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*CIRCU T 5 TECHNI CAL FI ELD The present invention relates to a polishing

technique to be utilized for polishing for planarization

of an insul ating

filmconprising an organic silicon 10 material having a CGSi bond and a Si-O
bond, to be used for shallow trench isolation (STlI) or interlayer
insulation, particularly for the latter, 1in a sem conductor integrated
circuit, and a nethod for producing a sem conductor integrated circuit,
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silicon material having a CGSi bond and Si-O bond. BACKGROUND ART | n recent
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of wiring patters by e.g. copper or alumnumare in progress. 25 Wth
respect to the nultilayered struNTEGATED CiRQUiTS, the irregularities on

the surface of a circuit fornmed by e.g. exposure, has an
circuit 25
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The present invention relates to a polishing

technique to be utilized for polishing for planarization

of an insulating film comprising an organic silicon

10 material having a C-Si bond and a Si-0O bond, to be used

for shallow trench isolation (STI) or interlayer

insulation, particularly for the latter, in a

semiconductor integrated circuit, and a method for

producing a semiconductor integrated circuit, which has a

15 step of polishing an insulating film comprising an

organic silicon material having a C-Si bond and Si-0O bond.

BACKGROUND ART

In recent years, low power and high speed are

20 reqgquired for semiconductor integrator circuits, and

drastic increase in density and high densification are

required, and multilayered structures of circuits and

miniaturization of wiring patters by e.g. copper or

aluminum are 1in progress.

25 With respect to the multilayered structures of

circulits, the irregularities on the surface of a circuit

formed by e.g. exposure, has an influence over a circuit



to.,be fornmed thereon in a nultilayered structure. This influence tends to
be significant in the wiring pattern at the upper |ayer, and makes it
«difficult to satisfy both resolution and depth of focus in
photol i t hography, 5 or causes a defect such as breakage of wire of the
circuit. Accordingly, an insulating filmfornmed on a sem conductor
substrate is planarized by chem cal nechanical polishing (CW), and a new
wiring is optically 10 exposed by photol hthography to forma circuit

t hereon, and such an operation is repeatedly carried out to |amnate

circuits. Intbhbs EMPmelihenkresgular bt n8stoNayBeegustagertipebe TiRpLi shed
have to be flattened by polishing in as short 15 tine as possible and at the

same time, dehettenes tb8edssesi beNdughotisHhst iAt ensuliagagabatherhi me of
polishing, such as cracks, scratches or film peeling, which cause the

irregul arities onethippsuriagerioahe pakeshed, ahavechor be sdHppeegsed as far
as possible. 20 On the other hand, by mniaturization of processing Iline

w dth by m nbaturtreablavieh &he @epthgopatbens DY pHS5tLBYi€hOgr&pRPEr O
al um num due to narrowed space between wirings, the capacitance between
Wi rings tendsrtoausesr eaadefethesscpgnak dekajagenert ehds b6 brel ong, and the
25 increase in speed of a sem conductor integrated circuit wll be
i nhi bited. Thuscuitsul ati on between wirings is carried out by tightly
filling e.g. the space between 3
Accordingly, an insulating film formed on a

semiconductor substrate is planarized by chemical

mechanical polishing (CMP), and a new wiring is optically

10 exposed by photolithography to form a circuit thereon,
and such an operation is repeatedly carried out to
laminate circuits.

In this CMP, the irregularities on the surface to be
polished have to be flattened by polishing in as short

15 time as possible and at the same time, defects on the
semiconductor substrate surface at the time of polishing,
such as cracks, scratches or film peeling, which cause
the irregularities on the surface to be polished, have to
be suppressed as far as possible.

20 On the other hand, by miniaturization of processing
line width by miniaturization of the wiring pattern by
using e.g. copper or aluminum, due to narrowed space
between wirings, the capacitance between wirings tends to
increase, the signal delay time tends to be long, and the

25 1ncrease 1in speed of a semiconductor integrated circuit

will be inhibited. Thus, insulation between wirings is

carried out by tightly filling e.g. the space between



such mniaturized wirings wth a material having a low dielectric constant.
Heretofore, as a material of an insulating film inorganic material such as
a Si2 filmhaving a relative 5 dielectric constant of about 4.2 has been
used (e.g. JP A-06-216096 (paragraphs 0172, 0173), JP-A-10-94955 (paragraph
0028), JP-A-2000-79564 (paragraph 0011)). However, in recent years, due to
further increase in density of wirings, an insulating filmhaving a 10
dielectric constant | ower than ever is rgquired. Such an insulating film an
organic silicon material filmhaving a CGSi bond and a Si-O bond is
proposed. Sushchnmonganiueisebi wamingsewiah &i hetkavbighaviGgSia hend and a
Si - O bond can not be said to have high nmechanical 15 strength as conpared
with a convedfebaaktrscO2ohiskanthowever, it generally has a | ow dielectric
constant, conparable in thermal stability and has characteristics
exceedi ng a convehi¢rehafoBep2asi Ammanermaay pbi ahsisauhaadngatfpiloperty to
forma flat surface at the time of film20 formation, and a characteristic
to fill the gapraentihematemeadf shichmektormatiPenfiWhenasimd anretganie silicon
material having a GSi bond and a Si-O bond, which is used as an insulating
film fors exdiplectiscpobhshedtwothakovsndedt hemalbepol bskidnde2§ .coPpound
conprising particles of e.g. silica, alumna or <ceria as abrasive grains
and wat er asRalpmRh6RBAi upprpbrapbbi Ai/Adg 03 78arr T8dAod0-94865 t he sane
pressure (2.8xI X4 4
(paragraph 0028), JP-A-2000-~79564 {(paragraph 0011)).
However, in recent years, due to further increase in
density of wirings, an insulating film having a
10 dielectric constant lower than ever is required.
Such an insulating film, an organic silicon material
film having a C-Si bond and a Si-0 bond is proposed.
Such an organic silicon material film having an C-Si bond
and a Si-0 bond can not be said to have high mechanical
15 strength as compared with a conventional SiO, film,
however, it generally has a low dielectric constant,
comparable in thermal stability and has characteristics
exceeding a conventional SiO; film in many points such as
a property to form a flat surface at the time of film
20 formation, and a characteristic to f£fill the gap at the
time of f£ilm formation.
When such an organic silicon material having a C-Si
bond and a Si-0 bond, which is used as an insulating film
for example, is polished with a conventional polishing
25 compound comprising particles of e.g. silica, alumina or

ceria as abrasive grains and water as a main medium, if

polishing is carried out under the same pressure (2.8x10*



to0.3.4 X104 Pa) as in a case of polishing a conventional insulating film
made of an inorganic naterial so as to obtain a high polishing speed
(polishing rate), defects such as cracks, scratches or film peeling, which
may 5 cause the irregularities on the organic silicon material film having
a CSi bond and a Si-O bond in sone cases. This is considered to be a
phenonmenon resulting fromlow nechanical strength of the organic silicon
material film having a CGSi bond and a % -O bond as conpared with an 10
inorganic material insulating film Further, if the pressure during

pol i shing istdedréaset rod) previnta sude defeel Sshirg asegoatrenpobhabi ng speed
could be obtained. Further, in the case of ceria which is used as wdely as
silica as abimsuletingi Aslmomadecofivent innabtathbcSnBRetiibin sbhaspaki shi ng
speed was found to significantly decrease when used for polishing the
organi ¢ silicbhaimagehigh polishaugngpee@- Shobdaldingdratsi - OdbderdLsAs
ment i oned above, an appropriate polishing conpound has not been found for
an insul ati nguéhl as20rsckpri sthgtaheer gantclwi beednngat whiigh haying a C S
bond and a Si-O bond, which is a bottleneck in effective production of a
mul til ayér edcseaicbhedutroegitheegracedonciheuprgarscDe STLOSUREaOE rTHE

I NVENTION It is an object of the present invention to overconme the above
probl ens andfidmphevide a Aovel bpofi sAfing 51-Pebhnflqiiz whlmehcekkescti vel y

pl anari zes an insulating film _
This is considered to be a phenomenon resulting from low

mechanical strength of the organic silicon material film
having a C-Si bond and a Si-0 bond as compared with an
10 inorganic material insulating film. Further, if the
pressure during polishing is decreased to prevent such
defects, no adequate polishing speed could be obtained.
Further, in the case of ceria which is used as
widely as silica as abrasive grains for a conventional
15 Si0O; film, the polishing speed was found to significantly
decrease when used for polishing the organic silicon
material film having a C-Si bond and a Si-0O bond.
As mentioned above, an appropriate polishing
compound has not been found for an insulating film
20 comprising an organic silicon material having a C-Si bond
and a Si-0 bond, which is a bottleneck in effective
production of a multilayered semiconductor integrated

circuit.

25 DISCLOSURE OF THE INVENTION
It is an object of the present invention to overcome

the above problems and to provide a novel polishing



conprising an organic silicon material having a CGSi bond and a Si-O bond,
formed on a sem conductor integrated circuit, and which provides a high
-quality polished 5 surface which is free fromdefects such as cracks,
scratches or filmpeeling, in a process for producing a sem conductor
integrated circuit. Further, it is an object of the present invention to
produce a sem conductor integrated circuit with an 10 insulating film having
a low dielectric constant and excellentsin surface flatness, with high
yield with good productivity, utilizing the above technique. According to
one enbodi nentchhitjne phésdnkfifevedtiedy, planpeliizehi ag deospawtd doorfiped i shi ng
an insulating film 15 conprising an organic silicon material having a G S
bond and a SpmOrhendg ba begandd &dliaocmematemrdadt tuavingt @giCatsdd ondcui t,
whi ch contains water and particles of at |east one specific rare earth
conpound sel ectled Brem bbhe,grfoupedonsi st segicbnducame cartiehrayddoxi de, a
rare 20 earth fluoride, a rare earth oxyfluoride, a rare earth oxide except
ceri um oxi degciapdid,caenmdowhtehc prpyddes vharigbf guied ipyopodedheldt i s
preferred that the polishing conpound further contains cerium oxide
particles; tharfasse watich of deeeudrosdefiedd st suche aspeciafcks ,rare earth
conpound as calculated as oxide is within a range of from99:1 to 1:99; and
the specifiecratehesr vl caApopeeliingat ineasprosessaterearioklugingompound
sel ected fromthe group consisting of La2083,
semiconductor integrated circuit.
Further, it is an object of the present invention to
produce a semiconductor integrated circult with an
10 insulating film having a low dielectric constant and
excellent in surface flatness, with high yield with good
productivity, utilizing the above technique.
According to one embodiment of the present invention,
a polishing compound for polishing an insulating film
15 comprising an organic silicon material having a C-Si bond
and a Si-0 bond, to be used for a semiconductor
integrated circuit, which contains water and particles of
at least one specific rare earth compound selected from
the group consisting of a rare earth hydroxide, a rare
20 earth fluoride, a rare earth oxyfluoride, a rare earth
oxide except cerium oxide, and a composite compound
thereof, is provided.
It is preferred that the polishing compound further
contalins cerium oxide particles; the mass ratio of cerium
25 oxide to the specific rare earth compound as calculated

