CERI UM OXI DE ABRASI VE AND

METHOD OF PCOLI SHI NG SUBSTRATES TECHNI CAL FI ELD
This invention relates to a cerium oxi de abrasive and a net hod of
pol i shi ng substrates. BACKGROUND ART 5

In sem conductor device fabrication processes, colloidal silica type
abrasi ves have commonly been sgHfli6d oxIpeaasglgipgechani cal abrasives for
snoot hi ng i norgani c insulating filmlayers such as Si Q2 insul ating
films forned by a process such as ghpsha-assisted CVD (chem cal vapor
10 deposition) or |owpressure CVD. Colloidal silica type abr asi ves
are produced by grow ng SIiMETHOIPTH IHIASHING® SUBSTRATES'S by, e.g., thernal

deconposition of silicon tetrachl oride, followed by pH adjustment with
an al kal i sol ution containing non alkali nmetal, such as aqueous 15
amoni a. Such abrasives, however, have a technical problem of a | ow
polishing rate which prevents theTEOBNOGAPUFIEDBDO practical use,
because the inorganic insulating filns can not be polished at a
sufficiently high phlisshnugntaba. relates to a beahuhi brideeabrasdxiede
abrasives are used in glass- 20 surface polishing for photonmasks. The
cerium oxi dend a metihadi v€spateshitefusubstrétassh mrror polishing because
1
BACKGROUND ART
5 In semiconductor device fabrication processes,
colloidal silica type abrasives have commonly been studied
as chemomechanical abrasives for smoothing inorganic
insulating film layers such as Si0O; insulating films formed
by a process such as plasma-assisted CVD (chemical vapor
10 deposition) or low-pressure CVD. Colloidal silica type
abrasives are produced by growing silica particles into
grains by, e.g., thermal decomposition of silicon
tetrachloride, followed by pH-adjustment with an alkali
solution containing non alkali metal, such as aqueous
15 ammonia. Such abrasives, however, have a technical problem
of a low polishing rate which prevents them being put into
practical use, because the inorganic insulating films can
not be polished at a sufficiently high polishing rate.
Meanwhile, cerium oxide abrasives are used in glass-

20 surface polishing for photomasks. The cerium oxide

abrasives are useful for finish mirror polishing because



t hey have a hardness |ower than silica particles and al um na particles

and hence the polishing surface is very difficult to scratch. Al so,
cerium oxi de has a chemcally active nature and is known as a strong
oxi di zing agent. 5 Making the nost of this advantage, it is useful to
apply the cerium oxi de in chenmonmechani cal abrasives for

I nsul ating \% h xLede: ahrasi sed in
glass-surfa%%égs? ggrﬁgﬁ rdhé %tgﬂggtsyg%g %ggéég Béfyfé%ﬁs %8 i shing of

| nor gani ¢ 'wanfﬁé”ﬁaafrtiﬁieésahﬂeﬂeﬁ & théOPBP§¥hEﬁ €s8PrhBL9§sayRELMRrY

particle dianet nsu atlng m surface nmay cone to” have

pol i sh SCfa&iEf§cu1t t$h§89aﬁéﬁ VP&%EB'V¢§¥E£E”a§¥&éBhas chemlcal%?
DI SCLOSURE OF THE | present invention provides a

Cer'U”10X'd&cti@eaﬁéﬁﬁfaeahaalscﬁﬂoﬁﬁ|h§hatB%réHéféﬁﬁalﬁinQthGBE such as
Si2 insulating films w thout causing scratches and at a |gh rate,

and al s prayksges en8ehbed 8t PRiLShhGEntage,SUbSisah88ful to apFly The
cerium oxi de abrasive of the present i nveniion 20 conprises a slurry

conpri sing €Réi Y8 Lumdexpaet gl eRemb@&Bhanicalll hBRA¥iPast Eekes have a

medi an diameter of from30 nmto 250 nmand slurry particles have a
nedi an di angheal@tihgofilms. Ibdvéwart 0 HO0HEN cdittur eftide abeles Ppsd i cl es
bei ng di spersed in a nmedium 25 The cerium oxi de abrasive of

the presentusefiephi ghass-surface polishing for photomasks aZe used in
the polishing of inorganic insulating films as they are,
10 they have so large a primary particle diameter that the
insulating film surface may come to have polish scratches

which are visually perceivable.

DISCLOSURE OF THE INVENTION
The present invention provides a cerium oxide
15 abrasive that can polish the surfaces of objects such as
Si0,; insulating films without causing scratches and at a
high rate, and also provides a method of polishing
substrates.
The cerium oxide abrasive of the present invention
20 comprises a slurry comprising cerium oxide particles whose
primary particles have a median diameter of from 30 nm to
250 nm and slurry particles have a median diameter of from
150 nm to 600 nm; the cerium oxide particles being
dispersed in a medium.

25 The cerium oxide abrasive of the present invention



may al so conprise a slurry made up of cerium oxide particl es whose

primary particles have a nedi an di aneter of from 100 nmto 250 nm and
slurry particles have a nedi an di aneter of from 150 nmto 350 nm the
ceriumoxide 5 particles being dispersed in a nmedium In the
above cerium oxide particles, the primry particles may preferably

have a ”HX'ﬂHFWQ1§GEé3ﬁ Pis809 Qﬂhrry mQ&eSHE|b§rcéB§uﬁ Bkigary-particle
di aneter of from 10 nn1? he ceri um oxi de

abr asi ve OfpéP€1@18§eﬁﬁoéévﬁfiMQEy Partﬂ@!e§thbbefHrﬁgéiaﬁoaﬁéhégeﬁ Skurry
made up of ‘ceriumoxid particles whose prinmary particles have a

medi an di aneteh 960 nm t6r95b39mnahaosiﬁrﬂﬁ1QaﬂtﬁbMééth&étaChéalhﬁve a
medi an di aneter of from250 nmto 600 nm the cerium oxide 15

particles bgiagetlespsrSedonn180MBai 51 350 nm; the cdheumbexedqeeri um oxide
particles may preferably have a primary-particle diameter of from 10

nmto 1@0 nparticles beingl dikPersedi um axméeiamtasi ve of the present
i nvention, the ceriumoxide particles may preferably have a 20 nmaxi num

particle diameter oh 3he0AbbReOtestam ekide particles,Wther pirdyakg used as
the nedium and at | east one di spersant selected froma water-sol uble
organi ¢ hi gharticles| yaprprefeatbiyshaubl @ makbmim diahateraofi 6e0agmnt, a
wat er - sol ubl e noni oni ¢ surface-active agent and a water- 25 sol uble am ne
may be usedorofémableh andvai pmipakyapaytitcie diameseprefefrem. 10 nm to
° 600 nm.
10 The cerium oxide abrasive of the present invention
may still further comprise a slurry made up of cerium oxide
particles whose primary particles have a median diameter of
from 30 nm to 70 nm and slurry particles have a median
diameter of from 250 nm to 600 nm; the cerium oxide
15 particles being dispersed in a medium.
The above cerium oxide particles may preferably have
a primary-particle diameter of from 10 nm to 100 nm.
In the cerium oxide abrasive of the present
invention, the cerium oxide particles may preferably have a
20 maximum particle diameter of 3,000 nm or smaller.
Water may be used as the medium, and at least one
dispersant selected from a water-soluble organic high
polymer, a water-soluble anionic surface-active agent, a
water-soluble nonionic surface-active agent and a water-

25 soluble amine may be used, of which ammonium polyacrylate

is preferred.



As the cerium oxide particles, cerium oxide obtained by firing cerium

carbonate may preferably be used. The cerium oxi de abrasive of
the present invention can polish a given substrate for sem conductor
chips or the 5 like, on which silica filns have been forned.

BEST MODES FOR PRACTI CI NG THE | NVENTI ON The ceriumoxide is

commonl y obtai ned Ry %h?eegrium ox188th¥EEBEB?g”Q§§gER 8§1§8rbﬂ%b%nﬁgs

carbonate, ceriumsul m oxXa I nsulfatin

formed by Tﬁ§f%§?@hg % i Qh EXPOBAEre @€¥b§f89%£ fgegéaﬁﬁgagher rate as

abr asi ves ave a larger prinmary-p a |l ower crystal

strain, i.e., have ﬁ@tEgElﬁﬁyékﬁhE'QbE¥51QHtogeﬂﬂetBrQEentcﬁnQEB@ﬁghln he

pol i sh scratches. ccor e cerium oxi es use

present i nveayion fER Qf%ﬂvéﬁdsuﬂétfékéoﬁérnggmﬂeoﬁéﬁonEVMEiﬁé'bP'£Me50
hi gh. Al so, since e abrasive may be used to polish sem conductor

chips, igts 1ike, CONRRicRl sl k34| FiBhLA| Ba®8dnEah OPSRRedBY Preferably be

controlled to be 1 ppm or | ess. The abrasive of the present
i nvention has a high 20 purity, and does not contain nore than 1 ppm of
Na, K, Si, My, Ca, Zr, Ti, NI, O and Fe each and nore than 10 ppm of
Al . In BRETPMEDER! FORYSRACOTC TG IThE TRYERETOND! Oyed as a

process for producing the ceriumoxide particles. In 25 particul ar,
| ow-t enperat ure firhagcegipmebeitedisWebffio6d® obtained by firing a

¢ cerium compound such as cerium carbonate, cerium sulfate or
cerium oxalate. §SiO, insulating films formed by TEOS-CVD,
10 for example, can be polished at a higher rate as abrasives
have a larger primary-particle diameter and a lower crystal
strain, i.e., have better crystallinity, but tend to be
prone to polish scratches. Accordingly, the cerium oxide
particles used in the present invention are produced
15 without making their crystallinity so high. Also, since
the abrasive may be used to polish semiconductor chips, its
content of alkali metals and halogens may preferably be
controlled to be 1 ppm or less.
The abrasive of the present invention has a high
20 purity, and does not contain more than 1 ppm of Na, K, Si,
Mg, Ca, Zr, Ti, Ni, Cr and Fe each and more than 10 ppm of
Al.
In the present invention, firing may be employed as

a process for producing the cerium oxide particles. 1In

25 particular, low-temperature firing is preferred, which can



make the crystallinity as | ow as possible in order to pr oduce
particles that do not cause polish scratches. Since the cerium
conpounds have an oxi dati on tenperature of 300[err] C, they may
preferably be fired at a tenperature of 5 from600[err]C to 900[err]C.
The cerium carbonate nmay preferably be fired at a tenperature of from

600[ er 1] C 11800888 [ 5L 0h1 P14 243085 LAY 88 hUssinleanodtariyg atmospher e

of oxygen gas or he cerium oxi de obtained by firing

may be 10 f%ﬁﬂ@%'ﬁ&FtP¥1Q§YtH£9C&§SnG€|H&uéé bPﬂsﬁU§Bré€chéé mlling
or by wet- process pul veri zation such as bead mTling. The jet mlling

Is describegipdle €nd- ce%f&%K&bﬁﬁE%ﬁh§KRE$®E$klox1da££®ﬁnt&ﬁﬁe£aéﬂféraf
Papers), Vol. 6, No. 5 (1980), ‘pages 527-532. Cerium oxi de obtai ned by

firing was pyovesiewdy mdy Preflé¥abIPCEEStPHédCat Zat tOpsH&tuRS bEt
mlling, whereupon a pul verization residue was seen to occur.

