4-8.0.

[0025] The preparation of the mixture may comprise add-
ing the dispersing agent to the deionized water and mixing
them; and mixing the polishing particles with the deionized
water to which the dispersing agent is added.

[0026] Furthermore, the preparation of the mixture may
comprise adding the polishing particles to the deionized
water; and mixing the dispersing agent with the deionized
water to which the polishing particles are added.

[0027] Additionally, the preparation of the mixture may
comprise adding the dispersing agent and the polishing par-
ticles to the deionized water and mixing them.

[0028] Themilling of the mixture of the polishing particles,
the deionized water, and the dispersing agent may comprise
additionally adding the dispersing agent at least one time. The
dispersing agent is added in an amount of 0.0001-10 wt %
based on the polishing particles in such a way that the dis-
persing agent added in deionized water is an amount of 100-
50% based on a total amount of dispersing agent, and that the
dispersing agent added in the course of milling the mixture is
an amount of 50% or less based on the total amount of dis-
persing agent.

[0029] The preparation of the polishing particles, the
deionized water, and the dispersing agent may comprise pro-
ducing the polishing particles through a calcination process at
apredetermined calcination temperature for a predetermined
holding time. The calcination temperature is 500-1000° C.
and the holding time is 10 min-10 hours at the calcination
temperature in the production of the polishing particles.
[0030] The production of the polishing particles may com-
prise preparing a crude precursor; removing water of crystal-
lization and adsorbed water; removing a carbonate functional
group; and conducting recrystallization. The crude precursor
includes cerium carbonate.

[0031] The method may further comprises adding an addi-
tive, including a weak acid or a weak base, to the mixture to
control a pH of the slurry; and conducting filtering to remove
large particles, after the milling of the mixture of the polishing
particles, the deionized water, and the dispersing agent.
[0032] As well, the present invention provides a method of
polishing a predetermined substrate using the above-men-
tioned polishing slurry.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] The above and other objects, features and advan-
tages of the present invention will be more clearly understood
from the following detailed description taken in conjunction
with the accompanying drawings, in which:

[0034] FIG.1is a flow chart illustrating the production ofa
slurry according to the present invention;

[0035] FIG. 2 schematically illustrates a polishing mecha-
nism of a ceria polishing agent;

[0036] FIG. 3 illustrates a definition of D50 depending on
particle size;
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[0037] FIG. 4 is a TEM picture of polishing particles cal-
cined at 700° C. for 2 hours;

[0038] FIG. 5 is a TEM picture of polishing particles cal-
cined at 700° C. for 4 hours;

[0039] FIG. 6 illustrates adsorption of a dispersing agent
depending on pH; and

[0040] FIG. 7 illustrates surface electric potentials of ceria
slurry before and after the dispersing agent is added.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0041] Hereinafter, a process of producing a polishing
slurry according to the present invention and a characteristic
analysis of the polishing slurry will be separately described in
detail. Furthermore, a description will be given of a method of
producing the polishing slurry using ceria as a polishing
agent, deionized water as a dispersion medium thereof, and an
anionic polymer dispersing agent as a dispersing agent. Addi-
tionally, a description will be given of the CMP results, such
as an oxide film polishing speed and selectivity, depending on
process conditions. Many modifications and variations of the
present invention, which will be described later, are possible,
and the scope of the present invention is not limited by the
following description.

[0042] [Production of Ceria Slurry]

[0043] The ceria slurry of the present invention is produced
s0 as to contain ceria powder, deionized (DI) water, anionic
polymer dispersing agent, and an additive such as a weak acid
or weak base. A method of producing the polishing ceria
slurry comprises the following steps (see FIG. 1).

[0044] First, a precursor, such as cerium carbonate, is pre-
treated. That is to say, it is synthesized in a solid phase to
prepare the ceria powder (S1). The ceria powder is mixed and
wetted with deionized (DI) water in a tank for mixing (S2),
and the resulting mixture is milled using a milling machine so
as to decrease the particle size and achieve distribution (S3).
The anionic polymer dispersing agent is added to the slurry,
which is produced according to the above procedure, to
increase dispersion stability (S4), and the additive, such as the
weak acid or weak base, is mixed with the mixture in a high
speed mixer to control the pH. Subsequently, additional mill-
ing is conducted to stabilize the dispersion (S5) so that the
weight ratio (wt %) of the slurry, that is, the solid load, is
desirably set (S6), large particles are removed through filter-
ing to prevent the occurrence of scratches during precipitation
and polishing (S7), and additional aging is conducted,
thereby the slurry is stabilized (S8). The method of producing
the polishing ceria slurry according to the present invention
will be stepwise described in detail.

[0045] 1. Production of ceria powder

[0046] A first stage of the production of the ceria slurry
according to the present invention is to produce the ceria
powder from a crude precursor through a solid-phase synthe-
sis method. For example, the precursor, such as cerium car-
bonate, is calcined to generate the ceria powder, and a sepa-
rate drying process may be conducted to remove moisture
before the calcination. The dried precursor is excellent in
terms of transferring and processibility.

[0047] Properties of the ceria powder depend on the calci-
nation conditions of cerium carbonate and the construction of
a calcination device. Cerium carbonate has water of crystal-
lization and adsorbed water, and water of crystallization typi-
cally has a valence of 4, 5, or 6. The calcination conditions
depend on the number of water of crystallization and the
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amount of adsorbed water. After the calcination, water of
crystallization and adsorbed water are removed. Thereafter,
temperature and heat treatment are increased to cause decar-
bonation, in which a carbonate functional group is removed in
the form of carbon dioxide. Thereby, the ceria powder starts to
be generated. Next, additional heat treatment is implemented
to cause recrystallization, thereby creating the ceria powder,
which consists of various sizes of particles. It is preferable
that the calcination be conducted at 500-1000° C.

[0048] Crystallinity, the grain size, and the surface area per
unit weight depend on the calcination temperature and a
holding time of the process. As the calcination temperature
and the holding time increase, the grain size or a size of one
crystal increases but the surface area is reduced. The related
details will be described later.

[0049] 2. Mixing and milling

[0050] The ceria powder, which is produced through the
process as described above, is mixed and wetted with deion-
ized water in a high speed mixer. Subsequently, the mixture is
milled to reduce the particle size and disperse particles,
thereby a nano-sized ceria slurry is produced.

[0051] After the above mixing and wetting, it is preferable
that particle size reduction and distribution be conducted
using a high energy milling machine so as to control the
particle size and to distribute agglomerated polishing par-
ticles. The milling machine may be exemplified by a wet or
dry milling machine. The dry milling machine may be con-
taminated by metal pieces caused by the abrasion of metal
portions during the milling process, thus it is preferable to
conduct the milling process using a wet milling machine
made of ceramic. Meanwhile, when using a wet milling pro-
cess, precipitation and reduction of milling efficiency may
occur, and the presence of large particles and a size distribu-
tion having a large area may be likely due to agglomeration of
the particles, thus it is necessary to control the concentration
of the polishing particles, to control a pH and conductivity,
and to increase dispersion stability using a dispersing agent.
In the present invention, it is preferable to conduct pass-type
milling at least three times.

