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OF POLISHING TARGET MEMBER  AND  PROCESS FOR PRODUCING SEMICONDUCTOR DEVICE
TECHNICAL FIELD This invention relates to an abrasive, a method of
polishing a target member, and a process for producing a  semiconductor
device. BACKGROUND ART  Conventionally, in the steps of fabricating  5
semiconductor devices, studies are commonly made on colloidal silica type
abrasives used as chemical mechanical  abrasives for smoothing inorganic
insulating film layers  such as Si02 insulating films formed by processes
such as  plasma-assisted CVD (chemical vapor deposition) and 10
low-pressure CVD. The colloidal silica type abrasives are  produced by
growing silica particles into grains by a method  of, e.g., thermal
decomposition of tetrachlorosilicic acid,  and making pH adjustment with an
alkali solution containing  no alkali metal, such as ammonia. Such
abrasives, however, 15 can not provide any sufficient rate of polishing for
the  polishing of inorganic insulating films, and have a 



1 technical problem of low polishing rate for their practical  utilization.
Meanwhile, cerium oxide abrasives are used as glass  surface abrasives for
photomasks. Cerium oxide particles  5 are. useful for finish
mirror-polishing because they have a lower hardness than silica particles
and alumina particles  and hence may hardly scratch polished surfaces.
Also,  cerium oxide, which is known as a strong oxidant, has  chemically
active nature. Making the most of this 10 advantage, its application in
chemical mechanical abrasives  for the insulating films is useful. However,
when such  cerium oxide abrasives for glass surface abrasives for
photomasks are used in the polishing of inorganic insulating  films as they
are, they have so large a primary particle 15 diameter as to scratch, on
polishing, the insulating film  surface to a visually observable extent.
DISCLOSURE OF THE INVENTION An object of the present invention is to
provide an  abrasive that can polish polishing target surfaces of SiO2
insulating films or the like at a high rate without 20 scratching the
surface, a method polishing a target member,  and a process for producing a
semiconductor device. The present invention provides an abrasive comprising
a slurry comprising a medium and dispersed therein cerium  oxide particles
constituted of at least two crystallites and  



2 having crystal grain boundaries. The cerium oxide particles having
crystal grain  boundaries may preferably have diameter with a middle value
of from 60 nm to 1,500 nm, more preferably from 100 nm to 5 1,200 nm, and
most preferably from 300 nm to 1,000 nm. The  crystallites may preferably
have diameter with a middle  value of from 5 nm to 250 nm, and more
preferably from 5 nm  to 150 nm. Preferably usable are particles wherein
the  cerium oxide particles having crystal grain boundaries have 10
diameter with a middle value of from 300 nm to 1,000 nm and  the
crystallites have diameter with a middle value of from  10 nm to 50 nm.
Also preferably usable are particles  wherein the cerium oxide particles
having crystal grain  boundaries have diameter with a middle value of from
300 nm 15 to 1,000 rim and the crystallites have diameter with a middle
value of from 50 nm to 200 nm. The cerium oxide particles  having crystal
grain boundaries may preferably have a  maximum diameter not larger than
3,000 nm, and the  crystallites may preferably have a maximum diameter not
20 larger than 600 nm. Those in which the crystallites have a  diameter of
from 10 nm to 600 nm are preferred. The present invention also provides an
abrasive  comprising a slurry comprising a medium and dispersed  therein
abrasive grains having pores. As the abrasive 25 grains, cerium oxide
particles may preferably be used. 



The pore may preferably be in a porosity of from 10%  3 to 30% as
determined from the ratio of a density measured  with a pycnometer to a
theoretical density determined by  X-ray Rietveld analysis. The pores may
also preferably have a pore volume of from 0.02 cm'/g to 0.05 cm'/g as
measured by  5 the B.J.H. (Barret, Joyner and Halende) method. The present
invention still also provides an abrasive  comprising a slurry comprising a
medium and dispersed  therein cerium oxide particles having a bulk density
not  higher than 6.5 g/cm'. Those having a bulk density of from 10 5.0
g/cm' to 5.9 g/cm3 are preferred. As the medium, water may preferably be
used. The  slurry may contain a dispersant. The dispersant may  preferably
be at least one selected from a water-soluble  organic polymer, a
water-soluble anionic surface-active 15 agent, a water-soluble nonionic
surface-active agent and a  water-soluble amine. Ammonium polyacrylate may
preferably  be used. The present invention further provides an abrasive
comprising cerium oxide particles constituted of at least 20 two
crystallites and having crystal grain boundaries; cerium  oxide particles
with a diameter not smaller than 1 m  occupying at least 0.1% by weight of
the total weight of the  cerium oxide particles, and the cerium oxide
particles  having crystal grain boundaries being capable of polishing a 



25 target member while collapsing at the time of polishing.  The present
invention still further provides an  4 abrasive comprising cerium oxide
particles constituted of at  least two crystallites and having crystal
grain boundaries;  the cerium oxide particles having crystal grain
boundaries  being capable of polishing a target member while forming new 5
surfaces not coming into contact with any medium at the time  of polishing.
The present invention still further provides an  abrasive comprising cerium
oxide particles constituted of at  least two crystallites and having
crystal grain boundaries,  10 wherein; (1) the content of cerium oxide
particles having a  particle diameter not smaller than 0.5 m after
polishing,  measured by centrifugal sedimentation after a target member
has been polished, is in a ratio of not more than 0.8 with 15 respect to
the content of cerium oxide particles having a  particle diameter not
smaller than 0.5 m before polishing,  measured likewise by centrifugal
sedimentation; (2) cerium oxide particle diameter at D99% by volume  after
polishing, measured by laser diffraction after a 20 target member has been
polished, is in a ratio of from 0.4  to 0.9 with respect to cerium oxide
particle diameter at  D99% by volume before polishing, measured likewise by
laser  diffraction; and 



