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POLISHING COMPOSITION AND POLISHING METHOD
BACKGROUND OF THE INVENTION 5 The present invention relates to a
polishing composition which is used, for example, in an application for
polishing an object to be polished comprising silicon dioxide such as SiO2
film as anpigsulatingdln duasemicondugier eirsuitsand@ nelishing
method using such a polishing composition. 10 A polishing composition
used in an application for polishing an object to be polished comprising
silicon dioxide suclpas iRy i requiredtQnave mineast properties of
causing few defects such as scratches resulting on the surface 15 of an
object to be polished when the object to be polished is polished using the
patishingeaseposition; andia highedalishingt cate (adiighs remaoval saite) $drt 1 on
wni 32 giectio be polished by, the polishing composition, For.exam
poliéhlng corhpo&ﬁon improved for séatlsfylﬁg suc requwement@
objeohtaining silicalabsasive grains sach asfamedsilicaiand dethickeneps SiO;
£11:3Ugh a5 polyactylic resin is diselosedin lapansse. laid:opan Patent 4,4 4
Publication No. 2001-271058. However, the polishing composition of
pol JapanesanEaidcCpas Paterit PUblizatier ING. 1200 1C2TH058 dd€3 not
satisfy the requirements enough and 25 has still room to be improved.
Meanwhile, a polishing composition containing a silicone surfactant such
a&p@%ﬁy%‘fﬁﬁ&n&ﬂﬁfé%ﬁﬁbg%ﬁokh?%disl&isél%sé&ﬁ%&&ﬁﬁé%‘é for
pollaid-@peaPaiprtRublication N, 200430 247605. Howeveritheon dioxide
olishing co sition of Japanese Laid- Open Patent Publication No,
Such 3. 247505 1o dsetin A AbBIatioR BF §5listing &R Gbiee W BE" L5 ©F
cau polishetkimctising tah ergahicansulating filme,sandcuse inta applicatondor face
of BRlising an gbject to b polished comprising siisen. dioxide 35 3Ush 8geq
|O§kﬁm is not aimed at. ‘L
polished using the polishing composition, and a high polishing

e, a .
%%hs ng an

rate (a high removal rate) for the object to be polished by
the polishing composition. For example, a polishing
composition improved for satisfying such requirements and
containing silica abrasive grains such as fumed silica and a
thickener such as polyacrylic resin is disclosed in Japanese
Laid-Open Patent Publication No. 2001-271058. However, the
polishing composition of Japanese Laid-Open Patent Publication
No. 2001-271058 does not satisfy the requirements enough and

has still room to be improved.

Meanwhile, a polishing composition containing a silicone
surfactant such as polyoxyethylene methylpolysiloxane is
disclosed in Japanese Laid-Open Patent Publication No. 2004-
247605. However, the polishing composition of Japanese Laid-
Open Patent Publication No. 2004-247605 is used in an
application for polishing an object to be polished including
an organic insulating film, and use in an application for
polishing an object to be polished comprising silicon dioxide

such as Si0O, film is not aimed at.
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SUMMARY OF THE INVENTION Accordingly, it is an objective of the
present invention 5 to provide a polishing composition suitable for use in
an application for polishing an object to be polished comprising silicon
dioxide and a polishing method using such a polishing composition. 10 To
achieve the foregoing objectives and in accordance with a first aspect of
the present invention, a polishing composition used in an application for
polishing an object to Heofished corfiprisifg sificdRioxide is provided.
The polishing composition contains silica abrasive grains having 15 an
average particle size of 20 to 100 nm, an alkali selected from the group = .
cOnSiStihg OF amimortia, afnidhidrsaitst Sikafi ‘mets s%ﬁ%,sé%ﬁbtan%%ﬁ ntion
to metallydraxidesiand asilicone @ilihaving anilbeB Malue-greater than o
app £ALIOS, 20.In accprdance with a gecond aspegLotfie presentoue i 1
PPirivention, a poﬁs INg me hod incrfu&nd polishing an gbject to be poﬂﬂgheolS J
s il compridingsilicoredidxideruskig thengolishiig ¢ompositiosLisiprevided.izBing
ther ashects and advantages of the invention will become apparent
rom the following description, illustrating by way of example the
principles of the invention. DETAILED DESCRIPTION OF THE
PREFERRER EMBODIENTS 30 Herrinbelows ap emhodiment ofithie- o

~ present invention is described. A polishing composition according to this
W1tRnghodihht RSB5 prodiiced by Rikifg SHicaMbradive Yraifis Pakaip 119
comsiieone o2 oilsand waternAsgerdingly, the pelishipg CoOBHOSHioN object to

substantially consists of silica aprasive grains, alkali, silicone ail, an
be ST St e A ERASE dearhG,

com

1
er.
pol ferexamplenSi@Rifildoas anntains silica abrasive grains having
an average particle size of 20 to 100 nm, an alkali selected
from the group consisting of ammonia, ammonium salts, alkali

metal salts, and alkali metal hydroxides, and a silicone oil

having an HLB value greater than or equal to 8.

In accordance with a second aspect of the present
invention, a polishing method including polishing an object to
be polished comprising silicon dioxide using the polishing

composition is provided.

Other aspects and advantages of the invention will become
apparent from the following description, illustrating by way

of example the principles of the invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Hereinbelow, an embodiment of the present invention is

described.

