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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-0 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 required 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 in progress.

25 With respect to the multilayered structures of

circuits, 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 (CWP), and a new
wiring is optically 10 exposed by photolithography to forma circuit

ther eon, a”QoSHShféPmQEeEﬁEkQBn'§nr8pﬁé§€§h¥ eaLki 8 grQHEuE% | 3 pat e
circuits. Inthis CW, the irregularities on ¥ he surface to be polished

have to be fiatigogdeby-paki 8Bi Bg LAgASrsRaRt 17 Ehgew§§la@s§kagrand at the
same tine, defects on the sem conductor substrate surface at the tine of

pol i shing, HCEhéSuﬁbé9k§ay59raéﬁﬁeﬁaﬁésfhk”&@%%&bﬂgt wﬁlgat9@¥§e the
|rregular|t|es on the surface to be polished, have to be suppreSsed as far

as possi bl e. ,EBhReEBEUOL BRI ahandepkt BEnEQEUE'lﬁtbﬁatgﬁlﬁh@%%%§h99 l'i ne
width by mniaturization of the wiring pattern by using e.g. copper or

al um nums dugrt eafideEo¥edespaeesubht WBeBrvbkhBaSoft e reap&cichance between
wirings tends to increase, the signal delay tinme tends to be long, and the

25 increase tnrspeed of a sem conductor integrated circuit wll be
i nhi bited. Thus, insulation between wirings is carried out by tightly
filling e.g. the spasedbegdenans 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 1increase in 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 nmaterial 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

di el ectric constant | ower than ever is réquired Such an insulating film an

organic sili thﬁig a@ur1£ EH%E9¥h§?erlgFS% ﬁgg%r§gq ﬁagHég BOQQWIS

pr oposed. Suc an organic &rTi don avin bond and a

Si - O bond ca sa ve high nechanical 15 strength as conpared
with a conve% ?g%%ﬁgélcég?gﬁﬁgéhomever it generally has a low dielectric

constant, CO”pafﬁ$£§tb o%§6r£$|?5ﬁ39é£i£¥ gad, Ha§n§925§958r5§&hcs

exceedi ng a conv I Oha min many polnts suc roperty to

en
forma flat syg ggﬁlﬁtméggrﬁhﬂes?EF %”hzglﬁorfP OHavﬁﬂﬁ & f@f&@?%@r'st!c

to fill the gap tinme of or mai i on en such an organic silicon

ﬁater'a'syavaﬂalécsi§t cQHanﬁEdo§ gboband, pyhi ehehs43ed ( ésganJ@ﬂsulating
film for exanple, is polished with a conventional polishing 25 conpound

conpri sing PALb5CheB09k Golradikhbfa: 0ahyli §278] , BELHA 1A sABEAS] ve grains
and water as a main nedi um polishing is carrled out under the sane
pressure (2.3x¥4P8gfaph 0028), JP-A-2000-79564 (paragraph 0011)).
However, 1in 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-O bond is proposed.

Such an organic silicon material film having an C-Si bond
and a Si-0O bond can not be said to have high mechanical

15 strength as compared with a conventional Si0O; 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 £ill the gap at the
time of film 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%



to 3.4x104 Pa) as in a case of polishing a conventional insulating film
made of an inorganic nmaterial 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-0 bond in sonme cases. This is considered to be a
phenonmenon resulting fromlow nechanical, strength of the organic silicon
material film having a CGSi bond and a Si-O bond as conpared with an 10

inorganic matgergal.hgsubf 19 {1 Lutheryoi{shigy QrgéﬁyéﬁtgHﬁhﬂg
polishing is decreased to prevent such defects, no adequate polishing speed

could be 0bt§h§§@atfﬂ§t@§im hadéhéfcéﬁelﬁErﬁghh% waikeh b3 usedaso Wdely as
silica as abrasive grains a conventional 15 SIQ2 film the polishing

speed was foypdatf ai ngfnl gam&gumgeg[@@aae (pBensHsed Hakaol ididg d he
organic silicon nmaterial | m having a G SI bond and a Si-O bond. As

mentioned abgyen a8 QPQEQBFIgbgaﬁehbghbﬁgfl@ﬁ”P@éanGasw%QEth%@'found for
an insulating film20 conprising an organic silicon material having a C Si

bond and a ShuSkbend, iwkkglilhgidibet bhenaek orfatfitegtiny@onphRdugtisan of a
mul til ayered sem conductor integrated circuit. 25 D SCLOSURE OF THE

| NVENTI ON | t £i $SmaRaOkhgch of sihgopaesaat ai BYent beAdt @noveheoRsdde above
probl ens and to provide a novel polishing 5 technique which effectively
pl anari zes amhtBstikatbAgifiekBd 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 8Si0; 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-O 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-O 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 circuig with an 10 insulating fil m having
a low dielectric constant and excellent in surface flatness, with high

yield with geedthrireiuciHidH \&f Adddiva g glhahiowss tachnigiuet Aogof dimg to
one enbodi nent of the present invention, a polishing compound for polishing
an i nsul at i n@dmgrstime @mprdrjarg cars idrigaii enediddicdn heatiaig ad ¢asA rigorad C- Si
bond and a Si-O bond, to be used for a sem conductor integrated circuit,
whi ch cont ai rs:dvat &1 -andbgat t iflresedfon at deem@storohe tspecidteagrared eart h
conpound sel ected from the group consisting of a rare earth hydroxide, a
rare 20 eart lvifdowdrt  degnch whairch gardvhideey/fd Udrgtdegued irtar epalarsied oxi de except
cerium oxi de, and a conposite conpound thereof, is provided. It is
pref erredst haturtffaepotliisti nigg domeo unbrf uidffert s conttaias @sdken oxi de
particles; the mass ratio of cerium 25 oxide to the specific rare earth
conpound as calmidied as didedsl g hiim & mamgesd forom¥8ddicimg 1299; and
the specific rare earth conpound is at |east one rare earth 6 conpound
sel ect ed fromenhieqrbu;wongitgdnagresdt ¢aX08it.
Further, it is an object of the present invention to
produce a semiconductor integrated circuit 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
contains 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, formed on a sem conductor
integrated circuit, and to provide a high quality polished surface which is
free fromor has 10 reduced defects suchgas cracks, scratches or film
peeling, 1in a process for producing a sem conductor integrated circuit.

Accordi ng tocampbied eabedtaantroh the grespntonkh¥enhyosf Bap®i hod for
produci ng a sem conductor 15 integrated circuit, which has a step of

pol i shing anLaiosY athd,f i Ne(caNMPY | BitJ0g, AMPHO(@ANI,C Gillaccamamat eri al  havi ng
a CGSi bond and a Si-O bond, with a polishing conpound conprising water and
particles ofcatale@st one specific rare earth conpound selected fromthe
group 20 consisting of a rare earth hydroxide, a rare earth fluoride, a
rare earth oxyfl uthédeolishdng eampbundi decoedirpttcethanpoxsdet and a
conposite conpound thereof, is provided. It is preferred that the specific
rare earth 2bnvenpoundmakeat ikepstsoheéer aveeféiethivelpophdnselieetad from
the group consisting of La203, La(OH)3, Nd203, Nd(OH) 3, Pr6011, Pr(OH) 3,
CeLaO and Cein2@B&8ing polinshongrcenpguad drghuitherildonhamasererilum oxi de
particles; the organic
having a C-Si bond and a Si-O0 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-O0 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 thereof, is
provided.
It is preferred that the specific rare earth
25 compound is at least one rare earth compound selected

from the group consisting of Lajy03;, La(OH)3, Nd;03, NA(OH)s,,

Pr¢0;;, Pr(OH);3;, CeLaO and CeLay0;F3;; a polishing compound



silicon material having a CGSi bond and a Si-O bond has a Si-CH3 bond, has
a relative 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 accordiing to the present invention makes

it possibleg F?tﬁ%?d%ﬁt%l%%mg%?@%%% d'e”%»‘é%%?a@sc' kGl Bfg‘éﬂntﬂ% an

i nsul ati ng fi avin ielectric constant and excellent in surface

fl at ness, %Qlﬁegﬁ el 15,0808 Q108G Ubly o Bhecobiels gljsect s and

advant ages o resent invention are clear fromthe foll ow ng

expl anation. g gbﬁﬁﬁlﬁﬁggl%“%éféﬁk@eQE%MKQEﬁkgﬁ E%Hst&ntsw§thln a

Cross- sectlonal lew Tl trating an interlayer 1nsulating film

bef or e pO"SQhﬂg Engr%M 5.8 €L0SSsSeghionals %9d%ko%!€wrbkh%$E&ak!@% an
interlayer insulating filmafter polishing. Fig. 3is a FI-IR spectrumof a

