11121232 teerr 1123 oreer2 e kel 11111111 *159159* SPECI FI CATI ON
Lrrrerrerrerrratrrerrerrrertr~terr 1tu I *GOON2*111 11 ABRASI VE, METHOD
OF POLI SHI NG TARGET MEMBER AND PROCESS FOR PRODUCI NG SEM | CE
TECHNI CAL FI ELD This invention relates to an abrasive, a ne mﬂlmmv
polishing a target nenber, and a process for producing a sen1con

devi ce. BACKGROUND ART Conventionally, in the steps of fabrlcat?ﬁﬁ 5
sem conduct or devices, studies are comonly rmade on colloidal silica type

abrasi ves used as cheni cal nechani ca$pEGIF BRAWEN f or SnDOthJMW“mmmMMﬂMMM@

insulating filmlayers such as Si02 insulating filns fornme

such as plasnma-assisted CVD (chem cal vapor deposition) and

| ow- pressure CVD. The colloidal silica type abrasives are produéng by
growing silica particles into grains [aBrAsEM®0d of, e.g., therma
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abr asi ves, however, 15 can not provide any sufficient rate of polishing for
the polishing of inorganic insulating fiANB, and have a

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 f£ilm layers
such as S5i0, 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 problemof |ow polishing rate for their practical wutilization.
Meanwhi | e, cerium oxi de abrasives are used as glass surface abrasives for
phot omasks. Cerium oxide particles 5 are. useful for finish

m rror-polishing because they have a | ower hardness than silica particles
and alum na particles and hence may hardly scratch polished surfaces.

Al so, ceriumoxide, which is known as a strong oxidant, has chemcally
active nature. Making the nost of this 10 advantage, its application in
cheni cal necteshreitadbprasblien of okow polhshing imrtd ifos theisdbractiewever,
when such cerium oxi de abrasives for glass surface abrasives for

phot omasks awkiusedtient he polishing of inorganic insulating filnms as they
are, they have so large a primary particle 15 dianeter as to scratch, on
pol i shing, the insuMggnwgiel ncesipmagkide abyRELUPFyabRsBFGEbRE Bkagnt .

DI SCLOSURE OF THE | NVENTI ON An_obj ect of the present invention is to
provi de an SBFEAFecabPRAsiven HOT i RMCEINAES ng et XikdaRarbiclgy
insulating films or the like at a high rate w thout 20 scratching the
surface, Sa nafRoSPErL shPRgf inteh getr MR L ishing PeranRs sty Hwidi ng a
sem conduct or device. The present invention provides an abrasive conprising
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constituted of _at |least two crystallites and
and hence may hardly scratch pg&ished surfaces. Also,

cerium oxide, which is known as a strong oxlidant, has
chemically active nature. Making the most of this

10 advantage, its application in chemical mechanical abrasives
for the ilnsulating films is useful. However, when such
cerjium 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 ilnsulating 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 SiQ,
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 dianeter wwth a m ddl e val ue
of from60 nmto 1,500 nm nore preferably from100 nmto 5 1,200 nm and
nost preferably from300 nmto 1,000 nm The crystallites may preferably
have diameter with a mddle value of from5 nmto 250 nm and nore
preferably from5 nm to 150 nm Preferably usable are particles wherein

the cerium oxide partiglis Paving crystal grain boundaries have 10
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particles may preferably be used.

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 nm 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. BAs the abrasive

25 grains, cerium oxide particles may preferably be used.

The pore may preferably be in a porosity of from 10%



The pore may preferably be in a porosity of from10% 3 to 30% as
determned fromthe ratio of a density neasured wth a pycnoneter to a
theoretical density determned by X-ray Rietveld analysis. The pores nmay
al so preferably have a pore volune of from0.02 cni/g to 0.05 cnmi/g as
measured by 5 the B.J.H (Barret, Joyner and Hal ende) nethod. The present
invention still also provides an abrasive conprising a slurry conprising a
medi um and dbspersed debermineaefrrom oXé dea s tof | dmdityg medsuldeddensity
not higher than 6.5 g/cm . Those having a bulk density of from10 5.0
g/cm to 5. 9ighcaBpacropeeéer teda Asedhetiedll uignssatyerdetsyrmpmefdetgbl y be
used. The slurry may contain a dispersant. The di spersant may preferably
be at | east Xemeyselrgetwrddf enalgsnat er Tsel pdntes mEyaiisy poleffeerably have

wat er - sol ubl e ani oni ¢ surface-active 15 agent, a water-sol ubl e nonionic
surf ace- act aveoagenblamd af fab®wr 0sORubh¥ gartion@.. OAneoh wmpoleeIsddtay may
preferably be used. The present invention further provides an abrasive
conpri sihg ¢éei BavoKi déBparekcl éoynensand Uiatergde htmadtdwst. 20 two
crystallites and having crystal grain boundaries; cerium oxide particles
with a dianmeter notThgniiesenthdmvenhioscGpyinglap PEASEISS 188 bybFRS EIR of
the total weight of the ceriumoxide particles, and the cerium oxide
particles KeIPA&SERIsRaFLlYFaynCPBRRYALTSs2 TR M AubIE e 3ifid shing a

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/cm’ 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 um
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



25 target nmenber while collapsing at the tinme of polishing. The present
invention still further provides an 4 abrasive conprising cerium oxide
particles constituted of at |east tw crystallites and having crystal
grain boundaries; the ceriumoxide particles having crystal grain
boundaries being capable of polishing a target nenber while formng new 5
surfaces not comng into contact with any nediumat the time of polishing.
The present invention stil] further provides an abrasive cqr‘rgri sing cerium
oxi de parti cFRE2THR tFIMRELS 9 dfer 1 @xidfo RAG/ECHSS CO8SE & H% at
crystal grain boundaries, 10 wherein;

1) the content of cerium oxide
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polishing, neasured by centri futg_al sedi nentation after a t%r et, nenber
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di mentation; (2 ' i de particle dianmeter at D99% by vol af t
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pol i shed, is?r%n alrartlio of from0.4 to 0.9 with respect to cerium oxi de
particle dia tRY 5T 0% by vol une before polishing, neasured |ikew se by

| aser d'ffraCtlon;Tﬁderesent 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 um 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 um 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



(3) ceriumoxide particle dianeter at D90% by volune 25 after polishing,
nmeasured by |aser diffraction after a target nenber has been polished, is
inaratio of fromO0.7 5 to0.0.95 with respect to cerium oxide particle

di aneter at D90% by vol une before polishing, neasured |ikew se by |aser
diffraction. The nethod of polishing a target nenber according to 5 the
present invention conprises polishing a target nenber by the use of the
abrasi ve described above. The target nenber nmy preferably have a strength
hi gher than EPe0 g?Bi Wi BRURREPSC b iea G Wh &gt RAT i &

particles. The target menber may be a sem conductor chip on mhlch a 10
silica fil mh3e? b‘é\én"?%ﬁ“ﬁ%dbeﬁ?ﬂégpﬁ%]c’e%bst Dr WBHIEHd e¥dficc ddaser

devi ce accordln to the present invention conprises the step of polishing
a seni conductBFEERF O™ which a silica filmhas been formed, by the use of
t he abrasive described above. EEST NC%E FOR PRACT] CI NG THE | NVENTI ON 15
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boundary breaking strength of the cerium oxide particles.
The target member may be a semiconductor chip on which a
10 silica f£ilm 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 f£ilm 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. SiO,
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



the present invention are prepared w thout making them highly
crystallizable so nuch. Also, since they are used in polishing for

sem conductor chips, alkali nmetals and 6 hal ogens may preferably be kept in
a content of 1 ppmor |ess. The abrasive of the present invention has so
high a purity as to contain 1 ppmor less each of Na, K, Si, M), 5 Ca,