A polishing composition according to this embodiment is

produced by mixing silica abrasive grains, alkali, silicone
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5 insulating film of a semiconductor circuit. Silica abrasive grains in the
polishing composition play a role of mechanically polishing Si02 film and
contribute to improving the polishing rate (removal rate) of Si02 film by
10 the polishing composition. Silica abrasive grains contained in the

011 Polishing .¢mposition arg preferably fumed §ﬂ'_§ﬁi"f€goﬁgﬁﬁ5%@%@oﬁnd
more preferably they are fumed silica. When silica 15 abrasive grains_
subgbatdlined-ihthe Potishing Ompositidifare® fimeéd Siléadr tdtloidal sifica,
si1setatehesiresulling amther surfage o} Si2 film yhepntpe Si02 §ln iss used in
olished using a_polishing composition are reduced. In addition to the
2D {BRICHOR of Serdiched, bolSHiNEFate 6 SO By the- 20 glisinge ="
inseoatposdionils significantynmprovedasswelt iheni silica abrasive grains
contained in the polishing composition are fumed silica. The average
particle size of silica abrasive grains 25 contained in the polishing
cofrigositiorpisr20stovE0@mmi M¢ghem thé averagesparticlesizeofgilican play

a r&pLasie ﬂ@é‘%%ﬁ?’&tﬂw S{%g%%@!l% ir@i@%mf’?ﬂﬁogﬁ%'eééﬁlé_?@@@t@‘to

not only polishing rate film by the polishing composition is not

1mp sRjrifitant) ImprovedBut @lse §eratchRiBTEstIting 'om)the BoSsfade 6t LY

t he SIQA filon whenthe,iQ2 film is polished using a polishing composition
increase. On the other hand, silica abrasive grains having an average
particle size more than 100 nm are poor in dispersibility in the polishing

compasitionand Lasy tgheidepasitedalimaddition,the spage raughness

of 35 Si02 film obtain%d b kE){)Iis in% it with ?.polishing 3lci)mpé)s'tion,Ta¥
cOMincre sleO\I}vh%ﬁ‘?hB%‘?/eFargge particie'Size 8f silica abrasive graing -~ 5+
and contained-mfihe giolighingecpnapesittomdsimote than 100Hwm. 5 But wdien
abrQ@%Qée%@5%%%“%85%%%%%%“%%39'éwgolishing composition are
fumed silica or colloidal silica, scratches resulting on the
surface of Si0O; film when the SiO;, film is polished using a
polishing composition are reduced. In addition to the
reduction of scratches, polishing rate of SiO, film by the
polishing composition is significantly improved as well when
silica abrasive grains contained in the polishing composition

are fumed silica.

The average particle size of silica abrasive grains
contained in the polishing composition is 20 to 100 nm. When
the average particle size of silica abrasive grains contained
in the polishing composition is less than 20 nm, not only
polishing rate of SiO, film by the polishing composition is
not significantly improved but also scratches resulting on the
surface of Si0O; film when the SiO;, film is polished using a
polishing composition increase. On the other hand, silica
abrasive grains having an average particle size more than 100
nm are poor in dispersibility in the polishing composition and
easy to be deposited. 1In addition, the surface roughness of

Si0, film obtained by polishing it with a polishing
3
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grains contained in the polishing composition is less than 25 nm, even if it
is greater than or equal to 20 nm, polishing rate of Si0O2 film by the
polishing composition is slightly in short, and scratches resulting on the
surface of Si02 film 10 increase a little. Therefore, it is preferable for
comyBRRAVIRGh tﬁ%li?oﬁ_%%é_%t@ %ﬂ%ﬁ@%@@%‘@@ﬁ&&@ﬁ'ﬁ%&@@é ﬂé‘i ze of
__average particle size of silica abrasive grains contained in the polishing
S11EBmpositidhi¥ gredter thanr o équat 86125 hnt M fh Baditish Ciffca-aBrasie" Lon
is BFBS hayingiamaverage particle 15 size more than 75 nm are slightly
poor in dispersibility in the polishing composition even if it is less than or
equal to 100 nm. Therefore, it is preferable for the improvement of
dispersibility: of sitica abtasive grainsithat thei average spdrticke siterative
silica abr%%ive or inr?1 cgjﬁtaineodﬁlstg%go %olirslhg)n A ():.ngosiitiorliessléas%han o5
an or equajﬂr%o 5nm. The paverage pgrtlc?e §izé of silica abrasive grains
nm, isvaloulafed. byispecificasurfacelsrea of sitigaabrasive grains nreablugéd ng
rat BYoBEL methad 25 Whendhe soniant of SR A0Lase gralls I figny s

polishing composition is less than 1 % by mass, or even when itis les
sho¥iyan 594 bythass: [poliskingtatel 6SioR filfchys B polisHidy Eapositioh
incignadmproved significantlye Aherefors, itis preferabledeethesr improving
improvement of polishing 30 rate that the content of silica abrasive grains
the ipiHel pdlising %Bﬁwp%%%tioﬁ% grEAtEF thietPorrdqust 16 1 9%y hiass, hha
ave m2Qfe preferablydt is greater thammarequal 1@ 5:1%dygnass.s Orctheotherd in
hand, when the content of silicg abrasive grains in the polishing

the Bhpositionds RS than 4006t MESE G35 87eh WhefiHig m&r than™™

In 20Pbthyomass,itheérsisabpassibitityg 4dhatsdispersibility of silicaadpeagiverticle

512 9r0s In the polishin ng]éjosgllo%%%cr.ea%eosr and aggregation ofsilica ; |
abrasive grains or ge ation Ofst e%o ISH/IHS composmon r%ay OCcCur.

the polishing composition even if it is less than or equal to

100 nm. Therefore, it is preferable for the improvement of
dispersibility of silica abrasive grains that the average
particle size of silica abrasive grains contained in the
polishing composition is less than or equal to 75 nm. The
average particle size of silica abrasive grains is calculated
by specific surface area of silica abrasive grains measured by

BET method.