[0052] 3. Dispersion stabilization and addition of an addi-
tive
[0053] An anionic polymer dispersing agent is added to the

slurry, and the additive, such as the weak acid or weak base, is
added thereto to control a pH, thereby stabilizing the slurry.
The anionic polymer compound, which is used as the dispers-
ing agent, may be any one selected from the group consisting
of polymethacrylic acid, polyacrylic acid, ammonium poly-
methacrylate, ammonium polycarboxylate, carboxyl-acryl
polymer, and a combination thereof. The reason for this is that
the slurry of the present invention is based on water and the
above polymer compound is soluble in water at normal tem-
perature. In connection with this, it is preferable that the pH of
the slurry be 6.5-13. Most preferably, the pH of the slurry is
7-11. Furthermore, it is suitable that the content of the added
anionic polymer compound be 0.0001-10.0 wt % based on the
polishing particles. It is preferable that the viscosity behavior
of' the stabilized ceria slurry be Newtonian behavior.

[0054] In connection with this, a mixture, which includes
the dispersing agent and the additive, is milled using the high
energy milling machine to reduce the particle size and to
achieve dispersion. Next, the pulverized and dispersed slurry
is transferred into a separate tank using a pump, and then
dispersed again using an appropriate dispersing device to
assure dispersion stability and prevent additional agglomera-
tion and precipitation.

[0055] The dispersing agent may be added after the milling
step, but, if necessary, it may be added in the course of mixing
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DI water with the ceria powder before the milling, or may be
added during the milling step. Furthermore, the addition may
be conducted using a combination thereof. Additionally, it is
possible to obtain the slurry having increased dispersion sta-
bility by adding an appropriate amount of dispersing agent
depending on the pH of the slurry, and a detailed description
of this will be given later.

[0056] 4. Control of solid load (wt %) and removal of large
particles
[0057] As described above, after a dispersion stabilization

process of the slurry is completed, the solid load (wt %) of the
ceria slurry is controlled within a desired range, and the large
particles which may cause scratches during CMP and may
cause precipitation and agglomeration are removed by filter-
ing. It is preferable that the concentration of solid load be 15
wt % or less. When a great volume of the large particles exists,
the gravitational force is larger than the dispersion force
caused by the repulsive force between the particles, and sur-
face areas of the large particles are smaller than those of the
fine particles, thus dispersibility of the large particles is less
than that of the fine particles. For the above two reasons,
agglomeration and precipitation frequently occur, making the
slurry unstable. Therefore, it is necessary to remove the large
particles. Furthermore, the removal of the large particles
increases as the number of repetitions of filtering for remov-
ing the large particles increases.

[0058] 5. Aging of the slurry

[0059] Stabilization of the slurry by aging is achieved by
stirring the slurry in a tank for 24 hours so as to still further
stabilize the slurry. This may be additionally conducted using
the completed slurry, and may be omitted if necessary.
[0060] Thepolishing slurry may cause generation of micro-
scratches, which fatally affect semiconductor devices during
the fabrication of ultra highly integrated semiconductors of
0.13 pm or less due to the agglomeration of polishing par-
ticles. That is to say, in a polishing mechanism of the ceria
polishing agent shown in FIG. 2, a poly-crystal type of ceria
particles are broken into single crystals, chemically reacted
with oxide films deposited on a wafer, and then removed by a
mechanical frictional force to a pad, thereby the polishing is
achieved. In connection with this, as agglomeration of the
polishing particles increases, the number of micro-scratches
increases during breaking of the poly-crystals into single
crystals and during breaking of agglomerated secondary par-
ticles into smaller secondary particles or primary particles.
Therefore, it is necessary to minimize the agglomeration of
polishing particles and to increase dispersion stability. In
connection with this, a surface area per unit weight of ceria
powder, an amount of dispersing agent added, and a stage at
which the dispersing agent is added are important factors
which are capable of largely affecting dispersion stability of
the polishing particles.

[0061] dD15 or dD50 may be used as a useful standard for
measuring the agglomeration of the slurry. That is to say, a
particle size is measured using [LA910 manufactured by
Horiba, Inc. in Japan, and the results are used to calculate
them. Their definitions are as follows.

[0062] dD1=D1 without sonication-D1 with sonication
[0063] dD15=D15 without sonication-D15 with sonica-
tion

[0064] dD50=D50 without sonication-D50 with sonica-
tion

[0065] In connection with this, each term is defined as

described below.
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[0066] D1 without sonication: a D1 particle size measured
without exposure to ultrasonic waves

[0067] D1 with sonication: a D1 particle size measured
with exposure to ultrasonic waves

[0068] D15 without sonication: a D15 particle size mea-
sured without exposure to ultrasonic waves

[0069] D15 with sonication: a D15 particle size measured
with exposure to ultrasonic waves

[0070] D50 without sonication: a D50 particle size mea-
sured without exposure to ultrasonic waves

[0071] D50 with sonication: a D50 particle size measured
with exposure to ultrasonic waves

[0072] FIG. 3 illustrates definitions of D1 , D15, and D50
depending on particle size.

[0073] As shown in FIG. 3, D1, D15, and D50 correspond
to an intermediate size and 50% of a total size distribution.
D15 corresponds to 15% of the largest size, and D1 corre-
sponds to 1% of the largest size.

[0074] In other words, where the particle size is measured
using an LA910 model manufactured by Horiba, Inc., if the
measurement is conducted with ultrasonic waves, the
agglomerated slurry is redistributed, thus it is possible to
measure the particle size in a dispersed state. On the other
hand, if the measurement is carried out without ultrasonic
waves, the agglomerated slurry is not redistributed, thus the
particle size of the agglomerated slurry is measured. Hence,
as an agglomerated portion of the slurry increases and as the
dispersion stability of the slurry is reduced, variation in the
particle size, that is, dD1, dD15, or dD50, increases.

[0075] Based on the above description, a detailed descrip-
tion will be given of the effect of calcination process condi-
tions and addition conditions of the dispersing agent on the
properties of ceria slurry.

[0076] [Change of Properties of Ceria Slurry Depending on
the calcination Process Conditions]

[0077] As in the following, the effect of the process condi-
tions of the calcination process on properties of the ceria
polishing particles will be analyzed. Particularly, a detailed
description will be given of changes of dispersion stability
and grain size, which are dependent on the surface area per
unit weight of ceria powder depending on the calcination
temperature and the holding time, and a change of micro-
scratches corresponding to this.

[0078] After the surface area per unit weight is changed by
changing the calcination conditions, the grain size, and dD1,
dD15, or dD50 measured are as follows. In connection with
this, the grain size is measured using an X-ray diffraction
method, and dD1, dD15, or dD50 is measured using a light
scattering method.