The sl uBry oforfes oo oxd deoonct he present invention i s obtai ned by
di spersion-treating an agueous sol ution cont ai ni ng cerium oxi de

particles producedThs tbBeitmnsatboRAtednagr ppedeahbl¢ be @ieedpasi ki on
conprising cerium oxide particles collected fromthis aqueous

sol ution, viémperatiure of optomnaddyCatdi spercapdbr bete, 30bemtrates oxi de
particles may preferably be used in a concentration rangi ng, but not
particul arlamnloxidetive, atmospRetet of 10 Hyn Weaghdri thai Bike 25 of readi ness
to handl e suspensions. As the dispersing agent, it may include, as
t hose contai ni ng ntheetaekriimnexide obtained by firing may be 5
10 pulverized by dry-process pulverization such as jet milling
or by wet-process pulverization such as bead milling. The
jet milling is described in, e.g., KAGAKU KOGYO RONBUNSHU
{Chemical Industry Papers), Vol. 6, No. 5 (1980), pages
527-532. Cerium oxide obtained by firing was pulverized
15 by dry-process pulverization such as jet milling, whereupon
a pulverization residue was seen to occur.
The slurry of cerium oxide in the present invention
is obtained by dispersion-treating an aqueous solution
containing cerium oxide particles produced in the manner
20 described above or a composition comprising cerium oxide
particles collected from this aqueous solution, water and
optionally a dispersant. Here, the cerium oxide particles
may preferably be used in a concentration ranging, but not
particularly limited to, from 0.1 to 10% by weight in view

25 of readiness to handle suspensions. As the dispersing

agent, it may include, as those containing no metal ions,



wat er - sol ubl e organi ¢ hi gh polyners such as acrylic pol ymers and
ammoni um salts thereof, nethacrylic polyners and ammoni um salts

t hereof , and pol yvi nyl al cohol, water- sol ubl e ani oni ¢ surface-active
agents such as ammonium 5 |auryl sulfate and ammoni um pol yoxyet hyl ene

| auryl ether sul fate, water-soluble nonionic surface-active agents

such a§a£@4¥§%Y@Ef¥|SPﬁ%ﬁﬁarMigﬁtESiyﬁQPspQu&ﬁtQ¥|§Bf%ﬂi800|

nonost earate, and wat er-sol Ubl e am hes such nonoet hanol anm ne and

di et hanol anhftyme A and ammoﬁ@ﬂﬁ”é&ﬂ%@okﬂéféafatﬁeth&cﬁ? ibcﬂ$§ﬁmeﬁ§"0”'um
pol yacryl ate having weight-average nol ecul ar wei ght of from 5,000 to

20, 000 i s psgd eamménidnys@itsheperdbBpeasiNfolyvinpeai 8oR8Y, Pketerably be
added in an anmount ranging from 0.01 part” by weight to 5 parts by

vei ght basego Db 100aReéhSc d@rfhde Wb 8 Ve Ohgbhes COLEN N OXhHRoRSHMI Cl es i n
vi ew of the di spersibility and anti-sedi nentation properties of

particl & iDathel sselfdte! An@r &ffioh Quh NP6 OY¥ExyéEhylene digpeySi €bhetf ect,
t he di spersing agent nay preferably be put in a dispersion nachi ne

si mul t aneoushyfaté ) wdter28o1@Bléi sbRSoRict Serfase-attrepegehes €At Nent .
These cerium oxi de particles may be di spersed in wat er by di spersion

treat nent uss ngohycoyweEnyienal lagryatether andapdlpeth@desndyglgtol a
honogeni zer, an ultrasonic di spersion machine or a ball mll.
Parti cul ar Izjotoste@batie spandi ngtéhesckublen axides psaathcaes as fine
particles of 1 pmor smaller, it is preferable to use wet-process
6 monoethanolamine and diethanolamine.
10 Ammonium polyacrylate, in particular, ammonium
polyacrylate having weight-average molecular weight of from
5,000 to 20,000 is preferred. Any of these dispersing
agents may preferably be added in an amount ranging from
0.01 part by weight to 5 parts by weight based on 100 parts
15 by weight of the cerium oxide particles in view of the
dispersibility and anti-sedimentation properties of
particles in the slurry. In order to improve its
dispersion effect, the dispersing agent may preferably be
put in a dispersion machine simultaneously with the
20 particles at the time of dispersion treatment.

These cerium oxide particles may be dispersed in
water by dispersion treatment using a conventional agitator,
and besides by using a homogenizer, an ultrasonic
dispersion machine or a ball mill. Particularly for

25 dispersing the cerium oxide particles as fine particles of

1 pm or smaller, it is preferable to use wet-process



di spersion machi nes such as a ball mll, a vibration ball mll, a

satellite ball mll and a nedia agitating mll. In a case where the
slurry shoul d be made nore highly al kaline, an al kal i ne substance
containing no netal ions, such as 5 aqueous amoni a, may be added during
t he di spersion treatment or after the treatnent. The

cer i um oxi gy SCASINE Rlchifepr 836Hak WO P11, JPYiBPabifel Bo1it 1S i

the formof t ove slurry. | may al so be used as an rasive to

whi ch an adglhi i vea Siehle11bte a5alh Nofi £1AYhH €4 NRd@l &M gPrating mill. In

N, N- di et hyl et hanol am ne or am noet hyl et hanol ani ne has™ been added.

Primary pardi&i&s woassi tndi 80uthg §86LLE B HEde mordakisklpSatkspPereed in
the slurry of the present invention have a nedi an dianeter of from 30

to 250 nm aiel 41ehTind SsubStdn&é ESoNEN En BndeEklb afle €4 AMBSLE , Odudh 085150 to
600 nm If the primary particles have a nedi an di aneter

shal | er 5t hadg@dowsn &fimdhEa Pafiay Cb&€Sasddeddatgifly SPes S@fsparion  a nmedi an
di aneter smaller than 150 nm the surfaces of obj ects to be polished

such as Si Predthert i og 4fted td t2fatmoOhntbe polished at a high rate. |If
the primary particles have a nedi an dianmeter |arger than 250 nm or the
particles haveghe cediamn dkadet ebrhaiger oEh8hebpepantsingbaesnmy
occur on the surfaces of objects to be polished such as Si 2
i nsul ati ng ay nee udd as it ifeinuthexfoempafttié esbabeselpriryar yit
particles have a nedi an dianeter of from100 nmto 250 nm and
particles may also be used as an abrasive to wHich an additive such

10 as N,N-diethylethanolamine, N,N-dimethylethanolamine or

aminoethylethanclamine has been added.

Primary particles constituting the cerium oxide
particles dispersed in the slurry of the present invention
have a median diameter of from 30 to 250 nm and their

15 particles have a median diameter of from 150 to 600 nm.

If the primary particles have a median diameter
smaller than 30 nm or the particles standing dispersed have
a median diameter smaller than 150 nm, the surfaces of
objects to be polished such as Si0O; insulating films can

20 not be polished at a high rate. If the primary particles
have a median diameter larger than 250 nm or the particles
have a median diameter larger than 600 nm, scratches may
occur on the surfaces of objects to be polished such as
S$i0; insulating films.

25 Cerium oxide particles whose primary particles have

a median diameter of from 100 nm to 250 nm and particles



havi ng a nedi an dianeter of from 150 nmto 350 nm are preferred. If
their respective nedian dianeters are smal | er than the above

|l ower-limt values, a | ow polishing rate may result and, if they are
| arger than the above 5 upper-limt values, scratches tend to occur.

In the above cerium oxide particles, the primry particles may

preferanly MAYEE IHLIUR AAIRLEL: "0k 1858050 np L5280600 Raand oY

preferably primary- par rom 00 nm  The

primary paréf&@fre 0 I%S‘@H&Iar%asr 1%ed'n?é1ﬁ[a?{ dlac{nga

upper-limt 0 nm may es I N occurrence 5¥;scratches and

those havi rElnéllP@fttﬁéﬁ %é”@ﬁ@&esmefrlirgﬂﬂ 491 Vd:low pbEpshingn a

| ow polishing rate. Cer 1 um oxI de part ose primary

particles hayge ey fed®it 34l AP EhePlaté Oi%ﬁé’eﬁrrtﬁé’n 79hé‘”21@6‘9' particles

havi ng a nedi an dianeter of from 250 nmto 600 hmare al so preferred

I'f theirs rQﬁﬂﬁ&élﬂﬁnf€d+§fugéa”@éf&ﬁcﬂé@ tend B§8b&&Lrthan the above
lower-limt values, a |ow polishing rate may result and, if they are

larger than the ab@ﬁethaoabapee&ekrﬂhtox@heeﬁaregaeéghe%héeﬁélhargccur
In the above cerium oxide particles, the primry particles may

preferably feweica s ?rr@? epr&feF 491 1Rat® 4O0RaximumNdiahétéhendti MEfyer
I C

particles have a par e di aneter smaller than 10 nm a | ow polishing
rate may reswdi.e606 n®p ahdeyaPaytefepably Cchevdi anptahatprgertitas the

upper-limt val ue 100 nm scratches tend to occur.
diameter of from 10 to 600 nm. The primary particles
10 having a particle diameter larger than the upper-limit
value 600 nm may result in occurrence of scratches and
those having a particle diameter smaller than 10 nm may
result in a low polishing rate.
Cerium oxide particles whose primary particles have
15 a median diameter of from 30 nm to 70 nm and particles
having a median diameter of from 250 nm to 600 nm are also
preferred. If their respective median diameters are
smaller than the above lower-limit values, a low polishing
rate may result and, if they are larger than the above
20 upper-1limit wvalues, scratches tend to occur.
In the above cerium oxide particles, the primary
particles may preferably have a diameter of from 10 to 100
nm. If the primary particles have a particle diameter
smaller than 10 nm, a low polishing rate may result. If
25 they have a particle diameter larger than the upper-limit

value 100 nm, scratches tend to occur.



In the cerium oxi de abrasive of the present I nvention, the cerium

oxi de particles may preferably have a maxi mum di ameter not | arger than
3,000 nm If the cerium oxi de particles have a nmaxi num di aneter | arger
than 3,000 5 nm scratches tend to occur. The cerium oxi de
particles obtained by pulverizing fired cerium oxi de by dry-process

pul verization suchygsijgt cer éum”bkhhég B995§??S°§ gﬂgvggg%gh%on resi due.

Such pulverlzatlon resi due partlc from onerates of 10

primary parihedesi Vi fide ' €a2HGh 06@:[@& eflar 8 &% emip% eSHEBdrably h&vEE

broken by stress at the time of polishing to genera actlve surfaces,

which are cnglfieh o dfe CORUALPUIErdOr [ BBan 3. 086! Arihi NG Aind RS aces of
obj ects to be polished, such as Si2 insulating films, at a high rate

Wi t hout causiide ﬂé&ﬁf&ﬁé&hﬁéve a maximum di&ReféH!1¥r§ért PR €566
I nvention may contain pul verization resi due particles having a

particleg dlﬁmmﬂgﬁratchegftgm@ogon@@@ﬁrsnalIer In the present
i nvention, the primary-particle 20 dianmeter is neasured by observing the

particles on a  Thecaspriig 6keabr pArkielescopeaffied. byMpdekedilfg
manuf actured by Hitachi, Ltd.). The particle dianmeter of the cerium

oxi de partifiesd acesitmryxpastbel &Byiproeessrpdlverizyidbasseachi a§r aeti on
(using, e.g., MASTER SI ZER M CROPLUS, 25 nanufactured by Ml vern
I nstrument snilling redneainyeai paexerizatidn 9285idhe ghtswaurce: He- Ne | aser;
absorption: 0). 9
pulverization residue particles differ from agglomerates of
10 primary particles having re-agglomerated, and are presumed
to be broken by stress at the time of polishing to generate
active surfaces, which are considered to contribute to the
polishing of the surfaces of objects to be polished, such
as S5i0; insulating films, at a high rate without causing
15 scratches.
The slurry of the present invention may contain
pulverization residue particles having a particle diameter
of 3,000 nm or smaller.
In the present invention, the primary-particle
20 diameter is measured by observing the particles on a
scanning electron microscope (e.g.., Model S5-900,
manufactured by Hitachi, Ltd.). The particle diameter of
the cerium oxide particles as slurry particles is measured
by laser diffraction (using, e.g., MASTER SIZER MICROPLUS,

25 manufactured by Malvern Instruments Ltd.; refractive index:

1.9285; light source: He-Ne laser; absorption: 0).



The primary particles constituting the cerium oxide particles
dispersed in the slurry of the present invention may preferably have
an aspect ratio of from1l to 2 and a medi an val ue of 1.3. The aspect
ratio is neasured by 5 observing the particles on a scanning el ectron

m croscope (e.g., Mdel S-900, nanufactured by Hitachi Ltd.).

As the cerium oxi dgngaplikhey er?ﬁcﬁ!éépéBﬁEgltﬁtiﬂﬁ the c8kilmYoRtakhe

pr esent i nvention, cerium oxide part I cl es whosé structural paranmeter Y

whi ch repfq&%@%fCEﬁb'éE%éé¥%§d A9 &r§§ﬁf§y”of”tﬁ@aéfééénPylﬁvénPPMHer
X-ray Rietvelt nethod (RIETAN-94) has a value of fromO0.01 to 0.70 may

be used. may PetSLaly CRAVAHMAROXAE8cEr tAE1 §SohaFLHE BUEH 2 ghyShal
strain nmakes 1t possible to carry out polishing wthout scratching the

surfaces ofmédifetvapisl éFsp. al any Hsgedte rati®d is measull@l agf i um oxi de
particles dispersed in the slurry of the present invention may

preferalyl y dbwerdinpethéd i particlesirénce ac&endhgfén8tctré® Mbcr8sgopdhose
having a specific surface area smaller than 7 nferr]/g tend to nake

scratches ofe.g., Mdéd@eSlusfaces minpbhcslred] gt Bitackithbde) having a
specific 20 surface area larger than 45 nferr]/g tend to result in a | ow
polishing rate. Thassphrei teciamr batdeapaatatlebetoebeudispersedi da the
particles of the slurry is identical with the specific surface area of
ceri um oxi delymary i of eshé opbesent invepeised. cePbum oxide gaettelesm oxi de
particles in the slurry of the present invention may preferably have a
Zet a pot entwladsefstructural parameter Y which representg(Qan isotropic
10 microstrain in analysis by the powder X-ray Rietvelt method
(RIETAN-94) has a value of from 0.01 to 0.70 may be used.
The use of cerium oxide particles having such a crystal
strain makes it possible to carry out polishing without
scratching the surfaces of objects and also at a high rate.
15 The cerium oxide particles dispersed in the slurry
of the present invention may preferably have a specific
surface area of from 7 to 45 m?/g. Those having a specific
surface area smaller than 7 m2/g tend to make scratches on
the surfaces of polish objects, and those having a specific
20 surface area larger than 45 m?’/g tend to result in a low
polishing rate. The specific surface area of the cerium
oxide particles of the slurry is identical with the
specific surface area of cerium oxide particles to be
dispersed.