(3) cerium oxide particle diameter at D90% by volume  25 after polishing,
measured by laser diffraction after a  target member has been polished, is
in a ratio of from 0.7 5 to.0.95 with respect to cerium oxide particle
diameter at  D90% by volume before polishing, measured likewise by laser
diffraction. The method of polishing a target member according to  5 the
present invention comprises polishing a target member by  the use of the
abrasive described above. The target member  may preferably have a strength
higher than the grain boundary breaking strength of the cerium oxide
particles.  The target member may be a semiconductor chip on which a  10
silica film has been formed. The process for producing a semiconductor
device  according to the present invention comprises the step of  polishing
a semiconductor chip on which a silica film has  been formed, by the use of
the abrasive described above.  BEST MODE FOR PRACTICING THE INVENTION 15
Cerium oxide is commonly obtained by firing a cerium  compound such as
carbonate, sulfate or oxalate. Si02  insulating films formed by
TEOS(tetraethoxysilane)-CVD can  be polished at a higher rate as the cerium
oxide has larger  particle diameter and can have less crystal strain, i.e.,
20 has better crystallizability, but tend to be scratched on  polishing.
Accordingly, the cerium oxide particles used in  



the present invention are prepared without making them  highly
crystallizable so much. Also, since they are used in  polishing for
semiconductor chips, alkali metals and 6 halogens may preferably be kept in
a content of 1 ppm or  less. The abrasive of the present invention has so
high a  purity as to contain 1 ppm or less each of Na, K, Si, Mg,  5 Ca,
Zr, Ti, Ni, Cr and Fe and 10 ppm or less of Al. In the present invention,
the cerium oxide particles  may be prepared by firing. However, in order to
prepare  particles not causative of polish scratches, low-temperature
firing is preferred which does not make them highly 10 crystallizable as
far as possible. Since the cerium  compounds have an oxidation temperature
of 300C, they may  preferably be fired at a temperature of from 400C
(inclusive) to 900C (inclusive). It is preferable to fire  cerium carbonate
at a temperature of from 400C (inclusive) 15 to 900C (inclusive) for 5 to
300 minutes in an oxidizing  atmosphere of oxygen gas or the like. Cerium
oxide formed by baking may be pulverized by  dry-process pulverization
using a jet mill, a ball mill or  the. like, or by wet-process
pulverization using a beads 20 mill, a ball mill or the like. In cerium
oxide particles  obtained by pulverizing the fired cerium oxide,
single-crystal particles having a small crystallite size and  



pulverized particles having not been pulverized to  crystallite size are
contained. The pulverized particles 25 differ from agglomerates formed by
re-agglomeration of  single-crystal particles, and are constituted of at
least  7 two crystallites and have crystal grain boundaries. Where  the
polishing is carried out using an abrasive containing  such pulverized
particles having crystal grain boundaries,  it is presumed that the
particles are broken by the stress 5 at the time of polishing to bring
about active surfaces,  which surfaces are considered to contribute to the
high-rate  polishing without scratching the polishing target surfaces  of
SiO2 insulating films or the like. In the present invention, a cerium oxide
slurry is  10 obtained by subjecting to dispersion an aqueous solution
containing the cerium oxide particles produced in the manner  described
above, or a composition comprised of cerium oxide  particles collected from
this aqueous solution, water and  optionally a dispersant. The cerium oxide
particles may 15 optionally be classified through a filter. Here are no
particular limitations on the concentration of the cerium  oxide particles.
In view of readiness to handle suspensions  (abrasive), it may preferably
be within the range of from  0.5 to 10% by weight. 20 The dispersant may
include, as those containing no  metal ions, water-soluble organic polymers
such as acrylic  



acid type polymers and polyvinyl alcohol, water-soluble  anionic
surfactants such as ammonium lauryl sulfate and  ammonium polyoxyethylene
lauryl ether sulfate, water-soluble 25 nonionic surfactants such as
polyoxyethylene lauryl ether  and polyethylene glycol monostearate, and
water-soluble 8 amines such as monoethanolamine and diethanolamine. The
acrylic acid type polymers may include, e.g., polyacrylic  acid and
ammonium salts thereof, polymethacrylic acid and  ammonium salts thereof,
and copolymers of ammonium 5 pol'yacrylate with alkyl (methyl, ethyl or
propyl) acrylates.  Of these, ammonium polyacrylate or a copolymer of
ammonium polyacrylate with methyl acrylate is preferred.  When the latter
is used, the ammonium polyacrylate and the  methyl acrylate may preferably
be in a molar ratio of 10 ammonium polyacrylate/methyl acrylate of from
10/90 to  90/10. The acrylic acid type polymers may also have a
weight-average molecular weight of from 1,000 to 20,000.  Those having a
weight-average molecular weight more than 15 20,000 tend to cause changes
with time of particle size  distribution as a result of re-agglomeration.
Those having  a weight-average molecular weight less than 1,000 can not,
in some cases, well be effective for providing  dispersibility and
preventing sedimentation. 20 In view of the dispersibility and prevention
of  



sedimentation of particles in the slurry, any of these  dispersant may be
added in an amount ranging from 0.01 part  by weight to 5 parts by weight
based on 100 parts by weight  of the cerium oxide particles. In order to
improve its 25 dispersion effect, the dispersant and the particles may
preferably be added simultaneously in a dispersion machine  9 at the time
of dispersion treatment. If the amount is less  than 0.01 part by weight
based on 100 parts by weight of the  cerium oxide particles, the particles
tend to settle. If  the amount is more than 5 parts by weight, the particle
size 5 distribution tends to change with time because of  re-agglomeration.
As methods of dispersing these cerium oxide particles  in water, they may
be dispersion-treated by means of a  conventional stirrer. Besides, a
homogenizer, an ultrasonic 10 dispersion machine or a ball mill or the like
may be used.  In order to disperse cerium oxide particles having a size of
submicron order, a wet-process dispersion machine such as a  ball mill, a
vibratory ball mill, a planetary ball mill, a  media agitating mill or the
like may be used. Also, when 15 the'slurry should be made highly alkaline,
an alkali  substance containing no metal ions, such as ammonia water  may
be added at the time of dispersion treatment or after  the treatment. The
cerium oxide abrasive of the present invention  