Zr, Ti, N, O and Fe and 10 ppm or Iess of Al. In the present invention,

or epare par bPEVERERonAkCREaFPYaBEy "hEPRERE Y ¢ fllbn ECE pad L0 CET 1O

firing is prg rred whi ch does not nake them highly 10 crystallizable as
far as possi ras Slnce the cerium conpounds have an oxi dation tenperature

of 300C, they may rbg.gs)iv% off &g Be chETREUBYLEnOhal! 08 400 &

(inclusive) to 900C |nc usirve e erab Ire cerrum
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using a jet mIll, al | i ke, by wet-process
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oxi de particles obtained pul verizing the fired cerium oxid
singl e-cr yStrﬂhyp‘@étbﬁéﬁér@@%f’%ﬁrﬁﬂ@l | gowstat | i i I &Yl 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 300°C, they may
preferably be fired at a temperature of from 400°C
(inclusive) to 900°C (inclusive). It is preferable to fire
cerium carbonate at a temperature of from 400°C (inclusive)
15 to 900°C (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



pul verized particles having not been pulverized to crystallite size are
contai ned. The pul verized particles 25 differ from aggl onerates fornmed by
re-aggl onmeration of single-crystal particles, and are constituted of at
least 7 two crystallites and have crystal grain boundaries. Wiere the
polishing is carried out using an abrasive containing such pulverized
particles having crystal grain boundaries, it is presuned that the
particles arggbroken 5 at _the tine_ o hi_p
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of Si0, insulating films or the like.
In the present invention, a cerium oxide slurry is

10 obtained by subjecting to dispersion an agueous 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. 1In 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



acid type polyners and pol yvinyl al cohol, water-soluble anionic
surfactants such as amonium | auryl sul fate and ammoni um pol yoxyet hyl ene
| auryl ether sulfate, water-soluble 25 nonionic surfactants such as

pol yoxyet hyl ene | auryl ether and pol yethyl ene gl ycol nonostearate, and
wat er - sol ubl e 8 am nes such as nonoet hanol am ne and di et hanol am ne. The
acrylic acid type polyners may include, e.g., polyacrylic acid and

amoni um sal Ll tlon AY YERAGAdaraGkdARda BERERDUEN2ALL S e eOf.

and copol yners ammoni um 5 pol " yacrylate wt or
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with time of particle size distribution as a result of re-aggl oneration.

Those having a wei ght - eV@sQ0 Caribreci o MRIhtl dtRs ot harkobol9Re¢ansnot ,

in some cases, well be effective for providing dispersibility and
preventing segid@al ipdlyaddvilate ewtdf metbydi apeysabel i§ypasteprexenti on

° 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 welght 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



sedi nentation of particles in the slurry, any of these dispersant nmay be
added in an anount ranging fromO0.01 part by weight to 5 parts by wei ght
based on 100 parts by weight of the ceriumoxide particles. In order to
inprove its 25 dispersion effect, the dispersant and the particles may
preferably be added sinultaneously in a dispersion nmachine 9 at the tine
of dispersion treatnent. If the anount is less than 0.01 part by weight

based on 100 Qa&]tl}g P%rﬂ&ejagh&i?ﬁefpfonc %%%%Q‘%;%de P@r{ﬂglﬁ%%ﬁ@ﬁhg)aiég | es

tend to settfe. e anount rs nore arts by weig e particle
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submi cron order, a wet-process dispersion machine such as a ball ml

vibratory bahlsfhhibut 2oR! f8REE ¥Yob8hingt | kit iR Gefidatdg m Il or the
| i ke may be used. Al so, when 15 the'slurry should be nade highly al kali ne,

an al kali spbstggesmepRt@bRi ng no netal ions, such as amonia water nay
be added at the tinme of dispersion treatnent or after the treatnent. The

cerium oxi de abrasi ug ffthB@sPbes@ikpkPt@nli @lese 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



20 may be used in the formof the above slurry as it is. Alternatively,
addi tives such as N, N-di et hyl et hanol am ne, N, N-di net hyl et hanol am ne,

am noet hyl et hanol am ne, an anionic surfactant and pol yvinyl al cohol or the
di spersant described above may appropriately be added in accordance with
the form 25 of use to make up the abrasive. The cerium oxide particles
havi ng crystal grain 10 boundaries, to be contained dispersedly in the
slurry of the resent invention, ferabl ave dianeter with

i ddl 5 val ucoBRRRESTRB0 hih DS SOBBBLNMT GrePeTRRdl i 11 ity of tne
preferably have diampter with a mddle_ val u 15 nmto 250 nm |If
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a high rate. e par avi ng crys al - grain oundarles
have di anete dle value larger than 1,500 nmor the crystallites
have dlagite% &#%hzgonhgddle val ue |l arger than 250 nm the polishing target

15 surfaces of SiQ2 '”%}1&' eAlR o%d%”gﬁklﬂﬁciége LGEggt BrQSEafc{;?éEHEd T

the ceri um oxi de particles havi ng C rain oun rre ave a nmaxl mum
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insul ating fi
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 SiO, insulating films and the
like at a high rate. If the cerium oxide particles having
crystal grain boundaries have diameter with a middle wvalue
larger than 1,500 nm or the crystallites have diameter with
a middle value larger than 250 nm, the polishing target

15 surfaces of SiO, 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 Si0, 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 SiO, 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



and the like tend to be scratched. The cerium oxi de 20 particles having
crystal grain boundaries nmay preferably be in a content of from5 to 100%
by volune of the whole cerium oxide particles. If they are |l ess than 5% by
volume, the polishing target surfaces of SiQ2 insulating filnms and the
like tend to be scratched. 25 In the above cerium oxide particles, the
crystallites may preferably have a maxi num di aneter not |arger than 600

dth L i f bly _h di
13 33 TR B BB R L Sl 4.
o T " ACTS BARTSR? o JES LR s AL
nvertion, becdhanEhersooh bie (ELYSLELLLISS giicerhum o de pac (sl g3

Scanning el sctiom, her O5EOPRel engue & 300ne PRPULAGLILEC: D 4 36 A0

Ltd.). The p i ane of parficClés 1S ermned rom

and bread h BBlEQﬁiﬂgrEEE%eteg@Eet05980i3&8§!ly’ the I ength and breadth of
nmeas t

the particle are ured and the square root of the product of the Iength
and breadth is regarndedp@s Rallen®! § ndeANBLE" - tALSAiahBeet2 ¥e! ¥AE Of a

sphere that is determned fromthe particle dianmeter thus determned is
regarded as LhesyQhUiBeOf ahBCcePlihi 6kfde 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