Bl ack Di agond;if idithin23 Ba@iged oifl okt @t.8$ @or 8SUltheOfi nRASWHeREH: 16f carbon
contained in the Black Dianond filmsurface by X-ray photoel ectron

SpeCtr03C0pels8c05b&ed5W1E%U%IE rawﬁ%iﬁbtl@&e&eaﬁﬁﬂe%ﬁ%tm@b§“ﬂdﬂ¥81
contained in the Black Dianmond filmsurface by X
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 QUT THE | NVENTI ON Now,
the present invention will be explained with 10 reference to Figs., Tables,
Exanpl es, etc. Such Figs., Tables, Exanples, etc. and explanation are to
exenplify the present invention, and thgy do not restrict the present

i nvention. Needl ess to say, another enbodinent is included in the present

invention so long;@s st;1p EpLhibLSat PesQbLect AbaklecREggeRlr i nvention. In
Figs., the sane synbols are attached to the sane el enents. As an insulating

filmmaterial;ip.bHe 4520a{QLaain SERL CONIURT B ahBhGIE 81 RdsGFEHLE pyaxSI (2
filmhaving a relative dielectric constant of about 4.2 has been wi dely 20

used, and al %$5{béﬁ@c@§@g §pectpysdbgbectric constant, a conpound
containing a Si-H bond in Si Q2 (hydrogen- containing polysiloxane: HSQ

hydrogen silses fuy0xgney aafdosB-8egaNbLati mbgen MRLE iiah ukdHardng C S
bond and a Si-O bond have been devel oped. The latter is one of 25

or gani ¢/ isnor gagh Tt LOAPOsEd eprBdect ahsthAS Blafk UBDhRosH! FEQR BBt @hi al havi ng
a CGSi bond and a Si-O bond, attention is drawn especially to a 9 conpound

havi ng a Si -(GiBepDager Thhsutaupayndiig.call ed carbon-containing SiQ2 film
(Si OC) when produced by plasna CVD (chenmi cal vapor deposition), and is
sonet i nes

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 guioxane)
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 (net hyl silses qui oxane) when produced by a 5 coating nethod such
as SOG (spin on glass). HSQ has a relative dielectric constant (hereinafter
sonetinmes 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 gresi stant as characteristics of an
organi c/inorganic conposite material, and accordingly it attracts
attention. Spegpbuaadl hgviag anstklati nNgofd | mTrEierdalpaoprisidgl1dd an
organic silicon material having a CSi bond and a Si-O bond may, for
exanpl e, be Bhaébknbrammadnihgagdénantilir ebhdCyewhdeérl pedbducedongt ant: 2.7,
technol ogy by Applied Materials, Inc.), Coral, tradenane, (relative
dielectric pbdasnantvd. {cheedhadl ogpolby dNpwveliiti®ndPy steds §i sosofartdmeaes20 2. 7
(relative dielectric constant 2.7, technol ogy by ASM Japan K K. ). The
pol i shi ng coopbled HSQor(dienhyllostiheepr gndnikanienyv ehieno pricsiuceddyused f or
polishing an insulating film of a sem conductor nade by using such an
organi ¢ silicoat2hgmakeehicdl shah ag &0G Sisphiondnandazs3i.- O bond. Herei nafter
"the polishing conpound according to the present invention" wll be
referred to as "tH&Qphesent rpdbitshendiéQectorpoundstaand (helre ioadasrc
silicon material having a G Si bond and a Si-O bond according to the
present i nvenmesAateg reflegregf dor e¢ ko vasuey hetperedevelorodadi.@ .

whereas SiOC has a k value of so low as from 2.5 to 2.8
and is 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. 5 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 wll
be obtained. 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, may be, gne for any purpose such as one for
interlayer insulation or for STI formation, and is not particularly limted

so long as itohgo@fdarNShnkne tper eggan;é afi 1t BenPHRIRAY ANYRRLIRN .4 Havever,
the present invention 1is preferably applied to an insulating layer to be

used for the;pypRasEnaf al BLebl a¥el keewhalingntobesruUsg addat  pol i shed
surface which is free fromor has reduced defects such as cracks, scratches

or film peel ipgepaioRe w2@10BkarRed rireda tSNakt “iinEe prdn e i@nald on wil |
be made wth reference to mainly an interlayer insulating film Figs. 1 and

2 illustrategthecshakgrekipali shi genef cagrsi.nterlayer insulating film Fig.
1 is a partial cross-sectional viewillustrating a sem conductor 25

integrated circui thduprageatpbegheticopipiecasmatwherai Asandiarrier |ayer 4,
awring pattern 5 and an interlayer insulating film3 before polishing are
| am nat ed i nptfits chlarokdeimitled,dhbhererce sbetiveefdiedwmicawd pytion 1

and the convex portion 2 in the cross section of the interlayer
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 wiring pattern by a
damascene net hod, the portion corresponding to the wiring pattern Sis
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 polishedito elimnate the difference

bet ween the concave portion 1 and the convex portion 2, to realize a

pl anari zed pelrdghed surface 6 as shown in Fig. 2. Such a layer is |am nated
to prepare a sem conductor 15 integrated circuit. Figs. 1 and 2 illustrate
an exanple, and tThe pridEfertenicey&ettverncahebe omgplvieebdraiam dptareghalhe case
such as a case of using a copper wiring or an alumnumw ring. The present
pol i shi ng corpowrsk e rd iconosirt itdre 20rccmmEdaciing wat erthandchtparkdydes of a
rare earth conmpound except cerium oxide as abrasive grains, as essenti al
conponent s. Thesudreddort ifdimf3 tdveursy evhemittdr conpmindg vekciept wetrtiemm oxi de