TABLE 1

Surface  Grain
Calcination area size dD1 dD15 dDS50

conditions (m?/g) (nm) (am) (am) (am)
Sample 1 700°C.1H 72 17.1 745 303 152
Sample 2 700°C. 4 H 17 252 150 99 51
Sample 3 800°C.4 H 3 355 75 39 23
[0079] As described above, if the surface area per unit

weight of the polishing particle can be controlled depending
on the calcination conditions, it is possible to control the
agglomeration of the polishing particles, and this is closely
connected with the number of micro-scratches. As the surface
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area per unit weight increases, the agglomeration increases,
and the increased agglomeration increases the number of
micro-scratches based on the above-mentioned polishing
mechanism. Furthermore, since the porosity of the particles
increases and the hardness of the polishing particles is
reduced as the surface area increases, the removal rate is
reduced. On the other hand, if the surface area is very small,
the grain size increases, causing the generation of large grains
and primary particles. Since the large particles have high
hardness, the agglomeration may be reduced, but the number
of micro-scratches increases due to the generation of large
particles. Particularly, as described above, the number of
micro-scratches increases as the hardness of the polishing
particles increases when breaking the poly-crystals into
single crystals and when breaking the agglomerated second-
ary particles into smaller secondary particles or primary par-
ticles. Thus, it is necessary to control the grain size of the
polishing particles within a suitable range.

[0080] Accordingly, in the present invention, the surface
area per unit weight and the grain size of ceria particles are
controlled in order to produce a slurry which is capable of
minimizing the generation of micro-scratches and maintain-
ing a high removal rate. The surface area per unit weight of
ceria particles is 1-100 m*/g, preferably 3-72 m*/g, and more
preferably 5-25 m*/g. Furthermore, the grain size of the ceria
particles is 15-40 nm, preferably 18-30 nm, and more prefer-
ably 20-25 nm.

[0081] The surface area per unit weight and the grain size of
the polishing particle can be controlled depending on the
calcination temperature and the holding time during the cal-
cination process. The grain size increases and the surface area
is reduced as the calcination temperature increases. As well,
from FIGS. 4 and 5 which illustrate TEM pictures of the
polishing particle calcined at 700° C. for 1 hour and the
polishing particle calcined at 700° C. for 4 hours, respec-
tively, it can be seen that the holding time is in proportion to
the grain size.

[0082] Hence, in the present invention, in order to produce
a slurry which is capable of minimizing the generation of
micro-scratches and maintaining a high removal rate, the
calcination temperature and the holding time are controlled as
described below during the calcination process so that the
surface area and the grain size are within the above-men-
tioned range. To minimize the generation of micro-scratches
and maintain a suitable removal rate, the calcination tempera-
ture is set to 500-1000° C., preferably 600-800° C., and more
preferably 650-750° C. Additionally, the calcination holding
time is 10 min-10 hours, preferably 30 min-4 hours, and more
preferably 1-2 hours.

[0083] [Change of Properties of Ceria Slurry Depending on
the addition Conditions of the Dispersing agent]

[0084] As in the following, the effect of the amount of
added dispersing agent and the stage at which it is added on
properties of the ceria polishing particles will be analyzed.
Particularly, a detailed description will be given of a change
of dispersion stability, which is dependent on the optimum
amount of dispersing agent added and the stage at which it is
added depending on the pH, and a change of micro-scratches
according to this.

[0085] First, the effect of the amount of added dispersing
agent on the dispersion stability of the ceria slurry will be
described.

[0086] To evaluate the degree of agglomeration depending
on the amount of dispersing agent added, dD1, dD15, and
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dD50 of the polishing slurries produced using variable
amounts of dispersing agents were measured, and the results
are described in the following Table 2. In other words, sample
4 used 3.82 wt % of dispersing agent, sample 5 used 2.5 wt %
of dispersing agent, and sample 6 used 1.6 wt % of dispersing
agent. The pHs of all polishing slurries were 9. 1, the dispers-
ing agent was added before ceria powder was added to deion-
ized water, and conditions other than the amount of added
dispersing agent were the same.

TABLE 2
Dispersing  Conductivity dD1  dD15 dD50
pH  agent(wt %) (us/em) (nm) (nm) (nm)
Sample 4 9.1 3.82 975 217 97 49
Sample 5 9.1 2.5 583 -5 -1 4
Sample 6 9.1 1.6 381 70 37 24

[0087] In the case of sample 4, even though the amount of
dispersing agent is relatively large, agglomeration occurs in a
large area without effective dispersion. The reason for this is
that, since the amount of dispersing agent is too large, the
particles are agglomerated due to a bridging action of the
polymer dispersing agent. On the other hand, as for sample 6,
the amount of dispersing agent is too small to cause satisfac-
tory dispersion, thus agglomeration occurs in a large area. As
described above, since dispersion stability is not increased in
proportion to the amount of dispersing agent, the dispersing
agent must be added in a suitable amount depending on vari-
ous conditions, such as the pH and the surface area.

[0088] InthecaseofsampleS5,the dispersing agentis added
in a suitable amount, thus it is possible to minimize the
agglomeration and obtain excellent dispersion stability.
[0089] The optimum amount of dispersing agent added is
determined depending on the conductivity. As the conductiv-
ity increases, the amount of residual dispersing agent
increases in a bulk solution, and this means that the dispersing
agent is added in an amount that is still more than the opti-
mum amount. In other words, when the conductivity is very
high, a lot of dispersing agent is added, causing the agglom-
eration of particles due to the bridging action of excessive
dispersing agent. Accordingly, the amount of added dispers-
ing agent must be controlled depending on the conductivity.
[0090] In the present invention, it is preferable that the
conductivity be 300-900 us/cm. More preferably, the conduc-
tivity is 500-600 ps/cm. In connection with this, as the amount
of dispersing agent added increases, the conductivity
increases, and a decrease in the amount of added dispersing
agent reduces the conductivity.

[0091] As shown in Table 2, if the amount of dispersing
agent added is very small, the conductivity is very low and the
agglomeration increases due to unsatisfactory dispersion. On
the other hand, if the amount of dispersing agent added is very
large, the conductivity is very high and the agglomeration
increases due to the bridging action of polymer. Therefore, it
is important to add the dispersing agent in a suitable amount,
which is determined depending on various conditions, such as
pH.

[0092] In order to evaluate the degree of agglomeration
depending on pH to control the addition of the dispersing
agent, dD1, dD15, and dD50 of the polishing slurries pro-
duced using variable amounts of dispersing agents in variable
pHs were measured, and the results are described in the
following Table 3. In other words, in sample 5, the pH of the
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slurry was 9.1, and in sample 7, the pH of the slurry was 8.4.
The polishing agents were added in the same amount, 2.5 wt
%, to the polishing slurries. Additionally, in sample 8, the pH
of the slurry was 8.4, and 1.71 wt % of dispersing agent was
added thereto. Other conditions of the polishing slurries were
the same.