When the content of silica abrasive grains in the

[e)

polishing composition is less than 1 % by mass, or even when

(o)

it is less than 5 % by mass, polishing rate of SiO, film by
the polishing composition is not improved significantly.
Therefore, it is preferable for the improvement of polishing

rate that the content of silica abrasive grains in the

O

polishing composition is greater than or equal to 1 % by mass,

[e)

and more preferably it is greater than or equal to 5 % by mass.

On the other hand, when the content of silica abrasive grains

(e

in the polishing composition is more than 40 % by mass, or

(e

even when it is more than 20 % by mass, there is a possibility

4
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Therefore, it is preferable for the improvement of 5 dispersibility of silica
abrasive grains that the content of silica abrasive grains in the polishing
composition is less than or equal to 40 % by mass, and more preferably it
is less than or equal to 20 % by mass. 10 Alkali in the polishing

thai‘?%‘P&é@E‘?@i@!@ﬁL%&d@@%@ﬁ%@Qaﬁ)éPQES_LW'%Q j 'ﬁ!én’_i@ﬂdt@%‘tﬂl%_lit%hing
to improvement of polishing rate of Si02 film by the polishing composition.

comppalitddiitaingd it 47 polishiry E6MpBSitibn 1l ammadhial 4% dhrmniif

grasal, Akalymetalissit, or alkali metak RydraxideoyBEONIWA salf goptained

in the polishing, comgﬁ)osition may be ammonium carbonate, and alkali

Thefetar Salt contaiheld’ift e PotishingcomFositiBi may 156 an afkaline
dismretaticarbonateo fAlkali metaldyydieXicde contained irhthe pdlishingntent of
s11 £MRgsition. 20 may be sodium hydroxide, patassium hydroxide or lithiym,
Jhyarom e.ﬁeanvghife, When the alkall contained in th pojﬁsl%ing
thagompositienlis accompdurid othes tharrasinonia, anmieniamlyalt, alkedi less

thainetal %ﬂhﬁﬂd alkal @%tagqu{géigg, such as tetramethylammonium
hydroxide (TMAH), the polishing 25 rate of Si02 film by the polishing

composition is not significantly improved. Therefore, scratches resulting

omthe, surface %%iogaﬂmsm%t%%%&fﬂ&i&pogﬂ'm% with.a, polisking

composition is greatly increased. 30 When the content of alkali in the
chempfisHing cBmpositioh? is"ieSs than B0 F86loy HdssI Brefen WhehiPEJe&sent
of fhan Hul fe by masss thes polishingmate,ofcSif2dibm hyrthggpelishingition.

composition is not significantly improved. Therefore, it is preferable for

the improvement of polishing 35 rate that the content of alkali in the

paliskingicompasitiore & isrgreater thani shequal to0ils%: by mass, andonia,

o SO O AL LY BRSO Mo
Ammonium salt contained in the polishing composition may be
ammonium carbonate, and alkali metal salt contained in the
polishing composition may be an alkaline metal carbonate.
Alkali metal hydroxide contained in the polishing composition
may be sodium hydroxide, potassium hydroxide or lithium
hydroxide. Meanwhile, when the alkali contained in the
polishing composition is a compound other than ammonia,
ammonium salt, alkali metal salt and alkali metal hydroxide,
such as tetramethylammonium hydroxide (TMAH), the polishing
rate of Si0O,; film by the polishing composition is not
significantly improved. Therefore, scratches resulting on the

surface of Si0O; film when the SiO, film is polished with a

polishing composition is greatly increased.

When the content of alkali in the polishing composition
is less than 0.01 % by mass, or even when it is less than
0.1 % by mass, the polishing rate of SiO, film by the
polishing composition is not significantly improved.
Therefore, it is preferable for the improvement of polishing

rate that the content of alkali in the polishing composition

5
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composition is more than 10 % by mass, there is a possibility 5 that silica
abrasive grains in the polishing composition may dissolve. Therefore, it is
preferable for the prevention of dissolution of silica abrasive grains that
the content of alkali in the polishing composition is less than or equal to

is 3PSy magsn1Q Silicgng oilin the, palishing campesitign hag an-effect
of reducing scratches resulting on the surface of Si02 film when the Si02
prefifnidpdlisHed ity iR pSiishintg CornpoSiliBaL Itie ifferred that thSStecton

the comesHreompiotegtive, ceatingso1a farmesby, silicane oih onrthe sunfaces ng
of silica abrasive grains and th§ surface of the Si02 film. More
e

COmMRBRAHCAR, ftSs THiefred that witer® profeliR& coatings are formadl Syt 11ty

thasilisone o cithe ssivkaces of siica abrasive glaing, iangl asreporesuttion may

a1 s 2991egation of silica abrasive grains is suppressed Zot%”‘?' scraiches by, o«
aggregated silica abrasive grains‘are suppresse(f Tn addition; i is

di s inférred thatofhen aiprotedtivescoating is: formedhiay thehsiliconeteihon tHe

alkéﬂﬁaﬁ%oﬁﬁgf§E@f§@i§9ﬁ5ﬁﬁ%ﬁ%ﬂ?@%m¥%“@ég%a%%QFQor equal to

suppressed by the protective coating. 25 Silicone oil contained in the
10 ‘pohshifig ®mposition may be a straight silicone oil or a modified silicone
oil. Modified silicone oil includes reactive silicone oil such as amino
moadified silicone oil, carboxyl modified silicone oil, 30 and heterologous
fuctiotfaP Broup moditied Slicne i ahd  AGATEsCtiveSidahe @fsiichtect
of Bspolyetbersmedifiedsilicone. ol ihigherfatty acid.estermaslfied silicana m
oil, and hydrophilic specially madified silicone oil. Among all, the silicone |
i ¢ y

whellcofitained in thd pdifshivg coMpdsitivn s 35 prérdraily Ajsolysther St +on -

It inodifie sitieone bihbytwhich anféct comes from protective coatings
formed by silicone o0il on the surfaces of silica abrasive
grains and the surface of the Si0O, film. More specifically,

it is inferred that when protective coatings are formed by the
silicone o0il on the surfaces of silica abrasive grains, and as
a result aggregation of silica abrasive grains is suppressed
and scratches by aggregated silica abrasive grains are
suppressed. In addition, it is inferred that when a
protective coating is formed by the silicone o0il on the
surface of the Si0O, film, scratches by polishing waste are

also suppressed by the protective coating.

