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ABRASI VE PARTI CLE, METHOD FOR PRODUCI NG THE SAME, AND USE OF THE Q%wﬁa
FIELD OF, THE | NVENTI ON The present invention relates to an abrasi eceFtﬁ
particle, a nmethod for producing the sane, and a use of the sanme for

pfanari zing an insulating filmforned on a sem conductor substrate.
BACKGROUND OF THE | NVENTI ON Wth the rapid progress of the LSI
technology, an integrated circuit has been |iable to becone fine and form
mul tilayer interconnection nore and nmore. The nultilayer interconnection

in an integrated circuit drastically increases any problens associated

with any irregularities in the sem conductor surface, and the presence of

any diff eéﬁ%ﬁévﬁn Plhiﬁ&?.du%dﬁ%ﬁ] Eld’q’ SHIFFAING i YaME e AReD iUBE N

printing neve evdl s an ocal ‘increases In resistance. The
presence %% I% differences in fine integrated circuits tends to cause
wires to Ea , decreases in current capacity, and decreases in
electromgration, etc., which results in yield decreases and inferior
reliability. Therefore, it- has been desired to develop a technique for

glggg;izggqgkﬁiﬁﬁhggﬁ'#ﬁx§q¥%%§cFa§LrsgﬁBe;r], whi ch insul ates between an

The present invention relates to an abrasive particle, a
method for producing the same, and a use of.the same for
planarizing an insulating film formed on a semiconductor
substrate.
BACKGROUND OF THE INVENTION

With thelrapid progress of the LSI technology, an
integrated circuit has been liable to become fine and form
multilayer interconnection more and more. The multilayer
interconnection in an integrated circuit dréstically
increases any problems associated with .any irregularities in
the semiconductor surface, and the presence of any differénce
in levels due to an irregularity causes breaks in the
printing at the uneven levels and local increases in
resiétance._ The presence of level differences in fine
integrated circuits.tends to cause wires to break, decreases
.in current capacity, and decreases in electromigration, etc.,
which results in yield decreases and inferior reliability.

Therefore, it has been desired to develop a technique for
planarizing interlayer dielectrics of SiOz,.which insulates
between an element or printing of thé lower layer and a

wiring of the upper layer in a multilayer interconnection



wkring of the upper layer in a multilayer interconnection

2 substrate, in order to elimnate any irregularity between the
respective |ayers has been required. Vari ous conventional planarizing
t echni ques have been suggested. When a nethod of reflow or etch back of
SOG (spin-on-glass; application glass nethod) is applied to a device
having a wiring width of not nore than 0.35 [err]m it is difficult to

pl anari ze the whol e device. Therefore, a CW (Chem cal Mechani cal

Pol i shi ng) method whi ch makes it possi%le to planarize the whol e device

has been drawing special interest. In the planarizing step of the
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device having a wiring width of not more than 0.35 um, it is
difficult to planarizé the whole device. 'Therefore, a CMP
(Chemical Mechanical Polishihg) method which makes it
possible to planarize the whole device has been drawing
special interest.

In the planarizing step of the insulating film of the
semiconductor according to this CMP method, a slurry prepared
by dispersing colloidal silica or fumed-silica in an aqueous
alkaline solution of KOH, NaOH, etc. has hitherto been used
as the polishing agent. When silica is used'as the polishing
agent for the $i0: insulating film, defects do}#pt arise.
However, a sufficiept polishing rate cannot be.obtained by
merely dispersing the colloidal silica or fumed silica in
water because the polishing agent and the insulating film to
be polished are the same material. Accordingly, the
polishing rate has been improved by combihing the above
aqueous alkaline solutionwith the polishing agent. However,
another problem arises such that, when .the insulating film is
polished using a polishing agent slurry containing the

alkaline metal, the alkaline metal in the slurry diffuses



aqueous al kaline solutionwith the polishing agent. However, another
probl em arises such that, when the insulating filmis polished using a
pol i shing agent slurry containing the alkaline nmetal, the al kaline netal

ih the slurry diffuses 3 into
the insulating filmto drastically deteriorate the reliability of the

sem conduct or devi ce. As a nethod for solving the above problem a

met hod of using a polishing agent containing cerium oxide has been

di scl osed (Japanese Patent Kokai (Laid-@pen) No. 5-326469). It is
described that, when the insulating filmon the sem conductor substrate is

pol'i shed %thritﬁggﬁhgﬁ%ﬂﬁxgc?lﬁgnetop%hgxhl?.@a&tlﬁ id%eﬁ:ﬁ%‘i%t\@ iUt using an

al kal i ne wever, “thé cerrum oxide is nornally
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It is described that; when the insulating film on the
semiconductor substrate is polished by this method, it.can be
polished at high speed without using an alkaline metal |
solution.

However, the cerium oxide is normally prdduced from a ore
such as a bastnaesite ore via pulverization, classification,
calcination, etc. and, therefore, the particle size is uneven
in comparison with an artificial oxide and the reproductivity
and stability of the polishing ability are inferior.

Further, the bastnaesite ore has low purity and normally
contains o ray radioactive elements as impurities because it
is nafural ore. Therefore, when the polishing agent adheres
and remains on the device, soft errors due to o ray radiation
are liable to arise:" High-purity cerium oxide without such
impurities is very expensive and it is difficult to
industrially apply high-purity cerium oxide as the polishing
agent because of the cost.

As another polishing agent for a metal or glass surface,

aluminum oxide has hitherto been known. Aluminum oxide has a

high hardness and is cheaper than high-purity cerium oxide



I rpurities is very expensive and it is difficult to industrially apply

hi gh-purity cerium oxide as the polishing agent because of the cost.

As anot her polishing agent for a nmetal or glass surface, alum num oxide
has hitherto been known. Al um num oxi de has a high hardness and i s cheaper
t han high-purity cerium oxide 4
and, therefore, it is a substance which has wi dely been used as a
pol i shing agent. Regarding polishing of the sem conductor insulating film
using it, however, the polishing rate iyjS | ow and defects such as
scratches, orange peels, etc. are fornéd on the polished surface.
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The present inventors have studied the above issues in
order to discover a polishing agent which is suitable for
planarizing an insulating film on a semiconductor substrate,
which is inexpensive, which provides for a high polishing
rate without using a solution of an alkaline metal, which
causes few defects (e.g., scratches, orange ﬁeels, etc.), énd
which avoids o ray radiation that can cause soft errors. As
a result, it has been found that an abrasive particle
comprising éluminum oxide and/or silicon oxide and specific
amount of cerium oxide and having a specific particle'size
range satisfies all of the above objects when such an
abrasive particle is employed as a polishing agent for an
insulating film on a‘semiconductor substrate. Thus, the

present invention has been accomplished.

