
1  DESCRIPTION SEMICONDUCTOR POLISHING COMPOUND, PROCESS FOR ITS  PRODUCTION
AND POLISHING METHOD 5 TECHNICAL FIELD The present invention relates to a
semiconductor  polishing compound for chemical mechanical polishing in  the
process for producing a semiconductor device, and a  polishing method.
Particularly, it relates to a 10 semiconductor polishing compound comprising
cerium oxide,  which is suitable for shallow trench isolation or
planarization of an interlayer insulation film, a process  for its
production, and a polishing method. 15 BACKGROUND ART In recent years,
micro-fabrication techniques have  been developed for high densification of
elements to meet  the demand for high integulation and high functionality
of semiconductor devices. Particularly, importance of 20 planarization
techniques by chemical mechanical polishing  (hereinafter referred to as
CMP) is increasing. As  miniaturization of semiconductor devices and
multilayered  structures of wirings will progress, the surface  irregularity
(difference in level) in each layer in the 25 production process tends to
increase. In order to  prevent such a problem that this difference in level
exceeds the depth of focus in photolithography so that no 2  adequate
resolution can be obtained, planarization  techniques for embedded wirings
and interlayer insulation  



films in the process for forming multilayered wirings are  important. 5
Further, for conventional semiconductor devices, in  order to electrically
separate elements such as  transistors, a selective thermal oxidation method
of a  silicon substrate, so-called a LOCOS (Local Oxidation of  Silicon)
method, has been employed, but there has been a 10 problem that the
separated region formed by thermal  oxidation undergoes a volume expansion,
whereby the  surface tends to have irregularities. Further, there has  been
a problem that oxidation proceeds in a transverse  direction and enters into
the element region, and such a 15 problem has been a hindrance to
miniaturization.  Therefore, in recent years, shallow trench isolation
(hereinafter referred to as STI) has been introduced. In  this method, in
order to electrically insulating the  element region, a trench is formed in
a silicon substrate, 20 and an insulating film such as a silicon oxide film
is  embedded in the trench. The STI process will be described with reference
to  Fig. 1. Fig. 1(a) shows such a state that while masking  an element
region with a silicon nitride film 3 or the 25 like, a trench 10 is formed
on a silicon substrate 1, and  then an insulation film such as a silicon
oxide film 2 is  deposited so that it is embedded in the trench 10. In 3
this state, any excess silicon oxide film 2 on the  silicon nitride film 3
being a convex portion is polished  and removed by CMP while permitting the
insulation film  



to remain in the trench 10 being a concave portion, 5 thereby to obtain an
element isolation structure having  the insulation film embedded in the
trench. During CMP,  it is common to use the silicon nitride film 3 by
letting  the removal rate of the silicon oxide film and the  removal rate of
the silicon nitride film have a selective 10 ratio, so that polishing is
terminated at the time when  the silicon nitride film 3 is exposed as shown
in Fig.  1 (b) . Here, if the polishing is excessive, the silicon  oxide
film embedded in the trench 10 will be polished and  15 recessed as shown in
Fig. 1(c), whereby a structural defect such as a recess 20, so-called
dishing, will  result, and planarization tends to be inadequate or
electrical performance tends to deteriorate. The degree  of dishing depends
on the width of the trench and the 20 dishing tends to be large with a
trench having a wide  width. Heretofore, silica abrasive grains have been
common  as abrasive grains to be used for CMP. However, the  selective ratio
between the removal rate of the silicon 25 oxide film and the removal rate
of the silicon nitride  film is small, and, in the STI process, it has
become  common to employ cerium oxide abrasive grains having 4  excellent
polishing selectivity between them. Japanese Patent 3,278,532 discloses a
technique  whereby rather than a concave portion, a convex portion  is
preferentially polished for planarization by a 



5 polishing compound comprising cerium oxide abrasive  grains and, as an
additive, an organic compound  containing hydrophilic groups such as
carboxyl groups or  carboxylate groups. Here, the additive is one to improve
the trench width dependency of dishing, and in order to 10 reduce dishing
even with a wide trench, it is necessary  that the concentration of the
above additive is high.  However, if the concentration of the additive is
increased, agglomeration of cerium oxide grain particles  will be
accelerated, whereby sedimentation of abrasive 15 grains will result, and
the dispersion stability of the  polishing compound tends to deteriorate.
Further, if  agglomeration of grain particles takes place, scratches  will
increase, thus leading to a problem that the device  tends to be defective.
20 For example, Japanese Patent 3,278,532 discloses  Examples for a
polishing compound solution comprising  pure water, and, as abrasive grains,
1% of cerium oxide  and, as an additive, 6.0% of ammonium polycarboxylate,
based on the total mass of the polishing solution. 25 However, since the
additive is at a high concentration,  agglomeration of the abrasive grains
is remarkable, and  when the polishing solution is left to stand, cerium 5
oxide abrasive grains will be completely sedimented  within a few minutes.
In the polishing process of CMP,  there is a waiting time during which no
polishing is  carried out, and sedimentation of abrasive grains is 5 likely
to result at a portion where the polishing  



compound is not always stirred or moved, thus causing  clogging of the
pipeline. In order to prevent such sedimentation, there is a  method of
incorporating an additive to the polishing 10 compound on a polishing pad or
in a pipeline immediately  before the polishing pad, but the mixing tends to
be  inadequate, the concentration tends to be non-uniform, or  the polishing
characteristics tend to be unstable.  Further, the abrasive grains on the
pad tend to be 15 agglomerated or deposited, whereby there has been a
problem that scratches will increase. Further, cerium oxide grain particles
have a large  specific gravity and thus tend to be readily sedimented,
while they are superior in the polishing property to 20 conventional silica
grain particles. Further, they have  a serious problem that if an additive
to improve the  polishing property is incorporated excessively,
agglomeration will be accelerated, whereby sedimentation  by agglomeration
tends to be remarkable. 25 JP-A-2000-160137 discloses, as a polishing
compound  useful for shallow trench isolation, a polishing compound
comprising cerium oxide particles, water and an anionic 6  surfactant, which
is preferably a polishing compound  falling within a regional range defined
by four points  i.e. point A (5.5, 0.9), point B (5.5, 3.0), point C  (10.0,
3.0) and point D (9.0, 0.9), as represented by a 5 (x, y) coordinate,
wherein x is the pH, and y is the  viscosity (mPas). And, it is disclosed
that in order to  



