SPECI FI CATI ON . CERI UM OXI DE ABRASI VE, SEM CONDUCTOR CHI P AND
SEM_CONDUCTOR DEVI CE, METHOD FOR PRODUCI NG THEM 5 AND
METHOD FOR POLI SHI NG SUBSTRATE 1 TECHNI CAL
FI ELD The present invention relates to a cerium oxide
abrgsive, a met hod for producing the cerium oxi de abrasive, a nmethod
for polishing 10 substrates, a nethod for producing sem conductor
chips, a sem conductor chip, a geetpEdATIONoduci ng semn conduct or
devi ces, and a sem conduct or devi ce.
BACKGROUND ART 15 Wth the recent noticeable increase in the
density and the degree of integration of ultra-LSls, which requires
mul ti-1Iayered SSERUM ©XIDE ABRASIMEN SEMICONDUICTOR QHIP ANDat t er ns,
it is desired to reduce the mnimumline width of wri %patterns to be
processed. TREMIGONDUGTORBEWCE, METHORIOR PRODPUCHG THEM, n
those LSIs, required 20 is a flattening technique of flattening their
surfaces Whth the filns AND METHED FORPOLIGHING SUHBITRAMEen t he
adjacent fine wiring lines with no enpty
TECHNICAL FIELD
The present invention relates to a cerium oxide abrasive, a
method for producing the cerium oxide abrasive, a method for polishing
10 substrates, a method for producing semiconductor chips, a
semiconductor chip, a method for producing semiconductor devices, and

a semiconductor device.

BACKGROUND ART

15 With the recent noticeable increase in the density and the
degree of integration of ultra-LSls, which requires multi-layered
structures of aluminium wiring and fine wiring patterns, it is desired to
reduce the minimum line width of wiring patterns to be processed.
Therefore, for the interlayer insulating films to be in those LSIs, required
20 is a flattening technique of flattening their surfaces with the films filling up
in the distance between the adjacent fine wiring lines with no empty

space therebetween.
In general, such interlayer insulating films which needs to be
flattened are formed through vapor deposition such as plasma CVD or
25 ECR-CVD, or through coating such as SOG. Of those, SOG comprises
applying a coating liquid that is prepared by hydrolyzing an alkoxysilane

and an alkylalkoxysilane with water and a catalyst in an organic solvent



space therebet ween. : I n general, such interlayer insulating
filne which needs to be flattened are forned through vapor deposition
such as plasma CVD or 25 ECR-CVD, or thrqygh coating such as SOG O

t hose, SOG conpri ses applying a coati'ng liquid that is prepared by
hydrol yzi ng an al koxysi | ane and an al kyl al koxysilane with water and a
catal yst in an organic sol vent

2 suchgash &% ahcaltehol,08hR a Substtatat ﬁmrbhgﬁmnsewtm%afdlm@ved by
fol |l oned by curing it through heat treatnment, and the thus-coated film

is then clitingt tnehroughr hduts trdatmemtananic, thenithug-coaibdy &itni $s athen
organic SOG film whi ch contains the organic conponent (e.g., alKkyl
group) renui nflatienéd. t IFord¢his, for exampld,mainly empoyed iwan drgamic SQLE Kdan,
The organic SOG film I s advantageous in that its volume is shrunk
little when i which ccordding rthe iorganic componenipfegi.c alid gretp) tremaining
dielectric constant is |ow However, the organic SOG filmis not
sati sfact d¥ i | herpp ircarier toobethisk witheut beingeracked.  TheeQganie, SQE Y

diim
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uneven surfaces caused by complicated sparse and dense wiring, though
10 being applicable to local flattening of a part of such uneven surfaces.

As the material for forming the interlayer insulating films, silicon-
free, organic polymer resins with good insulation performance and
adhesiveness are being tried. For example, a coating liquid as prepared
by dissolving such a silicon-free, organic polymer resin in an organic

15 solvent such as an alcohol is applied onto a substrate through spin
coating, and thereafter heated to form an insulating film on the substrate.
This method produces thick insulating films relatively with ease.
Multi-layered wiring structures are much used in ultra-LSIs in
order to make them have a higher density and a higher degree of
20 integration. [n particular, current logic LS| devices have four-layered or
higher poly-layered structures, in which, therefore, the difference in
surface level is increasing. On the other hand, the focal depth of resists
to be used for patterning of wiring in those devices is being reduced with
the reduction in the wiring width of the patterns, and such a high
25 difference in surface level in those fine patterns is problematic. in order
to solve this problem, it is desired to globally flatten the fine patterns.

As one method for this, it is expected to apply to the fine patterns a



by di ssolving such a silicon-free, organic polynmer resin in an organic 15
solvent such as an alcohol is applied onto a substrate through spin
coating, and thereafter heated to form an énsulating filmon the substrate.
This met hod produces thick insulating filns relatively with ease.

Mul ti-layered wiring structures are nmuch used in ultra-LSls in or der
to nake them have a higher density and a higher degree of 20 integration.

I n particul ar ghgmicdlNnechinicd Sholiéhing e EChPIetdchiniqli@ywhivh tias heretoiferieer
pol y-l ayered structures, in which, therefore, the difference in

surface | evel peéniutddeRiipishidy Shevatfeheantadtichtgredlicesla semdrgistic effecist s
to be used for patterning of wiring in those devices is being reduced with

t he reducti onof the bhemicalnplishtitd acfion emdbiitet mechanioad prlishirg aetion 25
difference in surface level in those fine patterns is problematic. In order

to solve this probl e@f insuliatingefiimse dhosge foromed throuight C¥R cowldi be selativebr ns.
As one nethod for this, it is expected to apply to the fine patterns a
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casi |y pol | SHEOWAMEH, SV s ASPRETIRUF 1) BHErea eR wthim dieRcepdratio to

be between fine lines of wiring patterns are poorly filled up through CVD,

and it is said that CVD is limitedly applicablie to grooves having an aspect

10 ratio of at most 3 or so. In order to lower the dielectric constant of
insulating films, the introduction of fluorine into the films is tried, for which,
however, there are still outstanding problems in that the fluorine once
introduced into the films is often expelled therefrom and that the
hygroscopicity of the films increases.

15 On the other hand, organic SOG films formed through SOG are
advantageous in that even grooves with a high aspect ratio can be well
filled up with the films, and it is said that grooves having an aspect ratio
of 10 or larger could be filled up therewith. In addition, those organic
SOG films have a low dielectric constant of 3 or so in themselves, and

20 the costs for producing the films are lower than those for producing CVD
films. However, when the organic SOG films are polished with a
colioidal silica-containing abrasive such as that mentioned above, they
are often scratched. If they are polished with the abrasive under a mild
condition in order to protect them from being scratched, the polishing

25 speed is greatly lowered. In addition, even if polished under the same
condition, the polishing speed for the organic SOG films is significantly

lower than that for CVD films. Therefore, if the organic SOG films are



colloidal silica, which has heretofore been used in polishing Si wafers.
However, CVD is problematic in that grooves with a high aspect ratio to
be ‘b_etw_een fine lines of wiring patterns gre poorly filled up through CVD,
and it is said that CVDis limtedly applicable to grooves having an aspect
10 ,ratio of at nmpbst 3 or so. In order to lower the dielectric constant of
insulating filnms, the introduction of fluorine into the filnms is tried, for

whi ch, hewaMad to theiged’ @ id bt a8tthbgnatienahpirokdstesshiall bieatoat high,
fluori ne once introduced into the filnms is often expelled therefrom

and that the resultirfty iy faheiriuse iof thichartfis impractivabls.es Given that situation,On
the other hand, organic SOG films formed through SOG are advant ageous
in that even jgigaesired td develgh arspbeasivat capatie ok padshing thoge oreaniap
with the filnms, and it is said that grooves having an aspect ratio of
é%Go][_ : argﬁr 80G lﬁlmsda_‘tial high speederewith. In addition, those organic
I1ms have a |ow dielectric constant of 3 or so i,n thensel ves d, 20
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10 Is introduced thereinto. Acrylate polymer films can be formed with UV
rays without being heated. However, since the hardness of those
organic polymer resin films is much lower than that of CVD films and
organic SOG films, the organic polymer resin films are scratched if
polished with a colloidal silica-containing abrasive such as that
15 mentioned above. In order to protect the films from being scratched, if
the polishing condition is made mild to such a degree that the films are
not scratched, the films could not almost be polished under such a mild
condition. Therefore, it is desired to develop an abrasive capable of
polishing the organic polymer resin films without scratching them.
20
DISCLOSURE OF THE INVENTION
The present invention is to provide a cerium oxide abrasive
favorably used for polishing insulating films such as organic 8OG films
and organic polymer resin films which have a low dielectric constant and
25 can be globally flattened and with which even grooves between fine

wiring lines can be filled up; a method for producing the cerium oxide

abrasive; a method for polishing substrates using the cerium oxide



4 desired to be used in the art as they are, their costs shall be too
hi gh, resulting in that their use in the art is inpracticable. Gven
that situation, it is desired to develpp an abrasive capabl e of

pol i shing those organic SOG films at a high speed. 5 On the
ot her hand, organic polymer resin films can formthick films having a

t hi ckness of 10 [err]mor larger in one-pass coating, and it is

consi dered t habrddige;fa Inisthold! for proglidingtserticendastdrechips usiipthé patiskingng
of fine patterns. Those filns have a |ow dielectric constant of 3 or so

in t hensemethodaiad sehdcondiictbe ahipc ac arethedt foraprdubucieg userdicomdeictdr
fluorine 10 is introduced thereinto. Acrylate polyner filnms can be forned
with W davisesj ahdwa semicanduedordevicdowever, since the hardness of

t hose organic polynmer resin films is nuch |ower than that of CVD fil ns
and organi ¢ SOBpecifinallyt tke dnyentien RPYiges 2 Lariim;gxide fakrasieafomed
i f polished with a col|oidal silica-containi n(% abrasj ve such as, f hat
15 nenti dnedpabishiag am inswlatingofily dewned (o o pradeterminask sHhsEale Whish i ¢
t he polishing condjtion 'is mage mld to such a degree t.hat
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insulating i LgReRHCNTRS iRVERTILA aPs&prblides a method for producing the cerium
10 oxide abrasive, which comprises a step of dispersing cerium oxide grains

in water to prepare a slurry.

The cerium oxide grains to be used herein are desirably at least
any of the following (1) to (11).

(1) Cerium oxide grains as obtained by oxidizing a water-

15 insoluble, tri-valent cerium compound as dispersed in water, with an
oxidizing agent.

(2) Cerium oxide grains as obtained by oxidizing a water-
insoluble cerium compound, which is obtained from an aqueous solution
of a water-soluble, tri-valent cerium compound, with an oxidizing agent.

20 For those (1) and (2), the oxidizing agent is preferably hydrogen
peroxide.

(8) Cerium oxide grains as obtained by neutralizing or
alkalifying an aqueous solution of a tetra-valent cerium compound.

(4) Cerium oxide grains having a specific surface area of not

25  smaller than 25 m2/g.
(5) Cerium oxide grains having an apparent density as

measured in a still standing method of not larger than 1.30 g/ml.



and organic polymer resin filns which have a | ow dielectric constant and 25
can _be globally flattened and with which even grooves between fine

wiri'ng lines can be filled up; a nethod for producing the cerium oxide
abrasive; a nethod for polishing substrateS using the cerium oxide

5 abrasive; a nethod for producing sem conductor chips using the
pol i shi ng met hod a sem conductor chip; a nethod for producing
sem conduct or deg) ceTeriiifl dxRAIT §AINSChAVINEVAIf €apparent density as

Specifically, the invention provides a cerium oxide abrasive for

polishing an iitagurbdne o tdppihg Mm@t odrofandtriaegsrethainnE.@0sgpsit r at e, whi ch
conprises a slurry of cerium oXide grains dispersed in water. Desirably,

this slurry conpriseg7)l0Cerar oxige gagist obivhichwte posadergrX-rapdiffeaction

| arger than 10 parts by weight of cerium oxide grains dispersed in the
sol vent. The pattem igivesles main queale bawingeahhalf-veluewidic ohgot resnaléer thano
oxi de abrasive, which conprises a step of dispersing cerium oxide grains
in water t® ppe‘bar-e a slurry. The cerium oxi de grains to be
used herein are desirably at |east the follown 1) t néll)

any
(1) Cerium oxide graif®s 5erisn¥ide gfy""&ﬁﬂqﬁlvﬁh'ﬁﬂ Heygtimary g ' s ‘hav
primary grain size of not larger than 10 nm, as observed through

transmitting electromicroscopy, are not smaller than 90 %of the total
number of the grains.

10 (9) Cerium oxide grains of which the primary grains having a
primary grain size of not larger than 10 nm are not smaller than 90 % of
the total number of the grains and the secondary grains as formed
through aggregation of the primary grains to have a secondary grain size
of not larger than 1 um are not smaller than 90 % of the total number of

15 the grains.

(10} Cerium oxide grains of which the secondary grains having
a diameter of not larger than 1 um are not smaller than 90 % of the total
number of the grains and in which the secondary grains each give an
outline with no edges having an angle of smaller than 120°

20 (11) Cerium oxide grains of which the primary grains having an
aspect ratio of not larger than 2.0 are not smaller than 90 % of the total
number of the grains.

Preferably, the slurry contains a dispersant. The dispersant
may be at least one selected from, for example, water-soluble organic

25 polymers, water-soluble anionic surfactants, water-soluble nonionic
surfactants and water-soluble amines. Preferably, the slurry is

alkaline, especially preferably having a pH of from 8 to 12.
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15 insoluble, tri-valent ceriumconpound as dispersed in water, with an

oxi di zi ng agent. (2) Cerium oxide grains as obtained by

oxi dizing a water- i nsol ubl e cerium gonmpound, which is obtained from
an aqueous sol ution of a wat er-sol ubl 'g tri-valent cerium conpound,

wi th an oxidizing agent. 20 For those (1) and (2), the oxidizing
agent is preferably hydrogen per oxi de. (3) Cerium

oxi de grains as obt aihed ppysdiftUinv@ntish urfiier providés kalméthatD fon pRMYAME
solution of a tetra-valent cerium conpound. (4) Cerium oxide

grai ns havi ngsabswatds, | whioh Copfriiedaaostapoiof ForminghldreingllatingSfink/gh a
(5) Cerium oxide grains having an apparent density as neasured in a

still standi ngreddteotimdd sabstrateyéslidvred by. Bdlishing the insulating film with the
6 (6) Cerium oxide grains having an apparent density as measur ed
in a tapping cetitod axXideoabtasiger mendionede@bgpvel . This polishing methodeid um
oxi de grains of which the %ovvdery X-ray diffraction pattern gives a
mai n peak Hhavieapeeialyl fsuitable fardipelishingt inswlating layers of semigandyctor
(8) Cerium Oxgggsggﬁésr.ls 'IQt];e Vi\ﬂ\irgr?tié# estilﬁrfiurlrtegeyr grro%/iidngs ga\r/r;er%gog for producing
semiconductor chips, which comprises a step of forming an insulating film
that comprises an insulating layer containing a compound having an
organic group on a semiconductor substrate, followed by polishing the
10 insulating layer containing a compound having an organic group with the
cerium oxide abrasive mentioned above, and provides the semiconductor
chips as produced by the method. The invention still further provides a
method for producing semiconductor devices, which comprises a step of
mounting the semiconductor chips on a support substrate followed by
15 encupslating the semiconductor chips with a sealant, and provides the
semiconductor devices as produced by the method.

The insulating film may be either a single-layered one or a multi-
layered one comprising two or more insulating layers. In the latter multi-
layered insulating film, at least one of those plural insulating layers shall

20 be selectively polished with the cerium oxide abrasive mentioned above.

Preferably, the multi-layered insulating film composed of such a
plurality of insulating layers comprises an insulating layer containing a
organic compound having an organic group. The insulating layer
containing a compound having an organic group may be formed, for

25 example, by applying a coating liquid, which is obtained by hydrolyzing
an alkoxysilane and an alkylalkoxysilane in the presence of water and a

catalyst in an organic solvent, onto a substrate, followed by curing it



primary grain size of not |arger than 10 nm as observed through
transmtting el ectrom croscopy, are not smaller than 90 %f the total

nu_nf)er of the grains. 10 (9) Cerd' um oxi de grains of which the
primary grains having a primary grain size of not larger than 10 nm
are not smaller than 90 %of the total nunber of the prinmary grains
and the secondary grains as forned t hrough aggregation of the primry

grains to havgndesassutdar t G§ atiasigaBle that thb MwsulhBingefilrhhaombr(sesr ftisar e
not smaller than 90 % of the total nunber of 15 the secondary grains.

(10) Cerium omisdtatiighiayerads faredd theughcihedmay cgriagnsf theyhydrolysatea and

di aneter of not larger than 1 [err]mare not_smaller than 90 % of the total
nunber of t hearinpulatingdlayerw#aroprising Sieanddng eRrMsOXidenalrasive ot the
outline with no edges having an angle of smaller than 120[err]. 20.

(11) Cerium obiveatignaican oselectivalyt Heolish ntiney igstlatingnalayey aamprisingsgect
ratio of not larger than 2.0 are not smaller than 90 % of the total

g_unber of & heC%miOh@.d having an organipgEe¥pabl y, the slurry contains a

I spersant. The di spersant e at ] eas ne,.se] ected from for
exanpl e, wat er-sol ub te'Sopﬁéﬁf%blﬁﬁgggéﬁ?rfB’r’E,e(l\/&%éges%'lﬁ s 4Rryfccfrom a
surfactants, ter-sopluble ni oni sykfact ant s, -

ant nes. " b SFerang Bondiand g Rpimter of e SN LRRERHH B SRy ictn |
aving a pH o 7

The present | ﬁg&%?ﬁgﬁehﬁﬁrﬁg;p 8?59“%‘531 a nmethod for polishing

(Number of C atoms)/[(Number of Si atoms) + (Number of C
10 atoms)] = 0.1
in this insulating layer comprising a compound having an organic group.
A silicon-free, organic polymer resin layer may be used as the
layer in the multi-layered insulating film.
The present invention provides a method for polishing a
15 substrate in which the insulating film is polished with the cerium oxide
abrasive, and the ratio of the polishing speed for the first insulating layer
to that for the second insulating layer is not smaller than 10 when the
substrate has thereon a multi-layered insulating film comprising two or
more insulating layers. In this, the first insulating layer and the second
20 insulating layer are, for example, the insulating layer comprising a
compound having an organic group and the SiOz insulating layer,
respectively.
Preferably, the substrate-polishing method of the invention
comprises an additional step of washing the substrate, of which the
25 insulating layer has been polished, with a liquid comprising at least one

selected from a mixture of hydrogen peroxide and nitric acid, and sulfuric



substrates, which conprises a step of formng an insulating filmon a
predeterm ned substrate followed by polishing the insulating filmwth the
cerfum oxi de abrasive nentioned above. Thys polishing nethod is 5
especially suitable for polishing insulating | ayers of sem conductor
subgtrates. The invention still further provides a nethod for producing
sem conduct or chips, which conprises a step of formng an insulating film

that conprisegcid) iansmbalumg daryenateoniammonium caripamate hawidngaramonium
organi c group on a sem conductor substrate, followed by polishing the 10
i nsul ating | appdrogercarbongtea conpound having an organic group with the
cerium oxi de abrasive nentioned above, and provides the sem conductor
chips as produced byln hgenetdipdceritma ioxidat lsorobdained fhy t heking o GG@U@
met hod for produci ng sem conduct or devi ces, which corrprl ses a step

mount i ng the SeMPOLINGL (e.gr . &lmdmxldﬁ, gacoonale; wliiater axalats, |ei6dd \WCMS
encupsl ati ng the sem conductor_ chips with a seal ant, ﬁ‘ndnﬁrow des tP‘ as
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shall 20 " be @f‘f‘mre% i ppEfide ﬁ??ﬁj@ ¥ie Bt thEiataalyethed & 1 fildh,
of such a degﬁﬁ (ﬁ {fs’t?ﬁbﬁzguftg? ﬁwl%ﬁmé%'?%%&i Jyﬁggﬁa#@néwmlmyer
containing a jowered. ga'f‘héré?feF@Oﬂﬂﬂ d@?ﬂnﬁ‘%ﬂ&e%&%‘é Fof"@H-in tHee inviiticH | ng

| ayer contalining a compoun aving an organic group nay be formed, for

T o Koy oFHeRPES DRSO 0L, o i ofedsing ol oA Sl o ke o
cat al yst in aadditiiisginc@ltkerdbrasivieoisaused Sor potishing semicbriductor chipsi, tit
is desirable that the alkali metal content and the halogen content of the
abrasive are controlled to be not larger than 1 ppm in order to prevent
any undesirable introduction of impurities into the polished chips.
15 To prepare the cerium oxide grains in the invention, preferably
employed are the following methods:

(1) A method starting from a water-insoluble, tri-valent cerium
compound, in which the compound is dispersed in water and an oxidizing
agent is dropwise added thereto thereby oxidizing the compound, while it

20 is solid, to obtain tetra-valent cerium oxide grains.

(2) A method starting from a water-soluble, tri-valent cerium
compound, in which ammonium hydrogencarbonate or the like is added to
an aqueous solution comprising the cerium compound to give a water-
insoluble cerium compound (as a precipitate) and an oxidizing agent is

25 then dropwise added thereto thereby oxidizing the resufting water-

insoluble cerium compound, while it is solid, to obtain tetra-valent cerium

oxide grains.
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8 under heat. It is desirable that the insulating film conprises

this I nsulating |ayer as formed through thermal curing of the

hydrol ysate, and an insul ating |ayerqgonprising Si Q2. The cerium oxide
abrasive of the I nventi on can selec%lvely polish the insulating |ayer
conprising a 5 compound having an organi c group. It is
preferable that the nunber of the Si atons derived froma si | oxane
bond and the nunber ?5) t Aemetiedd stardingi froh &rietreaavalenk \deriymoigalt, in whizhe
the relationship as follows: (Number of C atons)/[(Nunmber of Si

atoms) + (Nunggueods @rifhonia is added)tb aerajuébus solutiom of hthe cnsunmsaﬂg
| ayer conprising a conpound having an organic group

si | i con-fr ee, thergbyineyirdlizing orre&lkallﬂymgathe'rﬁsbllﬂmmkbal\eﬁsteﬂ%valem C@'%Wl@r

the nulti-layered insulating film The present invention
]Lorlow des aI rre?]}luge graingol i shing a 15 substrate in which the insulating

ilmis polished with the cerium oxi de abrasive, and the ra |o of the
pol i shi ng Bpeed for The water-inselublg; i kiyvalgpé, cerium compounth us

herein is not specifically defined, including, for example, water-insoluble
cerium salts such as cerium carbonate, cerium hydroxide, cerium oxalate

and cerium acetate or the like. The water-insoluble, tri-valent cerium
compound may be dispersed in water by any means, for example, using

10 ordinary stirrers, or using homogenizers, ultrasonic dispersing machines
or ball mills. Since it is preferable to finely disperse the grains of the
compound for facilitating the subsequent oxidization of the grains, the
dispersion is desirably effected using ball mills. The concentration of

the water-insoluble, tri-valent cerium compound is not specifically defined,

15 but is preferably from 1 to 30 % by welight in view of the easiness in
~ handling the resulting dispersion. By adding an oxidizing agent to the
dispersion of the water-insoluble, tri-valent cerium compound, the cerium
compound can be oxidized, while it is solid, to give tetra-valent cerium
oxide grains. The oxidizing agent to be used herein includes, for

20 example, nitrates such as potassium nitrate; permanganates such as
potassium permanganate; chromates such as potassium chromate; and
hydrogen peroxide, halogens, and ozone. Of those, preferred is
hydrogen peroxide in order to prevent the oxidation from being
accompanied by the introduction of impurities into the oxidized grains.

25 The amount of the oxidizing agent to be added must be not smaller than
one mol, relative to one mol of the water-insoluble, tri-valent cerium

compound. In order to complete the oxidation, the amount is preferably



to that for the second insulating layer is not smaller than 10 when the
substrate has thereon a nulti-layered insulating filmconprising two or
more insulating layers. In this, the fi rsiyinsulating | ayer and the second
20 insulating |layer are, for exarrpl e, the i nsulating | ayer conprising a
corpound having an organic group and the Si(err] insulating |ayer,
respectively. Preferably, the substrate-polishing nethod of
the inventiorfrom 1 tockdrmolses The pabessimpternperatafe fars the @xideticn s nott e,
of which the 25 insulating |ayer has been polished, with a liquid

conpri sing atspeeifinallyndefined. sWheart aosélf-decamposing eXtdlzilmgdaggeh uehoas de

and nitric acid, and sulfuric acid, ammoni um car bonate,
armoni um  carydfegen speroxidmnisumsed, it h?cﬂl@ﬁjtﬁbi&r@oﬁ&ré the ox:dation at an
general , cerium oxide is obtained by baking a cer npound (e.

hydroxi de, cipBhekglireqatiBigher dhan 40:C, and 1o hﬁm éh SDSC . h%riﬁt@'deénd
fied f I th I h t ite

osandr 8. WRQISRTBase The g ess AXIdRiTG A0 Giler 1 ad&?r%nﬂé ﬁm Foxi de

abrasive, if ceri utm g)ﬂ\de of,.the abr s V&Hhas a,.t oo hltg ree,of

crystal l'init MY B Qh?’HS'%%&S regrtian Rystemys (18, reg ver ier ed.

Theref or o, iz LB S48 Bo LRIGAIE, dhBI5ab RSk brdinary means

such as decantation, filtration or centrifugation or the like. Preferred is

centrifugation as being able to efficiently separate the oxidized grains

10 within a short period of time. However, if the reaction system is acidic,

the grains precipitate too slowly and the system is therefore difficult to

centrifuge through solid-liquid separation using ordinary centrifugers.

Therefore, it is preferable to make the system have a pH of not smailer

than 8 by adding thereto any non-metallic alkaline substance such as

15 ammonia, prior to its centrifugation. In order to reduce the impurity

content of the isolated grains, it is effective to repeatedly wash the

precipitate. The thus-recovered precipitate of cerium oxide grains may

be directly used herein as it is, but, if desired, it may be dried by a dryer

or the like to remove water therefrom. The drying temperature is not

20 specifically defined. However, if dried at 420°C or higher, the cerium

oxide grains shall have an extremely increased degree of crystallinity.

Therefore, it is desired to dry the precipitate at a temperature as low as
possible to be not higher than 420°C.