SUMMARY OF THE INVENTION
The present invention provides an abrasive particle which
has an average particle size of 2 um or less, and which

comprises (a) 100 parts by weight of a metal oxide selected



range satisfies all of the above objects when such an abrasive particle is
enpl oyed as a polishing agent for an insulating filmon a sem conductor
substrate. Thus, the present invention has been acconpli shed. SUMVARY
OF THE | NVENTI ON The present invention provides an abrasive particle
which has an average particle size of 2 [err]mor |ess, and which
conprises (a) 100 parts by weight of a netal oxide selected

5 from al um num oxide and silicon oxide and (b) 5 to 25 parts by weight
of ceriumin the formof cerium oxide. The present invention al so
provi des a method for producing the ab?asive particles whi ch conprises a

step of §Eéﬁeg§hﬂﬁnlra{ll 8 ialevs%o ‘;&FBRUPQJ.EE' Clb r%mtbh‘%s”‘ga ts %bde

havi ng an average p e Sl ze m or €ss anou

parts by x.§£9ﬁ9d°§ RESS WS 95 Eﬂgr?B%FW?EC@erlﬁnfggﬁ?Fted by calcining to

t he netal aving an~ average par € Sl zé errlmor less in an
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t he suspen5|on a rumco convert ed calcining to cerium
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m xture. suspending in a solvent a compound selected from the metal f
oxide having an average particle size of 2 um or less in an
amount of 100 parts by weight and a precursor thereof which
is converted by calcining to the metal oxide having an
average particle size of 2 um or less in an amount of 100
parts by weight to form a suspension; a step of mixing into
the suspension a cerium compound which is cohverted by
calcining to cerium oxide in an amount of 5 to 25 parts by
weight in terms of cerium to form a mixture; a step of drying
the mixture; and a step of calcining the dried mixture. |

The present invéﬁtion further provides a use of the

abrasive particles for planarizing an insulating film on a

semiconductor substrate.

DETAILED DESCRIPTION- OF THE INVENTION

The abrasive partiéle of the present invention comprises
metal oxide selected from aluminum oxide and silicon oxide
and cerium oxide, and is used as a polishing agent for, for
example, an insulating film formed on a semiconductor
substrate. The abrasive particle has an average particle

size (average secondary particle size) measured by a light



The present invention further provides a use of the abrasive particles for
pl anarizing an insulating filmon a sem conductor substrate. DETAI LED
DESCRI PTI ON OF THE | NVENTI ON The abrasive particle of the present

i nvention conprises netal oxide selected from alum num oxi de and silicon
oxi de and cerium oxide, and is used as a polishing agent for, for

exanple, an insulating filmformed on a sem conductor substrate. The
abrasive particle has an average particle size (average secondary particle

size) nmeasured by a |ight 6
scattering nmethod (m crotrack) of not ngre t han about 2 [err]n1
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agent, thaight of the metal oxide.

When the average particle size of the abrasive particle
exceeds 2 um and such particles are used as the polishing
agent, defects such as scratches and orange peels are formeq.
on the polished surface.

When the amount of cerium oxide in terms of Ce is less
than about 5 parts by weight per 100 parts of the metal oxide
and such particles are used as the polishing agent, the

' desired effect of improving the polishing rate can not be
obtained, the planarizing effect of the suface of the
insulating film is inferior, and defects such as scratches
and orange peels are formed in the polished surface.

On the other hand, even if the amount of the cerium oxide
in terms of Ce is larger than 25 parts by weight and such
particles'are used for the polishing agent, the desired
effect of improving the polishing rate can not be obtained
and production cost becomes high.
| The cerium oxide may be present in the abrasive particle,
or it may be adhered to or coated on the surface of the
abrasive particle. If the particles are a mere mixture

obtained by mixing particles of metal oxide (aluminum oxide



desired effect of inproving the polishing rate can not be obtained, the

pl anari zing effect of the suface of the insulating filmis inferior, and
defects such as scratches and orange peels are forned in the polished

sur f ace. On the other hand, even if the anmpbunt of the ceriumoxide in
terms of Ce is larger than 25 parts by wei ght and such particles are used
for the polishing agent, the desired effect of inproving the polishing
rate can not be obtained and production cost becones high. The cerium
oxi.de may be present in the abrasive particle, or it nmay be adhered to or
coated on the surface of the abrasive J;rticle. If the particles are a

mere m xtur obt ai.ned by i xi.n rticl. t ' ' | de
7 and/or agsl/f’foﬁl&ﬁc(?& 9 eﬁa%’f‘ﬁlpeafcto ceceg; ic’rl?fn(géxrljg'ie§l|l g%‘d’{ %ésle%ﬂ J‘%E éaa(
pol i shi ng _agent, .t.he .paol i shi rate _canngt. be | | | ng
scr at ches ,""sofaaﬁ&é‘lﬁgﬁnsg, a&%‘@’orﬁﬁwé’ Smgd fa'rs% %ﬁqoé’“ﬁ@% agrdasi ve
particle of, the present inventiqn generall S, a T s [4f 4
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ef fect of in%roving the polishing rate when used as a polishing agent,
pref er abl PU¥32%€s 100 nferr]/g, and nore preferably 40 to 70 nferr]/g.

The abrasive particle of the present invention generally

has a BET specific surface area of about 40 to 150 m?/g in
view of polishing ability and the effect of improving the
poliéhing rate when used as a polishing agent, preferably 40
to 100 m?/g, and more preferably 40 to 70 m?/qg.

The content of Na and K as impurities iﬁ the abrasive
particle is usually 50 ppm or less and preferably 20 ppm or
less. When the content is 20 ppm or less, it is possible to
obtain an insulating film having higher reliability #fter a
polishing treatment using a polishing agent comprising thg'
particles.