Silicone o0il contained in the polishing composition may
be a straight silicone o0il or a modified silicone oil.
Modified silicone o0il includes reactive silicone oil such as
amino modified silicone o0il, carboxyl modified silicone oil,
and heterologous functional group modified silicone oil, and
non-reactive silicone o0il such as polyether modified silicone
0il, higher fatty acid ester modified silicone o0il, and
hydrophilic specially modified silicone oil. Among all, the
silicone o0il contained in the polishing composition is

preferably a polyether modified silicone oil by which an

6
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appropriate HLB (hydrophilic-lipophilic balance) value is easy to be
obtained. The polyether modified silicone oil as a silicone oil contained in
the polishing composition may be a side-chain type in which a
polyoxyalkylene group is introduced 5 in a part of side chains of

app PoPysilaxane;opa PQ%B?B itype: - which palyexyalkylene gjoupsiale is easy
introduced in the both ends of polysiloxane. Alternativley, it may be a
Lo RingteeAd gt inWiRich alpSyoa/AaIRAEHe gfstipIs ttfdttfeedin of@ éhd
s1i1 of polysiloxane O aisiderchaintbethenditype iy Wihicho1Q pelyexyalkylepe a
roups.are introduced in a part of side chains of polysiloxane and the

S1Agoth8nds ¥ B&yﬁfb%lﬁé?g\/ﬁerﬂ%%yc%}ﬁ@r}tkéfth%gili%ﬁé”%il 1 thgt b roduced
in pofishing cdormpoiitiomisiless tfand ppai, osevea whenitlislessdhan thhoe in

.10 p or yet even when it is less than 10 scratches resulting on
o G B G G S T s o SO 1 DS e vl Hpiehg ™
of pohmisﬂt'rmmare notZsigmificarithyv teducedt Therefore, it is prefératsefort ype
in edugiion of ;scraiches thatthe CL%«F‘&‘%IB of the gilicang QLN the 20c end of

polishing composition is‘greater than or equal to 1 ppm, more preferably it
polysgreaterthan or 2quial T ppi, andthe rsbst vpreferabit ghgreater
polikananequalie 100 ppm. Qpdhe ptherhand,; thereisgpessitilitythat chains

polishing of Si02 film may be suppressed by the protective coating of
of LitsRe b2 formed onthe Rurface ¥t the i when € content of

the silicone oil in the polishing composition is more than 10,000 ppm, or

even when it is more than %,OOO ppm,. ar further even when it is more .

l1shing

thaR Gan(fdj Spr%?%‘ﬁna% £y resﬁt?thselré 1§ 8nﬁososjibilit§ﬂh5 ﬁolps%lng rate
compod SiG2i tiim by the=pelishizg130 compositionedecteases: Thereferd,disis than
referable for.the prevention of decrease in the polishing rate that th
10 B e ey need DRI M cnes
resypi00ppem, ahe nsore preferatfly $tii€dess tharvbre eqbibktos,000fppm, 1s

polf@géaeﬁm%ﬂF%%@“ﬂ%iﬂéﬁkﬁétbgﬁﬁgsition are not significantly
reduced. Therefore, it is preferable for reduction of
scratches that the content of the silicone o0il in the
polishing composition is greater than or equal to 1 ppm, more
preferably it is greater than or equal to 10 ppm, and the most
preferably it is greater than or equal to 100 ppm. On the
other hand, there is a possibility that polishing of SiO, film
may be suppressed by the protective coating of silicone oil
formed on the surface of the Si0O, film when the content of the
silicone o0il in the polishing composition is more than 10,000
ppm, or even when it is more than 5,000 ppm, or further even
when it is more than 1,000 ppm. And as a result, there is a
possibility that polishing rate of SiO; film by the polishing
composition decreases. Therefore, it is preferable for the
prevention of decrease in the polishing rate that the content
of silicone o0il in the polishing composition is less than or
equal to 10,000 ppm, and more preferably it is less than or
equal to 5,000 ppm, and the most preferably it is less than or
equal to 1,000 ppm.



10

15

20

25

30

35

35 equal to 1,000 ppm. 7 HLB value of the silicone oil contained in the

polishing composition is greater than or equal to 8. When the HLB value
of the silicone oil contained in the polishing composition is 5 less than 8,
organic residual substances derived from the silicone oil tend to remain
as extraneous substances on the surface of SiO2 film polished with the

polishing composition. But when the HLB value of silicone oil contained in
th&LE0 potisting Eompositibhis R84S thar oCBreden fhefit ishEsS a2 119
com@@sevenin the casedhatit imgreater than ot egyakto Gyiesganiecesidealyalue
substances derived from the silicone oil tend to remain as extraneous ,
°f GlBstances BHThE burtaeE bf Sit5% fith polishBE Wit thepoiidhipgs 1t 1on 15
lessonipasition. dhereiare, it<lbiisyrefesabletfanratiablyesstippseissingm the
511]2maining of extraneous, substanes on the 9103 film that the HLB value,,
of the sificone il contained in the pohsﬁmg compositslon IS grea?er than or
sur ggaoal o9, 3k moreprefetabiy itds gigdter thancorleqial ty 100@rpthet ion.
other hand, the polishing composition is easy to 20 cause foaming when