realize global planarization, it is necessary to adjust  the amount of the
surfactant and the pH within such  ranges that a polishing characteristic
whereby the 10 removal rate at a concave portion of a pattern is
sufficiently small as compared with the removal rate at a  convex portion,
can be obtained, and the viscosity of the  polishing compound is preferably
from 1.0 to 2.5 mPas,  particularly preferably from 1.0 to 1.4 mPas. 15
Further, it is disclosed that the viscosity will  increase as the amount of
the surfactant increases, and  in order to realize a planarization
characteristic with  little pattern dependency by adjusting the viscosity
within a range of from 1.0 to 1.4 mPas, the pH of the 20 polishing compound
after incorporation of the surfactant  is preferably from 5.5 to 9,
particularly preferably from  6 to 8.5, and within this pH range, the
selective ratio  between the removal rate of the silicon oxide film and  the
removal rate of the silicon nitride film, can be made 25 large. Further, it
is exemplified to preliminarily  incorporate a very small amount of a
dispersant to the  abrasive grains. 7  However, if a polishing compound is
prepared in accordance with Examples given in this publication, when  a
surfactant is added to a dispersion of abrasive grains,  the abrasive grains
will be agglomerated to have an 5 average particle diameter which is from 2
to 3 times the  average particle diameter in the dispersion of grain
particles. Accordingly, the dispersibility of abrasive  



grains in the polishing compound was poor, and the  abrasive grains were
sedimented within a few minutes, to whereby it was difficult to use such a
polishing compound,  and the removal rate was also inadequate. Further, in a
case where the concentration of the surfactant is high,  dishing fluctuation
is small, and the planarization  characteristic is excellent. However, with
a polishing 15 compound prepared in accordance with an Example wherein  the
concentration of the surfactant is lower, dishing  fluctuation was
substantial, and the planarization  characteristic was poor. Further, if the
concentration of the surfactant 20 becomes high, the number of scratches
sharply increases.  This is believed to be attributable to that if the
concentration of the surfactant is high, agglomeration  and sedimentation of
cerium oxide grain particles are  accelerated, and they are accumulated on
the polishing 25 pad. Namely, it is considered that if coarse particles
causing scratches, are present in abrasive grains even  slightly, the grain
particles will be agglomerated and 8  accumulated on the polishing pad
therby to cause an  increase of scratches. Further, it is also considered
that there may be a case where agglomerates of abrasive  grains grown by
agglomeration themselves will cause 5 scratches. As described in the
foregoing, in the prior art, no  polishing compound was available which had
both  dispersion stability of the polishing compound and  



excellent scratch characteristics, and excellent 10 polishing planarization
characteristics, and it was  difficult to obtain a semiconductor device
having  adequate properties. DISCLOSURE OF THE INVENTION 15 Under the
circumstances, it is an object of the  present invention to solve the above
problems and to  provide a semiconductor polishing compound which
simultaneously has dispersion stability, excellent  scratch characteristics
and excellent polishing 20 planarization characteristics. The present
invention provides a semiconductor  polishing compound comprising cerium
oxide abrasive  grains, water and an additive, wherein the additive is at
least one member selected from the group consisting of a 25 water-soluble
organic polymer and an anionic surfactant,  the pH of the polishing compound
at 25C is from 3.5 to 6,  and the total concentration of the additive is
from 0.01 9  to 0.5% based on the total mass of the polishing compound.
Further, the present invention provides a process  for producing a
semiconductor polishing compound, which  is a process for producing the
above-mentioned 5 semiconductor polishing compound, and which comprises
mixing liquid A comprising cerium oxide abrasive grains  and water, and
liquid B comprising the above additive and  water. Still further, the
present invention provides a to polishing method which comprises bringing a
surface to be  



polished and a polishing pad in contact with each other  and relatively
moving them, while supplying a  semiconductor polishing compound,
characterized in that  the polishing compound is the above-described 15
semiconductor polishing compound, and the surface to be  polished is a
semiconductor substrate. BRIEF DESCRIPTION OF THE DRAWINGS Fig. 1 is a
schematic cross-sectional view 20 illustrating a process for polishing a
semiconductor  device substrate by a semiconductor polishing compound.  Fig.
2 is a view showing an example of a polishing apparatus which may be used
for the polishing method of  the present invention. 25 BEST MODE FOR
CARRYING OUT THE INVENTION Now, the present invention will be described in
10  detail. In the present invention, cerium oxide is used as  abrasive
grains. Heretofore, it has been known that  cerium oxide abrasive grains
show a specifically high 5 removal rate in polishing of a glass type
material  including a silicon oxide film. Namely, when cerium  oxide is in
contact with silicon oxide in the material to  be polished, a chemical bond
will be formed between the  two, which creates a grinding power higher than
the mere 10 mechanical action. Accordingly, in polishing by means of  cerium
oxide, it is important to control the contact of  the abrasive grains with
the object to be polished. 



In a STI process or a CMP process for an interlayer  insulation film, it is
desired to efficiently planarize  15 the object to be polished such as a
silicon oxide film having surface irregularities. Namely, it is preferred
to selectively polish convex portions. To realize such  selective polishing,
it is necessary to incorporate in  the polishing compound an additive which
is to be 20 adsorbed on the surface of cerium oxide abrasive grains  to
prevent direct contact with the object to be polished  such as a silicon
oxide film thereby to control polishing.  By incorporating such an additive,
if a high pressure is  exerted, the additive adsorbed on the surface of
cerium 25 oxide abrasive grains, will be peeled off to cause the  contact
with the object to be polished, whereby polishing  will proceed. 11  In a
common polishing method wherein an object to be polished is pressed against
e.g. a polishing pad and  relatively moved, the pressure exerted to the
surface of  the object to be polished differs locally depending upon 5 the
surface contour. At a convex portion, the pressure  exerted will be high as
compared with at a concave  portion. Accordingly, at the convex portion, the
additive adsorbed on the surface of cerium oxide abrasive grains is likely
to be peeled off to readily form the  10 contact with the object to be
polished thereby to  facilitate the polishing, and thus, it becomes possible
to selectively polish the convex portion against the  concave portion. 