When the metal oxide in the abrasive particle is aluminum
oxide, it is recommended that the aluminum oxide is
transition alumina, usually trapsition alumina mainly
containing y-alumina, for preventing scratches, orange peels,
etc..

The abrasive particles of the present invention can be
produced by a method which comprises a sﬁep of suspending in
a solvent the metal oxide (aluminum oxide and/or silicon
oxide ) having.an average particle size of about 2 um or less

or a precursor of the metal oxide, a step of mixing into the



The content of Na and K as inpurities in the abrasive particle is usually
50 ppmor less and preferably 20 ppmor Iess. Wien the content is 20 ppm
or less, it is possible to obtain an insulating film having higher
reliability after a polishing treatment using a polishing agent conprising
the particles. When the netal oxide in the abrasive particle is

alum num oxide, it is recomended that the alum numoxide is transition
alumna, usually transition alumna nmainly containing y-alumna, for
preventing scratches, orange peels, etg.. The abrasive particles of
the present invention can be produced %y a nmet hod which conprises a step
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hydr oxi des, net.al itrates, neta
Y oxide hav{hg an average pgfgigigssize of about 2 um or less.

Examples of the above-mentioned metal oxide precursor
include metal hydfoxides, metal nitrates, metal acetates,
metal sulfates, metal oxalates, metal carbonates, ammonium
metal nitrates and ammonium metal sulfates, wherein the metal
is aluminum or silicon. Among these, metal hydroxides are
suitably used. As the method for producing the metal oxide
having an average particle size of 2 um or leés or precursor
of the metal oxide, known methods can be used. Examples
thereof include an alkoxide method which includes hydrolyzing
an organic éluminum compound or organic silicon compound such
as alkylaluminum, alkylsilicon, aluminum alkoxide (e.g.,
aluminum isopropoxide, aluminum éthoxide, aluminum n-
propoxide and aluminum n-butoxide) and silicon alkoxide
(e.g., silicon ethoxide) in an alcohol; a vapor phase method

.which includes vaporizing a metal compound such as aluminqm
halide and silicon halide (e.g., alumiﬂum chloride, aluminum
bromide, aluminum iodide, silicon chloride, silicon bromide
and silicon iodide), followed by burning and hydrolyzing in
oxygen-hydrogen flame, etc.. The aluminum oxide or silicoﬁ

oxide powder obtained by these methods is an agglomerated



metal sul fates, netal oxal ates, netal carbonates, amonium netal nitrates
and ammoni um netal sulfates, wherein the netal is alumnumor silicon.
Anong these, netal hydroxides are suitably used. As the nethod for
produci ng the netal oxide having an average particle size of 2 [err]mor

| ess or precursor of the netal oxide, known nethods can be used. Exanples
t hereof include an al koxi de nmet hod whi ch includes hydrolyzing an organic
al um num conpound or organic silicon conpound such as al kyl al um num

al kyl silicon, alum num al koxide (e.g., galum num i sopropoxide, al um num

et hoxi de, al um num n- propoxi de and alaninun1n-butoxide) and silicon
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1ower Na and K content ( 50 ppm or less, normally 20 ppm or
less ) than the aluminum hydroxide or aluminum oxide obtained
by the conventional Bayer method.
The cerium compound may be any cerium compound as long as
it is dissolved ér uniformly dispersed in a solvent to be
used in the suspension of the metal oxide or precursor of the
metal oxide, and as long as it is converted to cerium oxide
by calcining. Examples thereof include cerium nitrates,
cerium acetates, cerium sulfates, cerium chlorides, cerium:
oxalates, cerium carbonates, ammonium cerium sulfate,
ammonium cerium nitrate, and the like. Cerium nitrates,
. cerium acetates, cerium sulfates and cerium chlorides are
breferred. | |
As a matter of course, it is prefefred to use a cerium
compound as a raw material which substantially does not
incorporate Na and K as impurities after calcining, such as a
raw material wherein £he total content of Na and K contained
in the abrasive particle is not more than 50 ppm.
The amount of thé cerium compound is such an amount that

the amount of the cerium oxide obtained by calcining is about



addi tion, the alum num oxi de obtai ned by these nethods has |ower Na and K
content ( 50 ppmor less, normally 20 ppmor I|ess ) than the al um num
hydr oxi de or al um num oxi de obtained by t he conventional Bayer nethod.
The cerium conpound nay be any cerium conpound as long as it is dissolved
or uniformy dispersed in a solvent to be wused in the suspension of the
nmetal oxide or precursor of the netal oxide, and as long as it is
converted to ceriumoxide by calcining. Exanples thereof include cerium
nitrates, ceriumacetates, ceriumsulfates, ceriumchlorides, cerium

oxal ates, cerium carbonates, ammoni um cefium sul fate, anmmoni um cerium
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cerium pEP
isopropyl alcohol.

After mixing the cerium compound into the suspension, the
mixture is dried by removing the solvent, and then calcining
the dried mixture at a temperatere from about 600 to 1100°C
for at least one minute, for normally about 10 minutes to
about 5 hours.

The type of drier used is not specifically limited as
long as dried mixture obtained becomes fine particles which
tend not to agglomerate. It is preferred to use a flash
drier or a pneumatic conveying .drier for drying the mixture.

When the calcining temperature is lower than about 600°C,
the cerium compound as a source of cerium cannot be converted
to cerium oxide. On the other hand, when it exceeds about
1100°C, the particle  size becomes too large, which can cause
defects if used in the polishing agent.

When the metal oxide is aluminum oxide, the dried mixture
is calcined so that the érystal form of the aluminum oxide
after calcining is transition alumina such as v-alumina.' The
calcining condition may be selected within the range of the

above calcining temperature and time.



met al oxi de. Exanpl es of the solvent used for the suspension are

wat er, and al cohols such as nethyl al cohol, ethyl alcohol and i sopropyl
al cohol . After m xing the cerium conpound into the suspension, the

m xture is dried by renmoving the solvent, and then calcining the dried
m xture at a tenperature fromabout 600 to 1100[err]C for at |east one
m nute, for normally about 10 mnutes to about 5 hours. The type of
drier used is not specifically limted as |ong as dried m xture obtained
beconmes fine particles which tend not 4t40 aggl onerate. It is preferred to
use a flash drier or a pneumatic conveying drier for drying the m xture.
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furnace, and the like. The calcining device is not
specifically limited, but the rotary kiln, tunnel.furnace and
shuttle furnace are normally suitable in view of
productivity, heat resistance of materials, etc.

