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1 DESCRI PTI ON *159159* PQOLI SH NG COMPOUND FOR
I NSULATI NG FI LM FOR SEM CONDUCTOR INTEGRATED CIRCUIT
AND METHOD FOR PRODUCI NG SEM CONDUCTOR

relates o a pol ishing  techni que 10 M T

pol i shing for planarization f an insulating fil m *s9159*
conprising an organic silicono material having a

C-Si bond and a Si-O bongypdxM&ged for shallow
trench isolation (STlI) or interlayer insulation,

paﬁétféﬁg%éyc6ﬁ§o§ﬁﬁ #éﬁtfﬁsuk Gsﬁflﬁ°F8§°§£MICONDUCTOR

i nt egr at clrcul and a net or ~produci ng

I‘E@?&lﬁtﬁ) lcTHNAE ahf Mu"«:'ﬁf}ﬁ}ﬁ tpo%a@bd&%q@ sk%%to%ucma

of polishing an insulating filmconprising an organic

silicon material havi agreckattpbeffcand Si - O bond.
BACKGROUND ART In recent years, |ow power and high

speed are 20 required for sem conductor integrator

circuits, and drastic increase in density and high

daEDHNICRHI) ;TEme required, and nultil ayered

structures of circuits and mniaturization of wiring

pat t er Thiey peregentofipeents onalrefane® aoe al Poliefiass.

25 Wth respect to the nultilayered structures of

citrecinrtisyuet he ilver eguilldrdgd € palistsiof deoar gflamarization

circuit
of an insulating film comprising an organic silicon
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
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
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.

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
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formed by e.g. exposure, has an influence over a
circuit 2 to be fornmed thereon in a nultil ayered
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 photolithography, 5 qr causes a defect such
as breakage of wire of the ciTcuit. Accordingly, an

' nsul %t 'fnoq: :gi rEhe e%%d u%ﬁ:@l% %lé%t cértr% (egvg his

i & planarlze by c en1ca ani cal” pol’

e B 15 8 AR Pl o
an, fORYALI L Slargﬁ‘egpta‘?-ﬁih%a%sf 4 E%Id &llﬁfltc‘%llé a&%'@tﬁsfy

circuits. "In thi e I'rregularities on

pg{giﬁﬁefés(bltiﬁ:l&pldﬁ] gW%E GRad laf tp@{bezqnq}{:ho%reaphy,

ing 1n as short 1 i me as possibl’'e and at t
SYPE ddyBes ETRMASOLUIL a5 VRSP WSURStIRlthe
surface at the tinme of polishing, 'such as cracks,
siadsahies, or filmpeeling, which cause the
irregularities on the surface to be polished, have to
be suppessed sy alams messidigy £2An0F driieDidhern
hand, by mi niaturization of processing |ine wdth by
mMgenaiasridattian ofbdthmatve risng Jpatdreirzed by udiangiaaly.
copper or alum num due to narrowed space between

winrealys)icaie walpeat tran ceCMR weenl Wi mevgsvitmings it optically

increase, the signal delay time tends to be | ong, and
t r@cwemcbxea@rpﬁqﬂs@mraﬁhm s i @oh du ctigicu it edredtean

circuit
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
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.
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

increase 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
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will be inhibited. Thus, insulation between wirings is
carried out by tightly filling e.g. the space between
3 such mniaturized wirings with a naterial having a
low dielectric constant. Heretofore, as a material of
an insulating film inorganic material such as a Si02
filmhaving a relative 5 dielectric constant of about
4.2 has been used (e.g. JP A- §6- 216096 ( par agr aphs

‘%?%hz e Rsutl At oot PR M having g o
edlSe @%15(%%ﬂ%é£%r increase in density of wrings,

an ASUl atin aving a 10 dielectric constant

| ower 'H'%?c‘ét%‘f%&e‘ S al e%“hx%%@n?‘i‘:%fa%rﬂ E%‘éh%%tg%gf Iely

an organic silicon naterla Il mhaving a

anch A qari@ ARG i% 1PRRes el 2Sueh,an; 9,IRALVERS! b ‘EQFl‘atlve
material filmhaving an CGSi bond and a Si-O bond can

NQti N i i thiceh dRea galha sl Hedd e @s.g. Jp-

conpared with a conventional Si02 film however, it

genarsld N6 0 (draygrdiphsL i, oarst)gntyp- T P S
in thermal stability and has characteristics

exgradigiiph oneNt iganal- 29002 795961 i (barminr 432 e ISuch
as a property to forma flat surface at the tine of

f iHaoweke1f ,orimatresren mnebaar schahec ttey i Bintthdw ifriddeddwe in
gap at the tine of filmformtion. Wen such an

ordgers id-ysidfi oo immser isad  dvean Ik ianoC-fSilm Benwdrandh a

Si -0 bond, which is used as an insulating film for
emrﬁﬂme:tms: o steE Wiawen ey eavsond gpsiuistidhg 25

compound conpr|S|n%_part|cIes of e.g. silica, alumn
or Such an insulating film, an organic silicon materlal

film having a C-Si bond and a Si-O0 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
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 Si0O; film in many points such as
a property to form a flat surface at the time of film
formation, and a characteristic to f£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
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*
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ceria as abrasive grains and water as a main nedi um

if polishing is carried out under the same pressure

(2.8 X104 4 to 3. 4 X104 Pa) as in a case of

pol i shing a conventional insulating film nade of an

inorganic material so as to obtain a high polishing

speed (polishing rate), defects such as cracks,

scratches or film peeling, whi‘ch may 5 cause the

i r.regularidai op_tk r iLc gilli pterial __film

it g i ofE o 8% 28R B Ra PN E R, Bopyeht Tonan

This.,d ider s |.t:i_ng

| AR ST AR A 3 RS TRl 2d U8 co
ri.al _fil. i:ng :a C.§ i - nd

O 2 AT ind SRt AT i iy Eects

fid EW thery d | AUy i i shi '

1S B Ly S S i ace, PRe A Sray

PRl Nhes peed £AWA he OAIdRI o r AN &1 iidbd RRiterial

case of ceria which is used as widely as silica as

alFiaw erag s d-@ri doun\eid i0n8l-cl b2 d iddie tdises.

pol i shing speed was found to significantly decrease

witeri susied daars ipdreshiteg dehey @rgaivntersn ireul vieri@n low

filmhaving a GSi bond and a Si-O bond. As nentioned

alrmachardre sdp pErro@ricgathe gfoldishidwgyardemedinad drasnatair ikderf i 1m

found for an insulating film 20 conprising an organic

silavdiory rat®Erdialbdmliamgl & GiSiO hwmdl sendtanBired bath an

which is a bottleneck in effective production of a

milriddgarere deseat iedn dustwdra iime dridimed  Fektbert . 125the

DI SCLOSURE OF THE INVENTION It is an object of the

pﬁgggﬁwqq“ﬁyﬁqqg1Rq}%ﬁhﬁqgnﬁg 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
Si0; 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-O0 bond.

As mentioned above, an appropriate polishing
compound has not been found for an insulating film
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.

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

the above problems and to provide a novel polishing
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t he above problens and to provide a novel polishing 5
techni que which effectively planarizes an insulating
film conprising an organic silicon material having a
C-Si bond and a Si-O bond, formed on a sem conduct or
integrated circuit, and which provides a high quality
polished 5 surface which is free fromdefects such as
cracks, scratches or filn1peéling, in a process for

- a . ' ! Uit ' .