as oxide is within a range of from 99:1 to 1:99; and the

specific rare earth compound is at least one rare earth



La(OH) 3, Nd203, Nd(OH)3, Pr6011, Pr(OH) 3, CeLaO and CelLa203F3 The
pol i shing conpound according to the present 5 invention makes it possible to
-effectively planarize an insulating filmconprising an organic silicon
material having a CSi bond and a Si-O bond, fornmed on a sem conductor
integrated circuit, and to provide a high quality polished surface which is
free fromor has 10 reduced defects such as cracks, scratches or film
peeling, 1in a process for producing a sgm conductor integrated circuit.
Accordi ng to another enbodi nent of the present invention, a nethod for
produci ng a sempouondusédect&di Aitegr ahedgeoupucdns bt thghas nagigp of
polishing an insulating filmconprising an organic silicon material having
a G Si bond hadoOH) Si -NdPendidWOEN; a FraiOr shihg(OR)anpeenadocamgdr i Si ng wat er and
particles of at |east one specific rare earth conpound selected fromthe
group 20 conSekai®Fsof a rare earth hydroxide, a rare earth fluoride, a
rare earth oxyfluoride, a rare earth oxide except ceriumoxide, and a
conposi te conpoun@he heetoshing cenpyinddacterdsngred ethedordae¢nthe specific
rare earth 25 conpound is at |east one rare earth conpound sel ected from
the group cohsventagnonakag03t pa¢oHpl3e Nd208feqidi ey, pl@ngdiie &n(OH) 3,
CeLaO and CelLa203F3; a polishing conmpound 7 further contains cerium oxide
particles; th@sg&gghng film comprising an organic silicon material
having a C-Si bond and a Si-0O bond, formed on a
semiconductor integrated circuit, and to provide a high
quality polished surface which is free from or has
10 reduced defects such as cracks, scratches or film peeling,
in a process for producing a semiconductor integrated
circuit.
According to another embodiment of the present
invention, a method for producing a semiconductor
15 integrated circuit, which has a step of polishing an
insulating film comprising an organic silicon material
having a C-Si bond and a Si-O bond, with a polishing
compound comprising water and particles of at least one
specific rare earth compound selected from the group
20 consisting of a rare earth hydroxide, a rare earth
fluoride, a rare earth oxyfluoride, a rare earth oxide
except cerium oxide, and a composite compound therecf, is
provided.
It is preferred that the specific rare earth
25 compound i1s at least one rare earth compound selected

from the group consisting of La;03;, La(OH)3, Nd;03;, NdA(OH);,

Pr¢O.1, Pr(OH);, CeLaO and CeLa;03F;; a polishing compound



sil.icon material having a CGSi bond and a Si-O bond has a Si-CH3 bond, has
arelative dielectric constant wwthin a range of from1.0 to 3.5, and has
an atomic ratio of Cto 5 Si within a range of fromO0.25 to 3; the
insulating film is covered with a copper wiring |ayer; and the nmass ratio
of the ceriumoxide to the specific rare earth conpound as cal cul ated as
oxide is within a range of from99:1 to 1:99. 10 The nethod of producing a
sem conductor integrated circuit accordirsng to the present invention nakes
it possible to produce a sem conductor integrated circuit wth an

i nsul ati ng fifhmthevi ngngaliow diesliant pixddeopstrantleandtbrcelrgentici n surface
flatness, with high yield with 15 good productivity. The other objects and
advantages ofilheopr @esrr L1allnhentingnaafe Sé| bandf pom eh&1t-6l bowidngas a

expl anation. BRI EF EXPLANATION OF THE DRAWNGS 20 Fig. 1 is a

cross-secti oRd-CHodetngi ebaf| usetating dbmleatert ayerstasul withgnfal m
before polishing. Fig. 2 is a cross-sectional nodel viewillustrating an
interl ayer i ngto&t ehg friommlaft &0 gobi- shinAghapi gn atpmig FItER opfeft tom of a
Black Dianond film 25 Fig. 4 illustrates a result of neasurenent of carbon
cont ai ned® i nSthwikhaek aDrarefd ofi FikPBuPfaethy 3X- Ehg iphbilesiast £aAm
spectroscope. 8 Fig. 5 illustrates a result_of neasurenent of silicon
cont ai ned i n16hECBRAER PiliRoAdCPPPRIsUiraRg BpyRr; and the mass ratio

of the cerium oxide to the specific rare earth compound
as calculated as oxide is within a range of from 99:1 to
1:99.

10 The method of producing a semiconductor integrated
circuit according to the present invention makes it
possible to produce a semiconductor integrated circuit
with an insulating film having a low dielectric constant
and excellent in surface flatness, with high yield with

15 good productivity.

The other objects and advantages of the present

invention are clear from the following explanation.

BRIEF EXPLANATION OF THE DRAWINGS
20 Fig. 1 is a cross-sectional model view illustrating
an interlayer insulating film before polishing.
Fig. 2 is a cross-sectional model view illustrating
an interlayer insulating film after polishing.
Fig. 3 is a FT-IR spectrum of a Black Diamond film.
25 Fig. 4 illustrates a result of measurement of carbon
contained in the Black Diamond film surface by X-ray

photoelectron spectroscope.



ray photoel ectron spectroscope. Fig. 6 is a cross-sectional nodel view
illustrating 5 a multilayered product with a Black Dianond filmas an
interlayer insulating film BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON Now,
the present invention will be explained with 10 reference to Figs., Tables,
Such Figs., Tables, Exanples, etc. and explanation are to
exenplify the present invention, and they do not restrict the present

i nvention. Needl ess to say, another enbo#linent is included in the present

Exanpl es, etc.

i nvention so | on
Figs., the sane

g.as it 15 fulfills the object of the present invention. In
89

nbél $1ipetaataehadresulhecsameashsrmans. ohs an insul ating

filmmaterial to be used for _a, sem conductor integrated circuit, a Si Q2
film having alliepratfortaieedciri eheoRsrakt Doamapdufidmosnasapeehywidel y 20
used, and along with the need for |low dielectric constant, a conpound
cont ai ni ng ar&y - Phebaal fRt SPERSPAGHFBEEAPScont ai ni ng pol ysi | oxane: HSQ

hydr ogen sil ses
bond and a Si-

&

ui oxane) and an organic silicon material having a CS
BEnd®hafecbEERSEavErEpeaalTRedEAt Vaev §1dns tspt2ny

organi c/inorganic conposite materials. As an organic silicon material having
a CSi bond 2aRdlBlSRYerednarcareenti bR fsBdralinPédperfaftymt 8Sa28 conpound
having a Si-CH3 bond. This ggggoun ,%s called carbon-containing SiQ film

(Si OC) when prbaLLRYEShy1pY

soneti nes

a9

Bhemi cal vapor deposition), and is

BEST MODE FOR CARRYING OUT THE INVENTION

Now, the present invention will be explained with

10 reference to Figs., Tables, Examples, etc. Such Figs.,

Tables, Examples, etc. and explanation are to exemplify

the present invention, and they do not restrict the

present invention. Needless to say, another embodiment

is included in the present invention so long as it

15 fulfills the object of the present invention. In Figs.,

the same symbols are attached to the same elements.

As an insulating film material to be used for a

semiconductor integrated circuit, a Si0O; film having a

relative dielectric constant of about 4.2 has been widely

20 used,

and along with the need for low dielectric constant,

a compound containing a Si-H bond in SiO; (hydrogen-

containing polysiloxane: HSQ, hydrogen silses quioxane)

and an organic silicon material having a C-Si bond and a

Si-0 bond have been developed. The latter is one of

25 organic/inorganic composite materials.

As an organic silicon material having a C-Si bond

and a Si-0 bond, attention is drawn especially to a



cal.l ed MsQ (nethyl silses qui oxane) when produced by a 5 coating nethod such
as SOG (spin on glass). HSQ has a relative dielectric constant (hereinafter
-sonmetines referred to as k value) at a level of 3.0, whereas SiOC has a k
value of so lowas from2.5 to 2.8 and is conparable to an organic
insulating filmof e.g. a 10 polyimde, and further, it is excellent in
mechani cal characteristics such as heat resistant as characteristics of an
organi c/inorganic conposite material, and accordingly it attracts
attention. Specifically, an insulating filmmaterial conprising 15 an
organi ¢ sil i conppandr halvihgvien§iaC8s Sbohdnd Tmids aBipdindans eyl ed or
exanpl e, be Black Di anond, tradenane (relative dielectric constant: 2.7,

t echnol ogy byaspphi-edntRanenoalSsO:1 Acly, (£00al , whendenadecedrbyati ve
dielectric constant 2.7, technol ogy by Novel |l us Systens) or Aurora 20 2.7
(relative di elesnri EVBorishand c217 vapeshdebogy thynAsMandapan siimi¢t)imeEhe
pol i shing conpound accordin o0 the present invention is to be used for
pol i shi ng anchAdeRatiShg | ﬂﬁﬁ%wloﬁlés§énﬂ@0@aaﬁﬁdrWh&@epﬁpdu§ﬁ@gksuch an
organic silicon 25 material having a CGSi bond and a Si-O bond. Hereinafter
"t he polishi ﬁgaééngomﬁ&h@écémthSt §Ot3hé5§|iéls@ﬁt glieseent | on" will be
referred to as "the present ollshlng nmpound”, and "the organic
silicon materi al Hﬁ@lﬁ@saacreéPtBHHd aﬁéeﬁtSFCCFB@ﬁBaaécthFﬁgnﬁ teke

present invention” will be referred to as "the present _organic
sometimes referred to as k value) at a level of 3.0

whereas SiOC has a k value of so low as from 2.5 to 2.8
and 1s comparable to an organic insulating film of e.g. a

10 polyimide, and further, it is excellent in mechanical
characteristics such as heat resistant as characteristics
of an organic/inorganic composite material, and
accordingly it attracts attention.

Specifically, an insulating film material comprising

15 an organic silicon material having a C-Si bond and a Si-O
bond may, for example, be Black Diamond, tradename
(relative dielectric constant: 2.7, technology by Applied
Materials, Inc.), Coral, tradename, (relative dielectric
constant 2.7, technology by Novellus Systems) or Aurora

20 2.7 (relative dielectric constant 2.7, technology by ASM
Japan K.K.).

The polishing compound according to the present
invention is to be used for polishing an insulating film
of a semiconductor made by using such an organic silicon

25 material having a C-Si bond and a Si-O bond. Hereinafter

“the polishing compound according to the present

invention” will be referred to as “the present polishing



silicon material" in sone cases. The present organic silicon material is not
particularly limted, however, a filmfornmed by CVD as represented by the
-above SiOC is used as an object to be polished, preferred effects will be
obt ai ned. A compound having a Si-CH3 bond is particularly preferred. 10 The
insulating filmused for a sem conductor integrated circuit, to be an

obj ect of the present invention, nmay be one for any purpose such as one for
interlayer insulation or for STI formatim, and is not particularly limted
so long as it is against the purpose is of the present invention. However,
the present taweavnndfi. asdpreher abbpnappkiédcbo aatiemsalahiangndagelC-t o be
used for the purpose of interlayer insulation, because a flat polished
surface whi cAii bohdeanflr anBarOhkendedacedddafetbs thachrasentacks, scratches
or filmpeeling can be 20 obtained in a short tinme. Now, explanation wll
be made withnventienéewidlnkenkpianredt &l ager thaspicesieng birbaniki gs. 1 and
2 illustrate the state of polishing of an interlayer insulating film Fig.
1 is a partialtliepaspasesipefiainvisenei FrRgserating a sem conduct or 25
integrated circuit during a production_ process, wherein a barrier |ayer 4,
a wiring pattern BhandrapeRht eFgapes SFEEGPatWﬁ§e¥FPh1Bsbépére pol i shing are
|am nated in this 11 order.  The djifference between the concave portion

and the conveRTpoftiarly Lamiheder BEYWeYEEL | nfdfm hermefePYaffdP as

represented by the above SiOC is used as an object to be
polished, preferred effects will be obtained. A compound
having a Si-CH; bond is particularly preferred.

10 The insulating film used for a semiconductor
integrated circuit, to be an object of the present
invention, may be one for any purpose such as one for
interlayer insulation or for STI formation, and is not
particularly limited so long as it is against the purpose

15 of the present invention. However, the present invention
is preferably applied to an insulating layer to be used
for the purpose of interlayer insulation, because a flat
polished surface which is free from or has reduced
defects such as cracks, scratches or film peeling can be

20 obtained in a short time. Now, explanation will be made
with reference to mainly an interlayer insulating film.