20 may be used in the form of the above slurry as it is.  Alternatively,
additives such as N,N-diethylethanolamine,  N,N-dimethylethanolamine,
aminoethylethanolamine, an anionic  surfactant and polyvinyl alcohol or the
dispersant described  above may appropriately be added in accordance with
the form 25 of use to make up the abrasive. The cerium oxide particles
having crystal grain  10 boundaries, to be contained dispersedly in the
slurry of the  present invention, may preferably have diameter with a
middle value of from 60 nm to 1,500 nm, and the crystallites  may
preferably have diameter with a middle value of from 1 5 nm to 250 nm. If
the cerium oxide particles having crystal grain  boundaries have diameter
with a middle value smaller than 60  nm or the crystallites have diameter
with a middle value  smaller than 1 nm, it tends to be difficult to polish
the 10 polishing target surfaces of SiO2 insulating films and the  like at
a high rate. If the cerium oxide particles having  crystal grain boundaries
have diameter with a middle value  larger than 1,500 nm or the crystallites
have diameter with  a middle value larger than 250 nm, the polishing target
15 surfaces of SiO2 insulating films and the like tend to be  scratched. If
the cerium oxide particles having crystal  grain boundaries have a maximum
diameter larger than 3,000  nm, the polishing target surfaces of S'02
insulating films  



and the like tend to be scratched. The cerium oxide 20 particles having
crystal grain boundaries may preferably be  in a content of from 5 to 100%
by volume of the whole cerium  oxide particles. If they are less than 5% by
volume, the  polishing target surfaces of SiO2 insulating films and the
like tend to be scratched. 25 In the above cerium oxide particles, the
crystallites  may preferably have a maximum diameter not larger than 600
11 nm, and the crystallites may preferably have a diameter of  from 10 nm
to 600 nm. If the crystallites have a diameter  larger than 600 nm, the
polishing target surfaces tend to be  scratched. If they have a diameter
smaller than 10 nm, the 5 polishing rate tends to be lower. In the present
invention, the diameters of the  crystallites and cerium oxide particles
having crystal grain  boundaries are measured by observation with a
scanning  electron microscope (e.g., S-900, manufactured by Hitachi 10
Ltd.). The particle diameter of particles is determined  from the length
and breadth of the particle. More  specifically, the length and breadth of
the particle are  measured and the square root of the product of the length
and breadth is regarded as particle diameter. Also, the 15 volume of a
sphere that is determined from the particle  diameter thus determined is
regarded as the volume of the  particle. 



The middle value is the middle value of volume-based  particle size
distribution and is meant to be a particle 20 diameter at which the value
obtained by adding the volume  proportions of particles from among those
having smaller  particle diameters comes to be 50%. More specifically, when
particles in an amount of volume proportion Vi% are present  within the
range of particle diameters in a certain interval 25 A and where an average
particle diameter in the interval A is represented by di, particles having
particle  12 diameter di are assumed to be present in an amount of Vi% by
volume. The di at which the value obtained by adding  existence proportion
Vi(% by volume) of particles from among  those having smaller particle
diameters di comes to be Vi = 5 50% is regarded as the middle value. The
cerium oxide particles having pores, to be  contained dispersedly in the
slurry of the present  invention, may preferably have a porosity of from 10
to 30%.  This porosity is determined by calculating it from the ratio 10 of
a density measured (pure water, 20C) with a pycnometer to  a theoretical
density determined by X-ray Rietveld analysis.  The cerium oxide particles
having pores may preferably have  a pore volume of from 0.02 to 0.05 cm'/g.
If the cerium oxide particles have a porosity lower  15 than 10% or a pore
volume smaller than 0.02 cm'/g, the  polishing target surfaces of SiO2
insulating films and the  



like can be polished at a high rate but tend to be scratched  on polishing.
If on the other hand they have a porosity  higher than 30% or a pore volume
larger than 0.05 cm'/g, the 20 polishing target surfaces of SiO2 insulating
films and the  like, though not scratched on polishing, tend to be polished
at a low rate. The present invention also provides an abrasive  comprising
a slurry comprising a medium and dispersed 25 therein cerium oxide
particles having a bulk density not  higher than 6.5 g/cm'. If the cerium
oxide particles have a  13 bulk density higher than 6.5 g/cm3, the
polishing target  surfaces of Si02 insulating films may be scratched. The
cerium oxide particles may preferably have a bulk density of from 5.0 to
5.9 g/cm3. If it is lower than this lower limit  5 value, the polishing
rate may lower. If it is higher than  the upper limit value, the polishing
target surfaces tend to  be scratched. The bulk density referred to in the
present  specification is the density of powder measured with a
pycnometer. In the measurement, pure water is used as the 10 liquid
injected into the pycnometer, and the measurement was  made at 20C. Primary
particles constituting the cerium oxide  particles contained dispersedly in
the slurry of the present  invention may preferably have an aspect ratio of
from 1 to 2 15 and a middle value of 1.3. The aspect ratio is measured  