PSRBT g RRMELOE AU A8 Lt ibauacige Fin
C ; At a T GUI a

PSS -5 OUEET JiLEQabed LI AR pona

exeRl el o e aGR Al eSS il SN g et Mt teg

goo productivity, utilizing the above techniqu

AeGdiiRg EAPIR IR UHIBHLh RGP IREAN ?3‘6%@

a polishing conpound for polishing an insulFating film

15,6eRRE SHIGHAN OGN G IgeFdral el NRAWAG KR,
C-Si bond and a Si-O bond, to be used for a

SeFre®rMes @r finhePerlldethoGi HeUisd profiicety GIH JridFucing a
wat er and particles of at |east one specific rare

e gl comduaitod Selteetred dd @brduie .group consi sting of

a rare earth hydroxide, a rare 20 earth fluoride, a

rare eanttthexyf iwodisden abjact edrtthe priedenexdeptention to
cerium oxi de, and a conposite conpound thereof, is
pravidded. a tsemsi qerefuertogd ittrato natted al dirshiirtg widripeund
further contains ceriumoxide particles; the nass

r st left iger ifirkn IRvgicdde tlevt ifd edmedirrlicc aoaysd asdr tand
conpound as calcul ated as oxide is within a range of
fﬁﬁﬁqi}epq(}qtqyﬁfqﬁﬁjﬁqﬁgness, 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
comprising an organic silicon material having a C-Si bond
and a Si-O bond, to be used for a semiconductoxr
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
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
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
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specific rare earth conpound is at |east one rare
earth 6 conpound selected fromthe group consisting
of La203, La (OH) 3, Nd2G3, Nd (OH) 3, Pr60L1, Pr
(OH) 3, CeLaO and CeLa2@3F3 . The polishing conmpound
according to the present 5 invention nmakes it possible
to effectively planarize an insulating film

conpri sing an organic silicon terial having a CSi

b%{l)%évfoa da s%le%tp Ort'Hsdr%LL%Je ?ﬁlgsﬁ:nqlum q% tLa203,

Ci rCUI Y

f f h d
de ects éugﬁ(gcecraéﬁn 'SEFE §%he§93P%?P ﬁ?e%% r%g#celn

UL BSS, for producing a sem conductor integrated
CI rcuit. Accor di ng to anot her enbodi nent of the

presentpd ARGy & AR 2P AMNCIHRT t& th e present

sem conductor 15 integrated circuit, which has™a step

of i RAdH S e s 1S Weadd g 4 lddﬂéﬁ%ﬂﬁ}é@@ %’lé@f&q.rﬂé: an
silicon material having a CSi bond and a Si- O bond

W 8l 20l e iNGn - CPOiich of QIFP'd xS il dvad 16 material
particles of at |east one specific rare earth

cargpaimyl 5 at-exi asbrid emd e Yr-aupoi cagindd nth &f a

rare earth hydroxide, a rare earth fluoride, a rare

eardnn apnydlatorn diey teyreares] edirtduioxi dad epec gptowdiele wmhigh

oxi de, and a conposite conpound thereof, is provided.

| tquasl preferkishadautfreespdtidh diy dmreedntdn 2& has

compound is at |least one rare earth conpound sel ect ed

f regdudrd qlolgr bt iafy ofaqkOo3scuaifaigss, omMNdidsy Mekling,
3,

in a process for producing a semiconductor integrated
circuit.

According to another embodiment of the present
invention, 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 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 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
compound is at least one rare earth compound selected
from the group consisting of Lay0s;, La(OH)3, Ndy;03, NA(OH) 3,

Prg0,1, Pr(OH);, CeLaO and CeLa;0:F;; a polishing compound
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Pr60ll, Pr(OH)3, CeLaO and CelLa2C3F3 ; a polishing
conpound 7 further contains ceriumoxide particles;
the organic silicon material having a CGSi bond and a
Si-O bond has a Si-CH3 bond, has a relative

di el ectric constant wwthin a range of from1.0 to
3.5, and has an atomc ratio % Cto5S within a
range of fromO0.25 to 3; the i'nsulating film is

C?%?&%% WL, 43 1GaP :%ﬁi éﬂ%ﬁ%c¥%&t1%ﬁ%sah%hgﬁ%&g%% e

hée CEfIUﬂ]OXIde IC rare ear

|G f
comauns, gl uhaktyss, eic B SLYSEH nas »
seffi_eenduchar hakegr Ebﬁgti%rﬁ%igﬁ‘éf‘%dblﬁﬂ EQnEh\S‘&lthln a

present I nvention makes It possi eto pro uce

GHC L on| NL.ONRS ed Ci Il tha dMath 77, 1@SQ%%Fkn%f C to

f|In1 aving a | ow diel ectric constant and exce

| yisurifeace: fd AhRRS oMb iR By i) & Wirthle 1}1§u9.‘3&q.ng film
productivity. The other objects and advant ages of the

Pries &tfveddty QAHIO R Aprdredfi dinMilhe f;0landWith@é mass ratio
expl anati on. BRI EF EXPLANATI ON OF THE DRAW NGS 20 Fi g.

1 dfS theclaeasinsecixictmltamdsl spervifild tsirealdaigh @dmpound
interlayer insulating filmbefore polishing. Fig. 2 1is

a &y ass-sdettiaghals modele visewiidHimstar ataingg odn from 99:1 to
interlayer insulating filmafter polishing. Fig. 3 is
aIFPIAR spectrumof a Black Dianond film 25 Fig. 4
illustrates a result of measurenment of carbon

cont ai F&¢ methes Rifadik oBuarsed f isemicontacs oy ixtegyated

phaot oel ect ron spect roscaope.
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
good productivity.

The other objects and advantages of the present

invention are clear from the following explanation.

BRIEF EXPLANATION OF THE DRAWINGS

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.

Fig. 4 illustrates a result of measurement of carbon
contained in the Black Diamond film surface by X-ray

photoelectron spectroscope.
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8 Fig. 5illustrates a result of neasurenent of
silicon contained in the Black D anond fil msurface by
X- ray photoel ectron spectroscope. Fig. 6 is a
cross-sectional nodel viewillustrating 5 a

mul til ayered product with a Black Dianond filmas an
interlayer insulating film BEST MODE FOR CARRYlI NG OUT
THE | NVENTI ON Now, the present” invention will be

| ai it igs.., T
Eﬁgn'ziﬁeh . \(lagt cﬂ%ﬂ%ﬁageg%%?%{;&s eaans%ﬁlgegr?enett _co.f and
€% '1?%%‘& gﬂ%nacra%nte‘a eXemld B 2SRRIt i'tlﬁ‘éﬁs%’f%%e by X-

an ey do not restrict t he present 1 nven

Negdl e3% e 18R r AN QRSN R JTeNt  is included in

the present invention so long as it 15 fulfills the

obj ectpif . t16) PrLIGHsd MG BR1 Ibdd U iew B EA B Ling
synbols are attached to the sane el enents. As an

| 3S ghatdiNGid el il Wiene weedd ¥istond film as an
sem conductor integrated circuit, a SIQ2 film having a

r dmtdrievédirel ietduliat ieenstiant. of about 4.2 has been
wi dely 20 used, and along with the need for |ow