Figs. 1 and 2 illustrate the state of polishing of
an interlayer insulating film. Fig. 1 is a partial
cross-sectional view illustrating a semiconductor

25 integrated circuit during a production process, wherein a
barrier layer 4, a wiring pattern 5 and an interlayer

insulating film 3 before polishing are laminated in this



insulating film3 occurs whether or not a wiring pattern 5 5 is present
thereunder. In the case of Fig. 1, which illustrates a wring pattern by a
-damascene nethod, the portion corresponding to the wiring pattern 5 is
concave, however, in the case of another nethod, the portion corresponding
to the wring pattern 5 may be convex in 10 sone cases. The surface of the
interlayer insulating film3 is polished to elimnate the difference
between the concave portion | and the convex portion 2, to realize a

pl anari zed polished surface 6 as shown in Fig. 2. Such a layer is | am nated
to prepare aogegirconductor 15 integrated circuit. Figs. | and 2 illustrate
an exanple, and the present invention can be applied to an optional case
such as a case of Thei Agfiecepper baicwery theanonghongi pomtvioni Ag anfheéher esent
pol i shing conpound is a conposition 20 conprising water and particles of a
rare earth coopyerdpoxkdept 2cén coxirdssasesbriasi wé dhal dsitead aasgent i al
conponents. The proportion of the rare earth conpound except cerium oxide
in the abrasii®éugrsiing Eddrmaitnedcivrs whetheasom nodl ias Mirg rgompdiedn s
preferably higher than 25 99 mass% The rare earth conpound except cerium
oxi de is 5 préf éfabrpsant| asrepneespecihi heafeseapfhFégnpdunyhigh sel ected
fromthe group_consisting of a rare earth.  hydroxide, a rare earth fluoride,
a rare earthlldxgtraseisde, Wi ridhe PEMTERToXYdE SRESHCES MARIeE déhend a

portion corresponding to the wiring pattern 5 is concave,
however, in the case of another method, the portion
corresponding to the wiring pattern 5 may be convex in
10 some cases. The surface of the interlayer insulating
film 3 is polished to eliminate the difference between
the concave portion 1 and the convex portion 2, to
realize a planarized polished surface 6 as shown in Fig.
2. Such a layer is laminated to prepare a semiconductor
15 integrated circuit. Figs. 1 and 2 illustrate an example,
and the present invention can be applied to an optional
case such as a case of using a copper wiring or an
aluminum wiring.
The present polishing compound is a composition
20 comprising water and particles of a rare earth compound
except cerium oxide as abrasive grains, as essential
components. The proportion of the rare earth compound
except cerium oxide in the abrasive grains contained in
the present polishing compound is preferably higher than
25 99 mass$%.
The rare earth compound except cerium oxide is

preferably at least one specific rare earth compound



conposite conpound thereof. 5 In the present invention, a conposite conpound
means a conpound forned by conbination of ‘at I'éast two conpounds, and
-oxygen acid ions may be present in its structure. It may, for exanple, be a
conposite oxide formed by conbination of at |east two oxides or a 10
conposite oxyfluoride fornmed by conbination of an oxide and a fluoride.
CeLaO and CeLa2CB8F3 may be nentioned as specific exanples of the fornmer and
the latter, respectively. The polishingigonpound containing water and 15
particles of a specific rare earth conpound was found to be suitable for
pol i shi ng t heedkboved rhsovmatiheg gfrohum coasisedhigze faahirglrepelirshi ng speed, to
suppress defects such as cracks, scratches or filmpeeling on the polished
surface at thgdromedef, pl anae zatrithn flaoditde, provede aar2® excel | ent

sem conductor nultilayered integrated circuit. This is unexpected from such
a convent i onakyfdupridat theargokikghihngxdgecexiceptiecesasad owidre angola shi ng
conpound containing a ceriumoxide having |owered purity of cerium oxide
is applied teoapsSsdref compoand dhleyeatl-ow polishing 25 speed is obtai ned
when the polishing conpound containing a ceriumoxide is applied to an
organi ¢ pol ymer [Rsthat PRgSEREmMinYSntNew, aheonpesitEccpapeuadr mgassnpound
in the present invention will be specifically explained bel ow Abrasive
grains of a PacemgariR érirdecekyepPMPaRpGAroxPdeafaycpet two

compounds, and oxygen acid ions may be present in its
structure. It may, for example, be a composite oxide
formed by combination of at least two oxides or a

10 composite oxyfluoride formed by combination of an oxide
and a fluoride. CeLaO and CeLa;0;F; may be mentioned as
specific examples of the former and the latter,
respectively.

The polishing compound containing water and

15 particles of a specific rare earth compound was found to
be suitable for polishing the above insulating film, to
realize a high polishing speed, to suppress defects such
as cracks, scratches or film peeling on the polished
surface at the time of planarization, and to provide an

20 excellent semiconductor multilayered integrated circuit.
This is unexpected from such a conventional fact that the
polishing speed is decreased when a polishing compound
containing a cerium oxide having lowered purity of cerium
oxide is applied to a SiO; film, and only a low polishing

25 speed is obtained when the polishing compound containing
a cerium oxide is applied to an organic polymer

insulating film.



prepared, for exanple, by oxidizing at |east one of a 5 hydroxide, an
oxyhydroxi de, a carbonate, a nitrate, a sulfate, an oxalate and a conposite
salt thereof, or a carbonate of a conposite rare earth, or a mxture of a
carbonate of a conposite rare earth and the above material, by firing or
with e.g. hydrogen peroxide. The 10 firing tenperature is usually from 600
to 9000c. oxide particles imedi ately after produced by such a nethod are
aggl onerated and thus preferably ground h®chanically. The grinding nethod is
preferably dry grinding by e.qg. a jet mll or a wet grinding nethod by e.g.
a planetary 15 bé@ﬂ’rmq%le. sReE3!fiiCs ite egEadibn ¢ ombeanfe i ithealpyesgidssi bl e.
As a met hod of dispersin% the obtained oxide particles into water, in
addition to anyrepersi wallt Peacrest faceRly espdasneenkelow.r rAhgasbehi ne, a
honogeni zer, an ultrasonic dispersing machine, a wet ball 20 mlIl, etc. may
be used. As EKEldPsPér & SATEr EREFENPX1dRs FEFSPEN CBY 1fs CXALEy MPY 84si ng t he
pressure froma pressurized st%te of several, MPa, nay al so be enpl oyed. It

i s i nportant PERRETEHe pHOFi EF2BPlenePypeXifieingr 8t d&PEh €8fp6End does not
fluctuate. the purity 25 fluctuates, the R | i shing speed fluctuates, and
the fluctua Vgﬁoﬁééeca Se OXHVKPE OefEct § R %8PF§ﬁPn fLZALSi n&ul ati ng
film in which_ polishing is.term nated after .a 14 redet er m ned polishing
time in many SBRAESS TRE BUFLE) S PEOpFefEPREFY 5 SPARsE SECRAss OF| f ( he

present carbonate of a composite rare earth, or a mixture of a
carbonate of a composite rare earth and the above
material, by firing or with e.g. hydrogen peroxide. The

10 firing temperature is usually from 600 to 900°C. Oxide
particles immediately after produced by such a method are
agglomerated and thus preferably ground mechanically.

The grinding method is preferably dry grinding by e.g. a
jet mill or a wet grinding method by e.g. a planetary

15 bead mill. A collision grinding treatment is also
possible. As a method of dispersing the obtained oxide
particles into water, in addition to a dispersion
treatment with a conventional stirring machine, a
homogenizer, an ultrasonic dispersing machine, a wet ball

20 mill, etc. may be used.. As the dispersion treatment,
dispersion by instantly releasing the pressure from a
pressurized state of several MPa, may also be employed.

It is important that the purity of the specific rare
earth compound does not fluctuate. If the purity

25 fluctuates, the polishing speed fluctuates, and the
fluctuation may cause severe defects in polishing of an

insulating film, in which polishing is terminated after a



invention, the specific rare earth conmpound includes a cerium conpound
except cerium oxide. 5 The specific rare earth conpound is, specifically,
-preferably at |east one rare earth conmpound selected from the group

consi sting of La203, La(OH)3, Nd203, Nd(OH)3, Pr6011, Pr(OH)3, CeLaO and
CeLa2@BF3. It is nore preferably La203, Nd203, CeLa2(3F3 or a m xture
thereof, 10 which is easily available, which is stable in quality and which
provides results with good reproducibilit4. In a case where the specific
rare earth compound is an oxide, particularly La203, Nd203 or Pr6011, part
or the wholprefierechinag polashihgdroxedénsmehyasakabOH) Bhe 15unid¢YH) 3 or
Pr(OH)3 with water as a nedium however, such a change of the rare earth
conpound i n haterehirhbhygt ati kpask PRemefbéct slofthdieppeesent i nvention.
Further, the concentration in the polishing compound is preferably within a
range of frohmpentioniothasspec2fiparareurarty peepenasl yntlodes. 8 to 5
mass% |f the content of the abrasive grains is |ower than 0.1 nmass, no
desired pol i SRFhgMspeBEOWNf| ekeepbt 6pnédm axdden the other hand, if it
exceeds 10 mass% the polishing speed wll not increase any nore, and
defects such as GP&cRPECITiscrarehearsh FrrpePse! ifg ﬁ@?c dgrlland such a
high content is not_favorable in many cases._ Further, pol i shi_ng conpound
wher ei n cer | BEF6RFER1YSAtpAPRFE| 88Ca¥2HBr §8F VB gpapﬁgnéoé%ﬂ§€t§§ %ﬁ

essenti al cogponent was al so.found to be SU|ta Ie f.Qr p0|ufhlng t he
t group consisting of La,O0s3, La (O , Nd,Os3,

Pr¢0O;;, Pr(OH);, CeLaO and CeLa;03F;. It is more
preferably Lay0s;, Nd;0s;, CeLa03F:; or a mixture thereof,

10 which is easily available, which is stable in quality and
which provides results with good reproducibility.

In a case where the specific rare earth compound is
an oxide, particularly Laz0;, Nd,0:; or Prg0i;1, part or the
whole thereof may form a hydroxide such as La(OH);

15 Nd(OH); or Pr(OH); with water as a medium, however, such
a change of the rare earth compound in water will not
impair the effects of the present invention.

Further, the concentration in the polishing compound
is preferably within a range of from 0.1 to 10 mass$%,

20 particularly preferably from 0.5 to 5 mass%. If the
content of the abrasive grains is lower than 0.1 mass$%,
no desired polishing speed will be obtained, and on the
other hand, if it exceeds 10 mass%, the polishing speed
will not increase any more, and defects such as cracks,

25 scratches or film peeling may occur, and such a high
content is not favorable in many cases.

Further, a polishing compound wherein cerium oxide



above insulating film to realize a high polishing speed, to suppress
defects such as cracks, scratches or filmb5 peeling on the polished surface
-at the time of planarization, and to provide an excellent sem conductor

mul tilayered integrated circuit. This is al so unexpected froma conventi onal
fact that the polishing speed is decreased when a polishing 10 conpound
containing a cerium oxide having lowered purity of ceriumoxide is applied
toa S film and only a I ow polishing speed is obtained when the
pol i shing conpound containing a ceriumoxide is applied to an organic

pol ymer insubatrthglés| as abraaiebygraipsl csbkhgtcespenndstentpelli shing an
insulating filmconprising an organic silicon material having a CGSi bond
and a Si - O bopmporenbevasedlsor faundehpcbadaeibabilat égrarediehiogi thewhi ch
conprises water, ceriumoxide particles, and particles of a rare earth 20
conpound exc@b@vﬁeiﬁﬁ%1®§iﬁé figmaIEQ rﬂélyéédalhlghePOéﬂébéng pekieshi ng
conmpound. In the present _invention, "rare earth conpound except cerium

oxi de" |ncIUH@SS%Ppééﬁﬁuﬁ?é@ﬁﬁéuﬁ@chxéépﬁré@kﬁunﬁ@%ﬁﬁéhe$h@rcéﬁﬂ@n1OX|de
particles in the present_invention_ 25 nmay be prepared, in the sanme manner
as the abrasPeelingaphstbe RotafBedasvhipsedatekbeptiner Pém oxide, for
exanpl e, by oxidizing a salt such as a_ hydroxide, an 16 oxyhydroxide, a
car bonat e, ap%?¥?5%éatéogulF%@et8rpéﬁV1@§aF%t%Xﬁ?li?FFnﬁeBFCﬂngcéoﬁ

hydr ogen peroxjd The
y 9 P ultflayered integrated circuit.

This is also unexpected from a conventional fact
that the polishing speed is decreased when a polishing

10 compound containing a cerium oxide having lowered purity
of cerium oxide is applied to a Si0O; film, and only a low
polishing speed is obtained when the polishing compound
containing a cerium oxide is applied to an organic
polymer insulating film.