The surface appearance of the abrasive particle obtained
by the above method was observed by a transmission electron
microscope. As a result, the abrasive particle shows either
a condition where the metal oxide éurface is coated with the
cerium oxide, a condition where a part of the metal oxide
surface is coated with the cerium oxide or a condition where
cerium oxide is included in the particle. The particles afe
not a mere mixture of the metal oxide powdgr and cerium oxide
powder.

The abrasive particles thus obtained are normally used as
a polishing agent, especially a wet polishing agent for
planarizing the semiconductor insulating film in a form of a
slﬁrry dispersed into water.

Ekamples of the dispersing methods for converting the
particles into a slﬁrry include dispersing methods using a

homogenizer, ultrasonic wave, wet medium mill, etc.



As the cal cining device, there can be used known cal cining furnaces such
as a rotary kiln, a flash calcining furnace, a packing-type cal cining
furnace, a fluidized calcining furnace, a tunnel furnace, a vacuum furnace
shuttle furnace, and the like. The calcining device is not specifically
limted, but the rotary kiln, tunnel furnace and shuttle furnace are
normal |y suitable in view of productivity, heat resistance of material s,
etc. The surface appearance of the abrasive particle obtained by the
above net hod was observed by a transm ssi on el ectron mcroscope. As a
result, the abrasive particle shows eitiffer a condition where the netal
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Examples of the semiconductor insulating film which is to
be polished are known insulating films such as a thermally
oxidized £ilm, CVD film, spatter film, SOG film and
fluorine-containing insulating film.

The abrasive particle of the present invention comprising
inexpensive metal oxide, a specific amount of cerium oxide
and havihg a specific particle size range exhibits.high
polishing performance without requiring an alkaline metal
(e.g. NaOH, KOH, etc.) and causes few defects (e.qg.
scratches, orange peels, etc.) and emit little o ray
radiation which can cause soft errors. Therefore, its
utility value as a polishing agent for glass of photomask,
glass substrate for liquid crystal or hard disc, etc. as well
as polishing agent for polishing the insulating film on the
semiconductor substrate is extremely significant. The
abrasive particles can be obtained by a simple method.

The following Examples and Comparative Examples further
illustrate the present invention in defail but are not to be

construed to limit the scope thereof.



12 The slﬁrry concentration is not specifically limted, and is

normal |y about 2 to 30% by wei ght. | f necessary, known additives such
as a dispersant, a suspension stabilizer and a defoaner can al so be added
to the polishing agent. Exanpl es of the sem conductor insulating film

which is to be polished are known insulating filnms such as a thermally
oxidized film CVD film spatter film SOG filmand fluorine-containing

insulating film The abrasive particle of the present invention
conprising inexpensive netal oxide, i eci fic amount of cerium oxide and
having a specific particle size range exhibits high polishing perf or mance
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or hard di 5C, AGbfaq@® %'tlmlass&%' JueBanausy of O pRkkaléRn dilye isisul ating

filmon the semc ctor substrate I's extrene y significant.

i oo 00 Bobaseamol e ety g, ¥ ittty 5 geselion |
in detail ghyk 3ha19%kr! (sPA modRy! "1‘9@9-%,' nZinhu e uTeRP by 1E1EGIs0 ‘
Co., Ltd.).

Radiation dose of o ray: It was measured by an o ray
measuring device (Model ZDS-451, manufactured by Alloca Co.)
when the radiation dose of o ray is 0.1 c/cm?- hr or more.

It was measured by a low-level o rey measuring device (Model
LACS-4000M, manufactured by Sumitomo Chemical Industries Co.,
Ltd.) when the radiation dose of o ray is less than 0.1
c/cm? - hr.

BET specific surface area: It was measured by a flow_
type specific area automatic measuring device (Model Flow
Sorb II 2300PC-1A, manufactured by Shimadzu Corporation).

Content of Na and K: It was measured by Spark Source
Mass Spectrometer (JEOL JMS-01BM-2).

Example 1

To a slurry preﬁared by suspending 250 g of aluminum
hydroxide having an average particle size of 0.6 um produced
by hydrolysis of aluminum alkoxide in 940 ml of isopropyl
alcohol (hereinafter referred to as IPA), a solution prepared
by dissolving 52.69 g (amount corresponding to 10 % by weight

in terms of Ce based on aluminum oxide) of cerium nitrate



13 The neasurenent in the Exanpl es and Conparative Exanples was
conducted by the foll ow ng net hod. Average particle size (secondary):
A particle size at 50% cunul ati on was neasured by-a Mcrotrack MI
particle size analyzer (SPA nmodel 7997-20, manufactured by N kkiso Co.,

Ltd.). Radi ati on dose of a ray: It was nmeasured by an a ray neasuring
devi ce (Moddel ZDS-451, manufactured by Alloca Co.) when the radiation dose
of aray is 0.1 c/cnferr] hr or nore. It was nmeasured by a |owlevel a ray

measuring device (Mdel LACS-4000M napﬁfactured by Sum tonpo Chemi cal
| ndustries Co. Ltd.) when the radiation dose of a ray is less than 0.1

/ T | §4 ; d
ol orter] hegugy),  SElatoR Li?réaéﬂé.ﬁﬂg Z‘J?%ea%‘%ﬁrﬁﬁmééofﬁnﬁ"w’w

E’Oag? lrrgagg?‘g'glb? g{)ﬁ?&%&u%ryc?gd Mass Spec rorret grtl(o\ft&{g@}\%%tﬁﬂ% and K
hygrrgx?dewﬁetf\% E}%&E‘x}v %erp%g e Si ze%%%s{]gﬂé&[dg?) m pro ﬁ@ﬂ(gﬁ%‘y

hydrolysrgoqf %runrnunralkoxrde |n 940 m of isopropyl al cohol
(hereinafter re erred to as IPA), a solution prepared by di ssol ving 52. 69

g (amunt cor uespudichd fiqehlaas Widlhed Be! YoBbE" 68 §2REHrg7 Al um num

oxi de) of cer
The resulting particles were examined by X-ray diffraction.