dielectric constant, a compound containing a Si-H

bond in Si @2 (hydrogen- containing polysiloxane: HSQ

hyE#SIY MODE |FEs GRRYXAIER OUTa M Ea T NOMEJ&ETIAN si | i con

material having a G Si bond and a Si-O bond have been

devel opled, The baesent §nywatdom2¥iddgime eXpderigad eith

conposite materials. As an organic silicon material

h&a@ iRy o Boies - .afed &5/ - GXFgmd.esat 1&ist-i ofurs Figs.,

drawn especially to a 9 ) _
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
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 Si0; film having a
relative dielectric constant of about 4.2 has been widely
used, and along with the need for low dielectric constant,
a compound containing a Si-H bond in Si0; (hydrogen-
containing polysiloxane: HSQ, hydrogen silses gquioxane)
and an organic silicon material having a C-Si bond and a
Si-0 bond have been developed. The latter is one of
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
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conmpound having a Si-CH3 bond. This conpound is called
carbon-containing SiQ2 film (Si OC) when produced by

pl asma CVD (chemi cal vapor deposition), and is
sonmetines called MSQ (nmethyl silses quioxane) when
produced by a 5 coating nmethod such as SOG (spin on
glass). HSQ has a relative die]lectric constant
(hereinafter sonetines referred to as k value) at a

I : : j . val f .,

| sy S S ORI ookt Lo e
[ ' foi_l.m.qf : : ¢ WA furt
a8l 8 211l PRUCT frgpeBl R
s SR S8 SRR Aol S5 e

ififclaéltltefda@és@ 3(tzr¥e9cf?ﬁ}19%,il%‘é%‘1?gfdi%€éa'dé) I PHARUIE by a

m mat eri al conpri sing an organic silicon

MRt ialy RaH &uerSlaPd angid I Q1end my, for

exanpl e, be Bl ack D anond, tradenane (relative

di el ectisioc he@nst allatdve dieqkrekaay hsARRIH qthereinafter
Materials, Inc.), Coral, tradenanme, (relative

disghmeatimes redRetrasd 2 &s tkechnalnguthy Newall ws 3.0,
Systens) or Aurora 20 2.7 (relative dielectric

comstrats Bi0C thechrollogy lne ASMsadldpan d¢ Krjom The to 2.8
pol i shi ng conpound according to the present invention

| endo ilse apswdrfadrl epdld sin myrgamiionsirisatliaigrfg Ifmlmofofae.g. a
sem conduct or made by using such an organic silicon 25
micdaiigideaviang LuctSiehorid dfd exSill@Borid mechanical
Herei nafter. "the polishing conpound according to the

pIESERC L RGO PUGH 135 BeatefaSistad &8 'tHmgracteristics

r nt pol i shi 10 . .
pc%?%n J%gan1c/¥%organlc composite material, and

accordingly it attracts attention.

Specifically, an insulating film material comprising
an organic silicon material having a C-Si bond and a Si-0
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
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
material having a C-Si bond and a Si-0 bond. Hereinafter
“the polishing compound according to the present

invention” will be referred to as “the present polishing
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conmpound”, and "the organic silicon material having a
C Si bond and a Si-O bond according to the present
invention™ will be referred to as "the present organic
silicon material™ in sone cases. 5 The present organic
silicon material is not particularly Iimted,

however, a filmfornmed by CVD.as represented by the
above SiOC is used as an obje&? to be polished

&Eg{ab?;f%l ss‘p\g'}ét : c%%rﬁ%aéplgg err é%og%ﬁh hdRd% c-
' 'ﬁmkﬁ}dd‘% %la{néis—@ Hdla &, 1 £ORAUGS Qe 15U EOLAL ed

circuit, e an ObjeCt of e present |nvent|on

”%\}é%tcmﬁa'* Qﬁfllaln)b&%fémeré&'% % ong,d %reéé}{terc!:?g}’aerhc
i nsulation or for STI formation, and i s not

p%fltll1@8rﬁrxﬂaVcéﬂlf81t'edmsosdn@9:a?sﬁedt i s against the
pur pose 15 of the present invention. However, the

pr esentrHenyididedit dryaief eviablasrapRitead 10 i not
insulating layer to be used for the purpose of

| faard iayelran Ins Ul iadd e, eswdiser a [ &Eillm pddsde by CVD as
surface which is free fromor has reduced defects such
axrepmadaen tatiat dies alsove ISM@reld nseshradean 2Abject to be
obtained in a short tinme. Now, explanation will be

magel ishiedy refefemnosd tefﬂr:m‘tm ywianl ilre edbtedered. A compound

insulating film Figs. and 2 illustrate the state of
palashiihg ofi-Gh h@pérlléy@larmwlafflwgpﬁqelfmrrﬁdg 1is
a partial cross-sectional viewillustrating a

sen co%?ctlé’rs@@qlﬂgeg?ldt“édi%ﬁdf dan afeHg gpductor

productlon(grocess wherein a rrlehgéa er 4, a
Wi R e B E & i ct ¢ r%r?sr?fiﬁ 3

bef ore D|IShIn arelzﬂ%nated inthis 11
invention, §Jbe one purpose such as one for

interlayer insulation or for STI formation, and is not
particularly limited so long as it is against the purpose
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
obtained in a short time. Now, explanation will be made
with reference to mainly an interlayver 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
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
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order. The difference between the concave portion 1
and the convex portion 2 in the cross section of the
interlayer 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 portioP corresponding to the
wWiring pattern 5 is concave, ﬁomever, in the case of
anqifaer method, the portion corresponding to the
wiring ‘pattern 5 may be convex in 10 sone cases. The
surfac f 4t [ r I.0s ti j I+
poIishgg%tgagﬁfﬁghgfe%%ﬁ§e§?f#g%eﬁggcgg%hg%%tlt e1 and the
CRRERS R B and ttl'{ée MO AN O 2.t HD interlayer
reali1ze a planarized polished surface 6 as shown in
Fiighsu1dt 19¥CFian] @Y Jedisd ML 10 YeRAKE @ ng pattern
sem conductor 15 integrated circuit. Figs. 1 anélz

|15 ust b et errA@derandThhenpr eg88t oieNye/ti 9N GAACH

be applied to an optional case such as a case of

udilN@sa reQRRe R Wikiitg PatdermdidymaN@amtddai® mEMod, the
present polishing conmpound is a conposition 20

C @It iinn @ oaatetipoaiid rparndd ahes wifridg e tRad 5 is concave,
conmpound except cerium oxi de as abrasive grains, as
edertviead, icormpenenrtse ofhenprtdear tierhodf, tdhe pareion
earth conpound except ceriumoxide in the abrasive
grrainreseemddinged o rehet e nimas et teon Shimey  deEnpeunekx sin
preferably higher than 25 99 mass. The rare earth
cHBuUESSEceptheepntfireri 66 £Be prEpsiapey anshéasing

one specific rare earth conpound 12
filmPB is pof%shed to elfggnate 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
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
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
99 mass%.

The rare earth compound except cerium oxide is

preferably at least one specific rare earth compound
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selected fromthe group consisting of-a rare earth
hydroxide, a rare earth fluoride, a rare earth
oxyfluoride, a rare earth oxi de except cerium oxide
and a conposite conpound thereof. 5 In the present

i nvention, a conposite conpound means a conpound
formed by conbi nation of at ﬁ st two conpounds, and
oxygen acid ions may be prese inits structure.