in the abrasive grains contained in the present polishing conmpound is
preferabl § hiSgher presen 2318 qvaxks%. Tha theecearet kfcdipoudd except cerium
oxide is preferably at |east one specific rare earth compound 12 selected
fromthe grouplosrsiadteng ofirinoma td@mnrh byhyd rdpiaisene mgtthadr tthe | uori de,
a rare earth oxyfluoride, a rare earth oxi de except cerium oxide and 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 conmpound thereof. 5 In the present invention, a conposite conmpound
means a conpound forned by conbination of at |east 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 CeLa2CB3F3 may be nentioned as ispecific exanples of the fornmer and
the latter, respectively. The polishing conpound containing water and 15
particl es of salgpeedf ifeomartieearvlupc cvpeuisd ings ofoandatre daetduitabl e for
polishing the above insulating film to realize a high polishing speed, to
suppress def agtizoxddk, asrearacksyrthcrtitolesieor af rbmepeealdtig on t he poli shed
surface at the tinme of planarization, and to provide an 20 excel |l ent
sem conduct opxmillolrdader, ed irmatregeatredh oxicde excephi serd umespes ethd rrom such
a conventional fact that the polishing speed is decreased when a polishing
conpound corbaippisngea coampiowmdoxihee codvi ng | owered purity of cerium oxide
is applied to a SiI® film and only a | ow polishing 25 speed is obtained
when t he Pol i shi ngncohpopneseont anNiengioa,cer compozitde compppnidethaamsan
organic polymer insulating film 13 Now, the specific rare earth conpound
in the present compernridofommeld by spadiibiacalony ofx pitaileed théwew. Abrasi ve
grains of a rare earth oxide except cerium oxi de may be
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 Cel.a;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 Si0, 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 900C. Oxide particles imediately afier produced by such a nethod are
aggl onerated and thus preferably ground nechanically. The grinding method is
preferably dry gnoadi RtiebypRcdfid ragte WaldthoicompiRindrimnditg preiswrt by e. g.
a planetary 15 bead mlIl. A collision grinding treatnent is also possible.
As a net hod ¢hvedhspensiviglt be ebkaiifedadiiydexppaihied &eliont.0 nbtesiven
addition to a dispersion treatnment with a conventional stirring machine, a
honogeni zer, ggaitkt bdsanrard spetdi pgidec kixaepta ceetiupalolkid@ mall beet c. may
be used.. As the dispersion treatnment, dispersion by instantly releasing
t he pressurepteparad, pfessexampdest die oafidievevaktMPaastaynal o ke enpl oyed.
It is inportant that the purity of the specific rare earth conpound does
not fl uctwat bydkbxtile, pan bxrylydiroxdtieat es catrivenpalel, slai mg tspeed fa uct uat es,
and the fluctuation may cause severe defects in polishing of an insulating
film in whi shlfekieshiang oxe legemangt ed cafipers idel$alpr edetrerofi,ned pol i shi ng
tine in many cases. The purity is preferably at |east 98 mass% In the
present i nveatbonatehe fspe ciolipo sridiee reanet kagtimpownd a mékfdes @f 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



cerium conmpound except ceriumoxide. 5 The specific rare earth conpound is,
specifically, preferably at |east one rare earth conpound sel ected from
the group consisting of La203, La(OH)3, Nd203, Nd(OH) 3, Pr6011, Pr(OH) 3,
CeLaO and CelLa203F3. 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 rg@ioducibility. In a case where the
specific rare earth conmpound is an oxi particularly La203, Nd203 or

Pr6011, part Qédéhérmmﬁehe bheERhgMRYmECH A Aalydbaxicde SR8 gﬁr&e§CH)3 15
Nd(OH) 3 or Pp water as a nedium however, such a change of the

rare earth C@gpﬁye@ekabwt gt WebktnNoB mhERAILT iﬁetﬁéf§9é§eﬁ£ the present
i nvention. Furt the ctoncentration in the polishing conpound is

preferably wihbhERtaohangBeObpEEemil. ok L8 rFRS eYnpdOnai hicqulaals %
preferably from0.5 to 5 mass% If the content of the abrasive grains is

| ower than Ocdriass¥ompBaAndesktedtpekrshinngxgpeed will be obtained, and on
the other hand, if it exceeds 10 nmass% the polishing speed wll not

i ncrease @ny nor eheaRgedairact &a&@c@aﬁmr@ﬁ@m& IECT Hges idafiym peel i ng
may occur, and such a high content is not tfavorable in many cases. Further,

a polishing pesperaplyhateilbager bue @xirdeedbthpabhipehes & lalkitas Frdd ai ns
coexi st as an essential conponent was also found to be suitable for
pol i shi ng t heheabavep epeunkakithggl bifMLab0s; r dad {E) ;@ Midgh; patd &b ng speed,
PreO;1, Pr(OH)3, CeLaO and CelLa,03F;. It is more
preferably Las03, Nd;0;3, CelLay0;F; 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 La;0s, Nd2;0s or PreOi1, part or the
whole thereof may form a hydroxide such as La{(OH)j,

15 NAd(OH)3; 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



to suppress defects such as cracks, scratches or film5 peeling on the
polished surface at the tinme of planarization, and to provide an excel |l ent
sem conductor rmultilayered integrated circuit. This is al so unexpected from
a conventional fact that the polishing speed is decreased when a polishing
10 conpound containing a cerium oxide having |lowered purity of cerium oxide
is applied to a SI2 film and only a | ovg polishing speed is obtained when
t he polishing compound containing a ceriumoxide is applied to an organic
pol ymer insupatthglésl as abrhanwkygraipsl cekkigtcaspannesisentpa@li shi ng an
insulating filmconprising an organic silicon material having a CSi bond
and a Si- O boaftpothenbewasedlEor faunsetrbcbrdaatiaabiliet €grated ichrigwy ttheani ch
conprises water, ceriumoxide particles, and particles of a rare earth 20
conpound excepbveeinamlexiidg, fiidmal $o reeludedai highe poiriehamy pydeshi ng
conpound. In the present invention, "rare earth conpound except cerium
oxi de" i ncl utlessappressumefentsusdcix esptraeskisumsoxiadehebh@rcdrilum oxi de
particles in the present invention 25 may be prepared, in the same nmanner
as the abf aspbeeliggapnstbe aodasbedasuirfexedetexbepttiger iodfm oxi de, for
exanpl e, by oxidizing a salt such as a hydroxide, an 16 oxyhydroxide, a
carbonat e, aphBRpatéataosul pacde tor Panvideakat ey lilienitn ¢ ol agindnat gy
hydrogen peroxide. The firing tenperature is usually from 600 to 900C. The
multilayered 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 SiO; 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-0O 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



oxide particles imredi ately after produced by such a 5 nethod are

aggl onerated and thus preferably ground nechanically. The grindi ng nethod
is preferably dry grinding by e.g. ajet mlIl or a wet grinding nmethod by
e.g. a planetary bead mll. Acollision grinding treatnent is also

possi ble. As a nmethod of dispersing 10 the obtained oxide particles into
water, in addition to a dispersion tregg drent by a conventional stirring
machi ne, a honogeni zer, an ultrasonic dispersing machine, a wet ball mll,

etc. may be ysed,3Asxthe, dhspaEBLARLL! eat ABRtatedi aP8LSIFARCDYH Bgt ant 1y
rel easing the pressure froma 15 pressurlzed state of several MPa may al so

be enpl oyed. ox£§a£8eb9af§r§ﬁgtBrcwﬂeauedgexa§akoﬁeﬁlgak@&u@@ i thel s
preferred to use at |east one specific rare eart conmpound sel ected from

the group copsishingefbefatate 1§aﬁgba94yd%roa sabereabpehydriyd de, a rare
earth 20 fluoride and a rare earth oxyfluoride. The specific rare earth

conpound is aﬁla@fpaedlam@selminadaaeasg wheee pRredspeel biyC staheaearth
conmpound is an oxide, one which is present in the ceriumoxide as an

inmpurity 3 s méshodnatudadglbheereed ahdi shuBppre@btrabhgt g2buklde proportion
to the cerium oxide does not fluctuate. |If the proportion to the cerium

oxi de fl uctuméesantibeallpol i B ngr sp@idg fhechodt £s, ppaflethel | detvruati on may
cause 17 severe defects in polishing of an insulating film in which
pol i shing i sgténdingt bg af yer aajpredéflér prnaedwepobirihdiggat mehiod gny cases.
The purity of the cerium
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



oxi de and the specific rare earth conpound is preferably 5 at |east 98
mass% The mass ratio of the ceriumoxide to the specific rare earth
conmpound as cal culated as oxide is preferably wthin a range of from99:1
to 1:99. By blending the ceriumoxide with the specific rare 10 earth
conmpound, polishing at a higher polishing speed than polishing with the
specific rare earth conpound al one becones possible. However, if the
concentration of the ceriumoxide is to%7high, t he polishing speed tends