TABLE 3
Dispersing ~ Conductivity dD1  dD15 dD50
pH  agent(wt %) (us/em) (nm) (nm) (nm)
Sample 5 9.1 2.5 583 -5 -1 4
Sample 7 8.4 2.5 1764 1313 529 149
Sample 8 8.4 1.71 578 18 12 5

[0093] In connection with this, in the case of sample 5, the
amount of dispersing agent added was appropriately con-
trolled depending on the pH to minimize the agglomeration.
On the other hand, in the case of sample 7, the pH was lower
than that of sample 2 and the dispersing agent was added in
the same amount, thus the conductivity was rapidly increased,
resulting in significantly increased agglomeration. The rea-
son for this is that adsorption of the dispersing agent depends
on the pH as shown in FIG. 6. Referring to FIG. 6, if the pH
is 3, a particle surface has a positive (+) potential, and an
anionic polymer dispersing agent has the shape of a twisted
chain and strong adsorption strength to the particle surface.
As the pH increases, the particle surface shows a negative (-)
potential, thus the surface adsorption strength of the anionic
dispersing agent is reduced and the twisted chain of polymer
is untwisted. If the pH is as high as 10, the particle surface
shows almost completely negative (-) potential, and the
anionic polymer dispersing agent has a repulsive force to the
particles, thus its chain expands, thereby stabilization is eas-
ily achieved in an aqueous solution due to strong forces
between ions.

[0094] As described above, as the pH is reduced, the
adsorption strength of the anionic polymer dispersing agent
to the particle surface increases. Therefore, the bridging is
excessively increased due to the strong adsorption strength of
the dispersing agent, thereby the particles are rapidly agglom-
erated.

[0095] That is to say, by comparing sample 5 to sample 7, it
can be seen that the conductivity is very high and the agglom-
eration increases when the pH is reduced and the adsorption
strength of the dispersing agent to the particles increases.
Hence, if the pH of the polishing slurry is low, the amount of
dispersing agent added must be reduced.

[0096] Inthe case of sample 8, the pH was 8.4, as in sample
7, and the amount of dispersing agent added was controlled.
That is to say, sample 7 used 2.5 wt % of dispersing agent and
sample 8 used 1.71 wt % of dispersing agent, which is a
smaller amount than the above amount. As described above, if
the amount of dispersing agent added is reduced while the pH
is maintained at a constant 8.4, the conductivity is reduced
and reduction of the added amount compensates for an
increase in the amount of dispersing agent adsorbed due to the
reduction of the pH, thus it is possible to reduce the agglom-
eration and assure excellent dispersion stability.

[0097] Asdescribed above, where the amount of dispersing
agent added is controlled, it is important to appropriately
control the added amount in consideration of the pH of the

Apr. 23, 2009

slurry. The amount of dispersing agent depends on the con-
ductivity, and when the amount is 500-600 ps/cm, dispersion
stability is very high.

[0098] Furthermore, it is preferable that the amount of dis-
persing agent added be 2.2-3.0 wt % based on the polishing
particles when the pH of the slurry is 8.7-9.5, 1.4-2.2 wt %
based on the polishing particles when the pH of the slurry is
8.0-8.7, and 0.6-1.4 wt % based on the polishing particles
when the pH of the slurry is 7.4-8.0.

[0099] Next, the effect of the stage at which the dispersing
agent is added on the dispersion stability of the ceria slurry
will be described.

[0100] In order to evaluate the degree of agglomeration
depending on the stage at which the dispersing agent is added,
dD1, dD15, and dD50 of polishing slurries which were pro-
duced under variable dispersing agent addition stage condi-
tions were measured. As described above, dD1, dD15, and
dD50 each mean variation in the particle size before and after
forcible dispersion treatment using ultrasonic waves. In con-
nection with this, ceria powders which were calcined under
the same condition were employed to minimize the difference
in size and surface area, and milling conditions were con-
trolled so that particle sizes were constant in the course of
producing the slurries.

[0101] Sample 9 was produced by adding a predetermined
amount of dispersing agent before the milling process was
conducted, and, in the case of sample 10, a predetermined
amount of dispersing agent was added before the milling
process was carried out and the dispersing agent was added at
least one time during the milling process to produce sample
10. In connection with this, the amount of dispersing agent
added and the number of additions before the milling process
and during the milling process are controlled depending on
the state of the slurry. Additionally, sample 11 was produced
by adding the dispersing agent during the milling process, and
sample 12 was produced by adding the dispersing agent after
the milling process was finished. The variations of the particle
sizes, that is, dD15 and dD50, which denote the degree of
agglomeration of the polishing particles in the slurries pro-
duced under various conditions, were measured, and the
results are described in Table 4.

TABLE 4

Stage at which dis-

persing agent is added dD1(nm) dD50(nm) dD15(nm)

Sample 9 Premixing 33 8 15

Sample 10 Premixing and during 8 3 5
milling

Sample 11 During milling 157 25 51

Sample 12 After milling 760 152 290

[0102] As shown in Table 4, it can be seen that, in the case

of'sample 12, that is, where the dispersing agent is added after
the milling process, the variation of the particle size is largest,
thus the agglomeration of the polishing particles is most
serious. Additionally, it can be seen that, like in samples 9 to
11, where the dispersing agent is added before the milling
process and/or during the milling process, and where the
dispersing agent is added a few times at early and middle
steps of the milling process, the variation of the particle size
is significantly reduced to 30 or less, thus the agglomeration
of the polishing particles is minimized and dispersability is
improved in comparison with sample 12.
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[0103] The reason can be considered using a zeta potential
as shown in FIG. 7. FIG. 7 illustrates zeta potentials of the
slurry before and after the dispersing agent is added. In con-
nection with this, when the dispersing agent is added after
milling, as in sample 12, the pH ranges from 5 to 8, and, after
addition of the dispersing agent is finished, the pH ranges
from 7 to 10. If the milling is carried out without the addition
of'the dispersing agent, the absolute value of the zeta potential
is relatively low in comparison with the case where the mill-
ing is conducted with the dispersing agent added, thus pul-
verization is conducted while a lot of particles are agglomer-
ated. In connection with this, even if the dispersing agent is
added after the milling process is finished, it is adsorbed on
surfaces of agglomerated secondary particles, thus agglom-
eration is not reduced. On the other hand, if the milling is
conducted with the dispersing agent, dispersability is
increased and the agglomeration is reduced due to a relatively
high absolute value of a zeta potential. However, where the
milling is carried out with the dispersing agent, the dispersing
agent may be degraded due to high energy of a milling
machine. Accordingly, if the dispersing agent is added in an
excessive amount at an early step, dispersion stability is
reduced. When the large-sized primary or secondary particles
are pulverized into small-sized primary or secondary par-
ticles, new surfaces are additionally formed, thus it is possible
to achieve effective dispersion by additionally adding the
dispersing agent at the middle step so that it is adsorbed on the
newly formed surfaces.