The water-soluble, tri-valent cerium compound is not specifically

25 defined, including, for example, water-soiuble cerium salts such as

cerium nitrate, cerium sulfate and cerium chloride or the like. The

concentration of the compound in its aqueous solution is not also

L
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10 shall be prepared without too nuch increasing their crystallinity. In
addi.tion, since the abrasive is used for polishing sem conductor chips, it
is desirable that the alkali netal-contentjand the hal ogen content of the
abrasive are controlled to be not |arger tﬁan 1 ppmin order to prevent
any.undesirabl e introduction of inpurities into the polished chips. 15

To prepare the ceriumoxide grains in the invention, preferably

enpl oyed are gpecifiohlipdafihetet ddwever, in view of th(elbaéwmbhmi hahatihgnigef r om
a water-insoluble, tri-valent cerium conmpound, in which the conpound

i s di spersed raswm@rsaspiemonxcdnmrmj;ng a peaggipitates off dhei seatarkifesblubler et o
t hereby oxi di zi ng the conpound, while it 20 is solid, to obtain
tetra-val ent cefiimncompaoeingr farmed, the concentratiqre)s sratarably fnom tli hgy 30 8m a
wat er-sol uble, tri-valent cerium conmpound, in which ambni um
hydr ogencar bobymeight.t h\élhqmenmwam&dsmlu lon of anmuwuhv@mgﬁﬁcaﬁbonate
conpr|5|n%%the cerium conpound to give a | ubl e cerium

(

conpound (s @r frebkeiis édéﬁdatﬁdhsrawwszsa@m&geqﬁ’rhpscozapounenﬂtﬁ splution
o e e e & NnES| rgSinttate 05 4 waser HTaplibE: cedum pompoung; o Ihe U™

grains

method st art | SEFEFRNOR of AmMAniT hyrpganeatonats e paded mygt bs Aot 4
anmoni a s adgedbp 1At AIHAYR, Y8ldieotb Bhet B 6Pt WateHsoluble, tri-valent

cerium compound. In order to complete the reaction, the concentration
10 is preferably from 1.5 to 30 mols. By adding an oxidizing agent to the
resulting dispersion of the precipitate (of a water-insoluble cerium
compound) as formed from the water-soluble, tri-valent cerium compound,
the precipitate can be oxidized, while it is solid, to give tetra-valent
cerium oxide grains. The oxidizing agent to be used for this may be the
15 same as that for the oxidation the water-insoluble, tri-valent cerium
compound mentioned above., Preferred is hydrogen peroxide in order to
prevent the oxidation from being accompanied by the introduction of
impurities into the oxidized grains. The amount of the oxidizing agent to
be added must be not smaller than one mol, relative to one mol of the
20 water-soluble, tri-valent cerium compound. In order to complete the
oxidation, the amount is preferably from 1 to 10 mols. The processing
temperature for the oxidation is not specifically defined. When a self-
decomposing oxidizing agent, such as hydrogen peroxide, is used, it is
desirable to start the oxidation at a temperature not higher than 40°C,
25 and to heat at 80°C or higher in order to decompose the excess oxidizing
agent after the addition of the entire amount of the oxidizing agent to the

reaction system. To recover the grains as obtained after the oxidation,

BT




thereby neutralizing or alkalifying the solution to give tetra-val ent
cerium oxide grains. 5 The water-insoluble, tri-valent
cerium conmpound to be used herein isqRot specifically defined,

i ncl udi ng, for exanple, water-insoluble ceriumsalts such as cerium
carbonate, cerium hydroxide, ceriumoxalate and cerium acetate or the
| i ke. The water-insoluble, tri-valent cerium conpound rmay be di spersed

in water by agmpisyable i9ramyxasvdiraryusiaihsl Guchr disnalecantatiors siltrationisong
honogeni zers, ultrasonic dispersing machines or ball mlls. Since it

i s pref erabl ecéntrifugation dors tiee diket hePrgfaired isf cemirifugation casp daeing fable to
facilitating the subsequent oxidization of the grains, the di spersi on
i s desirably efficientiyl separgtbdhe okidized Yrainsomdthinr at sbhertoperiod of Hime.
wat er-insol uble, tri-valent ceriumconpound is not specifically defined, 15
but is prefer Howevaroihthetreagtiomsyptewiigracidie, hegrainsipreciitatadeg slawly
handling the resulting dispersion. By adding an oxi di zing agent t .he,

di sper si orB of aftflethtsysiemsés (dbpeefore id'ffbﬂuégttoc%?ﬁ‘tlﬁ' %r@%ﬁb ?ng‘ifgm%m
conpound can be oxidized, while it is solid, to.give tetra-val ent rium
oxi de grai ns. SCRAAAN HSING LRy PS”%!JJUQ?E% h &rﬁfqrﬂcl'ﬁdﬁswefq%?a%jﬁ 10
exanpl e, nitrates such t assi Ltrate.:

ot assi um per G 8yeRp SiRce Tl i JualeL FEAF 3R BRicHhG shto any
hydrogen per oxi.de g -and O 0S % d j i
hydr ogen peroﬁpﬂgnPﬁaggdgéﬂﬁ?léﬁ%rg\%ﬁﬁ%ee g)%lhﬁat%on ro%h[)%i ngﬁ” to fts

acconpanied b hALiERAUGH | finl 14 i il i heli ' 25
The anount of CEugALbAS k. SHacp 1o Ftice 18 Tnfitity Sorht A fhediatod

gge mol, 1@ agi'é(iﬁs$ qt 98eeffBLid fohPepBARIY NWARSKHDING prétipHatent TIRY itHOS-
npound. In Order to conplete the oxidation, the anbunt is preferably
recovered precipitate of cerium oxide grains may be directly used herein
as it is, but, if desired, it may be dried by a dryer or the like to remove
water therefrom. The drying temperature is not specifically defined.
However, if dried at 420°C or higher, the cerium oxide grains shall have
15 an extremely increased degree of crystallinity. Therefore, it is desired to
dry the precipitate at a temperature as low as possible to be not higher
than 420°C.
The tetra-valent cerium compound is not specifically defined,
including, for example, cerium salts such as cerium sulfate, cerium
20 ammonium sulfate, and cerium ammonium nitrate or the like. The
concentration of the compound in its aqueous solution is not also
specifically defined. However, in view of the easiness in handling the
resulting suspension comprising a precipitate {of cerium oxide grains
formed), the concentration is preferably from 1 to 30 % by weight. The
25 aqueous solution of the cerium compound is acidic, but can be

neutralized or alkalified by adding aqueous ammonia or the like thereto to

give a white precipitate (of cerium oxide grains). The amount of



11 from1l to 10 nols. The processing tenperature for the oxidation

I S not specifically defined. Wien a sel f-deconposi ng oxi di zi ng agent,
such as hydr ogen peroxide, is used, iit, is desirable to start the

oxi dation at a tenperature not higher than 40[err]C, and to heat at
80[err] C or higher in order 5 to deconpose the excess oxidizing agent
after the addition of the entire anount of the oxidizing agent to the
reaction systgfued@s 'R60iPia tdDe addel MUBE bass@dt harctheabligpendion which
oxi dation, enployable is any ordinary nmeans such as decantati on,

filtration oriscengindligaacidic ds hbatrhliked Withf ¢he edqueous anmweoial fadgkid on
as being able to efficiently separate the oxidized grains 10 wthin a
short period thferetoyeandideepmferally tduehr Heatt then segpepsionsisafindily, alkalified.he
grains precipitate too slowy and the systemis therefore difficult to
centrifuge thFouime daiter-a litj{a' execegmamawnt afsaqiipalisiammenicemay be asided
Therefore, it is preferable to_nmake the system have a pH of not smaller
than 8 by Saddithihe weispepsiony, nbxrasewen the usprerpiates ariass eeplayabs

anmonia, prioy to its, centrifugation. n order to reduce the immpurity
content of 1 s AGYICrRStANBEAYS Such as AItaRLRIAN. HUESI9Ba0E AP R HABRTpR T

52932 ectly (R o PO ?ﬁdggﬁﬁﬁb,ﬁéfi%ﬁ%é;%@%f iaﬁi‘? RSty Baedpite
ot 20 spec S UL oPRs GG sfort BERBLLA Ut 5 gRisiapR hrFeRfisRate” .2
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The wat er - sol ubl | -val ent cerium conpou not specific
defined, inclp@diye difgctxasdd herdh 85-if &, URIte itgesived, ﬁ%é?,%@ﬁe?ﬁby a
i ke e

cerium nitrate, ceriumsulfate and ceriumchloride or the
dryer or the like to remove water therefrom. The drying temperature is
not specifically defined. However, if dried at 420°C or higher, the cerium
oxide grains shall have an exitremely increased degree of crystallinity.
15 Therefore, it is desired to dry the precipitate at a temperature as low as
possible to be not higher than 420°C.
In the present invention, used are cerium oxide grains having
the following physical properties.
Specifically, the cerium oxide grains for use in the invention
20 have a specific surface area of not smaller than 25 m2/g but preferably
not larger than 1,000 m2/g, more preferably not smaller than 50 m2/g but
not larger than 500 m2/g. If a slurry comprising cerium oxide grains with
a specific surface area of smaller than 25 m2/g as dispersed in water is
used, the primary grain size of the grains is too large, and if an abrasive
25 comprising the slurry is used for polishing objects, the surfaces of the
objects are often scratched. If, on the other hand, cerium oxide grains

with a specific surface area of larger than 1,000 m2/g are used, the



concentration of the conpound in its aqueous solution is not also

12 specifically defined. However, in view of the easiness in handling
the=  resulting suspension conprising ajgrecipitate of the
wat er -i nsol ubl e cerium conpound for rre& the concentration is preferably

from1l to 30 % by wei ght. Wien an aqueous sol ution of anmonium

hydr ogencarbonate 5 or the like is added to the aqueous sol ution of the
conpound, thep él?éhihﬁoé”peed wihv@fe abrdyive cbhqmsmg ahe drafnsaisnexeemens tdwpl e
ceri um comnpound) concentration of ammoni um hydr ogencar bonate to be

added nust beragmilting in that trey abrasivé coulth hardlyeddiibit dist pokistangusffert. t Ao
wat er-sol ubl e, tri-val ent cerium conpound. In order to conplete the

reaction, thememsueetthetspecific surfacer afea abithose grainss aropldyabis ¢ apy of
addi ng an oxi di zing agent to the resul ting dispersion of the

preci pi tate (oftregamtakrsarptionutiethedy inittegen desarpdiandmeibodoanddmareuit he
wat er-sol uble, tri-valent cerium conpound, the precipitate can be

oxi di zed, Whi pengtrations snethod: cprgltbé likes and the measugrg g?ﬁdés gPél ns.

The OX|d|2|ngaent e_used for this may as that for the
oxi dati on the$ ?@Pa “Sgﬁﬂﬁ?g ﬁP“’@HPéntasc@ngns'mp?e’cdﬂge gfra ﬁBﬁ?TR}H’&I
above. Preferre Sg a ﬁra:en peroxide in order to prevent the

oxi dat i on froM&BpPAds TR ed by the introduction of i mpurities
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10 from 0.80 g/ml to 1.30 g/ml inclusive, more preferably from 0.90 g/ml to

1.20 g/ml inclusive. If a slurry comprising cerium oxide grains with an
apparent density of larger than 1.30 g/ml as dispersed in water is used,
the primary grain size of the grains is too large, and if an abrasive
comprising the slurry is used for polishing objects, the surfaces of the
15 objects are often scratched. I[f, on the other hand, cerium oxide grains
with an apparent density of smaller than 0.80 g/ml are used, the polishing
speed with the abrasive comprising the grains is extremely low, resuliing
in that the abrasive could hardly exhibit its polishing effect.
To measure the apparent density of those grains, known are
20 static methods and dynamic methods, and any of which may be
employable herein with no limitation. However, as being simple,
preferred is the still standing method stipulated in JIS K-5101.
In the invention, the cerium oxide grains to be used have an
apparent density as measured in a tapping method of preferably from
25 1.00 g/ml to 1.60 g/ml inclusive, more preferably from 1.05 g/ml to 1.55
g/ml inclusive. If a slurry comprising cerium oxide grains with an

~ apparent density of larger than 1.6 g/ml as dispersed in water is used,



tenperature for the oxidation is not specifically defined. Wen a self-
deconposi ng oxi di zi ng agent, such as hydrogen peroxide, is used, it is
desirable to start the oxidation at a tenggrature not higher than 40[err]C,
25 and to heat at 80[err]C or higher in order to deconpose the excess

oxi di zi ng agent after the addition of the entire anmount of the
oxi di zing agent to the reaction system To recover the grains as

obt ai ned aft ethd heimarylajrabm.size of the grains is too large, and if an abrasive 13
enpl oyabl e i s any ordinary neans such as decantation, filtration or

centri f ugat i ooomprising [theesluRyefseused fos pelighing whjects; the beifagesidfetten
efficiently seggrate the oxidized grains within a short period of tine.
However, if thbjecia@receftey scsaichedaciltiien thaothenihandproatium taxide tgrains
slowy 5 and the systemis therefore difficult to centrifuge through
sol i d-1i qui d With ar appasentdensivgf smaliesthar 00 if'my are usedsdhepeiishing | s
preferable to nﬂ$e tgﬁlaéstenlhave_a H of .not, smaller than 8 bﬁ'
addi ng t het et 8PERY With the ahragive ¢ompHEIRg the:ERIBS g fdremmely 19w, Jessiing
prior toits , entrifugation., In order.t, re@g&e t i.mpurity content
of the isol at Euthas tﬁSI’aogrﬁ§', ?0'1?'5 f@rayc?ﬂ}'b'tt'g* PEIRAPEANEGlash t he
precipitate. The thys- egover | pit.at rj [0)¢] rajns
may be directly usedhhﬁ)emﬁ_%ur‘[5 the %?%%géﬁ%eﬁaw ﬁ?ff a&%%erdé'gmsl’tk'ﬂﬁygb%ﬂe
dried by a dr¥gic®'mbtifodd K&nd OdyRERYE methods, and any of which may be
employable herein with no limitation. However, as being simple,
10 preferred is the tapping method stipulated in JIS K-5101.

In the invention, the powdery X-ray diffraction pattern of the
cerium oxide grains to be used gives a main peak having a half-value
width of preferably from 0.4 ° to 5.0 ° inclusive, more preferably from
0.5 ° to 2.0 ° inclusive. Within the defined range, the abrasive

15 comprising the cerium oxide grains exhibits a 10-fold or higher polishing
speed in polishing organic SOG films and organic polymer resin films
than in CVD films (of Si02), and is favorable for selectively polishing the
former films. If a slurry comprising cerium oxide grains, of which the
powdery X-ray diffraction patiern gives a main peak having a half-value

20 width of smaller than 0.4 ° , as dispersed in water is used, the
crystallinity of the grains is too high, and if an abrasive comprising the
slurry is used for polishing objects, the surfaces of the objects are often
scratched. In addition, since the polishing speed with the abrasive for
polishing CVD films is elevated to be almost comparable to that for

25 polishing organic SOG films and organic polymer resin films, the abrasive
could not selectively polish only the latter films. If, on the other hand,

cerium oxide grains, of which the powdery X-ray diffraction pattern gives



water therefrom The drying tenperature is not specifically defined.
However, if dried at 420[err] C or higher, the cerium oxide grains shall
have 15 an extrenely increased degree ofjscrystallinity. Therefore, it is

desired to dry the precipitate at a tenperature as | ow as possible to
be not hi gher than 420[err] C. The tetra-val ent cerium
conpound is not specifically defined, I ncl udi ng, for exanple, cerium
sal ts such asadwgiif-valusuidtheof lasgeénitiahos.0anrare usedsthd polishimgdspaed with
anmoni um nitrate or the like. The concentration of the conmpound in
its aqueous stieiabrasive comprsing the graipsds faxdeemelydem, mesultingiiry ghat the
vi ew of the easiness in handling the resul ting suspension conprising

a preci pi t at eabrdsivecould bardly axhibibits polishing gffeFt. t he concentration is
preferably from1l to_30 % by weight. The 25 aqueous sol ution of é&g erium
conpound is acidic, BHe eemumeoxide grains fariusedinthe IR¥ENHOR ArGyS ifﬁgt

aqueous ammonia or,  the |i thereto t i ' i ni
Cgri um ox@ detf@g girmqri gﬁgs J}ﬁ%/ﬁ,ﬁg anp?imary g|9a'ir\1/ %iiae ‘é‘#'ﬁo‘i I%?Sé:r' H"latnat1% SPrI

Hion SR GlRES e So SR Bl B ST e BinS R CIhe
added secondary grains as formed through aggregation of the primary grains to
have a secondary grain size of not larger than 1 um are not smaller than

90 % of the total number of the grains. The measurement of the grain

10 size of the grains is not specifically limitted. As being simple, however,
employed is transmitting electromicroscopic observation for the primary
grain size, and scanning electromicroscopic observation or grain size
distribution measurement for the secondary grain size. The cerium
oxide grains falling within the defined range produce good polishing

15 speed even when their concentration in the slurry comprising them is low,
so that the costs for producing the slurry comprising them can be reduced.

In addition, since the slurry having such a low concentration of the grains

has a low viscosity, it can be easily fed into polishing devices with
preventing the pipes, through which the slurry is fed into the devices,

20 from being clogged with the grains. Moreover, since the slurry as
dropped down onto a polishing pad can easily disperse thereon, the
wafers on the pad can be uniformly polished. However, if a slurry
comprising cerium oxide grains, of which the secondary grains as formed
through aggregation of large primary grains with a primary grain size of

25 larger than 10 nm have a secondary grain size of larger than 1 um, as
dispersed in water is used, and if an abrasive comprising the slurry is

used for polishing objects, the surfaces of the objects are often scratched.
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thereto, and is preferably such that the suspension is finally alkalified.
For the latter, a little excess anbunt of aqueous anmmonia may be added 5
to the suspension. To recover the thus-pregipitated grains, enployable

i s any ordinary neans such as decantation, filtration or centrifugation or
the,like. Preferred is centrifugation as being able to efficiently separate
the oxidized grains within a short period of tine. In order to reduce the

i mpurity content of The ¢erflmt exider graiss fot use if Hestihvention r@pesuddityatvash
10 the precipitate. The thus-recovered precipitate of cerium oxide grains
may be directthe pestariiegtaiims daving iaspritnary griindeide ofi nattlargsr tharddDenimby a
dryer or the like to renove water therefrom The drying tenperature is

not specifi cadley ngtsmadler thane98r% affthartodal aumbeoafrthprmingiagisethat: the
cerium oxi de c?r ains shall have an extrenely increased degree of
crystal | i ni t ySeaandarygraing as formed Weaugl aagseaatjon if thedimpanageaias 19

t enperat ure | ow as possi ble to be not hjgher than 420[err]C.

| The pr dhentiaye fnesendan I sie of nGkl@endhan<l ua1 Atk 0 smaller; yan
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25 conprising the slurfy is used for "polishing objects, the surfaces o
t he 190 epicaisarément eor sibieabebefdanf graim shxe. ot ke b@gm eRide gramisde

grains with a specific surface area of larger than 1,000 nR/g are
used, the falling within the defined range produce good polishing speed, even when
their concentration in the slurry comprising them is low, so that the costs
for producing the slurry comprising them can be reduced. In addition,
since the slurry having such a low concentration of the grains has a low
15 viscosity, it can be easily fed into polishing devices with preventing the
pipes, through which the slurry is fed into the devices, from being clogged
with the grains. Moreover, since the slurry as dropped down onto a
polishing pad can easily disperse thereon, the wafers on the pad can be
uniformly polished. However, if a slurry comprising cerium oxide grains,
20 of which the secondary grains as formed through aggregation of large
primary grains with a primary grain size of larger than 10 nm have a
secondary grain size of larger than 1 um, as dispersed in water is used,
and if an abrasive comprising the slurry is used for polishing objects, the
surfaces of the objects are often scratched. If so, in addition, the

25 concentration of the grains in the slurry for the abrasive must be

increased in order to attain the same polishing speed as above, which is

—_—
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15 pol i shing speed with the abrasive conprising the grains is
extrenely | ow, resulting in that the abrasive could hardly exhibit
its polishing effect. To measure the;gpecific surface area of those
grains, enployable is any of nitrogen absorption nethod, nitrogen
desor pti on nethod and nercury 5 penetration nethod or the like, and the
nmeasuring nmethod is not specifically defined. However, as being

si npl e, ni tragften phoeblephatio in that thd kodts forppefdiicing the slurry are high Angihe
i nvention, the ceriumoxide grains to be used have an apparent density

as neasured ithahthe vidcosityrafithg shetripdsl indrepsefierably 10 from 0.80 g/ to
1.30 g/m inclusive, nore preferably from0.90 g/m to 1.20 g/ n
inclusive. |f a slurrihe®esiumiodegrains dar disegirathe presentinventioragpar ent
density of larger than 1.30 g/m as dispersed in water is used, t he

primary grai rfushthaitthefecangiany grainsdeaving g diatneteriofnotdprgey than 1 um

obj ect s ape cieoROLEAlERdRaN 90 % BT the tolATUMaRkIO! 66 RIS AD8 WRAtR
Specd wi it IRBCRRLELY drdird oRRiG1E Ao ly e witRuid efasdigving,ah cRaIe fng
To measur o t RTANHatIT (doner ty N FIHSrboiert E°te 87 of ¢hédraing g ot
e ot 30, SypméaENias. 1 g e BN, proes PR A, |
standi ng net kggcbmietodb8pic Bbsbrvattonl Ok grain size distribution measurement.

10 The cerium oxide grains falling within the defined range produce good
polishing speed even when their concentration in the slurry comprising
them is low, so that the costs for producing the slurry comprising them
can be reduced. In addition, since the slurry having such a low
concentration of the grains has a low viscosity, it can be easily fed into

15 polishing devices with preventing the pipes, through which the slurry is
fed into the devices, from being clogged with the grains. Moreover,
since the slurry as dropped down onto a polishing pad can easily
disperse thereon, the wafers on the pad can be uniformly polished.
However, if a slurry comprising cerium oxide grains, of which the

20 secondary grains have a secondary grain size of larger than 1 um, is
used for polishing objects, the surfaces of the objects are scratched, If
so, in addition, the concentration of the grains in the slurry must be
increased in order to attain the same polishing speed as above, which is
often problematic in that the costs for producing the slurry are high and

25 that the viscosity of the slurry is increased. Even though the secondary

grains have a secondary grain size of not larger than 1 um, they will still



In the invention, the ceriumoxide grains to be used have an appar ent
density as neasured in a tapping nethod of preferably from 25 1.00 g/ni
to 1.60 g/m inclusive, nore preferably L?§n11.05 g/m to 1.55 g/ m
inclusive. If a slurry conprising ceriu xi de grains with an

apparent density of larger than 1.6 g/ as dispersed in water is used,

16 the primary grain size of the grains is too large, and if an

abr asi ve oft O BEHBLAGhE SUIFAGEY ¥f tHe UBRES Ebliﬂﬁéa sheRavigbifanietr olthifie
surfaces of the objects are often scratched. If, on the other hand,

ceri um oxi de lgisiedges having an amglefamaliediasi 1200f, smal ler than 1. 00 g/ m
are used, the polishing 5 speed with the abrasive conprising the grains
is extrenmely |ow, reShétderium oxidei graitsatfot seainr thig weverdidrd anarsilich thdti bi t

its polishing effect. To measure the apparent density of those
grai ns, knowther primary graing baving adsaspectdsationot noktarges, thamd2aharefnothi ch
may be enpl oyabl e herein with no limtation. However, as bei nq
sinple, 16 pirealer dhans A0St appiheg tekal hadmber paf dthed grains. s K s1oslurry

In the invention, the powdery X-ray diffractjon Pattern of the cerium
oxi de grai ns $YMBHSIE Fefitm LddadnainsaRf nbichgthe Rimansg giains havg aph of

Po 20" 1 nol (ATRREL ratipaf lranEtian PHEdS uasb (o reiding Stjeets, e Surfaces” °
of the objects are often scratched. To determine the aspect ratio,
preferably employed is a simple method of measuring the minor diameter

10 and the major diameter of each grain through transmitting
electromicroscopic observation, followed by obtaining the ratio of the two.

To produce the cerium oxide grains having the physical
properties mentioned above, for example, preferably employed is any of
the following methods, which are mentioned hereinabove. However,

15 those methods are not specifically limitative.

(1) A method starting from a water-insoluble, tri-valent cerium
compound, in which the compound is dispersed in water and an oxidizing
agent is dropwise added thereto thereby oxidizing the compound, while it
is solid, to obtain tetra-valent cerium oxide grains.

20 (2) A method starting from a water-soluble, tri-valent cerium
compound, in which ammonium hydrogencarbonate or the like is added to
an aqueous solution comprising the cerium compound to give a water-
insoluble cerium compound (as a precipitate) and an oxidizing agent is
then dropwise added thereto thereby oxidizing the resulting water-

25 insoluble cerium compound, while it is solid, to obtain tetra-valent cerium

oXxide grains.



15 conprising the ceriumoxide grains exhibits a 10-fold or higher

pol i shi ng speed in polishing organic SOG filnms and organi c pol yner
resin filns than in C/D filnms (of SiQherr]), and is favorable for

sel ectively polishing the former filns. If a slurry conprising cerium
oxi de grains, of which the powdery X-ray diffraction pattern gives a
mai h peak having a half-value 20 width of smaller than 0.4 , as

di spersed in water ig)usadmetiied startingCfrofi al fetra-valept deingrcdnmsolrsd,t ino

high, and if an abrasi've conprising the slurry is used for polishing

obj ects, the whidneagaeolstaranmniadsadded o taenaqueous salutibedf the eedumi on,
since the polishing speed with the abrasive for polishing CVD filnms is

el evat ed to bgaltltheséby arastraiizieg tar ahalifyiog #e soditicmitoggiveydeira-vaisnt
films and organic polyner resin filnms, the abrasive coul d not

sel ectivel y poetigim oxidg graing.atter filns. If, on the other hand,

cerium oxi de grains, of which the powdery X-ray diffraction p tt?rn jves
17 B hal f - val Morgi preferably,dngceerivmroxddeasains forgyse libg'!ﬁ Rvgation

pol i shing speed with ... the abrasiv 0 I Si.n he graips is.extrenely
| ow, resultin8’e Areyidediwith two O%Mgiéé%@g‘lﬁ)’ﬁlﬂwﬂﬁﬁi"?f ﬁr‘ﬁﬁ?si %gcéchﬁ‘@ni ng
ef fect. Th eriumoxide grains for use in the invention are
such t hat SbE?HéefﬁrT?&%%&f%ﬁﬁboﬂﬁvi ng a primary grain size of not |arger

than 10 nm are m ﬁ'ﬁghjseﬂet:tiﬁ@@uﬁ‘gcgoa%atig%ott%trﬁélléﬂﬁgﬁrz“?h%.e

primary grains and t
(2) Their apparent density as measured in a still standing

10 method is not larger than 1.3 g/ml.

(8) Their apparent density as measured in a tapping method is
not larger than 1.6 g/ml.

(4) Their powdery X-ray diffraction pattern gives a main peak
having a half-value width of not smaller than 0.4° .

15 (5) The primary grains that are found to have a primary grain
size of not larger than 20 nm are not smalier than 90 % of the total
number of the grains.

(6) The primary grains having a primary grain size of not larger
than 20 nm are not smaller than 90 % of the total number of the grains,

20 and the secondary grains as formed through aggregation of the primary
grains to have a secondary grain size of not larger than 1 um are not
smaller than 90 % of the total number of grains.

(7) The secondary grains having a diameter of not larger than
1 um are not smaller than 90 % of the total number of the grains, and the
25 secondary grains each give an outline with no edges having an angle of

smaller than 120° .
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secondary grains as forned through aggregation of the primary grains to
have a secondary grain size of not larger than 1 [err]mare not snaller

t han 90 % of the total nunber of thejgecondary grains. The neasurenent
of the grain 10 size of the grains is not specifically limtted. As being
si npl e, however, enployed is transmtting el ectrom croscopic
observation for the primary grain size, and scanning

el ectrom croscopi ¢ of@jervVaeipyimary greing haivirg an aspeict ratid of inot largesthanent
for the secondary grain size. The cerium oxide grains falling within
the defined rafgarepnoidsmaligntiam8Di%fithe 16tal spurabiercokihongrainshei r
concentration in the slurry conprising themis |ow, so that the costs
for producing the slThey cesivpri oxigg tslemycani Bber davertipn is obtainedi byon,
since the slurry having such a _|ow concentration of the grains . has a

| ow vi scosi t ydiSPErsing HEoMRISiItjoR LPMPHYNgowvatat; ﬁ@e FaFiwe oxjsie rgrains and

Ry e g Y
dropped doun SHH8 Gt uS N tosal SERbhY. BLEREPISIHABIEBEMALS 1 ano
Chrough agor it Polona ghESRam: fls JibFRekt o TheCeBpheds Mm@ JRE, o
| arger than 1Q 0 %EsAeRSHOANIP by hie?Cerfim! BidE graflfy ate [fépdrdedas
d F g9

| spersed in water 1s used, and if an rasive conprisihg the slurry is

ggregt fC or dPO' | BN GoRfdio’S! SolvEREIrSH (R8NP hEe148eP thén ACp&AE VY weight
10 relative to 100 parts by weight of the aqueous solvent to give the
intended slurry.

The dispersant is preferably a non-metallic one, and includes,
for example, water-soluble organic polymers, such as acrylic acid
polymers and their ammonium salts, methacrylic acid polymers and their

15 ammonium salts, and polyvinyl alcohol; water-soluble anionic surfactants
such as ammonium lauryl sulfate, and polyoxyethylene lauryl ether
ammonium sulfate; water-soluble nonionic surfactants such as
polyoxyethylene lauryl ether, and polyethylene glycol monostearate; and
water-soluble amines such as monoethanolamine, and diethanolamine.

20 The amount of the dispersant to be in the slurry is preferably from 0.1
parts by weight to 100 parts by weight, relative to 100 parts by weight of
the cerium oxide grains, in view of the dispersibility of the grains and of
the ability of the dispersant to prevent the grains from precipitating in the
slurry. More preferably, in order to more highly disperse the grains in

25 the slurry, the dispersant is put into the dispersing machine along with
the grains prior to starting the dispersion of the grains in the machine.

To disperse the cerium oxide grains in water, employable is any of



18 If so, in addition, the concentration of the grains in the slurry for
t he abrasi ve nust be incresed in order to attain the sanme polishing
speed as above, which is 23 19
often problematic in that the costs for producing the slurry are high and
that the viscosity of the slurry is increased. The cerium
oxide grains for use in the present invention are such that the

secondary gr asrandlyV dishersrMéthodols eticgal stindng Imaehiies, andr thatot
smal l er than 90 (Véo}gf Fﬂae total nunber g@t e grai nsﬂg%d thatr]the

secondary gr ailﬂﬁc[;a@mhogév,eum’asmkt idispevsion nuachiges ana bal mill anghe lie.
smal l er than 120[err] . The neasurenent of the size of the grains is not

speci fical |y Ini onderdd.dispetssi the serwneoxitegrains topbeffine graing of fatrarger
el ectrom croscopi c observation or grain size distribution neasurenent. 10
ighttytimt A gl Briibitniheitu ot
5 Pmachines such as ball mills. ahaking ball mills, planetary Ball mills, and
medium-stirring mills or the like. The slurry is preferably alkaline. If the
alkali degree of the slurry is desired to be increased, a non-metallic
alkaline substance, such as aqueous ammonia, may be added to the
slurry during or after dispersing it. Preferably, the slurry has a pH of
10 from 8to 12.

The slurry of the invention may contain, in addition to the cerium
oxide grains for example, any other oxides and salts of rare earth metals.
Those additives, if any in the slurry, could improve the characteristics of
the slurry, such as its dispersibility, chemical reactivity, slidability and

15 selectivity. Preferably, the amount of the additives is not larger than 50 %
by weight of the total solid content of the siurry.

The insulating layer comprising a compound having an organic
group, which is polished with the cerium oxide abrasive of the invention,
can be formed by applying a coating liquid, which is prepared by

20 hydrolyzing an alkoxysilane and an alkylalkoxysilane in the presence of
water and a catalyst in an organic solvent such as an alcohol, onto a
substrate through spin coating, followed by curing it under heat.

The alkoxysilane includes, for example, monomers such as
tetramethoxysilane, tetraethoxysilane and tetrapropoxysilane, and their

25 oligomers. These can be used herein either singly or as combined.

The alkylalkoxysilane includes, for example, methyltrimethoxysilane,

phenyltrimethoxysilane, dimethyldimethoxysilane,



themis low, so that the costs for producing the slurry conprising them
can be reduced. |In addition, since the slurry having such a | ow
concentration of the grains has a low visgpsity, it can be easily fed into
15 polishing devices with preventing the pipes, through which the slurry
I's . fed into the devices, frombeing clogged with the grains. Moreover,
since the slurry as dropped down onto a polishing pad can easily

di sperse t hemighenyltinetioxysilane he padapfinopopynirinvsthioxysiranshed.  3-
However, if a slurry conprising ceriumoxide grains, of which the 20

secondary gr glyddorypropyiteiovettioxysifir, n 9-retodchyioxypropyiimbthexydilanei s
used for polishing objects, the surfaces of the objects are scratched. If
so, in additiand vinylrimatbexysitarieon Diesdeagrke nsedrherein sither \simglytorbes
increased in order to attain the sane polishing speed as above, which is
of ten probl e®RMENEd. ¢ Mart feora dbeses alspentployablet herain aney alisoxysilgnesind
25 that the visco&&&y of the slur[é I S increased. Even though the
secondary®  andy, alkylalkaxysitanesc owlihr \flygring @s;bendedt t‘Par%er Sughn as
[err]m they I, sti]l . . . 20
of t en scratcﬁ'upﬁ%trgﬂ?@&?l%@et he obj @fs pol i sHpromatbyldimethoxysliape;
outline es., havi ng. an, angl f smaller than,120[err]. . :
The cerium oﬁma@(ggyﬁggﬁ%é ggewr"r?ht f?g i??l ntd oAy Q?SHL% %ﬁX[ moiety; g,
primary grai ' an ct ratio of. : re not
snmal | er than 81?@)\%?&% he t%?)'_tegl nun%er_ O{nfﬂ&goé‘%ﬁﬁyﬁgw)@s@@ﬁy ands
conprising CeffiyRditedyirbtyidim&thokpsifdhd;Ne PahERTY Zid)SiIdNE 2N and
10 alkylalkoxysilanes with fluorine as bonded to Si. These can be used
herein either singly or as combined. Preferably, the ratio of the amount
of alkoxysilane to the amount of alkylalkoxysilane is to satisfy the
following condition:
(number of C atoms)/(number of Si atoms + number of C atoms)=
15 0.1
in which the number of Si atoms and that of C atoms are derived from the
siloxane bonds and the alkyl groups, respectively, in the insulating layer
as formed from the coating liquid. If the ratio is smaller than 0.1, the film
of the insulating layer formed is cracked, resulting in the defect such as a
20 loss of film or lowering of the insulating performance.