25 The cerium oxide particles in the slurry of the

present invention may preferably have a zeta potential of

10



from-100 nV to -10 nV. This brings about an inprovenent in
dispersibility of the cerium oxide particles and nakes It possible to
carry out polishing wthout scratching the surfaces of polish objects
and also at a high rate. 5 The cerium oxide particles dispersed in
the slurry of the present invention nmay have an average particle

di anet er ofgfgpm PH9 i £& 49@ W 2Rt & RATHdE @BAS an imgPoiidmditt | on
hal f wi dth of 300 nmor smaller. he slurry of the present

i nvention nay d&éﬁé%§¢$¥1lé9 bAVEnE HEL-OimfoRMd poride188dan@rRaEst erably
from8 to 9. After the slurry has been prepared, it may be put

in a contposeivDé 6l yethyl eie P6118eihgkeioheut esératchifg the
55[err]C for 7 days or nore, and nore preferably 30 days or nore, SO

that the slgiiryade®y stuseliessosseatshesd alSo at a hidheraterry of the
present invention has such good di spersion and such a | ow rate of

sedi nentat i on t hat ThéSceriumr akedef pabhtngeesndeepeestdati hoahaf searzyhour
| eaving is | ess than 10% at every height and every position of a
col um of 16f ctirné nprksert einaet dlom way hkagdtan @Perage parfbelénorganic
insulating filns on which the cerium oxi de abrasive of the present
I nventi on idiasedenayf bfrom 206 onmetlo by0@ mnoardsai patrtitichg sbwepressure
CVvD and pl asma- assisted CvD. The formation of SiJerr] insulating
filmse by distoikywtiesunhal CVDidbkest u3@0 okmnonosmabherSi H err] as an S
25 source and oxygen Jerr] as an oxygen source. xidation reaction
of this SiH4-(J errTheysilenryapfbtheapreednsutingentiippwmay preferably
11
10 have a pH of from 7 to 10, and more preferably from 8 to 9.
After the slurry has been prepared, it may be put in
a container of polyethylene or the like and left at 5 to
55°C for 7 days or more, and more preferably 30 days or
more, so that the slurry may cause less scratches.
15 The slurry of the present invention has such good
dispersion and such a low rate of sedimentation that its
rate of change in concentration after 2-hour leaving is
less than 10% at every height and every position of a
column of 10 cm in diameter and 1 m in height.
20 The inorganic insulating f£films on which the cerium
oxide abrasive of the present invention is used may be
formed by a process including low-pressure CVD and plasma-
assisted CVD. The formation of Si0O, insulating films by
low-pressure CVD makes use of monosilane SiH; as an Si

25 source and oxygen O, as an oxygen source. Oxidation

reaction of this SiH4-0, system may be carried out at a low

11



tenperature of about 400[err]C or bel ow. \Wen phosphorus (P) i s doped

in order to make the surface snooth by high- tenperature reflowng, it
is preferable to use a reaction gas of SiHerr]-derr]-PH3 system

The pl asna-assisted CVD has an 5 advantage that any chem cal reaction

whi ch requires a high t enperature under normal heat equilibriumcan be

carried ur(ﬁ]b!éréﬁufe | QW AB5RET O M €- oF! B8 1Bw MBYHRE: JARRIHELDY ()

process including two types of coupling, nanely capacitive coupllng

and inductiye goped i NY. oFeert tOMmARS TRY sRpFAEE sﬂ@bﬁﬁsﬁ%)ﬂig§1F” N err]O
system maki ng use of SiH4 as an Si source and N[ err] O as an oxygen

sour ce and éiuﬂ@fﬁé£1@Wi$gSY§Eef% pref8PKbIEY Hseudt seksagtienysil ane
(TECS) as an source (i.e., TEGCS pl asna-assisted CVD net hod).

Substrate gas éﬁr@mmtenqayy@f&fxer ate/ Prasmd-gsilded ange s fapm 15
250C to 406ferr]C and reaction pressure from67 Pa to 400 Pa. Thus,

the Si Oberradavastage i tigati 40% cHehbeaDr £8£8t ibNVENIERNrequird8yabrigrped
wi th an el enent such as phosphorus or boron. As the given

substrate, sefpdratese ydde wotdahéat equiBibrDhhacaedbdychoriedy
Sigerr] insulating filnms on 20 sem conductor substrates, i.e.,
sem conducteut sabsa r kb stemperatithe as Rl amE aoayd b aersatssiadtiey ad t he
st age where circuit elements and wiring patterns have been forned
t her eon or procdss rimeladibdetwd aggpabeot couplingel eamalyg capachaveebeen
formed thereon. The SiJerr] insulating filmformed 25 on such a
sem conductoouslissg rané isdpotiséecdouplinghe Reacticer igam mayelmbinais ve
descri bed above, whereby any 12
10 gases of SiH,;-N;O system making use of SiH,; as an Si source
and N,O as an oxygen source and gases of TE0OS-0, system
making use of tetraethoxysilane (TEOS) as an Si source
(i.e., TEOS plasma-assisted CVD method). Substrate
temperature may preferably be within the range of from
15 250°C to 400°C, and reaction pressure from 67 Pa to 400 Pa.
Thus, the Si0O; insulating films in the present invention
may be doped with an element such as phosphorus or boron.
As the given substrate, substrates may be used which
are obtained by forming SiO; insulating films on
20 semiconductor substrates, i.e., semiconductor substrates
such as a semiconductor substrate at the stage where
circuit elements and wiring patterns have been formed
thereon or a substrate at the stage where circuit elements
have been formed thereon. The 8i0O; insulating film formed

25 on such a semiconductor substrate is polished with the

cerium oxide abrasive described above, whereby any

12



unevenness on the Sierr] insulating filmsurface can be renmoved to
provide a snooth surface over the whol e area of t he sem conduct or
substrate. Here, as a polishing apparatus, comonly avail abl e
pol i shing apparatus may be 5 used, having i) a holder for holding a

sem conduct or substrate and ii) a platen (provided with a notor whose
nunber of reyerehdSsi SnVehéeabi®) QIBUWNHGH A 0l Nirkhce carflyd h (a pad)
is stuck. As the polishing cloth, comonly avai | abl e nonwoven fabric,

foamed pol ybémbhedetorppevods albmobthosinfatESbie FBYhEEWHEEE, an8d bhere
are no particular limtations. The polishing cloth may al so preferably

be pr oS sesicondert o8 gupovestaherrertde & W rpobIh iGag her .
There are no particular limtations on polishing conditions, and

preferably appaphtbe) SBYmORLYOhaseUableapsIBshingn@ppardbusohayepal ution
of 100 rpm or bel ow so that the sem conduct or substrate may not run

out. Préssuige@pphaeingoi) h& holdesefbeonduding auvsehniabreduayopr ef erably be
1 kg/cnierr] or bel ow so that the substrate does not get scratched as
a result ofsubstrapbtéiashdnii)l a phateou(peovidpdl withng, mbherswhosg is fed
20 continuously to the polishing cloth by neans of a punp or t he
| i ke. Ther enamizencoParevelhbioni istwarvasleh ohewhied a polishingf this
slurry. It is preferable for the surface of the polishing cloth to
al ways be ceoletld(aipadl héssstmek, As the polisSeima anldidt orcaubstint es on
whi ch the polishing has 25 been conpleted nmay preferably be well rinsed in
runni ng avablabplanonvevenf fabriat efodmedspatyereé higane ohepsuefiaces
13
10 fluorine resin may be used, and there are no particular
limitations. The polishing cloth may also preferably be
processed to provide grooves where the slurry may gather.
There are no particular limitations on polishing conditions,
and preferably the platen may be rotated at a small number
15 of revolution of 100 rpm or below so that the semiconductor
substrate may not run out. Pressure applied to the
semiconductor substrate may preferably be 1 kg/cm® or below
so that the substrate does not get scratched as a result of
polishing. In the course of polishing, the slurry is fed
20 continuously to the polishing cloth by means of a pump or
the like. There are no particular limitations on the feed
rate of this slurry. It is preferable for the surface of
the polishing cloth to always be covered with the slurry.
Semiconductor substrates on which the polishing has

25 been completed may preferably be well rinsed in running

water and thereafter water drops adhering to the surfaces
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of sem conductor substrates are brushed off by neans of a spin dryer
or the like, followed by drying. On the Si Q2 I nsulating film having
been thus snoot hed, second-I| ayer alumnumwring is formed. An SiQ2
insulating filmis again 5 fornmed between the wiring and on the wring,

fol | owed by polishing with the cerium oxi de abrasive described above,

wher eby anyOﬂ@m%ih%bﬁﬁﬂﬁﬁéé nQré'ﬂ)fﬁ§Hécfiac9§f'§y mean§€§BvVgd to
provi de a snooth surface over the whole area of he sem conduct or

substrate. JiM$ RFPELSSr MBie DEikEPERLEIowd® bR @HY SRy nurd}ﬁrufé diges so

that a sem conductor having the desired nunber of |ayers can be

produced. ipsulatin irhﬁncnawﬁr%wégﬁ BREASEMBo Phed NesBESREN ay8¥eNt | ON
may be used to pO|IS not only the SiQ insulating filns formed on

sem conduct T umiipgh rai esngbus BbHMedl Oan 160, AnghakitAgdf iEinm fer adinn
W ring boards having given wiring, glass, inorganic insulating filns
such as5si | fefimed betwéeéni tiee fwipingpandadn gthe swstiig asfobhvbwsaskg, | enses
and prisms, inorganic conductive films such as ITO (indiumtin
oxi de) fil npobpshimdy whtlkegths edecin@uoksde opbraaivewiéstriged28bodeyi ces or
optical wavegui des which are constituted of gl ass and a crystalline
mat eri al , opteretdyfaberueadefiness, on theophsehatsnggfeler ysrfiasesiish as
scintillators, solid-state | aser single crystals, blue-laser LED
(l'i ght-em txtemgved todpooeldsappsmoetkubstfacesoverntibendocleraseagbt
crystals 25 such as SiC, GaP and GaAs, magnetic di sk gl ass substrates,
magnet i ¢ hetlds senicondectdr substrate. This process may be repeatled
10 a given number of times so that a semiconductor having the
desired number of layers can be produced.
The cerium oxide abrasive of the present invention
may be used to polish not only the S$i0O,; insulating films
formed on semiconductor substrates, but also SiO,
15 insulating films formed on wiring boards having given
wiring, glass, inorganic insulating films such as silicon
nitride film, optical glass such as photomasks, lenses and
prisms, inorganic conductive films such as ITO (indium tin
oxide) f£ilm, optical integrated circuits, optical switching
20 devices or optical waveguides which are constituted of
glass and a crystalline material, optical fiber end faces,
optical single crystals such as scintillators, solid-state
laser single crystals, blue-laser LED (light-emitting
diode) sapphire substrates, semiconductor single crystals

26 such as SiC, GaP and GaAs, magnetic disk glass substrates,

magnetic heads and so forth.
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Thus, in the present invention, what is referred to as the given

substrate includes sem conductor substrates on which Si Q2 insul ating
films have been forned, wring boards on which SiQ2 insulating filns
have been forned, glass, 5 inorganic insulating filmnms such as silicon

nitride film optical glasses such as photomasks, |enses and prisns,

| norgani ¢ conduct i ¥gyki | EE §H€hp§éséﬁ9 Eh{IHhtPBﬁi, Cghat is kBEBOFaRCHo

circuits, optical swtching devices or optica wavegui des which are

constitut edyoft1d agtvdNdsRoStYSt&! 1hEPuadd sRiEoh@hctOPLECRELFLPES SR
faces, optical single crystals such as scintillators, solid-state

| aser singlyn £y s§ b5 insulatbine-fiasey Hald W'ﬂ(ﬁ?ﬂﬁé@s'ﬁvﬁ’l&tﬁfg boards

sem conductor single crystals such as SiC, GaP and GaAs, nmgnetic disk

gl ass S b 1 G eSioANh SRS HOAES havdd been formHE, 9dllei’§/ prepar ed
by di spersing the cerium oxide particles in the medi umreact's

chem calsl y immétgaié Dhs@Dating fIBh atael Asl #ilayen pievidedrommihe given
substrate to forma reactive |ayer, and the reactive layer is renoved

mechani cal | yptdddl tfheases s usuciKi € Pladtomasrs , t helssevkam@ p2Osmé| possi bl e
to polish the insulating filmlayer at a high rate and al so w thout

causi ng anyimpetgsi s ceahdiesive films such Gesi IO oRilie, abpeascaes are used
in glass-surface pol i shing for photomasks. The cerium oxi de abrasives
are uskhitdégfated i elsduibts r coppitaks hswit dletmag séet heys haweopti@a1 1 ower
hardness than silica particles and alum na particles and hence the
pol i shi ng swavegwidas wihidkie| 3re ochestttatededt glass and a crystalline
o 10 material, optical fiber end faces, optical single crystals
such as scintillators, solid-state laser single crystals,
blue-laser LED sapphire substrates, semiconductor single
crystals such as SiC, GaP and GaAs, magnetic disk glass
substrates, and magnetic heads.

15 The slurry prepared by dispersing the cerium oxide
particles in the medium reacts chemically with part of an
insulating f£ilm layer provided on the given substrate to
form a reactive layer, and the reactive layer is removed
mechanically with the cerium oxide particles, thus making

20 it possible to polish the insulating film layer at a high
rate and also without causing any polish scratches.