with a scanning electron microscope (e.g., S-900,  manufactured by Hitachi
Ltd.). The slurry of the present invention may preferably  have a pH of
from 7 to 10, and more preferably from 8 to 9.  20 The slurry, after
adjustment of its pH, may be put in a container made of polyethylene or the
like, and may be  used after it has been left at 5 to 55C for 7 days or
more,  and preferably 30 days or more, whereby the polishing target
surfaces can be made to be less scratched. The slurry of 25 the present
invention can stand dispersed so well and may  settle so slowly that its
rate of change in concentration  14 after leaving for 2 hours is less than
10% at any height in  a columnar container of 10 cm diameter and 1 m high.
The present invention further provides an abrasive  comprising cerium oxide
particles constituted of at least 5 two crystallites and having crystal
grain boundaries; cerium  oxide particles with a diameter not smaller than
1 m  occupying at least 0.1% by weight of the total weight of the  cerium
oxide particles, and the cerium oxide particles  having crystal grain
boundaries being capable of polishing a 10 target member while collapsing
at the time of polishing.  The cerium oxide particles having a diameter not
smaller  than 1 m may preferably be in a content of from 0.1 to 50%  by
weight, and more preferably from 0.1 to 30% by weight. The content of the
cerium oxide particles having a  



15 diameter not smaller than 1 m is measured by measuring the  intensity of
light transmitted through particles while being  shut out by the particles,
using a submerged-particle counter. As a measuring device, for example
Model 770  AccuSizer (trade name), manufactured by Particle Sizing  20
System, Inc., may be used. The present invention still further provides an
abrasive in which, when a target member is polished, the  cerium oxide
particles having crystal grain boundaries are  capable of polishing the
target member while forming new 25 surfaces not coming into contact with
any medium. The present invention still further provides an  15 abrasive in
which the content of cerium oxide particles  having a particle diameter not
smaller than 0.5 um after  polishing, measured by centrifugal sedimentation
after a  target member has been polished, is in a ratio of not less 5 than
0.001 with respect to the content of that before  polishing. The
centrifugal sedimentation is a method of  measuring the content of cerium
oxide particles by measuring  the intensity of light transmitted through
particles having  been settled by centrifugal force. As a measuring device,
10 for example SA-CP4L (trade name), manufactured by shimadzu  Corporation,
may be used. The present invention still further provides an  abrasive in
which cerium oxide particle diameter at D99% by  



volume after polishing, measured by laser diffraction after 15 a target
member has been polished, is capable of being in a  ratio of from 0.4 to
0.9 with respect to cerium oxide  particle diameter at D99% by volume
before polishing. In the abrasive of the present invention, cerium  oxide
particle diameter at D90% by volume after polishing,  20 measured by laser
diffraction after a target member has been polished, may also be capable of
being in a ratio of from  0.7 to 0.95 with respect to cerium oxide particle
diameter  at D90% by volume before polishing. Incidentally, the terms
"after a target member has  25 been polished" is meant to be "after a
polishing target  surface has been polished by i) setting a target member
to a 16 holder to which a substrate-attaching suction pad for  holding a
target member to be polished has been fastened,  ii) putting the holder
with the polishing target surface  side down, on a platen to which a
polishing pad made of a 5 porous urethane resin, iii) further putting a
weight so as  to apply a working load of 300 g/cm2, and iv) rotating the
platen at 30 rpm for 1 hour while dropping the above  abrasive on the
platen at a rate of 50 ml/minute." Here,  the abrasive after polishing is
circulated to be reused, and 10 750 ml of the abrasive is used in total.
The measurement by laser diffraction may be made  using, e.g., Master Sizer
Microplus (refractive index:  



1.9285; light source: He-Ne laser; absorption: 0),  manufactured by Malvern
Instruments Ltd. 15 The D99% and D90% are meant to be particle diameters
at which the values obtained by adding the volume  proportions of particles
from among those having smaller  particle diameters come to be 99% and 90%,
respectively. The inorganic insulating films on which the cerium  20 oxide
abrasive of the present invention is applied may  include SiO2 films formed
by CVD using SiH4 or  tetraethoxysilane as a silicon source and oxygen or
ozone as  an oxygen source. As the target member, usable are, e.g.,
substrates  25 such as semiconductor substrates standing at the stage where
circuit components and aluminum wiring have been formed 17 thereon and
semiconductor substrates standing at the stage  where circuit components
have been formed thereon, and on  which an SiO2 insulating film has been
formed (semi-fabricated substrates). Also usable are substrates  5 having
an SiO2 insulating film formed for the purpose of  semiconductor isolation
(shallow trench isolation). S'02  insulating films formed on such
semiconductor substrates are  polished with the above abrasive to eliminate
the unevenness  of the Sb 2 insulating film surfaces to make the surfaces
10 smooth over the whole semi-fabricated semiconductor  substrate surfaces.
Here, as an apparatus for the  



polishing, any commonly available polishing apparatus may be  used which
have a platen to which a holder for holding a  semi-fabricated
semiconductor substrate and a polishing 15 cloth (pad) have been fastened
(fitted with a motor whose  number of revolutions is variable). As the
polishing cloth,  commonly available nonwoven fabric, foamed polyurethane,
porous fluorine resin and so forth may be used without any  particular
limitations. The polishing cloth may also 20 preferably be grooved so that
the slurry can stand there.  There are no particular limitations on
polishing conditions.  The platen may preferably be rotated at a low number
of  revolutions of 100 or less. The pressure applied to the
semi-fabricated semiconductor substrate may preferably be 25 not higher
than 1 kg/cm2 so as not to cause scratches after  polishing. In the course
of polishing, the slurry is 18 continuously fed to the polishing cloth by
means of a pump  or the like. There are no particular limitations on the
feed rate, provided that the surface of the polishing cloth  may preferably
be always covered with the slurry. 5 The semi-fabricated semiconductor
substrate having  been thus polished may preferably be cleaned well in
running  water and thereafter set on a spin-dryer to drive off any  drops
of water adhering to the polished semi-fabricated  semiconductor substrate,
followed by drying. On the SbO2 10 insulating film thus made flat,
second-layer aluminum  