to decrease, and if the congentration of the cerium oxi de is too low, the
ol Lol pase satne Ao TR i Bl aY Aher AR rerdad™ o 011 Shi ng

wi th the specific speed, .,eart,h conpaund one. The mass rati,0o is nore

pref erably W%&ﬁ%Q@P lﬁglf§:§§,942%?%W¥§#éﬂﬁfﬁfé?§m FYFMRFEA0 to 15: 85.
20 Further, the .nean rrticl.e size (nmean particle .dianmeter) of the cerium

oxi de particF@glgﬁanﬁg}?ﬁé&PfW@ny%&P§Q§arthhgoﬁﬁ56gH B rgﬁglggrégmabrasive

grains is pref.erabl thin a.range of from0.01 to R nor referably

M Chin & rangEioE APt B0 HD 018 BATS FARRS SETRSHRh AR A 0 | he

abrasive grains.is | er than 0.01 m no desired polishing speed will be
AT 8

obt ai ned, > an@* "8°Fer than 1 pm there is a high possibility of 18
def ects such as ggacks, scrat.ches neasur enent of the

. . e I i fcghgiéénip%$|BPQi Ror t ific .
nmean particle siZe, A8 e ored above,““td T asar i 159 acl—fe? o scatteri ng
type, dynani%a&%g%%rth 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, i1f the concentration of
the cerium oxide is too high, the polishing speed tends
to decrease, and if the concentration of the cerium oxide

15 1is 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 um. If the

25 mean particle size of the abrasive grains is smaller than

0.01 pm, no desired polishing speed will be obtained, and

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



scattering type or photon correlation type particle size 5 analyzer may be
used. For exanple, M CROTRAC HRA MODEL 9320- X100 manufactured by N kkiso
Co., Ltd. used in Exanples is one of |aser diffraction/scattering type
particle size analyzers. Further, the total anmount of the cerium oxide 10
particles and the specific rare earth conpound particles as the abrasive
grains is preferably within a range of ]k%on10.1 to 10 mass% in the
pol i shing conpound, ©particularly preferably fromO0.5 to 5 mass. If the

content of therabraskuendhai BsakRs| 0MBEatBABsOod FBSH, pke1RagdesFsed
polishing speed will be obtained, and on the other hand, if it exceeds 10

nmass, the pohisbipgmepeeds whkl mBah pAcEease 30¥eNDL8, mafdibuehabovdef ects
such as cracks, scratches or film peeling may occur, and such a high

content is ngt1f3uprabkerbkBtiBAYseasesriRg t9péhed?ﬁ§§@8tiﬁaﬁent!0n1 the
ceriumoxide means a tetravalent ceriumoxide called ceria. It is described

by a fornul as&gRekingaBypeasespastangeperaiabash, thpt pRractieakliye in the
structure of Ce@2_x, It Is common that x<0.26. Conpounds other than the

above rarge eanhhyZércaapovaduaed . al Bser desap hed wycHErmat agrAsugerer al
nanmes. |In the above, "as cal cul ated as oxi de" neans cal culation as an

oxi de in accopdargeowi hAngtiabrarganeyaliRrieo &8., 1 nt&heupeasent polishing
conmpound conprising ceriumoxide particles and a specific rare earth
conpound as. Eazbmpike¥eigr anaspfandser Gheéfpatisbhngcaonpoting eoppri si ng
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, if 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 CeO; in many cases as a general name, but
practically, in the structure of CeO;.x, 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.



a specific rare earth conpound al one, water is suitable 5 to stably disperse
the abrasive grains so that the polishing conmpound is supplied to a
pol i shing apparatus 1in a constant anount. Water nay be any one so |ong as
it does not inpair the object of the present invention. Pure water or

i on- exchanged water may, for exanple, be 10 used. The proportion of the
water to the ceriumoxide particles and the specific rare earth conpound
particles may optionally be determ ned pendi ng upon actual conditions

such.as_handl i ng jof ke SUON Ao Fgl, Sxamhe dhe.serimmon de,

particles and thé specific rare particles -are stored as a

i gh | concentrabiopashuth, Wleh inalilted Wit hvaker et adised for

pol i shi ng, ang ™ Vi SCosity polishin npoun onal |y

sel ect ed depg%ia%gggp%%a%% Bold SB RE.LRUIHANTRY nclilha 2 1Y

machi ne or a € présent polis g conpo nprising ceriu oxi de

particles and a,8pal) Gha @ 634 b:oﬁx%?frﬂn%l%%e,aWa%%irqusgrs?ir{%ﬂl@l udes

such use. The present polishing conpo may be prepared nown et hod,

for exampie. by Jiabhoduaiapa e 9peChhe:125 fareeead higamound, or the

cerium oxi de particl nd the specific rare earth conpound particles, into

| on- exchanged etk gMddhoRhidd 11805 RNl DY, UAnlakan Ao .diepl ment by
e.g. a honogeéni zer or an ultrasonic i spersing machi ne an flﬁtratlon of
foreign substangesoniddh @ dniduirr.. hber Adgi bbvas,MBYe0RbI 2BaLl ¥sbe radded
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 1s 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



during this preparation. 5 The present polishing conpound, containing or not
contai ning ceriumoxide particles as abrasive grains, may optionally

contain a pH adjustor, a surfactant, a chelating agent, an oxidizi ng agent,
a reducing agent, a viscosity-inparting agent or a viscosity controlling 10
agent, a coagulant, a dispersing agent, etc. as the case requires, wthin a
range not to inpair the object of the Q%fsent i nvention. The pH adjustor is
not particularly limted, and a known d or alkali nay be used. For

exanpl e, the.pkl nggtgggjg%gygaﬁog 8 6ol ggaggyu%rgggpaic& an al kal i

met al conpound suc roxrde or po ium oxi de, a primary

o tertiary anlge..hydrosuhanngndl <1 3. 0UBtBONAEY (ATUDRLUT SAL Loguah as

tetramet hyl a um roxide or tetraet anmoni u or 2-am no- 2

20 hydroxy”E&P¥£'51§iPE§P?” loly F4iiDffest gﬁkﬁﬁ%#%ig%_béoaéﬁgaaCid si de

may be an inorganic acid such as nitric acid, id or rochloric

acid, or an grganicinhaci d-sHghaf cetic acid, propionic acid, lactic acid,
citric acid, %xgﬁ?c ac%dggrﬂsugcﬁﬁﬁc acid. 25 The surfactant is not

particularly | imhedpaadeht oBRGLANAL Kotgbenked reman Anipnifpsurfactant,
a cationic surfactant, a nonionic surfactant and an 21 anpholytic

surfactant. Jd8gtanhAhCcadEhACERNB"BYrthel eseX8MRLEashGcATFRANGT hiyr y!
sul fate, polyacrylic acid, an alkyl sulfate or an al kyl benzene sul f onat e.
The cationi Coptionally 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 is 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