The cerium oxide surface in an aqueous dispersion is  15 positively charged
within a range of from neutral to  acidic, and as the additive, a
water-soluble organic  polymer or an anionic surfactant is preferred and is
employed also in the present invention. As the water- soluble organic
polymer, a polymer having carboxylic acid 20 groups or ammonium carboxylate
groups (-COONH4) is  preferred. Further, in the STI process, usually,
selectivity is  given between the removal rates of the silicon oxide film
and the silicon nitride film, so that the silicon nitride  25 film is used
as a stopper. In an aqueous dispersion medium, the surface of the silicon
oxide film is  negatively charged, and the surface of the silicon 12
nitride film is positively charged, within a range of  from neutral to
acidic (about pH 3), whereby the above- mentioned anionic additive will
selectively be adsorbed  on the surface of the silicon nitride film.
Therefore, 5 contact of the silicon nitride film with the cerium oxide
abrasive grains will be prevented thereby to provide  selectivity between
the removal rates of the silicon  oxide film and the silicon nitride film.
With a conventional semiconductor polishing compound,  10 as mentioned
above, in order to selectively polish convex  portions and to provide
selectivity between the removal  rates of the silicon oxide film and the
silicon nitride  film, it has been believed desirable that the
concentration of the above-mentioned additive is within a 



15 range of from 2 to 3%, and the pH of the polishing  compound is at a
level of from 7 to 8 i.e. in the  vicinity of neutral. However, under these
conditions,  agglomeration of abrasive grains by the additive has been
remarkable, and the dispersion stability of abrasive 20 grains has been
inadequate although the planarization  characteristics by polishing may be
excellent. As a result of an extensive study, the inventors of  the present
invention have found that by selecting the pH  range of the polishing
compound, it is possible to 25 improve the planarization characteristics by
polishing  even when the amount of the additive in the polishing  compound
is reduced, and further it is possible to 13  increase the dispersion
stability of abrasive grains in  the polishing compound, and thus have
arrived at the  present invention. In the semiconductor polishing  compound
of the present invention, the concentration of 5 the additive is from 0.01
to 0.5% (mass ratio) based on  the total mass of the polishing compound.
However, with  such a concentration range, it has heretofore been
considered that the concentration of the additive is too  low and inadequate
to provide the necessary polishing 10 characteristics. However, if the pH of
the polishing  compound is from 3.5 to 6, it is possible to provide
adequate polishing characteristics at a concentration of  the additive lower
than before. Further, if the  concentration of the additive is reduced,
agglomeration 15 of abrasive grains by the additive tends to scarcely  



occur, whereby the dispersion stability will be improved,  and it will be
possible to simultaneously satisfy the  planarization characteristics by
polishing and the  dispersion stability of abrasive grains. 20 Within the pH
range in the present invention, as  compared with in the vicinity of
neutral, the positive  potential on the cerium oxide surface will increase,
whereby the additive tends to be readily adsorbed on the  cerium oxide
surface. Further, in a case where the 25 negative charge of the additive is
substantial, due to  the electrical repulsion of the additive particles
among  themselves, the additive tends to be hardly adsorbed in 14
multilayers on the cerium oxide surface. However, in  this pH range, the
degree of dissociation of the additive  itself will be small, and the
negative charge will be  small, whereby multiple adsorption will be
possible. 5 Further, in a case where a water-soluble organic polymer  having
carboxylic acid groups, is, for example, used as  the additive, if the
water-soluble organic polymer is not  dissociated, the water-soluble organic
polymer particles  among themselves tend to be entangled by the hydrogen 10
bonds on the cerium oxide surface, and they tend to be  adsorbed in
multilayers. Therefore, in the pH range in  the present invention, even if
the additive concentration  is low, the additive will adequately be adsorbed
on the  surface of cerium oxide abrasive grains, whereby 15 polishing
planarization characteristics can be provided.  The pH of the polishing
compound of the present  



invention is from 3.5 to 6, particularly preferably from  4 to 5. If the pH
is too low, the amount of the additive  to be adsorbed on the surface of the
silicon nitride film 20 tends to be extremely small, whereby the surface
protection of the silicon nitride film tends to be  inadequate. Further, the
electric charge of the additive  will be small, the adsorbability of the
additive to the  cerium oxide abrasive grains will be weakened. Further, 25
the electric charge of the additive adsorbed on the  cerium oxide surface
will also be small, whereby the  electrical repulsion will decrease, and the
dispersion 15  stability of the polishing compound tends to deteriorate.
Inversely, if the pH is too high, a large amount of the  additive will be
required to provide the planarization  characteristics, whereby the
dispersibility of the cerium 5 oxide abrasive grains tends to be poor,
whereby  agglomeration and sedimentation of the polishing compound  tend to
proceed. In the present invention, the cerium oxide abrasive  grains are not
particularly limited, but, for example,  10 cerium oxide abrasive grains
disclosed in JP-A-11-12561 or JP-A-2001-35818 may preferably be used.
Namely, a  cerium oxide powder obtained by adding an alkali to an  ammonium
aqueous solution of cerium (IV) nitrate to  prepare a cerium hydroxide gel,
followed filtration, 15 washing and firing, may preferably be used. Further,
cerium oxide abrasive grains obtained by pulverizing and  firing cerium
carbonate of high purity, followed by  



further pulverization and classification, may also  preferably be used. 20
The average particle diameter of the cerium oxide  abrasive grains is
preferably from 0.05 to 0.5 pm,  particularly preferably from 0.1 to 0.3 pm,
further  preferably from 0.1 to 0.2 p.m. If the average particle  diameter
is too large, abrasion flaws such as scratches 25 are likely to be formed on
the surface of the  semiconductor substrate. On the other hand, if the
average particle diameter is too small, the removal rate 16  tends to be
low. Further, as the proportion of the  surface area per unit volume is
large, the polishing  compound is susceptible to the influence of the
surface  condition, and depending upon the conditions such as the 5 pH and
the concentration of the additive, the polishing  compound may tend to be
agglomerated. For the measurement of the average particle diameter,  a
particle size distribution meter of e.g. laser  diffraction-scattering type,
dynamic light scattering 10 type or photon correlation type, may be used. In
a case  where the particle diameter is large to some extent and  the grains
are likely to be sedimented, it is preferred  to use a laser
diffraction-scattering type particle size  distribution meter, and the
above-mentioned range is a 15 preferred range in a case where the average
particle  diameter is measured by using a laser diffraction- scattering type
particle size distribution meter. The additive in the present invention is
at least  