wirings are formed, and an S'02 insulating film is again  formed between,
and on, the wirings by the above process.  Thereafter, the film is polished
with the above cerium oxide abrasive to eliminate the unevenness of the
insulating film  15 surface to make the surface flat over the whole
semi-fabricated semiconductor substrate surface. This step  is repeated
prescribed times to produce a semiconductor  having the desired number of
layers. The cerium oxide abrasive of the present invention  20 may be used
to polish not only the SO2 insulating films  formed on semiconductor
substrates, but also SiO2 insulating  films formed on wiring boards having
certain wirings; glass;  inorganic insulating films such as silicon nitride
films;  optical glass such as photomasks, lenses and prisms; 25 inorganic
conductive films such as ITO (indium tin oxide)  films; optical integrated
circuits, photoswitches or optical  19 waveguides which are constituted of
glass and a crystalline  material; ends of optical fibers; optical single
crystals  such as scintillators; solid-state laser single crystals;  LED
sapphire substrates for blue-color lasers; semiconductor 5 single crystals
such as SiC, GaP and GaAs; glass substrates  for magnetic disks; magnetic
heads, and the like. Thus, in the present invention, the target member
embraces semiconductor substrates on which SiOZ insulating  films have been
formed, wiring boards on which SiOZ 



10 insulating films have been formed; glass; inorganic  insulating films
such as silicon nitride films; optical  glass such as photomasks, lenses
and prisms; inorganic  conductive films such as ITO films; optical
integrated  circuits, photoswitches or optical waveguides which are 15
constituted of glass and a crystalline material; ends of  optical fibers;
optical single crystals such as  scintillators; solid-state laser single
crystals; LED  sapphire substrates for blue-color lasers; semiconductor
single crystals such as SiC, GaP and GaAs; glass substrates 20 for magnetic
disks; magnetic heads, and the like.  Example 1 (1) Preparation of Cerium
Oxide Particles  a. Preparation of cerium oxide particles A: 2 kg of cerium
carbonate hydrate was put in a 25 container made of platinum, and was fired
in the air at 800C  for 2 hours to obtain about 1 kg of yellowish white
powder.  20 This powder was phase-determined by X-ray diffraction and  was
confirmed to be cerium oxide. The fired powder obtained had particle
diameters of  30 to 100 m. The surfaces of fired-powder particles were  5
observed with a scanning electron microscope, where grain boundaries of
cerium oxide were observable. Diameters of  cerium oxide crystallites
surrounded by grain boundaries  were measured to find that the middle value
of their  



distribution was 190 nm and the maximum value was 500 nm. 10 Next, 1 kg of
the fired powder obtained was  dry-process pulverized by means of a jet
mill. Particles  obtained after the pulverization were observed with a
scanning electron microscope to find that large  polycrystalline particles
of 1 dun to 3 m and 15 polycrystalline particles of 0.5 m to 1 m were
mixedly  present in addition to small single-crystal particles having  the
same size as the crystallite diameter. The  polycrystalline particles were
not aggregates of the  single-crystal particles. The cerium oxide particles
thus 20 obtained by pulverization are hereinafter called cerium  oxide
particles A. b. Preparation of cerium oxide particles B: 2 kg of cerium
carbonate hydrate was put in a  container made of platinum, and was fired
in the air at 750C  25 for 2 hours to obtain about 1 kg of yellowish white
powder. This powder was phase-determined by X-ray diffraction and  21 was
confirmed to be cerium oxide. The fired powder obtained  had particle
diameters of 30 to 100 m. The surfaces of fired-powder particles were
observed  with a scanning electron microscope, where grain boundaries  5 of
cerium oxide were observable. Diameters of cerium oxide crystallites
surrounded by grain boundaries were measured to  find that the middle value
of their distribution was 141 nm  



and the maximum value was 400 nm. Next, 1 kg of the fired powder obtained
was 10 dry-process pulverized by means of a jet mill. Particles  obtained
after the pulverization were observed with a  scanning electron microscope
to find that large  polycrystalline particles of 1 m to 3 m and
polycrystalline particles of 0.5 m to 1 m were mixedly 15 present in
addition to small single-crystal particles having  the same size as the
crystallite diameter. The  polycrystalline particles were not aggregates of
the  single-crystal particles. The cerium oxide particles thus  obtained by
pulverization are hereinafter called cerium 20 oxide particles B. (2)
Preparation of Abrasives a. Preparation of abrasives A & B: 1 kg of the
cerium oxide particles A or B obtained in  the above (1), 23 g of an
aqueous ammonium polyacrylate 25 solution (40% by weight) and 8,977 g of
deionized water were  mixed, and the mixture was exposed to ultrasonic
waves for  22 10 minutes with stirring to disperse the cerium oxide
particles to obtain a slurry. The slurry thus obtained was filtered with a
1 pm  filter, further followed by addition of deionized water to  5 obtain
an abrasive with a solid content of 3% by weight. The abrasive obtained
from the cerium oxide particles A or B  