surfactant may, for exanple, be an alkylamne salt or a s quaternary
ammoni um salt. The nonionic surfactant may, for exanple, be a
pol yoxyet hyl ene derivative, a polyoxyethylene sorbitan fatty acid ester or
a glycerol fatty acid ester. The anpholytic surfactant may, for exanple,
be an al kyl betai ne or an am ne oxide. 10 The chel ating agent is al so not
particularly limted, and a known one npy be used. It nmay, for exanple, be
tartaric acid, malonic acid, 2-am no-2-hydroxynethyl-1,3- propanediol, an
am no aci d suephad valiycisie,faaltaritne, Thgl ahashie eurdspanag mey,a foaptide
such as glycylglycine 15 or glycyl al anine, a pol yam nocarboxylic acid such
as EDTA, anexaypdidyodrd ignmasiidns deturad eidlrfiat eaciph lofa cxnfidensecid phasphori ¢
acid. Further, anthranilic acid netal chelate or quinaldinic acid netal
chel ate, whi allkiydr s 1f agenplreXan wliky ldbartaale suchf amtcoppa@he @yt lemivsed. 20
The oxidizing agent is also not particularly limted, and known hydrogen
peroxi de, urearferaperde mgyer doet iexargdied, Heerar aliytlatmorsaht i odaie nmay,
for exanple, be used. The reducing agent is also not particularly limted,
and knowns on@usene rneunys edhmdedrure sl ., Tahe2bohydndoge sucdrodamt swgh as
hydrogen iodide or hydrogen sulfide, an aldehyde, sugars or an organic
conpound sucHorasxempiiec ded d orolycyeradiahamebievaisiets, 22 The organic
silicon material having a GSi bond and a Si-O bond, to be suitably polished
in the presemolyoxyarhivrenereafrdyidisy e mrcitdbmstentdn asgiveendl ar
fatty acid ester. The ampholytic surfactant may, for
example, be an alkylbetaine or an amine oxide.
10 The chelating agent 1s 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 guinaldinic 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.



ratio of Cto Si inits structure of preferably within a 5 range of from
0.25 to 3, nore preferably within a range of from1l to 2.5. The atomc
ratio of Cto Si has a close relationship wth nechanical characteristics
and the dielectric constant of the insulating film In general, the higher
10 the C content, i.e. the higher the atomc ratio of Cto Si, the | ower
the dielectric constant, but the nore thg nechanical characteristics tend
to decrease. The relative dielectric constant of the insulating filmis
preferably w thi mhe rcargief Sfindmch Gaterd.f, Hwried @ w-efensdty amdhin a
range of from1l.0 to 3.0. Such an insulating filmconprising an organic
silicon nat eni 8k -bavond,atsi be boaAdadng doliisBedont e phesdeposited on a

sem conductor wafer by e.g. CVD. At that tine, there may be a concentration
gradi ent 20inhfrehlié of,cprdrtraby yahagpanatitomief ratdo faer rdheg nolaayer
havi ng a hi gh oxygen content in the insulating film According to the
present invemkitdn, cft € ebf &dt in Hiksnettrudecreasd evet cfrablgn windiilratd ng film
havi ng such a concentration gradient, a high polishing rate can be 25
obt ai ned, 5 andaagsenifc dmduc 002 5i e dr, atred ec ipreficratdry be thilamamiazer The
met hod of polishing an insulating film23 conprising the present organic
silicon mat epifalfrom dsitwg 2.6he present poli shing conpound is not
particularly limted. Such a nmethod may be enpl oyed wherein the rear
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 £ilm 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-O 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 circuilt can be

planarized.

The method of polishing an insulating film



side of a sem conductor integrated circuit having an 5 insulating film
conprising the present organic silicon nmaterial 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 conduct or
integrated circuit nay be attached to t?ﬁ support by neans of a cushi oni ng
mat eri al which absorbs the pressure durfnhg polishing and which applies a

bl essure U %%‘E“ﬁ%@gt b eanducan il sanaled T e by uiher. he

pol i shing pa orificé or channel so that the

slurry can b ?lrfeg_claﬁity p%lmglﬂ ‘?1% 1R en urfag.l%tofp EJgelcsﬁbrgrcl@nduct or

i nt egrated C|rcu mat er1al “of the po |sh|ng pa pol yester 20

or a pol yuretﬂm%edandshehEéaﬂekﬁédolfnag,heepéﬁﬁ@e edl wg%mnthlacréé@o
K- G ooved (pol yurethane material, manufactured by Rodel Ntta) was

enpl oyed, hO@%H%roft%esdﬁﬁddﬂ&d&ld%ﬂiﬁﬁééﬂdﬁédngf%adﬂt‘H&J%hdﬂﬁﬂj' n the
present invention are not limted thereto, and may optional I’y be 25

sel ected dependhng tyRQN ine MMl tole PR PRI i Canpowyh the
pol i shing apparatus, etc. to be used. The polishing pressure may optionally

be set 24 deperdiiRg uRRMdN altal ieiRshide Wilh fiked YRe HOfrdthaad i shing
pad, the type of the cushioning material, the polishing speed and the
characteri stisgppfrtt,he, pRI1iEHIMY 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 circuit 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 circuit. 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 optiocnally 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



compound 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 fromO0.7x103 to 2.5x104 Pa, nore preferably 10
within a range of from 1x104 to 1.7x104 Pa. If the polishing pressure is
| ower than 0.7x103 Pa, no adequate polixghing rate will be obtained in nmany
cases, and if it is higher than 2.5x104 Pa, scratches or the like are
likely to ocgspehdiphfieuponcens pélpolbabhig, watH ahestgpecuiEt cthermed on a
sem conductor substrate or a nultilayered structure of circuits are
i npai red in pabyshtAagesadl nthetppei shi tpenetibhdoni nghrapeesant, ktheenti on,
t he supply anount of the polishing conpound slurry is 20 preferably from
0.02 to 0.3 pbl{shiny sp@dd aadtthal anhyacpeefiecabsyofr aheOpbiithifg?
m./(mn x cnR). If the supply anmount is smaller than 0.02 nL/(mn x cnR),
no adequat ecpoposhdngucht esmaysbesobyai ned, and on the contrary, if it
exceeds 0.3 nL/(mn x cnR), the amount of 25 the slurry exceeds an anount
required o or pol Bpkcadicaddly, hei pgliustdéagowifcah. iheuRatiegngitlve surface
area of the polishing pad. 25 The sem conductor integrated circuit
pol i shed by tbmppbsisdi ag cogpoindsolithe paesentli hegnhgoa CsSiusbahby
adequately washed with running water and dried, after

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* pPa. 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

2II

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

polishing pad.



polishing. Utrasonic cleaning is carried out in many 5 cases. The

sem conductor integrated circuit polished by wusing the polishing conpound
of the present invention, obtained as nentioned above, is particularly
useful when it has a copper wiring |ayer covered with an insulating 10 film
inits structure. It is because a highly integrated wring structure
expected for copper wiring will readily obe realized by the presence of an
insulating layer having a low dielectric constant, free from defects such
as cracks, scratekeseafi dondudqied! iingeqard X edldgnlt igollbsised fiagectd at ness.
EXAMPLES Now, the present invention will be explained nore specifically

wi th referengeliehbxamebapoundaims ehel presdnt 8 namrehtd dro ikl W lAxanpl es of

the present invention, and 20 Exanples 4 to 7 and 12 to 15 are Conparative
Exanpl es. " Yadeeanselfasa¥hadnivdsd atumerinios wagpeeciahidedir ivat erdfdexr and
measur enent net hods used in Exanples are as follows. (Measurenent of nean
particle sizeplithday.obUathnedohyc MCREARAG HRACMEDEEJ932B- XhOMan®5
manuf actured by Ni kkiso Co., Ltd. (Interlayer insulating film An interlayer
i nsul ating ficlamesonprising an organic 26 silicon nmaterial having a CS
bond and a Si-O bond, used as an object to be studied in the present
Exanpl es, is a {liHenssEmiBcaskidianuind; egraoehane quig gio Vieseé@lleetri c
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.
“%” 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



constant: 2.7) based on a production nethod as specified 5 by Applied
Materials, Inc. A nultilayered product having this interlayer insulating
filmhas such a structure that a Si02 film8 wth a thickness of 500 nm and
a Black Dianond film9 wth a thickness of 500 nmare |am nated on a
silicon 10 substrate 7, as shown in Fig. 6, and imtates a structure in
which an interlayer insulating filmis fggmed on a sem conductor integrated
circuit. The result of neasurenment of an infrared spectrumw th respect to

the Black Dsanesdnf ha®ehy aTeans ioly @ ETdiRmpRARMAIS (9aelsonkd, Riddk 8300)
manuf act ured by Shi madzu Corporation are shown in Fig. 3. Fromthis

infrared rayaghant odhlet Hoeleay@ridildds YAty gridsants hawpl dp, hayesa Si-C
bond, a Si-O bond and a Si-CH3 bond. 20 Further, wth respect to the Black
Di amond fil meilgoagemizald 0iemnde arddSnRl (AelsikieeldiRg dd i yer e
measured by using an X-ray photoel ectron spectroscopy (ESCA: el ectron
spectroscopychaktehen al7)amlses on apaeRldudtSCir IAdo e faddi Bidedy