one member selected from the group consisting of a water- 20 soluble organic
polymer and an anionic surfactant. The water-soluble organic polymer is
preferably one having  carboxylic acid groups or carboxylate groups. It may
specifically be a homopolymer of a monomer having a  carboxylic acid group
such as acrylic acid, methacrylic 25 acid or maleic acid, or a homopolymer
corresponding to  such a homopolymer wherein the carboxylic acid group
portions are in the form of salts such as ammonium salts. 17  Further, a
copolymer of a monomer having a carboxylic  acid group with a monomer having
a carboxylate group, or  a copolymer of a monomer having a carboxylate group
with  a derivative of a carboxylic acid such as an alkyl ester 5 thereof, is
also preferred. Further, a water-soluble  organic polymer such as a
polyvinyl alcohol, or an  anionic surfactant such as ammonium oleate,
ammonium  lauryl sulfate or triethanolamine lauryl sulfate, may  suitably be
used. 10 Particularly preferred is a polymer having  carboxylic acid groups
or carboxylate groups.  Specifically, it may, for example, be a polyacrylic
acid or a polymer having at least some of carboxylic acid  groups in a
polyacrylic acid substituted by ammonium  15 carboxylate groups (hereinafter
referred to as an ammonium polyacrylate) In a case where an inorganic  acid
or an inorganic acid salt which will be described  hereinafter, is
incorporated to the polishing compound of  the present invention, it is
particularly preferred to 



20 employ an ammonium polyacrylate to adjust the pH within  the range for
the polishing compound of the present  invention. Here, in a case where a
water-soluble organic  polymer such as an ammonium polyacrylate is used as
the  25 additive, its molecular weight is preferably from 1,000 to 50,000,
particularly preferably from 2,000 to 30,000.  As the inorganic acid or the
inorganic acid salt in 18  the present invention, nitric acid, sulfuric
acid,  hydrochloric acid, phosphoric acid, boric acid, carbonic  acid and
their ammonium salts or potassium salts may, for  example, be mentioned. By
such an inorganic acid or an 5 inorganic acid salt, the pH of the polishing
compound can  be adjusted. As the production process of the present
invention,  in view of the long term storage stability of the  polishing
compound or the stability of various polishing 10 characteristics, a process
for producing a semiconductor  polishing compound is adopted which comprises
preparing  liquid A comprising cerium oxide abrasive grains and  water, and
liquid B comprising the additive and water,  and mixing liquids A and B
prior to the polishing. The 15 method for mixing liquids A and B may be a
method of  mixing them on a polishing pad or in a pipeline  immediately
before the polishing pad. However, the  semiconductor polishing compound of
the present invention  undergoes substantially no agglomeration even after
such 20 mixing and is stable for a practically sufficient period  



of time, and therefore they may be preliminarily be mixed.  Namely, a
commonly employed semiconductor polishing  compound-supplying system may be
utilized whereby liquids  A and B are put into a semiconductor polishing
compound 25 storage tank and stirred and mixed by a propeller  stirring
machine, or the polishing compound may be  continuously moved by a
circulation line. 19  In the present invention, in order to sufficiently mix
the cerium oxide abrasive grains and the additive and  to stabilize the
adsorbed state of the additive on the  grain surface, it is preferred to
preliminarily mix and 5 stir liquid A comprising the cerium oxide grain
particles  and water with liquid B comprising the additive and water  and
then use the obtained polishing compound solution.  The polishing compound
solution may be used immediately  after mixing liquids A and B, but it is
preferred to use 10 it at least a few minutes after the mixing. It is
particularly preferred to use the polishing compound upon  expiration of at
least 15 minutes after the mixing. By  supplying the semiconductor polishing
compound prepared  by mixing, via a pump, to a polishing apparatus, it is 15
possible to carry out CMP polishing constantly. To the  supply line, a
circulation line may be provided for  uniformity of the semiconductor
polishing compound. For the preparation of liquid A, it is preferred to
employ a method of dispersing cerium oxide abrasive 20 grains in pure water
or deionized water, and at the time  of dispersion, it is preferred to
employ an ultrasonic  



disperser whereby agglomerates are disintegrated by the  energy of
ultrasonic waves to disperse abrasive grains in  water, or a homogenizer, or
Homogenizer (tradename, 25 manufactured by Sugino Machine) or Nanomizer
(tradename,  manufactured by Yoshida Kikai Co., Ltd.) whereby  agglomerates
are disintegrated by the collision kinetic 20  energy by collision of
abrasive grains one another to  disperse abrasive grains in water. Further,
it is also  preferred to simultaneously add a dispersant at that time.
Here, the dispersant is one to be added to stably 5 disperse abrasive grains
in a dispersing medium such as  pure water, and as such a dispersant, the
same one as the  above-described additive may be used. Namely, the  additive
in the present invention may be added not only  to liquid B but also to
liquid A as one having a function  10 as a dispersant. When a dispersant is
to be added, its concentration  is preferably within a range of from 0.1 to
1.0%, more  preferably from 0.3 to 0.7%, by a mass ratio to the mass  of the
cerium oxide abrasive grains. If the 15 concentration of the dispersant is
lower than this  concentration range, the dispersibility of abrasive  grains
tends to be inadequate, and if the concentration  of the dispersant is
higher than this range,  agglomeration of abrasive grains tends to gradually
20 proceed. For the preparation of liquid B, a method of  dissolving the
above-described additive to pure water or  



deionized water, may, for example, be mentioned. Further,  by incorporating
an inorganic acid or an inorganic salt 25 to liquid B to preliminarily carry
out the pH adjustment,  it is possible to bring the pH of the semiconductor
polishing compound to be prepared by mixing liquids A and 21  B, to a
predetermined level. Further, as a method of  bringing the pH of the
semiconductor polishing compound  after the mixing to the predetermined
level, a method of  controlling the pH of the above additive, may also be 5
employed. For example, in a case where a copolymer made  of a carboxylic
acid with a carboxylate, is used as the  additive, it is possible to employ
a method of adjusting  the pH by controlling the polymerization ratio of the
carboxylic acid with the carboxylate. 10 The concentrations of liquids A and
B may, for  example, be made to be twice the concentration at the  time of
use for polishing, so that the prescribed  concentration may be obtained by
mixing liquids A and B  in a mass ratio of 1:1. Further, for the sake of 15
convenience for storage or transportation, the  concentrations of liquids A
and B may, for example, be  made so that the concentrations of the
components such as  the abrasive grains, the additive, etc. would be about
ten times the concentration at the time of use for 20 polishing, and they
are diluted to a concentration of  twice at the time of use, and liquids of
A and B are  further mixed in a mass ratio of 1:1 to obtain the  prescribed
concentration. Further, liquids A and B  