Cerium oxide abrasives are used in glass-surface
polishing for photomasks. The cerium oxide abrasives are
useful for finish mirror polishing because they have a

25 lower hardness than silica particles and alumina particles

and hence the polishing surface is unlikely to be scratched.
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Al so, ceriumoxide has a chemically active nature and is known as a
strong oxi di zi ng agent. Making the nost of this advantage, it is
useful for the ceriumoxide to be applied i n chenomechani cal abrasi ves
for insulating filnms. However, 5 if the cerium oxide abrasives used in

gl ass-surface polishing for photomasks are used in the polishing of

insulating £i48% 8eribRYoRige HBS E%ﬁéﬁ£8§1ﬂ9V§c§Hﬁ§ Rh#lre and is

crystallinity that the insulating filmsurface may subject to

polish scrakgb@s ¥bi §hsefenyi sKbLYiRE" §§6N8D! axilfl the mostast Ofsid hat
determ ne the crystallinity include crystallite size and crystal

strain. Wegatdet&gyst 8Ll ibCuseful Ské# tBedEelfifi€oR$ad BH BE HPpEiefO! i Sh
scratches tend to occur. Al so, even when the crystallite size is

smal |, iROoth&MoREERARNEE] NBYrsEVEs| FoPalhbGl 861 RgVENEIMBO Qiowdwdr, 15
strain are used. However, sonme cerium oxide particles have too |l ow a

crystallg niiy tRecogbeudNyxP@Li sbresiabshesedbih glassas@rpateable to ,
ef fect high-rate polishing. Thus, cerium oxi de particles which make it

possi bl e t oppIeykDhg PHOESPhotomasks abeBeasa8adihotréf peliBhghgrate polishing
have a range of 20 proper particle size and a proper degree of strain.
Factors thatnsieletihgefilespasi shepgarat ethacpadeiobésonhaye suchthégh
crystallinity of particles stated above but also the active chem cal
nature i nhecepstahlieityntbatdehe insulating Fvem siutbausemaf belica
particles having a higher 25 particle hardness than the cerium oxi de
particles, subjeat to psliishi esratgkbea whitbh| avervpstathyngeraegvabaa.t he
cerium 16 oxi de slurry.
Thi s inddi cates t haFathersethafin deiteéemgher the crystallinity include
crystallite size and crystal strain. When the crystallite
size is as large as 1 pm or more, polish scratches tend to
occur. Also, even when the crystallite size is small,
polish scratches may occur if particles having no crystal
15 strain are used. However, some cerium oxide particles have
too low a crystallinity to cause any polish scratches, but
are not able to effect high-rate polishing. Thus, cerium
oxide particles which make it possible to prevent polish
scratches and to effect high-rate polishing have a range of
20 proper particle size and a proper degree of strain.
Factors that determine the polishing rate include not only
the crystallinity of particles stated above but also the
active chemical nature inherent in cerium oxide.
Even with use of silica particles having a higher

25 particle hardness than the cerium oxide particles, silica

slurries have a much lower polishing rate than the cerium
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has a stronger chem cal factor in the chenonmechani cal pol i shing. The
surface of SiJerr] insulating film stands charged negatively in a
sol ution having a hydrogen ion 5 concentration of pH 3 or nore. \Wen
polished with a slurry maki ng use of cerium oxide particles standing
char ged positively, an inert filn1conposed chiefly of cerium oxide

Is formed. Sy 'é‘ﬁ{xtrgf' | PrGan 10eh D& JC %R thy ‘A‘%&%‘H\g oxide WifrHAL er,

and is renoved usling strongly acidic so ution such as nitric aC|d

Si mul taneoygly é’“éé}:&flj‘ef oA c i factofgﬁ%'ﬂ?étcﬁérhéﬂléahéﬁh‘?c gge of an

acid, the insulating 'S renove o an extent of 1,000 nm or
nore. The polléﬂﬁﬂﬁfﬂ'vﬂé1§dr%%k%u%fr%ﬁ?%eﬂnéﬁlatiﬁéckh!ﬁ gggﬁasforned

when the inert filmis forned. The inert filmis alSo f ormed when the
cerium oxi ¢ghPfdd Gl&fativdty chargeshiutioNesdinvgly . ngéwbgi@,gr% of
adhesion of the inert filmto the insulating filmdepends on how far

the parsi cl@sncdttrationhof gad. 3 ReF moedD! Gmed polalisheld wthoamed uaign t he
absol ute negative value where the particles stand charged 20 is great can

be renoved gk e hisw Mt&ﬁm@roﬁd@rﬁs@ﬂmles cdeaiiy Jhwtgéd, the
degree of formation of the inert ayer and reactive Iayer depends on

the state glosi@ingENg, an imdrpafiim| ESmpdded EHENOIEON Gdria nekids of
the inert filmis not seen in silica slurries, and is a phenonenon 25
i nherent i nid Fomesd umTeiisda nsiritr B 1ml biah ploan e removed by weiddiolg t he
factors that determ ne the high-rate polishing.
17 with waller candmoxteeopad tusims scstapengly ddiedic | setutfoh m and
10 such as nitric acid. Simultaneously with the removal of
the inert f£ilm by the use of an acid, the insulating layver
is removed to an extent of 1,000 nm or more. The
insulating film thus removed is a reactive layer formed
when the inert film is formed. The inert film is also
15 formed when the cerium oxide particles stand charged
negatively. The degree of adhesion of the inert film to
the insulating film depends on how far the particles are
charged. For example, an inert f£ilm formed when the
absolute negative value where the particles stand charged
20 is great can be removed by washing with water or brush
cleaning. That is, the degree of formation of the inert
layer and reactive layer depends on the state of charging
of particles. This phenomenon of formation of the inert
film is not seen in silica slurries, and is a phenomenon

25 inherent in the cerium oxide slurry. This phenomenon is

one of the factors that determine the high-rate polishing.
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reactive | ayer. This phenonenon is the mechanical factor in the
chenonechani cal polishing. If particles have a | ow crystallinity, the
reactive layer can not be renoved, 5 resulting in a |low polishing rate.
On the ot her hand, particles having a high crystallinity can renove

t he reactive |ayer with ease, and can quickly scrape off the

reactive | ayes EOFBA bimael giplYonds elorapBVake hbge 1hert £11hoRAAI ON

of reactive |layers and the polishing w't 10 particles take place one

after anothegacepvé hﬁéyéi‘e This Hﬂ{érﬁﬂdé?ﬂ)rf;@_rb b MddrthiUH1 aacdtdi gh
rate. a method for examning the state of charging of

particles ifntHge séwéxﬁameémnz_@a;a POLEShiRG . n'elais?aﬁ:‘fﬁﬂﬁléss have @Vidw able.
To describe its specific principle, the cerium oxide slurry is put in

a neasuringcepstalikeitPp ORE reactPvOVigdesdr Wah RbAtbEUFROESE] 0des on
both sides, and a voltage is applied to the both el ectrodes. Cerium

oxide 5 pesdities DRvangowopelishinyerabal gesh ueh cied aadion of
the voltage nove toward the el ectrode side having a 20 polarity reverse
to that of péetidbsgesavidieanmbghiéyystallihetgodan Srerdesntned, and the
zeta potential of particles can be determined froma known expression
of the reatl vensiyer et tkeesasebi and ycandguitialposenapal of fother m
the inert filmand reactive |ayer, the ceriumoxide slurry 25 nmay
pref er abl y teaet tve elayeot Botmed ifmed8tall oaf bboveemoval . HEEmwer ,thden
particles are charged positively or, even
18 formatiomoofhreaat fee hagetrsvahg, thavepohbshbsglwithval ue snal |l er

10 particles take place one after another, so that the

polishing can be carried out at a high rate.

As a method for examining the state of charging of
particles in the slurry, the zeta potential measurement is
available. To describe its specific principle, the cerium

15 oxide slurry is put in a measuring cell like the one
provided with platinum electrodes on both sides, and a
voltage is applied to the both electrodes. Cerium oxide
particles having come to have charges upon application of
the voltage move toward the electrode side having a

20 polarity reverse to that of the charges. The mobility
thereof is determined, and the zeta potential of particles
can be determined from a known expression of the
relationship between mobility and zeta potential. To form
the inert film and reactive layer, the cerium oxide slurry

25 may preferably have a zeta potential of -100 mV or above.

However, when particles are charged positively or, even
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than 10 nV, the inert filmis fornmed so strongly that the pol i shi ng

Wi th optinmum particles that do not cause polish scratches is

i npossi bl e. Accordingly, the slurry may 5 preferably have a zeta
potential of from-100 nV to -10 nV. Usi ng the cerium oxi de
abrasive conprising the slurry prepared by dispersing the cerium oxide

particles iphougn éﬂ&rﬁgéiHgbaﬁﬂvéﬂ?[thgbénhﬁhgﬁ R+ e¥enk %@81?8 | shing
b d on F

proceedi ng thereon may be fofne y on the surface of one certain

type of filshandighavotbre LhbprnBy1Re:ROkbshEE so st8hEELT ¥RLY. t)ler eby
| ayers fornmed of two or nore types of different filfms on the substrate

can be polipbedlshing with optIhemi partikibs that aaynBEGMSHEetgslﬂghiShing
proceedi ng thereon may be forned only on the surface of one 15 certain

type of filsteaoegeshes! anpossiplaed RicdMPif1yDhe slutdpasaw! di fferent

films on the substrate, and the film area where such an inert film has
been fommedprebyraBlychase a zeBaShopeAtisDd bhatrbme-obbenvi tbM faymbe

pol i shed sel ectively, whereby the |ayers fornmed as descri bed above 20
can be made snoot husing the cerififi sxpaki abiragiket Begpetiislingegnehe
properties that the polishing barely proceeds on the surfaces of a

certain slunterpegparedshyatiispetsinyatileaceeitimi oxidéephayeeles in
snoothing fil mbecause an inert filmconprised of abrasive 25 particles or
a reaction phedeedioh, aapoinshtngilmqthdt may peepesttihs pblhshihgl m
conposition is formed on such 19
surfaces. Theo¢eedingi theredbrrmayobea farmadeohdyeont hbé surface of one
10 certain type of film and the other film may be polished
selectively, whereby layers formed of two or more types of
different films on the substrate can be polished.

The inert film that may prevent the polishing
proceeding thereon may be formed only on the surface of one

15 certain type of film among the layers formed of two or more
types of different films on the substrate, and the film
area where such an inert film has been formed, may serve as
a stopper so that the other film may be polished
selectively, whereby the layers formed as described above

20 can be made smooth.

This polishing method utilizes the properties that
the polishing barely proceeds on the surfaces of a certain
interlayer insulating film and a certain interlayer
smoothing £ilm because an inert film comprised of abrasive

256 particles or a reaction product of a polishing liquid

composition with a f£ilm composition is formed on such
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may make the polishing rate Iower than the filmto be pol i shed
originally. When such a certain interlayer I nsulating film and
interlayer snmoothing filmon which the 5 inert filmnmay be formed are used
to form patterns of sem conductor chips, another interlayer filmon
whi ch the pol i shing proceeds may be forned as its upper |ayer,

wher eby a glsghl_%ca@ootmé%&fe PﬁlxﬂCPé%EQ s Qgsabfa&ew@a?er tnseyer film

as a stopper. hose conpri sed such two or e types of

di fferent fhb?sméﬁén%ﬂeoﬁo§1§%9%br%%%ewqbweQCE%Q% &%%5%1u%.to pethi ch the
substrate is a sem conductor substrate and the | ayers formed thereon

are an orgapbgished SR yiAA19vaSSihen subh! 8 888taMn SifRebihgrior med by
chem cal vapor deposition 15 or thermal oxidation, where the filmon which

the inert jnsufibhfhnigs iam@d 3 nitke19veE fsmor@tmehgt B2 10 loR Waike Rl shed
selectively is the organic SOG film The organic SOG filmis a

filmforgediBgreo@inigmay be Foaleldn e reo uigeldor oo o @@ thern® &f
hydrol yzi ng an 20 al koxysilane and an al kyl al koxysilane in an organic

sol vent sefmiebndscalogole®lips,t Rinaddield amtefriwglest fancth dnCatalarsttheOn a
substrate by spin coating or the like, followed by heating to cause

t he coatingpbliehlifig proceeds mayl beSElimad iadsultat uwppeld llayear.eferred is
an 25 insulating filmin which the nunber of Si atons originating

from si | oxawhelrebgs aagd oblad mumoothnefssCcanome @chdievaid m$ing the lower
20 fromal kyl groups in the insulating filmhave the

rel ati onshi fagler £ilm as a stopper.

10 Those comprised of such two or more types of
different films formed on a substrate may include those in
which the substrate is a semiconductor substrate and the
layers formed thereon are an organic SOG (spin-on glass)
film and an Si0, film formed by chemical vapor deposition

15 or thermal oxidation, where the film on which the inert
film is formed is the S5i0O, film and the film to be polished
selectively is the organic SOG f£ilm.

The organic SOG film is a film formed by coating a
coating solution obtained by, e.g., hydrolyzing an

20 alkoxysilane and an alkylalkoxysilane in an organic solvent
such as alcohol with addition of water and a catalyst, on a
substrate by spin coating or the like, followed by heating
to cause the coating to cure.

In such an insulating film, preferred is an

25 insulating film in which the number of Si atoms originating

from siloxane bonds and the number of C atoms originating

20



Nunber of C atoms/(number of Si atons + nunber of C atons) [err] O.1.