[0104] Therefore, in the present invention, it is preferable
that the dispersing agent be added a few times before and after
the milling step. That is to say, the dispersing agent is added
at least one time before the milling step, and at least one time
during the milling step. To achieve this, it is most preferable
that the dispersing agent be added to deionized water and then
mixed with the polishing particles, and the dispersing agent
be further added to the mixture while it is milled. When the
stage at which the dispersing agent is added is controlled as
described above, variation (dD50) in the median size of the
slurry particles according to the present invention is 30 or
less. The variation of the particle size may have a negative
value. Preferably, the variation of the particle size ranges from
-10 to 10, and, most preferably, it ranges from -5 to 5.

[0105] As described above, it is possible to control the
agglomeration of polishing particles depending on the
amount of dispersing agent added and the stage at which it is
added, and this is closely connected to the number of micro-
scratches. Particularly, when CMP is carried out in practice,
sonication is not conducted. Therefore, the particle size of the
secondary particle may be changed by 200 nm or more
according to dispersion stability during CMP, and the
agglomeration of the polishing particles may cause the gen-
eration of micro-scratches during the CMP process.

[0106] Inthe following, the ceria powder and the slurry are
produced under predetermined conditions through the above-
mentioned method, and the properties of the polishing par-
ticles and the slurry, such as the particle size and the number
of'large particles of the slurry produced under the conditions,
are analyzed.

[0107]

[0108] 1) Surface Area: measured using BET Surface Area
ASAP 2010 manufactured by Micromeritics Co. in the USA

[0109] 2) Grain Size: measured using X’PERT Pro MRB
manufactured by Philips company

First, analysis equipment is as follows.

Apr. 23, 2009

[0110] 3) Porosity: measured using Accupyc 1330 manu-
factured by Micromeritics Co. in the USA

[0111] 4) pH & conductivity: measured using pH and con-
ductivity meters manufactured by Orion, Inc. in the USA
[0112] 5) Particle size distribution: measured using
LA-910 manufactured by Horiba, Inc. in Japan

[0113] 6) TEM: measured using JEM-2010 manufactured
by JEOL Ltd. in Japan

[0114] 7) XRD: measured using X’PERT Pro MRB manu-
factured by Philips company

[0115] [Changes in Micro-Scratches Depending on Calci-
nation Conditions]

[0116] First, the calcination conditions were controlled to
evaluate changes of properties of slurry and micro-scratches
depending on surface area per unit weight.

[0117] (1) Preparation of ceria powders 1 to 3

[0118] 25 kg of highly pure cerium carbonate was charged
in a container by about 800 g, and calcined in a tunnel kiln at
700° C. for 1 hour to prepare ceria powder 1. Additionally, 25
kg ofhighly pure cerium carbonate was charged in a container
by about 800 g, and calcined in a tunnel kiln at 700° C. for 4
hours to prepare ceria powder 2. Furthermore, 25 kg ot highly
pure cerium carbonate was charged in a container by about
800 g, and calcined in a tunnel kiln at 800° C. for 4 hours to
prepare ceria powder 3. In all cases, the rate of temperature
increase was 5° C. /min during the calcination, cooling was
spontaneously conducted, and gas flowed at a rate of 20
m>/hour in a direction that was opposite to a moving direction
of a saggar in order to effectively remove CO, gas generated
as a byproduct. The calcined ceria powders were analyzed
using X-ray diffraction, and it was confirmed that highly pure
ceria powders (cerium oxide) were produced.

[0119] (2) Preparation of ceria slurries 1 to 3

[0120] 10 kg of highly pure ceria powder 1, which was
synthesized under the above-mentioned conditions, were
mixed with 90 kg of deionized water, which included 1 wt %
ammonium polymethacrylate as an anionic dispersing agent
based on the ceria powder, for 1 hour or more in a high speed
mixer so as to achieve sufficient wetting, and the mixture, that
is, 10 wt % slurry, was milled using a pass-type milling
process. Through the milling process, a particle size was
controlled within a desired range and agglomerated particles
in the slurry were dispersed. The ceria powders 2 and 3 were
prepared through the procedure that was the same as the
above-mentioned procedure.

[0121] (3) Comparison of the ceria slurries 1 to 3 and CMP
test results
[0122] Objects were polished using the ceria slurries pro-

duced as described above, and, in this case, the removal rate,
the number of scratches, and removal selectivity were evalu-
ated, thereby the slurries were compared to each other. CMP
polishing performance tests for the objects were carried out
using the ceria slurries 1 to 3 produced as described above.
6EC, manufactured by Strasbaugh, Inc. in the USA was used
as a CMP device. An 8" wafer, on which PE-TEOS (plasma
enhanced chemical vapor deposition TEOS oxide) was
applied to form an oxide film on the entire surface thereof, and
another 8" wafer, on which Si;N, was applied to form a
nitride film on the entire surface thereof, were used as an
object wafer. Test conditions and consumption substances
were as follows.

[0123] 1) Pad: IC1000/SUBAIV (purchased from Rodel,
Inc. in the USA)
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[0124] 2) Device for measuring a film thickness: Nano-
Spec 180 (purchased from Nano-metrics, Inc. in the USA)

[0125] 3) Table speed: 70 rpm

[0126] 4) Spindle speed: 70 rpm

[0127] 5) Down force: 4 psi

[0128] 6) Back pressure: O psi

[0129] 7) Amount of slurry supplied: 100 ml/min

[0130] 8)Measurement of residual particles and scratches:

measured using Surfscan SP1 manufactured by KL A-Tencor,
Inc. in the USA

[0131] Surfaces of the wafers, on which the oxide film
(PE-TEOS) and the nitride film (Si;N,) were formed, were
polished using the slurries 1 to 3 which were produced under
the conditions for 1 min. The removal rate was determined
from a thickness change of the polished film, and the micro-
scratches were measured using Surfscan SP1. Particularly, in
order to apparently evaluate changes of dispersion stability
and the degree of agglomeration depending on a change of the
surface area before the CMP test was carried out, the slurries
were mixed with deionized water without a re-dispersion
process after aging was conducted for 1 month or more before
the test was conducted. Polishing performance for the slurries
was tested in such a way that polishing characteristics were
measured after a blank wafer was polished three times or
more.
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[0133] [Change in Micro-Scratches Depending on the
Addition Conditions of the Dispersing Agent]|

[0134] First, changes of properties of slurry and micro-
scratches, which were dependent on the amount of dispersing
agent added, were examined.