15 Namely, a polishing compound for polishing an
insulating film comprising an organic silicon material
having a C-Si bond and a Si-O bond, to be used for a
semiconductor integrated circuit, which comprises water,
cerium oxide particles, and particles of a rare earth

20 compound except cerium oxide, is also included in the
present polishing compound. In the present invention,
“rare earth compound except cerium oxide” includes a
cerium compound except cerium oxide.

The cerium oxide particles in the present invention

25 may be prepared, in the same manner as the abrasive
grains of a rare earth oxide except cerium oxide, for

example, by oxidizing a salt such as a hydroxide, an



firing tenperature is usually from600 to 900'C. The oxide particles

i medi ately after produced by such a 5 nethod are aggl onerated and thus
-preferably ground mechanically. The grinding nethod is preferably dry
grinding by e.g. ajet mll or a wet grinding nethod by e.g. a planetary
bead mll. Acollision grinding treatnent is also possible. As a nmethod of
di spersing 10 the obtained oxide particles into water, in addition to a

di spersion treatnment by a conventional d€tdrring machine, a honobgenizer, an
ul trasonic dispersing machine, a wet ball mll, etc. may be used. As the

di spersi on te¥atyi@nexidei sperarbpnayei natantryteel @asithatheopressure from a
15 pressurized state of several MPa may al so be enployed. As the rare earth
conpound exce¥tlaeeilm bkrieg ¢¥ wikhpeeyerhedrogensecnexidast Bre specific
rare earth conpound selected fromthe group consisting of a rare earth

oxi de, a rartieanghténppleoxides asraseadlyt hroo 600orpd208HY. aThere earth
oxyfluoride. The specific rare earth conpound is_as defined above. In a
case where t%éléﬁeE¢¥FéC¥%?el%%?@haE%%ﬁogEHe¥spr@ﬁu%ﬁddéy 8REhwAI ch i s
present in the ceriumoxide as an _inpurity is also included, however, it is
i nport antS t WARtBEA t RES pROPLPRFERACEE *HE ERRF URTOkPHRPHBeer ABRAf | uct uate. | f
the proportion to the_ ceri olishing. speed

um oxi de fluctuates, the
fluctuates, BREPFRECH Lt ué’frpf%rglrfdlf{%sf‘%etfif)d s]e?/é?reé)%?aé?:]t% T4 pol i shing of
an insulating film in, which polishipg Ls terninatedjafler g, phegeterm ned
e.g. a planetary bead mill. A collision grinding
treatment is also possible. As a method of dispersing
10 the obtained oxide particles into water, in addition to a
dispersion treatment by a conventional stirring machine,
a homogenizer, an ultrasonic dispersing machine, a wet
ball mill, etc. may be used. As the dispersion treatment,
dispersion by instantly releasing the pressure from a
15 pressurized state of several MPa may also be employed.

As the rare earth compound except cerium oxide, it
is preferred to use at least one specific rare earth
compound selected from the group consisting of a rare
earth oxide, a rare earth hydroxide, a rare earth

20 fluoride and a rare earth oxyfluoride. The specific rare
earth compound is as defined above.

In a case where the specific rare earth compound is
an oxide, one which is present in the cerium oxide as an
impurity is also included, however, it is important that

25 the proportion to the cerium oxide does not fluctuate.

If the proportion to the cerium oxide fluctuates, the

polishing speed fluctuates, and the fluctuation may cause



polishing time in many cases. The purity of the cerium oxide and the
specific rare earth conpound is preferably 5 at |east 98 nass% The nass
‘ratio of the ceriumoxide to the specific rare earth conpound as cal cul ated
as oxide is preferably wthin a range of from99:1 to 1:99. By blending the
ceriumoxide wth the specific rare 20 earth conpound, polishing at a

hi gher polishing speed than polishing with the specific rare earth conpound
al one becones possible. However, if the rpncentration of the cerium oxide
is too high, the polishing speed tends to decrease, and if the

concentr at i osevkrendedecitgmioxipde 185ing doanownsuletpoli $hilmg speed wil |

not be higher than the polishing speed in polishing wwth the specific speed
earth conpoumdtighorelivhéngnds fterimdnasedpré tprebepaiebptefrmdmedo: 1 to 10: 90,
furthernore preferably from90:10 to 15:85. 20 Further, the nean particle
si ze (nean paetilshangditamet an) mgnyt kesesri uinexpdel parefcree aadiuhe
specific rare earth conpound particles as abrasive grains is preferably
within a rang&ige premtbeospesific pprRpear thr epepabing vist Prefereddge of
from0.05 to 0.5 ~im If the 25 mean particle size of the abrasive grains is
smal | er thanatolegsiti A8 AGSE&&sired polishing speed will be obtained, and if

it is larger than 1 jim there is a_high possibility of 18 defects such as
cracks, scratchedh§r ™aSSmEFediq R 56 CSredTuCSiEft ToF thive SRes SiG ticl e

size, as mentioned above, . .
rare eart% compound as calculated as oxide is preferably

within a range of from 99:1 to 1:99.
By blending the cerium oxide with the specific rare

10 earth compound, polishing at a higher polishing speed
than polishing with the specific rare earth compound
alone becomes possible. However, if the concentration of
the cerium oxide is too high, the polishing speed tends
to decrease, and if the concentration of the cerium oxide

15 is too low, the polishing speed will not be higher than
the polishing speed in polishing with the specific speed
earth compound alone. The mass ratio is more preferably
from 99:1 to 10:90, furthermore preferably from 90:10 to
15:85.

20 Further, the mean particle size (mean particle
diameter) of the cerium oxide particles and the specific
rare earth compound particles as abrasive grains is
preferably within a range of from 0.01 to 1 um, more
preferably within a range of from 0.05 to 0.5 pum. If the

25 mean particle size of the abrasive grains is smaller than
0.01 um, no desired polishing speed will be obtained, and

if it is larger than 1 um, there is a high possibility of



a laser diffraction/scattering type, dynamc |light scattering type or
photon correlation type particle size 5 anal yzer nmay be used. For exanple,
-M CROTRAC HRA MODEL 9320- XI OO manufactured by N kkiso Co., Ltd. used in
Exanples is one of laser diffraction/scattering type particle size
anal yzers. Further, the total anmpunt of the cerium oxide 10 particles and
the specific rare earth conpound particles as the abrasive grains is
preferably within a range of fromO0.1 3 10 mass% i n the polishing
conmpound, particularly preferably fromO0.5 to 5 mass% If the content of
t he abrasi vedgfatts sschosercthaks . dcnassPes 1&5r nbi tespeetipgl | vmng speed
w Il be obtained, and on the other hand, if it exceeds 10 mass% the
pol i shing speedsunehéntnodfi nhecasenapyrobebe ahdef uas heent dehedt absueh as
cracks, scratches or filmpeeling may occur, and such a high content is not
favorabl e | nanhayeradeffr20tiony beapteseny typwentdwmamidel cght um oxi de nmeans
a tetravalent ceriumoxide called ceria. It is described by a formula Ce02
i n many casescastar geget@benanephbudtn poacelaal dy, tywe tiver siclet ai eeof
Ce02-., it is common that x<0.26. Conpounds other than the above rare earth
25 conpound analuisp magchebededy fRamedxmanrds ,gdHERITRIGhERA MGDREIhe above,
"as cal culated as oxide" neans calculation as an oxide in accordance wth
such a gener2B2pa¥e00 1Manypacherpd ebeiipbi$shfag, cobpounsedompri sing ceri um
oxide particles and a specific rare earth conpound as
. Examples is one of laser diffraction/scattering type
particle size analyzers.
Further, the total amount of the cerium oxide
10 particles and the specific rare earth compound particles
as the abrasive grains is preferably within a range of
from 0.1 to 10 mass% in the polishing compound,
particularly preferably from 0.5 to 5 mass%. If the
content of the abrasive grains is lower than 0.1 mass$%,
15 no desired polishing speed will be obtained, and on the
other hand, i1f it exceeds 10 mass%, the polishing speed
will not increase any more, and further, defects such as
cracks, scratches or film peeling may occur, and such a
high content is not favorable in many cases.
20 In the present invention, the cerium oxide means a
tetravalent cerium oxide called ceria. It is described
by a formula Ce0O; in many cases as a general name, but
practically, in the structure of CeO,., it is common that
x<0.26. Compounds other than the above rare earth
25 compound are also described by formulae as general names.

In the above, “as calculated as oxide” means calculation

as an oxide in accordance with such a general name.



abrasive grains, and in the polishing conpound conprising a specific rare
earth conpound al one, water is suitable 5 to stably di sperse the abrasive
-grains so that the polishing conpound is supplied to a polishing apparatus
in a constant anmount. Water nmay be any one so long as it does not inpair
t he object of the present invention. Pure water or ion-exchanged water may,
for exanple, be 10 used. The proportion of the water to the cerium oxide
particles and the specific rare earth camgpound particles nay optionally be
determ ned dependi ng upon actual conditions such as handling of the
conposi tion. For Inexdppbsesehé peldismiogi dempanndccespand inke cepaaific rare
15 earth conpound particles are stored as a high concentration slurry,
whi ch is dil akedevpahtiwales ahdna apedifor pareshangh apdpbhedviescosity of
the polishing compound is optionally selected depending upon the polishing
envi ronnent ebrasgveagpeliishi agdmashthe pplashOnpgadomPhengr esmptripahigshi ng
conpound conprising cerium oxide particles and a specific rare earth
conpound as aabBpasifecgrarasephthudespeucf aseneThwapeesent spokipbhieng
conpound may be pregared by a known nethod, for exanple, by introducing the
speci fi c 5 25tpapbakayt AieBRpEanENCORLYAELIYEr PUAILBRI 86 pAREI Ehes and the
specific rare earth conmpound particles, .into ion- exchanged water with
stirring, foPPbhERiBY APEPEHEAoAS26UPPLE&ENERAt 2bPOoelghiRh8RBGEALSEr or an
ul trasonic dispersing machi ne and filtration of foreign substances,
in a consfant amount. Water may be any one so long as it
does not impair the object of the present invention.
Pure water or ion-exchanged water may, for example, be
10 used. The proportion of the water to the cerium oxide
particles and the specific rare earth compound particles
may optionally be determined depending upon actual
conditions such as handling of the composition. For
example, the cerium oxide particles and the specific rare
15 earth compound particles are stored as a high
concentration slurry, which is diluted with water when
used for polishing, and the viscosity of the polishing
compound is optionally selected depending upon the
polishing environment of e.g. a polishing machine or a
20 pad. The present polishing compound comprising cerium
oxide particles and a specific rare earth compound as
abrasive grains includes such use.
The present polishing compound may be prepared by a
known method, for example, by introducing the specific
25 rare earth compound, or the cerium oxide particles and

the specific rare earth compound particles, into ion-

exchanged water with stirring, followed by dispersion



with a filter. QG her additives may optionally be added during this
preparation. 5 The present polishing conpound, containing or not containing
-cerium oxide particles as abrasive grains, nay optionally contain a pH
adjustor, a surfactant, a chelating agent, an oxidizing agent, a reducing
agent, a viscosity-inparting agent or a viscosity controlling 10 agent, a
coagul ant, a dispersing agent, etc. as the case requires, within a range
not to inpair the object of the presento nvention. The pH adjustor is not
particularly limted, and a known acid or alkali may be used. For exanpl e,
the pH 15 adfestreent ooy he. dbasi chanoeembyebeommmnmihtrasoali&al i net al
conpound such as sodi um hydroxi de or potassium hydroxide, a primary to
tertiary amdispémsimxyhariire oand af fliat @ ham yo inhone Ugn salibs sacheas

t et ramet hyl anmoni um hydroxi de or tetraethyl ammoni um hydroxi de, or 2-am no-2
20 hydroxynerhyit -4 , Bl prepandditsir. Hdittherss ey pitadinestly be ddred aci d si de
may be an inorganic acid such as nitric acid, sulfuric acid or hydrochloric
acid, or an QH{%@Qcthh%lEK@@ﬁ¢@%$0%cet|c acid, propionic acid, lactic acid,
citric acid, oxalic acid or succinic acid. 25 _The surfactant is not

particul &ly |inTRedPEREeRS Popirblag| goBRPERtedPRbALBARENPENREtsUr f act ant
a cationic surfactant, a nonionjc surfactant and an 21 anphol ytic
surfactant. q?ﬁ@%&ﬁ%ﬁﬂcc%ﬁ¥$%c?éh@ed%?rt¥%¥ese&%nﬁ?éash%eaﬁﬁ%hﬂén1Wéﬁryl

sul fate, polyacrylic acid, anp
optidnally contain a pH adjustor, a surfactant, a

chelating agent, an oxidizing agent, a reducing agent, a
viscosity-imparting agent or a viscosity controlling

10 agent, a coagulant, a dispersing agent, etc. as the case
requires, within a range not to impair the object of the
present invention.