having concentrations of ten times and deionized water 25 may be mixed in a
mass ratio of 1:1:8 to obtain the  prescribed concentration. However, the
method for  adjusting the concentration is not limited to such 22  specific
methods. As the semiconductor substrate to be polished by the  semiconductor
polishing compound of the present invention,  the above-mentioned STI
substrate for shallow trench 5 isolation may be mentioned as a preferred
example. As  described above, the semiconductor polishing compound of  the
present invention has high selectivity for the  removal rate against a
silicon oxide film and a silicon  nitride film and is capable of polishing a
silicon oxide 10 film at a high removal rate with no substantial dishing.
Thus, the polishing compound of the present invention is  effective for
polishing a semiconductor substrate having  a silicon oxide film 2 and a
silicon nitride film 3 formed on a silicon substrate 1. Further, as an  15
application, the polishing compound of the present  invention is effective
also for polishing for  planarization of an interlayer insulation film
between  multilayer wirings. The silicon oxide film 2 may, for example, be a
so- 20 called PE-TEOS film formed by a plasma CVD method using
tetraethoxysilane as starting material. Further, a so- called HDP film
formed by a high density plasma CVD  method may also be mentioned. The
silicon nitride film 3  may, for example, be one formed by a low pressure
CVD 



25 method or a plasma CVD method using silane or  dichlorosilane and ammonia
as starting materials.  Further, instead of the silicon oxide film, a SiOF
film, 23  a BPSG (Boro-Phospho-Silicate Glass) film or a PSG
(Phospho-Silicate Glass) film may, for example, be also  used. Further,
instead of the silicon nitride film, a  SiON film or a SiCN film may, for
example, be used. 5 As a method for polishing a semiconductor substrate  by
means of the semiconductor polishing compound of the  present invention,
preferred is a polishing method which  comprises bringing a surface to be
polished, of the  semiconductor substrate, and a polishing pad in contact 10
with each other and relatively moving them. As the  polishing apparatus, a
common polishing apparatus may be  used. For example, Fig. 2 is a view
showing an example  of a polishing apparatus which can be used for the
polishing method of the present invention. This is a  15 system wherein
while supplying the semiconductor  polishing compound 36 from a polishing
compound-supply  pipe 35, a semiconductor substrate 31 is held by a
polishing head 32 and is brought in contact with a  polishing pad 34 bonded
to the surface of a polishing 20 table 33, and the polishing head 32 and the
polishing  table 33 are rotated for relative movement, but the  polishing
apparatus is not limited thereto. Here, the polishing head 34 may perform
not only  rotation but also a linear movement. The polishing table  25 33
and the polishing pad 34 may be of the same size as or 



smaller than the semiconductor substrate 31. In such a  case, it is
preferred to relatively move the polishing 24  head 32 and the polishing
table 33, so that the entire  surface of the semiconductor substrate can be
polished.  Otherwise, the polishing table 33 and the polishing pad  34 may
not be of a rotational type, but may for example 5 be of a type moving in
one direction by a belt system.  The polishing conditions are not
particularly  limited, but the removal rate can be improved by exerting  a
load to the polishing head 34 to change the pressing  pressure against the
polishing pad 34. The polishing 10 pressure at that time is preferably at a
level of from  0.5 to 50 kPa, and from the viewpoint of the uniformity  of
the removal rate within the semiconductor substrate,  flatness and
prevention of polishing defects such as  scratches, it is particularly
preferably at a level of 15 from 3 to 40 kPa. Further, the rotational speeds
of the  polishing table and the polishing head are preferably  from about 50
to 500 rpm, but not limited thereto. The polishing pad may be one made of
e.g. a common  non-woven fabric, a foamed polyurethane, a porous resin  20
or a non-porous resin. Further, lattice, concentric or helical grooves may
be formed on the surface of the  polishing pad in order to promote the
supply of the  semiconductor polishing compound or to let a certain  amount
of the semiconductor polishing compound stay there. 25 Now, Examples of the
present invention will be  described. In each Example, the measurement of
the pH  



was carried out at 25C. 25  EXAMPLE 1 Cerium oxide abrasive grains and, as a
dispersant,  an ammonium polyacrylate having a molecular weight of  5,000
were mixed in a mass ratio of 100:0.7 in deionized 5 water with stirring,
and subjected to ultrasonic  dispersion and filtering to obtain a mixed
liquid having  a concentration of 10% by mass ratio of abrasive grains
based on the total mass of the liquid (hereinafter "%" in  Examples shows
such a proportion by mass ratio) and a 10 concentration of the dispersant of
0.07%. This liquid  was diluted five times with deionized water to prepare
an  abrasive grain mixed liquid A having an abrasive grain  concentration of
2% and a dispersant concentration of  0.014%. The abrasive grain mixed
liquid A had a pH of 15 7.6 and an average particle diameter of 0.18 um.
Then, an ammonium polyacrylate having a molecular  weight of 5,000 was
dissolved in deionized water, and the  pH adjustment was carried out with a
0.070% nitric acid  aqueous solution to bring the pH to from 5.7 to 5.8, to
20 prepare an additive liquid B having an ammonium  polyacrylate
concentration of 0.60%. The abrasive grain  mixed liquid A and the additive
liquid B were mixed with  stirring to prepare a semiconductor polishing
compound  having an abrasive grain concentration of 1%, a 25 concentration
of an ammonium polyacrylate added as a  dispersant of 0.007%, a
concentration of an ammonium  polyacrylate added from the additive liquid of
0.3% and a 



26  pH of 6.0. The measurement of the pH was carried out by  pH 81-11
manufactured by Yokogawa Electric Corporation.  The composition, pH and
average particle diameter of the  polishing compound and the time until the
abrasive grains 5 were agglomerated and sedimented, are shown in Table 1,
and the results of evaluation of the polishing  characteristics are shown in
Table 2. In both the polishing compound and the abrasive  grain mixed liquid
A, the average particle diameter was  10 0.18 um. Namely, by the mixing with
the additive liquid B, agglomeration of abrasive grains did not proceed.
This semiconductor polishing compound was left to stand  still to evaluate
the dispersion stability, whereby the  dispersion was maintained even upon
expiration of at 15 least one week. This dispersed state was at the same
level as the abrasive grain mixed liquid A having no  additive added, and
thus, the dispersibility was  excellent. For the measurement of the particle
size  distribution, a laser scattering-diffraction apparatus 20 (tradename:
LA-920, manufactured by Horiba, Ltd.) was  used. Further, in order to
evaluate the polishing  characteristics, polishing was carried out by using
a CMP  polishing apparatus (tradename: Mirra, manufactured by 25 Applied
Materials) . At that time, as a polishing pad, a  double layer pad IC-1400,
K-groove, manufactured by Rodel,  was used, and for conditioning of the
polishing pad, 27  