Shi madzu Cor poration as 25 shown in Figs. 4 and 5, and the results are shown
in Tablesl ay epwitiesd operdalnt, @evc.second) of C and Si per Ar sputtering
time and the atomc ratio of Cto Si. A 27 longer Ar sputtering time neans
cl oser to the bota amlofilayeerddyerodfct heavirerdmyerinmstlafeng film In
Figs. 4 and 5, is and 2p represent detection

insulating film has such a structure that a Si10, 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-0 bond
and a Si-CH; 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



orbitals of the respective atons, and the atomc ratiois 5 represented
based on val ues obtained 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 gradient that the carbon content is higher
at the lower part of the layer. (Abrasiye grains) (Ceriumoxide particles)
Hi gh purity cerium carbonate was subjected to wet 15 grinding and then

heated at a shugey h%”%%ﬁ;%ttlérr%r@f tEQRC mehie e Icafd e M e ddtddb DY Usi ng
a reactor, and aged wuntil formation of carbon di oxide gas stopped, and then

dried. The obhal Nggerr FUGHMNAS tHl1@d et iHRG Wi rsifdma gas furnace and
ground by a jet mIll, and then the 20 slurry was cIaSS|f|ed into a nean

particle size of 1 Zigs. 4 Nepdwy um eddedparddrdas)t Neoeyet Usn oxi de
pur chased fron1J|angyn Jiahua New Materials and Resources Co., Ltd. was

treated wthozbiRhareld ¥hd Idesped tiRen soagsi fdred dhy %@Iﬁmﬁrkdlﬂfé ixde 25
size of 0.4 um (Lanthanum oxide particles) Lanthanum oxi de purchased from

Ji angyn Js ahgepiewen edVitlagiddalon and vRes abteaisdd by ldid:i asg tfieatwmshi th a

planetary mll and then classified into a nean particle size of 0.2 pim
areas by the sensitivity factors of an apparatus for the
respective atoms (C:1.000, $i:0.870).

As shown in Table 1, it is understood that in the
interlayer insulating film, there i1s 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



(Praseodym um oxi de particles) 5 Praseodym um oxi de purchased from Ji angyn
Jiahua New WMaterials and Resources Co., Ltd. was treated with a planetary
mll and then classified into a nmean particle size of 0.3 um (CelLa203F3
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 c ound cont ai ni ng CeLa2G3F3, and it
was treated wth a planetary mll and classified into a nean particle 15

si ze of 2.2 BHLeThe BUBLhygaLobbeckars carth. coaRoundakdt b cralr asi ve

grains used was at [east 99. 9% ol'I shi ng spe It was obtained fromthe

difference i g LALEkRGSRi0l oA HHEn! BLEELAYEEAl BAMLALI REL bibelugen before
and after olishing for 1 mnutes. EXAMPLE 1 (Preparation of polishing
conpound) Lag03.(geap,papkicle size: 0.2 pm and ion-exchanged 25 water
were m xed to prepare a polishing conpound containing 2.0% of La203 by

using an ultrasonpgagerekation oxaaudl agtkredRy N HON SEIKI KAISHA LTD.,
U trasonic 29 Generator MODEL RUS-6000. Using this polishing conpound, the
surface of the prhecbaydiumewiall parthbetmdeoal 8 BlAek JHAmRndic | M
Materials and Resources Co., Ltd. was treated with a
planetary mill and then classified into a mean particle
size of 0.3 um.
(CeLay03F; particles)
10 Rare earth carbonate concentrate purchased from
INNER MONGOLIA BAQOTOU STEEL RARE-EARTH HI-TEC was ground,
partially fluorinated, dry and fired to obtain a rare
earth compound containing CeLa;03F3;, 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)
Lay03; (mean particle size: 0.2 um) and ion-exchanged
25 water were mixed to prepare a polishing compound
containing 2.0% of Lay03 by using an ultrasonic generator

manufactured by NIHON SEIKI KAISHA LTD., Ultrasonic



formed on the above nultilayered product was polished 5 under the foll ow ng
polishing conditions. Polishing machine: Polishing machine Mrra

manuf actured by Applied Materials, Inc. Polishing pad: |G 1400 K- G ooved
(concentric groove) Polishing conmpound supply anmount: 200 nL/mn 10
(corresponding to 0.1 nL/(mn x cn?2)) Polishing tine: 1 mnute Polishing
pressure: 1.38x104 Pa Nunber of revoluti9$s of polishing pad: Head 57
revolutions/mn (rpm, platen 63 rpm 15 The polishing speed per tinme in

pol i shing und@mndhe crah@recaditdoyrs. was nmeasured. The result is shown in
Tabl e 2. The polished nmultilayered product was washed with running

i on- exchanged watigighdihepdri atindNedastis, @ SUehrase ackse Scratches

or filmpeeling were found. EXAMPLE 2 Eval uation was carried out in the

same manner as tet 1Rl ul AXGRPIE ithainaAaP i SiFIG FOMPRUthdapd g t he
foll owi ng proportion was used instead of the polishing 25 conmpound of

Exanpl e 1. Therme&Uldn ithes pyvd mulladdl 1@y red\Nprdefiecd Svasligdd laSssieddCcks,
scratches or filmpeeling were found. 30 Nd203 (nean particle size: 0.4
um : 2.0% hemdeaxahmnged walielg pdle deisiy BONRIH ohs .
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 lon-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.



CeLa2@3F3 (nean particle size: 0.2 um and ion- 5 exchanged water were m xed
to prepare a polishing conpound containing 1.0% of CeLa2O3F3 by using the
same ultrasonic generator as in Exanple 1. Using this polishing conpound,
the surface of the sane interlayer insulating filmas in Exanple 1 forned
on 10 the above multilayered product was polished by the follow ng nethod.
Pol i shi ng machi ne: Conpact size desk | apg ng machine NF-300 manufactured by
Nano Factor Co., Ltd. Polishing pad: |1C 1400 K- G ooved (concentric groove)
15 Polishing conmaymd (sdgepl paarmiwite sAGar /0 ur{)cora esponding to 0.1
mL/(mn x cnR)) Polishing tine: 1 mnute Polishing pressure: 2.76x104 Pa
Nunber of revol utbarexohapgkdsivangrpadThéleads®7 rpm 20 platen 103 rpm The
pol i shing speed per tinme in polishing under the above conditions was
measured. ThexXawBLEt3is shown in Table 3. The polished nmultilayered product
was washed with 25 running ion-exchanged water and then dried. No defects
such as cracks, SeLat@ifes (oeahi barpeelliengiwere Of.Qupuch) aBdANGIE 4 31
Eval uation was carried out in the same manner as in Exanple 1 except that a
pol i shi n¢g coapohadghdviwagetrhwertohlizefdngoppoppareon wadiskedgi nstead of the
pol i shi ng
compound containing 1.0% of CelLa;03F: 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



conpound of Exanple 1. The result

is showmn in Table 2. 5 Cerium oxi de (mnmean
particle size: 0.2 pm: 1.0% Ion-exchanged water: The rest EXAMPLE 5