The organic solvent includes, for example, monoalcohols such
as methyl alcohol, and ethyl alcohol or the like; their ethers and esters;
polyalcohols such as glycerin, and ethylene glycol or the like; their ethers
and esters; and ketones such as acetone, and methyl ethyl ketone or the

25 like. These can be used herein either singly or as combined. The
catalyst may be any acid or alkali for hydrolysis, including, for example,

inorganic acids such as hydrochloric acid, nitric acid, and phosphoric
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aspect ratio of larger than 2.0, is used for polishing objects, the
surfaces of the objects are often scratched. To determ ne the aspect
ratfo, preferably enployed is a sinphg method of neasuring the m nor
dianmeter 10 and the nmjor dianeter of each grain through

transmtting el ectrom croscopi c observation, followed by obtaining the
ratio of the two. To produce the cerium oxide grains having

the physical acid; oPgaRRr 4¢ids SUUN hnretiebavid, ahdrmaleiorlold quribbelile| their
enpl oyed i s any of the foll ow ng nmethods, which are nentioned

her ei nabove. afigydidss dfd tbrsatives;hesl alkalietsugrecas i sadiun | hydraxidee.
(1) A nmethod starting froma water-insoluble, tri-valent cerium

conpound, in aminedniahendanpthylamirse dr dipediked in water and an oxi di zi ng
agent is dropw se added thereto thereby oxidizing the conpound, while jt
is solid, to obtain Ther amaumrintofcayatem txile by athes hysgolyzing system Als
nmet hod starting froma water-soluble, tri-valent ceriHn1 conﬁound I n
ot o fopipapetiog iV sy
cort um compotreiant, &5 fRUEFGA ot Il fter sneh 75,
cer i um conpouRtKOXYARRe iqnc¥ ?l?gﬂfiii@?(ﬁiga@%t%{%nB?@W%—%}gltéﬁ% &rceeartﬁjgnw hérdy ! ©
(3) A et hoa HiseerHgo VAl formeris, geliRe or.beeames gy, “The amoygtof,
aqueous ammonya, b3 A0GER b8 KUTHEWE ryArdlyzy SYstehfis prefefibly from 0.1
10 parts by weight to 5 parts by weight, relative to 100 parts by weight of the
alkoxysilane and alkylalkoxysilane. If it is smaller than 0.1 parts by
weight, the alkoxysilane and alkylalkoxysilane are hydrolyzed
insufficiently so that the coating liquid could not form a film. On the
other hand, however, if it is larger than 5 parts by weight, the
15 alkoxysilane and alkylalkoxysilane are hydrolyzed too greatly, whereby
the coating liquid formed is gelled. The amount of the alkoxysilane and
alkylalkoxysilane is preferably between 1 part by weight and 40 parts by
weight relative to 100 parts by weight of the organic solvent used. If the
amount of the alkoxysilane and alkylalkoxysilane is smaller than 1 part by
20 weight, the coating liquid could not form a film. If, on the other hand, it
is farger than 40 parts by weight, the coating liquid could hardly form a
uniform film. The reaction temperature at which the hydrolysate is
processed to have an increased molecular weight is not specifically
defined, but is preferably not higher than the boiling point of the organic
25 solvent used. In order to suitably control the molecular weight of the
thus-processed hydrolysate, the reaction temperature is preferably

between 5°C and 70°C. The reaction time for the hydrolysis is not also



salt thereby neutralizing or alkalifying the solution to give tetra-val ent
ceriumoxide grains. 5 More preferably, the cerium oxide grains
for use in the invention are providegegwith two or nore of the
foll owi ng characteristics which have een referred to hereinabove.
(1) ,Their specific surface area is not smaller than 25 n2/g.

(2) Their apparent density as neasured in a still standing 10 nethod is

not |arger thspeclfically dbfined. The hydrolysiy magibe stoppenaftdetise tnolesular
measured in a tapping nethod is not larger than 1.6 g/nl.

(4) Their powseight of the diyidrobsatefopaetehas gieached the predeiermined ane.ng a
hal f -value wdth of not smaller than 0.4. 15 (5) The primry
grai ns that afkefméasurementcofathei melgcujaniweight okithe bydradysater igrnathan
20 nmare not smaller than 90 % of the total . hunber of the grains.

(6) The pri ne#Reqificglis definedg dlqweves: \agybging simplesfpreferably gmployed ighan
20 nm are not_snaller t han QQE??of the total nunber of the primry grains
20 and t e JBAShromategraphysior hagaeasiementaggr egati on of the primary

0ol T Shan S0 o TRASHyfAFh g, e B, LB prahe RS ot
(7) The secondthboRkAs el Maba e i6imil: "Pireh 3 BRégdi8Minge a1 ™
grer;ﬂ”gfr tyhg;aqf;gfg@gpg%ivﬁ@%n%uh' pRYUSHEIINGD SHREHE G AR %aIRPIafkElyRighe
are dispersed in an organic solvent, to which are added water and a
10 catalyst and stirred for a while, and thereafter these are reacted at room
temperature or under heat to give a hydrolysate having an increased
molecular weight.
The insulating layer-forming material as prepared in the manner
mentioned above is applied onto a predetermined semiconductor
15 substrate, such as a semiconductor substrate in the step that circuit
elements and wiring patterns are formed on (e.g., a semiconductor
substrate on which predetermined circuit elements such as |C circuits are
formed and then aluminium wiring.patterns are formed thereon}, or a
semiconductor substrate in the step that circuit elements are formed, or
20 the like, then dried to remove the organic solvent, and thereafter cured
under heat at 100°C or higher to form an insulating layer on the substrate.
In Fig. 1, 11 is an Si wafer having thereon a predetermined circuit
element such as an IC element; 12 is an aluminium wiring patitern; 13 is a
CVD-Si02 film (TEOS film); and 14 is an insulating layer containing a
25 compound having an organic group. Preferably, the insulating layer is
thicker than the wirings. For example, the thickness of the insulating

{fayer is not smaller than 1.2 times that of the wirings.



22 (8) The primary grains having an aspect ratio of not

I arger than 2.0 are not smaller than 90 % of the total nunber of the
grafns. _ The cerium oxide slupRy of the invention is obtained
by di spersing a conposition conprising water, the cerium oxide grains
and, 5 preferably a dispersant. In the slurry, the concentration of the
cerium oxide grains is not specifically defined, but is preferably
between 1 and 3The bsemiaitductoronsubstraieewiwi not ofspeisificadlyi ndefined,
handl i ng t he resul ting suspension. Preferably, the cerium oxide grains

ar et di E per sedir?tclul%ngnfalwnempmssllggaieerand Saﬁs watarmer thie iike. | Rhgaoatingn 10
parts by weig relative to t ht of th I

to give the methbdtiemtﬂdalsr)mpe;ciﬁcalf)a:jegneg m%ﬁ%@)@?@@l@; Sagﬁc“qeaﬁfq‘fa Eagy\éggfy
a non-netallic one, and includes for exanple, water-solubple organl c
pol Krrer sI sucmagrsbalcagphe@l aptajthe SUbﬁHﬁW@%ﬁdsﬁlﬁ&Qatmrﬁhﬁ%l Qrsdi

nmet hacrylic aci 0 rs . and th | t

al |C]9h0| vt ef08 @-b?/g%&nﬁj%ﬂ% t§8]|ﬂce&€?~§ﬁt'§' ROt as&sgneglglcgﬂ*dfﬁqﬁﬁd.%yms

sul fate, and et.hyl ene ' lfate: . .

vvaL er - sol gbl egﬁérﬁ @%WPPQC{@JCZ aQﬁéﬁ? in oraaéggﬁ%:é%ftﬁﬁg iaqog&%on

et her, and pol yl I

ZUCh as rmnoe?ﬁgth Qﬁé]%'% §ﬁ@)ea‘| et ﬁlif]%atbgirﬁgl atggmg]_ 8m§fregun r§,°¥é‘tbrLcﬂ 8ied'es
| spersant to f h

to 100 parts Begmlﬂeaw% Ya}/ﬂeépgéfggrggdr)?bs dl'gq“\gge&ht %NeQérrt aeﬁgnggi“ uﬁn

gﬁ: f'ft 3r g} ”tshghgth\sé' %ﬁf'atbhl% Séﬁpﬁé'tﬁé'dﬁﬂ/erﬁfostﬂ}@nﬂfe&aﬂ&em tAE curing tshe
persant to prevent the grains fromprecipitating i n t he

slurry. Mge pffed abFyr exanpiderfot aheosabstrate hadirgpeheredr eargradumsnium

wiring, it is preferable that the insulating layer is formed through curing at

a temperature not higher than 500°C. The thermal curing time is not

also specifically defined. When the physical properties of the cured film

have been mostly equilibrated, the heating is stopped. To determine the

15 condition of the cured film for which the heating is stopped, there is no

specific limitation. For example, preferred is a simple method of

measuring the surface hardness and the thickness of the cured film

formed or the like. The atmosphere for the thermal curing is not also

specifically defined. Preferably, however, an inert gas such as nitrogen

20 or argon is introduced into the curing system in order to minimize the

removal of the alkyl group from the alkylalkoxysilane being heated.

The insulating layer thus formed on the predetermined
semiconductor substrate, such as a semiconductor substrate at a stage
where substrate circuit component element and wiring patterns are

25 formed on it, or a semiconductor substrate at a stage where wiring
patterns are formed on it, are polished with the cerium oxide slurry of the

invention, whereby the uneven surface of the insulating layer is flattened



25 the slurry, the dispersant is put into the dispersing machi ne al ong

with the grains prior to starting the dispersion of the grains in the
macfii ne. To disperse the cerium oxidgggrains in water, enployable is
any of 23 ordi nary

di spersion nmethod using general stirring machi nes, and that usi ng
honbger, ultrasonic dispersion nachines and ball m |l or the like. I n

order to di spghgeattbe sicthgrermtitedsurgdicd o$ the rbeuftin?esgméémam:ftondevlw ger
than 1 [err]mln size in water, preferably enployed are wet dispersing 5

machi nes suchfialtehad] asiih IFig. Bhakl ng ball mlls, pI anetary ball mlls, and
medi umstirring mlls or the Iike. The slurry is preferably alkaline. |f

t he al kal i degr As ihfe pbliskingrdegvice, heseineemploysble ner@as@adinary one
non-netallic al kal i ne substance, such as aqueous anmon g be added
to the swhicty eamprigesr aahplderdie peelsi g semicopdueios, syt stfgﬁg Jouhey

Conch B . Saaleneh o Sucenplte i, M) 1 q%;ﬁeziqhﬁfwwy
oL et OX! 155 AT s R BBl it mgOP 37 AL
03 L0353 5 ke SRS ARREIY, o DALt ot -
v by wei gobaRlied o Hethart®! porotRMisNindtediRte! Hdybe used and there
is no special limitations. Preferably, the pad is worked to have grooves
10 capable of keeping therein the slurry of the invention. The polishing
condition is not specifically defined, but the surface plate is preferably
rotated at a low rotating speed of not larger than 100 rpm in order that
the semiconductor substrate being polished is not detached from the
device. The pressure to be applied to the semiconductor substrate
15 being polished is preferably not larger than 1 kg/cm? in order that the
polished surface of semiconductor substrate is not scratched. During
the polishing operation, the slurry is continuously fed to the pad using a
pump or the like. The amount of the slurry to be fed is not specifically
defined, but it is desirable that the surface of the pad is always covered
20 with the slurry. For this, especially preferably, the amount of the slurry
to be fed to the unit area of the surface plate is, for example, not smaller
than 25 mi/min for a 18-inch surface plate. |f the amount is smaller than
25 mi/min in that case, the substrate could not be polished to a sufficient
degree of polishing speed. If so, in addition, the slurry is insufficiently
25 dispersed so that the substrate could not be polished uniformly.
Moreover, if so, the substrate is too greatly influenced by mechanical

polishing with the pad, resulting in that the CVD film on the substrate wili



The insulating | ayer conprising a conpound having an organic group,
which is polished with the cerium oxi de abrasive of the invention, can
be formed by applying a coating |iquid, gch is prepared by 20

hydrol yzi ng an al koxysi | ane and an al kyl al'’koxysilane in the presence of
water and a catalyst in an organic solvent such as an al cohol, onto a
substrate through spin coating, followed by curing it under heat.

The al koxysi | paegreatlyugelishéd)’ s@XhEDRe JBIBONNBLNS of URB glarry abrasive of the
t etramet hoxysi |l ane, tetraethoxysilane and tetrapropoxysilane, and their 25

ol i goners. Thigsvention, hicls ésl rbpresiented blyesthesiaiigl 9f the pelishindi spekd for theThe
al kyl al koxysi | ane i ncludes, for exanple, nethyltrinethoxysil ane,

phenyl t ri met hosgamic B@G film to that for the C\dDniiimyyisdiomeradx pad therefore the

24 di phenyl di net hoxysi | ane, . am nopropyl trinethoxysil ane,,

gl yci doxypr opiftended seiectbie polishing with mﬁmrmggr@w coulknabheatiained.
and vinyltrinmethoxysilane. These can be used herein either singbg&&g&éﬁz

conbi ned. $part fronfieshaving Heemihusypslithed tBersemiconsiuctor
al kyl al koxysi \ltv% e&vagkeﬁh\imctn :"autnnlir?s1 S\kfataer!o arl\Ieﬁf ir% hoerdglr ktXI rerrrﬁcin?tta%hiescerium
oxide grains still adhering onto the surface of the substrate, the substrate
is dipped in a liquid comprising (a) hydrogen peroxide, and (b) at least
one selected from nitric acid, sulfuric acid, ammonium carbonate,
10 ammonium carbamate and ammonium hydrogencarbonate, and thereafter
again washed with water, and then dried. A mixture of two or more
different liquids each comprising (a) and (b) may be used, if desired.

The dipping time is not specifically defined, and the dipping
treatment may be finished after the bubbles to be formed as a result of

15 the dissolution of the remaining cerium oxide grains are no more formed.
The dipping temperature is not also specifically defined. However, when
aqueous hydrogen peroxide or the like that has self-decomposability is
used, the dipping therein is effected preferably at a temperature not
higher than 40°C. After the final washing with water, it is desirable that

20 water drops adhering onto the semiconductor substrate are removed,
using a spin drier or the like, and thereafter the substrate is dried.

Over the thus-flattened insulating layer, a second aluminium
wiring layer is formed, and an additional insulating layer is formed in the
space with no wirings and on the wirings to thereby entirely cover the

25 surface of the wirings, in the same manner as previously. Then, the
insulating layer thus formed is polished with the cerium oxide slurry of the

invention in the same manner as previously to flatten the uneven surface



fluorinated, such as fluorotrinethoxysilane, fluoronethyldi nethoxysil ane,
trifluoronethyltrinmethoxysilane, and trifl uoronethyl net hyl di net hoxysi | ane;
and* al koxysi | anes and al kyl al koxysi bgnes with fluorine as bonded to
Si. These can be used herein either singly or as conbined.
Preferably, the ratio of the amount of al koxysilane to t he amount of
al kyl al koxysilane is to satisfy the follow ng condition:

(nunber of C gt B ir laydr, Bher@byn@fter alflagtendig theentieg [sarface dfsthe
0.1 in which the nunber of Si atons and that of C atons are derived

fromthe reduitivg e nticodduetnt substrdtey | Thiostep is espeateidyptedetermintes

I nsul ating | ayer as fornmed fromthe coating liquid. If the ratio is
smal | er than fimbs tohéndliy obtain thefintemdeidnseminondgcteryehipsor med i s cracked,
resulting in the defect such as a 20 loss of filmor |owering,of the

i nsul ating perfor nantksing the cerium oxiderabrasiyen Pt tB@Ii()Eﬁﬂt'ﬁ"ﬂcgﬁ’&E’ﬁ‘P'ﬁ%%
exanpl e, nonoal cohol s such as net hyl al cohol,, and et hyl alcoh?

) | . | or the
like; thei% eprganicapalvererergsin layerspipiaed opn| sUksiatess 1ry CXRMPIeo AR

et hyl ene glycol or the like; their ethers . and esters; and ketones such
as acetone, aﬁﬁ"\i’é‘iWCtﬂf ﬁyps'?f@&fn%a%lbet?\%“sf?d'l i ke. These can be used

kel i for hydrol ysi Ihe AU pge. Ppanisapghmer eantCnciie. FolithaRfiie, Ol

hydrochl oric gel g dlihh Gedfid suBAhL BAZABAE fesins, epoxy resins, unsaturated
polyesters, polyesters, polyimides, and polyamidimides; and

10 thermoplastic resins such as polyamides, polyurethanes, polyethylenes,
ethylene-vinyl acetate copolymers, polypropylenes, polystyrenes, ABS

resins, AS resins, polymethyl methacrylates, polyvinyl chlorides, polyvinyl

formalins, polytetrafiluoroethylenes, and polytrifluorochloroethylenes. Of

those, preferred are fluorine resins such as polytetrafiuoroethylenes and

15 polytriflucrochloroethylenes, since the substrates having thereon the films

of those resins may have a lowered dielectric constant. Also preferred

are polyamidimide resins and polyimide resins, since the films of those

resins have good heat resistance. However, the resins for the films to

be polished with the abrasive of the invention are not specifically defined.

20 The insulating layer-forming material comprising such a silicon-

free, organic polymer resin may be prepared as follows: Where the

material comprising a thermosetting resin is prepared, monomers and/or
low-molecular-weight polymers for the resin are dissolved in an organic

solvent such as an alcohol or the like mentioned above to form a coating

25 liquid for the intended insulating layer. In order to enhance the curability

of the layer to be formed, any ordinary curing agent, curing promoter and

catalyst may be added to the coating liquid. Where the material
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25 acid; organic acids such as acetic acid, and naleic acid or the

|'i ke; their anhydrides and derivatives; and al kalis such as sodi um
hydr oxi de, anmoni a, and net hyl am ne og,the |ike. The
anount of water to be in the hydrolyzing Systemis 5 preferably smaller
thap 75 %relative to 100 % of the al koxy group in the al koxysi | ane

“and al kyl al koxysilane. If it is not smaller than 75 % the

al koxysi | ane @yifpAsing altheimeplaahie st Y Bréeparead theeesirer! dissowerl #bin
the coating liquid fornmed 1s gelled or becones cfoudy. The amount of

the catal yst drgabfc sgRemt isuchhes BYidilebkial ooty Hike mentipned abaivieyto fovm &. 1
10 parts by weight to 5 parts by weight, relative to 100 parts by wei ght

of the atoating ligahke fanthalintehdelongsaldtimgelayerf iRreferabhpl 1@mpartsaby0. 1
parts by wei ght, the al koxysilane and alkyl al koxysilane are
hydrol yzed weightffthecorganic pstyméntesinds combingd wiihiformol lta 906 pagsm a
film On the other hand, however, if it is larger than 5 parts by

wei ght, t e 1oy weighiobtheiorganic solkental Kbihe ameinteicthg arganie selvary is
greatly, whereby the coating liquid forned is gelled. The apount  of
the al koxysi |QMR S0 parts abwwanglh&xghel gaating liquide copld wd?aée%?m g8et by

organi ¢ sol vateitawaing 8o Nighount of the al koxysi lane and
oy Koyt e 2 S LR Bl e/t R W, PR G015
par s 0Y, ! Sl o B B CHSHRE Sp R MR . matr SRTehe!
10 another formed on a substrate, for example, on a semiconductor
substrate can be selectively polished.

Preferably, those two or more kind of insulating layers comprise
an insulating layer as formed by applying a coating liquid, which is
formed by hydrolyzing an alkoxysilane and an alkylalkoxysilane in the

15 presence of water and a catalyst in an organic solvent, onto a substrate
followed by curing it under heat; and an insulating SiO2 layer. With the
cerium oxide abrasive of the invention, only the former insulating layer
can be selectively polished.

The substrate on which such two or more kind of insulating

20 layers different in material from one another are formed includes, for
example, wiring boards having an insulating SiO2 film or the like formed
thereon; optical glass articles such as photomasks, lenses and prisms or
the like; optical integrated circuits, photo-switching elements and optical
wave guides composed of glass and crystalliine materials; edges of

25 optical fibers; optical single crystals such as scintillators or the like; solid

laser single crystals; LED sapphire substrates for blue lasers;



processed to have an increased nol ecul ar weight is not specifically
defined, but is preferably not higher than the boiling point of the organic
25 "solvent used. In order to suitably coq} ol the nol ecul ar wei ght of the
t hus- processed hydrol ysate, the reaction t erature is preferably

between 50[err]C and 70[err]C. The reaction time for the hydrolysis is not
al so specifically

26
defined. The %Hﬁ@éﬂéﬂ&@%@ﬁmﬁé it grct@amﬁﬁnéééér the iK€} Yrasf

t he hydrol ysate forned e predet’erm ne

measur enent okybBRafBY RIUhAGN¥EE YcPfaridagnetiel heriss 1S not _
specifically defined. However, as being sinple, preferably enployed is 5

l'iqui d chromat ogr aphywhere tateleasson@neintwo or more kind dﬁmémaﬁh%tlialyers
| ayer-form ng material conprising those four conponents may be

prepared as f different i material froevene anothtbraforomed on a stbsiratdskeughidsne
and a predeterm ned anmount of an al kyl al koxysilane are dispersed in an
organi ¢ sofvesemicondicton substrateésd onather likad isn sedectivalyl pelished withr tha
for a while, and thereafter these are reacted at room tenperature or
under heat t oCgMuEM axideiabrasive of theiinvention.nié i desirable thaighectatiar ohheyht .
The insulating |a gr-forningﬁnaterial as_pr%parﬁgbhg t he n?nner
menti oned aboPeliBBiNg, Aneed Wity therakrasitenifredt rsbrifgsiating dayer (for
substrate, such_as.,a senjcon uct?r substrate in the steg ﬁhat circuit
example, an insulating layer containing a compound having an organic
group) to that therewith for the second insulating layer (for éxample, an
10 insulating SiO2 layer) is not smaller than 10. With the ratio within the
defined range, the selective polishing of only the first insulating layer with
the abrasive can be favorably attained.
Fig. 3 shows one embodiment of the semiconductor device of
the invention, which has, on a support substrate, a semiconductor chip as
15 produced by polishing its insulating film with the abrasive of the invention,
and in which the semiconductor chip is encupslated with a sealant. The
semiconductor device is not limited to only the lead-on-chip (LOC) type
one, as in Fig. 3, but may be any other ordinary one including, for
example, chip-on-lead (COL) type ones and even those with chips as
20 mounted on a die pad. As the sealant, ordinary epoxy resin may be
used. In Fig. 3, 1 is a bonding material; 2 is a semiconductor chip as
produced by polishing its insulating film with the abrasive of the
invention; 3 is a lead frame; 4 is a wire; and 5 is a sealant.
Using the abrasive of the invention, insulating films such as
25 organic SOG films, organic polymer resin films or the like can be polished

at a high speed without scratching the polished surfaces.



el ements and wiring patterns are fornmed on (e.g., a sem conductor

substrate on which predetermned circuit elenents such as ICcircuits are
forimed and then alumniumw ring patternssgre formed thereon), or a

sem conductor substrate in the step that circuit elenents are forned, or 20
the like, then dried to renove the organic solvent, and thereafter cured
under heat at 100[err]C or higher to forman insulating |ayer on the

substrate. | n Fidherk a Bubistrate) hGvingafrere i pigralitg od dayerspiseptelistred ned
circuit el ement such as an IC elenent; 12 is an alum niumwring

pattern; 13 iaceording 1OVERSI hleshihgf meth¢d EriStiie | inventiad, thei diffarence in
I nsulating | ayer containing a 25 conpound havi ng an organi c group.
Preferably, tberfacedeeel isgalmnsircanpletely nemavest threaghont the rar%gg.surtﬁce

exanpl e, the thickness of the insulating | ayer is not smaller than 1.2
times that of of Héewipalished substrate. Therefore, the polishing method of they7
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Is not al so
be used, capability of filling the space between fine wiring lines and

10 lowering of dielectric constant can be achieved at the same time.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a cross-sectional view showing a semiconductor
substrate, of which the Si wafer having thereon a circuit element, an
15 aluminium wiring and a CVD-SiO2 film is coated with an insulating layer
containing a compound having an organic group.
Fig. 2 is a cross-sectional view of the semiconductor substrate,
in which the insulating layer has been polished.
Fig. 3 is a cross-sectional view showing a semiconductor device
20 which has a semiconductor chip as produced by polishing its insulating

film with the abrasive of the invention mounted on a support substrate.

BEST MODES OF CARRYING OUT THE INVENTION
Now, various examples of the invention are mentioned below.
25 Example 1:

Formation of Cerium Oxide Grains, 1-1:



specifically defined, and may be 300[err] C or higher. However, dependi ng

on the substrate to be used, the uppernost tenperature for the curing is 10
linfted. For exanple, for the substrate hayj ng thereon an al um ni um

wiring, it is preferable that the insulati'ng |layer is fornmed through curing
at a tenperature not higher than 500[err]C. The thermal curing tinme is
not al so specifically defined. Wien the physical properties of the

cured film have 5peg of Eeviuny cﬁ%ﬁétbﬁﬂé@@dd’bHQoW ?Wﬂ‘ déiopiRPRter 0
determne the 15 condition of the cured filmfor which the heating is

stopped, ther arids dispersed tpareir iwithi a1 plainietdry balir niltaap|280rpherfordis s a
si npl e net hod of measuring the surface hardness and the thickness of

the cured fil minutes flor abtiinratwkité,; keriuftheazbonaiehstery.or Witk stireingathe
curing is not also specifically defined. Preferably, however, an inert
gas such as nislurtge29R2® goofaagueocus hydnogenc geroxide ta 0Ut1r3519°/os3)stema$n
order to mnimze the renoval of the al kyl group fromt

al kyl al koxysi dEpRwiRe @gdeshtbereto, reacted for 1 thaur mdth éutthgn%t;réingt ranrd
Ser conduct QEtEé;%%?%ei{ Eeﬁé%augtag@%mcc?n”%ﬁﬁa&égfpﬁﬁié a5 Pigving BaRpoMd
Substrat o at - SHEBGd0Gnd DOy Ahgb0"C. TBIR twehscapled: 4 iSO PmperaBire.
S i FREN A, oo A 0 S e 1
28 120°C for 24 hours to obtain 30 g of a white powder. From its X-ray
10 diffraction pattern, this white powder was identified as cerium oxide.
Formation of Cerium Oxide Grains, 1-2:

Fifty grams of cerium nitrate was added to 500 g of deionized
water, and well mixed. Then, with stirring the resulting mixture, an
aqueous solution as prepared by dissolving 75 g of ammonium

15 hydrogencarbonate in 400 g of distiled water was dropwise added
thereto, and reacted as they were for 1 hour at room temperature to give
a white precipitate. This white precipitate was separated through
centrifugation at 3000 rpm for 10 minutes for solid-liquid separation by a
centrifuger. This was again put into 500 g of deionized water and well
20 dispersed therein. Then, 60.9 g of aqueous hydrogen peroxide (about
35 %) was dropwise added to the resulting dispersion and reacted for 1
hour with still stirring it. Next, this was heated up to 90°C in a water
bath. After having been still stirred for 1 hour at 80°C, this was cooled
to room temperature, separated the solid from separation by a centrifuger,
25 and then dried in a drier at 120°C for 24 hours to obtain 20 g of a white
powder. From its X-ray diffraction pattern, this white powder was

identified as cerium oxide.



and, after all, the entire surface of the resulting sem conductor device is
flattened, as in Fig. 2. As the polishing device, herein
enpli'oyabl e is any ordinary one whi cl.conprises a holder to hold a
sem conductor substrate to be 5 polishea, and a surface plate with a pad
of abrasive cloth attached thereto (the surface plate is provided with
a notor or the like of which the nunber of revolution is variable). As

the pad, ordi PafiiafienWIMEeriGoORide Graingxpagded pol yur et hane, porous
fluorine resin etc. may be used and there is no special limtations.