is hereinafter called abrasive A or B, respectively. The  abrasive A or B
thus obtained had a pH of 8.3 or 8.3,  respectively. 10 In order to observe
particles in the abrasive with an  scanning electron microscope, the
abrasives were each  diluted to have a suitable concentration, followed by
drying. Then, diameters of polycrystalline particles  contained therein
were measured to find that, in the case of 15 the abrasive A making use of
the cerium oxide particles A,  the middle value was 825 nm and the maximum
value was 1,230  nm. In the case of the abrasive B making use of the cerium
oxide particles B, the middle value was 768 nm and the maximum value was
1,200 nm. 20 The abrasive A was dried, and the density (bulk  density) of
the particles obtained was measured to find that  it was 5.78 g/ml. Also,
the theoretical density measured by  X-ray Rietveld analysis was 7.201
g/ml. The porosity was  calculated form these values to find that it was
19.8%. 25 With regard to the particles obtained by drying the slurry,
their pore volume was measured by the B.J.H. method to find  23 that it was
0.033 cm3/g. Next, in order to examine the dispersibility of  particles in
the abrasive and the electric charges of  dispersed particles, zeta
potentials of the abrasives A and 5 B were examined. More specifically, the
cerium oxide slurry  



was put in a measuring cell in which electrodes made of  platinum were
attached to both sidewalls facing each other,  and a voltage of 10 V was
applied to the both electrodes.  Upon application of the voltage, dispersed
particles having 10 electric charges migrate to the electrode side having a
polarity opposite to that of the electric charges. The rate  of this
migration was determined to determine the zeta  potential of particles. As
a result of the measurement of  zeta potential, it was ascertained that the
dispersed 15 particles of both the abrasives A and B stood negatively
charged and had absolute values of as great as -50 mV and  -63 mV,
respectively, showing a good dispersibility. b. Preparation of abrasives A'
& B': 1 kg of the cerium oxide particles A or B, 23 g of an  20 aqueous
ammonium polyacrylate solution (40% by weight) and  8,977 g of deionized
water were mixed, and the mixture was  exposed to ultrasonic waves for 10
minutes with stirring to  disperse the cerium oxide particles to obtain a
slurry. The slurry thus obtained was filtered with a 0.8 m  25 filter,
further followed by addition of deionized water to  obtain an abrasive with
a solid content of 3% by weight. 24 The abrasive obtained from the cerium
oxide particles A or B  is hereinafter called abrasive A' or B',
respectively. The  abrasives A' or B' thus obtained had a pH of 8.3 or 8.3,
respectively. 



5 In order to observe particles in the abrasive with an  scanning electron
microscope, the abrasives A and B were  each diluted to have a suitable
concentration. Thereafter,  diameters of polycrystalline particles
contained therein  were measured to find that, in the case of the abrasive
A' 10 making use of the cerium oxide particles A, the middle value  was 450
nm and the maximum value was 980 nm. In the case of  the abrasive B' making
use of the cerium oxide particles B,  the middle value was 462 nm and the
maximum value was 1,000  nm. 15 Next, in order to examine the
dispersibility of  particles in the abrasive and the electric charges of
dispersed particles, zeta potentials of the abrasives A' and  B' were
examined in the same manner as the case of the above  abrasives A and B. As
a result, it was ascertained that the 20 dispersed particles of both the
abrasives stood negatively  charged and had absolute values of as great as
-53 mV and  -63 mV, respectively, showing a good dispersibility. (3)
Polishing of Insulating Film A silicon wafer on which an SiO2 insulating
film was  25 formed by TEOS-plasma-assisted CVD was set being attracted
and fixed to a substrate-attaching suction pad fastened to a 25 holder.
This holder, as it held the silicon wafer, was  placed on a platen with the
insulating film side down, to  which platen a polishing pad made of porous
urethane resin  



was fastened, and a weight was further placed so as to apply  5 a working
load of 300 g/cm2. Next, the platen was rotated at 30 rpm for 2 minutes
while dropping the abrasive A, B, A' or B' (solid content:  3% by weight)
prepared in the present Example, onto the  platen at a rate of 50 ml/minute
to polish the insulating 10 film formed on the silicon wafer surface. After
the  polishing, this wafer (with film) was detached from the  holder, and
then thoroughly cleaned with water, followed by  further cleaning for 20
minutes by means of an ultrasonic  cleaner. After the cleaning, this wafer
was set on a spin 15 dryer to drive off drops of water, followed by drying
for 10  minutes by means of a 120C dryer. With regard to this wafer having
been dried, any  change in layer thickness of the Si02 insulating film
before  and after the polishing was measured with a light 20 interference
type layer thickness measuring instrument. As  the result, it was found
that, when the abrasives A, B, A'  and B' were used, the insulating films
were abraded by 600  nm (polishing rate: 300 nm/minute), 580 nm (polishing
rate:  290 nm/minute), 590 nm (polishing rate: 295 nm/minute) and 25 560 nm
(polishing rate: 280 nm/minute), respectively, and  were each in a uniform
thickness over the whole wafer 26 surface whichever abrasive was used.
Also, the insulating  film surfaces were observed using an optical
microscope,  



where any clear scratches were not seen in all the cases. Using the
abrasive A, the S'02 insulating film on the  5 silicon wafer surface was
also polished in the same manner  as in the above case, and the particle
diameter of the  abrasive A after polishing was measured with a centrifugal
sedimentation type particle size distribution meter to find  that the
content (% by volume) of particles not smaller than 10 0.5 m was in a ratio
of 0.385 with respect to that value  before polishing. Here, the time for
which the platen was  rotated in the course of the polishing was set to be
1 hour,  and 15 sheets of silicon wafers with films were polished  while
changing them successively. Also, the abrasive after 15 polishing was
circulated to be reused, and 750 ml of the  abrasive was used in total. The
particle diameter of the  abrasive A after polishing was measured with a
laser  scattering type particle size distribution meter to find  that the
particle diameters at D99% and D90% were 0.491 and 20 0.804, respectively,
with respect to the values before  polishing. From these values, the
abrasive A has the nature  of polishing the target while collapsing and the
nature of  polishing it while producing new surfaces not coming into
contact with any medium. 25 Example 2 (2) Preparation of Cerium Oxide
Particles  27 a. Preparation of cerium oxide particles C: 