[0135] (1) Preparation of ceria powders 4 to 8

[0136] 25 kg of highly pure cerium carbonate was charged
in a container by about 800 g, and calcined in a tunnel kiln at
700° C. for 4 hours to prepare ceria powders 4 to 8. During all
of'the calcination processes, calcination conditions other than
calcination temperature and holding time were identical to
the above-mentioned conditions. The calcined ceria powders
were analyzed by X-ray diffraction, and it was confirmed that
highly pure ceria powders (cerium oxide) were produced.
[0137] (2) Preparation of ceria slurries 4 to 8

[0138] 10 kg of highly pure ceria powder 4, which were
synthesized under the above-mentioned conditions, were
mixed with 90 kg of deionized water, which included 1 wt %
ammonium polymethacrylate as an anionic dispersing agent
based on the ceria powder, for 1 hour or more in a high speed
mixer so as to achieve sufficient wetting, and the mixture, that
is, 10 wt % slurry, was milled using a pass-type milling
process. Through the milling process, particle size was con-
trolled within a desired range and agglomerated particles in
the slurry were dispersed. The ceria slurries 5 and 8 were

TABLE 5
Surface ? Removal ~ Removal Removal Oxide film
areaper Grain  rate of rate of ratio of residual
unit size oxide film nitride film oxide:mitride WIWNU particles Scratches

weight (nm) (A/min) (A/min) (selectivity) (%) (>0.20 um, #) #)
Slurry 1 72 17.1 2332 49 47.6 1.0 440 3
Slurry 2 17 25.2 2521 49 51.4 1.0 150 1
Slurry 3 5 35.5 2680 50 53.6 1.0 210 2
Comp. 250 13 2005 49 40.9 1.1 780 9
Exm. 1
Prior art
[0132] The CMP test was conducted using the ceria slurries produced through the same procedure as was the ceria slurry

1 to 3, which were produced so as to have different surface
areas of the ceria powders depending on calcination and
milling conditions as described above, under the same CMP
conditions, and the results are described in Table 5. The ceria
slurries 1 to 3 all have fair removal rate and removal selectiv-
ity (ratio of oxide film removal to nitride film removal), and
also excellent within-wafer-nonuniformity (WIWNU) which
indicates removal uniformity of the polished wafer during the
polishing process. Furthermore, in all of the ceria slurries 1 to
3, the numbers of oxide film residual particles and scratches
are significantly reduced in comparison with slurry according
to a prior art. Particularly, with respect to the change of
micro-scratches depending on the change of the surface areas
of the ceria powders, as the surface area per unit weight
increases, dispersion stability is reduced and the agglomera-
tion becomes serious, thus the numbers of oxide film residual
particles and micro-scratches are increased. However, if the
surface area per unit weight of the polishing particles is
reduced, crystallinity is increased to increase the removal rate
of oxide film. If large particles are generated because of
excessive reduction of the surface area, as in the slurry 3, the
number of micro-scratches increases.

4 except that the amounts of dispersing agent added were 2.5
wt % and 1.6 wt %. In the case of the ceria slurries 4 to 6, the
pH was titrated to 9.1. The ceria slurry 7 was produced
through the same procedure as was the ceria slurry 5 except
that the pH was titrated to 8.4 using acetic acid. Furthermore,
the ceria slurry 8 was produced through the same procedure as
was the ceria slurry 7 except that the amount of dispersing
agent added was controlled to 1.71 wt %.

[0139] (3) Comparison of the ceria slurries 4 to 8 and CMP
test results
[0140] Objects were polished using the ceria slurries pro-

duced as described above, and, the removal rate, the number
of'scratches, and removal selectivity were evaluated, thereby
the slurries were compared to each other. CMP polishing
performance tests for the objects were carried out using the
ceria slurries 4 to 8 produced as described above. In connec-
tion with this, a CMP device, an object wafer, test conditions,
and consumption substances were the same as those of the
above evaluation.

[0141] The pH, conductivity, and dD50, dD15, and dD1
values for the slurries were the same as those of Table 2 or 3.
That is to say, the ceria slurry 4 was produced using sample 4,
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the ceria slurry 5 was produced using sample 5, the ceria
slurry 6 was produced using sample 6, the ceria slurry 7 was
produced using sample 7, and the ceria slurry 8 was produced
using sample 8.
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[0147] (1) Preparation of ceria powders 9 to 11

[0148] 25 kg of highly pure cerium carbonate was charged
in a container by about 800 g, and calcined in a tunnel kiln at
700° C. for 4 hours to prepare ceria powders 9 to 11. During

TABLE 6
Removal Removal Removal Oxide film
rate of rate of ratio of residual
Disp. Cond. oxide film nitride film  oxide:nitride WIWNU particles Scratches
pH (wt%) (ps/cm) (A/min) (A/min) (selectivity) (%) (>0.20 pm, #) #)
Slurry 4 9.1 3.82 975 2632 49 53.7 1.0 460 4
Slurry 5 9.1 2.5 583 2521 49 51.4 1.0 150 1
Slurry 6 9.1 1.6 381 2580 50 51.6 1.0 310 2
Slurry 7 84 2.5 1764 2720 52 52.3 1.0 2350 32
Slurry 8 8.4  1.71 578 2570 50 51.4 1.0 180 1

Disp.: Dispersing agent
Cond.: Conductivity

[0142] The CMP test was conducted using the ceria slurries
4 to 8, which were produced so as to have different amounts
of dispersing agent added depending on the pH as described
above, under the same CMP conditions, and the results are
described in Table 6. The slurries 4 to 8 all have fair removal
rate and removal selectivity (ratio of oxide film removal to
nitride film removal), and also excellent within-wafer-non-
uniformity (WIWNU) which indicates removal uniformity of
the polished wafer during the polishing process. The degree
of agglomeration or dispersion of the polishing particles and
the number of micro-scratches are changed depending on the
amount of dispersing agent added. That is to say, since the
slurry 4 contains a great amount of dispersing agent, the
agglomeration occurs in a large area. The slurry 6 contains a
very small amount of dispersing agent, thus the agglomera-
tion occurs in a large area without dispersion, thereby the
formed large particles generate micro-scratches. As well, in
the case of the slurry 7, since the amount of dispersing agent
added is not appropriately controlled as the pH is reduced, the
dispersing agent is added in an excessive amount to induce the
agglomeration of the particles, thereby the micro-scratches
are significantly increased.

[0143] As described above, the reason for the agglomera-
tion of the slurry is that, since the amount of dispersing agent
added is less than an optimum amount, dispersion efficiency
is reduced, or that, since the amount of dispersing agent added
is excessively large, agglomeration occurs due to bridging.
Accordingly, the dispersing agent must be added in an appro-
priate amount in consideration of the pH of the slurry.

[0144] Theamount of dispersing agent suitable for addition
must decrease as the pH of the slurry is reduced. It is prefer-
able that the amount of dispersing agent added be 2.2-3.0 wt
% based on the polishing particles when the pH of the slurry
is 8.7-9.5, 1.4-2.2 wt % based on the polishing particles when
the pH of the slurry is 8.0-8.7, and 0.6-1.4 wt % based on the
polishing particles when the pH of the slurry is 7.4-8.0.

[0145] The preferable amount of dispersing agent is
obtained when the conductivity is 300-900 ps/cm, and more
preferably, it is obtained when the conductivity is 500-600
ps/cm.