As a result, the crystal form of aluminum oxide in the
particles was y-alumina. The averagé particle size, BET
speeific surface area and total content of Na and K were 0.8
um, 56 m?/g and 13 ppm, respectively. It has been confirmed
by the results of the elemental analysis by transmission
electron microscope (TEM-EDX) that cerium is contained in the
respective primary particles of alumina.

The particles (30 g) thus obtained was dispersed in weter
(270 g) to form a slurry having a concentration of 10% by
weight. Ammonium polycarboxylate (manufactured by San' Nopco
Limited) as the dispersant was edded to this slurry in an
amount of 0.5% by weight based on the particles to form a
polishing agent slurry (pH: 9.3), and then a silicon oxide
film having a film thickness of 1 um was polished. The
polishing conditions are as follows: processing pressure: 110
g/cm?, platen speed: 140 rpm and polishing pad: Rodel SUBA8QO
(trade name, manufactured by Rodel Co.). The polishing rate,
state of surface defects and radiation dose of « ray were

examined. The results are shown in Table 1.



14 [Ce(NJerr] 6Herr]Q in 170 g of |IPA was added dropw se, followed by
mxing with stirring. The m xed solution was heated at wth refluxing for
2 hours and then dried by renoving the solvent. The dried m xture was
cal cined at 1050[err]C for 3 hours. The resulting particles were exam ned
by X-ray diffraction. As a result, the crystal formof alum num oxide in
the particles was y-alum na. The average particle size, BET specific
surface area and total content of Na and K were 0.8 [err]m 56 nferr]/g
and 13 ppm respectively. It has been g firmed by the results of the

el emental analysis by transm ssion electron m croscope (TEM EDX) .t hat

ceriumis co Ip the respective primary particles of alum na.
The particlegﬁ%§@88$—?hus obt ai ned was dispersed in water (270 g) to form
o Y, et RECBCASRECE B0 CRd AATAY qHSLAGL. AQTURILUE B8 KaBRUERY 2 <
pol | Shi ngt aGBREPEI EpF,vesnd 4R4sdELlE, RERCRoTRELOR BT AHE! ARopReRdnl ©
L L chpeaoedl s Ank ey LBECGPGHESSH: pTBe BPpaHbRRyGO") Liors are
pol | <hi ng, pack 1 Fpdel 1 SUEAGRR a41(8PEnga0Re BRVED%HY" SpBY1BRUEL Ggeke The
- slurry was obtained. A silicon oxide film Qas polished under
the same condition as that of Example 1, -using the resulting
polishing agent slurry. The results are shown in Table 1.
Example 3
According to the same manner as that described in Example'
1 except for changing the amount of cerium nitrate to 105.38
g (amount corresponding to 20% by weight in terms of Ce based
on aluminum oxide), abrasive particlés were obtained. The
crystal form of the'aluminum'oxide in the abrasive partic;gs
was y-alumina. The averagé particle size, BET specific
surface area and total content of Na and K were 0.8 um, 51
m?/g and 4 ppm, respectively.
According to the same ménner as ‘that described in Example
2, a polishing agent' slurry was obtained from the resulting
abrasive particles. A silicon oxide film was poiished under
the same condition as that of Example 1, using the resulting
polishing agent slurry. The results are shown in Table 1.
Example 4

According to the same manner as that described in Example

1 except foér using 170 g of silicon oxide having an average



state of surface defects and radiation dose of a ray were exam ned. The
results are shown in Table 1. _ Exanpl e 2 According to
the sanme manner as that described in Exanple 1 except for using an aqueous -
KCOH solution as the dispersant of a polishing agent slurry in place of
ammoni.um pol ycar boxyl ate and adjusting the pHto 10, a polishing agent
slurry was obtained. A silicon oxide filmwas polished under the sane
condition as that of Exanple 1, using the resulting polishing agent
slurry. The results are shown in Table Exanmpl e 3 . According to
the same manner as that described in le 1 except for changing the

T
oL 0 o RS ek SRS LB Wed e Bhceteaser g 1 o
fggpégt?L%Pgnten&'Acgg%dFﬁﬁr?getﬁgrgéﬁ%L ﬁ%g} géTtgthrgégr%Eggécn Exanpl e
2, 2,201 SEL00, 800 S VERN LR BB A"el K0P B BRALLRGS SRRSO
um, 60_nﬁ/g and 19 ppm, respectively.
According to the same manner as that described in Example
2, a polishing agent slurry was obtained from the reéulting
abrasive particlés. A silicon oxide film was polished under
the same condition as that of Example 1, using the resulting
polishing agent slurry. The results are shown in Table 1.
Example 5
According to the same manner as that described in Example
'3 except for using water in place of IPA, aﬁrasive particles
were obtained. The crystal form of the aluminum oxide-in_the
abrasive particles was y-alumina. The average partic;e size,
BET specific surface area and total content of Na and K were
1.1 um, 57 nF/g and 4 ppm, respectively.
According to the same manner as that described in Example
1, a polishing agent  slurry was obtained from the resulting
abrasive particles. A silicon oxide film was polished under
the same condition as that of Example 1, using the resulting
polishing agent slurry. The results are shown in Table 1.
Comparative Example 1
According to the same manner as.that described in Example

1 except for adding no cerium nitrate, abrasive particles



the sanme condition as that of Exanple 1, using the resulting polishing
agent slurry. The results are shown in Table 1. Exanpl e 4

According to the sane manner as that described in Exanple 1 except for
using 170 ¢g of silicon oxide having an average

16 particle size of 0.4 [err]min place of al um num hydroxi de having an
average particle size of 0.6 [err]m abrasive particles were obtained. The
average particle size, BET specific surface area and total content of Na

and K of the particles were 0.6 [err]2L760 merr]/g and 19 ppm
respectively According to the sa manner as that described in

2bragi ve fere; BBtainead, PARR cByubRt, ¥Rl B AR AtbiTC SR el kne
condi tion,asaLhg tggrﬁég Leyds US Taggm&?% re%%!t%%%ra%%sp%gkﬂ%ﬁgg%ﬁﬁqmlto

slurry. The Fasu are omn in

t he same n e e psiNng water in
pl ace of gﬁﬁ ﬁﬁg %@gkﬁgr ng égfgxggg Rég “@hgﬂé ?gtgﬁf?brn1of t he
al um num abraS|ve particles was y-alum na. The average
particle gééggc£gg%ﬁgﬁecific surface area and total content of Na and K

the: same. monrerCRES(Ad) Ehcthd, Bae! nBRRkn, AB"ERb Boborinea 17 Btmple'®

2, a polishing agent slurry was obtained'from the resulting
abrasive particles. A silicon oxide film was polished under
the same condition as that of Example 1, using the resulting
polishing agent slurry. The results are shown in Tab;e 1.