the HLB value of the silicone oil contained in the polishing composition is
grBater thai o 8§ualte 162 6reveh whdn R e35'§reater than tor eeedl to1zhe

pol Therefgre; dnjsorreferahle; for improving.defoaming prepertiesaf the is less
polishing composition that the HLB value of the silicone oil 25 contained in

thamd Belighifg compblftioRds fessitRan 16, afd Shore Breférably itfs reegal to
8, &hamidt isspreferablesior effectheasregiction of defegts suchs 881 cone o1l
cratches resulting on the surface of SiO2 film when th% 30 SiO2 film is ,
te“%oﬁ&werae\r/“vﬁﬁ%hg ofidhing LoMpdsition that the avtade: motsdutareight 502
f1ilrof thel siitenre eil cantairedon the hpolishingrgampadition is 208 te 16;000. 1t
Suerf ce at%QSiO of the Rollg%lir?ég com osition decreases by 35 t?e adgition
ion 818 ng ot ex

is . or r essSing remaln raneous
%%SI icone oll. The suﬁace te tﬁe gl

substances on the Si0O, film that the HLB value of the silicone
0il contained in the polishing composition is greater than or
equal to 9, and more preferably it is greater than or equal to
10. On the other hand, the polishing composition is easy to
cause foaming when the HLB value of the silicone o0il contained
in the polishing composition is greater than or equal to 16,
or even when it is greater than or equal to 12. Therefore, it
is preferable for improving defoaming properties of the
polishing composition that the HLB value of the silicone oil
contained in the polishing composition is less than 16, and

more preferably it is less than 12.

It is preferable for effective reduction of defects such
as scratches resulting on the surface of SiO, film when the
Si0, film is polished with the polishing composition that the
average molecular weight of the silicone o0il contained in the

polishing composition is 200 to 10,000.

Surface tension of the polishing composition decreases by

the addition of silicone oil. The surface tension of the

8
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8 polishing composition is preferably less than 60 mN/m to effectively
reduce defects such as scratches resulting on the surface of Si02 film
when the Si02 film is polished with the polishing composition. 5 According
to this embodiment, the following advantages are obtained. Since the

po1 Polishing compositionof the present emhodiment 10-contains sificane il
having an effect of reducing scratches resulting on the surface of Si02

et L 4ifh LR polisRMgComSdSiidiP endiBs 36 rétucetsciathes PesditiigoR™ the

sur the susface 0 Sie2 fitmwwhken theSif2dinrisipelisbed withdhedpelishing he
composition. Besides, since the HLB value of 15 silicone oil contained in

PO L8 hBISHIRGREMpositidn is greater than or equal to 8, it suppresses

formation of organic residue as extraneous substances derived from the

siicons oflon.the, suface of 5102 fim polished with the polishing, . 2
composition. “In addition, since the porﬁshlng composition cgmprlses silica

are 20dbrasivd grains having a role of mechanically polishing Si02 film and
alkali having a role of chemically polishing Si02 film, the polishing

composition polish Si02 film at a high polishing rate. Therefore, according

to thé predert eRtbbdiméRy aJsoRAmGdothp6ditich Suitdtsté fercusipoghi ment
coniaiapplicatian-for polishing Sj02 film is provided. Jheauerage padicle sizge s
of silica abrasive grains contained in the polishing composition is 20 to
resYppimife. Thetditre Hetbfdingto %%re‘%bh?‘em@&%lirﬁ@&t} fHetésse of 30
comSekatenesor theswiace,oh-Si@ddimarhigh wik ecewswhen (the average
article sizg of sﬂ%cai?gragl%/e gcralns IS Iessfittﬂ%n 20 nm and. increase of

SUTshifface ro&glh(?fessio i3 S - Rhich Will dccUP wierPRe ava gé” bgRicFehe
pol sizeiofsilicanabrasivie-grains éssgréater than dO0tm ateprevented.o £

silicone o0il contained in the polishing composition is greater
than or equal to 8, it suppresses formation of organic residue
as extraneous substances derived from the silicone oil on the
surface of Si0O; film polished with the polishing composition.
In addition, since the polishing composition comprises silica
abrasive grains having a role of mechanically polishing SiO;
film and alkali having a role of chemically polishing SiO;
film, the polishing composition polish SiO, film at a high
polishing rate. Therefore, according to the present
embodiment, a polishing composition suitable for use in an

application for polishing SiO, film is provided.

The average particle size of silica abrasive grains
contained in the polishing composition is 20 to 100 nm.
Therefore, according to the present embodiment, increase of
scratches on the surface of SiO; film which will occur when
the average particle size of silica abrasive grains is less
than 20 nm and increase of surface roughness of Si0O; film
which will occur when the average particle size of silica

abrasive grains is greater than 100 nm are prevented.
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35 9 Alkali contained in the polishing composition is not
tetramethylammonium hydroxide but ammonia, ammonium salt, alkali
metal salt or alkali metal hydroxide. Therefore, scratches resulting on the
surface of Si02 film will not be 5 greatly increased by the effect of alkali.