[0146] Next, changes in the properties of slurry and micro-
scratches, which were dependent on a stage at which the
dispersing agent was added, were examined.

all of the calcination processes, calcination conditions other
than calcination temperature and holding time were identical
to the above-mentioned conditions. The calcined ceria pow-
ders were analyzed by X-ray diffraction, and it was confirmed
that highly pure ceria powders (cerium oxide) were produced.
[0149] (2) Preparation of ceria slurries 9 to 11

[0150] The ceria slurry 9 was produced using 10 kg of
highly pure ceria powder 9, which was synthesized under the
above-mentioned conditions. First, 1 wt % ammonium poly-
methacrylate as an anionic dispersing agent based on the ceria
powder was added to 90 kg of deionized water, and suffi-
ciently mixed in a high speed mixer. Subsequently, 10 kg of
highly pure ceria powder 9 were added to deionized water
which was uniformly mixed with the anionic dispersing
agent, and mixing was conducted in the high speed mixer for
1 hour or more so as to achieve sufficient wetting. Next, the
mixture, that is, 10 wt % slurry, was milled using a pass-type
milling process. Through the milling process, particle size
was controlled within a desired range and agglomerated par-
ticles in the slurry were dispersed. Subsequently, filtering was
conducted to remove the large particles, thereby the ceria
slurry 9 was created.

[0151] The ceria slurry 10 was produced using 10 kg of
ceria powder 10. First, 0.5 wt % ammonium polymethacry-
late as an anionic dispersing agent based on the ceria powder
was added to 90 kg of deionized water, and sufficiently mixed
in a high speed mixer. Subsequently, 10 kg of highly pure
ceria powder 10 were added to deionized water which was
uniformly mixed with the anionic dispersing agent, and mix-
ing was conducted in the high speed mixer for 1 hour or more
s0 as to achieve sufficient wetting. Next, the mixture, that is,
10 wt % slurry, was milled using a pass-type milling process.
During the milling process, 0.5 wt % ammonium poly-
methacrylate as the anionic dispersing agent based on the
ceria powder were further added thereto, and mixing was
conducted. Through the milling process, a particle size was
controlled within a desired range and agglomerated particles
in the slurry were dispersed. Subsequently, filtering was con-
ducted to remove large particles, thereby ceria slurry 10 was
created.

[0152] Furthermore, 10 kg of ceria powder 11 and 90 kg of
deionized water were mixed in a high speed mixer for 1 hour
or more so as to achieve sufficient wetting, and the mixture,
that is, 10 wt % slurry, was milled using a pass-type milling
process. During the milling process, 1 wt % ammonium poly-
methacrylate as the anionic dispersing agent based on the
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ceria powder was further added thereto, and mixing was
conducted. Subsequently, the milling was further carried out
so that particle size was controlled within a desired range, and
filtering was conducted to create the ceria slurry 11.

[0153] Finally, in the case of the sample of comparative
example, 10kg of ceria powder, which was synthesized under
the above-mentioned conditions, and 90 kg of deionized
water were mixed in a high speed mixer for 1 hour or more so
as to achieve sufficient wetting, and the mixture, that is, 10 wt
% slurry, was milled using a pass-type milling process.
Through the milling process, particle size was controlled
within a desired range and agglomerated particles in the
slurry were dispersed. Subsequently, 1 wt % ammonium
polymethacrylate as the anionic dispersing agent based on the
ceria powder was further added thereto, and dispersion was
conducted by mixing for 2 hours or more in consideration of
adsorption thereof. Next, filtering was conducted to prepare
the sample of comparative example 2.
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that the dispersing agent is added in the course of milling the
mixture in the amount of 50% or less based on the total
amount of dispersing agent.

[0156] Meanwhile, a predetermined additive may be added
after the milling.

[0157] (3) Comparison oftheceria slurries 9 to 11 and CMP
test results
[0158] Objects were polished using the ceria slurries pro-

duced as described above, and, in this case, the removal rate,
the number of scratches, and removal selectivity were evalu-
ated, thereby the slurries were compared to each other. CMP
polishing performance tests for the objects were carried out
using the ceria slurries 9 to 11 produced as described above.
In connection with this, a CMP device, an object wafer, test
conditions, and consumption substances were the same as
those of the above evaluation.

TABLE 7
Removal Removal Removal Oxide film

Stage at which rate of rate of ratio of residual

dispersing oxide film  nitride film  oxidemitride WIWNU particles Scratches

agent is added dD50  (A/min) (A/min) (selectivity) (%) (>0.20 pm, #) #)
Slurry 9 Before milling 8 2521 49 514 1.0 150 1
Slurry 10 Before milling 3 2492 50 49.8 1.0 50 0

and during milling
Slurry 11 During milling 25 2462 49 50.2 1.0 130 2
Comp. Exm. 2 After milling 157 2521 50 504 1.0 680 10

[0154] The present invention is not limited to the above- [0159] The CMP test was conducted using the ceria slurries

mentioned time and amount, but the stage at which the dis-
persing agent is added and the amount of dispersing agent
added may be changed. As described above, the anionic dis-
persing agent is added to deionized water, and the ceria pow-
der is then mixed with deionized water. The resulting mixture
is milled and filtered to produce the slurry. Furthermore, in the
present invention, the slurry may be created through the fol-
lowing procedure. After the ceria powder is mixed with
deionized water to achieve sufficient wetting, the anionic
dispersing agent is added thereto, and the resulting mixture is
milled/dispersed using a milling machine and filtered to
remove large particles, thereby the slurry is created. Alterna-
tively, the anionic dispersing agent and the ceria powder may
be added to deionized water, mixed, milled, and filtered to
produce slurry.

[0155] Meanwhile, in the present invention, the dispersing
agent is added using various methods before the milling as
described above, and deionized water, which is mixed with
the dispersing agent and the ceria crude powder, is milled. In
connection with this, the anionic dispersing agent is further
added at least one time during the milling, the milling/disper-
sion are carried out, and filtering is conducted, thereby the
slurry is created. Alternatively, in the present invention, the
dispersing agent may be further added after the milling is
finished. Where the dispersing agent is added a few times as
described above, it is possible to control the amount of dis-
persing agent added per time, which is dependent on the
number of additions of the dispersing agent. For example, the
dispersing agent may be added in the amount 0of 0.0001-10 wt
% based on the polishing particles in such a way that the
dispersing agent is added in deionized water in the amount of
100-50% based on the total amount of dispersing agent, and

9 to 11, which were produced so as to have different times for
adding the dispersing agent as described above, under the
same CMP conditions, and the results are described in Table
7. The slurries all have fair removal rate and removal selec-
tivity (ratio of oxide film removal to nitride film removal), and
also excellent within-wafer-nonuniformity (WIWNU) which
indicates removal uniformity of the polished wafer during the
polishing process. However, in view of the numbers of micro-
scratches and oxide film residual particles which are still
important in a highly integrated semiconductor process, the
ceria slurries 9 to 11 are very different from that of compara-
tive example 2. That is to say, in the case of the ceria slurries
91to 11, in which the dispersing agent is added before and/or
during the milling process, agglomeration of the slurry is
reduced and dispersion stability is improved, thus the num-
bers of micro-scratches and oxide film residual particles are
significantly reduced in comparison with comparative
example 2 in which the dispersing agent is added after mill-
ing. The reason is that, in the case of the ceria slurries 9 to 11,
when novel surfaces are formed, the dispersing agent is rela-
tively nicely adsorbed on the newly formed surfaces, but, in
the case of comparative example 2, the dispersing agent is
adsorbed only on surfaces of agglomerated particles in the
slurry and also interposed between the agglomerated particles
without adsorption. Therefore, it is possible to minimize the
agglomeration of ceria slurry by changing the stage at which
the dispersing agent is added, the method of adding it, and the
method of using dispersing devices.