The pH adjustor 1is not particularly limited, and a

known acid or alkali may be used. For example, the pH

15 adjustor to the basic side may be ammonia, an alkali
metal compound such as sodium hydroxide or potassium
hydroxide, a primary to tertiary amine, hydroxylamine or
a quaternary ammonium salt such as tetramethylammonium
hydroxide or tetraethylammonium hydroxide, or 2-amino-2-

20 hydroxymethyl-1,3-propanediol. Further, the pH adjustor
to the acid side may be an inorganic acid such as nitric
acid, sulfuric acid or hydrochloric acid, or an organic
acid such as acetic acid, propionic acid, lactic acid,
citric acid, oxalic acid or succinic acid.

25 The surfactant is not particularly limited and is
optionally selected from an anionic surfactant, a

cationic surfactant, a nonionic surfactant and an



al kyl sulfate or an al kyl benzene sul fonate. The cationic surfactant may,
for exanple, be an al kylam ne salt or a 5 quaternary amoniumsalt. The
-nonioni c surfactant may, for exanple, be a pol yoxyethyl ene derivative, a
pol yoxyet hyl ene sorbitan fatty acid ester or a glycerol fatty acid ester.
The amphol ytic surfactant may, for exanple, be an al kyl betai ne or an am ne
oxi de. 10 The chelating agent is also not particularly limted, and a known
one may be used. It may, for exanple, beltartaric acid, malonic acid,

2- am no- 2- hydr oxynet hyl - 1, 3- propanedi ol, an am no acid such as gl ycine,

al ani ne, gl erehrAFtor aypirsgens,. alpeptidensachuntagtyuyl mhyci herl5 or

gl ycyl al ani ne, a pol yam nocarboxylic acid such as EDTA, an oxycarboxylic
aci d such asegpipile, abedammoﬁéﬁ@eﬂgééylpﬁ@ééh@ﬁhcp@dwécrwdﬁ@h@ﬁldanﬁhranlI|c
acid netal chelate or quinaldinic acid netal chelate, which forns a conpl ex
with a netal adkivh 63léappePr mmyaB&ydbeazepe ¥Ha fopidizi nghageatipsial so not
particularly limted, and known hydrogen peroxi de, urea peroxide, peracetic
aci d, ferricSHFEREERNSr Mal /i 6QAt 6XAEY LK oPeeRANPILEY BBINgs6@1LTIHE Peduci ng
agent is also not particularly limted, and known one nmay be used. For
exampl e, & 29UR}EFBHEN GBRPBANE Sadk - asT%?d@%@bﬁn%%dFﬂéf@?tﬁ?ﬁr@@ﬁn

sul fide, an al dehyde, _sugars or an organi ¢ conpound sych as formc acid or
oxal i c acid ARY FEBBAE ?? aTHQlMPﬁﬁﬁFéyéﬁpﬁcéﬁrﬁﬁﬁéﬂW§P Raving a C-Si bond

and a Si-0O bon to b ui t abl olished in t resent
?yoxyetgyiene SO Qtan Qatty acq gster or a glycerol

fatty acid ester. The ampholytic surfactant may, for
example, be an alkylbetaine or an amine oxide.

10 The chelating agent is also not particularly limited,
and a known one may be used. It may, for example, be
tartaric acid, malonic acid, 2-amino-2-hydroxymethyl-1,3-
propanediol, an amino acid such as glycine, alanine,
glutamine or asparagine, a peptide such as glycylglycine

15 or glycylalanine, a polyaminocarboxylic acid such as EDTA,
an oxycarboxylic acid such as citric acid or condensed
phosphoric acid. Further, anthranilic acid metal chelate
or quinaldinic acid metal chelate, which forms a complex
with a metal such as copper, may be used.

20 The oxidizing agent is also not particularly limited,
and known hydrogen peroxide, urea peroxide, peracetic
acid, ferric nitrate or an iodate may, for example, be
used. The reducing agent is also not particularly
limited, and known one may be used. For example, a

25 hydrogen compound such as hydrogen iodide or hydrogen
sulfide, an aldehyde, sugars or an organic compound such

as formic acid or oxalic acid may be used.



invention, preferably has an atomic ratio as the nolar ratio of Cto Si in
its structure of preferably within a 5 range of fromO0.25 to 3, nore
~preferably within a range of from1 to 2.5. The atomc ratio of Cto Si has
a close relationship wth nmechanical characteristics and the dielectric
constant of the insulating film In general, the higher 10 the C content,
i.e. the higher the atomic ratio of Cto Si, the lower the dielectric
constant, but the nore the mechanical draracteristics tend to decrease. The
relative dielectric constant of the insulating filmis preferably within a
range of from 1. 0beoogygnigpeélisopr htpabhy Wevhhno a Fafdebohdf mod 1.0 to
3.0. Such an insulating filmconprising an organic silicon material having
a Si - C bond andialspombohd haysubkabléporpi éadhed ansehicprndaensr waf er by
e.g. C/D. At that tinme, there nay be a concentration gradient 20 in the C
content by ahnvpekaPRonPBriergbly orasngnactapes rabiPngsatheghodrygen
content in the insulating film _ According to the present invention, its
effect will heE10deEreake evehRf bFSaRtTRSHIEE| A§ PreArRAPLVgWsGERNa2
concentration gradient, a high polishing rate can be 25 obtained, and a
seniconddbtoFaP%?e@ﬁaféﬂmcprgﬁiEoc%n BeiepPhRbprabdy ThEhiBt Ao82BPepol i shing
an insulating film23 conprising the present organic silicon material by
using the p?%s%ﬁ?mpBlF%h?n@-conpound is not particularly

The atomic ratio of C to Si has a close relationship
with mechanical characteristics and the dielectric
constant of the insulating film. In general, the higher

10 the C content, i.e. the higher the atomic ratio of C to
Si, the lower the dielectric constant, but the more the
mechanical characteristics tend to decrease. The
relative dielectric constant of the insulating film is
preferably within a range of from 1.0 to 3.5, more

15 preferably within a range of from 1.0 to 3.0.

Such an insulating film comprising an organic
silicon material having a Si-C bond and a Si-0O bond may
be deposited on a semiconductor wafer by e.g. CVD.

At that time, there may be a concentration gradient

20 in the C content by an operation of e.g. forming a layer
having a high oxygen content in the insulating film.
According to the present invention, its effect will not
decrease even for an insulating film having such a
concentration gradient, a high polishing rate can be

25 obtained, and a semiconductor integrated circuit can be
planarized.

The method of polishing an insulating film



limted. Such a nethod nmay be enpl oyed wherein the rear side of a

sem conductor integrated circuit having an 5 insulating filmconprising the
-present organic silicon material fornmed on its surface, is fixed on a
rotatable support, a polishing head equi pped with a polishing pad is
brought into contact with the surface of the sem conductor integrated
circuit, and the polishing pad 10 is rotated. The sem conductor integrated
circuit my be attached to the support by neans of a cushioning nmaterial

whi ch absorbs the pressure during polishing and which applies a pressure
uni formy tocpRprisingontiec Poesentegrapadclsidiiconi matraiefeby miséngol i shing
pad may have a feed orifice or channel so that the polishing slurry can be
uni form y suppei pgesentheodishase 6PmpRransediscapguPsiticuApsgvated circuit.
The material of the polishing pad nmay be a polyester 20 or a pol yurethane,
and in Exanpﬂé§léﬁdthes%?%s@nmethﬁ@eﬁ@Ydhe $mpiqn©dKW@?@%%@dt¥90¥?®¥ethane
material, manufactured by Rodel Nitta) was enpl oyed, however, the

pol i shi ng padi§Rdoft & FeMéCPROUCSOBe 1s6aTRReEhE 1BFEdENPaVEAGeRti on are not
limted thereto, _and may optionally be 25 sel ected dependi ng upon the

conbi nat i dn 6PSPHétﬁ89|§HﬁWgCO@@ﬁﬁ§&ﬁH tPﬁe958FF§ﬁ|ﬁﬁgéﬁﬁéréﬂﬁécoétc to be
used. The pollshln ressure nmay optio aIIy be ﬁé dependi ng_upon the
relatlonshlpnﬁnﬁﬁlgﬁ toypedorty s 68Fl§ﬁ?nglﬁaglxﬁ OPyBerBFaF%€1€ushioning

material, th%upport a polishing head equipped with a polishing pad

is brought into contact with the surface of the
semiconductor integrated circuit, and the polishing pad
10 is rotated.

The semiconductor integrated circult may be attached
to the support by means of a cushioning material which
absorbs the pressure during polishing and which applies a
pressure uniformly to the semiconductor integrated

15 cilrcuit. Further, the polishing pad may have a feed
orifice or channel so that the polishing slurry can be
uniformly supplied to the surface of the semiconductor
integrated circuit.

The material of the polishing pad may be a polyester

20 or a polyurethane, and in Examples of the present
invention, IC-1400 K-Grooved (polyurethane material,
manufactured by Rodel Nitta) was employed, however, the
polishing pad and its material to be used in the present
invention are not limited thereto, and may optionally be

25 selected depending upon the combination of the polishing
compound, the polishing apparatus, etc. to be used.

The polishing pressure may optionally be set



polishing speed and the characteristics of the polishing conpound such as
viscosity. 5 Specifically, in polishing of an insulating film conprising an
~organic silicon material having a CGSi bond and a Si-O bond, to which the
present invention is applied, the polishing pressure is preferably within a
range of fromO0.7 X103 to 2.5XI04 Pa, nore preferably 10 wthin a range of
from1X104 to 1.7 X104 Pa. If the polishing pressure is |lower than 0.7 X103
Pa, no adequate polishing rate will be2dbtained in many cases, and if it
is higher than 2.5 X104 Pa, scratches or the |like are likely to occur in
the process HFPPHLIERIYRPEN alP ar A5 63 oreth P forie o tayrem EoreRict or
substrate or a  mnultilayered structure of circuits are inpaired in nmany
cases. |n tROPoIHIH mpdetHRl BPe Mt prlea sritshirmeing grateriel suppty anount
of the polishing conpound slurry is 20 preferably from0.02 to 0.3 nL/(mn Xx
cm 2 ), part@tshing spesdraml ythe GO o5 0l DL IR nfhe ok $in9 t he
supply anmount is snmaller. than 0.02 niL/(mn x cn2), no adequate polishing
rate may be GHIRGUREY, SUfRY ¥ YhFOOnfrary, if it exceeds 0.3 mb/(min x cm
2) , the amount of 25 _the slurry exceeds an amount required for polishing,
such bePng unectnert tafat }Xn%% ESRHRI ot 1A 1 BF e bENY he 1Bol i shi ng
pad. 25 The sem conductor integrated. circuit ol'%?ed.b tQ@ goLésﬁgng
conpound of THEPLrEEERtAT Meftion §5 Uygrtertal having a €-51 bon
and a Si-0 bond, to which the present invention is
applied, the polishing pressure is preferably within a
range of from 0.7x10% to 2.5x10* Pa, more preferably
10 within a range of from 1x10? to 1.7x10% Pa. If the
polishing pressure is lower than 0.7x10° Pa, no adequate
polishing rate will be obtained in many cases, and if it
is higher than 2.5x10? Pa, scratches or the like are
likely to occur in the process of polishing, and a
15 circuit formed on a semiconductor substrate or a
multilayered structure of circuits are impaired in many
cases.
In the polishing method of the present invention,
the supply amount of the polishing compound slurry is
20 preferably from 0.02 to 0.3 mL/(min x cm?®), particularly
preferably from 0.05 to 0.2 mL/(min x cm®). If the
supply amount is smaller than 0.02 mL/(min x cm?), no
adequate polishing rate may be obtained, and on the

contrary, if it exceeds 0.3 mL/(min x cm?), the amount of

25 the slurry exceeds an amount required for polishing, such

2”

being uneconomical. “cm“” means the surface area of the

polishing pad.



adequately washed with running water and dried, after polishing. Utrasonic
cleaning is carried out in many 5 cases. The sem conductor integrated
~circuit polished by wusing the polishing conmpound of the present invention,
obtai ned as nentioned above, is particularly useful when it has a copper
wiring layer covered with an insulating 10 filmin its structure. It is
because a highly integrated wring structure expected for copper w ring
will readily be realized by the presenas of an insulating |ayer having a

| ow dielectric constant, free fromdefects such as cracks, scratches of

fil mpeeling, an@hexeemieanduntd® sotkacettHarneswuit BXANRLES biMowhet he
present invention will be explained nore specifically with reference to
Exanpl es. ExaapiebingteompouBdanf dheori¢sane Eruaptesnofst heuplégent
invention, and 20 Exanples 4 to 7 and 12 to 15 are Conparative Exanples.