IS ST SR RGN 404E conp%%.% :

f f d
f?tyi; Cﬁjll'ﬁ(jeLé{a)\ andbéé&e]@ﬁ'gg%]ﬁ%lllociE oec'i?'r're}in |onedt ag :
Qﬁ&}fl e po? té‘%&&”éﬂdé'&dééc&n f{{m ox:Lde and a

rESDECtIVE y. ng conpoun talning wate

and, ggﬁélégﬁﬁbﬁﬁdétﬁggggflc rare earth conpound mas
found to be suitable for polishing the above

i nsul atingHd Ighedeht riealdtd éh hidhdld S & cnRRhd means
to suppress defects such as cracks, scratches or film

peelddmgpaumd heoedd she d e fracei @it sheat iTEag two
pl anari zation, and to provide an 20 excellent

S exonganchidd orami| dstyaateradi d nt g aied o etddent T Sits
IS unexpected fromsuch a conventional fact that the
patsinthgspedd maydedorasecmpien depal icompog itempo it
contai ning a cerium oxide having | owered purity of
cefommed oxy déom]@irafptpi@’edbﬁ At B fivenoxiteomy a

| ow polishing 25 speed is obtained when the polishing
ccﬁﬁmﬁﬁﬂ%rﬂwﬂwl% clerrmghl dxY deonlaingpl e P § qrrarpxide

or gani ¢ pol |nsulat|n%.flln1 13
and a lu rlde CelaO and CelLa;03F3; may be mentioned as

specific examples of the former and the latter,
respectively.

The polishing compound containing water and
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
excellent semiconductor multilayered integrated circuit.
This is unexpected from such a conventional fact that the
polishing speed i1s 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
speed 1s obtained when the polishing compound containing
a cerium oxide is applied to an organic polymer

insulating film.
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Now, the specific rare earth conpound in the present
invention will be specifically explained bel ow.
Abrasive grains of a rare earth oxide except cerium
oxi de may be prepared, for exanple, by oxidizing at
| east one of a 5 hydroxide, an oxyhydroxide, a
carbonate, a nitrate, a sulfate an oxal ate and a
conposite salt thereof, or a Léarbonate of a conp05|te
or a m rbonate o

h
compodit 1 %%%er# i ST SRR | Cbyhe igene
h .hyd The, 10 fi
Wtﬁ? PRSP GHSy Htialhdd Ml sractoe
rt Il%. Sbfl "”%d' tel%t?htogcrldor Oducedc bcyersilill%lh oa}lclrgee may be

e agglonerate us pre férabl y ground

Y, | korﬂég{agr[ﬂl%dl ri%/ 1|?ﬁdz qut R eflee[? %t of a

grinding i'ng Ne
b I t mJ | SIO n
t%g‘;r%’éﬁe? s ﬂ%&%s&ﬁ% sL Caafﬁ%et l?fp%% ng

t ke, 1Gh@l neg, ‘BS&aFiLeatep%{ﬂd d %ﬂwﬁe@ts%@ '%&%ﬁ' R a

to a di sper sion treatment with conventi onal

StdarddMA R ré?’ccﬁnpd&r@%r@reara:‘h uldy @3selix&ure of a
di spersi ng machine, a wet ball 20 mll, etc. nay be

usetkbonake UM dlicpgictiafe tiast @Mt Hid Re1eS iRy
instantly releasing the pressure froma pressurized

statterdfalsevsr dlidPry omwidllse ke émprayeth ddrdx@ide. The

i mportant that the purity of the specific rare earth

c dnpoiunyd g redturfd uict uetu 1y fidven @BOG tho ZHO°C. Oxide

fluctuates, ;he(gplishing speed fluctuates, and the

f Rasttuatliem mmediaieel s addrer dufasiiced mypeiudhimgedthod are

an insulating film in which polishing is term nated

afagrlopeppted 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
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
mill, etc. may be used.. As the dispersion treatment,
digpersion 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
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
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predeterm ned polishing time in many cases. The purity
is preferably at |least 98 mass% In the present

i nvention, 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 conpound Eelected from the group
consi sting of La203, La (C}D , Nd203, Nd(OH) 3,

E&»Sfoéegarﬁ“%%@o% WL RRLaR0RERy Lhds Tfe puricy
thereof i ch |s 8 SbSy avallab# tﬂ@lch |38§tab|e

| e Em%ﬁ%faghgiaﬁh prOV| ggsﬁésu ragg

S e it s v L Sl g

. r may forma
ﬁ%ﬁﬁ%éxg Ude T :Eﬁbgﬁﬁkéﬂhgﬁéfﬁé or Pr(OH)3 with
vvat er My & 'MB M@Vé‘e{rtﬁl&hp&mﬁ%@e Hedhie LA E,,

earth ‘conpound in water will not inpair the effects

ofr TR A aSe Rl iTeeHt ik fad ReIntH ROMERRGRNIAd QA from
in the polishing compound is preferably within a

r aftge gafody @B ikdingl @ frassty, 20- pow}{,CWAROLY Nd (OH) 3,
preferably fromO0.5 to 5 mass% If the content of the
almrasive Ry @H)S, | SeLadeanthaer,d:;massh ismansesi red

pol i shing speed will be obtained, and on the other
hanthfdrfabilty eecoedsNAM:naSe¥p .04 pol ashirguspeetiereof,
wi Il not increase any nore, and defects such as

crvitich 125 %xﬂlaﬂmwe@ldrakﬂq,m“ﬁ@@m ig mfpldecum qued ity and
such a high  content is not favorable in many cases.

Fovidt ProvHelass Hiafp ldonpbidit daest eisprasiuaihicdtee 15

In a case where the specific rare earth compound is
an oxide, particularly La;0;, Nd,;03; or Prg0i1, part or the
whole thereof may form a hydroxide such as La (OH)s,
NA(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%,
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,
scratches or film peeling may occur, and such a high
content is not favorable in many cases.

Further, a polishing compound wherein cerium oxide
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particles as abrasive grains coexist as an essentia
conponent was al so found to be suitable for polishing
the above insulating film to realize a high
pol i shing speed, to suppress defects such as cracks,
scratches or filmb5 peeling on the polished surface at
the tinme of planarization, to provide an
excel | ent seni conduct or nult ayered integrated

C a%%&%legh' 'é%f%é%q H?ﬁ!%%é&f%@?%é“%%:ﬁgééﬁg¥al

ct that t speed 1 s decrease

pg:l é:c%mu%u%@tt%' 'ﬂeng;ﬁ&%gﬂ urfo‘%x'p%glshlng the

haV|ng omere purlty cerrumoxide 1S a

5%%\7%' |1'Hsu§.%@191@] ¥ i, 0"1‘_10 RYLI1SHNG sRegd O%.l@ﬂl%d]%g)eed

when the pol’i'shing conpound contai ning a erlun1OX|

| $ ARRIJRE S0 RFRAGAREH RY WRICHNSUAHRG S IdP £i9n
Nanel y, "a polishing conpound for pollshlng an

I 18kigh&rf itHE GIMIGHREING AHF RO} G IdigRN Jrteri al
h§§$%g ng-Sl bond and a Si-O bond, to bejhsed for a

s @llagedueitdion , Ne@l alebravidd tan \Madc@ufza@morgeiﬁs‘conductor
water, cerium oxide particles, and particles of a

r and tddraer2@ domeauat eeX eeptcudar. um oxi de, is al so
included in the present polishing conpound. In the

pr eseMhisvientdlosy urlergresteat tihr@opomtreaxciepta efaakm

oxi de" includes a cerium conpound except cerium

oxitge. thiee pedriisivinex isteqshrits clesy dasachehmresenolishing
invention 25 may be prepared, in the sanme nmanner as

t femgEoaRs veontgrigiing ¢f cendame oxdeh hewtidw daygted purity
cerium oxi de, for exanple, by oxidizing a salt such

afh q%;:d.rlgqua@. ear}sl@pplled 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.