[0160] As described above, in the present invention, the
amount of dispersing agent added is controlled and the stage
at which the dispersing agent is added is changed depending
on the predetermined pH condition in order to control disper-
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sion stability of the ceria slurry, thereby it is possible to easily
produce the slurry which is capable of minimizing micro-
scratches and maintaining a high removal rate and selectivity.

[0161] A detailed description will be given below of a
method of polishing a substrate using the above-mentioned
slurry.

[0162] Inthe method of polishing the substrate according to

the present invention, a predetermined substrate is polished
using a polishing slurry in which the agglomeration of pol-
ishing particles is minimized and dispersion stability is
improved by controlling calcination process conditions, the
amount of dispersing agent added, and the stage at which it is
added.

[0163] Preferably, the method comprises preparing the sub-
strate on which a polishing layer and a polishing stopper layer
are formed, and polishing the polishing layer using the pol-
ishing slurry in which the agglomeration of the polishing
particles is minimized and dispersion stability is improved by
controlling the calcination process conditions, the amount of
dispersing agent added, and the stage at which it is added. The
polishing slurry consists of an oxide-based material layer, and
the polishing stopper layer consists of a nitride-based mate-
rial layer.

[0164] As described above, in the present invention, it is
possible to produce a slurry having excellent physical prop-
erties which are essential in a polishing agent for an STI CMP
process during the fabrication of a semiconductor. Particu-
larly, it is possible to decrease scratches and residual particles
which cause fatal defects in a device after CMP.

[0165] Furthermore, in the present invention, it is possible
to develop a slurry which is capable of reducing the number of
micro-scratches causing defects in a device and maintaining a
high removal rate during a CMP process by controlling the
surface area per unit weight of polishing particles and the
addition amount and stage of a dispersing agent, depending
on calcination process conditions, so as to improve the dis-
persion stability.

[0166] As well, in the present invention, it is possible to
produce a slurry which has excellent physical properties
essentially required as a polishing agent for STI CMP.
Accordingly, when the slurry is used as the polishing agent
for STI CMP, it can be applied to various patterns required in
the course of producing ultra highly integrated semiconduc-
tors, and thus excellent removal rate, removal selectivity, and
within-wafer-nonuniformity (WIWNU), which indicates
removal uniformity, as well as minimal occurrence of micro-
scratches, can be assured.

What is claimed is:

1. A method of producing a polishing slurry, comprising:

preparing polishing particles, deionized water, and a dis-

persing agent;

preparing a mixture of the polishing particles, the deion-

ized water, and the dispersing agent; and

milling the mixture of the polishing particles, the deionized

water, and the dispersing agent.

2. The method as set forth in claim 1, wherein the prepa-
ration of the mixture of the polishing particles, the deionized
water, and the dispersing agent comprises:

milling a mixture of the polishing particles and the deion-

ized water;

measuring a pH of the mixture of the polishing particles

and the deionized water;

determining an amount of dispersing agent to be added,

depending on the pH; and
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mixing the dispersing agent with the mixture of the polish-
ing particles and the deionized water.

3. The method as set forth in claim 2, wherein the amount
of dispersing agent added is 2.2-3.0 wt % based on the pol-
ishing particles when the pH of the mixture of the polishing
particles and the deionized water is 8.7-9.5 in the determina-
tion of the amount of dispersing agent.

4. The method as set forth in claim 2, wherein the amount
of dispersing agent added is 1.4-2.2 wt % based on the pol-
ishing particles when the pH of the mixture of the polishing
particles and the deionized water is 8.0-8.7 in the determina-
tion of the amount of dispersing agent.

5. The method as set forth in claim 2, wherein the amount
of dispersing agent added is 0.6-1.4 wt % based on the pol-
ishing particles when the pH of the mixture of the polishing
particles and the deionized water is 7.4-8.0 in the determina-
tion of the amount of dispersing agent.

6. The method as set forth in claim 1, wherein the prepa-
ration of the mixture comprises:

adding the dispersing agent to the deionized water and
mixing them; and
mixing the polishing particles with the deionized water to
which the dispersing agent is added.
7. The method as set forth in claim 1, wherein the prepa-
ration of the mixture comprises:

adding the polishing particles to the deionized water; and
mixing the dispersing agent with the deionized water to
which the polishing particles are added.
8. The method as set forth in claim 1, wherein the prepa-
ration of the mixture comprises:
adding the dispersing agent and the polishing particles to
the deionized water and mixing them.

9. The method as set forth in claim 1, wherein the milling
of the mixture of the polishing particles, the deionized water,
and the dispersing agent comprises:

additionally adding the dispersing agent at least one time.

10. The method as set forth in claim 9, wherein the dispers-
ing agent is added in an amount of 0.0001-10 wt % based on
the polishing particles in such a way that the dispersing agent
added in deionized water is an amount of 100-50% based on
a total amount of dispersing agent, and that the dispersing
agent added in the course of milling the mixture is an amount
0t 50% or less based on the total amount of dispersing agent.

11. The method as set forth in claim 1, wherein the prepa-
ration of the polishing particles, the deionized water, and the
dispersing agent comprises:

producing the polishing particles through a calcination

process at a predetermined calcination temperature for a
predetermined holding time.

12. The method as set forth in claim 11, wherein the calci-
nation temperature is 500-1000° C. in the production of the
polishing particles.

13. The method as set forth in claim 11, wherein the hold-
ing time is 10 min-10 hours at the calcination temperature in
the production of the polishing particles.

14. The method as set forth in claim 11, wherein the pro-
duction of the polishing particles comprises:
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preparing a crude precursor; 16. The method as set forth in claim 1, further comprising:
removing water of crystallization and adsorbed water; adding an ?ddlthes including a weak acid or a weak base,
removing a carbonate functional group; and to the mixture to control a pH of the slurry; and

conducting filtering to remove large particles, after the

milling of the mixture of the polishing particles, the
15. The method as set forth in claim 14, wherein the crude deionized water, and the dispersing agent.

precursor is cerium carbonate in the production of the polish-
ing particles. ok Rk ok

conducting recrystallization.