Eval uation was carried out in the same manner as in Exanple 3 except that a

pol i shi ng compound havi ng the

t he polishing conmpound of Exanple 3. The result is shown in Table 3.
oxide (nmean particle size: 0.2 pm: 1.0%,1on-exchanged water: The rest
EXAMPLE 6 15 Eval uation was carried out Tn the sane manner as in Exanple 1

except that a polgh$hhg ieRMRRUWNE N3 ddte id UHOWNGE RELRL | 00 was used

i nstead of the polishing

Tabl e 2.
The rest

Exanple 1 exggptolhalh dregbirshbndweempewrd ihavidag Jre cHoldawidid iy oporti on

was used instead of the polishing 25 conpound of Exanple 1. The result

EXAMPL

10 follow ng proportion was used instead of

Cerium

conpound of Exanple 1. The result is shown in

Si @améff%a@ BaLkbe! €nghz@’ p81d sBithg chbhpe¥ndd HaiRxaanged water:

7 Evaluation was carried out in the sane nanner as in

is

shown in Tabkempound AE2@Xatp@an 1par thel eeshize: 19. 2nBWwh: iA. @%p1kon- exchanged
The rest 32 EXAMPLE 8 Eval uation was carried out in the same nmanner

Exanpl e 3 cexGept dfiate aneeld shimndg dempowd: v nant her . 0%

wat er :
as in

10

15

20

25

Ion-exchanged water: The rest
EXAMPLE 5
Evaluation was carried out in the same manner as in
Example 3 except that a polishing compound having the
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 pm): 1.0%
Ion-exchanged water: The rest
EXAMPLE 6
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.
Si1i0,; (mean particle size: 0.2 pm): 12.5%
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
compound of Example 1. The result is shown in Table 2.
a-Al;03 (mean particle size: 0.2 pm): 1.0%

Ion-exchanged water: The rest



foll ow 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

filmpeeling were found. Nd203 (nean particle size: 0.4 um: 1.0%

| on- exchanged water: The rest 10 EXAMPLE 9 Cerium oxi de particles (mean
particle size: 0.2 unm), La203 particles (nean particle size: 0.2 unm and

i on- exchanged water were m xed to prepaje a pol i shing conpound contai ni ng
1.0% of the ceriumoxide particles 15 and 1. 0% of the La203 particles by
using an ul t5asepi e ggenerator manufactured by NI HON SEIKI KAISHA LTD.,

U trasoni c CGenerator MODEL RUS-600C. Using the polishing conmpound, the

surface of the kghethaygh LAsukatingd Hhi 1Rderel A aenddanpnd,film 20

formed on the above nultilayered product was polished. The polishing speed

per time in EQ&h?Eé“Q ggeegtthﬁataQ0§elegﬂqhgleeapw@adnﬁa%qa%dtﬁghe resul t
is showmn in Tab . The polished nultilayered product was washed with 25

runni ng ion-exehgpgag ﬁ@%éBr@@Qntﬁﬁg ng@dlnygegaf%?t§heSP%hf§hﬁH Acks,
scratches or filmpeéeling were found EXAVPLE 10 33 Eval uation was carri ed

out in the sapm Hﬁﬂaebfagxbﬁpﬁéagp|eTﬁeQ%é@@IttDQtsﬁo@ﬁ|iﬁhTHEIQOBPOUHd
havi ng t he fol?omﬁng proportion was used instead of the polishing
No defects such as cracks, scratches or film peeling were
found.
Nd;03; (mean particle size: 0.4 um): 1.0%
Ion-exchanged water: The rest
10 EXAMPLE 9
Cerium oxide particles (mean particle size: 0.2 num),
La0; particles (mean particle size: 0.2 pm) 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 Lay03 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



conpound of Exanple 9. The result is shown in Table 2. 5 No defects such as
.cracks, scratches or filmpeeling were found. Cerium oxide particles (nean
particle size: 0.2 pnm): 0.5% Nd203 particles (nean particle size: 0.4 pinm
1.0% 10 Ion-exchanged water: The rest EXAMPLE 11 Cerium oxide particles
(mean particle size: 0.2 pm, Pr6011 particles (nean particle size: 0.3 pm
and ion- exchanged water were m xed to pyepare a polishing 15 conpound
containing 0.5%of the ceriumoxide particles and 0.5%of the Pr6011
particles by usi Bgallhatsafe wadl chasdridc ogendmatttie aanien axargd en.irdJsi ng
this polishing conpound, the surface of the same interlayer insulating film
as i n Exanpl ex8mpdenpderaep20thhe aubbiligliengdcpmpduat was ipol itdked under
t he sane polishing conditions as in Exanple 3. The polishing speed per tine
i n polishingfohtlewihbeprapoveionndati asedwaasteasupéd thEh@oldshlitngi s shown
in Table 3. 25 The polished nultilayered product was washed with running
i on- exchangedompbendantl Ekenpdei 8d. Noedeé¢wels isushows tnaCablesgratches or
filmpeeling were found. 34 EXAMPLE 12 Eval uation was carried out in the
sane manrfer Ms dafeEkanpheh9aexceprkshascaapoheshiomg fddmpowed ingvimeget he
found.

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

Nd;0; particles (mean particle size: 0.4 pm): 1.0%
10 Ton-exchanged water: The rest
EXAMPLE 11

Cerium oxide particles (mean particle size: 0.2 pm),
Pr¢O;; particles (mean particle size: 0.3 pm) 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 Pr¢0:1 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 ion-exchanged water and then dried. No defects

such as cracks, scratches or film peeling were found.



foll ow ng proportion was used instead of the polishing 5 conpound of Exanple
9. The result is shown in Table 2. Cerium oxide particles (nean particle
size: 0.2 um: 1.0%Ilon-exchanged water: The rest EXAMPLE 13 10 Eval uati on
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 s@gwn in Table 3. Cerium oxide
particles (nmean particle size: 0.2 lam:” " 15 1. 0% | on-exchanged water: The
rest EXAVPLE dpEYalpation was carried out in the sanme manner as in

Exanpl e 9 except that a polishing conmpound having the 20 follow ng
proportion was uggd1i,98t6AdwaE Lherpeki shtngncenROURfOhaEX aPPLE 9n The
result is shown in Table 2. Si02 particles (nmean particle size: 0.2 pnm:

12. 5% | on- exehahpedo veketpt ThRa f est pEXAMPLE 180S0 M@l Haliag was carried
out in the sane manner as 1n Exanple 9 except that a polishing conpound

having the follomMmng Propertion was Wsed instead of the pelishing 35
conpound of Exanple 9. The result is shown in Table 2. a-A1203 particles

(mean parsti ctEmpbded Of 2eRhmplée 4. 0%hd arefxchangeshogt ein T8 & e5t

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

'_)
()
oe

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 num):
15 1.0%
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 sanme manner as in Exanple 9
except that ceriumoxide particles (nmean particle size: 0.2 um and La203
particles (nmean particle size: 0.2 um in the proportion (mass ratio) as
shown in Table 4 were used instead of the polishing conmpound of 10 Exanpl e
9. The result is shown in Table 4. EXAMPLE 17 Eval uation was carried out in
the sane manner as in Exanple 9 except ghat cerium oxide particles (nean
particle size: 0.2 pn) and Nd203 particles (nmean particle 15 size: 0.4 pm
in the propociompdunidss Fan@lead .shonwa rasulablie Bhweheiusedbilastead of the
pol i shing conpound of Exanple 9. The result is shown in Table 5. TABLE 1:
Counts of C and Si-xIg0;Apaspltliesi @edh Mpaitishalt & £Féng0 Coupin) of 1Co€ount  of
Si CSi atomic tine (mn) (cps) (cps) ratio 0 40704 21414 1.65 10 44424
21636 1.79 20 44884 2033hdedvatXy 36 ThEABREE2: Pol i shing speed under
various conditions Ex. Polishing speed (rimmn) 1 1731x10-1 2 1648x10-1

4 305x10"1 @EXREO1H

5 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;0; 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

10 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 pm) and Nd;0; particles (mean particle

15 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.