Namely, a polishing compound for polishing an
insulating film comprising an organic silicon material
having a C-Si bond and a Si-O0 bond, to be used for a
semiconductor integrated circuit, which comprises water,
cerium oxide particles, and particles of a rare earth
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
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
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oxyhydroxi de, a carbonate, a nitrate, a sulfate or an
oxal ate by firing or wwth e.g. hydrogen peroxide. The
firing tenperature is usually from600 to 900'C. The
oxi de particles imedi ately after produced by such a 5
nmet hod are aggl onerated and thus preferably ground
mechani cally. The gri ndi ng neﬁgod is preferably dry
grinding by e.g. ajet mll a wet grinding nmet hod

b%xg%h@ro%u‘?iea”%{ %éﬂ:ﬂ%ﬁ‘%q:em /fls nﬁrcat%é 4 AU gfé@ed'onlg an

t i's dl so poss sper3|ng

é{ :l%C)t%bt rﬁqﬁdﬁgdpg)r%sre@#% %eggsne}m%oﬁér?cponvenjt [ onal
di Sperr%gng ecurea :JEo a%/erfrﬁcﬁf O{ rt%s%d:, The

|ne

%@%&%ﬂ&&é@%ﬁé&éﬂ&%} Eter ;ﬁlﬁﬁf&a Qﬁ/ bsyuch

instantly releasing the pressure froma 15 pressurlzed

statg R Sy i1 MR- JmE kP %@r&l@y@&blﬁﬁ&ﬁqd

rare earth conmpound except cerium oxide, it
prRfefdrEidd10 wseTae beastiane mepeed ig b&%@e@auotllg}- dry
compound sel ected fromthe group consisting of a rare
eatimdixigary & rfr ex epstt iyidraxigdeveta grireless thet2bad by
fluoride and a rare earth oxyfluoride. The specific
r&r.¢y. eadlamorgpouriskdd sl ldef Anedlaheven bmiaddiase
where the specific rare earth conmpound is an oxide,
om;aﬂﬁmﬂnﬂShpﬁéaanpdssibkeceASUﬁl@ﬁt@@dagfadispersing
mpurity is also included, however, it is inportant

t H?éﬁe gt opoirde arte RS cettumahemle idoesdigtion to a
fluctuate. If the proportlon to the cerium oxi de

f IUERAHEON tHeea PRt s NG FEBETT iRt latHsl raig thachine,

qu%}uatlon :y cause, 17
a homogenize an ultrasonic dlsper51ng machine, a wet

ball 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.

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
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
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
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severe defects in polishing of an insulating film in
whi ch polishing is termnated after a predeterm ned
polishing time in many cases. The purity of the cerium
oxi de and the specific rare earth conpound is
preferably 5 at |east 98 mass% The mass ratio of the
ceriumoxide to the specific %are earth conpound as
cal cul ated as oxide is prefer% ly wthin a range of
from99: 1. t : 99, By -hl endin h ri um.oxi W th .
e Vehe BETE i 4™ B BATIN e Sipathd S Sihg et o
hkﬂﬁﬂ%pq Qhi; g %%e%%r&i%%[}e%o'adfsé@x“% gﬂﬁé?aeté%em' ed
Specific rare éarth conmpoun al‘one "becarres possfﬁie.

PN n [ of e : | Xi .S
OO Eorirle e TRLERRY Bl ThE E LY CPELLES Rpium
| oodile cone e e tRE-L UM QiR untP 1S bl
Icc))vv,lt e poﬁ::ﬂs%%?f speé:dtrl}vﬁ Ieic r?ot e mz%ﬁler tjharér%ﬁ'eera Y

PQRld ShING speefdiddy polishing with the specific speed
earth conpound al one. The mass ratio is nore

pref erghd \nadd oS lof o HO: i dmrd-heldi e tHefssadd i ¢
from90:10 to 15:85. 20 Further, the nmean particle
Siraerd At paidrigduihd daRilenylsfed ke eafiidenioxigeferably
particles and the specific rare earth conmpound
pariticires asaray afi Vviragr @nd it lpresf.erably within a
range of from0.01 to 1 im nore preferably within a
range Bf Yreamdinhd@5he @eBiypmoxidde hel @b reaspeeriiid erare
size of the abrasive grains is smaller than 0.01 im
neadddi reamngroiridhingl issisew witl la el distrainveld; shany  srfeed
it is larger than 1 pm there is a high possibility of
1ghan 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
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.

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 pm. If the
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 um, there is a high possibility of
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defects such as cracks, scratches or film peeling. For
nmeasurenent of the nean particle size, as nentioned
above, a laser diffraction/scattering type, dynamc
light scattering type or photon correlation type
particle size 5 anal yzer may be used. For exanpl e,
M CROTRAC HRA MODEL 9320- XI OQ, manuf act ured by N kki so
Co., Ltd. used in Exanples i 58one of Iaser
dif fraction/scattering.ty ticl I I S.
FOFERETS ST Gl STt oF ARG CorTunan) 45 1079 For
p%reta.ls%]lr%%e%Qd c}é;ethseg?n%afn' arracriecl%a.rstir%ec,o O%[(}—:-I%tiqn d above,
particles as the abrasive grains is preferably Wt
a._r fq: A Yo, h i:shi
et PR e A A

v ; f i3 j IS 1l g4
B e N iyl e R N
ot ANty JE, M thea ot ber BaRAp1kf MicR¥eRARESHAR MODEL
mass% the polishing speed w Il not increase any
nMer3e,0 -3t  Wdhfac &Ly MARkidd @ .acksd . sefsiches
or filmpeeling may occur, and such a high content is
Nefxadhpldable drie eyl Lase i rddt itdie qugsenting type
i nvention, the cerium oxide neans a tetraval ent
Cerarimaide del saldredlyemadsa. It is described by a
formula Ce02 in many cases as a general nanme, but
pract ibattlyer i nthdetstalicanwunofoCeite ,cerium jaxiglamon
that x<0.26. Conpounds other than the above rare
earatt 25l eprpgvlinthearsper sl dasorg mar iy dammavrgk nesticles
general nanes. In the above, "as cal cul ated as oxide"
e o= e kA & o 9%l nh igkirkefer i rddiee i (RngRe Pt

a general nane. ) Lo
rom 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$%,
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.