Preferably, the pad Fiftyvgrdee docédum gmeeoiam hitratcawall addéd keddthg of
therein the slurry of the invention. The polishing condition is not

specifical ly defoniesd watert and svell acized! atwith stisringdhabtesulting mixtureed@rat a
| ow rotating speed of not larger than 100 rpmin order that the
seni conduct or agubeus aodutien ag prepased by dissolviag2icgaf aquepunhammonia in
device. The pressure to be applied to the sem conducto ybstrate 15

a?@t (qifﬂﬁ?

bei ng pol i5he800g pf dissiltesl waten wasrdjepwisraddeddhergtor offgreartad { he
pol i shed surface of semiconductor substrate is. not scratcheﬁ Durin t
the pol i shi ngasghextwere fehd ROy af ream temperatiiie 10 88 _ovhiie nglpﬂ? fiy a
the |jike. f th I to be fed | . b A

szmzah bEt h'lh?a whies presptatn e’ sep it dfrafon fenfsTyBRtod o d 3ot o
20 ith t . . For thi kal | I ' h
Slur ¥“|y ® P07 mintos: flu” SRS sspetRloE, At ther) B £'g Jnér"et
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oL D8 oty ShefiRuBn i, A5 white pdRaicAL (et 89 ceand oxide. o0, 1 1

addition, " the slurry i's 1nsufficient 25 dispersed so that the substrate
could not be %Ir},,?m,ql, SNCEAUM Dxide Sluleiseover, if so, the substrate is too
e

greatly influenc by mechani cal
Ten grams of each of those three cerium oxide powders was
dispersed in 100 g of deionized water, to which was added 1 ¢ of
ammonium polyacrylate, and dispersed with a planetary ball mill (P-5
15 Model, manufactured by Flitche) at 2800 rpm for 30 minutes. Thus were
obtained three milky white cerium oxide slurries. Using a Coulter
counter (N-4 Model, manufactured by Nikka-ki), the grain size distribution
of each slurry was measured. It was found that the mean grain size of
the grains in each slurry was small to be 176 nm, and that each slurry
20 was a mono-dispersed one having a relatively narrow grain size
distribution.
Formation of Insulating Layer:
A 4-inch Si wafer having thereon an IC circuit and an aluminium
wiring in that order was set in a spin coater, onto which was applied 5 ml
25 of a coating liquid that had been prepared by hydrolyzing
tetramethoxysilane (4 mols) and methyitrimethoxysilane (1 mol) with

water and nitric acid in isopropyl alcohol. Then, this was rotated at



polishing wwth the pad, resulting in that the C/D filmon the substrate

w | | 29 be greatly

pol i'shed, so that the selectivity of the %éﬂry abrasive of the

i nvention, which is represented by the ratio of the polishing speed for the
organic SOG filmto that for the CV/Dfilm is |lowered, and therefore the

i nt énded sel ective polishing with the slurry abrasive could not be

attained. 5 2500 rprlnlfoﬁfdoe§e$ayd§1€Arh@PeﬂeHWaMtip&eagfat b50°C 8t 9 omehibor

substrate is vel | washed wi th running water. In order to renove
the cerium Thigwaler W 86t i id heatihg fuRtactnandt beked thersin it 456°C for
substrate, the substrate Is dipped in a liquid conprising (a) hydrogen

per oxi de, and30niraites¢athereby fornean dhsulatidgflagen thiereon. acid, sulfuric
aci d, amoni um carbonate, 10 ammoni um carbamate and anmbni um

hydr ogencar boRalishirandf insiating dayer: again washed with water, and then

dried. A mxture of two or nmore ~  different |liquids each conprising (a)
and (b) ne¥% be used, Tihe Stwiaferhaving the insulatinghtayerformgditheseor was set
specifically defined, and the dipping treatment may be finished after

the bubbl st 9Nt holerarcxded Wil p Sustiorspad viaweial] the & weater eas held
e o B BB e e T et e o Wi
Py agen, per 0Kk, hA b5 phale MRty AR Meted Sene sutiid
water dr ops aBleei fasoRTRERE Wi A Rt o $BTlheds WhISH IpBoRYMEERbr 22

using a spyn @yAltiBh isNFarlddig), Wi thBeSiBR! dfthd BF wiitBP ethg thiedbwRd: A

weight of 5 kg was put on the holder. In that condition, the surface plate

was rotated at 50 rpm for 4 minutes, while each of the three cerium oxide

élurries prepared above was dropped thereonto, whereby the insulating

film existing on the Si wafer was polished. After having been thus

15 polished, the Si wafer was released from the holder, then well washed

with running water, and thereafter put into a beaker filled with nitric acid.

This beaker was set in an ultrasonic washer, in which the Si wafer was

washed for 10 minutes. After having confirmed that the bubbling

resulting from the dissolution of cerium oxide stopped, the Si wafer was

20 taken out of the beaker, water drops existing on its surface were removed

with a spin drier, and thereafter the Si wafer thus processed was dried in

a drier at 120°C for 10 minutes. Using an automatic ellipsometer, the

change in the film thickness of the Si wafer before and after polishing it

was determined, which verified that about 4,000 A of the insulating layer

25 of the Si wafer was cut off through the polishing, resulting in that the

thickness of the thus-polished insulating layer was almost completely

unified throughout the entire surface of the Si wafer. The thus-polished



Over the thus-flattened insulating |ayer, a second al um nium W ring
| ayer is forned, and an additional insulating layer is fornmed in the
space with no wirings and on the wirings t:Q.,thereby entirely cover the 25
surface of the wirings, in the same manner~as previously. Then, the

insul ating layer thus fornmed is polished wth the ceriumoxide slurry of
the” I nvention in the same manner as previously to flatten the uneven

surface Si wafer was cut, and its cross section was ob3Brved wittP'SEMS which
insul ating layer, thereby after all flattening the entire surface of the

resul ting semepifiéectiat tﬁuhﬁfsnmmg 1APeP wilefoveretiapeaSiewabsewthaidrdesstts
tinmes to finally obtain the intended sem conductor chi ps.

Usi ng the cerisuthoas émplyrporescevin Irhthd greotesobetwedn trenwifing dineshaving
organi c polyner resin layers forned on substrates, for exanple, on

seni conduct or & widitr af 8s1 gam dnel padeptheaf. 1.0 um. This proc@he was repeatieded,
organi ¢ polyner resins include, for exanple, t her noset ti nfg resins such
as phenol i & rdknes incgbig feusi as-layesed wisingdpattern psl thes Séveaferpof wdyehr s,
pol yi m des, apd ol yam di m des; = and 10 thernoplastic resins such as
pol yani des, p6h9uPE£$?arﬁ%9,“°§le hobesrved with %EN?I entd1&/i BEM Lehgervation

O PSP ot P s ifSncsny e 16481 et aver

Dot et O e PG O 48 S P SPYE0S BopThet e 10RE°

e e oL e P SR WSl ABhes, by g Lherean the 11
10 Comparative Example 1:

In the same manner as in Example 1, an insulating film layer
was formed on a semiconductor substrate. Without using the cerium
oxide slurry herein, tried was the formation of multi-layered wiring on the
substrate. However, in the samples prepared herein to have wirings of 3

15 or more layers, the difference in surface level was so great that the
adjacent upper and lower layers could not ensure the insulating
performance therebetween. It was found that multi-layered wirings of 3
or more layers could not be formed in this Comparative Example 1.

On the other hand, the insulating film layer formed herein was

20 polished with a colloidal silica slurry with aqueous ammonia (8S-225,
trade name of Cabot). In this, however, only about 400 A of the layer
was polished at 50 rpm for 10 minutes. Thus, it was found that the
performance of the colloidal silica slurry abrasive was very poor for
flattening the entire surface of Si wafers.

25 Example 2:

Formation of Cerium Oxide Grains, 2-1:



are polyam di mde resins and polyimde resins, since the filns of those
resins have good heat resistance. However, the resins for the filns to
be polished with the abrasive of the inveng%on are not specifically

defined. 20 The insulating |layer-Torm ng material conprising such
a silicon- free, organic polynmer resin may be prepared as foll ows:
Were the material conprising a thernosetting resin is prepared,
nonomer s and/ or Fry ffah%caf Bbriley eéktbomfaltym@ersSaa@éd &6%509@6? ﬁ:@mzed

di ssolved in an organic sol vent such as an al cohol or the

mentioned abovwater, bpdndigpeesdd tigerdin withiei plahetary sall nﬁiemmsommmafbr a3

| ayer. In order to enhance the curability of the layer to be forned,

any ordi nary cminulgsatrerghtaiuad mhite, ooextien sarbonate slariy, yswmmstlblengcwmd
to the coating liquid. Were the materi al

31 conpNMSﬂyh@Qa?.tgwf eopieassi hydrogen peropidep tahaljt 3586 ) s drepwise
di ssolved in an gani ¢ solvent such as an al cohol or the |ike

nent i oned eﬁoov%d@%dfﬂ}‘ﬁﬁ@@» reactedaforngy heyuiwith Jurthpe Sth't"égdeaﬂd tbereaftery
| ayer. Prefer

conbi ned wit haﬁe%tﬁdoupotog% %df‘t% V{'at\g? hg?{]ﬂtwg:‘\j\tﬂ?e‘%;\fr'ga«@&ﬁ'g i Stygpd Zﬂi 17t
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30 g of a white powder. From its X-ray diffraction pattern, this white
10 powder was identified as cerium oxide. Its specific surface area was
measured through nitrogen adsorption to be 111 m2/g.
Formation of Cerium Oxide Grains, 2-2:
Fifty grams of cerium nitrate was added to 500 g of deionized
water, and well mixed. Then, with stirring the resulting mixture, an
15 aqueous solution as prepared by dissolving 756 g of ammonium
hydrogencarbonate in 400 g of distilled water was dropwise added
thereto, and reacted as they were for 1 hour at room temperature to give
a white precipitate. This white precipitate was separated through
centrifugation at 3000 rpm for 10 minutes for solid-liquid separation by a
20 centrifuger. This was again put into 500 g of deionized water and well
dispersed therein. Then, 60.9 g of aqueous hydrogen peroxide (about
35 % ) was dropwise added to the resuiting dispersion and reacted for 1
hour with still stirring it. Next, this was heated up to 90°C in a water
bath. After having been still stirred for 1 hour at 90°C, this was cooled
25 to room temperature, separated for the solid from liquid by a centrifuger,
and then dried in a drier at 120°C for 24 hours to obtain 20 g of a white

powder. From its X-ray diffraction pattern, this white powder was



10 another formed on a substrate, for exanple, on a sem conduct or

substrate can be selectively polished. Preferably, those two
or -hore Kind of insulating layers conpris?']9 an insulating | ayer as
formed by applying a coating liquid, which’is formed by hydrol yzing an

al koxysi | ane and an al kyl al koxysilane in the 15 presence of water and a

catalyst in an organic solvent, onto a substrate followed by curing it
under heat; agdnfiflednas! ééhﬁﬁ\ %x@e' ayfy -spdcific tdieface areaewasnmeastered
abrasive of the Invention, only the fornmer insulating |ayer can be

sel ectively pﬂ’ﬂrbﬁgﬁ%tro en adsorp’tlon tdbe $1psi2/gt e on which such two or nore
kind of insulatin ayers different in material from one another are

formed i ncl udegsmétion of Certrdr®xigle @rainsg2imar ds having an insul ating
SiJerr] filmor the like forned t hereon; optical glass articles such
as phot omasks, | enseBifangramssofscenium ammanigm hiateoyas addadte S0 gof
circuits, photo switching el enents and optical wave gui des conposed of
gl ass and &r ydelanizet watesr and sweléayzsgdof Wighs Sﬂéliﬂﬂg dﬁ? 'ﬁsﬂgff@ ”Hiﬁqréalan
single crystals such as scintillators or the | aser single
crystal s; LEDRQU@PUS soluinn asrepared by @@59%%9 %7 g o aqueous ammonial i
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500 g of distilled water was dropwise added thereto, and reacted as they

were for 1 hour at room temperature to give a white precipitate. This
white precipitate was separated through centrifugation at 3000 rpm for 10

10 minutes for solid-liquid separation by a centrifuger, and then dried in a
drier at 120°C for 24 hours to obtain 15 g of a white powder. From its X-
ray diffraction pattern, this white powder was identified as cerium oxide.
Its specific surface area was measured through nitrogen adsorption to be
130 m2/g.

15 Formation of Cerium Oxide Slurries:

Ten grams of each of those three cerium oxide powders was
dispersed in 100 g of deionized water, to which was added 1 g of
ammonium polyacrylate, and dispersed with a planetary ball mill (P-5
Model, manufactured by Flitche) at 2800 rpm for 30 minutes. Thus were

20 obtained three milky white cerium oxide slurries. Using a Couiter
counter (N-4 Model, manufactured by Nikka-ki), the grain size distribution
of each slurry was measured. It was found that the mean grain size of
the grains in each slurry was small to be 176 nm, and that each slurry
was a mono-dispersed one having a relatively narrow grain size

25  distribution.

Formation of Insulating Layer:



sem conductive single crystals of SIC, GaP, GAs or the |ike; glass

substrates for magnetic discs; and nagnetic heads. Where at

| east one of two or nore kind of insulati | ayers different in
material fromone another forned on a substrates such as 5 sem conduct or
substrates or the like is selectively polished with the cerium oxi de

abrasive of the invention, it is desirable that the ratio of the

pol i shing speed withpa hflnéﬁrﬁsw&férfl%whb%érédﬁ ahnwbﬁ\éulwddaaﬁramﬁmmum
exanpl e, an insulating |ayer containing a conpound having an organic

group) to thawitihgrievthhb ordér Wes preadedriauthet sanel maanel fad ireExapiple BN
10 insulating Sigerr] layer) is not snmaller than 10. Wth the ratio

within the tofoueimiesutatirgelayenehsmoecti ve polishing of only the first
insulating layer with t he abrasive can be favorably attained.

Fig. 3 shows Gedisbingof meulating ayegeni conduct or devi ce of t he

i nvention, which has, on a support substrate, a sem conductor chip as 15

produced by pol i shi néJsmg ang ubhithageerium wxide tslarrias peepared atweve, the

i nventi on, and in mﬁthf t he sem conductor chip is encggsl ated with a

isealjant ;I]'he insulatingilaweid Flﬁdaﬁ\}hﬁeg*i waigsiwas polispeddndheysame manner
ordinary one BRI ERAPIeGl- URing Enateomitic eRsheRy hS ChaBbsahethend
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l'i ke can be p%wéi-b@ﬂshed insulating layer was almost completely unified throughout
the entire surface of the Si wafer. The thus-polished Si wafer was cut,
and its cross section was observed with SEM, which verified that the
insulating layer well covered the Si wafer with no defects such as empty
15 pores even in the grooves between the wiring lines having a width of 0.1
um and a depth of 1.0 um. This process was repeated 6 times in all to
form a 6-layered wiring on the Si wafer, of which the cross section was
observed with SEM. The SEM observation verified that there was
almost no difference in surface level in each layer throughout the entire
20 surface of the Si wafer substrate and that the wiring patterns formed were
all good and accurate.
Comparative Example 2:
In the same manner as in Example 2, an insulating film fayer
was formed on a semiconductor substrate. Without using the cerium
25 oxide slurry herein, tried was the formation of multi-layered wirings on the
substrate. However, in the samplies prepared herein to have wirings of 3

or more layers, the difference in surface level was so great that the



at a high speed without scratching the polished surfaces.

33 Where a substrate having therein a plurality of layers is
pol r'shed according to the polishing 4rIet hod of the invention, the
difference in surface |l evel is alnost™conpletely renoved throughout
the entire surface of the polished substrate. Therefore, the

pol i'shing method of the 5 invention is satisfactorily applied to any and

every substrap@jdedt NUippei®and loWer! 'i@fer%h]ft{) , nBY ehRsGR fH@rilﬁhfsmaing

mul ti-layered wirings can be realized r high-density and | arge-scale

i ntegration cpeffdrmancenthaddbéividen.si Ragas found MEat Adlitidayértets wifings ofr8 C
SOG filnms or organic polyner resin filnms can be used, capability of

filling the spagsoredayeescobultensl be dgrredds thiscCaMparative Exampgled.el ectric
constant can be achieved at the sane tine. BRI EF
DESCRI PTI ON OF THE DRmtinssther hand, polishingiaf.the insulatingoliin dayeri same as ew
showi ng a sem conduct or substrate, of which the Si wafer having
t her eon a %i r igntiasieshsheye avas Yied withhastumy mrapatgdiimtiey/sagieomanertas m
e O oupmentionsd. above’ using a commeraially-avalible CemuM oxide  grains.
organi ¢ group!
having a specific surface area of 4 m2/g. As a result, about 4,100 A of
the insulating layer was cut off, which was almost the same as that cut off
in Example 2, but the surface of the insulating layer polished herein was
10 much scratched. Then, the weight to the holder, which had been 5 kg,
was reduced to 1 kg. Using the weight of 1 kg, the polished surface of
the insulating layer was not scratched. In this condition, however, only
about 1000 A of the layer was cut off even after having been polished at
50 rpm for 10 minutes. Thus, it was found that the performance of this
15 slurry was very poor for flattening the entire surface of Si wafers.
Example 3:
Formation of Cerium Oxide Grains, 3-1:
Fifty grams of cerium carbonate was added to 450 g of
deionized water, and dispersed therein with a planetary ball mill at 2800
20 rpm for 15 minutes to obtain a white, cerium carbonate slurry. With
stirring the slurry, 29.2 g of aqueous hydrogen peroxide (about 35 %)
was dropwise added thereto, reacted for 1 hour with further stirring, and
thereafter heated up to 90°C in a water bath. After having been still
stirred for 1 hour at 90°C, this was cooled to room temperature,
25 separated the solid from liquid by a centrifuger, and then dried in a drier

at 120°C for 24 hours to obtain 30 g of a white powder. From its X-ray



Fig. 2 is a cross-sectional view of the sem conductor substrate, I n

whi ch the insulating | ayer has been polished. Fig. 3is a
cross-sectional view show ng a sem conduct gr device 20 which has a

sem conductor chip as produced by polishi ﬁg its insulating filmwth
the abrasive of the invention nounted on a support substrate.
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wat er, and di spersed therein with a planetary ball mll at 2800 rpm
for 15 nFormetioh ofd®érdiim @xide GeainseBi2im carbonate slurry. Wth
stirring the slurry, 29.2 g of aqueous hydrogen peroxide (about 35 %)
was 5 dropw se addEifty igramsopf cedvmreditrate waISoagd&ﬁttﬁ 500t deippizady,
and thereafter heated up to 90[err]C in a water bath. After having
been still5 wateni anddwelr mixedur Therpopéthr ptirringithenseswiingemixiyre o
tenperature, separated solid fromliquid by a centrifuger, and then
dried in a draadegus SOIUHOZD[éﬁr]REePBFedeHOLﬂ'%ngW”th%ﬁ n93Ply INMPYHM e
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thereto, and reacted as they were for 1 hour at room temperature to give
a white precipitate. This white precipitate was separated through
10 centrifugation at 3000 rpm for 10 minutes for solid-liquid separation by a
centrifuger. This was again put into 500 g of deionized water and well
dispersed therein. Then, 60.9 g of aqueous hydrogen peroxide (about
35 %) was dropwise added to the resulting dispersion and reacted for 1
hour with still stirring it. Next, this was heated up to 90°C in a water
15 bath. After having been still stirred for 1 hour at 90°C, this was cooled
to room temperature, separated the solid from liquid by a centrifuger, and
then dried in a drier at 120°C for 24 hours to obtain 20 g of a white
powder. From its X-ray diffraction pattern, this white powder was
identified as cerium oxide. Its apparent density as measured in a still
20 standing method was 1.11 g/ml.
Formation of Cerium Oxide Grains, 3-3:

Fifty grams of cerium ammonium nitrate was added to 500 g of
deionized water, and well mixed. With stirring the resulting mixture, an
aqueous solution as prepared by dissolving 27 g of aqueous ammonia in

25 500 g of distilled water was dropwise added thereto, and reacted as they
were for 1 hour at room temperature to give a white precipitate. This

white precipitate was separated through centrifugation at 3000 rpm for 10



Formation of Cerium Oxide Gains, 1-2: Fifty granms of cerium
nitrate was added to 500 g of deionized wat er, and well m xed. Then,

with stirring the resulting m xture, an 43 aqueous sol ution as prepared
by dissolving 75 g of amroni um 15 hydrogencarbonate in 400 g of distilled
wat er was dropw se added thereto, and reacted as they were for 1 hour
at roomtenperature to give a white precipitate. This white

preci pi t at e WaRintResTat dlidiiqueseparatiefnby id %@ﬁtﬁfgpeﬂt ar@Ofenparibarinlf
m nutes for solid-liquid separation by a centrituger. This was again

put into 500 girgr atel 20MC éok Dathwurand olthin 29 g off apehitegowalerei Frorhhits X-
60.9 g of aqueous hydrogen peroxi de (about 35 %9 was dropwi se added to

t he resul ting rdysgiffraction padterpathisdrliive powder whasldentifiéd sis beriam oxidey

it. Next, this was heated up to 90[err]C in a water bat h. After having
been still stilts sppamntidensity as neesurefidn a slilh standing shethod wast1c08 giml.
tenperature, separated the solid fromseparation by a centrifuger, 25 and
t hen dri ed5i n Fornatign af Certyre QxideJkries:hours to obtain 20 g of a white

powder. Fromits X-r diffraction pattern, this white o_\gjer vvads
i dentified as ceri um b7 Jfams of each of those three cerium oxide powders wasgsg

For mat on of  CREbAMER e Sh 2 5h didiized waienoip iohial R arH "
mxed. Wth stlbHB0uhD polyatlitdd aMe* bidpers8d with a planetary ball mill (P-5
Model, manufactured by FLITCHE) at 2800 rpm for 30 minutes. Thus
10 were obtained three milky white cerium oxide slurries. Using a Coulter
counter (N-4 Model, manufactured by Nikka-ki), the grain size distribution
of each slurry was measured. It was found that the mean grain size of
the grains in each slurry was small to be 176 nm, and that each siurry
was a mono-dispersed one having a relatively narrow grain size
15 distribution.
Formation of Insulating Layer:

A 4-inch Si wafer having thereon an IC circuit and an aluminium
wiring in that order was processed in the same manner as in Example 1
to form an insulating layer thereon.

20 Polishing of Insulating Layer:

Using any of the cerium oxide slurries prepared above, the
insulating layer formed on the Si wafer was polished in the same manner
as in Example 1. Using an automatic ellipsometer, the change in the
film thickness of the Si wafer before and after polishing it was determined,

25 which verified that about 4,000 A of the insulating layer of the Si wafer
was cut off through the polishing, resulting in that the thickness of the

thus-polished insulating layer was almost completely unified throughout



aqueous sol ution as prepared by dissolving 27 g of aqueous anmonia in 5
500 g of distilled water was dropw se added thereto (pH 10), and reacted
as ‘they were for 1 hour at roomtenperat % to give a white precipitate.
This white precipitate was separated throtgh centrifugation at 3000 rpm
for 10 mnutes for solid-liquid separation, and then dried in a drier at
120[err]C for 24 hours to obtain 15 g of a white powder. Fromits X-ray 10

di ffraction pRgiditte é&vféc%ftmepswﬂfewasméqaasﬁdcﬁa@héa srswa4m wesdeut,
Formati on of Cerium Oxide Slurries en grams of each of those

three ceriumgng fie¢ prYECBCYIBA was obskrvRer 46 SEMOWHIcRfveltianitaat thet er
to which was added 1 g of anmoni um pol yacryl ate, and dispersed with a

pl anet ary balihsuliating(lByer Well bbdeted thn G avafer evitthnoFdéfecteueh é8emptpm
for 30 m nutes. Thus were obtained three mlky white cerium oxide

slurries. Uglorgsaew@uin the groovesbatweer the wiridgl linesahaviagt anédttbpf 0.1

Ni kka-ki), the grain size distribution of each slurry was neasured. It
was found5t hatmiand gedepty af A.@ e ofhis PI’OQ&$§ gaa.rﬁﬁeate%&nmsm glitas
small to be 176 nm_and that each sl urr?/ was a,nono-di spersed one
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al cohol . Then was rot
10 all good and accurate.

Comparative Example 3:

In the same manner as in Example 3, an insulating film layer
was formed on a semiconductor substrate. Without using the cerium
oxide slurry herein, tried was the formation of multi-layered wirings on the

15 substrate. However, in the samples prepared herein to have wirings of 3
or more layers, the difference in surface level was so great that the
adjacent upper and lower layers could not ensure the insulating
performance therebetween. It was found that muiti-layered wirings of 3
or more layers could not be formed in this Comparative Example 3.

20 On the other hand, polishing of the insulating film layer same as
mentioned above was tried with a slurry prepared in the same manner as
mentioned above using a commercially-available cerium oxide grains
having an apparent density as measured in a still standing method of
1.83 g/ml.  As a result, about 4,100 A of the insulating layer was cut off,

25 which was almost the same as that cut off in Example 3, but the surface
of the insulating layer polished herein was much scratched. Then, the

weight to the holder, which had been 5 kg, was reduced to 1 kg. Using



36 2,500 rpmfor 30 seconds, and dried on a hot plate at 250[err]C

for 1 mnute. This wafer was set in a heating furnace and baked
therein at 450[err]C for 30 m nutes 9 t hereby forman insulating

| ayer thereon. Pol i shing of Insulati n‘g Layer: 5 The Si
waf er having the insulating layer formed thereon was set on a hol der
provided with a suction pad, via which the Si wafer was held by the

hol der, and thﬁemégﬁ(t Jes l@tth%“PélIﬁ#%d ?&@fa%%ﬁtﬁ@‘fh%aﬁﬂg Iayerae@éé‘ﬁo‘(e

pad of a porous flu ne resin at hereto (the surfac pl ate was
provi ded w th saramhed, ofint #ifis | ddfRlidn Wﬁb%vbheoﬁwaabupfmm A ovahet jsg@ri s
variable), with the side of the Si wafer being facedown. wei ght of 5
kg was put on wdne dm@laférevehnaftbathm@lueecmpotlhbematfMterpm dore 10 minutes.
rotated at 50 rpmfor 4 mnutes, while each of the three cerium oxide
slurries prepdhus,dbaes frmditapthe pedosmance aththielsjutrpevas seirptpoay for
filmexisting on the Si wafer was polished. After having been thus 15

pol i shed, Bhe flattaning theentire ssutase of Shwafershol der, then wel |l washed

with running water, and thereafter put into a beaker filled with nitric

aci d. Thi@‘%@ﬁi@e’f’f' was set in an ultrasonic washer, in which the Si
waf er was vvashf 1,0 mﬁg(ué After having confirmed that the
bubbl i ng Rarmat qrh@ Fesim e &@iN%i4  of cerium oxide stopped, the
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t hat about 4, of the insulating
stirring the slurry, 29.2 g of aqueous hydrogen peroxide (about 35 %)

was dropwise added thereto, reacted for 1 hour with further stirring, and
thereafter heated up to 90°C in a water bath. After having been still
stirred for 1 hour at 90°C, this was cooled to room temperature,

15 separated the solid from liquid by a centrifuger, and then dried in a drier
at 120°C for 24 hours to obtain 30 g of a white powder. From its X-ray
diffraction pattern, this white powder was identified as cerium oxide. Iis
apparent density as measured in a tapping method was 1.43 g/mi.
Formation of Cerium Oxide Grains, 4-2:

20 Fifty grams of cerium nitrate was added to 500 g of deionized
water, and well mixed. Then, with stirring the resulting mixture, an
agueous solution as prepared by dissolving 75 ¢ of ammonium
hydrogencarbonate in 400 g of distilled water was dropwise added
thereto, and reacted as they were for 1 hour at room temperature to give

25 a white precipitate. This white precipitate was separated through
centrifugation at 3000 rpm for 10 minutes for solid-liquid separation by a

centrifuger. This was again put into 500 g of deionized water and weli



25 of the Si wafer was cut off through the polishing, resulting in that

t he t hi ckness of the thus-polished insulating |ayer was al nost
conpl etely uni fi ed throughout the ent4i6re surface of the Si wafer. The

t hus- pol i shed 37 Si
wafer was cut, and its cross section was observed with SEM which
verified that the insulating |ayer well covered the Si wafer with no

defects 0 Ve o
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The SEM obsehuat iwith still stinrrg it edNeéXtatthishwes heatead opsto 99°Ci if e water i n
surface |l evel in each |ayer t hroughout the entire surface of the Si
vaf er subst r abatrandAfteathavirg bieennstill stirredataret hour @tr@ef Gethis avas gootedand
accurate. 10 Conparative Exanple 1: In the sane manner as in
Exanpl e 1,5 ante reemaemupratune, iseparated the/mhcf tonetiquid by sceenrisifager, and
substrate. Wthout usjng the cerium de slurry herein, trled was t he
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10 Formation of Cerium Oxide Grains, 4-3:

Fifty grams of cerium ammonium nitrate was added to 500 g of
deionized water, and well mixed. With stirring the resulting mixture, an
aqueous solution as prepared by dissolving 27 g of aqueous ammonia in
500 g of distilled water was dropwise added thereto, and reacted as they

15 were for 1 hour at room temperature to give a white precipitate. This
white precipitate was separated through centrifugation at 3000 rpm for 10
minutes for solid-liquid separation by a centrifuger, and then dried in a
drier at 120°C for 24 hours to obtain 15 g of a white powder. From its X-
ray diffraction pattern, this white powder was identified as cerium oxide.

20 Its apparent density as measured in a tapping method was 1.49 g/mi.
Formation of Cerium Oxide Slurries:

Ten grams of each of those three cerium oxide powders was
dispersed in 100 g of deionized water, to which was added 1 g of
ammonium polyacrylate, and dispersed with a planetary ball mill (P-5

25 Model, manufactured by Flitche) at 2800 rpm for 30 minutes. Thus were
obtained three milky white cerium oxide slurries. Using a Couiter

counter (N-4 Model, manufactured by Nikka-ki}, the grain size distribution



On the other hand, the insulating filmlayer fornmed herein was 20 polished
with a colloidal silica slurry with agqueous anmoni a (SS-225, trade
nane of Cabot). In this, however, only abq t 400 A of the |ayer was
polished at 50 rpmfor 10 m nutes. Thus, It was found that the

performance of the colloidal silica slurry abrasive was very poor for
flaftening the entire surface of Si wafers. 25 Exanple 2: For mati on of

Cerium Oxi de &F a8hBR.sldrry' was measured. |t was found that the mean grain size 088
Fifty frams of ceriumcarbonate was added to 450 g of deionized wat er ,

and di sper sedtiehgr&ing i eAch sllapenas)smallltonbé 1178 nAG0and that @achSslurry
mnutes to obtain a white, ceriumcarbonate slurry. Wth stirring the

slurry, 29.2 wasf aaqumenesdispersemnoper draviteg ( aboalativ®ly/) namrewdr giain s eizes
added thereto, reacted for 1 hour with further stirring, and thereafter
heated up to dtkbufianin a water bath. After having been still stirred for

1 hour at 90[err]C, this was cooled to roomtenperature, centrifuged
for solid-5 Formatjonefdapuladingokayefnd then dried in a drier at 120[err]

for 24 hours to obtain 30 of a_ white wd E its X- ..
di ffraction pattern, AtﬁT‘ch'tVégffO haa/méhew% aﬁ@ﬁ@?‘?@ﬁ'ﬁ&? %:ﬁ%’ﬁ‘lrﬂ%me.
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Polishing of Insulating Layer:

10 Using any of the cerium oxide slurries prepared above, the
insutating layer formed on the Si wafer was polished in the same manner
as in Example 1. Using an automatic ellipsometer, the change in the
film thickness of the Si wafer before and after polishing it was determined,
which verified that about 4,000 A of the insulating layer of the Si wafer

15 was cut off through the polishing, resulting in that the thickness of the
thus-polished insulating layer was almost completely unified throughout
the entire surface of the Si wafer. The thus-polished Si wafer was cut,
and its cross section was observed with SEM, which verified that the
insulating layer well covered the Si wafer with no defects such as empty

20 pores even in the grooves between the wiring lines having a width of 0.1
um and a depth of 1.0 um. This process was repeated 6 times in all to
form a 6-layered wiring on the Si wafer, of which the cross section was
observed with SEM. The SEM observation verified that there was
almost no difference in surface level in each layer throughout the entire

25 surface of the Si wafer substrate and that the wiring patterns formed were
all good and accurate.