The m ddl e value is the m ddl e val ue of vol une-based particle size
distribution and is neant to be a particle 20 dianeter at which the val ue
obt ai ned by adding the volune proportions of particles from anong those
having smaller particle dianeters cones to be 50% More specifically, when
particles in an anount of volunme proportion Vi%are present wthin the
range of particle dianeters in a certain interval 25 A and where an average
particl e di diemeterndiharenaesumedAtesbe epresemt eh B0 dimoyndr afc|Vd$ pavi ng
particle 12 dianeter di are assuned to be present in an anmount of Vi % by
vol une. Thevdiluae.whbh fheatavhacbbthenealpy ekithined &Y sIdhHed proportion
Vi (% by volune) of particles fromanong those having snmaller particle

di anet ers diexds¥esceopbeprvrtios ¥o¢4i BYreghumeld f RIF iflRA £opf @@omphe
cerium oxide particles having pores, to be contained dispersedly in the
slurry of tR&OseedaNLNg] ﬁ@éﬁgﬁénpaﬁﬁycbﬁe‘flé@&ﬂ%ﬁ%ﬂﬂe W6 39 BF O from 10
to 30% This porosity is determned by calculating it fromthe ratio 10 of
a density né&§uﬂédr€€GF§eﬂaPérFhEOE}dﬂXFhV%;ﬁ?cnoneter to a theoretical
density determned by X-ray Rietveld analysis, The cerium oxide particles

havi ng pores may preferSffiihare-d8 Bidte H6FuRavor9s PBRES: 05°18%0. 05 cni/ g.
If the ceri um %t)éirjrde pgr.ticles tiave a, oroiit% Io%er 15 than 10%or a pore
vol ume smal IS8R PHET %0 IG5PERSPELY A8 tBBI PSRFRY Yar Rt RiF¥etes of Sie
iHSU|ating.TAJQ%E%%%,t%%y 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, 20°C) 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 Si0O, 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 SiO, insulating f£ilms 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
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| i ke 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 vol une
| arger than 0.05 cm /g, the 20 polishing target surfaces of SiQ2 insulating
films and the |ike, though not scratched on polishing, tend to be polished
at a lowrate. The present invention also provides an abrasive conprising
a slurry conprising a nedium and di spersed 25 therein cerium oxide

particl es g @nllth daaplely chgh _shisgﬁygﬁte ,?av{}hegh&g%ﬂ;i]ncgn}fa%% cerium

I
oxi de particles have a ul'k density

pol i shi ng t argat,ce3UragaD, Ofngh P2t | AS Uk AL Ay 158 dma R er atighed. The

ceriumoxide particles may“preferably have a bulk density of from5.0 to

5.9 g/enmB. lde ity $xiQMCHARAR1ILR halyOWeerbiBbly Ra¥a! Hepuikeqpbiepi 58
rate may lower. It it is higher than he upper limt value, the polishing

target surfaGem tserd tho5.8e gyerat ched. ; dhes bidde dansdd e €f erdwedt: o it the
present specification is the density of powder neasured with a

pycnonet er. Jdddle tiRapeEBihg RUke Wakehowsrusedrastt he AOghéfutdan
injected into the pycnoneter, and the neasurenent was mnade at 20C. Prinmary

particles camel idpplerng i€ €@niuemn exedpolpahihgl eargedt ahnedcdsspengeddby in
the slurry of the present invention may preferably have an aspect ratio of
from1l to 2ukb sanrditaheidddl enealbud kolehsItyThefaspedt toaihoths perasered
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 20°C.
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 55°C 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



with a scanning electron mcroscope (e.g., S-900, nmanufactured by Hi tach
Ltd.). The slurry of the present invention may preferably have a pH of
from7 to 10, and nore preferably from8 to 9. 20 The slurry, after
adjustnment of its pH, may be put in a container made of pol yethyl ene or the
i ke, and may be wused after it has been left at 5 to 55C for 7 days or
nore, and preferably 30 days or nore, whereby the polishing target

surfaces canabecadeababiechess sentohech odheplyriy o Jhy b prssent

i nvention can stan ISpersed so we and may seftlTe so s

rate of Chang?chtﬁluﬁﬁﬁgfe%ﬁﬁém& IF phigh é%%“ﬁ%%fn?ﬂdd 2 hoygl s | ess than

10% at any heig a columar contai ner lameter and 1 m hi gh

The present |nvent i giel wrblgh (Puavkes oA sBBEARLY Bro¢RHBE | 8hNEbEELLYEN OXI de
ed o i I

particles constitut at [east two crysta es and having crysta

grain boundaghfise16ehh Uakr 2h 6 DBL bk 8ot e AR gi0lae sy than

1 m occupyin eaSt 0. 1% by weil ght e tot wel ght of the cerium

oxi de pard i ckgs, cﬁygtabfiesgigﬂa%@fn@aé%}&ﬁ %f@ﬂ\.’ﬂ b e 1@ s ;9@ ym

boundari es bei ng capable of polishing a 10 target nmenber while coll apsing

at the time gf;Ral hbsbtDG1es THELACL! HARXLLE DI T4 D410 2 g ameter not
smaller than 1 m rmay pre?erab?y %e In a contem:é%fﬁéon10.l to 50% by
wei ght, and geefppigfesablyadt om Ds Loy owsih BYomeitsotHe v tofoftHahe
cerium oxide particles having a

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 pm 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 um 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



15 dianeter not smaller than 1 mis nmeasured by neasuring the intensity of
light transmtted through particles while being shut out by the particles,
usi ng a subnerged-particle counter. As a neasuring device, for exanple
Model 770 AccuSi zer (trade nane), manufactured by Particle Sizing 20
System Inc., may be used. The present invention still further provides an
abrasive in which, when a target nenber is polished, the cerium oxide

ticl havi tal arai dari bl e. of | L shi th
ar get menbeRASTESr G HY CRe 95 ST PAE ST nGeT Ll P e B ERTRCY wi th
di he . t | ti i1l furth i d 15 [ [
oy ch Lhe. coRPEART0R BBFIU B PRATBAPE] BPBSMALL PRt Bohad (7 B o Siet er not
|l th . ft Li-shi ' I ' tati
ater o tar §oriaimeer Raeshlss” By PenERcaibsy MaBRBLLYOE P L

0.001 with rg%%@%% h%mkgg ﬁggt%@EngaﬁggﬁeHEfggeinpgl-égiggofTE@% less .

centri fugal rmentation i's a ne meéasuring the content of cerium

oxi de pardicligsnby .'6%@.5Wiitli_{?ggggscitmtsnﬁif'xgycﬁfnf'éﬁgh&ftfﬁ‘é‘@ Mhd£Se t hrough

particles having been set centrifugal force. As a neasuring device,
10 for exanplyp $AnGRAL (trhA08eNREEFugHRNMEAShA Ea Pyn ST MRURUcnéR Por at i on,

may be used. The preSent invention s urther provides an abrasive in
whi ch ceri umpxyisde 1par thel eodicaiet 8F 8brPR%RYde 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 Dbeen polished"” is meant to be "after a polishing target

surface has been polished by i) setting a target member to a
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vol ume after polishing, neasured by laser diffraction after 15 a target
menber has been polished, is capable of being in a ratio of from0.4 to
0.9 with respect to ceriumoxide particle diameter at D99% by vol une
before polishing. In the abrasive of the present invention, cerium oxide
particle dianmeter at D90% by vol unme after polishing, 20 nmeasured by | aser
diffraction after a target nenber has been polished, may al so be capabl e of
being in aratio of from 0.7 to 0.95 with respect to cerium oxide particle
di aneter atR®BBeE by VEricR DT LIRS i tREhingk isyGden wad £t er ns
"after a target nenber has 25 been polished” is meant to be "after a

pol i shing t atgefing (F f BREIHRMYBREF Pt i &P yshed fés: iPe§ha Tast§8€dmenber
to a 16 holder to which a substrate-attaching suction pad for holding a
target membetlt PHEEHRY i B M h B St Y 1SBINT SaTEetg S K61 der
with the polishing target surface side dqoqwn, on.a.platen to ich a

ol 1 shi g paltHRAioRR o BobHALohr & T s Bl aiind: Bhch8rd8.6t Ay

wei ght sqQ as__to apply,.a working |oad of_.30Q g/cn®, .and _iv) .rotating the

i aten a0 3oePbRes RdeRett Tt POph s Htvatdg v BoRo Re
platen at a rate of 50 m /[ nute. " t he abrasive after_polishing is
circul ated tégb%p?%%s%foﬁﬁlfﬁof%% E‘30 0 t ecmabrggclivjév?sr%é%gl? ot al .