2 kg of cerium carbonate hydrate was put in a  container made of platinum,
and was fired in the air at 700C  for. 2 hours to obtain about 1 kg of
yellowish white powder. 5 This powder was phase-determined by X-ray
diffraction and  was confirmed to be cerium oxide. The fired powder
obtained  had particle diameters of 30 to 100 m. The surfaces of
fired-powder particles were observed with a scanning  electron microscope,
where grain boundaries of cerium oxide 10 were observable. Diameters of
cerium oxide crystallites  surrounded by grain boundaries were measured to
find that  the middle value of their distribution was 50 nm and the
maximum value was 100 nm. Next, 1 kg of the fired powder obtained was 15
dry-process pulverized by means of a jet mill. Particles  obtained after
the pulverization were observed with a  scanning electron microscope to
find that large  polycrystalline particles of 2 pm to 4 m and
polycrystalline particles of 0.5 um to 1.2 m were mixedly 20 present in
addition to small single-crystal particles having  the same size as the
crystallite diameter. The  polycrystalline particles were not aggregates of
the  single-crystal particles. The cerium oxide particles thus  obtained by
pulverization are hereinafter called cerium 25 oxide particles C. b.
Preparation of cerium oxide particles D:  28 



3 kg of cerium carbonate hydrate was put in a  container made of platinum,
and was fired in the air at 700C  for 2 hours to obtain about 1.5 kg of
yellowish white powder. This powder was phase-determined by X-ray 5
diffraction and was confirmed to be cerium oxide. The fired  powder
obtained had particle diameters of 30 to 100 m. The surfaces of
fired-powder particles were observed  with a scanning electron microscope,
where grain boundaries  of cerium oxide were observable. Diameters of
cerium oxide 10 crystallites surrounded by grain boundaries were measured
to  find that the middle value of their distribution was 30 nm  and the
maximum value was 80 nm. Next, 1 kg of the fired powder obtained was
dry-process pulverized by means of a jet mill. Particles  15 obtained after
the pulverization were observed with a scanning electron microscope to find
that large  polycrystalline particles of 1 m to 3 m and  polycrystalline
particles of 0.5 m to 1 pm were mixedly  present in addition to small
single-crystal particles having 20 the same size as the crystallite
diameter. The  polycrystalline particles were not aggregates of the
single-crystal particles. The cerium oxide particles thus  obtained by
pulverization are hereinafter called cerium  oxide particles D. 25 c.
Preparation of cerium oxide particles E: 2 kg of cerium carbonate hydrate
was put in a  



29 container made of platinum, and was fired in the air at 650C  for 2
hours to obtain about 1 kg of yellowish white powder.  This powder was
phase-determined by X-ray diffraction and  was confirmed to be cerium
oxide. 5 The fired powder obtained had particle diameters of  30 to 100
u.m. The surfaces of fired-powder particles were  observed with a scanning
electron microscope, where grain  boundaries of cerium oxide were
observable. Diameters of  cerium oxide crystallites surrounded by grain
boundaries 10 were measured to find that the middle value of their
distribution was 15 nm and the maximum value was 60 nm.  Next, 1 kg of the
fired powder obtained was dry-process pulverized by means of a jet mill.
Particles  obtained after the pulverization were observed with a 15
scanning electron microscope to find that large  polycrystalline particles
of 1 m to 3 m and  polycrystalline particles of 0.5 m to 1 ~tm were mixedly
present in addition to small single-crystal particles having  the same size
as the crystallite diameter. The 20 polycrystalline particles were not
aggregates of the  single-crystal particles. The cerium oxide particles
thus  obtained by pulverization are hereinafter called cerium  oxide
particles E. d. Preparation of cerium oxide particles F:  25 2 kg of cerium
carbonate hydrate was put in a  



container made of platinum, and was fired in the air at 600C 30 for 2 hours
to obtain about 1 kg of yellowish white powder.  This powder was
phase-determined by X-ray diffraction and  was confirmed to be cerium
oxide. The fired powder obtained  had particle diameters of 30 to 100 m. 5
The surfaces of fired-powder particles were observed  with a scanning
electron microscope, where grain boundaries  of cerium oxide were
observable. Diameters of cerium oxide  crystallites surrounded by grain
boundaries were measured to  find that the middle value of their
distribution was 10 nm 10 and the maximum value was 45 nm. Next, 1 kg of
the fired powder obtained was  dry-process pulverized by means of a jet
mill. Particles  obtained after the pulverization were observed with a
scanning electron microscope to find that large 15 polycrystalline
particles of 1 m to 3 m and  polycrystalline particles of 0.5 m to 1 m were
mixedly  present in addition to small single-crystal particles having  the
same size as the crystallite diameter. The  polycrystalline particles were
not aggregates of the 20 single-crystal particles. The cerium oxide
particles thus  obtained by pulverization are hereinafter called cerium
oxide particles F. (2) Preparation of Abrasives a. Preparation of abrasives
C, D, E & F: 