MEC100-PH3.5L manufactured by Mitsubishi Materials  Corporation, was used.
The polishing pressure was 21 kPa,  and the rotational speeds of the
polishing table and the  polishing head were 123 rpm and 97 rpm,
respectively. 5 For the measurement of the removal rate, a film  thickness
meter W-1280SE, manufactured by KLA-Tencor,  was used, and for the
measurement of difference in level  of the surface, profiler HRP-100,
manufactured by KLA- Tencor, was used. For the evaluation of scratches, 10
SF6420, manufactured by KLA-Tencor was used. As a  semiconductor substrate
(solid film) as an object to be  polished, a blanket substrate comprising a
PE-TEOS  silicon oxide film and a silicon nitride film,  manufactured by
International SEMATECH, was used. 15 Further, for the evaluation of the
polishing  characteristics of a pattern wafer, STI pattern wafer  964CMP000
or 864CMP000, manufactured by International  SEMATECH, was used. The oxide
film embedded therein was a PE-TEOS silicon oxide film having a thickness of
800 nm.  20 With respect to the polishing characteristics of the  blanket
(solid film), the removal rate (Ox) of the silicon oxide film was 220
nm/min, and the removal rate  (N) of the silicon nitride film was 6.1
nm/min, whereby  the selective ratio Ox/N of the removal rates was 36 i.e.
25 sufficiently large. The polishing time of the pattern  wafer was 135
seconds, the fluctuation in dishing was 65  nm, and the number of scratches
was from 20 to 30. 28  The fluctuation in dishing was evaluated as follows. 



Namely, the difference between the maximum value and the  minimum value of
dishing of line-and-space patterns with  widths of 10, 25, 50, 100, 250 and
500 pm, within one 5 chip, was taken as the fluctuation. Here, the line-and-
space patterns are simulative patterns for shallow trench  isolation and
patterns wherein a trench being a concave  portion and a silicon nitride
film masking portion being  a convex portion are alternately arranged.
Within one 10 chip, there are line-and-space patterns having various  line
widths, but in this evaluation, the respective  widths are equally spaced,
and evaluation was carried out  with respect to patterns having the
above-mentioned six  types of widths. 15 EXAMPLE 2 In the same manner as in
Example 1, an abrasive  grain mixed liquid A was prepared, and an additive
liquid  C having a pH of about 4.4 was prepared in the same  manner as in
Example 1 except that the concentration of 20 the aqueous nitric acid
solution to carry out the pH  adjustment in the preparation of the additive
liquid B  was changed to 0.044%, and the concentration of an  ammonium
polyacrylate was changed to 0.017%. The  abrasive grain mixed liquid A and
the additive liquid C 25 were mixed with stirring to obtain a semiconductor
polishing compound having an abrasive grain concentration  of 1%, a
concentration of an ammonium polyacrylate added 29  as a dispersant of
0.007%, a concentration of an ammonium  polyacrylate added from the additive
liquid of 0.085% and  



a pH of 5.0. Evaluation of the above semiconductor polishing 5 compound was
carried out in the same manner as in Example  1. The composition, pH and the
average particle diameter  of the polishing compound are shown in Table 1,
and other  evaluation results are shown in Table 2. EXAMPLE 3 10 In the same
manner as in Example 1, an abrasive  grain mixed liquid A was prepared, and
an additive liquid  D having a pH of about 2.9 was prepared in the same
manner as in Example 1 except that the concentration of  the aqueous nitric
acid solution to carry out the pH is adjustment in the preparation of the
additive liquid B  was changed to 0.012%, and the concentration of an
ammonium polyacrylate was changed to 0.02%. The abrasive  grain mixed liquid
A and the additive liquid D were mixed  with stirring to prepare a
semiconductor polishing 20 compound having an abrasive grain concentration
of 1%, a  concentration of an ammonium polyacrylate added as a  dispersant
of 0.007%, a concentration of an ammonium  polyacrylate added from the
additive liquid of 0.01% and  a pH of 4.0. 25 Evaluation of the above
semiconductor polishing  compound was carried out in the same manner as in
Example  1. The composition, pH and average particle diameter of 30  the
polishing compound are shown in Table 1, and other  evaluation results are
shown in Table 2. EXAMPLE 4 



An abrasive grain mixed liquid E having an abrasive  5 grain concentration
of 2% and a dispersant concentration  of 0.01%, was prepared in the same
manner as in Example 1  except that in the preparation of the abrasive grain
mixed liquid A in Example 1, the concentration of an  ammonium polyacrylate
as the dispersant was changed to 10 0.5% based on the cerium oxide abrasive
grains. The pH  was 7.6, and the average particle diameter was 0.18 m.
Then, in the same manner as in Example 1, the additive  liquid B was
prepared, and the abrasive grain mixed  liquid E and the additive liquid B
were mixed with 15 stirring to prepare a semiconductor polishing compound
having an abrasive grain concentration of 1%, a  concentration of an
ammonium polyacrylate added as a  dispersant of 0.005%, a concentration of
an ammonium  polyacrylate added from the additive liquid of 0.3% and a  20
pH of 6.0. Evaluation of the above semiconductor polishing  compound was
carried out in the same manner as in Example  1 except that as a polishing
pad, a single layer pad IC- 1000, K-groove, manufactured by Rodel, was used,
and as a 25 semiconductor substrate, a HDP silicon oxide film was  used
instead of the PE-TEOS silicon oxide film, and as a  pattern wafer, one
having a silicon oxide film having a 31  thickness of 800 nm embedded by a
HDP method on a  substrate having trenches in a pattern of STI pattern
wafer 964 manufactured by International SEMATECH, was  used. The
composition, pH and average particle diameter 