The measurengpl, by Lasst dhf 12801 Qb RS oSl nelabovelast er i zer

M cropl us ( ractive i
abrasive on the platen at a rate of 50 ml/minute." Here,

the abrasive after peclishing 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 SiO, films formed by CVD using SiH, or
tetraethoxysilane as a silicon source and oxygen Oor 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
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1.9285; light source: He-Ne | aser; absorption: 0), manufactured by Ml vern
Instrunments Ltd. 15 The D99% and D90% are neant to be particle dianeters

at which the val ues obtained by adding the volune proportions of particles
from anong those having smaller particle dianeters cone to be 99% and 90%
respectively. The inorganic insulating filnms on which the cerium 20 oxide
abrasive of the present invention is applied may include SiQ2 filnms forned
by CVD using_Si H4 or etraet hoxysi |l ane_as_a silicon sourc nd o en or
ozone as an-oxyY¥h %Ib%r %‘.‘l%“%%%t?%rsdbqsm ,smn@ zfrete%h@. 6?%%‘3
substrates 5 such, as_sem conductor substrates. standing at the stage where
i roul b conpBRERt s Hre o TR TS P Fo i Boch P A r s ko oth i

sem conduct or, substrates standi_ng at _the stag where ci.rcuit conponents
R e TRIETg AR, ReR Bpe EhFaf

have been fof ere 'ns8FAtTng fil m has been

formed (seri 1abl i £gted b5t 1ales)y: Al 50 uoal &.A8 SUR! LAkes .5 flavi ng

an Si 2 insu g or e € pur pose sem con tor i1solation

T e R

senm conduct or substrates are ove a sive to elimnate

t he unevennegéniﬁ%n%(ﬁb &é%&{i%édﬂﬂdu fstLiré‘ %_Stoqarﬁlg%)t.he Sy faces

10 snooth over t e sem - ri cat ed sem conductor substrate sarfaces.
Here, as an ApRdf At sy foliddeormed on such semiconductor substrates are

polished with the above abrasive to eliminate the unevenness
of the Si0O, 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/cm® so as not to cause scratches after

polishing. In the course of polishing, the slurry is
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pol i shing, any commonly avail abl e polishing apparatus may be used which
have a platen to which a holder for holding a sem -fabricated

sem conductor substrate and a polishing 15 cloth (pad) have been fastened
(fitted with a notor whose nunber of revolutions is variable). As the
polishing cloth, comonly avail able nonwoven fabric, foanmed pol yurethane,
porous fluorine resin and so forth may be used wi thout any particular

i mitati ons.o e kit 091l Rt 20 RASHES 89 nelf0T20tedung t hat

the slurry can an ere. re no particu Imtations

pol i shi ng oqndiieens,ce Thanplial edTo REERAAIRL 9, @baledabnd hg nunber

of revolutions o ess. sure applie

semi -1 abr i Caigath SN ORI st 3 TEAIR! eabhy Be123r0k, R1ghe!

than 1 kg/c S0 as not" to cause scratches after polishing. In“the course
of polishingy, fb%eséetyarbxily el 816 Rt LaE Nt @nkhgi1pekishing cloth by

means of a purp ™ or the I'ike. There are no particular |imftations on the

feed ratg, providedribasethner suifSe€e@f sdMchtuStE NG Aidh tdrevapiRf er ably
be al ways covered with the slurry. 5 The sem -fabricated sem conductor

substrate hayddiy tHheepdiiEhdiohiashedFay-apl§f deabligaheackeaned nwelihnifg
running water and thereafter set on a spin-dryer to drive off any drops

of water adhefidlg d4ra e reelftshedetewn hakpitadegerses aeaducb@E adpstrate,

foll owed by drying. On the SbQ2 10 insulating filmthus made fl at,

second-layewa&ﬂgﬂﬁdﬁMWater adhering to the polished semi-fabricated
semiconductor substrate, followed by drying. On the SiO,

10 insulating film thus made flat, second-layer aluminum
wirings are formed, and an SiO, 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 SiO, insulating films
formed on semiconductor substrates, but also SiO, 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
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wirings are forned, and an S 02 insulating filmis again formed between,
and on, the wirings by the above process. Thereafter, the filmis polished
wi th the above cerium oxide abrasive to elimnate the unevenness of the
insulating film 15 surface to nmake the surface flat over the whole

sem -fabricated sem conductor substrate surface. This step 1is repeated
prescribed tines to produce a sem conductor having the desired nunber of

|ayers. The GaliliaXdgaaBrastye ool the,prassst ol ueniien, 20, 0an B yised

to polish not “on I nsu 'ng or on sem comduct or

substrates, Rllétteqji%g;Sie%si B%“Bﬂﬂ@gl )t:‘%i.g s‘é%ﬁfﬂcé’f %5%1;88%%41?‘“ ng

certain wirings; glass; 1norgahic Insu 'n NB suc con nitride

films, opticalglas ciH‘&{i%%QE?QSS O%ikéxskggg)efagé‘fn%{ﬁéi@ic 44 gani ¢

conductive filns such as ndiumtin oxi ; optical i1ntegrated

clreuits, PhelpsWaboReseobuBltrages 28rVBYRILLYES WaSor ol %&%ﬂ&&gﬁgﬁ !

glass and a crystalline material; ends of optica I bers; optical si

crystal s 5sughnas eSeirkichhat gheh 88! 5dcSt 8hP ARSCEaRS NUY Ladd YA SratddD
sapphire substrates for blue-color |asers; sem conductor 5 single crystals

such as Si C £G#Pralde®adsaigkassmayhetiat BSaas Ora@ones i i sks; magnetic
heads, and the like. Thus, in the present invention, the target nenber

enbraces senm conductifussulast e prezant ahven@donnsithat ktaggeti hampbave been
formed, wiring boards on which SiQZ

embraces semiconductor substrates on which SiO, insulating

films have been formed, wiring boards on which §iO,

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 800°C

for 2 hours to obtain about 1 kg of yellowish white powder.