5 On the organic SOGinsulating filmlayer having been

snoothed, a CVD-Si Q2 filmand second-layer alumnumwring are formed,
and lower layer CVD-SiQ2 filmand organi c SOG insulating filmare
fornmed between the wiring and on the wiring, followed by polishing
using the appyg afiyyn§95ha§ lﬁotﬁéuaﬁ¥u&9tgﬂsrEQerﬁﬁvgetHeevenness of the
insulating film | ayer surface to provide a snoot ace over the whole
area ofciheiseBhEPNgEct Oor substrate. This process may be r epeat ed
a given nunber of tines so that a sem conductor havi ng the desired
nunber of |ayergufBarbesrptoduend, (himbd® blFeshr a¢ems Whaumbkhe ol cns for ned
of two or nore types of films are polished to formthe intended
structure bytoms) Htigliizi ng this polishing nmethod, the snoothing that
utilizes the selective polishing can make the process si npl e and
highly pgrecise. 20n the orghsaepkeclinsulating filhr adyeti Bavingl peehi um
oxi de particles) 2 kg of cerium carbonate hydrate was placed in
a cont emeetheagea otvpl sionum 1 Aldvesbdna fidyerg aluddOierwifng  for

2 hours in air to obtain about 1 kg of a yellowi sh 25 white powder. Phase
identificatana Bbrmbds pnddtowemslawde CVD-Shg, Xihy ahd fergdni® $@Gconfirm
that it was cerium oxide. 21
The fired pbimstelatidolgpfiilmcaeedfameeédr bebwedfi thel®drpny and omhehparticle
surfaces of the fired powder were observed on
wiring, followed by polishing using the above cerium oxide
10 slurry to thereby remove unevenness of the insulating film
layer surface to provide a smooth face over the whole area
of the semiconductor substrate. This process may be
repeated a given number of times so that a semiconductor
having the desired number of layers can be produced. In
15 the process where the films formed of two or more types of
films are polished to form the intended structure by
utilizing this polishing method, the smoothing that
utilizes the selective polishing can make the process
simple and highly precise.
20 Example 1
(Production 1 of cerium oxide particles)
2 kg of cerium carbonate hydrate was placed in a
container made of platinum, followed by firing at 800°C
for 2 hours in air to obtain about 1 kg of a yellowish

25 white powder. Phase identification of this powder was made

by X-ray diffraction to confirm that it was cerium oxide.

21



a scanning el ectron m croscope, where grain boundaries of cerium oxi de
were seen. Dianeters of ceriumoxide primry 5 particles surrounded by

the grain boundaries were neasured to find that the nedian di aneter
and maxi mum di aneter in their particle size distribution were 190 nm
and 500 nm respectively. Precision neasurenent by X-ray diffraction

was made o esf}L£8d r n S I ged al yzed by
t he RietveP¥ﬁ§E¥%%%&(E§§§%§i%3§ ?%k??ﬁggtﬁg%ﬁeeg£§tﬁg 32?%2 %égsﬁﬁﬁctural

paraneter XrM8i ghrt 818580 Baces oBf tHBI ¥1P8a! hb6khGefi REBLCLLYBSVEa08R and
t he val ue of structural paranmeter Y which represents an isotropic

ni crostrai naWesakn2Rg- el 88oR meEr8btbpel KHePE §P8inlBoGRALPILEXbLEE
powder was dry-process pul verized. The pul veri zed particl es obtained

were obser vegrDimaoR£a8Mwafe seent! GeidndtdE<£ IS aRe dp Jtik theimdAF ge
pul veri zation residue particles of froml1l pmto 3 pmdianeter and

pul veri zat | part esidsesparbuiead vy thenyPabnppotifadrpss wOrdi MEBLEBEeHEr €
present in a mxed state in addition to small particles having the

sanme size asopfin@ryhatrthel gedianeticameter alfiempylneni dabmetereshdue
particles were not aggl onerates of primary particles. Precision

nmeasur enent thgiX-payticle dikéracstonbwasonaderenlpbenpuhndr bgednparti cl es,
and the 25 results obtained were analyzed by the Rietvelt nethod
(RI ETAN- 94) réspéchiivehpt t(Hhmeewiad ien oleasdunmenial bypat-aret eliffraction
22 X which represents prinmary-particle dianeter was 0.085 and
t he val ue ovastmadeéuonl ther fiieedr pywdbrchanéptbeenésuihs obtained were
10 analyzed by the Rietvelt method (RIETAN-94) to find that
the value of structural parameter X which represents
primary-particle diameter was 0.080 and the value of
structural parameter Y which represents an isotropic
microstrain was 0.223. Using a jet mill, 1 kg of the
15 cerium oxide powder was dry-process pulverized. The
pulverized particles obtained were observed on a scanning
electron microscope to find that large pulverization
residue particles of from 1 pm to 3 pm diameter and
pulverization residue particles of from 0.5 pm to 1 pm
20 diameter were present in a mixed state in addition to small
particles having the same size as primary-particle diameter.
The pulverization residue particles were not agglomerates
of primary particles. Precision measurement by X-ray
diffraction was made on the pulverized particles, and the

25 results obtained were analyzed by the Rietvelt method

(RIETAN-94) to find that the value of structural parameter

22



I sotropic mcrostrain was 0.264. As the result, there was al nost no
variation in primary-particle dianmeter caused by 5 pulverization and al so

strains were introduced into particles as a result of pulverization.
Measur enent of specific surface area by the BET nmethod al so reveal ed
t hat it was 10 nferr]/g. (Production 2 of cerium oxide

particles) xlfghich reprQSKﬂth?EﬁﬁhﬁﬁlﬁafBﬂﬁﬁéedﬂaﬂéﬁéﬁ was §|@§§daha a
cont ai ner nade of platinum followed by firing at 750[err]C for

hours in aithéovabtai of abertictuksl Opafadetep W SPhBh! BepreseROWISH - Phase
I dentification of this powder was nmade by X- ray diffraction to

confirm thaisotropsc CRItHOLOxaTIR. wdBeo. 16411 gl fyvdessdiad, Peddi e | was
di aneters of 30 to 100 pm The particle surfaces of the fired powder

were obser velin®$t ano var$&8D6hNEn epLLHADH- Phet 08LOPEiamBEEE 848584 by
boundari es of cerium oxi de were seen. Dianeters of cerium oxide

primaryd pubeetizédesosuandualled byrébesgwere bntndaunces wete neasured 20
to find that the nedian dianmeter and maxi num di aneter in their
particle sipartisiesbasi anresubt 1dfi puivedidf0iom Measumsgact io®ly.
Preci sion nmeasurenment by X-ray diffraction was made on the fired
powder, andspéeifitsustusfabeadned bgrthe BETametheédabyot hev&akédethatret hod
(RIETAN-94) to find that 25 the value of structural parameter X which
represents it waprl@mmni/particle diameter was 0.101 and the val ue of
23 structural paranmeter Y which represents an isotropic
m crostrain was 0.2P8odustigna2j ef melkhiumlokdgdef pahgicles)
10 2 kg of cerium carbonate hydrate was placed in a
container made of platinum, followed by firing at 750°C for
2 hours in air to obtain about 1 kg of a yellowish white
powder. Phase identification of this powder was made by X-
ray diffraction to confirm that it was cerium oxide. The
15 fired powder had particle diameters of 30 to 100 pm. The
particle surfaces of the fired powder were observed on a
scanning electron microscope, where grain boundaries of
cerium oxide were seen. Diameters of cerium oxide primary
particles surrounded by the grain boundaries were measured
20 to find that the median diameter and maximum diameter in
their particle size distribution were 141 nm and 400 nm,
respectively. Precision measurement by X-ray diffraction
was made on the fired powder, and the results obtained were
analyzed by the Rietvelt method (RIETAN-94) to find that

25 the value of structural parameter X which represents

primary-particle diameter was 0.101 and the value of

23



cerium oxi de powder was dry-process pulverized. The pul veri zed
particles obtained were observed on a scanning 5 electron mcroscope to
find that | arge pul verization residue particles of froml [errlmto 3
[err] mdiameter and pul veri zation residue particles of fromO0.5 [err]m
to 1l [err]m di anmeter were present in a mxed state in addition to

smal | PEFhECLEE1 NBALRMe LB $Ri18hZBeBPeBEN TR ¥nPRELLELSiE amBler. 10
The pul veri zation residue particles were not aggl onerates of primry

particles. fYeebstPRiNCREET 6IBRE. DYugtdfVa jet miifractipromagndrade on the
pul veri zed particles, and the results obtained were anal yzed by the

Rietvelt meggpdum oxil& FdwbeD4Naboatingrbbakst paivatrugeal straict ural
paranmeter 15 X which represents prinmary-particle dianeter was 0.104 and

the val ue opusvércisdapapeiomesedobYavheahweepr e688tgednon a stanhingic
mcrostrain was 0.315. As the result, there was al nbst no variation in

pri mary-fparéléeteronameteoseapsedobyind thayl Yefgéapudietndaslisn strains
were introduced into 20 particles as a result of pulverization.
Measur ementr@éidue papecclies sorfacm arpgm by BhpmBEiametbBedaaliso reveal ed
t hat it was 16 nferr]/g. (Production of cerium oxide
slurry) pulverizati&n péstiliaecpartihcozgsdefparbincbes pht abnédpmn the 25
above production 1 or 2, 23 g of an aqueous anmoni um pol yacryl ate
sol uti on (49%bgteri yares pnds8n®7ingaomixed state in addition to small
24 dei oni zed water were m xed, and the m xture fornmed was
subj ect ed tpanticassnhavingpthei sameosize asnprémauwitpharticlet dimmagerThe
slurries thus obtained were filtered with a

The pulverization residue particles were not agglomerates

of primary particles. Precision measurement by X-ray

diffraction was made on the pulverized particles, and the

results obtained were analyzed by the Rietvelt method

(RIETAN-94) to find that the value of structural parameter

15 X which represents primary-particle diameter was 0.104 and

the value of structural parameter Y which represents an

isotropic microstrain was 0.315. As the result, there was

almost no variation in primary-particle diameter caused by

pulverization and also strains were introduced into

20 particles as a result of pulverization. Measurement of
specific surface area by the BET method also revealed that
it was 16 m?/g.
{Production of cerium oxide slurry)
1 kg of the cerium oxide particles obtained in the

256 above production 1 or 2, 23 g of an aqueous ammonium

polyacrylate solution (40% by weight) and 8,977 g of

24



1 pmfilter, followed by further addition of deionized 5 water to obtain a

3% by wei ght abrasive. The slurries had a pH of 8.3.
Particle size distribution of slurry particles was exam ned by | aser
diffraction (neasured with a neasuring appar at us: NASTER SI ZER

M CROPLUS, manufactured by Malvern 10 Instrunents Ltd.; refractive index:
1.9285; 11 ohdiS0M268 water WErbeniRSE!; aﬁHSEﬁQtﬂnQQtuPé %Qrﬁné&dwagat the

medi an di aneter was 200 nmfor each slurry. Wth regard to

maxi mum parghgh&c Qé&”?éeﬁlt?&é&hiée&lTﬁeE§QoH”f8£ 18" @8hutes wiBhE iN @
content of 0%Dy vol une 0 exam ne dispersibility of the

slurries angtjrringhargfs SfutPfes! thdy A¥dind ®Svertd or ZRtSrLPL@EN 3 S Of
t he slurries were neasured. Each cerium oxide slurry was pl aced

in a neasuringmceilt@rovidedowbhopl 8l-0HBY addieheft bpdgeisnibeth sides,
and a voltage of 10 V was applied 20 to both electrodes. Slurry partlcles

havi ng @Gonewadfebhave obtaifhar gesbypesighpl abahsoReof THE yNitoDes MaE
toward the el ectrode side having a polarity reverse to that of the
charges. The prtefpstential of particles can be determ ned by
determining their nmobility. As a result of the 25 nmeasurenent of zeta
potential, it was pamfticiedstiikzat dikeributipar bifckséaricy pach isllesr waser e
char ged negatlvely, and 25

showed a | acgamhbsdl byelaabunedbf fraBtabnofmebSunk¥d with aempastrialby,
havi ng a good dispersibility. (Polishing of insulating film
| ayer) apparatus: MASTER SIZER MICROPLUS, manufactured by Malvern

10 Instruments Ltd.; refractive index: 1.9285; light source:
He-Ne laser; absorption: 0} to find that the median
diameter was 200 nm for each slurry. With regard to
maximum particle diameter, particles of 780 nm or larger
were in a content of 0% by volume.