Comparative Example 4:



15 aqueous solution as prepared by dissolving 75 g of ammoni um

hydr ogencar bonate in 400 g of distilled water was dropw se added

t heteto, and reacted as they were for 1 hgy at roomtenperature to give

a white precipitate. This white precipitate was separated through
cengrifugation at 3000 rpmfor 10 mnutes for solid-liquid separation by a
20 "centrifuger. This was again put into 500 g of deionized water and wel |

di spersed therein. Tl¢RhebSaReIninnddued s Ex&hgmea,wwémaﬁhgbﬁuﬁ layer 35
%9 was dropw se added to the resulting dispersion and reacted for 1

hour with stiiassformmédicpon ta sitontdétdorvesbdtesteed Withbat Udirg rthe ceriam

wat er bath. After having been still stirred for 1 hour at 90[err]C,
thi s was cool egide2§lurtyohersim triethwastthedormatianaifarultilayened witingsfarothe
liquid by a centrifuger, and then dried in a drier at 120[err]C for 24

hours to obt asubgiate.of Hawelet.an the sgropkésr preparethherein 1o haye aviringacfidn
pattern, this white powder was

39 i HenPl fMete davers,i the difference in siptager ileveluwrgcsoageeatirat the
neasur ed thr ough ni trogen ﬁdsor pﬁi on to be 112 n{eerr /g, . Formation
of Cerium Oxi 86laGeRtn&ppersand lower  layersg; gPehseBBUE then | Ném

Ctirring the PEOATRRRGeNTSrapevasr. [ wag el that filiuibuerell Hfihes ob
di ssolving 27,00l e AAUER' 2 AEROY Be fErmed in this Comparative Example 4.
On the other hand, polishing of the insulating film layer same as
10 mentioned above was tried with a slurry prepared in the same manner as
mentioned above using a commercially-available cerium oxide grains
having an apparent density as measured in a tapping method of 1.67 g/ml.
As a result, about 4,100 A of the insulating layer was cut off, which was
aimost the same as that cut off in Example 4, but the surface of the
15 insulating layer polished herein was much scratched. Then, the weight
to the holder, which had been 5 kg, was reduced to 1 kg. Using the
weight of 1 kg, the poiished surface of the insulating layer was not
scratched. In this condition, however, only about 1000 A of the layer
was cut off even after having been polished at 50 rpm for 10 minutes.
20 Thus, it was found that the performance of this slurry was very poor for
flattening the entire surface of Si wafers.
Example 5:
Formation of Cerium Oxide Grains, 5-1:
Fifty grams of cerium carbonate was added to 450 g of
25 deionized water, and dispersed therein with a planstary ball mill at 2800
rpm for 15 minutes to obtain a white, cerium carbonate slurry. With

stirring the slurry, 29.2 g of aqueous hydrogen peroxide (about 35 %)



500 g of distilled water was dropw se added thereto, and reacted as they
were for 1 hour at roomtenperature to give a white precipitate. This

whi t'e precipitate was separated through c%@trifugation at 3000 rpmfor 10
10 mnutes for solid-liquid separation by a centrifuger, and then dried in
a drier at 120[err]C for 24 hours to obtain 15 g of a white powder.
Fromits X- ray diffraction pattern, this white powder was identified

as cerium oxi g@s dropwisé adhafhe té,Wéé%ﬁ?d 3bP3 MEGr WRMSHIratbr SHPWE and
nitrogen adsorption to be 130 nferr]/g. 15 Formation of Cerium Oxide

Slurries: thereafter hee@adoupn® 90°€aiph aolvatérodati.hr Adter efiavingobedr still
powder s was di spersed in 100 g of deionized water, to which was added

1 g of astimeduriopot yhouy | att €90°@d thiiss yeass ecboletd hta pametempebadurem | |
(P-5 Model , manufactured by Flitche) at 2800 rpmfor 30 m nutes. Thus
were 20 obt aseparateddbersdlidyfratn tiquideby wentrifugee, andthersriedin agdrer at
Coul ter counter (N-4 Model, manufactured by N kka-ki), the grain size
di stributi®n 120°Coforefthaurarioy obtainnddgicdca WhitevRowdgind fnem Tish&-fasan
That each si udiraction RAUSHY ntH5. BRGge PoBMehruaRaHaTSIEd @PacPrbm GHdPow
g(r)ai n size 2‘%Thgi ﬁélrf-iv% ﬁé Width of th@ognrg%tni Sgal?faplp%%?{n%t }nn?hr!z‘ aﬁ/c?vftc:iery X-ray

diffraction pattern of this powder was measured to be 1.38° .

Formation of Cerium Oxide Grains, 5-2:

10 Fifty grams of cerium nitrate was added to 500 g of deionized
water, and well mixed. Then, with stirring the resulting mixture, an
aqueous solution as prepared by dissolving 75 g of ammonium
hydrogencarbonate in 400 g of distilled water was dropwise added
thereto, and reacted as they were for 1 hour at room temperature to give

15 a white precipitate. This white precipitate was separated through
centrifugation at 3000 rpm for 10 minutes for solid-liquid separation by a
centrifuger. This was again put into 500 g of deionized water and well
dispersed therein. Then, 60.9 g of aqueous hydrogen peroxide (about
35 % ) was dropwise added to the resulting dispersion and reacted for 1

20 hour with still stirring it. Next, this was heated up to 90°C in a water
bath. After having been étill stirred for 1 hour at 90°C, this was cooled
to room temperature, centrifuged for solid-liquid separation, and then
dried in a drier at 120°C for 24 hours to obtain 20 g of a white powder,
From its X-ray diffraction pattern, this white powder was identified as

25 cerium oxide. The half-value width of the main peak appearing in the
powdery X-ray diffraction pattern of this powder was measured to be

130 ° .



A 4-inch Si wafer having thereon an IC circuit and an al um nium W ring

I n that order was processed in the same manner as in Exanple 1 to form
an f'nsul ating | ayer thereon. Pol i shing of Insulating Layer: 5

Usi ng any of the cerium oxide slurries prepared above, the i nsul ating

| ayer fornmed on the Si wafer was polished in the sane manner as in
Exanpl e 1. Using an autonmatic ellipsoneter, the change in the film

thi ckness of Faem&tionadfeCehamrOKidndirainses-Pol i shing it was determ ned,
whi ch verified that about 4,000 A of the insulating |ayer of the Si wafer

10 was cut of f throFifty igramsobf sbriom ammsohiuim qitratet wais added HocdO@ gsobf

t he t hus- poli shed insulating | ayer was al nost conpletely unified
t hr oughout deiartized iwatee, andfwek mixedhe Withvatirdng thiecrasuting ohixdireq i
waf er was cut, and its cross section was observed with SEM which

verified thatagueous solutign as praparagdy dissohdngl7eg ehrq@oyBammMa@niahimo
defects such as _enmpty 15 ores even in the grooves betweepn the wirin
li nes havihg a0Ri GOk %tll[gcﬁwater Yasrgropsise 2d4es: theseto, and Eﬁﬁqtﬁg athfliey
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substrate. Wthout using the cerium2 ern, tried was the
formati onm@f W difffaRYiohefaMbrr, Gss Whil@ﬂ?wger wadb rddrmifRed HVERRIm dxidehe

sanpl es prepared herein to have wirings o or nore |layers, the
di fference i nTher halferdies evidisofsthegnedih pbak dppearing in the powdery X-ray
diffraction pattern of this powder was measured to be 1.44° |
Formation of Cerium Oxide Slurries:
Ten grams of each of those three cerium oxide powders was
15 dispersed in 100 g of deionized water, to which was added 1 g of
ammonium polyacrylate, and dispersed with a planetary ball mill (P-5
Model, manufactured by Flitche) at 2800 rpm for 30 minutes. Thus were
obtained three milky white cerium oxide slurries. Using a Coulter
counter (N-4 Model, manufactured by Nikka-ki), the grain size distribution
20 of each slurry was measured. It was found that the mean grain size of
the grains in each slurry was small to be 176 nm, and that each slurry
was a mono-dispersed one having a relatively narrow grain size
distribution.
Formation of Insulating Layer:
25 A 4-inch Si wafer having thereon an IC circuit and an aluminium
wiring pattern in that order was processed in the same manner as in

Example 1 to form an insulating layer thereon.



41 adj acent upper and | ower |ayers could not ensure the insulating
performance therebetween. It was found that nmulti-layered wirings of 3

or hore layers could not be forned in t hi g,Conparative Exanple 2.

On the other hand, polishing of the insulating filmlayer sane as 5
ment,i oned above was tried with a slurry prepared in the same manner as
ment i oned above using a commercial |l y-avail able cerium oxi de grains

havi ng a specPblishingréfolesupatireg bhydr:nferr]/g. As a result, about 4,100 A of
the insulating | ayer was cut off, which was al nost the sane as that cut off

in Exanple 2, but thbsing fame aff thdecarianl akideg shayies poepateed dbavel, ntheas
10 nmuch scratched. Then, the weight to the holder, which had been 5 kg,
was reduced tmsulating ayergormedwen dhe Sifwafekgyas polighed dindble sanamanier
the insulating | ayer was not scratched. In this condition, however, only
about 1000 A 8% inhExample lhasUsing et astamatie tellipseietey, thenchange Hadthe
50 rpmfor 10 _mnutes. Thuys, it was found that the performance of this 15
slurry was vefin faigkness of the & waigr beforenand after polisbing ityasgdetargined,
Exanpl e 3: . Format.i gn  of riumoxi de ains, 3-1: . Fifty
grams of ceri Wm%?"gghﬁaemﬁ&sa%ﬂﬂe 08@ gS@f%’%fnsu'a“"gié?%ﬁ’i' st dhgSlewateng
di spersed therein wt | apet ar Il mll at 280 Og I or 15 .m nutes
to obtain a V\WP?e?mcg%}i ﬁ}ﬁBEQBb a%@ﬁ%l"ﬂpr ;gsv@ipg n azt the WCImeS& Ofn%h
thus-polished insulating layer was almost completely unified throughout
the entire surface of the Si wafer. The thus-polished Si wafer was cut,
10 and its cross section was observed with SEM, which verified that the
insulating layer well covered the Si wafer with no defects such as empty
pores even in the grooves between the wiring lines having a width of 0.1
4m and a depth of 1.0 um. This process was repeated 6 times in all to
form a 6-layered wiring on the Si wafer, of which the cross section was
15 observed with SEM. The SEM observation verified that there was
almost no difference in surface level in each layer throughout the entire
surface of the Si wafer substrate and that the wiring patterns formed were
all good and accurate.
Under the same condition, the CVD film (of SiO2) formed on the
20 Si wafer was polished, resulting in that only about 200 A of the film was
cut off. In this, the ratio of the polishing speed for the organic SOG film
to that for the CVD film was about 20, from which it was confirmed that
only the SOG film was well selectively polished with the abrasive used
herein.
25 Comparative Example 5:
In the same manner as in Example 5, an insulating film layer

was formed on a semiconductor substrate. Without using the cerium



stirring the slurry, 29.2 g of aqueous hydrogen peroxide (about 35 %

was dropw se added thereto, reacted for 1 hour with further stirring, and
theteafter heated up to 90[err]C in a wat bath. After having been stil
stirred for 1 hour at 90[err]C, this was C0oled to roomtenperature, 25
separated the solid fromliquid by a centrifuger, and then dried in a drier
at 120[err]C for 24 hours to obtain 30 g of a white powder. Fromits X-ray
42 di f pxiciet siQfryneéreni Mriddivas Whe terrRatee lof waglti-kgered mifngs ofetheum
oxide. Its appar ent denS|ty as nmeasured in a still standlng met hod was
1.07 g/m .  subsieatent i Howevefdnithe samplesG@repased Brefein to have wirings i3 y
grans of ceriumnitrate was added to 500 g of deionized 5 water, and well
m xed. Then, onirmbretlayers;gtheheifferenicei iry surfacer éevelnwas soagrezduthatothe i on

as prepared by di ssolving 75 g of ammoni um hydr ogencar bonate in 400 g
of distilled adiggenhasipgeopange laweEdlayers toloitcbt opt adUsukeacthed iasutaling
were for 1 hour at roomtenperature to giv ite precipitate. This

white pred pi paffermascedpgrehelveasi. odngaqmour@demat nu@ﬁtlaweslt wiHngs pfm% f or
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mentioned above using a commercially-available cerium oxide grains, of
10 which the powdery X-ray diffraction pattern gave a main peak having a
half-value width of 0.25° . As a result, about 4,100 A of the organic
SOG film layer was cut off, which was almost the same as that cut off in
Example 5, but, about 4000 A of the CVD film formed on the substrate
was also cut off. Thus, using this slurry, it was found impossible to
15 selectively polish only the organic SOG film. In addition, both the
organic SOG film and the CVD film as polished were much scratched.
Then, the weight to the holder, which had been 5 kg, was reduced to 1 kg.
Using the weight of 1 kg, the polished surfaces of the layers were not
scratched. In this condition, however, only about 1000 A of the layers
20 was cut off even after having been polished at 50 rpm for 10 minutes.
Thus, it was found that the performance of this slurry was very poor for
flattening the entire surface of Si wafers.
Example 6:
Formation of Cerium Oxide Grains, 6-1:
25 50 g of cerium carbonate was added to 450 g of deionized water,
and dispersed therein with a planetary ball mill at 2800 rpm for 15

minutes to obtain a white, cerium carbonate slurry. With stirring the



to roomtenperature, separated the solid fromliquid by a centrifuger, and
then dried in a drier at 120[err]C for 24 hours to obtain 20 g of a white
powder. Fromits X-ray diffraction patt g, this white powder was
identified as cerium oxide. Its apparent oje]nsity as neasured in a still 20
standi ng nethod was 1.11 g/ni. Formati on of Cerium Oxide Gains, 3-3:
Fifty grans of cerium amoniumnitrate was added to 500 g of

dei oni zed walsffrry 299 20g| df dEsus Warbgeén per¥idé Habbas 85t % jowas drepsisen
aqueous solutlon as prepared by diSsolving 27 g of aqueous anmmonia in 25
500 g of di stadderd theiets, weactbdood Se hatdewithhiurther, stirihg,eandetharsafteey
were for 1 hour at roomterrperature to give a white precipitate. This

whi te preci piested wis to Q0tCaired waterubathcenifter bgxirighean siibstirneh fasr1 10

43 m nutes for solid-liquid separation by a centri fufger and t hen
dried in a hourdti20°Gtthiswas epdetoto rpmdemparatwp: §Bﬁtf1999dofpf§°Mrt e
powder. Fromits X- ray diffraction patter er, Was
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the powder was measured through transmitting electromicroscopic
observation to be from about 5 to about 10 nm.
10 Formation of Cerium Oxide Grains, 6-2:

Fifty grams of cerium nitrate was added to 500 g of deionized
water, and well mixed. Then, with stirring the resulting mixture, an
aqueous solution as prepared by dissolving 75 g of ammonium
hydrogencarbonate in 400 g of distilled water was dropwise added

15 thereto, and reacted as they were for 1 hour at room temperature to give
a white precipitate. This white precipitate was separated through
centrifugation at 3000 rpm for 10 minutes for solid-liquid separation by a
centrifuger. This was again put into 500 g of deionized water and well
dispersed therein. Then, 60.9 g of aqueous hydrogen peroxide (about

20 35 %) was dropwise added to the resulting dispersion and reacted for 1
hour with still stirring it. Next, this was heated up to 90°C in a water
bath. After having been still stirred for 1 hour at 90°C, this was cooled
to room temperature, separated the solid from liquid by a centrifuger, and
then dried in a drier at 120°C for 24 hours to obtain 20 g of a white

25 powder. From its X-ray diffraction pattern, this white powder was

identified as cerium oxide. The size of the primary grain in the powder



ammoni um pol yacryl ate, and di spersed with a planetary ball mll (P-5
Model , manuf actured by FLITCHE) at 2800 rpmfor 30 minutes. Thus 10 were
obtained three mlky white cerium oxide s%urries. Using a Coul ter

counter (N-4 Mddel, manufactured by N kka-Ki), the grain size distribution
of each slurry was neasured. It was found that the nean grain size of

the grains in each slurry was small to be 176 nm and that each slurry

was a nmono- di gaermedsansd idugh trahemittingeélechraniierssbiodid obseevdtion to be

di stribution. Formation of Insulating Layer: A 4-inch Si
waf er havi ng frbar abouti2 tb@boutcdBinm.and an al um ni um Wi ring in that
order was processed in the sane manner as in Exanple 1 to form an

i nsul ati ng | aFermationexdfrCed0m OuidesGiraigsoB-3:nsul ati ng Layer:

Usi ng any of the ceriumoxide slurries prepared above, the i nsul ati ng

| ayer formed on the Siftyvgramswakceduinsammomium aitsateewasnadded to 504 gi af
Exanpl e 1. Using an automatic ellipsoneter, the change in the  film
t hi ckness Bf daonizedayaterpand welh mixad: erWBBIStB'HFQQf Pt ragating Maixiee AN 25

whi ch verified that about 4,000 A of .the j [Lati | f the Si f
was cut of f t AABEAHS SAUHRN ASPiapared AY HISTONVIRG 21a8 THAIYERYS ATVEORHE ihe
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were for 1 hour at room temperature to give a white precipitate. This
white precipitate was separated through centrifugation at 3000 rpm for 10
10 minutes for solid-liquid separation by a centrifuger, and then dried in a
drier at 120°C for 24 hours to obtain 15 g of a white powder. From its X-
ray diffraction pattern, this white powder was identified as cerium oxide.
The size of the primary grain in the powder was measured through
transmitting electromicroscopic observation to be from about 5 to about
15 10 nm.
Formation of Cerium Oxide Slurries:

Ten grams of each of those three cerium oxide powders was
dispersed in 100 g of deionized water, to which was added 1 g of
ammonium polyacrylate, and dispersed with a planetary ball mill (P-5

20 Model, manufactured by Flitche) at 2800 rpm for 30 minutes. Thus were
obtained three milky white cerium oxide slurries. Using a Couiter
counter (N-4 Model, manufactured by Nikka-ki), the grain size distribution
of each slurry was measured. It was found that the mean grain size of
the grains in each slurry was small to be 176 nm, and that each slurry

25 was a mono-dispersed one having a relatively narrow grain size
distribution.

Formation of Insulating Layer:



the entire surface of the Si wafer. The thus-polished Si wafer was cut,

and its cross section was observed with SEM which verified that the
insulating |ayer well covered the Si wafeg-with no defects such as enpty
pores even in the grooves between the wirrng lines having a width of 0.1 5
[erf]mand a depth of 1.0 [err]m This process was repeated 6 tines in all
to’ forma 6-layered wiring on the Si wafer, of which the cross section
was observed w Ay Si WerePhMyvirRP sitdréahi & 1C@adirduiednthat alumirdumas

al nrost no difference in surface level in each |ayer throughout the entire
surface of thgirfig JWaitRsrnsinoshaoedandvdsh protdesed in rthepsammer nsaringmad iner e

10 all good and accurate. Conpar ati ve Exanple 3: In the
same manner aExampidriol forfh aninsulatingtlayer thereohayer was forned on a
sem conductor substrate. Wthout using the cerium oxi de slurry herein,

tried was thePobehing efiinsulating Layeiyered wirings on the 15 substrate.
However, in the sanples prepared herein to have wirings of 3 or re
| ayers, tHe differenbsing any refcthe casiumaoxige glwsies: prepaned above, thecent
upper and lower |ayers could not ensure the insulating,, erformance
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the entire surface of the Si wafer. The thus-polished Si wafer was cut,
and its cross section was observed with SEM, which verified that the
insulating layer well covered the Si wafer with no defects such as empty
15 pores even in the grooves between the wiring lines having a width of 0.1
um and a depth of 1.0 um. This process was repeated 6 times in all to
form a 6-layered wiring on the Si wafer, of which the cross section was
observed with SEM. The SEM observation verified that there was
almost no difference in surface level in each layer throughout the entire
20 surface of the Si wafer substrate and that the wiring patterns formed were
all good and accurate.
Comparative Example 6:
In the same manner as in Example 6, an insulating film layer
was formed on a semiconductor substrate. Without using the cerium
25 oxide slurry herein, tried was the formation of multi-layered wirings on the

substrate. However, in the samples prepared herein to have wirings of 3

or more layers, the difference in surface level was so great that the



45 the weight of 1 kg, the polished surface of the insulating |ayer
was not scratched. In this condition, however, only about 1000 A of

t he’l ayer was cut off even after having been polished at 50 rpmfor 10
m nut es. Thus, it was found that t he 3%er f or mance of this slurry was
very poor for 5 flattening the entire surface of Si wafers. Exanpl e
4. Formati on of Cerium Oxide Gains, 4-1: Fifty gram; of

cerium carbon r0 nj dind ed
therein with gagﬁ‘%ﬁ’zt gﬁﬁ%g ta;ﬂ EY‘%at i%e’S f‘g@l?ppné H%%Fgm tr?tjji{]e's to obtain
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aqueous hydrogen peroxide (about 35 % was dropw se added thereto,

reacted for lohengreviaybrd golleniotsbe formed ittisis CompabstivaExampie®.ed up to
90[err]Cin a water bath. After having been still stirred for 1 hour

at 90[err] C, this wa®rthe etherohandnpolishingafithe, insblatmgplilmtayert sameds d
fromliquid by a centrifuger, and then dried in a drier at 120[err]C
for 24 hours mendlsnsichabove wis triadthinith palarey prepared isthe sage manner as
diffraction pattern, this white powder was identjfied as ceriumoxide. [ts
appar ent dens m%ntw%abgvewsrngaa Péﬂbﬂﬂ’@l@‘ﬁf pyailakle gerigmgpxide grains, of
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at roomt enpe
10 polishing and, in addition, the polished surface of the layer was much

scratched. Then, the weight to the holder, which had been 5 kg, was

reduced to 1 kg. Using the weight of 1 kg, the polished surface of the

tayer was not scratched. In this condition, however, only about 500 A of

the layer was cut off even after having been polished at 50 rpm for 10
15 minutes. Thus, it was found that the performance of this slurry was very

poor for flattening the entire surface of Si wafers.

Example 7:

Formation of Cerium Oxide Grains, 7-1:

Fifty grams of cerium carbonate was added to 450 g of

20 deionized water, and dispersed therein with a planetary ball mill at 2800

rom for 15 minutes to obtain a white, cerium carbonate slurry. With

stirring the slurry, 29.2 g of aqueous hydrogen peroxide (about 35 %)

was dropwise added thereto, reacted for 1 hour with further stirring, and

thereafter heated up to 90°C in a water bath. After having been still
25 stirred for 1 hour at 90°C, this was cooled to room temperature,

centrifuged for solid-liquid separation, and then dried in a drier at 120°C

for 24 hours to obtain 30 g of a white powder. From its X-ray diffraction



25 a white precipitate. This white precipitate was separated through
centrifugation at 3000 rpmfor 10 mnutes for solid-liquid separation by a
centrifuger. This was again put into 500 of dei oni zed water and wel |

46 di spersed therein. Then, 60.9 g 8f aqueous hydrogen peroxi de
(about 35 %9 was dropwi se added to the resul ting dispersion and
reacted for 1 hour with still stirring it. Next, this was heated up to

90[err] Cin ¥, this w wifel Shad b NS RR Sbrililn Skide! edrHieprimaygur
at 90[err]C, a? IS Was coo Bo to ?oomte#rperaturéu separ at ed tt?é s%.?rld

fromliquid b?a@nc%lté' fmgelthe ar;sbwder e diesslred athfough atrah8iiting] C
for 24 hours to obtain 20 g of a white powder. Fromits X-ray

di ffraction pelectromictddcopidi dleseroation mnasbe fromi cvowitf 5etd sabadr i1@mnoxi de.
| ts apparent density as neasured in a ping nmethod was 1.52 g/ni. 10
Formati on of Through Gcadaing aalastromn@'oscoplc ogservatlon,fw geaeadary @éaqnum

anmonium nitrate was added to 500 g dei oni zed water, and well
m xed. W tsh ssizerindtwasemeasurad tqbaisbaitd.244m. aqueous sol ution as
prepared by dissolving 27 g of aguegus anmonia in 500 g of distilled

wat er was droBW@étlaﬂdgcp?Wéme@B'dea Half‘§a3t%d as they 15 were for 1 hour
e
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10 hydrogencarbonate in 400 g of distilled water was dropwise added
thereto, and reacted as they were for 1 hour at room temperature to give
a white precipitate. This white precipitate was separated through
centrifugation at 3000 rpm for 10 minutes for solid-liquid separation by a
centrifuger. This was again put into 500 g of deionized water and well
15 dispersed therein. Then, 60.9 g of aqueous hydrogen peroxide (about
35 %) was dropwise added to the resulting dispersion and reacted for 1
hour with still stirring it. Next, this was heated up to 90°C in a water
bath. After having been still stirred for 1 hour at 80°C, this was cooled
to room temperature, separated the solid from liquid by a centrifuger, and
20 then dried in a drier at 120°C for 24 hours to obtain 20 g of a white
powder. From its X-ray diffraction pattern, this white powder was
identified as cerium oxide. The size of the primary grain in the powder
was measured through transmitting electromicroscopic observation to be
from about 2 to about 5 nm. Through scanning electromicroscopic
25 observation, the size of the secondary grain in it was measured to be
from about 0.2 to about 0.3 um.

Formation of Cerium Oxide Grains, 7-3:



20 Its apparent density as nmeasured in a tapping nmethod was 1.49 g/m .
Formation of Cerium Oxide Slurries: Ten granms of each of those
thrée cerium oxi de powders was di spersged in 100 g of deionized water,
to which was added 1 g of anmoni um poﬁacryl ate, and dispersed with a
pl anetary ball mll (P-5 25 Mdel, manufactured by Flitche) at 2800 rpm
for '30 m nutes. Thus were obtained three mlky white cerium oxide

slurries. Using a Cgjftyqjrams of cerhtanMofirkdftraté Wiy agHEe® 8¥0 g of

Ni kka-ki), the grain size distribution

47 of elidnizbdrwiteraandeaei mked.t Wah &i0ving tHteddligngBalktgreli dn

si ze of the grains in each slurry was snmall to be 176 nm and that
each slurry aqueowsssalutionasipserareddbp iéssuiving? A gr of aguegeuy ammonia gt ai n
si ze distribution. 5 Formation of Insulating Layer: A
4-inch Si waf &00hg\afrdjstithed sateawadsClmipwisetaddet] theretayramd neacted asithéeng
pattern in that order was processed in the sanme nmanner as in Exanple 1
to form an5i n¥aret fargl | ke at wepabiemperatupe|tpsgivega ovhite spregipitajel ayids

10 Usi.ng any of the cerium oxide slurries prepared above, the

i nsul ating | amitqg Brefinitate was ssparated thigygpsanititigation ak3Qafeprufaret0
as in Exampl erﬂ]huyessi Sr %gligﬂllq%a tsiecpa?'la{icinfi) Oyn%t Sémnlff}éeﬁ haar?get‘hietq ctir?gd in a
drier at 120°C for 24 hours to obtain 15 g of a white powder. From its X-
ray diffraction pattern, this white powder was identified as cerium oxide.
10 The size of the primary grain in the powder was measured through
transmitting electromicroscopic observation to be from about § to about
10 nm. Through scanning electromicroscopic observation, the size of
the secondary grain in it was measured to be from about 0.2 um.
Formation of Cerium Oxide Slurries:
15 Ten grams of each of those three cerium oxide powders was
dispersed in 100 g of deionized water, to which was added 1 g of
ammonium polyacrylate, and dispersed with a planetary ball miil (P-5
Model, manufactured by Flitche) at 2800 rpm for 30 minutes. Thus were
obtained three milky white cerium oxide slurries. Using a Coulter
20 counter {N-4 Model, manufactured by Nikka-ki), the grain size distribution
of each slurry was measured. [t was found that the mean grain size of
the grains in each slurry was small to be 176 nm, and that each slurry
was a mono-dispersed one having a relatively narrow grain size
distribution.