20



10 insulating filnms have been forned; glass; inorganic insulating filns
such as silicon nitride filnms; optical glass such as photomasks, |enses
and prisns; inorganic conductive films such as ITOfilnms; optical
integrated circuits, photosw tches or optical wavegui des which are 15
constituted of glass and a crystalline material; ends of optical fibers;
optical single crystals such as scintillators; solid-state |aser single

crystals; LEB,; sappphée ﬁ&?sﬁtﬁ@éésdé%nﬁ’ir&l@dW% B AP &L £ SRR U or
single crystals such as SIC,- GaP and GaAs; gl ass substrates 20 for magnetic

di sks; nagne%ag gg@gsrm@@dtéhgelégf&umtg§g@ge 1 (1) Preparation of Cerium

Oxide Partic a. Preparation of ceriumoxide particles A- 2 kg of cerium

carbonate hydrate wgpeP¢lirkR BowaetOBbRhIREATREE ﬁarpt@té ngaméperyase fired
in the alr at 800C for 2 hours to obtain about 1 kg of yellow sh white

powder . | §o PPYEIEL m%t@é‘{i‘%&fé‘%&é r‘&f‘%‘lf&’d 2pdvie digddadian v?ef}% was

conflrned to e ceriu OXIde ed po obt al ned "had particle

di anet er 5 of o 88rv8a PPN a TEEa S AR CEFe Ofrdr MmebBRIe PAHArE @fcamre 5

observed with a scanning el ectron mcroscope, where grain boundaries of
cerium oxi dep¥&fi@aphser yabteri bh av®i®s svdfe XBfdmirannd .de Dulandtidd tos

surrounded by grain boundaries were neasured to find that the m ddl e val ue
of their 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 um to 3 um and
15 polycrystalline particles of 0.5 um to 1 um 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 750°C

25 for 2 hours to obtain about 1 kg of yellowish white powder.

This powder was phase-determined by X-ray diffraction and
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di stribution was 190 nm and the maxi num val ue was 500 nm 10 Next, 1 kg of
the fired powler obtained was dry-process pulverized by neans of a jet
mll. Particles obtained after the pul verization were observed with a
scanning el ectron mcroscope to find that Iarge polycrystalline particles
of 1 dun to 3 mand 15 polycrystalline particles of 0.5 mto 1 mwere

m xedly present in addition to small single-crystal particles having the

same size as,iheceiystaldite ol B e POIMA YSIAd AR Lilanater @

not aggregates o si ngl e-cryst particles. The cerium oxide particles

t hus 20 obt ali‘%&d%gytll?‘l’lié(e‘ﬂg‘g‘#% e jbe_rtgjeriq{(} %_cal | ed cerium oxide

particles A reparation ceri um oxi particles B: 2 kg of cerium

carbonate hydrate wagePYhrikBcds S8NERL8ELpERAEL ObaPt £E1dW e A b ESFdd €d
inthe air at 750C 25 for 2 hours to obtain about 1 kg of yellow sh white

powder . Thi s, PEMOLT s¥@sn PHGSEr et RIS dBEofsd aWrdirdef I@alin0boundardbswas
confirnmed to be cerium oxide. The fired powder obtaine had particle

di amet er g of o804 £1 I G ad Nee SIrd sy a1 | I e pwda’s RE Idediff WRiGe
observed w th a scanning el ectron m croscope, where grain boundaries 5 of

ceri um oxi decips €a Dhsesy adherodd BLERIBY grafi it fduniaPiiede weirys ndlalsiiresl to
surrounded by grain boundaries were neasured to find that the m ddl e val ue
of their distinduthe®#n tws déddlenvalue 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 um to 3 um and
polycrystalline particles of 0.5 um to 1 um 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 agueous 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
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and the maxi num val ue was 400 nm Next, 1 kg of the fired powder obtained
was 10 dry-process pul verized by neans of a jet mll. Particles obtained
after the pul verization were observed with a scanning el ectron m croscope
to find that large polycrystalline particles of 1 mto 3 mand
polycrystalline particles of 0.5 mto 1 mwere mxedly 15 present in
addition to small single-crystal particles having the sane size as the
crystalliteldi miptees Whth pviyripgttd |dispersd ittleessaming nmotideggr egat es of
the single-crystal particles. The cerium oxide particles thus obtained by
pul veri zati paraielhertonaptaincal $bdrreri um 20 oxi de particles B. (2)
Preparation of Abrasives a. Preparation of abrasives A & B: 1 kg of the
cerium oxi de parti dhes sAugryBtbibsaob¢édinad vhse Hibbverdd)ywiw8 g ofuman
aqueous ammoni um pol yacryl ate 25 sol ution (40@6by wei ght) and 8,977 g of
dei oni zed waiéfteRer EUTFRREJLChhewedebyri addkelamLle )Qﬁiﬂ&}4ﬁﬂlma¢ﬁ§séﬁlc
waves for 22 10 mnutes with stirring to disperse the cerium oxide
particl es t PEBLRI ANa2BFaftye WhER s uF? A4 AN EBthidfed &Y Meigdited with a
1 pm filter, further fol]lowed by addition of deionized water to_ 5 obtain
an abra5|veTthﬁb§a§6Y?d°EBﬁ%%ﬁ? BFO%QE%Q TR gt oxAfke AFHSiSIESoBt &Fn8d

fromthe cerium oxide artlcif )
is hereinaf er called abra51ve 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
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is hereinafter called abrasive A or B, respectively. The abrasive A or B

t hus obtained had a pH of 8.3 or 8.3, respectively. 10 In order to observe
particles in the abrasive with an scanning electron m croscope, the
abrasives were each diluted to have a suitable concentration, followed by
drying. Then, dianeters of polycrystalline particles contained therein
were neasured to find that, in the case of 15 the abrasive A making use of
the cerium oxhde paryhs! 8Sosds chiey m ddl e value was 825 nm and the maxi num
value was 1,230 nm In the case of the abrasive B making use of the cerium

oxi de particles B, NQ&ﬁUidﬂ|%rﬁ%&UQoW%§aﬁ§%en%hén@ibb@rﬁﬁﬁhﬁu%gvékue was
1,200 nm 20 The abrasive A was dried, and the density (bulk ensity) of

the particl epagbioi8edinachgeastasdve OahdNthé hatecttivasndrdds 9ol . Al so,
the theoretical density neasured by X-ray Rietveld analysis was 7.201

g/m . The poa@spéyse@spactieuéal egdetarpotbescaval desti® dbvrdsivad A tay®s
19.8% 25 Wth regard to the particles obtained by drying the slurry,

their pore vBl wakeWagaiEAsdl edMbyet 8peBifithl 1e] herge t@efiwmd oxXBdd hetudty Was
0.033 cnmB/g. Next, in order to exam ne the dispersibility of particles in
t he abrasi vewansdptheigl @cheasuchag gesldf in dilspet seTkpardded asade ed B
potentials of the abrasives A and 5 B were exani ned. Mre specifically, the
cerium oxi dep3bhtitnym 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 agueous 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 um

25 filter, further followed by addition of deionized water to

obtain an abrasive with a solid content of 3% by weight.
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was put in a neasuring cell in which electrodes nade of platinumwere
attached to both sidewalls facing each other, and a voltage of 10 V was
applied to the both el ectrodes. Upon application of the voltage, dispersed
particles having 10 electric charges mgrate to the el ectrode side having a
polarity opposite to that of the electric charges. The rate of this
mgration was determned to determne the zeta potential of particles. As

aresult of +08 SBANIAIEN Llned R MR A turl LuiRe gaceiilakaed Lhap the

di spersed 15 particles of bo rasives A and B stood negatively

charged and had, sl 4 €Y A HeSe PTaASB ARRAA ASr 30 MYedPdcti®R19Y, The

respectively, show ng a good dispersibility. b. Preparation of abrasives A

& B': 1 kg ofptdie;cesiumoxige pard idd@siRdhdd 23 o2f san 20 gagyeous
anmoni um pol yacryl ate sol ution (40% by weight) and 8,977 g of deionized
water were m&gfecei¢eipe mxture was exposed to ultrasonic waves for 10
mnutes wth stirring to disperse the ceriumoxide particles to obtain a

slurry. Ehe slurry thusrabtatpedo¥yesvéi paet £elad tin ackh &abRasibrd iwit .an
further foll owed by addition of deionized water to obtain an abrasive with

a solid contegdn®ing% byctedghiicrbhkchiR alimsiatr aiveisned ahdom tlageceri um
oxide particles Aor B is hereinafter called abrasive A or B,
respecti vel yeadihedihbtasi vehadve ;i shiitdnle ciriemdatddna pHheiredflear, 8. 3,
respectively.