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 1s common that
x<0.26. Compounds other than the above rare earth
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.
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In the present polishing conmpound conprising cerium
oxi de particles and a specific rare earth conpound as
abrasive grains, and in the polishing conpound
conprising a specific rare earth conpound al one,
water is suitable 5 to stably disperse the abrasive
grains so that the polishing.conpound is supplied to
a polishing apparatus in a caﬁstant anount. Water nay

be anyIﬁ%é&r&Q@n@fg&fls}gﬁﬁ g%é?é)u é' COI%hIe‘lS?P gjﬁct:erlum

of the prese inven er "or i on-exc ged

W%)%.rd rtfloc,r &aﬂ’dea %gelcgfiofﬂ:s%dar r@aﬂﬁf{r{#&{h&fas

the water to t e cerium partlcles an

t
bgaq%f}e%éelﬁfrﬁ ﬁ%ﬁa ﬁ?{)enmﬁﬁgmg;%}ge g%{%la% cond| th ons gél]bé}#%smg

S hall i Mg of s A LW ASIdp Atha FofoneX il & {d&uitable
cerlun1OX|de particles and the specific rare 15 eart

COHPUNULPArd 1 §) &8s Aren St a5k Afe A Ay £ONGELN ratd on

slurry, mhlch is diluted with water when wused for

PAd SIEHhg ashddend i 5€ oSyl 1dq the @?dﬁﬂkmﬂqg apparatus

compound is optionally selected dependi ng upon the

poin Shidgheiut @it of Wat@r &algoldes Rk oMRCRING Py &s it
20 pad. The present polishing conpound conpri sing

cetoesn noxi depqpnr t tlod esbpewk so Speee fpresarte Pardtion.
conmpound as abrasive grains includes such use. The
prRsentwapody st nppr-osrpoiah edywdize premar etbbyexxamimwie
met hod, for exanple, by introducing the specific 25

r dreear ﬁlhecmmlcm tfth & hee mafr@To Xicd & hsaasirdiugs cgddie
the specific rare earth conpound particles, into ion-

e RManEete et et 9%??5%@?%?4%gra¥%l¢%%%@ %ﬁmRﬁ%RéwRﬁ¥ﬁ901eS

may optionally be determined depending upon actual
conditions such as handling of the composition. For
example, the cerium oxide particles and the specific rare
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
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
rare earth compound, or the cerium oxide particles and
the specific rare earth compound particles, into ion-

exchanged water with stirring, followed by dispersion
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treatnment by e.g. a honobgenizer or an ultrasonic

di spersing machine and filtration of foreign
substances wth a filter. Other additives nay
optionally be added during this preparation. 5 The
present polishing conpound, containing or not
contai ni ng cerium oxi de partig@es as abrasive grains,
may optionally contain a pH“djustor, a surfactant, a

C@%gwegtagﬁng g2ha Oia'oﬁk' énpgzage% R hﬁ.wglswl%gent

VI SCOSIty- |np t1ng or a Vi Sscosl

g?%&%%#ﬁ% h3AYRAL and ‘E%‘QEB%ELBn %fd'f%l%r %'nn%u%%%%tnces

case requires a range

i gﬁ@hr al tﬁglgglre‘:toﬁ’lflef h§ddPE§§§§‘tmé§‘V&B£iQHalT{?%Q"deed

ustor Is not particularly [Trmted,

aghglgb %hﬁ%'ﬁ g%grgglgged For exanple the pH 15
adjustor to the basic side nay be ammoni a, an al kal

et al TERIMPARE UGB 131 WBnihehinKi drita IRARS YriMot
hydroxide, a primary to tertiary am ne, hydroxyl am ne

Oton@aduaher dary uaMeRiidempsaltti c3eeh a@S abrasive grains, may
t et ramet hyl ammoni um hydroxi de or tetraethyl ammoni um
hygtaynda,lyokodtainne- pH2@djustor, a surfactant, a

hydr oxynet hyl - 1, 3- propanedi ol . Further, the pH
adjhedtaringt egehnd ,aend osiide ziay bgeart i rorgduicingciaggent, a
such as nitric acid, sulfuric acid or hydrochloric
aw@w@rlta'ﬁlmp@a]m@g adgiet ts 9¢h 2ay iscosii¢ vasiogt rolling
propionic acid, lactic acid, citric acid, oxalic acid
0PISBEC| B €CAGNGATES Thélisperadfgnedesithoretc. as the case

particularly linmted and is optiagnally selected from
afesiiigifice Sitidet anfrange agl & dreFriffadtgobigct of the

noni oni ¢ surfact.ant and an 21
present invention.

The pH adjustor is not particularly limited, and a
known acid or alkali may be used. For example, the pH
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-
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.

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

cationic surfactant, a nonionic surfactant and an
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anphol ytic surfactant. The anionic surfactant may, for
exanpl e, be ammonium |l auryl sulfate, polyacrylic acid,
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 ammonium salt. The
noni oni ¢ surfactant may, for,exanple, be a

pol yoxyet hyl ene derivative, a” pol yoxyethyl ene

Sg F%%Egztfi%t tsﬁﬁhzgtféiccta‘?ftt.er];r% Qngbﬁ%rg rfgé%ﬁﬁgfné&},bgor

est he anpholytic surfactant may, for exa

AR AN DCURI DG 13 Q'Hdl%l‘”guﬂi%rﬁttjeg d%ﬁﬁﬁﬂ&%cid, an

agent 'is also not particularly nown

0RA KRAY RA 45 o a8k 1M eS| 81 Rf1addl t @hkCcationic
acid, malonic acid, 2-am no-2-hydroxynethyl-1, 3-

PlRRdERRARlt Y ,ard10 SEnbI1IC AR MU N@mIHANNG or a
gl utam ne or asparagi ne, a peptide such as

gl eginsgiynemb rifungl 40 al @Rengondonic surfactant may,
pol yam nocar boxyl i c acid such as EDTA, an

ofardxenylie, ard G Py As aHlichaa@idl iofa thardensed
phosphoric acid. Further, anthranilic acid netal

C e 1atoexy eorh yqueneal stinb icc eac i fth et &llc ichedsate; omhiechylycerol
forms a conplex wth a netal such as copper, may be
udedt.ty2 & chite eptiati zi Apecagapholytakseundacpanti valvar ifpr
limted, and known hydrogen peroxide, urea peroxide,
per@etlic heiad Flépriketfinatar @ anindard dmy, for
exanpl e, be _used. The reducing agent is al so not o
part i TR oF L2 E HRY eBYCBRd RN G CoR® triBA 1 Qisle L Fokimited,

exanpl e, a 25 hydrogen conmpound such as hydrogen

i @d}r%é PSR4 | 4R an 14l B8KydéOTsGFare 6 BF

g_;l%argzleacr&gcg (I‘jg)col.ggd Iﬁc’aulcohn i ca Sac;]'c ioé[ ,m 2C— aarrcl:iI ndo —Qj— h01;( Jé}gyr(?ectl l'(ljyl -1,3-
propanediol, an amino acid such as glycine, alanine,
glutamine or asparagine, a peptilde such as glycylglycine
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.