25 Formation of Insulating Layer:



filmthickness of the Si wafer before and after polishing it was

det er m ned, whi ch verified that about 4,000 A of the insulating |ayer
of the Si wafer 15 was cut off through t polishing, resulting in that

t he thickness of the t hus- pol i shed inisul ati ng | ayer was al nost

conpl etely unified throughout the entire surface of the Si wafer. The
t hus-polished Si wafer was cut, and its cross section was observed

with SEM which verifA gdintRagi Wafer havinbrtﬁl#é’éﬂ a8 IG¥REUMRId aAVAUATIniuAe S
wafer with no defects such as enpty 20 “pores even in the grooves between

the wiring |ingengagangrms i thiah oride®. kias prockeséd mattte aate®tmanhed 4% in

[err]m This process was repeated 6 tines in all to forma 6-1ayered
wi ring on theElamplect to é6rmiancimsuleting layer seetdoon was observed with
SEM The SEM observation verified that there was al nrost no

di f f erence i nRalishing of bvelllatingdayer] ayer throughout the entire 25 surface
of the Si wafer substrate and that the wiring patterns fornmed were

all good aBd accurat &Jsing anyoabdhat redumsidle sfurries prepared above, the
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film thickness of the Si wafer before and after polishing it was determined,
which verified that about 4,000 A of the insulating layer of the Si wafer
10 was cut off through the polishing, resulting in that the thickness of the
thus-polished insulating layer was almost completely unified throughout
the entire surface of the Si wafer. The thus-polished Si wafer was cut,
and its cross section was observed with SEM, which verified that the
insulating layer well covered the Si wafer with no defects such as empty
15 pores even in the grooves between the wiring lines having a width of 0.1
um and a depth of 1.0 um. This process was repeated 6 times in all to
form a 6-layered wiring pattern on the 8i wafer, of which the cross section
was observed with SEM. The SEM observation verified that there was
almost no difference in surface level in each layer throughout the entire
20 surface of the Si wafer substrate and that the wiring patterns formed were
all good and accurate.
Comparative Example 7:
In the same manner as in Example 7, an insulating film layer
was formed on a semiconductor substrate. Without using the cerium
25 oxide slurry herein, tried was the formation of muliti-layered wirings on the
substrate. However, in the samples prepared herein to have wirings of 3

or more layers, the difference in surface level was so great that the



substrate. However, in the sanples prepared herein to have wirings of 3 5
or nore layers, the difference in surface |evel was so great that the
adj'acent upper and |ower |ayers could notggnsure the insulating
performance therebetween. It was found that nulti-layered wirings of 3

or nore |ayers could not be formed in this Conparative Exanple 4.

On the other hand, polishing of the insulating filmlayer sane as 10

menti oned aboy@javept t Upper Wahll dowbk layeps epoukldl not témswenethearinsolading
menti oned above using a commercial |l y-avail abl e cerium oxi de grains

R e o i Zh e
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insul ating |ayer polished herein was nuch scratched. Then, the weight
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4 10 and scanning electromicroscopic observation. As a result, only about
2,000 A of the insulating layer was cut off through the polishing and, in
addition, the polished surface of the layer was much scratched. Then,
the weight to the holder, which had been 5 kg, was reduced 1o 1 kg.
Using the weight of 1 kg, the polished surface of the layer was not
15 scratched. In this condition, however, only about 500 A of the layer was
cut off even after having been polished at 50 rpm for 10 minutes. Thus,
it was found that the performance of this slurry was very poor for
flattening the entire surface of Si wafers.
Example 8:
20 Formation of Cerium Oxide Grains, 8-1:
Fifty grams of cerium carbonate was added to 450 g of
deionized water, and dispersed therein with a planetary bail mill at 2800
rom for 15 minutes to obtain a white, cerium carbonate slurry. With
stirring the slurry, 29.2 g of aqueous hydrogen peroxide (about 35 %)
25 was dropwise added thereto, reacted for 1 hour with further stirring, and
thereafter heated up to 90°C in a water bath. After having been still

stirred for 1 hour at 90°C, this was cooled to room temperature,



was dropw se added thereto, reacted for 1 hour with further stirring, and
thereafter heated up to 90[err]C in a water bath. After having been stil
stirfed for 1 hour at 90[err]C, this was cgoled to roomtenperature,
separated the solid fromliquid by centrifuger, and then dried in a drier
at 5 120[err]C for 24 hours to obtain 30 g of a white powder. Fromits

X-ra'y diffraction pattern, this white powder was identified as cerium
oxi de. TheeritAtdgediee suiidliiguid separdtfdf AedihapRRRYd RDal driéhat RQoseT Y
X-ray diffraction pattern of this powder was measured to be 1.38[err]
Formation of Geri2dmh&digito cbeains30 g @f ahite powder. FrbfhyitgNeray diffietionm
nitrate was added to 500 g of deionized wat er, and well m xed. Then,
with stirring paitermssthig whjterpowdes, was identifiedme cesuaploxidenn The siepaofed
by dissolving 75 g of ammoni um hydr ogencarbonate in 400 g of distilled

wat er was dr opthiessegondary grain hier the, pawder csias enheasuréd ythreughf seanningur
at roomtenperature to give 15 a white precipitate. This white

preci pi t at & weeleshpariarasgopic obgervation ¢erhe iagogét(l-arﬂfat docadifians é was
m nutes for solid-|iquid separation bx a centrifuger. This was again
put into 500 gosnddtatheeauileept gaghvrl those segpriarysg@inpdiad almenkno

60.9 g of aquequs hydrogen peroxi de glabout 35 %9 was dropwi se added to

the resul ting NFPLYNGH 4R was gesy f"BPnfi% hour with still stirringit.
Xt 1 vaselialish O A IRIGUERSGIng Bker | bath Alter having
et e CS0LY LY RS, Bt Sl iERegddieg 500 of dojofed
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aqueous solution as prepared by dissolving 75 g of ammonium
hydrogencarbonate in 400 g of distilled water was dropwise added
thereto, and reacted as they were for 1 hour at room temperature to give
a white precipitate. This white precipitate was separated through
15 centrifugation at 3000 rpm for 10 minutes for solid-liquid separation by a
centrifuger. This was again put into 500 g of deionized water and well
dispersed therein. Then, 60.9 g of aqueous hydrogen peroxide (about
35 %} was dropwise added to the resulting dispersion and reacted for 1
hour with still stirring it. Next, this was heated up to 90°C in a water
20 bath. After having been still stirred for 1 hour at 90°C, this was cooled
to room temperature, separated the solid from liquid by a centrifuger, and
then dried in a drier at 120°C for 24 hours to obtain 20 g of a white
powder. From its X-ray diffraction pattern, this white powder was
identified as cerium oxide. The size of the secondary grain in the

25 powder was measured through scanning electromicroscopic observation

to be from about 0.2 to about 0.3 um. In addition, it was found that the



powdery X-ray diffraction pattern of this powder was neasured to be

1.30[err] 50 Formati on
of Cerium Oxide Grains, 5-3: ifty grans of cerium ammoni um
nitrate was added to 500 g of dei oni zéd water, and well mxed. Wth
stirring the resulting mxture, an aqueous sol ution as prepared by

di ssolving 27 g of aqueous ammnia in 5 500 g of distilled water was
dropwi se addegitfigs R}f0sadth Gir haskese@d g rams h\e@r 8IrhOst ﬁof‘!ﬂiﬁr ofmm

tenperature to give a white precipitate. white precipitate was
separ at ed thr(amhwaergénﬂwgmndjghat 3000 rpmfor 10 m nut es for
solid-liquid separation by a centrifuger, and then dried in a drier at

120[ err] C f or Exfntatiorsof CeviunaiOxidé Grairis,28-8hi t e powder. Fromits X- 10

ray diffraction pattern, this white powder was identified as cerium oxide.
The hal f-val ue wi dth Fiftyt gramsiof qeshin gppeeniuny hitratéwasmaddeyd to bAY g of
diffraction pattern of this powder was neasured to be 1.44[err]
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were for 1 hour at room temperature to give a white precipitate. This
white precipitate was separated through centrifugation at 3000 rpm for 10
10 minutes for solid-liquid separation by a centrifuger, and then dried in a
drier at 120°C for 24 hours to obtain 15 g of a white powder. From its X-
ray diffraction pattern, this white powder was identified as cerium oxide.
The size of the secondary grain in the powder was measured through
scanning electromicroscopic observation to be about 0.2 um. In addition,
15 it was found that the outline of each of those secondary grains had
almost no sharp corners and was gently roundish.
Formation of Cerium Oxide Slurries:
Ten grams of each of those three cerium oxide powders was
dispersed in 100 g of deionized water, to which was added 1 g of
20 ammonium polyacrylate, and dispersed with a planetary ball mill (P-5
Model, manufactured by Flitche) at 2800 rpm for 30 minutes. Thus were
obtained three milky white cerium oxide slurries. Using a Coulter
counter {N-4 Model, manufactured by Nikka-ki), the grain size distribution
of each slurry was measured. It was found that the mean grain size of
25 the grains in each slurry was small to be 176 nm, and that each siurry
was a mono-dispersed one having a relatively narrow grain size

distribution.



obtained three mlky white ceriumoxide slurries. Using a Coulter

counter (N-4 Mddel, manufactured by N kka-ki), the grain size distribution
20 "of each slurry was neasured. It was fgynd that the nean grain size of
the grains in each slurry was small to be 176 nm and that each slurry
was_a nono-di spersed one having a relatively narrow grain size

di stribution. Formation of Insulating Layer: 25 A 4-inch S

waf er havi ng Féengeon of Ihéulatinguidyernd an al umi ni um wiring pattern in
t hat order was processed in the sane manner as in Example 1 to form an

i nsul ating | ayer theAebinch Si wafer having thereon an 1C circuit and an aluminiumsg
Pol i shing of Insulating Layer: Usi ng any of the cerium oxide
slurries prepairing gadtern rhéhat ordemwWasaproeessedein thensamen mannes; agaifer
was polished in the same nmanner . as in Exanple 1. Using an automatic
el | i psonet er , Exampiedrigefarm andns@ating|layemth@t@eBs of the Si wafer before

and after polishing it was detern ned, whi ch verified that about 4,000
A of the i5nsuP§U$|h'@9I@y’@ﬁuéﬁt‘ﬁgﬁLaﬁ?nwafer was cut off through the
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film thickness of the Si wafer before and after polishing it was determined,
10 which verified that about 4,000 A of the insulating layer of the Si wafer
was cut off through the polishing, resulting in that the thickness of the
thus-polished insulating layer was almost completely unified throughout
the entire surface of the Si wafer. The thus-polished Si wafer was cut,
and its cross section was observed with SEM, which verified that the
15 insulating layer well covered the Si wafer with no defects such as empty
pores even in the grooves between the wiring lines having a width of 0.1
um and a depth of 1.0 um. This process was repeated 6 times in all to
form a 6-layered wiring on the Si wafer, of which the cross section was
observed with SEM. The SEM observation verified that there was
20 almost no difference in surface level in each layer throughout the entire
surface of the Si wafer substrate and that the wiring patterns formed were
all good and accurate.
Comparative Example 8:
In the same manner as in Example 8, an insulating film layer
25 was formed on a semiconductor substrate. Without using the cerium
oxide slurry herein, tried was the formation of multi-layered wirings on the

substrate. However, in the samples prepared herein to have wirings of 3



pores even in the grooves between the wiring lines having a width of 0.1
[err]mand a depth of 1.0 [err]m This process was repeated 6 tines in al

to * forma 6-layered wiring on the Si gyfer, of which the cross section

was 15 observed with SEM The SEM observation verified that there was
al npst no difference in surface |level in each layer throughout the entire
surface of the Si wafer substrate and that the wiring patterns formed were

all good and agcmobeé dlayers, the differendd@ersiirhgce dsvelc aad tsboPreathmaﬁVméi I'm
(of Sigerr]) formed on the 20 Si wafer was polished, resulting in that

only about 20@dfacentt upperl randaslower layérsofdould nnobi ensube thed | insefatirg
pol i shing speed for the organic SOG film to that for the CVD fil mwas
about 20, fropewiormance thesebetwéemedititwas found that ynultidapeed wirngaofvi| |
sel ectively polished with the abrasive used herein. 25 Conparative
Exanpl e 5: or more layers cautchaothedormaddn this Campazative Exampleithsul ati ng
filmlayer was formed on a sem conductor substrate. Wthout using the
cerium 5 On the other hand, polishing of the ingplating film dgyefesameras

Subst rat e, HoMATBIONSH aBRYS kR e Hith s A HarEPA e T Ve SATTY MAnnAr as
or more [ ayer gedlihell BbBL8"iding  ToAERibAY-BVallaBle® e Mt bxiddrdiR, of
which the secondary grains were found to have a secondary grain size of
about 1.0 um through scanning electromicroscopic observation and in
10  which the outline of each secondary grains was found to have edges
having an angle falling between 60° and 110° . As a result, only
about 2,100 A of the insulating layer was cut off through the polishing
and, in addition, the polished surface of the layer was much scratched.
Then, the weight to the holder, which had been 5 kg, was reduced to 1 kg.
15 Using the weight of 1 kg, the polished surface of the layer was not
scratched. In this condition, however, only about 500 A of the layer was
cut off even after having been polished at 50 rpm for 10 minutes. Thus,
it was found that the performance of this slurry was very poor for
flattening the entire surface of Si wafers.
20 Example 9:
Formation of Cerium Oxide Grains, 9-1:
Fifty grams of cerium carbonate was added to 450 g of
deionized water, and dispersed therein with a planetary ball mill at 2800
rpm for 15 minutes to obtain a white, cerium carbonate slurry. With
25 stirring the slurry, 29.2 g of aqueous hydrogen peroxide (about 35 %)
was dropwise added thereto, reacted for 1 hour with further stirring, and

thereafter heated up to 90°C in a water bath. After having been still
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adj acent upper and |ower layers could not ensure the insulating 5
performance therebetween. It was found that nmulti-layered wirings of 3

or nore layers could not be formed in t hi gg5Conpar ative Exanple 5.

On the other hand, polishing of the insulating filmlayer sane as

menti oned above was tried with a slurry prepared in the same manner as
ment i oned above using a conmmercially-avail abl e cerium oxi de grains, of 10

whi ch the povetirgd Xfarayl chddr att 9ORCpatHier wagacooted®ion RO ternpeaitare,
hal f-value width of 0.25[err] . As a result, about 4,100 A of the organic
SOG fil m | ayetentefugad farf solidiiquid separdtiorstand themmaeicasint hadrienuat aRO°Cn
Exampl e 5, but, about 4000 A of the CVD filmformed on the substrate

was al so cut fef 24 haues taobtajnt30 ¢ fl awhite powdes. f Foom itsposay diffractions
selectively polish only the organic SOG film ~In addition, both the
organi ¢ SOG fRatteTamdhish whitepppwder axap dieatitied as eeriupn oxédest chbe. aspect

Then, the weight tq the hol der, whjch had been 5 kg, was reduced to 1 kg.
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cerium carbonate slurry. Wth stirr

10 aqueous solution as prepared by dissolving 75 g of ammonium
hydrogencarbonate in 400 g of distilled water was dropwise added
thereto, and reacted as they were for 1 hour at room temperature to give
a white precipitate. This white precipitate was separated through
centrifugation at 3000 rpm for 10 minutes for solid-liquid separation by a

15 centrifuger. This was again put into 500 g of deionized water and well
dispersed therein. Then, 60.9 g of aqueous hydrogen peroxide (about
35 % ) was dropwise added to the resulting dispersion and reacted for 1
hour with still stirring it. Next, this was heated up to 90°C in a water
bath. After having been still stirred for 1 hour at 90°C, this was cooled

20 to room temperature, separated the solid from liquid by a centrifuger, and
then dried in a drier at 120°C for 24 hours to obtain 20 g of a white
powder. From its X-ray diffraction pattern, this white powder was
identified as cerium oxide. The aspect ratio of the primary grains in the
powder was measured through transmitting electromicroscopy to be 1.4.

25 Formation of Cerium Oxide Grains, 9-3:

Fifty grams of cerium ammonium nitrate was added to 500 g of

deionized water, and well mixed. With stirring the resulting mixture, an



53 slurry, 29.2 g of aqueous hydrogen peroxide (about 35 % was

dr opw se added thereto, reacted for 1 hour with further stirring, and
ther eaf t er heated up to 90[err]Cin a_water bath. After having been
still stirred for 1 hour at 90[err]C, "this was cooled to room
tenperature, centrifuged for solid- 5 [liquid separation, and then dried
in‘adrier at 120[err]C for 24 hours to obtain 30 g of a white powder.
Fromits X .a%%@é%é 86lutRsh B8'drépAred B?Sdi%d)l_\lﬁhg 27 g RPwRIeoussaimheonaf ined
as cerium oxi de. e size of the primafy grain in t he powder was

measur ed thr oggd g‘béﬂaﬁéﬁl leli Water! was deopwistsadoed theretopaner neaicted ascthisy
fromabout 5 to about 10 nm 10 Formation of Cerium Oxi de Grains, 6-2:

Fifty grans ofyepeform hiour adterown teduratature5tn giverfa sdiitenprecipitate. Whiser
and well mxed. Then, with stirring the resulting m xture, an aqueous

sol ution as pwhiterprécipitaie veas sepgratsd¢ghosughmenirifugation at\aRM,eedebdRat e
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they wer e & orminwtesr faat solisbliguishgepatation by gicgntrifugerq apg them, diedon & e
This white precipitat e _was separ at ed throuqh centrifugati at .,3Q00
rpmfor 10 midieest A30°Gdpr @4 hejnsdosehiain Pdh oh# White POWgR: %‘H&Er‘? i s
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Ten grams of each of those three cerium oxide powders was
dispersed in 100 g of deionized water, to which was added 1 g of
ammonium polyacrylate, and dispersed with a planetary ball mill (P-5
Mode!, manufactured by Flitche) at 2800 rpm for 30 minutes. Thus were

15 obtained three milky white cerium oxide slurries. Using a Coulter
counter {(N-4 Model, manufactured by Nikka-ki), the grain size distribution
of each slurry was measured. It was found that the mean grain size of
the grains in each slurry was small to be 176 nm, and that each slurry
was a mono-dispersed one having a relatively narrow grain size

20 distribution.

Formation of Insulating Layer:

A 4-inch Si wafer having thereon an IC circuit and an aluminium
wiring pattern in that order was processed in the same manner as in
Example 1 to form an insulating layer thereon.

25 Polishing of Insulating Layer:

Using any of the cerium oxide slurries prepared above, the

insulating layer formed on the Si wafer was polished in the same manner



25 powder. Fromits X-ray diffraction pattern, this white powder was
i dentified as cerium oxide. The size of the primary grain in the powder

54 ~ was neasured through transmtti ng7el ectromn croscopi ¢ observation
to be fromabout 2 to about 5 nm Formation of Cerium Oxide
G ains, 6-3: Fifty grams of ceriumamoniumnitrate was added

to SPO'g of 5 deionized water, and well m xed. Wth stirring the

resul ting mxiding Eddmple 1.20USRYS afChtidrRat @ lRfSierst, ke deivarnde iingha?
of aqueous anmonia In P 500 @ng distilled \/\m/a)qer was dropw se addgd )
thereto, and filgRenieRnéss bhelye Si wafeebefdrerarid after palishimgit veaxpdetarmiredp

give a white precipitate. This white precipitate was separated through
centrifugati owhith 96ffledpimat cbol® 4,000nAmoft the frsulating dayerqmp the Hjawaferon
by a centrifuger, and then dried in a drier at 120[err]C for 24 hours

to obtain 15 wasfcut offi theopghtbe. petighing: sesulting in that dner thigkoesh Qfatheer n,

this white powder was identified as cerium oxi de. The ,size of the
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planetary bal {nsrfxilétkné Il:)f:ifer well covered the Si wafer with no defects such as empty
pores even in the grooves between the wiring lines having a width of 0.1

10 um and a depth of 1.0 um. This process was repeated 6 times in all to
form a 6-layered wiring on the Si wafer, of which the cross section was
observed with SEM. The SEM observation verified that there was
almost no difference in surface level in each layer throughout the entire
surface of the Si wafer substrate and that the wiring patterns formed were

15 all good and accurate.
Comparative Example 9:

In the same manner as in Exampie 9, an insulating film layer
was formed on a semiconductor substrate. Without using the cerium
oxide slurry herein, tried was the formation of multi-layered wirings on the

20 substrate. However, in the samples prepared herein to have wirings of 3
or more layers, the difference in surface level was so great that the
adjacent upper and lower layers could not ensure the insulating
performance therebetween. It was found that multi-layered wirings of 3
or more layers could not be formed in this Comparative Example 9.

25 On the other hand, polishing of the insulating film layer same as
mentioned above was tried with a slurry prepared in the same manner as

mentioned above, but using a commercially-available cerium oxide grains,



20 Model, manufactured by Flitche) at 2800 rpmfor 30 m nutes. Thus were
obtained three mlky white ceriumoxide slurries. Using a Coulter

coufiter (N-4 Model, manufactured by N kka- léh the grain size distribution
of each slurry was nmeasured. It was found %®hat the nean grain size of
the‘grai ns in each slurry was small to be 176 nm and that each slurry 25
was “a nono-di spersed one havi ng arelatively narrow grain size

di stribution. of whlcﬁoﬂh@?n I‘aﬁﬁé”\ﬁél‘e"%&ﬁ% 9% have an_aspect ratio of 3.0

55 fer havi ng thereon an rcuit an
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as in Exanpl e to forman insulating l'ayer thereon. Pol i shi ng of

I nsul ating Layg000 A of the insulating/fiyeg veay cat offh evhiet ey akholst thieusamesas
prepared above, the insulating |ayer forned on the Si wafer was

pol i shed in tﬂmtstaﬁeoﬁﬁanr@campte 9abut thésanialce df thidsinsyiating tayerapolished

el lipsoneter, the change in the filmthickness of the Si wafer before

and after E'pol hergingwas mieh caratahieded, Then, thehwelghtdlioi thesboldeart vduohthaq 000
A of the |nsulat|n | ayer of the Si wafer 10 was cut off thr rough t
pol i shing, reb@ehih&g Wanrdysad thilckaestsitg the weight of 1 kg, the POhshed

surface of the layer was not scratched. In this condition, however, only
about 500 A of the layer was cut off even after having been polished at
50 rpm for 10 minutes. Thus, it was found that the performance of this
10 slurry was very poor for flattening the entire surface of Si wafers.
Example 10:
Formation of Cerium Oxide Grains, 10-1:
Fifty grams of cerium carbonate was added to 450 g of
deionized water, and dispersed therein with a planetary ball mill at 2800
15 rpm for 15 minutes to obtain a white, cerium carbonate slurry. With
stirring the slurry, 28.2 g of aqueous hydrogen peroxide {about 35 %)
was dropwise added thereto, reacted for 1 hour with further stirring, and
thereafter heated up to 90°C in a water bath. After having been still
stirred for 1 hour at 90°C, this was cooled to room temperature,
20 separated the solid from liquid by a centrifuger, and then dried in a drier
at 120°C for 24 hours to obtain 30 g of a white powder. From its X-ray
diffraction pattern, this white powder was identified as cerium oxide. Its
specific surface area as measured through nitrogen adsorption was 111
mZ2/g; its apparent density as measured in a still standing method was
25 1.07 g/ml; its apparent density as measured in a tapping method was
1.43 g/ml; its powdery X-ray diffraction pattern gave a main peak, of

which the half-value width was 1.38° ; the size of the primary grain in the



t hus-polished insulating |ayer was al nost conpletely unified throughout
the_gntlre surface of the Si wafer. The thus-polished Si wafer was cut,
and”its cross section was observed with § which verified that the

insul ating layer well covered the Si wafer"with no defects such as enpty 15
pores even in the grooves between the wiring lines having a width of 0.1
[erf]mand a depth of 1.0 [err]m This process was repeated 6 times in al

to for mﬁ’oﬁgél\?\}lﬁseﬁxé&s@ré@ tﬁfbd&l’ﬁtrShsMﬁﬁtm@ elebtramiciogdopycioobe feemt i on

was observe SEM The SE observation verified that there was

al nost no di fAi86@s 8o igboutriitaam; lthe Gecondeng graiaysize wirtheglesondalne geainisr e
20 surface of the Si wafer substrate and that the wiring patterns formnmed

wer e al | cgestituting acther at powder  Geapar aneasuedanptiyosigh scanmng
In the same manner as in Exanple 6, an insulating filmla

formed on a seleictromicoasnopyuts beaakoutdthpm; ard %betmilBQrQﬁJﬁﬁQB °fo'SUQ§@
slurry herein, tried was the formation of nulti-|layered wrings on_the

subst rat e.5 Hosesandaryrgrains bagmlmeshnepsharg Q@P@I’snaf‘g W% 8 ngHEdlﬁh 3
or nore layers, the difference_ in s rface | evel was so great that the

52rfOrmncgd{ﬁzﬂﬁgtﬂbﬁﬁgﬂl@“@w&f 52'8?5 18%i1 d not ensure the insul ating

(F;r nore |ayers coul diéﬁgfngﬁ%mﬁo?ﬁﬁsﬂﬁﬁl Pm%ec%a%g{jé%gbég% Ieoqg&el%'Z%d
water, and well mixed. Then, with stirring the resulting mixture, an
aqueous solution as prepared by dissolving 75 g of ammonium

10 hydrogencarbonate in 400 g of distilled water was dropwise added
thereto, and reacted as they were for 1 hour at room temperature to give

a white precipitate. This white precipitate was separated through
centrifugation at 3000 rpm for 10 minutes for solid-liquid separation by a
centrifuger. This was again put into 500 g of deionized water and well

15 dispersed therein. Then, 60.9 g of aqueous hydrogen peroxide (about
35 % ) was dropwise added to the resulting dispersion and reacted for 1
hour with still stirring it. Next, this was heated up to 90°C in a water
bath. After having been still stirred for 1 hour at 90°C, this was cooled

to room temperature, separated the solid from liquid by a centrifuger, and

20 then dried in a drier at 120°C for 24 hours to obtain 20 g of a white
powder. From its X-ray diffraction pattern, this white powder was
identified as cerium oxide. Its specific surface area as measured
through nitrogen adsorption was 112 m2/g; its apparent density as
measured in a still standing method was 1.11 g/mi; its apparent density

25 as measured in a tapping method was 1.52 g/ml; its powdery X-ray
diffraction pattern gave a main peak, of which the half-value width was

1.30° ; the size of the primary grain in the powder was measured through



On the other hand, polishing of the insulating filmlayer sane as 5
ment i oned above was tried wwth a slurry prepared in the same manner as
menti oned above using a commercially-availabl e cerium oxi de grains, of
whieh the primary grains were found to have a primary grain size of about
50 nm through transmtting el ectrom croscopic observation. As a result,
only about 2,000 A of the insulating |ayer was cut off through the 10

pol i shi ng andirghgmtitig ie%btréﬂﬁ&r@@b%ﬁr% BE' fréf€ aBbut 122 tbaxB6uBS nftiCthe
scratched. Then, the wvieight to the hol der, which had been 5 kg, was

reduced to 1 k@coh&aﬂ]rggltéiﬂs\ifethh@fse_éohaaryt?ﬁiﬁ@bbﬁbﬁﬂjtﬁwﬂﬁﬁpowﬁe?hm's
| ayer was not scratched. In this condition, however, only about 500 A of
the |ayer wasnmmgsuréd thweonghfscanringielgctromicioscopheid be HOnT @boudro.20tcl5
m nutes. Thus, it was found that the performance of this slurry was very
poor for fl atabouhd.8hemerand éheuotitive of edichwaf dhese secorBeaavpgraits had

Formati on of Cerium Oxide Gains, 7-1: ~Fifty grams of cerium
car bonat e Svasaliaegiine shasp cgrogrspand asoaenidy roadish. and di spersed therein
with a planetary ball mll at 2800 rpmfor 15 mnutes to obtain a

white, ceriunf@HNBYRRIY Getipm/Oxige frains, 183y ring the slurry, 29.2 g of
aacted Tor 1 hour whH BERTRP! CONHFT AUMARIET nitrala WaS.ALe HBatah SUBf ¢ o
SOLert 1 1 1, el Sl ShA VbR SRR B gt e el
ol & Lo EBRAL S dfke SRBHENS) WRshIFA Sy Blor ARSI Bppomid B 24
57 10 500 g of distilled water was dropwise added thereto, and reacted as they
were for 1 hour at room temperature to give a white precipitate. This
white precipitate was separated through centrifugation at 3000 rpm for 10
minutes for solid-liquid separation by a centrifuger, and then dried in a
drier at 120°C for 24 hours to obtain 15 g of a white powder. From its X-
15 ray diffraction pattern, this white powder was identified as cerium oxide.
Its specific surface area as measured through nitrogen adsorption was
130 m2/g; its apparent density as measured in a still standing method
was 1.08 g/ml; its apparent density as measured in a tapping method was
1.49 g/ml; its powdery X-ray diffraction pattern gave a main peak, of
20 which the half-value width was 1.44° ; the size of the primary grain in the
powder was measured through transmitting electromicroscopy to be from
about 5 to about 10 nm; the size of the secondary grain in the powder
was measured through scanning electromicroscopy to be about 0.2 um;
and the outline of each of those secondary grains had almost no sharp
25 corners and was gently roundish.

Formation of Cerium Oxide Slurries:



pattern, this white powder was identified as cerium oxide. The primary
grain size in the powder was neasured through transmtting

el e€trom croscopi c observation to be from,about 5 to about 10 nm

Thr ough scanni ng el ectrom croscopi ¢ observation, the secondary grain 5

size init was neasured to be about 0.2 [err]m Formation of Cerium
xi de Grains, 7-2: Fifty frans of ceriumnitrate was added to
500 g of deionized Two V@icra lfl glahls Bfx8dch TR Mo Lihrés | E6HGM ORRie
resulting mxture, an aqueous solution as prepared by dissolving 75 g
of ammoni um 1@owtlets veas dispErsed dni 1004 glofodefonilieri walter toawhichvwasiddbd se
added thereto, and reacted as they were for 1 hour at roomtenperature
to give 4 ghoft empnercium tpalyacryidie s amdi dispprsed withatae plearetanp badt mill

t hr ough centrifugation at 3000 rpmfor 10 mnutes for solid-liquid
separ ati on by (B-5 Modelemaritfagtired thi 5litehe) 22800 tpmi for 8k oUnytasi Thus

dei oni zed water and well 15 dispersed therein. Then, 60.9 g of agueous

hydr ogen pro¥ede qhiginad three grlkyy white erripni @ddeclutries tUsingeguCeuligr
di spersion and react stirrin '

was heat ed upCPBNEI| @ﬁﬂ{ﬁzﬂéliﬁﬁﬁygﬂ%{" ev(\i/i wlﬁ‘ik‘k‘;”lkﬁﬁ tae 9{88'1 !ﬁéeb‘él\#gﬁ%‘%t%thi >
stirred for 1 _bhaour. at, 90Jerr]C, this,was cool.ed 0 roomtenperaturege,
separated t he® &ACh $IHEN pasum aﬁyr%p'ce_ﬁt‘?’?? dgund tQﬁHE% mex Jram Sir8 ﬂFa
From i (s raf PRI T SRRt By wes Fudyitd, Be iz ol thar RSl
e o TR SRR 8,8, RIS orgtSize
10 distribution.
Formation of Insulating Layer:

A 4-inch Si wafer having thereon an IC circuit' and an aluminium
wiring pattern in that order was processed in the same manner as in
Example 1 to form an insulating layer thereon.