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 Si0O, 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
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5 In order to observe particles in the abrasive with an scanning electron
m croscope, the abrasives A and B were each diluted to have a suitable
concentration. Thereafter, dianmeters of polycrystalline particles
contained therein were neasured to find that, in the case of the abrasive
A 10 maki ng use of the ceriumoxide particles A, the mddle value was 450
nm and the maxi num val ue was 980 nm In the case of the abrasive B naking

use of Lhe aeiidde OxIfie PaldIddes & 1 i1l AHet M31UBRRALARZ pELand the

maxi mum val ue was 1,0 15 Next, 1n order to exam ne the

di spersibili yag[% dard gl ased mfg}f Y aHNA A% gt e 16! eehki Goghar ggs of

di spersed parti s, zeta potentials of the abrasives A° and B were

exam ned in r i ®rabR¥eusafrash¥fe fed8ff B. As
aresult, i t%ﬁm%sﬁgés%%ﬁepdﬁth%{lﬁ%ﬁoﬁ%ger s?d pgrsti cles of both the

abrasives stpod fegalda®] Yand NArESEANG NG ARsQIUbE a¥ahUES Ak 28 gf@@& as
-53 nVv and -63 nV, respectively, showi ng a good dispersibility. (3

Pol i shi ng ofalwggﬁfﬁixmbgaldglggﬂId/a%n,wafer on which an Si Q2 insul ating
filmwas 25 formed by TEGS-pl asna-assi sted CVD was set being attracted

and fixed to a substieate- ahéaphign swes i Be Pesh fastmnasnt Tox 25 Michudess
This holder, as it held the silicon wafer, was placed on a platen with the

i nsul ati ng funimsidopomy the adradive a.em,aapobirsBi'ngspaddnadatahtpor ous
uret hane resin
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 120°C dryer.

With regard to this wafer having been dried, any
change in layer thickness of the SiO, insulating f£ilm 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
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was fastened, and a weight was further placed so as to apply 5 a working

| oad of 300 g/cnR. Next, the platen was rotated at 30 rpmfor 2 m nutes
whil e dropping the abrasive A, B, A or B (solid content: 3% by wei ght)
prepared in the present Exanple, onto the platen at a rate of 50 nml/m nute
to polish the insulating 10 filmformed on the silicon wafer surface. After
the polishing, this wafer (wwth film was detached fromthe holder, and

t hen thorougBhi‘fabsa&aﬁﬂc%wrmsﬁamwId,a)mgls@a/ farddiercind eaniu fiafg 20
ninutes by neans of an ultrasonic cleaner. After the cleaning, this wafer

was set on ar$PhNskPrHE¥E wbPe dbbyeredd €sops & yWifdal fntldrywebdy, drying

for 10 mnutes by neans of a 120C dryer. Wth regard to this wafer having

been dried, @R¥rechapgelbar! sypattheskiess mbt tdwerSiA? d1sWad idigsdd .| m
bef ore and after the polishing was neasured with a light 20 interference

type | ayer thicknesgsigasthen@brastkdMBNt thAssibheidRfldding tf Was dnowhed
that, when the abrasives A/ B, A° and B were used, the insulating filns

wer e abr afedshyi60f wapefpshisétagwaat£l sS0fb ghedute)theb 8amemn(gmldrshi ng
rate: 290 nmmnute), 590 nm (polishing rate: 295 nm m nute) and 25 560 nm
(polishing rastein28Renabavautege, raspectie vipdyt ias divevetexacdt itthea uni form
t hi ckness over the whol e wafer 26 surface whi chever abrasive was used.
Al so, the inabrasing Af af tresupdatsisingreasbssastecedisyingh sn apttimiciugal
m cr oscope,
sedimentation type particle size distribution meter to f£ind
that the content (% by volume) of particles not smaller than
10 0.5 um 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
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where any clear scratches were not seen in all the cases. Using the
abrasive A the S 02 insulating filmon the 5 silicon wafer surface was

al so polished in the sane manner as in the above case, and the particle

di aneter of the abrasive A after polishing was neasured with a centrifugal
sedi nentation type particle size distribution nmeter to find that the
content (% by volune) of particles not snmaller than 10 0.5 mwas in a ratio

of 0.385 with respecf tﬁééc{bg:tc?t‘i%ry%f hefqns %?Jii %hipggl,t_iléq_reg, ct.he tine for

whi ch the platen was rot I'n the course e polishing was set to be

1 hour, and 15 sheef s PfoSidd UM Waf 85 et Iilngdgl B Wakephel ighgd while

d
changi ng them successively. Also, the abrasiv ter 15 polishing was

ci roul aled t Qe iguseaad s B0-E o0k {Dha ABE381XE"ES HiE%als A01R0-CThE

particle dianeter 0 e asive after I'ng was neasure

laser scattegg hxﬂéspéﬁtbsksiﬁiEBOQES&rkQU&koyeﬂEéﬁisﬁowﬁiﬂQ pdh@dr ! he
particle dianmeters at D99% and D90% were 0.491 and 20 0. 804, respectively,

with reSQ§CtT%QstQ%w&@&uﬁﬁsb?38567dEEEEﬁEhQQ-bfrﬁnié eserFahdeSon LA
abrasive A has the nature of polishing the target ile collapsing and the