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
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.
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The organic silicon material having a CSi bond and a
Si-O bond, to be suitably polished in the present

i nvention, preferably has an atomic ratio as the nol ar
ratio of Cto Si in its structure of preferably within
a 5 range of fromO0.25 to 3, nore preferably wthin a
range of froml1l to 2.5. The 2£onic ratio of Cto S
has a close relationship wtH®nechanica

chara i stics L. [ gg{m'c ) t~af.: t

i nsul glthf‘e;goﬁﬁa[%car%lg%ﬁgg al, led%ihga}ﬁglr%él?t%gjti ﬂb%d and
canten | 65 e N # ' t: 0 i,
Q) %ﬂ.?)'ﬂonﬁ% 3%5 ﬂ@ %%ﬁtaEh. ?§§¥P§ﬁ§§?3fhé9%%§%£% %ﬁ%

t he Tower t ielectric constant,

Fn?. _ it‘ﬁ'nln,c'ﬁr&“e__tr%rﬂl%/t e ta‘?ﬁ%tto‘?ni@_e(‘rra%fl%e:as-r e molar

elative dielectric constant of the insulating filmis
prefarallyy MdNigy ad ange AhrddtiPel & R Ferad ¥ &ikhin a
preferably within a range of from1.0 to 3.0. uch an

| RSt 1079 fidnMoc @Wrdcsizng iy Ok HcGat8iy WEdhin a range
material having a Si-C bond and a Si-O bond may be
deyogidced 1o 2s&1 conduct or wafer by e.g. CVvD. At

that time, there nay be a concentration gradient 20

in there condreind 1yt iss oper add Bl Hae.4.cTagan gl ionship
| ayer having a high oxygen content in the insulating
f iwimh mécderdiaeg tadhaddee gerasantcd mrehttihen, diidlsafifiect
will not decrease even for an insulating film having
s e st argorderitheatiinsv lgrtddicerfii e hifghopokirshi ngheahegher
can be 25 obtained, and a_sem conductor integrated
cithaiQ coF e pl -dhariedighfr rdteh e BF palatsis mf &h to
insulating film 23 i )
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
preferably within a range of from 1.0 to 3.0.

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

At that time, there may be a concentration gradient
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
obtained, and a semiconductor integrated circuit can be

planarized.

The method of polishing an insulating film
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conprising the present organic silicon material by
using the present polishing conpound is not
particularly limted. Such a nmethod nay be enpl oyed
wherein the rear side of a sem conductor integrated
circuit having an 5 insulating filmconprising the
present organic silicon mate bal formed on its
surface is fixed on a rotata support, a polishing

t t
oS AR R SINAR. P S BB TS st
ré‘%fﬁ?e%*ee%hﬂ séd%lcso% iR o el iy
ah? hﬁ?ﬂ H@R%Eﬁ y”%@ﬁ%m%ﬁo @P%&k%%ﬁ%gthe rear
mat er mhlc &bsor bs t he pressure during polishing

ang; i gh a@%rﬁf@brﬁf{uﬂ%%@edﬁﬁﬁ&i irdPit Naving an
sem conductor integrated 15 cirtcuit. Further, the

po.l.ﬂmélglrp%dfm é&w&%fxﬁfoth@rpféé?&@roﬁé&m@sﬁplcon
that the ishing slurry can be wuniformy supplied

tméi@rﬁa!fmlanéﬂ del e ot ofs fiHeyred e rotatable
circuit. The material of the polishing pad may be a

pawEesdet, 20orishiod yhead hegqel peedl witibeangd essioing pad
the present invention, |IC 1400 K- G ooved

( piod yor @tdianei med erdoratgct mantt acteir sdr ycdrodel thide tt a)

was enpl oyed, however, the polishing pad and its

meg @i edndec ther ubetedratdd preseht, amverite areobishing pad
limted thereto, and may optionally be 25 sel ected

deberieR ERtEePon t he conbination of the polishing

compound, the polishing ap garatus etc. to be used.

The poTh%h?ﬂ@l%P%ggﬁF%rnﬁv %%¥?Bﬁ§l?§r%%l§e@a$4be 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
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
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
selected depending upon the combination of the polishing
compound, the polishing apparatus, etc. to be used.

The polishing pressure may optionally be set
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dependi ng upon the relationship with the type of the
pol i shing pad, the type of the cushioning material,
the polishing speed and the characteristics of the
pol i shing conpound such as viscosity. 5 Specifically,
in polishing of an insulating film conprising an
organic silicon materi al havig a CGS bond and a
Si - O bond, to which the prese invention is applied,

PRSI 0T S PRI e (AN
LI 008 O MIRARM b L0 F;gan{ Jdhey, tne

|ng pressure is ower than 0. /x103

Li%tl'ﬁ C?O%!fﬂe%?i nhd atk WiHdrRe Hbtalingd 4i t'H@“bollshlng

cases I's higher than 2.5x104 Pa, scratches

orcc;n{bﬂodﬂdws@}g dd kelaeda@ecur in the process of
polishing, and a 15 circuit formed on a sem conductor

subst refec OF i a1 19 tih VST Bsh Bid Ust Wre s\ Cld g S ane
inmpaired in many cases. In the polishing nethod of

t heomprEsaniy idl etdaitc die spplat aniinthaafiddeén ¢-Si bond
pol i shing conmpound slurry is 20 preferably from 0. 02

t a8 & rdi/{onbond cnd) ,whiiadH ithd astesery efrareatd iyorf rigm
0.05to 0.2 mb/(mn x cn2). If the supply anount is
srepdlared harhd. B2 idling pness)e i prademediley within a
polishing rate may be obtalned and on the contrary,

| frangexaiedtron. 8 MICnite 2 - ém;)o Pae mpvanprofepabine
slurry exceeds an anount nﬁgglred for l'ishin such
béfid et ore L Fromp- n&ot Re 7§&P? ake- arda 91

the _ paljishing pad. 25

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
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
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
the slurry exceeds an amount required for polishing, such

2

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

polishing pad.



5

10

15

20

25

The sem conductor integrated circuit polished by the
pol i shing conpound of the present invention is usually
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 using the polishing conpogﬁd of the present

i nvention, obtained as nmenti©oned above,

Pover o @f%%m%%ﬁé%c%“nﬂ%ﬁﬁﬁgﬁp@?ft 24%%?%%@% the
| .

io&l%ﬁ@-“f?gﬂ SO, M Bt dhe, AR U M1y
di ec%&% ri ;—’&g"%ﬁﬁ%}t Em’f ree Ir{bg VJaacyeq Mldﬂ ot

on1defects such as crac S,

S%kﬂh%ﬁﬁ§mpf Bﬂkghe%ﬁlbngieQHQn%Xg%lbggklba o%% in many
surface flatness. EXAWP Now, the present invention

widdsdre expl ai ned nore speC|f|caIIy with reference to
Exanpl es. Exanples 1 to 3, 8 and 9 to 11 are Exanpl es

of t herips es@it cdi¥edt d:© M n B 20 dEXAIRdESt 4od Di ghéddoy
12 to 15 are Conparative Exanples. "% neans "mass%

unl iy aite e Isiestsiper iddngtburMated ites prasHbre asiraneitn,
met hods used in Exanples are as follows. (Measurenent
ofobreainaadirdd cientsiaeyd ldbonas, ald aparad dyl M IGRAIERATL when
HRA MODEL 9320- XI OO 25 nanufactured by Ni kkiso Co.,
Ltid. Hasterdeymer iwistdre i by 9y |agvered it ayerinsulating
insulating filmconprising an organic 26
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
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
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
manufactured by Nikkiso Co., Ltd.