Comparative Example 2

According to the same manner as that described in Example
1l except for changing the amount of cerium nitrate to 15.81 g
(amount corresponding to 3% by weight in terms of Ce based on
aluminum oxide), abrasive paricles were obtained. The
crystal form of the aluminum oxide in the abrasive particles
was y-alumina. The average particle size and BET specific
surface area were 0.9 um and 55 nF/g, respectively.

According to the same manner as that described in Example
2, a polishing agent slurry was obtained from the resulting
abraeive particles. A silicon oxide film was polished undef
the same condition as that of Example 1, using the resulting
polishing agent slurry. The results are shown in Table 1.

Comparative Example 3

According to the same manner as that described in Example

1 except for using aluminum hydroxide having an average



1, a polishing agent slurry was obtained fromthe resulting abrasive
particles. A silicon oxide filmwas polished under the sane condition as
that of Exanple 1, using the resulting polishing agent slurry. The results

are shown in Table 1. Conpar ative Exanple 1 According to the sane
manner as that described in Exanple 1 except for adding no ceriumnitrate,
abrasive particles 17 were

obtai ned. The crystal form of the aluniqgn1bxide in the abrasive particles
was y-alum na. The average particle size and BET specific surface area

vere 0.8 [partinlendike ezl um oaianid \BY Yshe sand'\GaeEKbddo#0 the sane
manner as that described in Exanple 2, a polishi.ng agent slurry was

obtai ned Exmmgle ¥ dwiplawe cbraliningetiydierided FavitgnapXadgragem vas
pol i shed under the sane condition as that of Exanple 1, using the

resul ti ng paytiicle niAgCE 66U, aBradifeliirticléd Whrd odekifed,
Conparative Exanple 2 According to the sanme manner as that descri bed

in Exanpl @hel c¢arnil (ot o Gine & fifnaiEe bxfde COA | tie NabEgb£060 15.81 g

(anmount correspoﬁding to 3% by weight in terms of Ce based on al um num
oxi de), alpmadiiciemmas 6s-aRinkind] ATl adétage paieicie #1286 Ahg g™ Nnum -

oxide in the abrasive particles
specific surface area were 2.5 um and 82 m’/g, respectively.

According to the same manner as that described in Example
2, a polishing agent slurry was obtained from the resulting
abrasive particles. # silicon'oxide £ilm'was'polished under
the same condition as that of Example 1, using the resulting
polishing agent slurry. ihe results are shown in Table 1.

Compazative Exagple §

According to the same condition as that described in
Example 1 except for using a fumed silica slurry SC-1 (trade
name, manufactured by Cabot Co., U.S.A., average particle
size: 4 um, pH 10, containing KOH) in place of the polishing
agent slurry obtained in Example 1, a silicon oxide film was

% pélished. The results afe shown in Table 1.

Comparative Example &

According to the same manner as that described in Exampie
2 except for using cerium oxide (Trade Name : REMILLOX,
manufactured by Pujimi Kenmazai Kogyo Incorporated, purity of
the Cerium oxide : 55 in place of the abrasive particles

[, average particle size: 2.5 um]
- obtained in Example 2, a polishing agent slurry was obtained.

A silicon oxide £ilm was polished under the same condition as



was y-alum na. The average particle size and BET specific surface area
were 0.9 [err]mand 55 nferr]/g, respectively.. According to the sane
manner as that described in Exanple 2, a polishing agent slurry was
obtained fromthe resulting abrasive particles. A silicon oxide filmwas
pol i shed under the sanme condition as that of Exanple 1, using the
resulting polishing agent slurry. The results are shown in Table 1.
Conpar ati ve Exanple 3 According to the sane manner as that described in
Exanmple 1 except for using alum num hy, groxide havi ng an aver age

particle size of 2.1 [err]mobtained b} t he sane met hod of Exanple | in

pl ace of um n xi de hayvin era t z f [err]m
abrasive'éhﬁﬁl%ggéx%ﬂPg gta?ﬁ%ﬁggtﬁﬂ S ?§§ a| o%n#%%s%ﬁg g %nfﬁaﬁ?OX|de

in the abyasive ﬂrtlcles was [err]-alum na. The average partlcle si ze and
BET spec*ql Taklgilee area were 2.5 [err]mand 82 nferr]/g, respectively.

According to the same. manper t pat described in Exanple 2, a polishing
agent slurry Sees : e resulting abrasive particles.

I de fil i shed d t
ELaHSFQ 2X|ug#?éP£$£§$e %I%ﬁ%gsaggdﬁggﬂ?ﬁgaﬁggﬂgtC?ﬁg?élggﬂgi?egu%?giare
shown in Table 1. Conpar ati ve Exa AcC % Qﬂ to the same
condi ti or? BX¢PRE EFRE PFHRY ?ﬁmle&Eﬁp?gpﬁeﬁiﬂﬂp?xfg g? fumed silica

slurry SC trade
y oméaratlve Example 5 and aluminum oxide used in Comparative

Example 1 (mixing ratio: 90% by weight: 10% by weight) in
place of the abrasive particles obtained in Example 2, a
polishing agent slurry was obtained. A silicon oxide film

was polished under the same condition as that of Example 1,

using this slurry. The results are shown in Table 1.




nanme, manufactured by Cabot Co., U S. A, average particle size: 4 [err]m
pH 10, containing KOH) in place of the polishing agent slurry obtained in
Exanple 1, a silicon oxide filmwas polished. The results are shown in
Tabl e 1. Conparative Exanple 5 According to the sane manner as
that described in Exanple 2 except for using ceriumoxide (Trade