nature of  pelalsskiong iirlnedihitbebpr edecimgoRede surfreesined Fowdey ditDined
contact with any nedium 25 Exanple 2 (2) Preparation of Cerium Oxide
Particles 2%a3 pBrepanat ie@ameteesr beEnzoxtde1parjuhCl esh& 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 um to 4 um and
polycrystalline particles of 0.5 um to 1.2 um 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:
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2 kg of ceriumcarbonate 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
yel | owi sh white powder. 5 This powder was phase-determ ned by X-ray
diffraction and was confirned to be cerium oxide. The fired powder
obtained had particle dianmeters of 30 to 100 m The surfaces of
fired-powder particles were observed with a scanning electron m croscope,
where grain boundar Bekgobfcerrimoxhdboh8teechgdohser wabl putDiamat er s of
ceriumoxide crystallites surrounded by grain boundaries were neasured to
find that t8énthdiée madeecodfpléeimum) sdid beHd ofi ved OO the aaik tdwe 700°C
maxi mum val ue was 100 nm Next, 1 kg of the fired powder obtained was 15
dry- process fiatrvarheeds byo nensinfakoytetl m Ikg Faryeklesislobttaitteed after
the pul veri zation were observed with a scanning electron mcroscope to
find that | apgedepol yEhystpdvider pas tphidss- dftexrmined by X araly
polycrystalline particles of 0.5 umto 1.2 mwere mxedly 20 present in
addi tion 5o ¢hfifracthom candywas| cprfiimsdsthdie meerive sokde si Rhes ined
crystallite dianmeter. The polycrystalline particles were not aggregates of
the singl e-poyden| optained etad Thertkrlaidionaeparef ciesta X wbt ai ned by
pul verization are hereinafter called cerium 25 oxide particles C b.
Preparation of ceri &kReosirgEapgst PE| Eirpd-pogder 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 um to 3 um and
polycrystalline particles of 0.5 um to 1 um 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
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3 kg of cerium carbonate hydrate was put in a container nmade of platinum
and was fired in the air at 700C for 2 hours to obtain about 1.5 kg of
yel | owi sh white powder. This powder was phase-determ ned by X-ray 5
diffraction and was confirnmed to be ceriumoxide. The fired powder

obtai ned had particle dianeters of 30 to 100 m The surfaces of
fired-powder particles were observed wth a scanning el ectron m croscope,
where grain bontdaneesmadé GErplatodxude awd ewadsEimadlin thersirerat @50°C
ceriumoxide 10 crystallites surrounded by grain boundaries were neasured
to find thafoth2 hpddsetgabotadh abent Uilsg reoHutelorowiesh 3him rowfierhe
maxi mum val ue was 80 nm Next, 1 kg of the fired powder obtai ned was

dry- process fohiseppwédrbyasephasefdaté¢onimed by Rerrayx|dis f g tointraiansd aft er
t he pul veri zati on were observed with a scanning el ectron m croscope to find
that |arge poakycenfimhé@ntopbetferbgmopxiidento 3 mand pol ycrystalline
particles of 0.5 mto 1 pmwere mxedly present in addition to small

si ngl e-criystal part T&eesd ixed pgwdert Rotaapedshad parthelergsamerexe of

di aneter. The polycrystalline particles were not aggregates of the
single-cryst3P parifeles. THeeceurfiacexief Hhred Ravdathparidstigisaensy

pul veri zation are hereinafter called cerium oxide particles D. 25 c.
Preparati on 8PSBEVEENVHXdR PERRRENGsCERCHIQY HICTATFARA c I FHFtF adr at e

was put in a . . . .
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
pol&crystalline particles of 1 um to 3 um and
polycrystalline particles of 0.5 um to 1 um 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 600°C
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29 contai ner made of platinum and was fired in the air at 650C for 2
hours to obtain about 1 kg of yellow sh white powder. This powder was
phase-determ ned by X-ray diffraction and was confirned to be cerium
oxide. 5 The fired powder obtained had particle dianeters of 30 to 100
u.m The surfaces of fired-powder particles were observed with a scanning
el ectron m croscope, where grain boundaries of cerium oxide were

observable. B t fr . COLY 04 C i r in
boundaries 1 ﬁen?eﬁ(?re‘%gu?%d&%% I n#?%atf?ﬁéeaér# gﬁ?%%ﬁ%ﬁﬁrﬁe@'
distributio t X SR X i £AY¥E b 4 f the
fired pomdeﬁ%%?aéﬁé%é%\aavgg%r%%z%ss puﬁ/%?i%? %?/ayr]nreaalr{fs of téL()j]neL&glﬁelpl | .

Particles opfai gede Ald&d {8dUldl g 8k b VeI DS HMdd: dbkained
scanning el ectron mcroscope to find that large polycrystalline particles

f 1mto 3 i ' 5mto 1 ~t i xed
° mto aﬂg%z?t arPPéi’&ra’;F:%:@%éég pardocles,gf fhos mto mwvere m xedly

present in on to sma I ngle-crystal particles having the sane size

as the crystallite ghamaheracdBeo20rpobichywlial! paLt PALés ChEbe OB S Pd
aggregates of the single-crystal particles. The cerium oxide particles

thus obt ai nedtiya pskdared i@t Dictféh hei@tdidRy, Galdred grefiiliMoundad es
particles E. d. Preparation of ceriumoxide particles F: 25 2 kg of cerium
car bonat e hys¢lif aterivas quideé nwéire observable. Diameters of cerium oxide

crystallites surrounded by grain boundaries were measured to

find that the middle wvalue 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 f£find that large

15 polycrystalline particles of 1 um to 3 um and

polycrystalline particles of 0.5 um to 1 um 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 agqueous ammonium
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contai ner made of platinum and was fired in the air at 600C 30 for 2 hours
to obtain about 1 kg of yellow sh white powder. This powder was
phase-determ ned by X-ray diffraction and was confirned to be cerium

oxi de. The fired powder obtained had particle dianeters of 30 to 100 m 5
The surfaces of fired-powder particles were observed wth a scanning

el ectron m croscope, where grain boundaries of cerium oxide were

observabl e. DLapRLEySafd SETHLIBROX Yrd A4t | & W feundegy grain
boundari es mg?egﬁeggu?ed to find %hat ?%e ﬁ?%dlé val ue of their

di stributiong¥asn1fe 8MdOeANFetdEniBd MURY e MBS Wls MRPosel k@ Of
the fired powder obtained was dry-process pulverized by neans of a jet

mll. Partichesrafbhf Neavaétesri @ MLhvedd 2al 410N 8F8 P Sy Wl péirsk a
scanning el ectron mcroscope to find that |arge 15 polycrystalline

particles oftdeMépidn MdRANGe ROFYLEVSE atd iderPal td Jegsf. 0.5 mto 1 mwere
m xedly present in addition to small single-crystal particles having the

same size as the crygbakhikeydi-aaBt 6btaliBd WALYELYEEPEH I WELDAA L2 GlneS Were
not aggregates of the 20 single-crystal particles. The cerium oxide

particles thisltebf afmethdy Pol Vewed aby candditeidreres rfiloarized lwadt egertioum
oxide particles F. (2) Preparation of Abrasives a. Preparation of abrasives
C, D E & F.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 f£ind 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.
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25 1 kg of the ceriumoxide particles C, D, E or F obtained in the above
(1), 23 g of an aqueous anmmonium 31 polyacrylate solution (40% by wei ght)
and 8,977 g of deionized water were m xed, and the m xture was exposed to
ultrasonic waves for 10 mnutes with stirring to disperse the cerium oxide
particles to obtain a slurry. 5 The slurry thus obtained was filtered with
a2 m filter, further followed by addition of deionized water to obtain

an abrasive with a @i, contarde©ft 3%niwR tMe diBpReralbagiite olgt ai ned
fromthe ceriumoxide particles C, D, E or Fis hereinafter called

abrasive C,  Barftielek, ih0thespeehky@kyandheénhabeascvei€, charfedrof thus
obtained had a pH of 8.0, 8.1, 8.4 or 8.4, respectively. In order to
observe partiddlspersadt parghcasisye zeithhpaientcansi 6§ ehecabpashves 0SCOPE,