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

Ar sputtering {Count of C Count of Si C/8i atomic
time (min) (cps) (cps) ratio
0 40704 21414 1.65
10 44424 21636 1.79
20 44884 20334 1.92

20



7 256x10-1 9 2740x10-1 10 1946x10-1 12 305x10-1 14 146x10-1 15 256x10-1
. TABLE 3: Polishing speed under various conditions Ex. Polishing speed
(nmmn) 3 2725x10-1 5 847x10-1 8 1168x10-1 11 3698x10-1 13 847x10-1 37
TABLE 4: Proportion of La203 and cerium oxi de and polishing speed Amount of
La203 La203/ (cerium Polishing cerium oxide (nmass% * oxi de+La203) speed
(mass% * (mass ratio) (nmmn) 2.0 0.0 Gg11x10"1 1.0 0.5 0.33 1864x10-1
1.0 1.0 0.5 2740x10-1 0.5 1.0 0.67 2320x101 0.0 2.0 1.0 1731x10-1 *
Concentrat i onABDE pRE i S Nigsleixmp ostreed TABLE e r R5wp ot dhdht DéndNd203 and
cerium oxi de and poH-shi-rg—speed-Arpunt—ei—Nd203—Nd2G3/ (ceri um Pol i shi ng

Ex. Polishing speed (nm/min)
1 1731x107?
2 1648x107?
4 305x10°!
6 146x107t
7 256x107!
9 2740x107*
10 1946x107"
12 305x107?
14 146x1071
15 256x107?

TABLE 3: Polishing speed under various conditions

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

5 847x107}

8 1168x10™"

11 3698x107"

13 847x101




cerium oxi de (mass% * oxi de+Nd203) speed

0.0 0 411x10-1 1.
1946x10-1 0.0 2.0 1.0 1505x10"1
| NDUSTRI AL APPLI CABI LI TY 10 The present
for an insulating filmfor a sem conductor

conpound

0

(massy *

0.5 0.33 840x10-1 1.0 1.0 0.5 1664x10-1
* Concentration in polishing conmpound
i nvention provides a polishing
circuit,

i nt

0.

egrat ed

whi ch effectively planarizes an insulatipg film conprising an organic

(mass ratio) (nmmn) 2.0
5 1.0 0.67

silicon mate ving a CSi bon i - O_hond,
ser conducto&hghﬁératgﬁoﬁa?%u? Laﬂ%f ﬁﬁ.cﬁeaéﬁﬂbﬁaaﬁ‘g& gh qual i ty
polished s ree—from-or—has pcu def eh—as—38
cracks, scr&@@ﬁHQtOP f||ﬁ1d€§#ﬁng in pFﬁEQé ?%?luﬁr Eﬁgﬂ &1§g
seniconduct)FthP@gP§ﬂ§8 ci FRYPE? turther %dﬁﬁﬁﬁﬁpdés SR&ERod f or
produci ng a| (memE&driduct or| i nt egr at ed ci rlc@mass watde nakdem/mipdssi bl e| 5 to
produce a sem condugtor integratgdgcircuijt with @an insu%atiggl&hbnlhav ng a
| ow di el ectiic constant an% excellent in surface flatness, with high yield
w th good Produchwity. 39 CLApMG 1. Aj|polishi ng conpoundy §of«peiti sh| ng an
i nsul ati ng

1.0 1.0 0.5 2740x107"

0.5 1.0 0.67 2320x107!

0.0 2.0 1.0 1731x1071

* 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 411x1071t
1.0 0.5 0.33 840x107%
1.0 1.0 0.5 1664x107!
0.5 1.0 0.67 1946x107?
0.0 2.0 1.0 1505x107t

* 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 1s free from or has reduced defects such as



filmconprising an organic silicon material having a CSi bond and a Si-O
bond, to be used for a sem conductor 5 integrated circuit, which conprises
wat er and particles of at |east one specific rare earth conpound sel ected
fromthe group consisting of a rare earth hydroxide, a rare earth fluoride,
a rare earth oxyfluoride, a rare earth oxide except cerium oxide, and a
conposi te conpound 10 thereof. 2. The pg ishing conpound according to Caim
1, which further contains ceriumoxide particles. 3. The polishing conpound

according t - @kd) 2scrhecged ot heiMasse&dihg, oint BepeskiHR @¥irde to the
specific rare 15 earth conpound as cal cul ated as oxide is within a range

of from 99: Ipteade B8y 4. sdhecpaliichbnyisespesnddaeceeding to any one of
Claims 1 to 3, wherein the specific rare earth conpound is at |east one
rare earth conpoppdtielect edpkporubbea2feghoup reenprsiued nef ala203, La(COH) 3,
Nd203, Nd(OH)3, Pr6011, Pr(OH)3, CeLaO and CeLa2O3F3. 5. A nethod for
produci ng a seniconductor integrated ctrecitt, wabtbBhmhassaist epsefibpel i shing
an insulating film conprising an organic silicon material having a G S
bond 25 and #o Shr&ihoada wembcan@attshi hategppoyddcectoppitsivigh wat er and
particles of at |east one specific rare earth conpound selected fromthe
group consi singglatiagriitm4Baveagt A hydr dxetlectairareneanhh &hdori de, a
rare earth oxyfluoride, a rare earth oxi de except cerium oxide, and
excellent in surface flatness, with high yield with good

productivity.



a conposite conpound thereof. 6. The nethod for producing a sem conductor
integrated 5 circuit according to Caimb5, wherein the specific rare earth
conpound is at |least one rare earth conpound selected fromthe group
consisting of La203, La(OH)3, Nd203, Nd (OH) 3, Pr6011, Pr(OH)3, CeLaO and
CeLa2@BF3. 7. The nethod for producing a sem conductor integrated 10
circuit according to Claimb5 or 6, wherejh the polishing conpound further
contains ceriumoxide particles. 8. The thod for producing a sem conductor
integrated circuit according to any %tgﬂﬂ Clainms 5to 7, wherein the
organic silicon material having a CSi ondS and a Si 15 0 bond has a Si-CH3

|
bond, has a el abi yg10igiee! HofpofARSIERN Itk LANGRLAN fro 1.0 to 3.5,

and has an atomcratio o a rang rom

The met hod 1ok pr odhgiAg; goSEA! SQB?H%OE;&QESQV Akedrighr ﬁHbEn@C%LOE:d'SEQ to

Claim8, wherein the insulating f IS to cover a copper wiring layer.

10. The net hgdnfopnAr Qd4¢LBILBnaeM60RdUGERE EBLegr 8kRd coflilie¥bl according
to Claim?7, wherein the mass ratio of the ceriumoxide to the specific rare

iaggh COGPOU@Htaéraeabcehe&ggtaswa£bﬁecbﬁpWhgegnwatE§naﬁd05aE&9@u%% 1to 25

of at least one specific rare earth compound selected
from the group 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
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;03, La(OH)i3, Nd;03, NA(OH)i3, PrgOij,
Pr(0OH)3;, CelLa0O and CeLa,03Fs3.
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



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(OH)j,
Nd;0;, NA(OH)i3, Pre¢0O;;, Pr(OH);, CeLa0 and CeLa;03Fs.
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 method for producing 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.