The ahave embediment may bgchanged l@-§rf@"%§1pg‘§/9tq dnoreskinds
of silica abrasive grains may be 10 contained in the polishing composition

Lot b it AHdvEBMBORTIMERI TG BF nfdré kiHURBH ikaliR iy betohtdihed

alkdn thenpelishing compesiionaf the abgve iembadimest. 1T iweardnere
kinds of silicone ojls may be contained in the polishing composition of the

SCLAhouE 2ntfiotiment THAR is; "for BRAMPIS palyethcr n?old%ﬁ‘éd”éiﬁclor{éo&l be

greantsiliconedils othes tham that fifay-be contained in.the polishing
composition. However, silicone oil contained in the polishing composition
20 is preferably only polyether modified silicone oil since suitable HLB
valiree isedasyetodhecobtaimedtinithat doen podsitiore dlireadditidn,dhe value of
weighted average of HLB values of each silicone oil in the polishing
composition must be greater than or equal to 8 when more than two kinds
of BiliRofE dllPBarelestitainéd 3 Hepolidhiivg eompesitibns may be

conMildewprocfing,agents ;anficosrosives.defoanting agents, Lhelatingmpodiment .
agents, etc. may be added in the polishing composition of the above

embodiment if necessary. 30 The polishing composition of the above
embedimentsiay be riseddn amapplication fornpolisbingamebjechtohe:
polJc)olished comprising, silicon_dioxide %ther than Si02 film. 35 The polishing

ShpL3ition Bt e ahdle RmBoHimahtHay BE 10 BteBared by diluting a

stock solution of the polishing

Two or more kinds of silicone oils may be contained in
the polishing composition of the above embodiment. That is,
for example, polyether modified silicone o0il and silicone oil
other than that may be contained in the polishing composition.
However, silicone o0il contained in the polishing composition
is preferably only polyether modified silicone o0il since
suitable HLB value is easy to be obtained in that composition.
In addition, the value of weighted average of HLB values of
each silicone oil in the polishing composition must be greater
than or equal to 8 when more than two kinds of silicone oil

are contained in the polishing composition.

Mildewproofing agents, anticorrosives, defoaming agents,
chelating agents, etc. may be added in the polishing

composition of the above embodiment if necessary.

The polishing composition of the above embodiment may be
used in an application for polishing an object to be polished

comprising silicon dioxide other than SiO, film.

The polishing composition of the above embodiment may be

10
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composition with water. Examples of the present invention and
Comparative 5 Examples are described below. Polishing compositions of
Examples 1-21 and Comparative Examples 1-6 were prepared by mixing
silica abrasive grains, alkali, polyether modified silicone oil of side-chain

prefe d0Andwater appropriatelyk Details:of silicaabrasive graing.: glkali,
and polyether modified silicone oil in the polishing compositions of

compgkipte -2t SRd CnfiFarative Examples 1-6 and surface tensions for
the polishing compositions of Examples 1- 9 and Comparative Examples
1-3 are as shown in Table 1. Here, 15 surface tension for eachgglishing

COMApOSIISHT WS niéssured Sitler TREAStr& RN BOndiiBRE SROWH T
Exanabtes2 athke Gealishirigeratesecobwmn of Table 1 shows polishing rates

obtained when an Si02 blanket wafer (a wafer with a TEOS 20 film)

having a diameter of 200 mm is polished with each of the polishing

conegositionssofdExamples 1o2F and Comparative Examplesi 1 ®upderat ive

ExafRPlging cengditions.shawn.in Jable f%-&@%%ooé@ﬂ‘&ar alg,was determined ;|
by dividing the difference in the thickness of each wafer before and after

alkyblishing byahe 25 prtidhingaimeé 1Rilm thickivdss méasuiiy apgaratdsre,
and"Maﬁgﬁoéﬁﬁéﬁf@WQQBﬁ%?eeﬁéﬁgh£§ld%dsm@§é§6969%%Ewe grains,
0

measurement of a thickness of a wafer. In the "surface defects" column of

alkghple £Iféshitd BF Borevaltating Sitfate détBes &t'Sio2 bidrket Ratersh 19

compolished tnder palishing sonditions showsnin J ablei Fusingeachef thec and
olishing com ositiigns of Examples 1-21 and Comparative Examples 1i6 1

Sura?&%h%%ﬁ?é B&ifically, Si62 Bahk&tWarerS Poiikhed With“eath 6FREP 1SS

9 ampdlishing £oatposiionsarerearashetl 35 with).580 by massThydroefldoricHere,

gcid soclution for 13 secondﬁ, 11 ancLsubsquentI% thce. number of
surrace en8l§n Oor eacC Bolls l]ﬁg C m&oo. I1Tion was measured
scratches and extraneous substances having a size greater than or equa
und¢g Oueppurement conditions shown in Table 2.

The “polishing rate” column of Table 1 shows polishing
rates obtained when an SiO, blanket wafer (a wafer with a TEOS
film) having a diameter of 200 mm is polished with each of the
polishing compositions of Examples 1-21 and Comparative
Examples 1-6 under polishing conditions shown in Table 3. The
polishing rate was determined by dividing the difference in
the thickness of each wafer before and after polishing by the
polishing time. Film thickness measuring apparatus “WM2030"”
of Dainippon Screen Mfg. Co., Ltd. was used for the

measurement of a thickness of a wafer.

In the “surface defects” column of Table 1, results of
evaluating surface defects of SiO; blanket wafers polished
under polishing conditions shown in Table 3 using each of the
polishing compositions of Examples 1-21 and Comparative
Examples 1-6 are shown. Specifically, SiO; blanket wafers
polished with each of the polishing compositions were washed

with 0.5 % by mass hydrofluoric acid solution for 12 seconds,

11
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present on the surface of Si02 blanket wafer was measured using wafer
tester "SURFSCAN SP1-TBI" of KLA-Tencor 5 Corporation. In the
"surface defects" column, "1" (excellent) shows that the number of
scratches and extraneous substances having a size greater than or equal

and @ Qrs@yas fess thaa 10,m2d(g00¢) shows that the pymber wasngtdess

than 10 and less than 30, "3"(slightly poor) shows that the number was
SUb B RIS LMENTS0 andP less tHANT BBNd™22 TpdTr) SHBRS that the hurfber

pre¥@sthaidessthas b da the tdefeaming proparties' reoluma Hfdabigi ke d

. results_of evaluating defoaming properties of each of the polishing 15
45 5 i Sifon5 T EXBMPIG 15T And ComgArativd EXUPIEE L 6 are
Corpshowni Specifically,rabott 80 fakeach ©f thes pokishinghrcomyositiensawas ent )