t he abrasives were each diluted to have a suitable concentration, followed
by 15 dryi ngE &hanF diezeeegamiakdpahythgstanki manpart asl s Exampihe ned
therein were neasured to find that, in the case of the abrasive C nmaking
use of the casi anrexude ,patt wakeasCertthined dobhe vaéupamascB882 fum ahd t he
maxi nrum val ue was 1,264 nm In the case of the abrasive D nmaking use of

t he ceri um 2@hexatieaparvesckesob, negetivdlirechakrgedwasd 88d nabantiutée
maxi mum val ue was 1,440 nm In the case of the abrasive E naking use of

t he ceri um oxiedgeparffi elsegrEatt Ag nbddi¥.vaBbemVwas383MV nandnd4t hmV maxi mum

value was 1,500 nm In the case
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 um
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' 1s 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
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of the abrasive F making use of the cerium oxide particles 25 F,

the m ddl e

val ue was 840 nm and the maxi num val ue was 1,468 nm 32 Next, in order to

exam ne the dispersibility of

char ges of

and F were examned in the sanme manner as in Exanple 1. 5 As a result,
was ascertained that the particles in al

di spersed particles, zeta potentials of the abrasives C, D,

particles in the abrasive and the electric

it
t he abrasives stood negatively

E

charged and bagtaksekutentuaheasthbrasngweet meas@bedVio-BbnaVthaBB 1 and
-41 mV, respectively, showi ng a good dispersibility. b. Preparation of
abrasives C thl cake 8fFthelBbtakfvef ct h@arenguasexotetmwartécian éxide E or
F obtained in the above (1), 23 g of an aqueous ammoni um pol yacryl ate

sol ution (40Yakyiveeght) 8nd Ri8dIegvaluedeasnBgednmaied vies emakxmdn and
the m xture was exposed to wultrasonic waves for 10 mnutes with stirring
to di sperse {alukewasr Bam nmi.deIpathectaset of obhai abrasive ry’ ndelsd wse

thus obtained was filtered with a 0.8 m filter, further followed by
addi ti on »f o€ ahezedriamepxtide pbrainlaa Bbrbkeveiddld waloed i waz o 2mm of
3% by weight. The abrasive obtained fromthe cerium oxide particles C,

D, E or

F' and libeempafimem valliedwabr 480vemC | I th& case &£ the

20

respectively. The abrasive C, D, E or F thus obtained had a pH of 8.0,
8.1, 8.4 or abﬂgsﬂggpgétmagiyg use of the cerium oxide particles E, the

io

15

20

25

middle value was 415 nm and the maximum value was 990 nm.
In the case of the abrasive F' making use of the cerium
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
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.

(3) Polishing of Insulating Film

An SiO, insulating film formed on a silicon wafer
surface was polished, cleaned and dried and any change in
layer thickness of the SiO, insulating film was measured all
in the same manner as in Example 1 except for using the
abrasive C, D, E, F, C', D', E' or F' prepared in the

present Example. As the result, it was found that, when the
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In order to observe particles in the abrasive with an scanning electron

m croscope, the abrasives C, D, E and 25 F were each diluted to have a
sui tabl e concentration, followed by drying. Then, diameters of
polycrystalline 33 particles contained therein were neasured to find that,
in the case of the abrasive C nmaking use of the ceriumoxide particles
C, the mddle value was 398 nm and the nmaxi rum value was 890 nm In the

case of the abrasiyes, "ekimg msec 6, of | e catd WM wexe yzasd i alhes D, the
m ddl e val ue was 405 nm and the maxi num val ue was 920 nm In the case of

the abrasi an&lﬁ?fﬁ?@fi‘ﬁﬁs Ofie td1eatsREdadn )i Tieo e t(pd IsHE,nd heter didice
val ue was 415 nm and Tt he maxi num val ue was 990 nm In the case of the

abrasive FpgRKkhDEuHES, 0F 36 Nen CepdLRh 1k Oxd the: [B6T irod Asirytehe FHddine
val ue was 450 nm and the ~maxi num val ue was 1,080 nm Next, in order to

exam ne the dpspesriRy! tave of 37 pafihjmiwsté N, tTE0 alm agialel sichg heate :e 60 ¢
charges of dispersed particles, zeta potentials of the respective 15
abr asi ves wepf/@xadt8¢d 700the CPOELismIMErrasei BEXampieimite)As &G agul t,
it was ascertained that the dispersed particles of all the abrasives stood
negatively chpogeshand hade: absdl mhemimbtes, of l@snyrEzalianiEg TALe = 555V,
-44 nvV and -40 nV, respectively, show ng a good dispersibility. 20 (3)
Poilshlng of nhnstthatengafd| WLANMBI 0ol hshiny | vatdi | 30T OHMERLBHS) si | i con
war er
respectively, and were each in a uniform thickness over the
whole wafer surface whichever abrasive was used. Also, the
10 insulating f£ilm surfaces were observed using an optical
microscope, where any clear scratches were not seen in all
the cases.
Comparative Example
An SiO, 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 Si0,
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.
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surface was polished, cleaned and dried and any change in |ayer thickness
of the Si02 insulating filmwas neasured all in the sanme manner as in
Exanple 1 except for using the 25 abrasive C, DL E, F, C, D, E or F
prepared in the present Exanple. As the result, it was found that, when
the 34 abrasives C, D, E, F, C, D, E and FF were used, the insulating
films were abraded by 740 nm (polishing rate: 370 nmmnute), 730 nm

(polishing rate: 365 nnl poeeterL1te00RMNOOSTRERL NEPEREEATBGR N M nute),
720 nm (polishing rate: 360 5 nm mnute), 700 nm (polishing rate: 350

nm mnute), 690 nm Apold s ived HBveddXHNTHRIYER) 1 nfhd t1Bn( RRiIKesNI1RY
rate: 355 nmmnute) and 710 nm (polishing rate: 355 nnmim nute),

respectivelypoad bRy ecepellish polAkhehs thirgkRegaredeest b swbol e waf er
surface whi chever abrasive was used. Also, the 10 insulating filmsurfaces
wer e observedn$uilRg iay Fallmealor frher asgepatr whanghapytéel ekathsatat ches were
not seen in all the cases. Conparative Exanple An SiO 2 insulating film
formed on a Sdratehingf ehe Fmrfackace by TECS- CVD was polished in the sane
manner as in Exanples 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 sanme as those in 20 Exanples 1 and 2.
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The insulating filmafter polishing was observed, where, although no
scrat ches due to polishing were seen and the surface was uniformy
polished, the insulating filmwas abradable by only 150 nm (poli shing
rate: 75 nmmnute) as a 25 result of the polishing for 2 mnutes. 35
PCSSI Bl LI TY@kor | NOUSTR en APELI CATI ON As descri bed above, the present

i nvention nakes it p055|%le to polish polishing target surfaces of Si02

insulating films or the |like atg@erdi ghe I at&oiiht 1 OMg SUALGH NI diie
surface. 36 WHAT IS CLAIMED I S: 1. An abrasive conprising cerium oxide

particles, saiei@dés| cbgsahpuirBtcdes! natahgdkaichyReundamaimsblimdRg a
maxi mum di aneter of not |arger than 3000 nm 2. An abrasive conprising

cerium oxi dgnd pRavigges, miRehen nd baweyst abt i et olasgetl €ledh Um0 OXi xie.
particles having a crystal grain boundaries has a maxi rum di aneter not
| arger than 600nm 37
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.
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