"o% neans "nmadsgwatnleswashhdrviisk speringedatant enfafisiedndaftasur ement

met hods used in Exanples are as follows. (measurenent of nean particle
size) It wasPebiahihed- by’ MIGROTRAC HERMIDELL 932034 €90 o5 hmtdaét ur ed by
Ni kkiso Co., Ltd. (Interlayer insulating film An interlayer insulating film
conprisi g af®8ffganic 26 silicon material having a G Si bond and a Si-O

bond, used as an_object to _be studied in the present Exangles is a
The semiconductor integrated circult polished by

using the polishing compound of the present invention,
obtained as mentioned above, is particularly useful when
it has a copper wiring layer covered with an insulating
10 film in its structure. It is because a highly integrated
wiring structure expected for copper wiring will readily
be realized by the presence of an insulating layer having
a low dielectric constant, free from defects such as
cracks, scratches of film peeling, and excellent in
15 surface flatness.
EXAMPLES
Now, the present invention will be explained more
specifically with reference to Examples. Examples 1 to 3,
8 and 9 to 11 are Examples of the present invention, and
20 Examples 4 to 7 and 12 to 15 are Comparative Examples.
“%7 means “mass%” unless otherwise specified. Materials
and measurement methods used in Examples are as follows.
(Measurement of mean particle size)
It was obtained by MICROTRAC HRA MODEL 9320-X100
25 manufactured by Nikkiso Co., Ltd.
(Interlayer insulating film)

An interlayer insulating film comprising an organic



filmof Black D anond, tradenane (relative dielectric constant: 2.7) based
on a production nethod as specified 5 by Applied Materials, Inc. A
~multilayered product having this interlayer insulating filmhas such a
structure that a Si02 film8 wth a thickness of 500 nmand a Bl ack D anond
film9 wth a thickness of 500 nmare |lam nated on a silicon 10 substrate
7, as shown in Fig. 6, and imtates a structure in which an interlayer
insulating filmis formed on a sem condftor integrated circuit. The result
of neasurenent of an infrared spectrumwth respect to the Black D anond
filmby neanSibicanFratRrappahavisd(podefi PenfTRRA8300) -Rakehdct wsed by
Shi madzu Corporation are shown in Fig._S. Fromthis infrared ray chart, the
interlayer ®As@RaPPagcti Fm Ps FbuAdefolRatBearspsenbohdamalss-Olsord and a
Si -CH3 bond. 20 Further, with respect to the Black D anond film,
concent r at i oh318f °€ BhaCki Dparnond. spubferpig (ratakive dAsasGEEdcby using an
X-ray photoel ectron spectroscop (ESCA: el ectron sgectroscopy for chem cal
anal ysis, nbeRfFtaEScAZ34d0PaRgAUPRCRUPEATRY ESARNREEHCCG0RF0FREFSH 188 25
shown in Figs. 4 agd g, and the results are shown in Table I as counts
(cps: count PérPBRLOART) MBFSE and  SF™fer Ar sputtering time and the atonic
ratio of Cto Si., A ..l.onger, Ar u%t ring ti neans closer to the bottom
of | the layer of M AETFilayFese: SFREHC FRYLAR s 1nteriayet
insulating film has such a structure that a SiO; film 8§
with a thickness of 500 nm and a Black Diamond film 9
with a thickness of 500 nm are laminated on a silicon
10 substrate 7, as shown in Fig. 6, and imitates a structure
in which an interlayer insulating film is formed on a
semiconductor integrated circuit. The result of
measurement of an infrared spectrum with respect to the
Black Diamond film by means of a FT-IR apparatus (model:
15 FTIR-8300) manufactured by Shimadzu Corporation are shown
in Fig. 3.
From this infrared ray chart, the interlayer
insulating film is found to have a Si-C bond, a Si-O bond
and a Si-CHs; bond.
20 Further, with respect to the Black Diamond film,
concentrations of C and Si per Ar sputtering time were
measured by using an X-ray photoelectron spectroscopy
(ESCA: electron spectroscopy for chemical analysis,
model: ESCA-3400) manufactured by Shimadzu Corporation as
25 shown in Figs. 4 and 5, and the results are shown in

Table 1 as counts (cps: count per second) of C and Si per

Ar sputtering time and the atomic ratio of C to Si. A



In.Figs. 4 and 5, |Is and 2p represent detection orbitals of the respective
atons, and the atomc ratio is 5 represented based on val ues obtai ned by
~dividing the peak areas by the sensitivity factors of an apparatus for the
respective atons (C: 1.000, Si:0.870). As shown in Table 1, it is understood
that in the interlayer insulating film there is such a concentration 10
gradi ent that the carbon content is higher at the |lower part of the |ayer.
(Abrasive grains) (Ceriumoxide particled) Hi gh purity cerium carbonate was
subj ected to_wet 15 grinding and then heated at a slurry tenperature of

100' C under 1pePRUxAW SRUSLEFANAQ theusieaysa clesaerote &g agddomumtt |
formati on of carbon di oxi de gas stopped, and_then dried. The obtained
product was fhredader706' Ehey insengavgrgasstuptase dddground by a jet mll,
and then the 20 slurry was classified into a mean particle size of 0.2 ~im
(Neodyni um oxi de IFaftigs-ed) 3Py nildmeSE d@ paraRsssd dmatiaigyn ii ahua
New Materials, and_Resources Co., Ltd. was treated with a planetary mll
and then cl aS3PEtedsi RfotRenEgPFartvel 8tons. sppgd shepakomim retds Ranum
oxi de particles) Lanthanum oxi de purchased from.iiangyn .ijahua_ New 2

mat eri al s° and®R §83P5§g gﬁ??éLPH.eﬁ&§eFr8 anﬁpthya%lBFQﬁQQaFF%ﬁgqa nd

then classified into a, nean rticle
areas %y %he seng§t1v%ty factors of an apparatus for the

respective atoms (C:1.000, Si:0.870).
As shown in Table 1, it is understood that in the
interlayer insulating film, there is such a concentration
10 gradient that the carbon content is higher at the lower
part of the layer.
(Abrasive grains)
(Cerium oxide particles)
High purity cerium carbonate was subjected to wet
15 grinding and then heated at a slurry temperature of 100°C
under reflux with stirring by using a reactor, and aged
until formation of carbon dioxide gas stopped, and then
dried. The obtained product was fired at 700°C by using
a gas furnace and ground by a jet mill, and then the
20 slurry was classified into a mean particle size of 0.2 um.

(Neodymium oxide particles)

Neodymium oxide purchased from Jiangyn Jiahua New
Materials and Resources Co., Ltd. was treated with a
planetary mill and then classified into a mean particle

25 size of 0.4 um.
(Lanthanum oxide particles)

Lanthanum oxide purchased from Jiangyn Jiahua New



size of 0.2 pm (Praseodym um oxide particles) 5 Praseodym um oxi de
purchased fromiiangyn iiahua New Materials and Resources Co., Ltd. was
treated with a planetary mll and then classified into a nean particle
size of 0.3 pm (CeLa203F3 particles) 10 Rare earth carbonate concentrate
purchased from | NNER MONGOLI A BAOTQU STEEL RARE- EARTH HI - TEC was ground,
partially fluorinated, dry and fired to obtain a rare earth conpound

cont ai ni ng CeLa203F3, and it was treate@8 with a planetary mll and
classified into a nean particle 15 size of 0.2 pm The gurit of the rare
earth conpoMriteniahe andrResoergrai ¢e- uskddwadast treasedgwioboa (Polishing
speed) It was_obtained fromthe difference in_thickness of 20 the
interlayer ipkin@EdrRg Pl dedveeen betarel hhadafrep appeashpagtietel

m nutes. EXAMPLE | (Preparation of polishing conpound) La203 (mean particle
size: 0.2 prylzmdef oh-exidhanged 25 water were mixed to prepare a polishing
conpound containing 2.0% of La203 by using an ultrasonic generator

manuf act ured by NFFW%@WWWAP%MeL?BFFlEﬁ??éSOM c 29 Generator MODEL

RUS_GOOCS Using %?ggeggéﬁigﬁngxgggpgggghaggg %gggaggaggyghgiahua New

Materials and Resources Co., Ltd. was treated with a
planetary mill and then classified into a mean particle
size of 0.3 um.

(CeLa,03F; particles)

10 Rare earth carbonate concentrate purchased from
INNER MONGOLIA BAOTOU STEEL RARE-EARTH HI-TEC was ground,
partially fluorinated, dry and fired to obtain a rare
earth compound containing CeLa,03F;, and it was treated
with a planetary mill and classified into a mean particle

15 size of 0.2 um.

The purity of the rare earth compound in the
abrasive grains used was at least 99.9%.
(Polishing speed)

It was obtained from the difference in thickness of

20 the interlayer insulating film between before and after
polishing for 1 minutes.

EXAMPLE 1
(Preparation of polishing compound)
La;0; (mean particle size: 0.2 um) and ion-exchanged

25 water were mixed to prepare a polishing compound
containing 2.0% of Lay0; by using an ultrasonic generator

manufactured by NIHON SEIKI KAISHA LTD., Ultrasonic



interlayer insulating filmmade of a Black D anond film forned on the above
mul til ayered product was polished 5 under the follow ng polishing

- conditions. Polishing machine: Polishing machine Mrra nanufactured by
Applied Materials, Inc. Polishing pad: |C 1400 K- G ooved (concentric groove)
Pol i shing conpound supply amount: 200 M./mn 10 (corresponding to 0.1

M./ (mn x CM) Polishing tinme: 1 mnute Polishing pressure: 1.38x104 Pa
Nunber of revol utions of polishing pad: 2%ad 57 revolutions/mn (rpn,
platen 63 rpm 15 The polishing speed per tine in polishing under the above
condi ti ons waSnREasare¥ODFheRPESAPPCis shown in Table 2. The polished

mul til ayered product was washed with running ion-exchanged water and then
dried. No defect¥sipg stidls R9ldshikg, C@@PQP@%@S the fsprrﬁﬁgéemfnghﬁere f ound.
EXAMPLE 2 Eval uation was carried out_in the sane manner as in anple 1
except that ANpBFiLeMPhglESHpBLABShAYIHgMEAE CfoR| BhARY BFBE@P@|§ﬁ1Was used

i nstead of the polishing 25 conpound, of Exanple 1. The result is _shown in
Table 2. Nof BEWEthnngﬁ QQOHFa@H%tl%éyﬁfﬁﬁegreguFFlWﬁﬁe@Pﬂﬁé héére found.

0,
30 Nd203 (neagega Lgc%gl gagngopglgg%lné gé%dgggogéchanged wat er: The rest

Polishing machine: Polishing machine Mirra
manufactured by Applied Materials, Inc.