Sho‘%ﬂ j&g&lgs%vesselsgavin volu e%f 100 nérl]_an shaken for 1

{8conds and the Tength of time needed: after Shaking before foams almost

havﬁiﬁﬁp@egnezdeinghe a_ptodaighinga’hﬁ) compeesitdn was ineagured.as thess than 10,
wo - (defoaming praperties” cglumn, o (exgelent) shqws thatithe length of s

time before foams disappeared was less than 1 minute, "2" (good) shows
thaghatlhe Tength bf Gifelwa® porlessikas 1 hmute fd 1888l tHariss not less

thamMingtesy 3"(glightly poar)sshowsithay the lepgth of2p timewas nehless umbe r
than 5 minutes and less than 10 minutes and "4" (poor) shows that the

was |difth bF fihe Was netless than 10 minutes. 12 Table 1 Silica abrasive

grains Alkali Polyether modified silicone olow N _6 NOO N N N O)E O-

C%%Ct éckgégégming properties” column of Table 1, results
of evaluating defoaming properties of each of the polishing
compositions of Examples 1-21 and Comparative Examples 1-6 are
shown. Specifically, about 80 mL each of the polishing
compositions was put in glass vessels having a volume of 100
mL and shaken for 10 seconds and the length of time needed
after shaking before foams almost disappeared in the polishing
composition was measured. In the “defoaming properties”
column, “1” (excellent) shows that the length of time before
foams disappeared was less than 1 minute, “2” (good) shows
that the length of time was not less than 1 minute and less
than 5 minutes, “3” (slightly poor) shows that the length of
time was not less than 5 minutes and less than 10 minutes and

“4" (poor) shows that the length of time was not less than 10

minutes.

12



UQEQEECZDOOEW-1-6E -O~00_>0DO0 UoUo0UOQE
U)a_ U C. Ex. 1 Fumed silica* 12.5 NH3 0.50--69.6 26553 1 C. Ex. 2
Fumed silica* 12.5 NH3 0.5 100 4 1000 23.1 21854 1 C. Ex. 3 Fumed
silica* 12.5 NH3 0.5 100 7 6000 29.8 2524 31 Ex. 1 Fumed silica's 12.5
Tab 43 0.5 100 10 3000 35.1 2478 1 2 Ex. 2 Fumed silica* 12.5 NH3 0.5

100-121000-26-922631 3 B3 Fumad-silica 12-5-NH3-8-5-10642266
44.0/Z), ed sificar 12.3 @l 00died 5000 62{2 2177 @
24 E @é&%&é Egﬁéﬁm SRN LWQ@W@QM 266l 81 Exgb6 | £ %
Fum NH3 0550 103009 30.:0 35393 1T EX. | Bumed® _, 2 8
ilica's 12.5 NH3 O > 209 10 300D 33® 31312 Ex._q?; Eumee“ﬁsgca_g 1) © g
H3/0.5 509 10 30p(528.4 2181 [L § £X. §Fumed siga® £2 5NEI3 Gz, | S | £
1§09 10 3080 35.1[2833.1 2, %x | 1§ Eu medsilica’ 1550NE8 &3 100610 | S | §
3000 - 2571 1 2 Ex. @1 med sjlies® 125 BiHi3 0.75060710 %000|- 2739 @ | £
1 2\Ex. 12 Fumed bilica™ [12.5 NH3 T:2|100710 3000 - 28791 2 Ex. 13 =
Gk IR SRS N8 U0 TG 0D 53053 T4 EX. T4 TRaess | 5 | 1
O B EH S s L O Wbt s B e 2t @ |
C. Exdb 15‘8@‘61)31”91*8 4 32.5x NHEYmMBE silick8 5 NH3|080990| 12P300@224 | 3 | 1
Ex. 1547 [LRuniad difckUmea.SilicatHg INHB50.5 100 1013000300834 3521 2478 | 1 | 2
Ex. ZUMEA RGPS NHD 8.9 109,1D 3090/ 8561 112 Exige8 Hupey $ibead | 1 | 3
Ex 3 o BB e d 90 Bl Qo O rs 1 20 LR T20E) 1 | 8
Ex 4 377 fungesi 'E@C iRl siEa+p £°5 NH&%0 b 180 119%bp 6546|2277 | 2 | 4
Ex.5 Fumed silica™’ | 12.5 NH; 0.5 10 10 3000 | 59.4 | 2661 | 2 1
Ex. 6 Fumedsilica' | 12.5 | NH; 0.5 50 10 | 3000 | 30.0 [ 2539 | 2 | 1
Ex. 7 Fumedsilica' | 12.5 | NH; 0.5 200 10 | 3000 | 33.0 [ 2315 | 1 2
Ex. 8 Fumed silica™ | 12.5 | NH, 0.5 500 10 3000 | 284 | 2181 | 1 2
Ex. 9 Fumedsilica' | 12.5 | NH; 0.5 (1000 | 10 | 3000 | 35.1 | 2033 | 1 2
Ex. 10 Fumed silica™ | 12.5 | NH, 0.3 100 10 3000 - 2571 | 1 2
Ex. 11 Fumedsilica' | 125 | NHs | 0.75 | 100 10 | 3000 - 2739 | 1 2
Ex. 12 Fumed silica™' | 12.5 NH3 1.2 100 10 3000 - 2879 | 1 2
Ex. 13 Fumedsilica' | 125 | KOH | 0.5 100 10 | 3000 - 3034 | 1 2
Ex. 14 Fumedsilica' | 125 | KOH | 1.0 100 10 | 3000 - 3355 | 1 2
C.Ex. 4 | Fumedsilica' | 125 |TMAH| 0.5 100 10 | 3000 - 354 | 3| 2
C.Ex.5 | Fumedsilica™ | 12.5 |TMAH| 1.0 100 10 3000 - 118 4 | 2
Ex. 15 Fumed silica 5 NH3 0.5 100 10 | 3000 - 547 1 2
Ex. 16 Fumed silica 8 NH3 0.5 100 10 | 3000 - 1834 | 1 2
Ex. 17 Fumed silica 18 NH3 0.5 100 10 | 3000 - 3367 | 1 2
Ex. 18 Fumed silica 25 NH3 0.5 100 10 | 3000 - 3339 | 2 | 2
Ex. 19 Fumed silica® | 12.5 | NH; 0.5 100 10 | 3000 - 2916 | 1 2
C. Ex. 6 |Colloidal silica'| 11 NH3 0.5 100 10 | 3000 - 377 | 4 | 2
Ex. 20 [Colloidal silica®| 12.5 | NHs 0.5 100 10 | 3000 - 546 | 2 | 2
Ex. 21 Colloidal silica®| 12.5 | NHs; 0.5 100 10 | 3000 - 1299 | 1 2
In “Silica abrasive grains” column of Table 1, “Fumed
silica™” represents fumed silica having an average particle