Name: REM LLOX, manuf actured by Fujim Kenmazai Kogyo | ncorporated, purity
of the Ceriumoxide : 55 %average particle size: 2.5 [err]m in place
of the abrasive particles obtained in anple 2, a polishing agent slurry
was :obtained. A silicon oxide filmwas polished under the sane condition
19 that of Exanple 1, using

as

Table 1 . :
the slurry. %%e results are shown in Table 1. Conpar ati ve Exanple 6
Accor di ng—l'U—l'lTE' SdITeEJmeTier . as, ttrat—gtescrred—n EAaup: —except—far
using a ffixture of cerfi uk@kisRinged i|in Cof¥&faCe/e ExahplRose Afd cal Jri num
oxi de usgd in Conparat]ive jf@dmhe 1 m>d55b%§§éﬁée 909 by\Myéyu: 30% by
wei ght) ifn place of tlhe abrasive parf{icles obtalined in anple 2, a
pol i shing agent slurry wdB9gdBdansed. A silicon oxide film ®{SMBOAEshdd
under the jgoRdi tijon as of Exanmpl g.1l ng thi s slqr The
results iF%égﬁbwn&in 'I'able:li.niii Wo defdet d{d&9

Example 2 1.19 No defect . -

Example 3 1.33 No defect -

Example 4 0.91 No defect -

Example 5 1.30 No defect -

Comparative 0.23 Some scratches -

Example 1 are observed.

Comparative 0.50 Some scratches -

Example 2 are observed.

Comparative 0.11 Some scratches -

Example 3 are observed.

Comparative 0.38 No defect -

Example 4

Comparative 1.78 No defect 250

Example 5 '

Comparative 1.12 Some scratches -

Example 6 - are observed.

The symbol "-" in the column of the o ray dose means "not

measured".
1): The polishing rate was calculated based on weight loss of
the film polished.
Example 6
| Using abrasive particles obtained in the same manner as

in Example 3, a polishing agent slurry was obtained according



20 Table 1 . ' Pol i shi ng Surf ace Dose of

[err] rate [err] appear ance ray

(ymg/ m nut e) , c/cnferr] hr Exanple 1 . 1.01
No def ect 0. 007 Exanple 2 1.19 No defect.
Exampl e 3 1.33 No def ect _ Exanple 4

0.91 No defect , _ Exanple 5 ' 1.30 No
def ect _ Conparative 0. 23 Some scrat ches

- Exanple 1 are gpserved. Conparative 0. 50
Some scrat ches - Exanple 2 are observed.

Conpar ati ¥8 the sam@ hénner as §ﬁ”§x§§b§%§ﬁqs A.%&}%fqn'ofﬁﬁgnyfinﬁ

are observed. Conparative

Exanpl € 4ha{Rfgahakiif thickneds’ 250
Exanpl e 5 Cbﬂgaratlve e neés §f 1 pum Wgsngglgﬁgﬁb 4 using the

Exanpl e 6pe1ishi t ar bsar %@ | alg” “the
col um o?pthé [é??]a?§§ dg%grr ans th ?gl&gﬂlng §&Ql%& S ?ﬁ sIlshlng
rate was gaity,@ted based on wei ght Ioss of the film polished.

Exanpl e 6 Usi ng abrasive particles obtained in the sanme manner as in

Exanpl e 3préco9hinl PredgEPL Shybry/u@s, obtained according

platen speed 50 rpm and
polishing pad Rodel IC-1000/SUBA400 (A21) (trade name,
manufactured by Rodel Co.).
The results are shown in Table 2.
Comparative Example 7
A silicon oxide film was polished under the same
- condition as that of Example 6, usiné the same slurry as that

of Comparative Example 4. The results are shown in Table 2.

Table 2
Polishing rate 2! Surface appearance
~ (A/minute) _
Example 6 . 3540 No defect
Comparative - 1160 No defect
Example 7 |

2): The polishing rate was calculated based on decrease in

thickness of the film polished.



21 to the sané manner as in Exanple 1. A silicon oxide film having a film

t hi ckness of —T{errfmwas potished using the polishing agent slurry. The

pol i shing condljstd ol l ows: processing pressure 480 g/cnierr],
pl at en speed gmlmﬂﬂﬂwﬁ(ﬂﬁ”l h
name, manufackU *C

ing pad Rodel |G- 1000/ SUBA400 (A21) (trade
:). The results are shown in Table 2.

Conparative Exanple 7 A silicon oxide filmwas polished under the sane
condition as that of Exanple 6, using the same slurry as that of
Conparative Exanple 4. The results are Qﬁomn in Table 2. Table 2
Polishing rate [err] Surface appearance (A/mnute) Exanple
6 What is claladd is: No defect Conpar ati ve

1160 No def ect Exanple 7 2): The polishing rate was

cal cul ated baged an deragdse ert&B&%kQﬁﬁ%hpﬁégnaJié&@ﬂ%ﬁéSﬂg?¥icle
size of 2 um or less, and which comprises (a) 100 parts by
weight of at least one metal oxide seiected from the group
consisting of aluminum oxide and silicon oxide and (b) 5 to
25 parts by weight of cerium in the form of cerium oxide.
| 2. The abrasive particle according to claim 1, wherein
said particle has a BET specific surface area of from 40 to
150 m?/g.

3. The abrasive particle according to claim 1, wperein
the metal oxide is aluminum oxide and the aluminum oxide is
transition alumina.

4. The abrasive particle'according to claim 1, wherein
the content of Na and K is 50 ppm or less.

5. The abrasive particle according to ciaim 1,'wheréin
the particle is obtained by a method comprising a step of
-suspending in a solvent a compound selected from the metal
oxide having an average particle size of 2 um or less and a
precursor thereof which is converted by calcining to the -
metal oxide having an average particle size of 2 pum or less
to form a suspension; a step of mixing into the suspension a
‘cerium compound which is converted by calcining to cerium
oxide to form a mixture; a step of drying the mixture; and a

step of calcining the dried mixture.