25 1 kg of the cerium oxide particles C, D, E or F  obtained in the above
(1), 23 g of an aqueous ammonium  31 polyacrylate solution (40% by weight)
and 8,977 g of  deionized water were mixed, and the mixture was exposed to
ultrasonic waves for 10 minutes with stirring to disperse  the cerium oxide
particles to obtain a slurry. 5 The slurry thus obtained was filtered with
a 2 m  filter, further followed by addition of deionized water to  obtain
an abrasive with a solid content of 3% by weight.  The abrasive obtained
from the cerium oxide particles C, D,  E or F is hereinafter called
abrasive C, D, E or F, 10 respectively. The abrasive C, D, E or F thus
obtained had a  pH of 8.0, 8.1, 8.4 or 8.4, respectively. In order to
observe particles in the abrasive with an  scanning electron microscope,
the abrasives were each  diluted to have a suitable concentration, followed
by 15 drying. Then, diameters of polycrystalline particles  contained
therein were measured to find that, in the case of  the abrasive C making
use of the cerium oxide particles C,  the middle value was 882 nm and the
maximum value was 1,264  nm. In the case of the abrasive D making use of
the cerium 20 oxide particles D, the middle value was 800 nm and the
maximum value was 1,440 nm. In the case of the abrasive E  making use of
the cerium oxide particles E, the middle value  was 831 nm and the maximum
value was 1,500 nm. In the case  



of the abrasive F making use of the cerium oxide particles 25 F, the middle
value was 840 nm and the maximum value was  1,468 nm. 32 Next, in order to
examine the dispersibility of  particles in the abrasive and the electric
charges of  dispersed particles, zeta potentials of the abrasives C, D,  E
and F were examined in the same manner as in Example 1. 5 As a result, it
was ascertained that the particles in all  the abrasives stood negatively
charged and had absolute  values of as great as -64 mV, -35 mV, -38 mV and
-41 mV,  respectively, showing a good dispersibility. b. Preparation of
abrasives C', D', E' & F': 10 1 kg of the cerium oxide particles C, D, E or
F  obtained in the above (1), 23 g of an aqueous ammonium  polyacrylate
solution (40% by weight) and 8,977 g of  deionized water were mixed, and
the mixture was exposed to  ultrasonic waves for 10 minutes with stirring
to disperse 15 the cerium oxide particles to obtain a slurry. The slurry
thus obtained was filtered with a 0.8 m  filter, further followed by
addition of deionized water to  obtain an abrasive with a solid content of
3% by weight.  The abrasive obtained from the cerium oxide particles C', 20
D', E' or F' is hereinafter called abrasive C', D', E' or  F',
respectively. The abrasive C', D', E' or F' thus  obtained had a pH of 8.0,
8.1, 8.4 or 8.4, respectively. 



In order to observe particles in the abrasive with an  scanning electron
microscope, the abrasives C', D', E' and  25 F'were each diluted to have a
suitable concentration, followed by drying. Then, diameters of
polycrystalline  33 particles contained therein were measured to find that,
in  the case of the abrasive C' making use of the cerium oxide  particles
C, the middle value was 398 nm and the maximum  value was 890 nm. In the
case of the abrasive D' making use 5 of the cerium oxide particles D, the
middle value was 405 nm  and the maximum value was 920 nm. In the case of
the  abrasive E' making use of the cerium oxide particles E, the  middle
value was 415 nm and the maximum value was 990 nm. In the case of the
abrasive F' making use of the cerium  10 oxide particles F, the middle
value was 450 nm and the  maximum value was 1,080 nm. Next, in order to
examine the dispersibility of  particles in the abrasive and the electric
charges of  dispersed particles, zeta potentials of the respective 15
abrasives were examined in the same manner as in Example 1.  As a result,
it was ascertained that the dispersed particles  of all the abrasives stood
negatively charged and had  absolute values of as great as -58 mV, -55 mV,
-44 mV and  -40 mV, respectively, showing a good dispersibility. 20 (3)
Polishing of Insulating Film An Si02 insulating film formed on a silicon
wafer  



surface was polished, cleaned and dried and any change in  layer thickness
of the Si02 insulating film was measured all  in the same manner as in
Example 1 except for using the 25 abrasive C, D, E, F, C', D', E' or F'
prepared in the  present Example. As the result, it was found that, when
the  34 abrasives C, D, E, F, C', D', E' and F' were used, the  insulating
films were abraded by 740 nm (polishing rate: 370  nm/minute), 730 nm
(polishing rate: 365 nm/minute), 750 nm  (polishing rate: 375 nm/minute),
720 nm (polishing rate: 360 5 nm/minute), 700 nm (polishing rate: 350
nm/minute), 690 nm  (polishing rate: 345 nm/minute), 710 nm (polishing
rate: 355  nm/minute) and 710 nm (polishing rate: 355 nm/minute),
respectively, and were each in a uniform thickness over the  whole wafer
surface whichever abrasive was used. Also, the 10 insulating film surfaces
were observed using an optical  microscope, where any clear scratches were
not seen in all  the cases. Comparative Example An SiO 2 insulating film
formed on a silicon wafer  15 surface by TEOS-CVD was polished in the same
manner as in  Examples 1 and 2 except for using as an abrasive a slurry
prepared by dispersing silica having no pores. This slurry  had a pH of
10.3, and contained 12.5% by weight of S'02  particles. Polishing
conditions were the same as those in  20 Examples 1 and 2. 



The insulating film after polishing was observed,  where, although no
scratches due to polishing were seen and  the surface was uniformly
polished, the insulating film was  abradable by only 150 nm (polishing
rate: 75 nm/minute) as a 25 result of the polishing for 2 minutes.  35
POSSIBILITY OF INDUSTRIAL APPLICATION As described above, the present
invention makes it  possible to polish polishing target surfaces of Si02
insulating films or the like at a high rate without  scratching the
surface. 36 WHAT IS CLAIMED IS: 1. An abrasive comprising cerium oxide
particles, said particles having a crystal grain boundary  and having a
maximum diameter of not larger than 3000 nm. 2. An abrasive comprising
cerium oxide  particles, wherein a crystallite of said cerium oxide
particles having a crystal grain boundaries has a maximum  diameter not
larger than 600nm. 37 