15 To examine dispersibility of the slurries and
charges of the slurry particles, the zeta potentials of the
slurries were measured. Each cerium oxide slurry was
placed in a measuring cell provided with platinum
electrodes on both sides, and a voltage of 10 V was applied

20 to both electrodes. Slurry particles having come to have
charges upon application of the voltage move toward the
electrode side having a polarity reverse to that of the
charges. The zeta potential of particles can be determined
by determining their mobility. As a result of the

25 measurement of zeta potential, it was confirmed that the

particles in each slurry were charged negatively, and
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Silicon wafers on which SiQ2 insulating films 5 produced by TECS

pl asma- assi sted CVD were forned were each set on a hol der provided
with a suction pad stuck thereon for attaching the substrate to be
hel d, and the hol der was placed, with its insulating film side down,
on a platen on whi ch a polishing pad nade of porous urethane resin was

10 stuck. k ght f I there i provi de a
processi ng Tﬁgﬁs%?QS%%@g?cﬁ?ggf?Fg dagde’ b2 9gh§9p?§teﬁ3mg¥'rotated at 30

rpmfor 2 njgebestifely, nBOLh§hat §oknaykabiagniilpywhile dropwise adding
t he above ceriumoxide slurry (solid content: 3% by weight) onto the

15 platen at a rayeo2hisndngl o AULB1atAhbeFitihe 189er5hi Ng was _
conpl eted, the wafer was detached fromthe hol der and then wel | rinsed

in running water, tehkewadwh¥elrdr bheiwhgl@aniidy insuld@ingOrmmyt es by an
ultrasonic cleaner. After the cl eaning was conpl eted, the wafer was

set on & spphoduyed byOTELS peavMe-dsopstell vabeweréokbemed Wyrdrghng for
10 m nutes by a 1200C dryer. Changes in | ayer thickness

before and sétednt&eholderpprboshisg weth aesavtednvphl sthitghthertenf erence
type | ayer thickness neasuring device. As aresult, it was 25 found
that as a resnl atbhchhhg phéi shbsgrabe tosbeahemd, and thenholdee wbgaded
by 600 nm and 580 nm (polishing rate:
26 placed, 390thmitsnihenl28ingntiinusdfle dewpeconval pladad each
waf er was in a uniformthickness over its whole area. The
surfaces ofwhhehiaspbaishinpi pbad mede aFspoobusruedthanagresin was

10 stuck. A weight was further placed thereon so as to

provide a processing load of 300 g/cmz.

The platen was rotated at 30 rpm for 2 minutes to
polish the insulating film while dropwise adding the above
cerium oxide slurry (solid content: 3% by weight) onto the

15 platen at a rate of 50 ml/minute. After the polishing was
completed, the wafer was detached from the holder and then
well rinsed in running water, followed by further cleaning
for 20 minutes by an ultrasonic cleaner. After the
cleaning was completed, the wafer was set on a spin dryer

20 to remove drops of water, followed by drying for 10 minutes
by a 120°C dryer.

Changes in layer thickness before and after the
polishing were measured with a light-interference type
layer thickness measuring device. As a result, it was

25 found that as a result of this polishing the insulating

films were abraded by 600 nm and 580 nm (polishing rate:
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an optical mcroscope, where no evident scratches were seen. 5

Exanple 2 (Production of cerium oxide particles) 2
kg of cerium carbonate hydrate was placed in a cont ai ner nmade of
plati num followed by firing at 700[err]C for 2 hours in air to obtain

about 1 kg of a yellowi sh white 10 powder. Phase identification of this

powder was P Yndll on ' th i S L-um
Dovie, he Sdenfratuce, 208 ndihloget) onebepbenl ety ighd betfonseriiy

particle supfaces 8fuhDeobhr eHiBRNEEE ¥oEe 9bSeRNEUeOBr8a. Th&CaNNi ng
el ectron m croscope, where grain boundaries of 15 cerium oxide were seen.

Di aneters 0&u§ﬁééé§1@£iﬁﬁepihgﬁlating FRAREI GELS aygboaaseﬂvaa ﬁbengra!n
boundari es were neasured to find that the nedi an di aneter and nmaxi mum

di ameter inan optiB&lrmpatbsebpesi ¥RedbShbi BULEENLWEELaBOhAR RBHe186eAM
respectively. Precision neasurenent by X-ray diffraction 20 was nmade on
the fired powder, a&mdmphe pesults obtained were anal yzed by the
Ri etvelt nethod (RIETAN-94) to find that the val ue of structura
parameter X whi ch gepbasemtisn of cphkili wxpdet pareidiaggter was 0. 300 and
t he val ue of structural paranmeter Y which represents an isotropic 25
m crostrain was 0. 358g of cerium cabbongte hedraitkl wat pdackd ha aeri um
oxi de powder 27 was
dry- processcoutatneresadéhefpplatinnmd faliowkdsby firbdbhgaanhedookCefor
observed on a scanning electron m croscope to find that |arge
pul veri zati anhoessdip part tol ebtafinfaboul 1 kg of a yellowish white
10 powder. Phase identification of this powder was made by X-
ray diffraction to confirm that it was cerium oxide. The
fired powder had particle diameters of 30 to 100 pm. The
particle surfaces of the fired powder were observed on a
scanning electron microscope, where grain boundaries of
15 cerium oxide were seen. Diameters of cerium oxide primary
particles surrounded by the grain boundaries were measured
to find that the median diameter and maximum diameter in
their particle size distribution were 50 nm and 100 nm,
respectively. Precision measurement by X-ray diffraction
20 was made on the fired powder, and the results obtained were
analyzed by the Rietvelt method (RIETAN-94) to find that
the value of structural parameter X which represents
primary-particle diameter was 0.300 and the value of
structural parameter Y which represents an isotropic

25 microstrain was 0.350.

Using a jet mill, 1 kg of the cerium oxide powder
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[err]mto 4 pmdianeter and pul verization residue particles of 5 fromO0.5
pmto 1.2 pmdianeter were present in a m xed state in addition to
smal | particles having the sane size as primary-particle dianeter. The
pul veri zation residue particles were not aggl onmerates of primary
particles. Preci sion nmeasurenment by X-ray diffraction was made on the

10 pul veri zgdspatyl pk8sesd8nguliberiosul.t STROt phDeErRE® partidnasyzed by the
Rietvelt nethod (RIETAN-94) to find that t he val ue of structura

paranet er XophhthelECRNEREEBbEerved Bhl BBE¥apaihgCkeeditaBht Al casclpad02oand
t he val ue of structural paranmeter Y which represents an isotropic 15
m crostrai nfwad @hdt21afget balvestikhtibhereswaseapa@sticles of fyam ation in
primary-particle dianeter to be caused by pul verization and al so
strai ns werami 8br edupedinfkbter andppulliver@ézatioa kestldueobamttlivadkiszatEi on.
Measur enent of specific surface area by the BET nethod al so reveal ed
that 2@ it fwam 405nharth/ 3.2 pm diameter( Reerdupiresenafl inea miwed de
slurry) 1 kg of the cerium oxide particles produced in the
above, 23 gstateniaqaddutianmiei smajdl pacitilcdes dalvihgomhe sameld@%ziey

wei ght) and 8,977 g of deionized water were m xed, 25 and the m xture
fornmed was sebprimedytpaunitticisodiemeter.di Epersubvefbzatifom nesédueith

stirring. The slurry thus 28
obt ai ned wapafrtlitéesdweirehnat2 agaglbmetratesf olfl pwdmay partifdesher addition
of deionized water to obtain a 3% by wei ght abrasive. The slurry had a

pH of 8.0. Paecisliensimgasuremegitsbyi Buttayn ddf feagtipnpwasi glade was t&eam ned
by Iasg&) pulverized particles, and the results obtained were
analyzed by the Rietvelt method (RIETAN-94) to f£ind that
the value of structural parameter X which represents
primary-particle diameter was 0.302 and the value of
structural parameter Y which represents an isotropic
15 microstrain was 0.412. As the result, there was almost no
variation in primary-particle diameter to be caused by
pulverization and also strains were introduced into
particles as a result of pulverization. Measurement of
specific surface area by the BET method also revealed that
20 it was 40 m?/g.
(Production of cerium oxide slurry)
1 kg of the cerium oxide particles produced in the
above, 23 g of an aqueous ammonium polyacrylate solution
({40% by weight) and 8,977 g of deionized water were mixed,

20 and the mixture formed was subjected to ultrasonic

dispersion for 10 minutes with stirring. The slurry thus
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5 diffraction (nmeasuring apparatus: M CROPLUS, nmanufactured by Master
Si zer; refractive index: 1.9285) to find that the medi an di aneter was
510 nm Wth regard to nmaxi num particle dianmeter, particles of 1,430

nmor |larger were in a content of 0% 10 To exam ne

di spersibility of the slurry and charges of the slurry particles, the

zeta potentyptaPhedfas! Bil¥ered wiBR HeASHnEHi1#Be, CeHLUBWEdI 89 Sl urry was
put in a measuring cell provided with platinum el ectrodes on both

sides, and gpu¥phéngga@itibnVovragedphhiized Wwatbet boebbehindgsas by Slurry
particles having conme to have charges upon application of the voltage

nove towar dwéight! 86ta88eesSi dfhe slutity il ca DSH oo f ty. 0 £V @Pase ilcl d Rdlzeof
the charges. The zeta potential of particles can be determ ned by

det er mi ni ngdistribbeionnobi klbyryApantietakt wat theminadubeneabesf zeta 20
potential, it was confirmed that the particles were charged
negati vd y, dafiflrabbien &measgeinfsappaeavakueMdDCROBAUSY, manufabéured a good
di spersibility. (Polishing of insulating filmlayer)

A silicon vafeMastenhSthean SefPachiubaindgxti Lnp2825)ptodfited bhatEERBe

pl asma- assi sted CVD was forned was set on a hol der provided with a
sucti on padmediigh flhemebarfwas 510 nm. With regard to maximum 29
attaching the substrate to be held, and the hol der was pl aced, with
its insul atbagticlen didwetiown, panticpeatefi dn430 nmwhrchangpsl wekengnpad
made of porous urethane resin was stuck. A weight was further placed

t hereon so Asceptent of 0%.

10 To examine dispersibility of the slurry and charges
of the slurry particles, the zeta potential of the slurry
was measured. The cerium oxide slurry was put in a
measuring cell provided with platinum electrodes on both
sides, and a voltage of 10 V was applied to both electrodes.
15 Slurry particles having come to have charges upon
application of the voltage move toward the electrode side
having a polarity reverse to that of the charges. The zeta
potential of particles can be determined by determining
their mobility. As a result of the measurement of zeta
20 potential, it was confirmed that the particles were charged
negatively, and showed a large absolute value of -64 mV,
having a good dispersibility.
(Polishing of insulating film layer)
A silicon wafer on which an Si0O; insulating film
25 produced by TEOS plasma-assisted CVD was formed was set on

a holder provided with a suction pad stuck thereon for
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5 provide a processing |oad of 300 g/cnferr]. The pl aten was

rotated at 30 rpmfor 2 mnutes to polish the insulating filmwhile
dropwi se addi ng t he above ceriumoxide slurry (solid content: 3% by
wei ght) onto the platen at a rate of 35 mM/mnute. After the polishing

was 10 conpl eted, the wafer was detached fromthe holder and then

vel | rinsedatBabHRRGNGn¥ALAbstiakk0W8dpRY nEYRHL hghaCkRBNhBIder wakor 20
m nutes using an ultrasonic cleaner. After the cl eani ng was conpl et ed,

the wafer Wasageh,oWi®nSRitB dh%ﬁ&atin? Fo1meRRYe dowBs eh wapthtehobhowed
by drying for 10 mnutes 15 using a I20[err] C dryer. Changes in |ayer

t hi ckness bghees angolishiﬁbtPadthadaprSBb&auweu@eﬁﬁaaerQéswhtha@
light-interference type layer thickness neasuring device. As the

result, it stuckvwasafwenght hdésasubthesubladédt thérpohi sbiag tbe insul ating
filmwas abraded by 740 nm (polishing rate: 370 nmmnute) 20 and the
waf er wek | pravidef ar probieeknags 10uar oift Sovhagl/em?. area. The surface of
the insulating filmwas al so observed usi ng an optical mcroscope,
where no evi dent sahet plleten wasvelotatefhat 30 rpm for Bxammluted t2b
(Production of cerium oxide particles) 2 kg of cerium carbonate
hydr at e wasppllasbdthe dnsulating film while dropwise adding tB@é above
cont ai ner nade of platinum followed by firing at 800[err]C for 2
hours i n ai cerdumbpaidealsdurry Kgodfidacpeltieow:sBiwbhyt weight )ponder thhase
i dentification of this powder was made by X- ray diffraction to
confirmthaplatenastcer rafeorifdé5 Mi¢dminute. After the polishing was
10 completed, the wafer was detached from the holder and then
well rinsed in running water, followed by further cleaning
for 20 minutes using an ultrasonic cleaner. After the
cleaning was completed, the wafer was set on a spin dryer
to remove drops of water, followed by drying for 10 minutes
15 using a 120°C dryer. Changes in layer thickness before and
after the polishing were measured with a light-interference
type layer thickness measuring device. As the result, it
was found that as a result of this polishing the insulating
film was abraded by 740 nm (polishing rate: 370 nm/minute)
20 and the wafer was in a uniform thickness over its whole
area. The surface of the insulating film was also observed
using an optical microscope, where no evident scratches
were seen.
Example 3

25 (Production of cerium oxide particles)

2 kg of cerium carbonate hydrate was placed in a
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5 fired powder had particle dianmeters of 30 to 100 [erre]m The

particle surfaces of the fired powder were observed on a scanni ng

el ectron m croscope, where grain boundaries of cerium oxi de were seen.
D anmeters of cerium oxide primry particles surrounded by the grain
boundaries were neasured 10 to find that the nedian dianeter and maxi mum

di anet er | Noontaih&f! hald’ bECLEatlA d'f&iigwéao?¥“fifi&80a9nhéadCSQangL

respectively. Precision neasurenent by X-ray dif

the fired ppveenrsapd Abe fssabwlﬁbsabe@dlmg{;eof a y818byigH wlwe
Rietvelt nethod (RIETAN-94) to find that he val ue of structural

paramet er Xpdhash. ' GHARE Hdentifiddt 1B YoPAH LI SowH A BILS ifde BbyP8¢. and
the value o structural paranmeter Y which represents an Isotropic

m crostrai nrapsddfPPEction to confiklil BBa® PEafadl bbridmkex9bet hergeri um
oxi de powder 20 was wet-process pulverized. A fluid containing the

pul veri Zed parédCcpewdedt Rhdefanbsclei @damebdrshesdsoetlo 100 palt imles were
ball-m |1 pulverized. The resultant pul veri zed particles were observed
on a scannipgrelerérsurfacesNofr ORE0PEré@ powdetr hwbréheysbadelesn a

pul verized to 25 particles having the sane size as prinary-particle

di anet er scammilngoelacyeopunierozadbpen wrsrdugraant behrdarees seen.