22 \Wat is clained is: 1. An abrasive particle which has an average
particle §TEE_BT_?_F§TTTWTUr“Iess, and whi ch conprises (a) 100 parts by

wei ght of aty oxi de selected fromthe group consisting of

al um num OXI,mmﬁﬂ'"gm“uﬂ’lﬂMI de and (b) 5 to 25 parts by weight of cerium
in the formdf c¢errumioxs 2. The abrasive particle according to
claim1, wherein said particle has a BET specific surface area of from 40

to 150 nferr]/g. 3. The abrasive particle acbording to claim 1,
wherein the netal oxide is alum num oxisde and the al um num oxide is
transition alum na. 4. The abrasive particle according to claim1,

particle according to claim1 ereln e 15 obf al by a

met hod Coampides da SEEFp Wf SUSPERGiAY iR 2 SOLveRt &t CPORgLngnael ected
fromthe nele oxide.ﬁﬂaing an averég% particle size of 2 [err]mor |ess

and a premgaaid tSELEOfedNf £din | $hé OPVEID by 84 £ NbA% 1 Gmi gkiaL

oxi de having an average particle size of 2 [errlmof less to forma

suspensi ivingtap Merigd aitidld 'eiAIPENS A0 Sr F&dd UM CHPANRGH i ch

I's converted by calcining to cerium oxide to forma mxture; a step of

drying tRgE niog ety ave S5, dithtsd Wabd Meaing bl &bk Lge

particle size of 2 um or less in an amount of 100 parts by

wherein the g:pnt;gr}aegioa\laf@pdp &@cﬁ?g 2ivESSarticles: whfchPrasive
, the parti 7 ne

weight and precursor aluminum or silicon oxide which is
converted by calcining to aluminum oxide or silicon oxide
having an average particle size of 2 um or less in an amount
of 100 parts by weight to form a suspension; a step of mixing
into the suspension a cerium compound in an amount of 5 to 25
parts by weight in terms of cerium, wherein the cgrium
compound is converted to cerium oxide by calcining to form a
mixture; a step of drying the mixture; and a step of |
calcining the dried mixture to obtain the abrasive particles
having an average particle size of 2 um or less, each of
which coﬁprises (a) 100 parts by weight of at least a metal
oxide selected from the group consisting of aluminum oxide
and silicon oxide and (b) 5 to 25 parts by weight of cerium
in the form of cerium oxide .

7. The method according to claim 6, wherein the cerium
compound is at least one member selected from the group
consisting of cerium nitrate, cerium acetate, cerium sulfate,
cerium chloride, cerium oxalate, cerium carbonate, ammonium |

cerium sulfate and ammonium cerium nitrate.



23 6. A nmethod for producing abrasive particles, which - conprises a
step of suspendi i lvent at | east one . conpound selected fromthe
gy oup consiSim f I num .oxi de havi ng an average particle size of 2
[err]mor Ilmuiﬁm# i’(lﬂ,l of 100 parts by weight, silicon oxide having
an average * parthi , *Lf 2 [err]mor less in an anmount of 100 parts by
wei ght and precursor alum numor silicon oxide which is converted by
calcining to al um num oxi de or silicon oxide havi ng an average particle
size of 2 [err]mor less in an anount of 100 parts by weight to forma
suspension; a step of m xing I nto the 'suspension a cerium conpound in an

amount of 5 1. 25rne BakLRoRYadBbEilnd b CTRIA' 6¢ GhUFLLNNGL BRIk cer T UM

conpound is converted to cerium oxl )

cinihg to forma m Xture; a

step of Udidd {1 A1MEE b ydroifi8lor 6! 6EOMAGC! BeuflihGy M xIure to

obtai n the abrasive partlcies avi'hg an average~particle size of 2 [err]m
or |less, égﬁ?bﬂﬁd. whi ch conprises (a) 100 parts by weight of at |east a
nmet al oxl de selected fromthe group consisting of alum num oxi de and

et d . al umi num f
Serium oxi de > THE RRACH e A in a0l 18 Moheiln e SFasfL U
COMPOUNG J Ao AN mRAEn L o 551 Gk Rl | ORORLIGe 97 OUD  cONSISting of

a

ceriumnitrate, ceri cetate, cerrumsultfate, ceriumchloride, cerium

oxalate, cerijyh G Wifod UBRGEL Rg 4 | LA A € A ndpeli A ERET UM cerium
precursor of aluminum oxide is aluminum hydroxide obtained by
hydrolysis of an organic aluminum compound.

11. The method according to claim 10, wherein the organic
aluminum compound is an alﬁminum alkoxide.

12. The method according to claim 6, wherein the step of
drying is carried out by a method using a flash drier or a
pneumatic conveying drier.

13. A use of an abrasive particle having an average
particle size of 2 um or less, and comprising (a) 100 parts'
by weight of at least a metal oxide selected from the group
consisting of aluminum oxide and qilicon oxide and (b) 5 to

25 parts by weight of cerium in the form of cerium oxide, for

planarizing an insulating film on a semiconductor substrate.



24 8. The nmethod according to claim®6, wherein alumnum oxide is

obt ai ned by hydrolysis of an organic al'um num_. conpound. 9. The net hod
atcording to claim8, wherein the organic al um num conmpound is an al um num
al koxi de. 10. The method according to claim®6, wherein the precursor

of alum nmsmép OF PHE"HI s Xi de obt a| ned by hydrolysis of an

organi ¢ afme TNVENTTON: ABRASIVE P Q ﬁblo
wherein the organlc alum num.mo §E pml-ﬁF €.

The net hod according to claimé, whereln t e step o ryi ng IS carrled out
by a nethod using a flash drier or a pneunmatic conveying drier. 13. A
use of an abrasive particle having an average particle size of 2 [err]mor
| ess, and conprising (a) 100 parts by weight of at |east a metal oxide

sel ected frorpidsel@sed pis CONSASEASDvEf pat+id d,sLhl.LgQn oxi de and
(b) 5to 25 parts by weight of ceri ungl n ??1 n%%fgﬁ %gr?‘zl?nkéglgde for

pl anari zipgrticldssl 2¢ | 68 Aot MdFe % REN $OMHULAL cSHPFIEAAE 100 parts

by weight of aluminum oxide and/or silicon oxide ‘and 5 to 25
p_arts by weight of cerium in the form of cerium oxide. A
method for producing the same, and a use of the abrasive
particle for planarizing an ihSulating film on a

semiconductor substrate.
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