size of 30 nm and

having an average particle size of 50 nm,

“Fumed silica

*2

13

4

and

represents fumed silica

“Colloidal
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Ex. 21 Colloidal silica '3 12.5 NH3 0.5 100 10 3000 - 1299 1 2 In "Silica
abrasive grains" column of Table 1, "Fumed silicate™ represents fumed
silica having an average particle 5 size of 30 nm and "Fumed silica *2"
represents fumed silica having an average patrticle size of 50 nm, and
si1i€gliodal 13 slicates’ represents gollojdal silicahaving an ayerage,
particle size of 10 nm, "Colloidal silica *2" represents, colloidal silica
ParphGing ah-aferafe ]p%rfi’tfl'lle siZe°of 30 Arlard-iColidal SHEEFESents
col representsicolleidah stica Hayingan S.averpge paricle sizeof 9P M. nm and
«._Table 2 Measuring.apparatus: Automatic surface tension meter "CBVP-Z"
CobtRYORm IftetEce Sclere s L. Madsuring méthot® Platé riétfod”
ave Pighe Rlatinumeplatez dMeasueement.temperature: 25C Table 3 Polishing
device: CMP device "EPO-113D" of Ebara Corporation Polishing load:
34.5 kPa (5.0 psi) Polishing linear velocity: 42 m/min Polishing time: 30
Tabsecands Flow rate of polishing composition: 200 mL/min 10 As shown in

MeastAP§ dpgAaties IR QRN Ren S PR CORBOHUBNR Wi ABFIER

Sciedc@Twergpractically satisfactory with regard to polishing rate and surface
Mea derfgctr%.e tt‘nogpgfg?est 0o fractically satisfactory results were obtained 15 in
Lontharative xamplés 1-6 at least with regard to surface defects. In

Probg i M Bi#ffed out from the results of Examples 1-4 that good results
Measuesemomtaingsbiaitiaegmad to defoaming properties when the HLB value of

polyether modified silicone oll contained In the polishing composition was

less
Table 3

Polishing device: CMP device “EPO-113D” of Ebara Corporation
Polishing load: 34.5 kPa (5.0 psi)

Polishing linear velocity: 42 m/min

Polishing time: 30 seconds

Flow rate of polishing composition: 200 mL/min

As shown in Table 1, the results obtained for the
polishing compositions of Examples 1-21 were practically
satisfactory with regard to polishing rate and surface defects.
In contrast, no practically satisfactory results were obtained
in Comparative Examples 1-6 at least with regard to surface
defects. In addition, it turned out from the results of
Examples 1-4 that good results were obtained with regard to
defoaming properties when the HLB value of polyether modified
silicone o0il contained in the polishing composition was less

than 16, or even it was less than 12.

14
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20 than 16, or even it was less than 12. 14 CLAIMS: 1. A polishing
composition used in an application for polishing an object to be polished
comprising silicon dioxide, 5 the polishing composition characterized by
containing: silica abrasive grains having an average patrticle size of 20 to
c1,2 400 nm; an alkali selected from the group consisting of ammonia,
ammonium salts, alkali metal salts, and alkali metal 10 hydroxides; and a
silicone oil having an HLB value greater than or equal to 8. 2. The
1. palispivgicompesitiomaecordingfociaian Lnlehargsterized in thatdhe
molecular weight of the silicone oil is 200 to 20,000. 3. The polishing .
PO L E8hpdditdn atedfdihg & cRimPCor2 P Ehafadtetzet i hat the Siiftofie Bt 9/
the ipa pobyether modified 120 siicohe 0l c4.eA polishing methedining:
charzcltgg;e%b%g(l)lishin an obj%ct to be gglished comprisigg sgi on

dioxide usm% the po\ﬁghi%gaégr%pogi}/icl)ﬁ%ccor |ﬁfgeifoagr?y bne of claims 1°© of
20 t@3108 nm;

an alkali selected from the group consisting of ammonia,
ammonium salts, alkali metal salts, and alkali metal
hydroxides; and

a silicone o0il having an HLB value greater than or equal

to 8.

2. The polishing composition according to claim 1,
characterized in that the molecular weight of the silicone oil

is 200 to 20,000.

3. The polishing composition according to claim 1 or 2,
characterized in that the silicone o0il is a polyether modified

silicone oil.
4. A polishing method characterized by polishing an object

to be polished comprising silicon dioxide using the polishing

composition according to any one of claims 1 to 3.
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