31 Preci sion nmeasurenment by X-ray diffraction was made on
t he puteriumeoxpdetweresseand thianeisitd obhiearingd oseide primangl yzed
by the Rietvelt nethod (RIETAN-94) to find that t he val ue of

structural partieles sumhoghdeépbegsthésgrain boundaries were measured
10 to find that the median diameter and maximum diameter in
their particle size distribution were 190 nm and 500 nm,
respectively. Precision measurement by X-ray diffraction
was made on the fired powder, and the results obtained were
analyzed by the Rietvelt method (RIETAN-94) to find that
15 the value of structural parameter X which represents
primary-particle diameter was 0.080 and the value of
structural parameter Y which represents an isotropic
microstrain was 0.223.
Using a bead mill, 1 kg of the cerium oxide powder
20 was wet-process pulverized. A fluid containing the
pulverized particles obtained was dried, and the dried
particles were ball-mill pulverized. The resultant
pulverized particles were observed on a scanning electron
microscope to find that they had been pulverized to
25 particles having the same size as primary-particle diameter

and no large pulverization residue particles were seen.

31



5 primary-particle dianmeter was 0.085 and the val ue of structural

paraneter Y which represents an isotropic m crostrain was 0.300. As a
result, there was al nost no variation in primary-particle dianeter
caused by pul veri zation and al so strains were introduced into 10
particles as a result of pulverization. Measurenent of specific

surface ar eaPPé’cié‘forﬁ'-:rﬂ_eﬁ@ﬁPés}ﬁeﬁ{ S rfl’f@& e&‘iff@%ciigo%fviv%%v\@gdéoom &l’lé] /9.

(Production of cerium oxide urry e Cerium oxi de

particles progiieesidatpere181e800¥8a £l ol @rRps um
pol yacryl ate sol ution B (4036by meigh?) aHu , 977 ¢ d? deroni zed water

. d, . H € | i
vere mxed, analyzédl E;f'etﬁlé Xk 1 By & PF %ﬂ@}?e@gﬁm eé’% gtéj Hﬁ%gﬂéi&n ed vas

di spersion for 10 mnutes with stirring. urry t

filtered wi tthé vanie fof {@fruéohl9¥esh Bime20r £ Upiheh AGGidiamof deioni zed

water to obtain a 3% by wei ght abrasive. The slurry had a pH of 8. 3.

Particl e5si agrimary b&ttidLé i @ladt st Widy P985 CALE VRS $XAa ned by | aser
diffraction (nmeasuring apparatus: M CROPLUS, nanufactured by Master

Si zer; refragtiwveturdexpadaf@ton ¥ ovhidll fdgteddiets 2on NBshBFogianet er was
290 nm Wth regard to maxi num particle dianmeter, particles of 780 nm

or |arger wamicrostrain was 0.300. As a result, there was3Almost no
content of 0% To exam ne dispersibility of the slurry and

char ges vaxfidthisors|in ryrjeaty ep@sti¢he apdme pot egdusdd gyt he slurry
was neasured. The ceriumoxide slurry was put in a 5 neasuring cel
provi ded w timlleatizatm e camtd oalbso ostbims were introduced into
10 particles as a result of pulverization. Measurement of
specific surface area by the BET method also revealed that
it was 10 m?/g.
(Production of cerium oxide slurry)
1 kg of the cerium oxide particles produced in the
15 above, 23 g of an aqueous ammonium polyacrylate solution
(40% by weight) and 8,977 g of deionized water were mixed,
and the mixture formed was subjected to ultrasonic
dispersion for 10 minutes with stirring. The slurry thus
obtained was filtered with a 1 pm filter, followed by
20 further addition of deionized water to obtain a 3% by
weight abrasive. The slurry had a pH of 8.3. Particle size
distribution of slurry particles was examined by laser
diffraction (measuring apparatus: MICROPLUS, manufactured
by Master Sizer; refractive index: 1.9285) to find that the

25 median diameter was 290 nm. With regard to maximum

particle diameter, particles of 780 nm or larger were in a
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sides, and a voltage of 10 V was applied to both el ectrodes. Slurry
particles having cone to have charges upon application of the voltage
nove toward the el ectrode side having a polarity reverse to that of
the charges. The zeta 10 potential of particles can be determ ned by
determ ni ng their nobility. As a result of the neasurenent of zeta
potential, | capfiemed that the particles were charged
negatively,bgﬁgggﬁo%gdog'large absol ute val ue of -50 nv, havi ng a good

di ibility. 1 : Pol 4.shi fss ' fl |
I spersibility On%'v%iec}?]amalr{l%i%é;?é%ﬂ]%ﬂlﬂ ﬁ%rant_lﬂé"%ldprl ﬂfr%tilaxlgt_e&

A silicon mafer ul atin r duced _
pl asma- assi gledneVR RSy YatRY RS ,S8helPReta potehi@ar off %'ed%(iu‘&‘r&g a

suction pad stuck theredn for attaching the substrate to be hel'd, and

the hol der yag mé@sudle@edrnyi EBrihs bﬂ%éagmgr?ihgsswe dawg, on a platen
on whi ch a polishing pad made of porous urethane resin was st uck.

A wei ght 5 wagmelhldiiirifly RledqehridiaRAN v plla® inum Re@dtrdRied RPHRYH N9 | oad
of 300 g/cnferr]. The platen was rotated at 30 rpmfor 2 mnutes to

polish the ishadsat iand a2%dlitagemMis a odhoRMss apRddiedd toh®oHo e eetiriddasoxi de
slurry (solid content: 3% by weight) onto the platen at a rate of

33 Slurry Parfildlddltt@ving come to halld @harfiesp@ldonhi ng was
conpl eted, the wafer was detached fromthe holder and then well rinsed

i N runni ng appliwaitdion fod thaed-ditdoger fidle Hod@id1GHeole 122G UHJAE @Sidesi Nng an
5 wultrasonic cleaner. After the cleaning was conpl eted, the
having a polarity reverse to that of the charges. The zeta
10 potential of particles can be determined by determining
their mobility. As a result of the measurement of zeta
potential, it was confirmed that the particles were charged
negatively, and showed a large absolute value of -50 mV,
having a good dispersibility.
15 (Polishing of insulating film layer)
A silicon wafer on which an Si0O, insulating f£ilm
produced by TEOS plasma-assisted CVD was formed was set on
a holder provided with a suction pad stuck thereon for
attaching the substrate to be held, and the holder was
20 placed, with its insulating film side down, on a platen on
which a polishing pad made of porous urethane resin was
stuck. A weight was further placed thereon so as to
provide a processing load of 300 g/cm?. The platen was
rotated at 30 rpm for 2 minutes to polish the insulating

256 film while dropwise adding the above cerium oxide slurry

{solid content: 3% by weight) onto the platen at a rate of

33



waf er was set on a spin dryer to renove drops of water,
drying for 10 mnutes using a 120[err] C dryer. Changes

fol |l oned by
in |ayer

t hi ckness before and after the polishing were nmeasured with a
light-interference type layer 10 thickness nmeasuring device. As a
result, it was found that as a result of this polishing the insulating
filmwas 35 aki AResh ey, 560 nm (polishing rate: 280 nm mnute) and the

wafer was in a uniformthickness over its whole area. The

surface of

the insulating fil mpesratse gawgﬂﬁﬁg%wgeaﬁplé@e&m qié' wHEEEOREEPE,

where no evi dent scratches were seen.

(Producti on @dt£cHddNE o dendHid18d£Sdnd then well ];erg&&)f
hydrate was placed in a cont ai ner nade of platinum fo

o T ng

at 700[ err] Grdtsr, 2b1 Rohedrsy i fuBitied Oc DOR Ay 3OMt2d KihPfed d@iﬂé’(%:%h

white powder. Phase identification of this powder was nade

ray diffbactubtrdsoionfdIdandl IaAfteas R iId1Badinde was ' @ompletidd, eq:htéowder
had particle dianmeters of 30 to 100 pm The particle surfaces of the
fired powderwasse wis esete o aspAd GEAN ) S Ardp £ T &S GRPEer Wher e
grain boundaries of cerium oxi de were seen. Dianeters of cerium oxide
primary followed by drying for 10 minutes 3fsing a 120°C dryé@lticles
surrounded by the grain boundaries were neasured to find that the
medi an di angthangesl iraxiagew ditaieitrezss rbefore tdwel rafpisst i thee FdZEshing

di stribution were 50 nmand 100 nm respectively. Precision

measur enent wereX-mepsukidd rvaicth on 1 Eghviasi mieekef exerde fygedigppaeier, and the

resultslgbtained wer e

thickness measuring device. As a result, it was found that

as a result of this polishing the insulating film was

abraded by 560 nm (polishing rate: 280 nm/minute) and the

wafer was in a uniform thickness over its whole area. The

surface of the insulating film was also observed using an

15 optical microscope, where no evident scratches were seen.

Example 4

(Production of cerium oxide particles)

2 kg of cerium carbonate hydrate was placed in a

container made of platinum, followed by firing at 700°C for

20

25

2 hours in air to obtain about 1 kg of a yellowish white
powder. Phase identification of this powder was made by X-
ray diffraction to confirm that it was cerium oxide. The
fired powder had particle diameters of 30 to 100 pm. The
particle surfaces of the fired powder were observed on a
scanning electron microscope, where grain boundaries of

cerium oxide were seen. Diameters of cerium oxide primary
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anal yzed by the Rietvelt nmethod (RI ETAN-94) to find that t he val ue of

structural paraneter X which represents primary-particle dianmeter was
0. 300 and the val ue of structural paranmeter Y which represents an
isotropic 10 m crostrain was 0.350. Using a bead mll, 1 kg of
the cerium oxi de powder was wet - process pul verized. A fluid containing
t he p L5 gﬁ% [ i h

particles wg%%Eégﬁ%FW%P%&% 3§$$§>dQ§$% 1%UI?%ﬁF%E?§%p§F%%flze pé?%icles

wer e obser ved Hn@l THANIRQ ?r!e%tarnﬁ'alamete@ SRS G ruh ditheltiaa!t sihey had

been pul verize particles having the sane size as prinmary- partlcle

di anet er theaad p'&Q‘tll‘?:rlQ:e SAYle AR 7S WlHR BY it s WP

Preci si on nmeasureirent by X-ray ffraction was made on the 20 pu verlzed

particles, aRdplhg iRy ?ItSPEQhﬁbﬂgﬂ H@B@uremen@nB&YXEQaQYGREEer%EBﬁ|t
met hod (RIETAN—94) to nd t hat the val ue of structural paraneter X

which represRRt made onPMHERMBIHRAY tPowdrdl AR ehe\desh13e2 tdiled Wrirnge of
structural paranmeter Y which represents an isotropic 25 microstrain was

0.450. As aagndiYlizled PREMBSNIE AHVEIX mdrhod (RIMTAN-0A) ith FilnMrtyatarticle
di anet er caused by 35

pul veri zat i @heaRG@ 1dleS @S iFtaiudtuiRile patlantiere® WHikh repHe¥dntd es as a
result of pulverization. Measurenent of specific surface area by the

BET net hod glrimargvealrad dllkatdiametdrd wads AQ0Y @ng /the Value of
(Production of ceriumoxide slurry)
structural parameter Y which represents an isotropic
10 microstrain was 0.350.