Polishing pad: IC-1400 K-Grooved (concentric groove)

Polishing compound supply amount: 200 mL/min

10 (corresponding to 0.1 mL/{min X cm?))

Polishing time: 1 minute

Polishing pressure: 1.38x10* Pa

Number of revolutions of polishing pad: Head 57
revolutions/min (rpm), platen 63 rpm.

15 The polishing speed per time in polishing under the
above conditions was measured. The result is shown in
Table 2.

The polished multilayered product was washed with
running ion-exchanged water and then dried. No defects

20 such as cracks, scratches or film peeling were found.
EXAMPLE 2

Evaluation was carried out in the same manner as in
Example 1 except that a polishing compound having the
following proportion was used instead of the polishing

25 compound of Example 1. The result is shown in Table 2.
No defects such as cracks, scratches or film peeling were

found.



EXAMPLE 3 CelLa2Q3F3 (nmean particle size: 0.2 pn) and ion- 5 exchanged wat er
were m xed to prepare a polishing conmpound containing 1.0% of CeLa2C3F3 by
-using the sane ultrasonic generator as in Exanple 1. Using this polishing
compound, the surface of the sane interlayer insulating filmas in Exanple
1 formed on 10 the above nultil ayered product was polished by the

foll ow ng nmethod. Polishing machi ne: Conpact size desk | apping machi ne

NF- 300 manufactured by Nano Factor Co., 3l0td. Polishing pad: |C 1400

K- G ooved (concentric groove) 15 Polishing conpound supply amount: 70
m./mn (correspdddi:ngmegnoprariicle sigesn®). B Poli:sRi-®F time: 1 minute

Pol i shing pressure: 2.76x104 Pa Nunber of revolutions of polishing pad: Head
97 rpm 20 pl at épniechpngedheaperi sHiliy) B3fded per tinme in polishing under
the above conditions was neasured. The result is showm in Table 3. The
pol i shed nul #%X3¥%§%ef e¥l product was washed with 25 running ion-exchanged
water and then dried. No defects such as cracks, scratches or film peeling

were found. EXAMPLE®F31 (Megy| RAFrFoRlfagizgrrPed 8 PRIt BeNsame manner as

in Exanpl e 1 except that a polishi conpound havi ng the
rrp5 exchaﬁged waterpwere mfged Qg prepare agpolishing

compound containing 1.0% of CeLaz03F; by using the same
ultrasonic generator as in Example 1.

Using this polishing compound, the surface of the

same interlayer insulating film as in Example 1 formed on
10 the above multilayered product was polished by the
following method.

Polishing machine: Compact size desk lapping machine
NF-300 manufactured by Nano Factor Co., Ltd.

Polishing pad: IC-1400 K-Grooved (concentric groove)

15 Polishing compound supply amount: 70 mL/min
(corresponding to 0.1 mL/(min x cm?))

Polishing time: 1 minute

Polishing pressure: 2.76x10* Pa

Number of revolutions of polishing pad: Head 97 rpm,

20 platen 103 rpm.

The polishing speed per time in polishing under the
above conditions was measured. The result is shown in
Table 3.

The polished multilayered product was washed with

25 running ion-exchanged water and then dried. No defects
such as cracks, scratches or film peeling were found.

EXAMPLE 4



foll ow ng proportion was used instead of the polishing conmpound of Exanple
1. The result is shown in Table 2. 5 Cerium oxide (nean particle size: 0.2
~pm: 1.0% I|on-exchanged water: The rest EXAMPLE 5 Eval uation was carried
out in the sane manner as in Exanple 3 except that a polishing conpound
having the 10 follow ng proportion was used i nstead of the polishing
conpound of Exanple 3. The result is shown in Table 3. Cerium oxide (nean
particle size: 0.2 pnm): 1.0% Ion-exchargjed water: The rest EXAMPLE 6 15

Eval uation was carried out in the same manner as in Exanple |

except that a

pol i shi ng conpouRdahkaerhgnt Wes fekkémingupr dpoFhromawesmaseeri ast éad of the
polishing conpound of Exanple 1. The result is shown in Table 2. Si02
(mean parti cF¥ampie: 1oexgeptnfhat 12 peidd shingncenenungebiawaner thehe rest

EXAMPLE 7 Evaluation was carried out in the sane manner as in

Exanpl e |

except that BOpbPYERYBreBAbbLAA Wasi ngedhenstepfonf nghpr BpdEENéAIwas used

i nstead of the polishing 25 conpound of Exanple 1. The result

is shown in

Table 2. CC%@Q®@n@n%5nE§%?P?%I% siFe LG mS :showy, 11 gfrleke hanged
wat er: The rest 32 EXAMPLE .8 Eval uati on m?s carrled out |q Hhe same naenner

Cerium oxide (mean particle size: 0.2 um)

as in
Ion-exchanged water: The rest

EXAMPLE 5

0%

]

Evaluation was carried out in the same manner as in

Example 3 except that a polishing compound having the

10 following proportion was used instead of the polishing

compound of Example 3. The result is shown in Table 3.

Cerium oxide (mean particle size: 0.2 um):

Ion-exchanged water: The rest

EXAMPLE 6

.0%

15 Evaluation was carried out in the same manner as in

Example 1 except that a polishing compound having the

following proportion was used instead of the polishing

compound of Example 1. The result is shown in Table 2.

Si0,; (mean particle size: 0.2 pum): 12.5%
20 Ion-exchanged water: The rest

EXAMPLE 7

Evaluation was carried out in the same manner as in

Example 1 except that a polishing compound having the

following proportion was used instead of the polishing

25 compound of Example 1. The result is shown in Table 2.

a-Al,07 (mean particle size: 0.2 pm): 1.0%

Ion-exchanged water: The rest



Exanpl e 3 except that a polishing conpound having the follow ng proportion
was used instead of the polishing 5 conpound of Exanple 3. The result is
~shown in Table 3. No defects such as cracks, scratches or film peeling were
found. Nd203 (nean particle size: 0.4 ~im : 1.0% |on-exchanged water: The
rest 10 EXAMPLE 9 Cerium oxide particles (nean particle size: 0.2 1)-m,
La203 particles (nmean particle size: 0.2 jim and ion- exchanged water were
m xed to prepare a polishing conmpound &entaining 1.0% of the cerium oxide
particles 15 and 1.0% of the La203 particles by using an ultrasonic
gener at or nefAMREEr@d by NIHON SEIKI KAISHA LTD., U trasonic Generator
MODEL RUS-600C. using the polishing conpound, the surface of the interlayer
i nsul ating film FEa&uUsflanBrack CRFaABAdOREI A Bbef 6RREdMeRNERe agbdve
mul til ayered_product_was polished. The_polishing speed ﬁer_tine in polishing
under the aBGYEPLDNYi BXEPREWER2FeASHPEHSh RS FEERPENASNEKERA FRe Table 2.
The polished_nulti|ayered product was washed with 25 running |on-exchanged
wat er and t hERL HPYE9 RECHeFELPR Wadchsad ¢racrad S&raPeneSLloFREnem peel i ng
were found. EXAMPLE 1g 33 Eyal atingmas carrjied out in the same manner as
t .

in Exanpl®e o°RRR{WEt Pat FXAPBLF shi ngt orSoithid: nati i ehetn Table 3

No defects such as cracks, scratches or film peeling were
found.
Nd,0; (mean particle size: 0.4 pum): 1.0%
Ton-exchanged water: The rest
10 EXAMPLE 9
Cerium oxide particles (mean particle size: 0.2 num),
Lay0; particles (mean particle size: 0.2 um) and ion-
exchanged water were mixed to prepare a polishing
compound containing 1.0% of the cerium oxide particles
15 and 1.0% of the La;0; particles by using an ultrasonic
generator manufactured by NIHON SEIKI KAISHA LTD.,
Ultrasonic Generator MODEL RUS-600C.
Using the polishing compound, the surface of the
interlayer insulating film made of a Black Diamond film
20 formed on the above multilayered product was polished.
The polishing speed per time in polishing under the
above conditions was measured. The result is shown in
Table 2.
The polished multilayered product was washed with
25 running ion-exchanged water and then dried. No defects
such as cracks, scratches or film peeling were found.

EXAMPLE 10



foll ow ng proportion was used instead of the polishing conmpound of Exanple
9. The result is shown in Table 2. 5 No defects such as cracks, scratches or
“filmpeeling were found. Cerium oxide particles (nmean particle size: 0.2
pm: 0.5% Nd203 particles (nmean particle size: 0.4 pm : 1.0% 10

| on- exchanged water: The rest EXAMPLE 11 Cerium oxide particles (nmean
particle size: 0.2 pm, Pr6011 particles (nean particle size: 0.3 pm and

i on- exchanged water were m xed to prep&3e a polishing 15 conpound
containing 0.5%of the ceriumoxide particles and 0.5% of the Pr6011
particles by usiFBgalinetsanewagl cpasoafcogyenenatbe asmenmExarspl @€s9inUsi ng
this polishing conpound, the surface of the sane interlayer insulating film
as i n ExanplBxampbe npdedperbothae aupeiiahergdeoprodued havipel thed under

t he same polishing conditions as in Exanple 3. The polishing speed per tine
in polishi ngtehbRY1RHePT APBYELBNEIRE | BHS m&sma@u@gd.thq’héogéégwgi s shown
in Table 3. 25 The_polished nultil ayered product was washed wth running

i on- exchange®oMaPwrd anEl ERARPHR| 24 Tﬁkﬁ degetts issrhrvas &t akadele sérat ches or

filmpeeling were found. 34 EXAVPLE 12 Eval uation was carried out in the
same manrrer ¥Q ¢f@fects such as cracks, scratches or film peeling were

found.
Cerium oxide particles (mean particle size: 0.2 um):

0.5%

Qe

Nd,0; particles (mean particle size: 0.4 pum): 1.0
10 Ion-exchanged water: The rest
EXAMPLE 11

Cerium oxide particles (mean particle size: 0.2 um),
Prs0;; particles (mean particle size: 0.3 um) and ion-
exchanged water were mixed to prepare a polishing

15 compound containing 0.5% of the cerium oxide particles
and 0.5% of the Prg0;; particles by using the same
ultrasonic generator as in Example 9.

Using this polishing compound, the surface of the

same interlayer insulating film as in Example 9 formed on
20 the multilayered product was polished under the same
polishing conditions as in Example 3.

The polishing speed per time in polishing under the
above conditions was measured. The result is shown in
Table 3.

25 The polished multilayered product was washed with
running ilon-exchanged water and then dried. No defects

such as cracks, scratches or film peeling were found.



Exanpl e 9 except that a polishing conpound having the follow ng proportion
was used instead of the polishing 5 conpound of Exanple 9. The result is
-shown in Table 2. Cerium oxide particles (nmean particle size: 0.2 pnm: 1.0%
| on- exchanged water: The rest EXAMPLE 13 10 Eval uation was carried out in
the same manner as in Exanple 11 except that a polishing conpound having
the follow ng proportion was used instead of the polishing conpound of
Exanple 11. The result is shown in Tabl 843. Cerium oxide particles (nean
particle size: 0.2 pim: lon-exchanged water: The rest EXAMPLE 14

Eval uati on VieAMREFEi®Bd out in the same manner as in Exanple 9 except that a
pol i shing conpound having the 20 follow ng proportion was used instead of

t he polishing coRpaindtbpn Exaspreroledheut esul EhessahewnanpeTapbeir.  Si 02
particles (nmean particle size: 0.2 um: 12.5% I|on-exchanged water: The rest
EXAMPLE 15 Zoxaialeial i ofcsr’s et i @dout shing heompewndrdpieingistlin  Exanpl e 9
except that a polishing conpound having the follow ng proportion was used

i nstead of tHel ik perRsr t tRpsundiod Banrad of realishirsgshown in

Tabl e 2. a-A1203 particles (nean_ particle size: 0.2 pm: 1.0%_ 1Ion-exchanged
wat er: The rexppound of Example 9. The result is showr in Table 2.