5 of the polishing compound are shown in Table 1, and other  evaluation
results are show in Table 2. EXAMPLE 5 In the same manner as in Example 4,
the abrasive  grain mixed liquid E was prepared, and in the same manner  10
as in Example 2, the additive liquid C was prepared. The abrasive grain
mixed liquid E and the additive liquid C  were mixed with stirring to
prepare a semiconductor  polishing compound having an abrasive grain
concentration  of 1%, a concentration of an ammonium polyacrylate added 15
as a dispersant of 0.005%, a concentration of an ammonium  polyacrylate
added from the additive liquid of 0.085% and  a pH of 5.0. Evaluation of the
above semiconductor polishing  compound was carried out in the same manner
as in Example  20 4. The composition, pH and average particle diameter of
the polishing compound are shown in Table 1, and other  evaluation results
are shown in Table 2. EXAMPLE 6 In the same manner as in Example 4, the
abrasive 25 grain mixed liquid E was prepared, and an additive liquid  F
having a pH of about 4.4, was prepared in the same  manner as in Example 1
except that in the preparation of 32  the additive liquid B, the
concentration of the aqueous  nitric acid solution to carry out the pH
adjustment was  changed to 0.072%, and the concentration of an ammonium
polyacrylate was changed to 0.306%. The abrasive grain 5 mixed liquid E and
the additive liquid F were mixed with  



stirring to prepare a semiconductor polishing compound  having an abrasive
grain concentration of 1%, a  concentration of an ammonium polyacrylate
added as a  dispersant of 0.005%, a concentration of an ammonium 10
polyacrylate added from the additive liquid of 0.153% and  a pH of 5.0.
Evaluation of the above semiconductor polishing  compound was carried out in
the same manner as in Example  1 except that as a polishing pad, a double
layered pad 15 IC-1400, K-groove, manufactured by Rodel, was used, the
polishing pressure was 28 kPa, the rotational speeds of  the polishing table
and the polishing head were 123 rpm  and 127 rpm, respectively, and as a
pattern wafer one  having a silicon oxide film having a thickness of 600 nm
20 embedded by a HDP method on a substrate having trenches  formed in a
pattern of STI pattern wafer 964,  manufactured by International SEMATECH,
was used. The  composition, pH and average particle diameter of the
polishing compound are shown in Table 1, and other 25 evaluation results are
shown in Table 2.  EXAMPLE 7 (Comparative Example) In the same manner as in
Example 4, the abrasive 33  grain mixed liquid E was prepared, and an
additive liquid  G having a pH of about 4.4, was prepared in the same
manner as in Example 1 except that in the preparation of  the additive
liquid B, the concentration of the aqueous 5 nitric acid solution to carry
out the pH adjustment was  changed to 0.079%, and the concentration of an
ammonium  



polyacrylate was changed to 0.34%. The abrasive grain  mixed liquid E and
the additive liquid G were mixed with  stirring to prepare a semiconductor
polishing compound 1o having an abrasive grain concentration of 1%, a
concentration of an ammonium polyacrylate added as a  dispersant of 0.005%,
a concentration of an ammonium  polyacrylate added from the additive liquid
of 0.17% and  a pH of 5.0. i5 Evaluation of the above semiconductor
polishing  compound was carried out in the same manner as in Example  6. The
composition, pH and average particle diameter of  the polishing compound are
shown in Table 1, and other  evaluation results are shown in Table 2. Here,
the 20 polishing time of pattern wafer in Table 2 is the time  required for
planarization by eliminating difference in  level of the pattern, where 50
nm of the oxide film is  remained on the silicon nitride film 3. The value
of the  dishing fluctuation is the fluctuation in thickness of 25 the oxide
film embedded in the trench 10. In this Example, the oxide film was not
completely  removed, but as compared with other Examples, a good 34  result
was obtained with an extremely small fluctuation.  In the case of the
semiconductor polishing compound in  this Example, if the thickness of the
silicon oxide film  embedded by the HDP method is made to be thin at a level
5 of about 550 nm, it is possible to completely remove the  oxide film on
the silicon nitride film while reducing the  fluctuation. Further, it is
also possible to remove the  



remaining oxide film of about 50 nm by another polishing  compound, after
being planarized. 10 EXAMPLE 8 (Comparative Example) In the same manner as
in Example 1, the abrasive  grain mixed liquid A was prepared. As an
additive liquid,  a liquid having an ammonium polyacrylate added to pure
water so that the concentration would be 2.0%, was 15 employed. The abrasive
grain mixed liquid A and the  additive liquid were mixed with stirring to
prepare a  semiconductor polishing compound having an abrasive grain
concentration of 1%, a concentration of an ammonium  polyacrylate added as a
dispersant of 0.007% and a 20 concentration of an ammonium polyacrylate
added from the  additive liquid of 1.0%. The pH was 7.0. Evaluation of the
above semiconductor polishing  compound was carried out in the same manner
as in Example  1. The composition, pH and average particle diameter of 25
the polishing compound are shown in Table 1, and other  evaluation results
are shown in Table 2. The average  particle diameter of the abrasive grain
mixed liquid A 35  was 0.18 um, while the average particle diameter of the
polishing compound was 0.27 um, thus showing that  agglomeration started to
proceed. Further, the  fluctuation in dishing was large. 5 EXAMPLE 9
(Comparative Example) A semiconductor polishing compound having an  abrasive
grain concentration of 1%, a concentration of an  ammonium polyacrylate
added as a dispersant of 0.007% and  



a concentration of an ammonium polyacrylate added from 10 the additive
liquid of 1.5%, was prepared in the same  manner as in Example 8 except that
the concentration of  an ammonium polyacrylate in the additive liquid was
3.0%.  The pH was 7.0. Evaluation of the above semiconductor polishing 15
compound was carried out in the same manner as in Example  1. The
composition, pH and average particle diameter of  the polishing compound are
shown in Table 1, and other  evaluation results are shown in Table 2. The
average  particle diameter of the abrasive grain mixed liquid A 20 was 0.18
um, while the average particle diameter of the  polishing compound was 0.39
pzm, and the abrasive grains  in the polishing compound were agglomerated
and  sedimented in a few minutes. EXAMPLE 10 (Comparative Example) 25 A
semiconductor polishing compound having an  abrasive grain concentration of
1%, a concentration of an  ammonium polyacrylate added as a dispersant of
0.007% and 36  a concentration of an ammonium polyacrylate added from  the
additive liquid of 2.0%, was prepared in the same  manner as in Example 8
except that the concentration of  an ammonium polyacrylate in the additive
liquid was 5 changed to 4.0%. The pH was 7.0. Evaluation of the above
semiconductor polishing  compound was carried out in the same manner as in
Example  1. The composition, pH and average particle diameter of  the
polishing compound are shown in Table 1, and other 