Using a bead mill, 1 kg of the cerium oxide powder
was wet-process pulverized. A fluid containing the
pulverized particles obtained was dried, and the dried
particles were ball-mill pulverized. The resultant

15 pulverized particles were observed on a scanning electron
microscope to find that they had been pulverized to
particles having the same size as primary-particle diameter
and no large pulverization residue particles were seen.
Precision measurement by X-ray diffraction was made on the

20 pulverized particles, and the results obtained were
analyzed by the Rietvelt method (RIETAN-94) to f£ind that
the value of structural parameter X which represents
primary-particle diameter was 0.302 and the value of
structural parameter Y which represents an isotropic

25 microstrain was 0.450. As a result, there was almost no

variation in primary-particle diameter caused by
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1 kg of the ceriumoxide particles produced in the above, 23 g of an
aqueous ammoni um pol yacryl ate sol ution (40% by wei ght) and 8,977 g of
dei oni zed water were m xed, and the m xture fornmed was subjected to
ultrasonic 10 dispersion for 10 mnutes with stirring. The slurry thus
obtained was filtered wwth a 1 [errlmfilter, followed by further

addi ti on of i I s\wat t tal 01 : i hasi ve. The
pﬁ&kz@?ﬁ%_fé%\_yﬁpgﬁlﬂ %l%% a3 nd W%%ee intrARILGRG @L‘P.]t%s

slurry had a pH o e size stribution of slurry particles

was exan ”ega@t&ilc%%r asla Felshnac oD uliRIS YaItA9naPPRE AL B emdh EROPLUS,
manuf act ure by Master Sizer; réfractive index: 1.9285) to find that

the medpaki#i @Bl MRS a23d B tWe! BETC AR AT FéPealed RAHH Cl €
di aneter, particles of 780 nmor larger were in a content of 0% 20

To exam ne ditsp@ksiapl k2yy.of the slurry and charges of the slurry
particles, the zeta potential of the slurry was neasured. The cerium

oxide slgrry was putprdiuttion deasdfiuid elde amhEed with platinum
el ectrodes on both sides, and a voltage of 10 V was applied to both

el ectrodes. 25 Sl urmy par tind efediaim NG LM Hdre s Jravdfsed AN the
application of the voltage nove toward the el ectrode side

36 above ,h23 B0 o @ aguenuse\saima ilum padlyaeiryillad eC Bangasionlhe zeta
potential of particles can be determ ned by determ ning their
nobility. A448% eyuleightt)handeaserrgmeniofoldedend zed watetrentera mixedyas
confirmed that the particles were charged 5 negatively, and showed a
| ar ge absol anhd thleumicftur@b fi'med was subjected to ultrasonic
10 dispersion for 10 minutes with stirring. The slurry thus
obtained was filtered with a 1 pm filter, followed by
further addition of deionized water to obtain a 3% by
weight abrasive. The slurry had a pH of 8.5. Particle size
distribution of slurry particles was examined by laser
15 diffraction (measuring apparatus: MICROPLUS, manufactured
by Master Sizer; refractive index: 1.9285) to f£ind that the
median diameter was 290 nm. With regard to maximum
particle diameter, particles of 780 nm or larger were in a
content of 0%.
20 To examine dispersibility of the slurry and charges
of the slurry particles, the zeta potential of the slurry
was measured. The cerium oxide slurry was put in a
measuring cell provided with platinum electrodes on both
sides, and a voltage of 10 V was applied to both electrodes.

25 Slurry particles having come to have charges upon

application of the voltage move toward the electrode side

36



havi ng a good dispersibility. (Polishing of insulating film

| ayer) A silicon wafer on which an SiQ2 insulating film
produced by TEOCS pl asma-assisted CVD was forned was set on 10 a hol der
provided with a suction pad stuck thereon for attaching the substrate
to be held, and the hol der was pl aced, with its insulating film side

d I shi us et
foor vas MAVE A polarily MeloPde EhefaPade TP MafGloys M ]

d I / t tate at
provide a p;ﬁ&f‘é&tf&l @Edpé’ft:@&peg Sﬂﬁé]detgﬂﬁlﬂé¢ ﬁ‘u%?rmld?op

30 rpmfor mnutes to polish the insulating

addi ng the ahyer GRsbAM i d@&sS'd”ﬂééult ofl $%ld %é‘é)ﬁh@&l}en@%ﬁ&éﬁ% ght)

onto the platen at a rate of 35 m/ mnute. ter the
pol i shi ng waso il £1 £di t tes Ved©Ff i Wasa thatdﬁﬁéﬁﬁﬁgkiéfﬁﬁt$€r@0&ﬂ§f g&ad
then well rinsed in running water, followed by further cleaning for 20
m nut es Bsi negatively Ul dfi@ssibwed | £al@rge AMbES1EHE FABID 8 Wos RNl et ed,
t he wafer was set on a spin dryer to renove drops of water, 25 _
fol l owed by mhwimg 4 agodd dispéesibbingya 120[err] C dryer. Changes in
| ayer thickness before and after the polishing

37 we(Rohkskingdof Lhsalat ghy- foler feyente type | ayer

t hi ckness neasuring device. As the result, it was found that as a

result of this polishshyicbe wasetradhnghichnanasio, inaiWsghaty bsiB®0 nm
(polishing rate: 200 nmim nute) and the 5 wafer was in a uniform

t hi ckness oumroduaedity cTEQS plasiee-assisted fCHR wis thermed whas | $@t foh m was
al so observed using an

10 a holder provided with a suction pad stuck thereon for
attaching the substrate to be held, and the holder was
placed, with its insulating film side down, on a platen on
which a polishing pad made of porous urethane resin was
stuck. A weight was further placed thereon so as to

15 provide a processing load of 300 g/cm?®. The platen was
rotated at 30 rpm for 2 minutes to polish the insulating
film while dropwise adding the above cerium oxide slurry
(solid content: 3% by weight) onto the platen at a rate of
35 ml/minute.

20 After the polishing was completed, the wafer was
detached from the holder and then well rinsed in running
water, followed by further cleaning for 20 minutes using an
ultrasonic cleaner. After the cleaning was completed, the
wafer was set on a spin dryer to remove drops of water,

25 followed by drying for 10 minutes using a 120°C dryer.

Changes in layer thickness before and after the polishing
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optical m croscope, where no evident scratches were seen.

Conpar ati ve Exanpl e A silicon wafer on which an Si Q2 insul ating
film 10 produced by TEGCS pl asna-assisted CVD was fornmed in the sane

manner as i n Exanples, was polished using a conmercially avai l abl e
silica slurry (88225 avai | abl e from Cabot Corp.). This commercially

avai |l abl e [ e, having. ontainin
St stifda ﬁlﬁﬂc? fi’g;r%l fnt zéf%oﬁ ‘Ifn 2 Pafef g9

12. 5% by wel ght SI Q2 par mas carried out under

the same COE}EH&]{MS dReasurihd e retite, Sicl:r Jahapdised by

pol i shi ng were not seen, and the |nsulat|ng filmlayer was polished

uni formy, dude s Rbrasiede Opk Velys 1560 1 B8y atﬁé!Si&kéuPétm £PDhi g Ng for
2 mnutes (polishing rate: 75 nnimnute). SIBILITY OF

| NDUSTRI AL AR AL THEN00 nm ( ollsﬁﬁngeﬁﬁfébeﬂb@bﬂﬂﬁnlﬁﬁﬁe?béﬁélﬂﬁe
according to the pr esent |nvent|on can polish the surfaces of polish

objectss wasdEhw®ds £H R wmstdbahi i dkhdBs abvér N8 Wik Be VaiEQUt The
causing scratches, and is especially suited for use in the 25 polishing of

gi ven substgwatfsce ush €ise SE$EDatLICd Of i Dhi Wpés also observed using an
38 VWHAT IS CLAIMED IS 1 1. A cerium oxi de abrasive

conpri si ng éptslcdl YniGroSOnps | SWNgre efo Wy Dxete paritches whpses@sn ary
particles 3 have a nedian dianeter of from30 nmto 250 nmand slurry 4
particles have a nednpardtavet Exkamplérom 150 nmto 600 nm
A silicon wafer on which an SiO, insulating f£ilm
10 produced by TEOS plasma-assisted CVD was formed in the same
manner as in Examples, was polished using a commercially
available silica slurry (S$S225, available from Cabot Corp.).
This commercially available silica slurry is one having a
pH of 10.3 and containing 12.5% by weight of SiO, particles.
15 The polishing was carried out under the same conditions as
in Examples. As a result, scratches caused by polishing
were not seen, and the insulating film layer was polished

uniformly, but was abraded only by 150 nm as a result of

polishing for 2 minutes (polishing rate: 75 nm/minute).

20 POSSIBILITY OF INDUSTRIAL APPLICATION
As described above, the abrasive according to the
present invention can polish the surfaces of polish objects
such as Si0; insulating films at a high rate without
causing scratches, and is especially suited for use in the

25 polishing of given substrates such as semiconductor chips.

38



5 said ceriun1ogbde particles being dispersed in a nedium 1 2.

A cerium oxi de a ng a slurry 2 conprising cerium oxide
meclm 3 have a nedian dianeter of from 100 nm
par [ [

particl es whose

to 250 nm and slurry 4 s have a nedi an dianeter of from 150 nmto
350 nm 5 said ceriumoxide particles being dispersed in a nedium 1
3. A cerium oxide abrasive conprising a slurry 2 conprising cerium oxide
particles whose primary particles 3 have a nedian dianeter of from 30 nm
to 70 nm angust uré YeLAIMperiscl es have a nedi an diameter of from 250 nmto
600 nm 5 said ceriumoxide particles being dispersed in a nmedium 1
4. Thejcerium oxi gde gbpasivf aatabdabgabk@van¥oRpeisZngoh shary 1 to 3,
wherein said ceriumoxide particles have 3 a maxinmum particle dianmeter of

3,000 n@ orc&iigti€ing cedium oxide Spadbectesi wiidoxi geindfaspaetactesding to
claiml 2 or 2, wherein said primary particles have a maxi num
39 8 have p@.rrhed}i@nddﬁﬂfﬁéeér%fGﬁﬁomnBornﬁnﬁd)l250 nm dnd slurry6. The
cerium oxi de abrasive according to claiml 2 or 2, wherein said prinmary
particl ds hpaetichesnedee afmediafhrdbaddtam 66 H86mnND50 nmlto 600 nmy. The
cerium oxi de abrasive according to claim 3,

5 said cerium oxide particles being dispersed in a medium.

1 2. A cerium oxide abrasive comprising a slurry

2 comprising cerium oxide particles whose primary particles
3 have a median diameter of from 100 nm to 250 nm and slurry
4 particles have a median diameter of from 150 nm to 350 nm;
5 said cerium oxide particles being dispersed in a medium.

1 3. A cerjium oxide abrasive comprising a slurry

2 comprising cerium oxide particles whose primary particles
3 have a median diameter of from 30 nm to 70 nm and slurry
4 particles have a median diameter of from 250 nm to 600 nm;
5 said cerium oxide particles being dispersed in a medium.

1 4. The cerium oxide abrasive according to any one

2 of claims 1 to 3, wherein said cerium oxide particles have

3 a maximum particle diameter of 3,000 nm or smaller.

1 5. The cerium oxide abrasive according to claim 1

2 or 2, wherein said primary particles have a maximum
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2 wherein said primary particles have a diameter of from10 3 nmto 100

nm 1 8. Wn“abrasive according to any one 2 of
clains 1 to 7, wherei H‘S\ma‘m\m wat er . 1 9. The cerium
oxi de abrasive accordi O any*orfe *2 of clains 1 to 8, wherein said
slurry conprises a 3 dispersant. 1 10. The cerium oxi de

abrasi vg aGeondi ik 1@ AVt OPf 2600 nik| ¥ Brd110r 9, wherein said di spersant
is at least one 3 selected froma water-soluble organic high polyner, a

4 water-soluble anionic surface-active agent, a water-soluble 5 nonionic
surface-active agent and a water-sol ubl e am ne. 1 11. The

cerium gxi de abrasg Ve 8L Bkt ek ddidBridbive? ddiithsatdsl éjléﬂﬁ”lsant i's
anmoni um pol yacryl at e.

12. A geriginDXiviee Pdi @ Ss & Ed OBy NGBt B¢ LEE Yha\f@réfﬂiilélyeﬂéﬁp@f si ng
ceriumoxide particles in water contal ning amoni um pol yacryl ate.

13. The cefidhin DXirle Bdréece viemaccording to any one of claims 1 to 12,
wherein said ceriumoxide particles conprise cerium oxide obtained by
firing cerium carbonate.

1 7. The cerium oxide abrasive according to claim 3,

2 wherein said primary particles have a diameter of from 10

3 nm to 100 nm.

1 8. The cerium oxide abrasive according to any one

2 of claims 1 to 7, wherein said medium is water.

1 9. The cerium oxide abrasive according to any one
2 of claims 1 to 8, wherein said slurry comprises a

8 dispersant.

1 10. The cerium oxide abrasive according to any one
2 of claims 1 to 9, wherein said dispersant is at least one

3 selected from a water-soluble organic high polymer, a

4 water-soluble anionic surface-active agent, a water-soluble
5 nonionic surface-active agent and a water-soluble amine.

1 11. The cerium oxide abrasive according to claim 10,

2 wherein said dispersant is ammonium polvacrylate.
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14. A nethod of polishing substrates, conprising polishing a given

substrate with the ceri um [Q§i ' ccording to any one of clains 1
To 18 25"t NENMEIIRII oo st aces "ccor aing
claim 14, wherein said giveh subdtratesis*a sem conductor chip on which a
silica fil mhas been forned.

41 1 12, A cerium oxide abrasive comprising a slurry
2 formed by dispersing cerium oxide particles in water

3 containing ammonium polyacrylate.

1 13. The cerium oxide abrasive according to any one
2 of claims 1 to 12, wherein said cerium oxide particles

3 comprise cerium oxide obtained by firing cerium carbonate.

1 14. A method of polishing substrates, comprising
2 polishing a given substrate with the cerium oxide abrasive

3 according to any one of claims 1 to 13.
1 15. The method of polishing substrates according to

2 claim 14, wherein said given substrate is a semiconductor

3 chip on which a silica film has been formed.
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