Cerium oxide particles (mean particle size: 0.2 um):

|_\
(@]
oP

Ion-exchanged water: The rest
EXAMPLE 13
10 Evaluation was carried out in the same manner as in
Example 11 except that a polishing compound having the
following proportion was used instead of the polishing
compound of Example 11. The result is shown in Table 3.
Cerium oxide particles (mean particle size: 0.2 um):

15 1.0

oo

Ion-exchanged water: The rest
EXAMPLE 14
Evaluation was carried out in the same manner as in
Example 9 except that a polishing compound having the
20 following proportion was used instead of the polishing
compound of Example 9. The result is shown in Table 2.
Si0, particles (mean particle size: 0.2 um): 12.5%
Ion-exchanged water: The rest
EXAMPLE 15
25 Evaluation was carried out in the same manner as in
Example 9 except that a polishing compound having the

following proportion was used instead of the polishing



EXAMPLE 16 5 Eval uation was carried out in the same manner as in
except that cerium oxide particles (nmean
- particles (nmean particle

shown in

t he sane nanner
particle size:

Exampl e 9
particle size: 0.2 pm and La203
size: 0.2 pin) in the proportion (nass ratio) as

Table 4 were used instead of the polishing conpound of 10 Exanple
9. The result is shown in Table 4.

as in
0.2 pnm) and Nd203 particl¥Es (nmean particle 15 size: 0.4 pm
in the proportion (mass ratio) as shown in

EXAMPLE 17 Eval uation was carried out in
Exanpl e 9 except that cerium oxide particles (nmean

Table 5 were used i nstead of the

pol i shing cofpBRAEngf ofERHAPPEc9d - ThEhe esedtll sishewwn niTabrlel . 2 TABLE 1:

Counts of C and S

per Ar sputtering tinme Ar  sputtering Count of C Count of

Si CSi atomc timeleRi MITpIYpsitern eaodore mze: 65 2 04w424218861. 79
2044884203341. 92 20 36 TABLE 2: Polishing speed under various conditions
Ex. Pol i shi ng speé@t(sichempets #eterg 1The rest

10

15

20

EXAMPLE 16

Evaluation was carried out in the same manner as in
Example 9 except that cerium oxide particles (mean
particle size: 0.2 um) and La,03; particles (mean particle
size: 0.2 um) in the proportion (mass ratio) as shown in
Table 4 were used instead of the polishing compound of
Example 9. The result is shown in Table 4.
EXAMPLE 17

Evaluation was carried out in the same manner as in
Example 9 except that cerium oxide particles (mean
particle size: 0.2 um) and Nd,;0; particles (mean particle
size: 0.4 um) in the proportion (mass ratio) as shown in
Table 5 were used instead of the polishing compound of

Example 9. The result is shown in Table 5.

TABLE 1: Counts of C and Si per Ar sputtering time

Ar sputtering | Count of C Count of Si C/Si atomic
time (min) (cps) (cps) ratio
0 40704 21414 1.65
10 44424 21636 1.79
20 44884 20334 1.92




21648x10-1 4305x10-1 6146x10-1 7256x10Y" 92740x10-1 101946x10-1 12305x10-1
14146x10"1 15256x10-1 TABLE 3: Polishing speed under various conditions

- Ex. Pol i shing speed (nmmn) 32725x10-1 5847x101 81168x10-1 113698x10-1
13847x10-1 37 TABLE 4: Proportion of La203 and cerium oxi de and Anount of
La203 La203/ (cerium Polishing cerium oxide (nmass% *oxi de+La203) speed
(mass% *(mass ratio)(nm mn) 2.00.00411x10-1 1.00.50.331864x10-1

36
TABLE 2: Polishing speed under various conditions
EX. Polishing speed (nm/min)
1 1731x107*
2 1648x107t
4 305x1073
6 146x107"
7 256x107%
9 2740x107"
10 1946x107*
12 305x1071
14 146x107*
15 256x1073

TABLE 3: Polishing speed under various conditions

Ex. Polishing speed (nm/min)
3 2725x107"

5 847x107}

8 © 1168x107*

11 3698x107}

13 847x1071




1.01.00.52740x10-1 0.51.00. 672320x10-1 0. 02. 01.01731x10-1 * Concentration in
pol i shing conpound 5 TABLE 5: Proportion of Nd203 and cerium oxi de and

- Amount of Nd203 Nd2Q3/ (cerium Pol i shing cerium oxi de (nmass% *oxi de+Nd203)
speed (mass% *(rmass ratio)(nm mn) 2.00.00411x10-1 1.00.50.33840x10-1

1. 01. 00. 51664x10-1 0.51.00.671946x10-1 0.02. 01. 01505x10-1 * Concentration in
pol i shing conpound | NDUSTRI AL APPLI CABI LI TY 10 The present invention

provi des a polishing conpound for an imsulating filmfor a sem conductor
ntegrated eigcail, Wighaliaetdralydpl anarteesugnokasul ahng film
conprising an,p{gaphg shtigon material having a CSi bond and a Si-O bond,

poried on A BRILSONGECT OT THIH BQT Al €0 IS FLREHT N o AL FOTFEALREOVITE 2
hi gh quality_po |shgg.d3urf@ces¥thh i's 1r§éé}r8n1 r,has_redyce defects
such as ol i shihy speed masss oXIde+La,03) spee
(mag56p (mass ratio) (nm/min)

2.0 0.0 0 411x1071

1.0 0.5 0.33 1864x107*

1.0 1.0 0.5 2740x1073

0.5 1.0 0.67 2320x107*

0.0 2.0 1.0 1731x107t

* Concentration in polishing compound

5 TABLE 5: Proportion of Nd;0:; and cerium oxide and
polishing speed

Amount of Nd,03 Nd,03/ (cerium Polishing

cerium oxide (mass%) * oxide+Nd,03) speed

(mass%) * (mass ratio) {(nm/min)
2.0 0.0 0 411x107"
1.0 0.5 0.33 840x107L
1.0 1.0 0.5 1664x1071
0.5 1.0 0.67 1946x1071
0.0 2.0 1.0 1505x107%

* Concentration in polishing compound

INDUSTRIAL APPLICABILITY

10 The present invention provides a polishing compound
for an insulating film for a semiconductor integrated
circuit, which effectively planarizes an insulating film
comprising an organic silicon material having a C-Si bond
and a Si-0 bond, formed on a semiconductor integrated

15 circuit, and which can provide a high quality polished

surface which is free from or has reduced defects such as



ol i.shing speed 38 cracks, scratches or filmpeeling, in a process for
produci ng a sem conductor integrated circuit. Further, it provides a nethod
‘for producing a seniconductor integrated circuit, which makes it possible
S to produce a sem conductor integrated circuit with an insulating film
having a | ow dielectric constant and excellent in surface flatness, with
high yield with good productivity. 39 CLAIMS 1. A polishing conpound for
polishing an insulating filmconprising3&n organic silicon material having
a CGSi bond and a Si-O bond, to be used for a sem conductor 5 integrated
circuit, whi EHaEHTprissEabRRes and 1par Heg1dg 9 ofirata IREEstesshdEPpecific rare
earth conpound selected fromthe group consisting of a rare earth

hydr oxi de, aPTP&HE184r th SEMIGIANGRIC e did egatteoaifAri-de, a rare earth
oxi de except cerium oxide,, and a conposite conpound 10 thereof. 2. The

pol i shi ng conpoudd¥&ddstdiiy R \GHMA Meiich L3umMRIUeHid & ns ceri um

oxi de particles. 3. The pol.ishing conmpound according tog Caim?2, wherein
the mass rat ST COPRYCEEL FRIGHIFE 9% HRE S fecilCH Fiakes ¢ & s hfhound
as calculated as oxjde is wthin range of from99:1 to 1:99. 4. The

pol i shi ng® coMPodF®“HCEo AdiSg 1S tife lgytegrated circult with an

insulating film having a low dielectric constant and
excellent in surface flatness, with high yield with good

productivity.



Claims 1 to 3, wherein the specific rare earth conpound is at |east one
rare earth conpound selected fromthe 20 group consisting of La203, La(OH)3,
- Nd2G31 Nd(OH) 3, Pr6011, Pr(OH)3, CeLaO and CeLa2@3F3. 5. A nethod for
produci ng a sem conductor integrated circuit, which has a step of polishing

an insulating film conprising an organic silicon materi al

having a C Si

bond 25 and a Si-O bond, with a polishing conpound conprising water and
particles of at |east one specific rare3arth conpound selected fromthe
group consisting of a rare 40 earth hydroxide, a rare earth fluoride, a
rare earth oxyfluoride, a rare earth @&aId& except ceriumoxide, and a
conposi te conpound thereof. 6. The method for producing a sem conductor
integrated 5.ciAcnPlisbépedragrrond dPm Bolwmbiaonanhanspdeitfing rare earth
conmpound is at |least one rare earth conpound selected fromthe group

consi sting ofilm2ogmpragtry3an aEIBBicNiOHyen PreoTial PhaviRg, aCELED and
CeLa203F3. 7. The nmethod for producing a sem conductor integrated 10
circuit accoPeiRfigird @ ainPsberde, tWh eetfedhEopori §ANAGONEBAPOENd furt her
contains ceriumoxide _particles. 8, The method for producing a,sem conduct or
i nt egrat &d EFF%QF@CQ@CBFHFHbtt0W5h9hoﬁ%m8¥1€?§|Wﬁtgrtén§ PRRELELRS t he
organic silicon materi al haV|ng a_C-S bond and a Si 15_0 bond has a Si-CH3

bond, has a P&l ati ve2aFePBet FP

ClEbfstant ﬁPFEPnCQWP%HB@ %FlFFB 1.0 to 3.5,

and has an ?tOﬁlC ratio of Cto Sii wt |n a ran L L 8 5 to 3.
art A% rox1

rom the group con51st1ng o) rare

rare earth fluoride, a rare earth oxyfluoride,

a rare

earth oxide except cerium oxide, and a composite compound

10 thereof.

2. The polishing compound according to Claim 1, which

further contains cerium oxide particles.

3. The polishing compound according to Claim 2,

wherein

the mass ratio of the cerium oxide to the specific rare

15 earth compound as calculated as oxide is within a range

of from 99:1 to 1:99.

4. The polishing compound according to any one of

Claims 1 to 3, wherein the specific rare earth compound

is at least one rare earth compound selected from the

20 group consisting of Laj;0,, La(0OH);3, Nd;0;, Nd(OH)

Pr(OH)3;, CelLaO and CelLa;03Fs.

3, PrgOip,

5. A method for producing a semiconductor integrated

circuit, which has a step of polishing an insulating film

comprising an organic silicon material having a C-Si bond

25 and a Si-0 bond, with a polishing compound comprising

water and particles of at least one specific rare earth

compound selected from the group consisting of a rare



9..The nethod for producing a sem conductor integrated circuit according to
Claim8, wherein the insulating film20 is to cover a copper wiring |ayer.
- 10. The nethod for producing a sem conductor integrated circuit according
to Claim?7, wherein the mass ratio of the ceriumoxide to the specific rare
earth conpound as calculated as oxide is within a range of from99:1 to 25

1:99.

10

15

20

25

40
earth hydroxide, a rare earth fluoride, a rare earth
oxyfluoride, a rare earth oxide except cerium oxide, and
a composite compound thereof.
6. The method for producing a semiconductor integrated
circuit according to Claim 5, wherein the specific rare
earth compound is at least one rare earth compound
selected from the group consisting of Lay0;, La(O0OH)s,
Nd,03, NdA(OH);, PreOii, Pr(CH);, CeLaO and CeLa;0;Fs.
7. The method for producing a semiconductor integrated
circuit according to Claim 5 or 6, wherein the polishing
compound further contains cerium oxide particles.
8. The methoed for preducing a semiconductor integrated
circuit according to any one of Claims 5 to 7, wherein
the organic silicon material having a C-Si bond and a Si-
O bond has a Si-CH; bond, has a relative dielectric
constant within a range of from 1.0 to 3.5, and has an
atomic ratio of C to Si within a range of from 0.25 to 3.
9. The method for producing a semiconductor integrated
circuit according to Claim 8, wherein the insulating film
is to cover a copper wiring layer.
10. The method for producing a semiconductor integrated
circuit according to Claim 7, wherein the mass ratio of
the cerium oxide to the specific rare earth compound as
calculated as oxide is within a range of from 99:1 to

1:99.