10 evaluation results are shown in Table 2. The average  particle diameter
of the abrasive grain mixed liquid A  was 0.18 pm, while the average
particle diameter of the  polishing compound was 0.46 pm, and the abrasive
grains  in the polishing compound were agglomerated and 15 sedimented in a
few minutes. Further, with respect to  the polishing of a pattern wafer, it
was impossible to  completely polish it even if the polishing time was
prolonged. The number of scratches was also very large. 37  0 0 H U)  JJ iJ
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W W W W W W W W W 39  With respect to the polishing characteristics of
blankets (solid films), in Examples 1 to 5 which are  Examples of the
present invention, the selective ratio of  the removal rates was
sufficiently large as compared with 5 Examples 9 and 10 as Comparative
Examples. Further, the  polishing time of the pattern wafer was short as
compared  with Examples 8 to 10 as Comparative Examples. Also the  dishing
fluctuation was improved substantially as compared with Comparative
Examples. Further, in each of  10 Examples 1 to 5, the number of scratches
was at a level  of from 20 to 30 i.e. smaller than Comparative Examples.
Further, in Examples 6 and 7, agglomeration or dispersibility of the
abrasive grains was improved  substantially as compared with Example 10 as a
15 Comparative Example. Further, the polishing time of the  pattern wafer
was short, and the dishing fluctuation was  less as compared with Example
10. In Examples 6 and 7,  agglomeration of abrasive grains was little, and
the  dispersibility was good, whereby the number of scratches 20 was small
as compared with Example 8. Further, in  Examples 6 and 7, the selective
ratio of removal rates  was smaller than in Comparative Examples, because
the  



polishing pressure and the rotational speed were increased, whereby the
removal rate of the silicon  25 nitride film was increased. However, the
levels of  dishing and scratches were comparable to other Examples. Thus,
the semiconductor polishing compound of the 40  present invention is
excellent in the planarization  characteristics by polishing and in the
dispersion  stability of abrasive grains in the polishing compound  liquid,
and is improved further with respect to scratches.  5 INDUSTRIAL
APPLICABILITY The semiconductor polishing compound of the present  invention
is excellent in the dispersion stability, and  when the polishing compound
of the present invention is 10 used, excellent polishing planarization
characteristics  can be obtained with little dishing fluctuation, and the
polishing time of a pattern wafer can be shortened.  Further, even if the
additive is mixed, the particle  diameter will not increase, whereby an
improvement is 15 obtainable also with respect to scratches. By the process
for producing a semiconductor  polishing compound of the present invention,
a  semiconductor polishing compound excellent in a long term  stability and
reproducibility can be prepared. 20 By the polishing method of the present
invention,  planarization characteristics can be improved and  reduction of
scratches is possible, whereby the yield of  semiconductor devices can be
improved. Further, the  



polishing time of a pattern wafer can be shortened, 25 whereby the
throughput can also be improved. 41  CLAIMS: 1. A semiconductor polishing
compound comprising cerium  oxide abrasive grains, water and an additive,
wherein the  additive is at least one member selected from the group 5
consisting of a water-soluble organic polymer and an  anionic surfactant,
the pH of the polishing compound at  25C is from 3.5 to 6, and the total
concentration of the  additive is from 0.01 to 0.5% based on the total mass
of  the polishing compound. 10 2. The semiconductor polishing compound
according to  Claim 1, wherein the additive is a water-soluble organic
polymer having carboxylic acid groups or carboxylate  groups. 3. The
semiconductor polishing compound according to  15 Claim 2, wherein the
water-soluble organic polymer is  polyacrylic acid or ammonium polyacrylate.
4. The semiconductor polishing compound according to  Claim 2 or 3, wherein
the water-soluble organic polymer  has a molecular weight of from 1,000 to
500,000. 20 5. The semiconductor polishing compound according to  any one of
Claims 1 to 4, which further contains an  inorganic acid or an inorganic
salt. 6. A process for producing a semiconductor polishing  compound, which
comprises mixing liquid A comprising  25 cerium oxide abrasive grains and
water, and liquid B comprising an additive which is at least one member  



selected from the group consisting of a water-soluble 42  organic polymer
and an anionic surfactant, and water, so  that the pH of the polishing
compound at 25C is from 3.5  to 6, and the total concentration of the
additive is from  0.01 to 0.5% based on the total mass of the polishing 5
compound. 7. The process for producing a semiconductor polishing  compound
according to Claim 6, wherein the additive is a  water-soluble organic
polymer having carboxylic acid  groups or carboxylate groups. 10 8. The
process for producing a semiconductor polishing  compound according to Claim
7, wherein the water-soluble  organic polymer is polyacrylic acid or
ammonium  polyacrylate. 9. The process for producing a semiconductor
polishing  15 compound according to any one of Claims 6 to 8, wherein
liquid B contains an inorganic acid or an inorganic salt.  10. A polishing
method which comprises bringing a surface to be polished and a polishing pad
in contact  with each other and relatively moving them, while 20 supplying a
semiconductor polishing compound,  characterized in that the polishing
compound is a  semiconductor polishing compound comprising cerium oxide
abrasive grains, water and an additive, wherein the  additive is at least
one member selected from the group 25 consisting of a water-soluble organic
polymer and an  anionic surfactant, the pH of the polishing compound at  25C
is from 3.5 to 6, and the total concentration of the 



43  additive is from 0.01 to 0.5% based on the total mass of  the polishing
compound, and the surface to be polished is  a semiconductor substrate. 11.
The polishing method according to Claim 10, wherein  5 the semiconductor
substrate is a substrate for a  semiconductor device, which comprises at
least a silicon  oxide film 2. 12. The polishing method according to Claim
10, wherein  the semiconductor substrate is one having a silicon 10 nitride
film 3 and a silicon oxide film 2 formed on a  silicon substrate 1. 13. The
polishing method according to any one of Claims  10 to 12, wherein the
additive is a water-soluble organic  polymer having carboxylic acid groups
or carboxylate 15 groups. 14. The polishing method according to any one of
Claims  10 to 13, wherein the water-soluble organic polymer is  polyacrylic
acid or ammonium polyacrylate. 15. The polishing method according to any one
of Claims  20 10 to 14, wherein the polishing compound further contains  an
inorganic acid or an inorganic salt. 