15 Polishing of Insulating Layer:

Using any of the cerium oxide slurries prepared above, the
insulating layer formed on the Si wafer was polished in the same manner
as in Example 1. Using an automatic ellipsometer, the change in the
film thickness of the Si wafer before and after polishing it was determined,

20 which verified that about 4,000 A of the insulating layer of the Si wafer
was cut off through the polishing, resulting in that the thickness of the
thus-polished insulating layer was almost completely unified throughout
the entire surface of the Si wafer. The thus-polished Si wafer was cut,
and its cross section was observed with SEM, which verified that the

25 insulating layer well covered the Si wafer with no defects such as empty
pores even in the grooves between the wiring lines having a width of 0.1

um and a depth of 1.0 um. This process was repeated 6 times in all to



fromabout 2 to about 5 nm Through scanning el ectrom croscopic 25
observation, the size of the secondary grain in it was neasured to be

frofm about 0.2 to about 0.3 [err]m E&rmation of Cerium Oxi de Grains,
7-3. 58 Fifty
grans of ceriumammoniumnitrate was added to 500 g of dei oni zed

wat ér, and well mixed. Wth stirring the resulting mxture, an aqueous

sol ution as pfcﬁﬁaraed-layefécﬁwhﬁg% e BiOlafFUPUFhidATR 8rdds sectior?Yad) Of
distilled water was dropw se added thereto, and reacted as they 5 were

for 1 hour at ohgervdc: rwigh aSEM. t OTe VREM Wdbseavatieni petiiéd. theli there wadite
preci pitate was separated through centrifugation at 3000 rpmfor 10

m nutes for salmdsl hqudiffesemee dn isunfdee REvedin rdachgayer ahrbughoutdiheedntire a
drier at 120[err]C for 24 hours to obtain 15 g of a white powder. Fromits
X- ray detffacetdfdheSitweafer substratesandethad e wiriag pattemistfoemedswere i um
oxide. 10 The size of the primary grain in the powder was neasured through
transmttidhg allgnoadandaesubdiec observation to be fromabout 5 to about

10,1 LS S G5 AL SPRGRRL T LAl BB Toffefion e

] ﬁ:anE“cEpi om SE 3"53?@%&2?9%5%53 feeséu"irﬁ_’galartfgehonwl 260uE 280 A Gt At A, -
[ 1 op| , ' d i
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for 30 m nuteg, HWHrYEHR SOG film was about 1/20, from which it was confirmed

—

10 that only the SOG film was well selectively polished with the abrasive
used herein.
Comparative Example 10:

In the same manner as in Example 10, an insulating film layer

was formed on a semiconductor substrate. Without using the cerium
15 oxide slurry herein, tried was the formation of multi-layered wirings on the

substrate, However, in the samples prepared herein to have wirings of 3

or more layers, the difference in surface level was so great that the

adjacent upper and lower layers could not ensure the insulating

performance therebetween. It was found that multi-layered wirings of 3
20 or more layers could not be formed in this Comparative Example 9.

On the other hand, the insulating film layer formed herein was
polished with a colloidal silica slurry with aqueous ammeonia (SS-225,
trade name of Cabot). In this, however, only about 400 A of the layer
was polished at 50 rpm for 10 minutes. Thus, it was found that the

25 performance of the colloidal silica slurry abrasive was very poor for
flattening the entire surface of Si wafers. Under the same condition, the

CVD film formed on the substrate was polished, resulting in that about



obtained three mlky white ceriumoxide slurries. Using a Coulter 20
counter (N-4 Model, manufactured by N kka-ki), the grain size distribution
of each slurry was neasured. It was found,that the nean grain size of
the.grains in each slurry was small to be 176 nm and that each slurry

was a nono-di spersed one having a relatively narrow grain size
distribution. 25 Formation of Insulating Layer:

59 400 A 6f thed AR s vat off. hauithls, ttherefore athel I@tiol otthe pafishiag

al um.ni um wring pattern in that order was processed in the sane
manner as in speed FsANNEeCYD dilhotontizat forstienorganica$&G tfier aas 1, which
Pol i shing of Insulating Layer: 5 Usi ng any of the cerium oxjde
slurries prepatichtebothmt thee colloiddinsiticat slugry @penot drergisesh in heelectivakyer
was polished in the same manner as in Exanple 1. Using an automatic

el | i psonet er , polighing andy the organic SOG fil+ hi ckness of the Si wafer before
and after polishing it was determ ned, whi ch verified that about 4,000
A of the insulating layer of the Si wafer 10 was cut off through the
polishing, resulting in that the thickness of the t hus- pol i shed
insulating | ayer was al nost conpletely unified throughout the entire
surface of the Si wafer. The thus-polished Si wafer was cut, and its
cross section was observed with SEM which verified that the

insulating |layer well covered the Si wafer with no defects such as enpty



15 pores even in the grooves between the wring lines having a width of

0.1 [errJmand a depth of 1.0 [err]m This process was repeated 6
timds in all to forma 6-1ayered mnrHQg pattern on the Si wafer,

whi ch the cross section was observed W th SEM Th_E___S_E_M,QD_S_e_LXLa-t—I—GH———
verified that there was al nost no difference in surface | evel

| ayer throughout the entire 20 surface of the Si wafer ﬁm“ ““H“ﬂ‘ﬁﬂ;
the wiring patterns fornmed were all good and accura

Conpar ati ve Exanple 7: In the same manner a$ ih arrpl e 7, an

I nsul ating fi Whatdgellaimed ivas fornmed on a sem conductor substrate. Wthout
using the cerium 25 oxide slurry herein, tried was the formation of
mul ti-layeted wiringd.onAt lcerium oxidésabaisive Honepelishing aheinsatgting film

prepared herein to have wirings of 3 or nore layers, the difference in
surface | e¥el faumed engpeadeterminachsubstrates, which comprises a slurry of cerium
60 adj acent upper and-lower |ayers could not ensure the insulating

per f or mancd® t R¥idEgtaiBe @s dispaEsed Buwatemhat nulti-1ayered wirings of 3
or nore |layers could not be formed in this Conparative Exanple 7.
On the other hand, polishing of the insulating filmlayer sane as 5

ment i oned pbove was i i efhddehiun %Mé kR BSRA" 8¢ digin & I8 PIRInTBN ieY which

menti oned above usi ng a comer Ci al y aval e cerium oxi de gral ns,

which the pri gBiy cfi Wﬁxﬁi@ggﬂﬁssﬁ'@@%ﬁﬂe@ Gﬂdi’ﬂﬁ d Yer-| d?@t‘/l@ er-

primary grain size o about nm and secondary gra n size o
3 valent cerlum compound as dispersed in water, with an oxidizing agent.

1 3. The cerium oxide abrasive as claimed in claim 1, in which
2 said cerium oxide grains are obtained by oxidizing a water-insoluble
3 cerilum compound as prepared from an aqueous solution of a water-
4 soluble, tri-valent cerium compound, with an oxidizing agent.

1 4. The cerium oxide abrasive as claimed in claim 2 or 3, in

2 which said oxidizing agent is hydrogen peroxide.

1 5. The cerium oxide abrasive as claimed in claim 1, in which
2 said cerium oxide grains are obtained by neutralizing or alkalifying an

3 aqueous solution of a tetra-valent cerium compound.

1 6. The cerium oxide abrasive as claimed in claim 1, in which
2 said cerium oxide grains have a specific surface area of not smaller than
3 25m2/g.
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5.0 [err] mn__rIS_S_p_egL_i_\LeJ_;L.——i—hrough transmtting el ectrom croscopic
observat o and scanning el ectrom croscopi ¢ observation. As a result,
onl y‘ about g ﬂt he insul ati ng yer was cut off through the
pol i~shi ng &“\N\\m\)m\ﬂ! ition, the pol jﬁed surface of the |ayer was
rrucr% scrat clted® Then the weight to the holder, which had been 5 kg,
was reduced to 1 kg. Using the weight of 1 kg, the polished surface of
the layer yas not 157, sCTté Ceeitim |d3<|éé"a‘br§§ﬂ'@l &6 QWainfey\en lain®™ ,Yinalish 500
A of the layer was cut off even after having been polished 'at 50 rpm
for 10 m nut esaidlbedum oxide grains Havenan tHppiaréhedensity asaneasafed in @ sfiflr ry
was very poor for flattening the entire surface of Si wafers.

Exanpl e 8:3 20stafudingtrmethodf ofrot larg&xthbn &30 gAml. 8- 1. Fifty
grans of cerium carbonate was added to 450 g of dei oni zed water, and
di spersed therein with a planetary ball mll at 2800 rpmfor 15
mnutes to obtain a white, cerjiumcarbonate slurry stirring the
slurry, 2912 g of aq@eou@%%’é‘@ér@xﬂ)@ c%hféél\’@aﬁ%lﬁla@&e%m Qélmvﬂaslmww se
added thereto acted for, ., 1 hoyr th further stirrin

t her eaf t er?% he§f’1 CeHUM, %f‘%rg']"@‘f' maé’%vét”eﬁpﬁﬁf?fﬂ ﬂPf@&V rﬁﬁlirﬂﬁa%‘ér&q Ni3|

stirred fof Lhour ah AOLPEFhS: 1drbP 15 1965 yfe. o Toom temperature.

=

8. The cerium oxide abrasive as claimed in claim 1, in which
2 the powdery X-ray diffraction pattern of said cerium oxide grains gives a

3 main peak having a half-value width of not smaller than 0.4°

1 10. The cerium oxide abrasive as claimed in claim 1, in which
2 primary grains of said cerium oxide grains having a primary grain size of
3 not larger than 10 nm, as observed through transmitting
4 electromicroscopy, are not smaller than 90 % of the total number of the
5 grains.

1 11. The cerium oxide abrasive as claimed in claim 1,

2 in which primary grains of sald cerium oxide grains having a
3 primary grain size of not larger than 10 nm are not smaller than 90 % of
4 the total number of the grains and

5 secondary grains as formed through aggregation of said primary
6 grains to have a secondary grain size of not larger than 1 uym are not
7 smaller than 90 % of the total number of the gains.

1 12. The cerium oxide abrasive as claimed in claim 1,

e
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entrifuged for solid-liquid separation, and t

120[err] C for 24 hours to obtain 30 g of a mlts
'X-r&y diffraction pattern, this whitegowde Eﬁﬂ” as cerium
oxi de. The size of t he secondary gral n int e sur ed

thrqugh scanning 5 electrom croscopic observation to be about 0.2 [err]m
In addition, it was found that the outline of each of those secondary
grains hadgal nost no in whuéh@@l@oﬁaaﬂegsam@cbfvwdwnjm dx@d@@lréihs having a
Formation of Cerium Oxide Gains, 8-2 Fifty grams of cerium
nitrate wa3 adimmreter 6DBoY Ia!fgalleﬁhanl zqﬂnlﬁre ot emalberdthesl BOntoafdthe Totah,
with stirring the resulting mxture, an aqueous sol ution as prepared
by di ssol v ngnomerosf thengnéinsrand  hydr ogencarbonate in 400 g of distilled
wat er was dropw se added thereto, and reacted as they were for 1 hour
at room t ehper ature t 6alfl \eecondary, giaine @acltigiveaen. outfines with tro edges
preC|p|tate arate ou centsrifugation at 3000 rpmfor 10

ni nutes fof Wg Patﬂ %@Bé“’r“%& erﬂ‘?‘ %él - centrifuger. This was again
put into 500 g of deionized water and wel | di spersed therein. Then,
60.9 g of aqueous hydr ogen per oxi de (about 35 %9 was dropwi se added to

e Next, Fni's wag: hddt od b cEHOEh XIS &bf’%S'&ev%ﬁ §1é"é‘8d . Elimar ol Wld? g
been still 2 Stk f@@lﬂ%e Soqla eﬁﬂhﬁr ‘%'QL"QS Wﬁ?ﬂ é’sgpect rattg 5P A6t

terrperature epar rom a ce r|f

then driedsi nigrgdtitRan o [rﬁftrdn%li&fth%ﬁ éW'%é e RRERhOMERrbIthedgrattid. e
powder . From?T s X-ray dlja??ractlon pattern, thfs \/\ﬁ:t te powder vvasag
identified as cerium oxide. The size of the secondary grain in the 25
powder was measured through scanni ng el ectrom croscopi c observation to

be from abput 0.2 to1abourhd caribiat bkide abrasivi isaglaiméd Waarfyoond dfiuisinide

2 1 to 13, in which said slurry contains a dispersant.

1 16. The cerium oxide abrasive as claimed in claim 14, in which
2 said dispersant is at least one selected from water-soluble organic
3 polymers, water-soluble anionic surfactants, water-soluble nonionic
4 surfactants, and water-soluble amines.

1 16. The cerium oxide abrasive as claimed in any one of claims

2 1 to 13, in which said slurry is an alkaline slurry.

1 17. The cerium oxide abrasive as claimed in claim 16, in which

2 said slurry has a pH of from 8 to 12.

1 18. The cerium oxide abrasive as claimed in any one of claims

2 1 to 17, in which said slurry comprises not larger than 10 parts by weight
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62 outline of e ndary grains had al nost no sharp

corners = and was " Formati on of Cerium Oxide

G afns, 8-3: ﬂmm’%ﬂmmﬂﬂ!@mm Ggf i um ammoni um nitrate was added
to 800 g of 5 deioniz wat er,m a Il mxed. Wth stirring the resulting
m xture, an aqueous sol ution as prepared by dissolving 27 g of aqueous
anmdni a in 500 g of distilled water was dropw se added thereto, and
reacted aszthey said ceMum dxitelgrams e dlsmm;é@ﬂ’ﬂeT@@tF@rté bydweighet ohidre
precipitate. This white precipitate was separated through

centrifuga4i onqaeo@®@diversh for 10 10 minutes for solid-liquid separation
by a centrifuger, and then dried in a drier at 120[err]C for 24 hours
to obtain 15 g of a white powder. Fromits X- ray diffraction
pattern, this white powder was identified as cerium oxide. The size of
the secondary grain 8.t hd melied fanspredacing@ ceridyloxide abrasive,nwhich

el ectrom croscopi c, observation to be about O. Zﬁrr]_m An addition, 15 It
was found 2 hafompsisest & istep &f Hspersing cresEn sxidehardips Jhwaterigdaprepare a

al nost no _sharP corners and was gently roundi sh. Formati on of Cerium
Oxi de Sl urd eSiUrry. Ten grams of each of those three cerium oxide
powder s was di spersed in 100 g of deionized water, to which was added
1 g of 20 ammoni um pol yacryl ate, and dispersed with a planetary ball mll

(e R gt £ 9l ARG B o
Coul'ter 5  oPY&irRing  &h4ndBdeing RN $has iptealidhniRbl kQimstate d1fd & Sidp 8t 2€

di stribution
3 polishing said insulating film with a cerium oxide abrasive described in

4 any one of claims 1 to 18.

1 21. The method for polishing substrates as claimed in claim 20,

2 in which said predetermined substrate is a semiconductor substrate.

1 22. The method for polishing substrates as claimed in any of

2 claims 20 and 21, in which said insulating film comprises an insulating

L

layer containing a compound having an organic group.

23. The method for polishing substrates as claimed in claim 22,
in which said insulating layer containing said compound having said
organic group is formed by applying a coating liquid as prepared through
hydrolysis of an alkoxysilane and an alkylalkoxysilane in the presence of

water and a catalyst in an organic solvent, onto a substrate, followed by

Ot e W N

curing it under heat.
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of each slurry was neasured. It was found that the nean-grain-size—ef—25-
the grains in each slurry was small to be 176 nm and th

was¥a nono-di spersed one having a rel ati v%y narrow gr ai qmliﬂ%ﬂ"i"mmr" Illl
di sgri buti on. o ko vt e Sl
Formation of Insulating Layer: A 4-inch Si wafer having
thereon an IC circuit and an al um ni um W ring pattern in that order

was procegsed in thesgsangheamediodsor polishingosatptratds be dlaimedin cladml 28, ng
| ayer thereon. 5 Polishing of Insulating Layer: Usi ng any

of the cerj uninowiieh sa uumber pofeSir sidned alaiveichérom a siloxaneationg lazgea
formed on the Si wafer was polished in the sanme manner as in Exanple
1. Using an aniimbericf € Atqmsrdarived frioen ctmmadjeyligroupehave a relationshitk @sss
of the Si wafer before and after polishing it was determ ned, 10 which
verified thatfoliowms: 4,000 A of the insulating layer of the Si wafer

was cut off through the polishing, resulting i hat the thigck f. t.h
t hus- pol i ghed i nsu(N4mBgr | of, & W%)VWEWQ%WEeébI%mmﬁ f i"‘elcfﬁl“r!mssgi%éub ©

the entire surface_of t ' : - i '
% atomsﬁegslo.gfvaf er. The thus-polished Si wafer was cut,

7 in said insulating layer containing a compound having an organic group.

1 25. The method for polishing substrates as claimed in claim 20,

2 in which said insulating film comprises a silicon-free, organic polymer

w

resin layer.

26. A method for polishing substrates, which comprises a step
of forming two or more insulating layers of different in materials from one
another on a predetermined substrate, and a step of selectively polishing

at least one of said insulating layers with a cerium oxide abrasive of any

i &~ W N B

one of claims 1 to 18.

27. The method for polishing substrates as claimed in claim 26,
in which said insulating film comprises;

an Insulating film layer containing a compound having an
organic group, which is formed by applying a coating liquid as prepared
through hydrolysis of an alkoxysilane and an alkylalkoxysilane in the
presence of water and a catalyst in an organic solvent, onto said

substrate, followed by curing it under heat; and

W - o e W N =

an insulating SiO2 film layer;

_”/, [ —
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and its cross section was observed with SEM ' the 15

I nsul ati'ng | ayer well covered the Si wafer with as enpty
por&s even in the grooves between the w ri79g IlHMﬁg!ﬂiﬂﬂﬂmuh of 0.1
[erg] mand a depth of 1.0 pm This process was repea inall to
forma 6-layered wiring on the Si wafer, of which the cross section was
obseérved with SEM The SEM observation verified that there was 20 al nost
no differenceaphd i§ WhrRGesaidvsuldatiRpelin! layer cohtglnmgoshid bempoiundehaving
surface of the Si wafer substrate and that the wiring patterns formed were
al | good jand M@%rgxmic group iseeteatiatlyvpolistmwith&aid abrasive. In the
sane nmanner as in anple 8 an insulating filmlayer 25 was fornmed on a
sem conductor substrate. Wthout using the cerium oxi de slurry herein,
tried was the formation of nulti-layered wirings on the = substrate.
However, iln the sanpR8s pJhepmetiot iorcpolishing subsiiatesgs aimed in claim 26,

64 or nore |ayers, the difference in surface, |evel was,so greaf that
the  d] altomnichsad meliShing is S ReBiRA diff aich 6T RXIae ATReIvEy
per formance ther ebet wee

cc)JIr1 rrﬁr el ﬁ%/er ha\éié'ﬂl 8 ':%ﬁ&lgtq o ﬁ?ﬂgptﬁggtf@&wn%&h{ ?@l%ﬁgﬁlbnggy&gtog’ a
‘ . . ov | ! . .
ment | oned bbobanssranekl fiftd satefd imSitafhy Mo el PRESART AR 0. o

menti oned above using a commerci al |l y-avail abl e ceri um oxi de grains, of

1 29. The method for polishing substrates as claimed in claim 27,
2 in which said polishing is implemented with said cerium oxide abrasive
3 having a ratio of a polishing speed for the insulating film layer containing
4

an organic compound to a polishing speed for the insulating SiO2 film

5 layer is not smaller than 10.

30. The method for polishing substrates as claimed in any one
of claims 20 to 29, which further comprises a step of washing the
substrate, after the polishing of its insulating film layer, with a liquid
comprising the following (a) and (b):

(a) hydrogen peroxide, and

(b) at least one selected from nitric acid, sulfuric acid,

ammonium carbonate, ammonium carbamate and ammonium

AW ~ O e W N

hydrogencarbonate.

31. A method for producing semiconductor chips, which
comprises a step of forming an insulating film that comprises an

insulating layer containing a compound having an organic group, on a

O R SR

predetermined semiconductor substrate, and a step of polishing said

R ————
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whi ch t he secondary—grai d to have a secondary grain size of
about 1:0 [err]mt | ect rom croscopi ¢ observation and in 10
whi®h the outline H{ﬂ"ﬂ E’m gr ai Ngo Was found to have edges

havgng an angle fall4 ng etweers err] and 110[err] . As a result, only
abogt 2,100 A of the insulating | ayer was cut off through the poli shi ng
andy in addition, the polished surface of the |ayer was nuch scratched.
Then, thegwei t & aavitiF sardorfshit groulsg.
15 Usi ngBt helﬁﬁﬁ}ellagﬁg fofn Hm‘?’ﬁgﬂdg iaﬁgd surflgjce of“% ay‘;ﬁ{m\/\/a;g nots

scratchedg |r\~itl'i“a$c§mnwé>udé atiTaskecst ampbyeadfaainsdd 14 18. the |ayer was
cut off even after having been polished at 50 rpmfor 10 m nutes. Thus,

it was found that the performance of this slurry was very poor for

flattening the entire surface of Si wafers. 20 Exanple 9: For mat i on
of CeriumlOxi de Grai®2, The:method for produding tspmjcandustor chips fscelabbad: e
was added to 450 of dei oni zed water, and dispersed therein with a

pl anet ary Zvalin efaim 3, ingebich said insuiating §lmilayek soptaivingsald.compoesnd
o S a2 oot A sl AR R o
; cvg,ltj rerwbéthhf i %x@%%n é}p g.{!mlqlko%(}r)s% aenaef }nelihe %aéggnéjé) otf%vaqt%;eér{d & In
65 5 catalyst in an organic solvent, onto said substrate, followed by curing it

6 under heat.

33. The method for producing semiconductor chips as claimed
in claim 32, in which a number of Si atoms derived from a siloxane bond
and a number of C atoms derived from an alkyl group have a relationship
as follows:

(Number of C atoms)/[(Number of Si atoms) + (Number of C
atoms)] =0.1

- R B 7

1 34. A semiconductor chip as produced in the method of any

2 one of claims 31 to 33.

1 35. A method for producing semiconductor devices, which
2 comprises mounting semiconductor chips of claim 34 on a support

3 substrate, followed by encapslating said semiconductor chips with a

4 sealant.
1 36. A semiconductor device as produced in the method of
2 claim 35.

-

-
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stirred for 1 hour at 90[err]C, this was cooled to roomtenperature,
centrifudged for solid-liquid separation, and then dried in a drier at
120f%err] C for 24 hours to obtain 30 glof a white powder. Fromits
X-rgy diffraction pattern, this white powder was identified as cerium
oxi de. The aspect 5 ratio of the primary grains in the powler was neasured
t hr ough transmtting el ectrom croscopy to be 1.1. For mati on of
Cerium Oxi de Grains, 9-2: ABSTRAEY grans of ceriumnitrate was
added to 500 g of deionized water, and well mxed. Then, with stirring

the resul ting m xturthe dAvéRtioRTeRAES tdOhHAlMASAR Ebﬁfﬁhﬁg; By skiras ok theg 75
g of ammoni um hydr ogencarbonate in 400 g of distilled water "was

dropwi se addedilowing theuat oxidengraissatellsperseddy wates: for 1 hour at room
tenperature to give a white precipitate. This white precipitate was
separated through (1) Qariumf wgide ograihs 3680 obainkedr O addinge shydrogen
solid-liquid separation by a 15 centrifuger. This was again put into 500 g
of dei oni Bed pRICEideatiansqueous digpersiesad aehisineicarbamate, 60. 9 g of aqueous
hydr ogen peroxi de (about 35 % was dropwi se added to the resulting

di spersion and react@ ¢efum oxide gerins\as Ipbiained by ie¥idizing @ presipitatei s

e e o k8l oS iinon o i R BRArBSRReL A,

P e, O RA, LR b HfpodSprooet " e 11 °
o TR RSIRR e e BByt o Ry,
Lo oo BRI SRR RS, Lo b2 L1 20

ammoni um nitrate was added to 500 g of dei oni zed water, and wel |l
m xed. Wth stirring the resulting m xture, an

_
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66 - aqueous solution as prepared by dissolving 27 g of aqueous

anmmoni a ‘i‘n 500 g of distilled water was dropw se added thereto, and
reacted as they were for 1 hour at roomtenperature to give a white
precipitate. This white precipitate was separated through
centrifugation-at 3000 rpmfor 10 5 mnutes for solid-liquid separation
by & centrifuger, and then dried in | drier at 120[err]C for 24 hours
to obtain 15 g of a white powder. Fromlts X- ray diffraction pattern,
this white powder was identified as cerium oxide. The aspect ratio of
the primary grains in the powder was_neasured through transmtting

el ectronicroscopy to be 1.2. 10 FBrdetdonlof Cerium Oxide Slurries:

Ten granms of each of those three cerium oxi de powders was di sper sed
in 100 g of deionized water, to which was added 1 g of anmmoni um

pol yacryl ate, and di spersed wi4h a planetary b8!l nmill (P-5 Model ,
manuf actured by Flitche) at 2800 rpmfor 30 mnputes. Thus were 15 obtained
three m | ky white cerium oxjee L] es. i a Coul ter counter (N-4
Model , manufactured by N /Y 7, Ry z TCH: trlbgélon of each
slurry was neasured. It 925 QSN 1404 20 n t he
grains in each slurry was PS5y /Y \,n,/ each slurry was
a nono-di spersed one havi R NI HEAAOWSTE] n SI%? 20
di stribution. For mat i '

waf er having thereon an |

A 4-inch Si

FIG, 2

13 . 14
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wiring pattern in that order was processed in the sane nanner as in
Exanple I to forman insulating |ayer thereon. 25 Polishing of Insulating

Layeér :. Usi ng any of the cerium oxide slurries prepared above,
the » insulating | ayer formed on the Si wafer was polished in the sane
nagﬂer 67 as in Exanple
1. Using an gutomatic ellipsoneter, tﬁe hange in the filmthickness of
the Si wafer before and after pollshlng |t was det er m ned, whi ch
verified that about 4,000 A of the insulating |ayer of the Si waf er was

cut off. through the polishing, resulting in that the thickness of the 5
t hus- pol i shed insul ating |ayer Wa$ @,mo8t conpletely unified throughout
the entire surface of the Si wafer. The thus-polished Si wafer was cut,
and its cross section was observed with SEM which verified that the

insulating |ayer well covered er mith no defects such as enpty
pores even in the grooves bet e Xy lines having a wwdth of 0.1 10
[err]mand a depth of 1.0 [efr cqgs was repeated 6 tines in al
to forma 6-1ayered w #n of which the cross section
was observed with SEM he e\vation verified that there was
al nost no difference in f i h | ayer throughout the entire
1
3




qurface of the Si wafer substrate and that the wiring pa

15" all good and accurate. ' Conpar ati ve Exanple 9:
sane manner as in Exanple 9, an insulating f8I mlayer
sem conductor substrate. Wthout using the cerium *  oKi

tried was the formation of nmulti-layered wirings on the f
However, in the sanpl es,prepared herein to.have w rings
| ayers, the di f_ference?@)n s&%f"m X %n_§oﬁ§}"@& qclha
{Por ebetween. | Teer 3 iR Gobit FNoR drdfes il % e g G Tore
| ayers coul d 'not be fogppeda |~ t 4 _ ;

y K'ir?‘ga (()Z‘Te?it o&n@@?ﬁn@ 6Wﬁpl;€§f‘gﬂ%e§o%de?§ X-ray diffractioh

t he ot her hand, polishi e InsufFating fi same’ as

menti oned above i | frfai '

ment i oned above‘,mjlgﬁlt'ﬁ géﬁggwaﬁ#c%mrdg Q?Ywﬁgffgﬁ?@%@ﬁtﬁﬁQ ?ggﬁﬁlg}?\tg ,an
68 ofs whDa#t the primary grains were found to have an aspect ratio of
3.0 through transmtting el ectrom croscopic observation. As a result,
about 4,000 A of (8le Cesiunatoxige graits ofwhich thef primiairg grats Navij a
t he sane as that cut off in Exanple 9, but the surface of the

i nsul atj ng | ayeprip@rysperin size of not larger than 10 nm, as observed through
transmitting electromicroscopy, are not smaller than 90 %of the total
number of the grains.

10 . (9) Cerium oxide grains of which the primary grains having a

primary grain size of not larger than 10 nm are not smaller than 90 % of

the total number of the primary grains and the secondary grains as formed

through aggregation of the primary grains to have a secondary grain size
of not larger than 1 um are not smaller than 90 % of the total number of

15 the secondary grains.

(10) .Cerii}m oxide grains of which the secondary grains having

a diameter of not larger than 1 um are not smaller than 90 % of the total

| number of the grains and in which the secondary grains each give an
outline with no edges having an angle of smaller than 120° .

20 (11) Cerium oxide grains of which the primary grains having an
aspect ratio of not larger than 2.0 are not smaller than 90 % of the total
number of the grains.

Preferably, the slurry contains a dispersant. The dispersant
may be at least one selected from, for example, water-soluble organic

25 polymers, water-soluble anionic surfactants, water-soluble nonionic
surfactants and water-soluble amines. Preferably, the slurry is

alkaline, especially preferably having a pH of from 8 to 12.



5.. hergin was nuch scratched. Then, the weight to the rohg% W@h
been 5 kg, was reduced to 1 kg. -Using the vve'hght of 1 Wg,_t TISHEET
surface. of the l'ayer was not scratched. In this condi tilor, ho r nly
about 500 A of the layer was cut off even-after having bderf! ﬁ\gﬁkgh@a?a

50 rpmfor 10 minutes. Thus, it was found that the perflor [ s110
slurry was very-, r : e | s ST f * i e

Saampl o 10: |- Rk affsridi BBkl Fhiddiaty 'GBaRiats’ Y “monium
Fifty granms of [ & was added to 450 g of dei oni zed water,
and di spersed th rgﬁ%@ﬁ:ﬁegﬁe\b ‘anetary ball mll at 2800 15 rpmfor 15
mnutes to obtain a V‘h'lﬁegeﬁ%i'éj‘,ﬂ”béﬁﬁﬁpr@iiéeské”6UtaiM§d hby bakfid rai Reriuae
slurry, 29.2 g of aqueous  hydrogen peroxide (about 35 % was dropw se
added thereto, ompashd qe.d., hydroxide) darbbhate,ssulfatenoxelate, etc.), which is
thereaf.ter heated up to 90[err]Cin a water bath. After having been still
stirred for 8 hsepasatedO[and | Gurifieds frare dypicall rarer ogarth e mpieestlsr esuch0 as
separated the solid fromliquid b A centrifuger, and then dried in a drier
at 120[ err] C f obasiharsite ang E&iﬂéﬂ_&,o Where grganiceSP&\ditms ameopolished-witly
diffraction pattern, this white powder was identified as ceriumoxide. |ts
speci fi ¢ surfacéh@cesium axide abeasivar Brpliumiexdde efdheAalyasiie hias atao high

2069 o i BAGHGT o cli, JR . oo, B AR 5
1.4 o - ' ' . Lo . . .
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69 10 shall be prepared without too much increasing their crystallinity. In

addition, since the abrasive is used for polishing semiconductor chips, it
is desirable that the alkali metal-content and the halogen content of the
abrasive are ccntrolled to be not larger than 1 ppm in order to prevent
any undesirable introduction of impurities into the polished chips.

15 To prepare the cerium oxide"grains in the invention, preferably
employed are the following methods:

(1) A method starting from a water-insoluble, tri-valent cerium
compound, in which the compound is dispersed in water and an oxidizing
agent is dropwise added thereto thereby oxidizing the compound, while it

20 s sélid, to obtain tetra-valent cerium oxide grains. '

{2) A method starting from a water-soluble, tri-valent cerium
compound, in which ammonium hydrogencarbonate or the like is added to
an aqueous solution comprising the cerium compound to give a water-
insoluble cerium compound (as a precipitate) and an oxidizing agent is

25 then dropwise added thereto thereby oxidizing the resulting water-
insoluble cerium compound, while it is solid, to obtain tetra-valent cerium

oxide grains.



pow_jér' was neasured through transmitting el ectrom croscqgp
about 5 to about 10 nm the secondary gralh size of the
constituting the powder was mneasured through sScé
el ectrom croscopy to be about 0.2 pm and the outline o

secondary gra%i ns had al nost nqQ_sharp corners and was gent
For pgii-on of TR LiPAE deoler ai e pieressing temperature for th

tel _\r/\?isn%dﬂd X f‘ééyﬁagf'ﬁﬁgin g’?’h‘(?)'gi,azg f-decorrg\féaéﬁqﬂ’@ . ind agent shch |
CRRE RO R S e
prieipiiaie %?%%gé%&ﬁﬁwgén%@eﬁf £ B5EF 5 0:E 4 e g,

but i nto 2008 dPeofnded MEPaIcResdxizifn agant Gier i GHIOIGF tHE Hrf8! "

60.9 g of ag r axi i | dto
Che rosul t1 n AP anC BREEXRRLRY SGefhy the reactish HSMR STOMEeSPerine]

it. Next, thigrais aBesitathad after We @xiddtidn) empriveble is an?&:trhina‘??trﬁéahaw ng
been still stirred for 1 hour at 90[err]C, this was cool ed 0 room
t enper at ure, siepaastdecdrtation| fittrdtiarmolr i gpntrfugationcenthe flikger Preferrdd ist hen
dried in a drier at 120[err]C for 24 hours to obtain 20 g of a white
powder. Froneentsfogation disf being iabde dat etficientihisepanétee thhevakidizeds grains
identified as ceriumoxide. Its specific surface area as neasured
t hr ough diot r oyéhinad st ipesioghef time. n{ dewevgr, if tbe dppatientsystersi isyaeidic,
measured in a still, standi_n? method was 1.11 g/m; its apparent density

the grains precipifate too slowly and the system is thersfore difficult to

centrifuge through solid-liquid separation using ordinary centrifugers.

Therefore, it is preferable to make the system have a pH of not smaller

than 8 by adding thereto any non-metallic alkaline substance such as

15 ammonia, prior to its centrifugation. In order to reduce the impurity

content of the isolated grains, it is effective to repeatedly wash the

precipitate. The thus-recovered precipitate of cerium oxide grains may

be directly used herein as it is, but, if desired, it may be dried by a dryer

or the like to remove water therefrom. The drying temperature is not

20 specifically defined. Howsever, if dried at 420°C or higher, the cerium

oxide grains shall have an extremely increased degree of crystallinity.

Therefore, it is desired to dry the precipitate at a temperature as low as
possible to be not higher than 420°C.

The water-soluble, tri-valent cerium compound is not specifically

25 defined, including, for example, water-soluble cerium salts such as

cerium nitrate, cerium sulfate and cerium chloride or the like. The

concentration of the compound in its aqueous solution is not also



70 transmtting el ectrom croscopy to be from b i B@Wt 5 nm
t he secondary grain . size of the secondary graing ' i g

powder was spewéagw aefinadougloweyani iy viaw af the epst

about 0.2'to .about 0.3 ,,e_rrcklrﬂ and the out) Lnsﬁj
secondary gr al&RUItRG SusPensipg; RIBIPG BoMrEriIt]

Z%rm”gf L%”nii RN SHEeT BB i concentsation s refuiebly ™ 3p 867%™
moni um e has T Jug |

or opar ed by aPeat Bt "B B adbdl L effiond ammoABHFRY3r R HrBEnAR,
vater was fr ogRe RIS Addes B! the Q&%d@@%bﬁﬁi&ﬁo{rﬂf‘%’compoumif ?r(zaé Qoidtidrour

at roomtenperature to give a Ite precipitate.

precipitate V\gﬁ{e‘éeﬁ%ﬁﬂécbﬁe'&mwé ©FH WateeahsSInbR c3Rbth 'BMPAInd)? The
m nutes for solid-liquid separation by a centrifuger, and then dri'ed in a

drier at 120[ gsnd¢éntratiorbftnoriomadicgehtatbéniata tohbé eduaaiust oAbt t s
X- 15 ray diffraction pattern, this white powder was identified as cerium

oxi de. | $madipechéin 1 .Sumbds; retatbae s omeamol exf therwatsr-solublegeri-valent
adsor pti on was 130 nferr]/g; its apparent density as neasured in a
still standi ngerierhodmpoundwadnloi@rdgontomplateaiheareantiohe rthiet gorsenteatian ed
I n a tappi ng nethod was )

10  is preferably from 1.5 to 30 mols. By adding an oxidizing agent to the
resulting dispersion of the precipitate (of a water-insoluble cerium
compound) as formed from the water-soluble, tri-valent cerium compound,
the precipitate can be oxidized, while it is solid, to give tetra-valent
cerium oxide grains. The oxidizing agent to be used for this may be the

15 same as that for the oxidalion the water-insoluble, tri-valent cerium
compound mentioned above. Preferred is hydrogen peroxide in order to
prevent the oxidation from being accompanied by the introduction of
impurities into the oxidized grains. The amount of the oxidizing agent 1o
be added must be not smaller than one mol, relative to one mol of the

20 water-soluble, tri-valent cerium compound. In order to complete the
oxidation, the amount is preferably from 1 to 10 mols. The processing
temperature for the oxidation is not specifically defined. When a self-
decomposing oxidizing agent, such as hydrogen peroxide, is used, it is
desirable to start the oxidation at a temperature not higher than 40°C,

L — "%

25 and to heat at 80°C or higher in order to decompose the excess oxidizing

agent after the addition of the entire amount of the oxidizing agent to the

reaction system. To recover the grains as obtained after the oxidation,



1.49 9g/mM; its powdery X-ray diffraction pattern gave a ne
whi'ch-the hal f-value width was 1.44[err] ; the size of th
t he powder was neasured through transhitti ng el ectrjo
from about 5 to about 10 nm the size of the seconddr oy ai BECyghpe
powder was neasured through scanning el ectrom croscdpy to be abodut .

o sharp 25 coRMAEVae Wilin 3t ER{EH Banl 8, % 4R SR thelpaln

Oxide Slurri [l um

I ae urri es: . RS . . -

e abrasive comprising the gr X v low, rasuking in That (o
Two and a hal f g‘r a#lgr%?m%ac&%ﬂ%? 'pﬁog'g ?@%%'%gﬁrgm%{i g\g' péwders was

di spersed in 10 dat.on| it i [ dded 1 g of

ammoni um pol yacfgeﬁeﬁqg? %S’H?Qﬁdggr%g 'Wt%ﬁ’dgggﬁahngﬁgﬁ ball mll ° (P-5
Model , nmanufactured byThei £6fi6h %idaS@raing fof wsedM the ihventichhase suckethat
obtained three mlky white ceriumoxide slurries. Using a Coul ter

counter (N-4s5 Mofipd prifavy’ geding dehving § pkimadry)grairsize of motilargeti than B0t hron

of each slurry was neasured. It was found that the nean_grajn size of

the grains in eapd not smallerathasna0|%tof the toral numbenoft BEPIEBATY, geaifs pgd that the
was a nmono-di spersed one having a relatively narrow grain size 10 A
distribution. Secomdanryagiains @s mgmdamrﬁggémggaﬂon of the primary, graing 1§
waf er having thereon an IC circuit and an al um ni Hm ' Wi ri nq spatiertn i_n
that order was bﬁU@e’%§§€°W@i¥h@"@éﬁF%ﬁﬁ&t Iarger than 1 ym are not smaller than

90 % of the total number of the secondary grains. The measurement of the grain

CTUSCOpYy 06—

10 size of the grains is not specifically Iimitied. As being simple, however,
employed is transmitting electromicroscopic observation for the primary
grain .size, and scanning electrorriicroscopic observation or grain size
distribution measurement for the secondary grain size. The cerium
oxide grains falling within the defined range produce good polishing

15 speed even when their concentration in the slurry comprising them is low,
so that the costs for producing the slurry comprising them can be reduced.
In addition, since the slurry having such a low concentration of the grains
has a low viscosity, it can be easily fed into polishing devices with
preventing the pipes, through which the slurry is fed into the devices,

20 from being clogged with the grains. Moreover, since the slurry as
dropped down onto a polishing pad can easily disperse thereon, the
wafers on the pad can be uniformly polished. However, if a slurry
comprising cerium oxide grains, of which the secondary grains as formed
through aggregation of large primary grains with a primary grain size of

25 larger than 10 nm have a secondary grain size of larger than 1 um, as
dispersed in watér is used, and if an abrasive comprising the slurry is

used for polishing objects, the surfaces of the objects are often scratched.



Exanpke 1 to forman insulating |ayer thereon. 15 Polis
Layer: - Usi ng any of the ceriumoxide slurrigs oY
t he insulating |ayer forned on the Si wafer was pollsred in EE

manner “as in Exanple 1. Using an automatic ellipsongtdr,0 fih@ H&i@
t he filmthickness of the Si wafer before and after {pqlLishing. it
determ ned, 20. which verified that about 4,000 A of thelinsulating |ayer
of the Si- wafer was cut off through jtdhe polishing, nesulting.in.that

t he thickness of the t hus- pol i shed i'nsul ati ng | ayer was al nost
conpletely unified throughout the entire surface of the Si wafer. The
t hus-polished Si wafer was cut, and its cross section was observed
with SEM which verified that the 25 insulating | ayer well covered the S
wafer with no defects such as enpty f even in the roov? qgémeen
the wi ri nglfi sesimaddigon, \thqmomerma:_tlon Y ﬁ'& graingnin thesheryofor

[err]n1 This process was repeated 6 tines in all to

Secti on ac DRV TBNCBE nlhes &t 8r0E e Rihe, S BATNING SHERT ps

t here was al nrost no difference in surface |level in each |ayer
throughout Atheveniwhieh is surface of the Si wafer substrate and that the
wiring patterns formed were 5 all good and accurate. Under
the sanme condition, the CVD film (of SiJerr]) forned on the Si waf er
was pol i shed, resulting in that only about 200 A of the filmwas

(‘D

EET



cut..off. In this, the ratio of the polishing speed for the CVD fj
fof the organic SOGflImwas about 1/20, fromwhich it pres—c
that only the SOG fil mwas wel | selectively %blished V\ntﬂEPWMS

used herein. Conpar ati ve Exanpl e 10: | ny
as' i n “Exanpl e 10, aninsulatingfilmlayer was forjre

f??éﬁ"&ﬁ?"iﬁéh?(‘i?ﬁé{?f)?{%f iRetholtos BPubd Troifrd, 1t Al
ayers, the dif MOTBRCE H*%&Ep%?"i@s“%e?e?détégk‘%?a%é’?

upper. and | over i térebyt ndufializfigs bt %uka@m%et sgKtion_to Rftvé Ofetilvatent

t'her ebet ween. I -l aye Ings o nor e

| ayers coul d no teePfanh Vs grdinkhi S Oorrparatlve Exarrpl e 9. On
t he ot her hand, the I nsul a?I ng filmlayer fornmed herein was pol.i shed
with a coll Osdal si | i cavietelpreferably, tp cerigmaoniie grditS{82hse in thetinadation
nane of Cabot.). In this, however, only about 400 A of the |ayer was

polished at 50 rgven ;immdléu mmm or Thorg of thevfalldwingdcharacteristic®swhich have
performance of the colloidal silica slurry abrasive was very poor for
flattening the é:eteimsafemeﬂatoehenemabm ers. Under the same condition, the

CWD.filmfornmed on the substrate vvas r%ﬁshed resul ti ng i n_that abgylt
73 400 A of the fil mlhs Thair gpecit 'Frﬁl{ ce araiscnet emallpethan 28§ MF/d.ne

pol i shi ng (2) Their apparent density as measured in a still standing
10 method is not larger than 1.3 g/ml.
(3) Their apparent density as measured in a tapping method is
not larger than 1.6 g/mi. - -
(4) Their powdery X-ray diffraction pattern gives a main peak
having a half-value width of not smallier than 0.4
15 (6) The primary grains that are found to have a primary grain
size of not larger than 20 nm are not smaller than 90 % of the total
number of the grains.

(6) The primary grains having a primary grain size of not larger

than 20 nm are not smaller than 90 % of the total number of ¢ primary grains
20 and the secondary grains as formed through aggregation of the primary
grains to have a secondary grain size of not larger than 1 um are not

smaller than 90 % of the total number of the secondary grains.

(7) The secondary grains having a diameter of not larger than
1 um are not smaller than 90 % of the total number of the grains, and the
25 secondary grains each give an outline with no edges having an angle of

smaller than 120°



speed-for the CVD filmto that for the organic SOG film
i ndi cafes that the colloidal silica slurry czz‘a‘nnot be us

4 ,
polishing only the organl c SOG.film . RE& Sﬁé@h
What i stkblaimed it 1 1 1. A ceri LA v

iherein 4 o diph “r&én%%ﬂxmﬁe%éefﬂ"e"é'r gﬁﬁ@@?@?’y@ﬁ
atel: > 1 nsol l@érém)%q}pmp?ktﬁﬂ%e!ﬁgwéﬂgn%q”p‘égﬁ%tﬁ’éc&i

6 oxidi zi ng

and vinyltrimethoxysilane. These can be used herein either singly or as

combined. Apart from these, also employable herein are

___glkylalkokysilanes of which at least a part of the alkyl moiety is

fluorinated, such as fluorotrimethoxysilane, ﬂuoromethyldimethoxysilane,

trifluoromethyltrimethoxysilane, and triftuoromethylmethyldimethoxysilane; and

10 alkoxysilanes and -alkylalkoxysilanes with fluorine as bonded to Si. These can be used

herein either singly or as combined. Preferably, the ratio of the amount of alkoxysilane to

the amount of alkylalkoxysilane is to satisfy the following condition:

(number of C atoms)/(number of Si atoms + number of C atoms) 2
15 0.1
in which the number of Si atoms and that of C atoms are derived from the
siloxane bonds and the alkyl groups, respectivély, in the insulating layer
as formed from the coating liquid. If the ratio is smaller than 0.1, the film
of the insulating layer formed is cracked, resulting in the defect such'as a
20 loss of film or lowering of the insulating performance.

The organic solvent includes, for example, monoalcohols such
as methyl alcohol, and ethyl alcohol or the like; their ethers and esters;
polyalcohols such as glycerin, and ethylene glycol or the like; their .ethers
and esters: and ketones such as acetone, and methyl ethyl ketone or the

25 like. These can be used herein either singly or as combined. The
catalyst may be any acid or alkéli for hydrolysis, including, for example,

inorganic acids such as hydrochloric acid, nitric acid, and phosphoric
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organic polymer resin layers formed on -substrates, for example, on
semiconductor substrates can be polished. '

The silicon-free, organic polymer resins include, for example,
thermosetting resins such as phenolic resins, epoxy resins, unsaturated
polyesters, polyesters, polyimides, and polyamidimides; and
thermoplastic resins such as 'po}yamides, polyurethanes, polyethylenes,
ethylene-vinyl acetate copolymers, polypropylenes, polystyrenes, ABS

resins,-AS resins, polymethyl methécrylates, polyvinyl chlorides, polyvinyl

formals , polytetrafluoroethylenes, and polytrifiuorochloroethylenes. Of

those, preferred are fluorine resins such as polytetrafluoroethylenes and
polytrifluorochloroethylenes, since the substrates having thereon the films
of those resins may have a lowered dielectric constant. Also preferred

are polyamidimide resins and polyimide resins, since the films of those

resins have good heat resistance. However, the resins for the fiims to

be polished with the abrasive of the invention are not specifically defined.

The insulating layer-forming material comprising such a siticon-
free, organic polymer resin may be prepared as follows: Where the
material comprising a thermosetting resin is prepared, monomers and/or
low-molecular-weight polymers for the resin are dissolved in an organic
solvent such as an alcohol or the like mentioned above to form a coating
liquid for the inten_ded insulating layer. In order to enhance the curability
of the layer to be formed, any ordinary curing agent, curing promoter and

catalyst may be added to the coating liquid. Where the material
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mentioned above was tried with a slurry prepared in the same manner as
mentioned above using a commercially-available cerium oxide grains, of
which the secondary grains were found to have a secondary grain size of
about 1.0 um through scanning electromicroscopic observation and in
10 which the outline of each secondary grains was found to have edges
having an angle falling between 60° and llQ° . As a result, only
about 2,100 A of the insulating layer was cut off through the polishing
and, in addition, the polished surface of the layer was much scratched.
Then, the weight to the holder, which had been 5 kg, was reduced to 1 kg.
'15 Using the weight of 1 kg, the polished surface of the layer was not
scratched. In this condition, however, only about 500 A of the layer was
cut off even after having been polished at 50 rpm for 10 minutes. Thus,
it was found that the performance of this slurry was very poor for
flattening the entire surface of Si wafers.
20 Example 9:
Formation of Cerium Oxide Grains, 8-1:
Fifty grams of cerium carbonate was added to 450 g of
defonized water, and dispersed therein with a planetary batl mill at 2800
rpm for 15 minutes to obtain a white, cerium carbonate slurry. With
25 stirring the slurry, 29.2 g of aqueous hydrogen peroxide {about 35 %)
was dropwise added thereto, reacted for 1 hour with further stirring, and

thereafter heated up to 90°C in a water bath. After having been still
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said cerilm oxide grains conprisetprimasy +grains yherein 5 nunber
primary grain of which size is not larger than 10 nm 6 observed through
transmtting electrom croscopy is not smaller than 90 %7 of the total

" nunber of 1sai d pni,mar.y, grains.,k A deriumiixide abrasive for polishing am insulating -
oxi de .abrasive fBF polishing an 2 insulating filmfornmed on predetermn ned
substrateg, iircformearos esreaielermsinedr gubbtratss, uwhizhi denprivess aasiuty pdr sed
in water, wherein 4 nunber of primary grains of said cerium oxide

grai ns haygi ngeditn dXiddRrying’ 24 HisperSed@in MRltet AUEEfeit han 10 nmare not
smal l er than 90 % of -

4 said cerium oxide grains are obtained by oxidizing a water-

L4

5 insoluble, tri-valent cerium compound as dispersed in water, with an

6 oxidizing agent.

1 2. A cerium oxide abrasive for polishing an insulating
.2 film formed on predetermined substrates, which comprises a slurry of
3 cerium oxide grains as dispersed in water, wherein |

4 said cerium oxide grains are obtained by oxidizing a water-

5 insoluble cerium compound as prepared from an aqueous solution of a

6 water-soluble, tri-valent cerium compound, with an oxidizing agent.

1 3. The cerium oxide abrasive as claimed in claim .1 or 2 in

2 which said oxidizing agent is hydrogen peroxide.

1 4. " A cerium oxide abrasive for polishing an insulating
2 film f;?ned on predetermined substrates, which comprises a slurry of
3 cerium oxide grains as dispersed in water, wherein

4 said cerium oxide grains are obtained by neutralizing or

5 alkalifying an aqueous solution of 8 tetra-valent cerium compound.
AL —
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as di spersesl i smalesithani2s mlfg.4 nunber of prinmary grains of said
cerium oxi de grains having an 5 aspect ratio of not larger than 2.0 are
not smaller than 90 % of the total

1 6. | A cerium oxide abrasive for polishing an insulating

2 film formed on predetermined substrates, which comprises a slurry of
3 cerium oxide grains as dispersed in water, wherein

4 _ said cerium oxide grains have an apparent density as measured

5 in a still standing method of not larger than 1.30 g/ml.

-

1 1. i A cerium oxide abrasive for polishing an insulating
2 film formed on predetermined substrates, which comprises a slurry of
3 cerium oxide grains as dispersed in water, wherein

4 said cerium oxide grains have an apparent density as measured
5

in a tapping method of not larger than 1.60 g/ml.

1 N . _ A cerium oxide abrasive for polishing an insulating
2 film formed on predetermined substrates, which comprises a slurry of
3 ceriumn oxide grains as dispersed in water, wherein _

4 ' a powdery X-ray diffraction pattern of said cerium oxide grains

5 gives a main peak having a half-value width of not smaller than 0.4 -.
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oxi de: grains as dispersed in 100 parts by weight
5 number of a primary grain of which size is not larger than 10 nm
6 observed through transmitting electromicroscopy is not smalier than 80 %

7  of the total number of said primary grains.

1 10. N " A cerium oxide abrasive for polishing an
2 insulating film formed on predetermined substrates, which comprises a
3 slurry of cerium oxide grains as dispersed in water, wherein

4 -number of primary grains"of said cerium oxide gréins having a
5 primary grain size of not larger than 10 nm are not smaller than 80 % of
6 the total number of the priméry grains and

7 number of secondary grains as formed through aggregation of
8 said primary grains to have a secondary grain size of not larger than 1

g um are not smaller than 90 % of the total number of the secondary grains.

1 11, _ . A cerium oxide abrasive for polishing an
2 insulating film formed on predetermined substrates, which comprises a
3 slurry of cerium oxide grains as dispersed in water, wherein

4 ' number of secondary grains of said cerium oxide grains having a
5 diameter of not larger than 1 um are not smaller than 90 % of the total
6 number of the secondary grains and

7 said secondary grains each give an outline with no edges having

8 an angle of smaller than 120°
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5 aspect ratio of not larger than 2.0 are not smaller than 80 % of the total

6 number of the primary grains,

1 A3 , The cerium oxide abrasive as claimed in any one

2 ofclaims 1to 13, in which said slurry contains a dispersant.

1 14. The cerium oxide abrasive as claimed in claim 13 in which
i), D g

2 said dispersant is at least one selected from water-soluble organic

3 polymers, water-soluble anionic surfactants, water-sofuble nonionic

4 surfactants, and water-soluble amines.

1 15 _ _ The cerium oxide abrasive as claimed in any one
2 ofclaims L to 12in which said slurry is an alkaline slurry.
1 A The cerium oxide abrasive as claimed in claim 15 in which

2  said slurry has a pH of from 8 to 12,

1 Al The cerium oxide abrasive as claimed in any one
2 of claims N to - 16 in which said slurry comprises not larger than 10 parts
3 by weight of said cerium oxide grains as dispersed in 100 parts by weight

4 of an aqueous solvent.
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The nethod for polishing a substrate as cl ai ned

1 19, _ . . , A method for polishing a substrate, which

2 comprises a step of forming an insulating film on a predetermined
3 substrate and a step of polishing said insulating film with a cerium oxide
4

abrasive described in any one of claims Lto &7

1 5 . The method for polishing a substrate as claimed

2 in claim 19, in which said predetermined substrate is a semiconductor

3 substrate. - -
1 2. The method for polishing a substrate as claimed

2 in any of claims 19 and 2o. in which said insulating film comprises an

3 insulating layer containing a compound having an organic group.

1 22. _. " The method for polishing a substrate as claimed
2 in claim 21 in which said insulating layer containing said compound
3 having said organic group is formed by applying a coating liquid as
4 prepared through hydrolysis of an alkoxysilane and an alkylalkoxysilane
5 in the presence of water and a catalyst in an organic solvent, onto a

6 substrate, followed by curing it under heat.

1 23. . - . The method for polishing a substrate as claimed

2 in claim }i in which a number of Si atoms derived from a siloxane bond
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2 i'n*claim 19, irmwhich said |nsu|at|ng fllmcorrprlses

g(r)lgfiglhfng?,a Ealbgfﬂwlﬁ mﬁﬂﬂmll orrprl ses a step of f

insul ating |layers of dififefent im 3 nm@Gerials fromon
predeterm ned substrate, and a step of 4 selectively
one of said_insulatin a t ri '
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" substrate ag cl in claim25 in which said insuatirg—Fm
conpri ses; i éﬂfﬁﬁ%wg an insulating film |ayer containing a conpound
having an 45 organi Nt otNCCutbfhs)ANEHbEY SPMiY afsng) CPANIAEE dbf L as
"prepared 5 throughqﬁmfro yé#@ of an ZRLoxys?rane an % ka?alkoxysilane
in the 6 pgesence citomierzapd a catalyst in an organlc sol vent, onto said
7 substrate, followed by curing it under heat; and 8 an
i nsul ating $i Jiargdid insutating ¢ayer containingra mpbuadlrfhwmgnlnaonmnﬁ igroup.ayer
cont ai ni ng said conmpound having 10 said organlc group Is selectively
polished with said abrasive.

1 2. | . The method for polishing a substrate as claimed
2 in claim 12, in which said insulating film comprises a silicon-free, organic

3 polymer resin layer. : -

1 é_ S A method for polishing a substrate, which
2 comprises a step of forming two- or more insulating layers of different in
3 materials from one another on a predetermined substrate, and a step of
4 selectively polishing at least one of said insulating layers with a cerium

5 oxide abrasive of any one of claims 1l-to 7.

1 26. - .. .« ... The method for polishiﬁg a substrate as claimed
2 inclaim 23 in which said insulating film comprises;

3 an insulating film layer containing a compound having an
4 organic group, which is formed by applying a coating liquid as prepared
5 through hydrolysis of an alkoxysilane and an alkylalkoxysilane in the
6 Dpresence of water and a catalyst in an organic solvent, onto said,
7 substrate, followed by curing it under heat; and

8 an insulating SiO2 film layer;

9 and in which said insulating film layer containing said compound having

10 said organic group is selectively polished with said abrasive.
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insulating filmlayer, with aliquid 4 conprising the follow ng (a) and
(b): 5 (a) hydrogen peroxide, and 6 (b) at |east one

sel ected from nitric acid, sulfuric acid, 7 amonium carbonate,

ammoni um  darbagmte and.  anmoni dhesmethdd dgepolishingag substrate as claimed

2 in claim 2,9_. in which said polishing is implemented with said cerium oxide
abrasive having a ratio of a polishing speed for the insulating film layer

3
4 containing an organic compound to a polishing speed for the insulating
5 SiO2 film layer is not smaller than 10.

1 29 . .. * The method for polishing a substrate as claimed
ir:ny one of claims 42 to 28 which further comprises a step of washing
the substrate, after the polishing of its insulating film layer, with a liquid
comprising the following (a) and (b):

(a) hydrogen peroxide, and

o W s W N

(b} at least one selected from nitric acid, sulfuric acid,
7 ammonium carbonate, ammonium carbamate and ammonium

8 hydrogencarbonate.

1 3?. . . A method for producing a semiconductor chip,
2 which comprises a step of forming an insulating film that comprises an
3 insulating tayer containing a compound having an organic group, on a
4 predetermined semiconductor substrate, and a step of polishing said
5 insulating film layer containing said compound having said organic group

6 with a cerium oxide abrasive of any one of claims 1 to'17.
R mm—
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5 water and a catalyst in an organic solvent, onto said substrate, followed

6 by curing it under heat.

1 3. The method for producing a semiconductor chip as claimed

2 in claim 3%, in which a number of Si atoms derived from a siloxane bond
3 and a number of C atoms derived from an alkyl group have a relationship

4 as follows:

5 {Number of C atoms)/[(Number of Si atoms) + (Number of C
6 atoms)] =0.1 '
1 33. A semiconductor chip as produced in the method of any

2 one ofclaims 30 to 32.
AR o——

-1 34, A method for producing a semiconductor device, which
L
2 comprises mounting semiconductor chips of claim 33 on a support

3 substrate, followed by encapslating said semiconductor chips with a

4 sealant.
1 35, . A semiconductor device as produced in the method of

2 claim: 34
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produced in the nethod of any 2 one 30 to 3p. _ _
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(1) Cerium oxide grains as obtained by adding hydrogen

5 peroxide to an aqueous dispersion of cerium carbonate.

(2) Cerium oxide g.rains as obtainéd by oxidizing a precipitate,
which is formed through addition of ammonium hydrogencarbonate to an
aqueous solution of cerium nitrate, with hydrogen peroxide.

(38) Cerium oxide grains as obtained by neutralizing or alkalifying

10 an aqueous solution of cerium ammonium nitrate.