(Interlayer insulating f£ilm)

An interlayer insulating film comprising an organic
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silicon material having a GSi bond and a Si-O bond,
used as an object to be studied in the present
Exanples, is a filmof Black D anond, tradenane
(relative dielectric constant: 2.7) based on a
producti on nethod as specified 5 by Applied
Materials, Inc. A nultilayereg product having this
interlayer insulating filmh & such a structure that

a.ﬁlqzc | l rﬂf /1 | Cal\(r@§§i 05 Q ﬁﬁnén@i—% %@r‘f&, used
#Iﬁ%ﬂ wth at ? 6%

Di anpn i ckness o nm ar e

| ard r}ﬁ{%%b@.@é|B§°§tﬂ@i§&‘b§{r@{1§ng%|§%%§2%¥\g}nﬂ>fes, is a

Fig. 6, and Inmtates a structure

irﬁfﬁﬁﬁ¥@“81£@%”ﬂgéﬁﬁhéjli%éééﬁéﬁ@e Oaflive dielectric
sem conductor integrated circuit. The result of

NMEAsHE RNt f7 pbd Sdd 888 th SPESAEN U the F18SPELE $Pecified
the Black Dianond filmby neans of a FT-IR apparatus

(fedpp Ibed Ak 8300) s rarwdd act ured by Shi madzu

Corporation are showmn in Fig. 3. Fromthis infrared

ray chariultheavseted! pyeduct nBa-dhynghis! thteriguad to

have a Si-C bond, a Si-O bond and a Si-CH3 bond. 20

Furidelratimg hf 1 bspecd $wuch he BtacktbDranomat fal®io, film 8

concentrations of C and Si per Ar sputtering tinme were

meesth ezl byl clsnegs anf X6 0 @ynmphatdeh eBlach Bpauendstbpy 9

(ESCA: el ectron spectroscopy for chem cal analysis,

nmodeth E£S0A Ja09$s nahuf At um ek ylBhi naded Qorposatiopn

as 25 shown in Figs. 4 and 5, and the results are

shewips trataabl e alowouhr sF1gpst . canmt IpeFasetondytopcture

Cand S| per Ar sputteripg time and the atomc ratio

of 1t Wi am byterlayer 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:
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.

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
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
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| onger Ar sputtering tinme neans closer to the bottom
of the layer of the interlayer insulating film In
Figs. 4 and 5, 1s and 2p represent detection orbitals
of the respective atons, and the atomic ratiois 5
represented based on val ues obtained by dividing the
peak areas by the sensitivity gactors of an appar at us
for the respective atons (C ?, 000, Si:0.870). As

I‘c’%%\l}%éxn -Eabé t[]te g@} J}H@q@% r?sodcfci?er't{bt&?e bottom of

ayer ere 1's such

hi gher e e T e f%raQTSQt -
grai nsyp (§6gd um oxhges Paié'&ﬁgsi%@gﬁrgé'éﬁﬁyd&t% tin

carbonate was subjected to wet grindi ng and

heatigd Ats 38| Hd Yrd SR BT £ s 10&1@ tl".r@de?ﬁ'orﬁfé | *tio is

with stirring by using a reactor, and aged until

f oraptd hida o dan <H %plfegaeoeamd@y a@iivi@fﬁg the peak
dried. The obtained product was fired at 700'C b

UsiFhs Byfashd UWdace: ARk @r oaktb by &F j &1 d’@ﬂ)éra@lﬁ@ for the
then the 20 slurry was classified into a nean particle

Sizesmdctie lomg NeDAdy o wm oxi de. §as )t j cl es) Neodym um
oxi de purchased from Ji angyn Ji ahua New Materials and
ResoursessiGown ihdlabbs 1reatelswihfenstpbanebatyim the
and then classified into a mean particle 25 size of _
0.ntamlayemt hraswia oiialef phnt i thesd isngtbeinum oxicentration
purchased from Ji angyn Ji ahua New 28
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
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
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
size of 0.4 um.

(Lanthanum oxide particles)

Lanthanum oxide purchased from Jiangyn Jiahua New
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Material s and Resources Co., Ltd. was treated with a
pl anetary m |l and then classified into a nean
particle size of 0.2 pm (Praseodym um oxi de
particles) 5 Praseodym um oxi de purchased from Ji angyn
Ji ahua New Materials and Resources Co., Ltd. was
treated with a planetary mllL,and then classified
into a nean particle size of 8.3 um (CeLa203F3

p@fé%éili s W fHEe sarddL cay borate concapdaley with a
purchased from | NNER MONGOLI' A BAOTQU STEEL RARE- EARTH

His1HR e 8S, {:ountng Rafdd allasdil tird nated. s daa@hrticle
fired to obtain a rare earth conpound contai ni ng

Celsa203R3,0 andyt was treated with a planetary mill
and classified into a nmean particle 15 size of 0.2

pm  Theppakdddyeiuk ex 1@ eogefidn €oyrpound in the
abrasive grains used was at |least 99.9% (Polishing

speed)ptd s ¥6Gy0biRi tetid rom dhes s f f esenTeandyn Jiahua New
thi ckness of 20 the interlayer insulating film
betansen dlef airel ARws@fters qml | dhidg Wae tlredted esith a
EXAMPLE | (Preparation of polishing conmpound) La203

( Eomepaaty chEl siaged theh unjaseaid ieh-exohangezhn 2article
water were m xed to prepare a polishing conpound

coitze mhg B 0w of La203 by using an ultrasonic

generator manufactured by N HON SEI KI KAI SHA LTD.,

U trastfekagBFs particles

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 CelLa;0:F3, and it was treated
with a planetary mill and classified into a mean particle
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
the interlayer insulating film between before and after
polishing for 1 minutes.

EXAMPLE 1
(Preparation of polishing compound)

Laj0; (mean particle size: 0.2 um) and ion-exchanged
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
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Generator MODEL RUS-600C. Using this polishing
conpound, the surface of the interlayer insulating
filmmde of a Black Dianond film forned on the above
nmul til ayered product was polished 5 under the
foll owi ng polishing conditions. Polishing machine:
Pol i shing machine Mrra nanuﬁgctured by Applied
Materials, Inc. Polishing pad?”|C 1400 K- G ooved

(@gg@@g&g&n vVe)is-Rolgshi ng conpound supply anount:
200 nL/mn 10 (corresponding to 0.1 nL/(mn x cm 2

Pol i Sfﬂjgﬁ%ims lod1 i85 RIS, RIRSSHL&ack 38X the
104 Pa Nunber of revolutions of polishing pad: Head 57

I e¥eletiaQRs! TR ulRhg FidhehaR FMa B3 abke Aot Fd 1m
speed per tinme in polishing under the above

CEREdI0 s W NBRASA afhltineveddd HhricAushowa d olTi'@Elle@

2. The polished nultilayered product was washed wt

I WAdicR] then -FXakanierd patiehiard ddden tdiongd. No defects
20 such as cracks, scratches or filmpeeling were

f ound.po IENRLE s divialarat ipen iwas ngamaicadneutiirirat he

same manner as in Exanple | except that a polishing

C owrpoufiact thanddn oyt iep Ificld oty iprlegpormnicon was used

instead of the polishing 25 conpound of Exanple 1. The

r esul tPalsisihiown vad TaBCe 1200 KoCdebweds (sgokeasric groove)
cracks, scratches or filmpeeling were found. 30

Polishing compound supply amount: 200 mL/min
(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.

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

The polished multilavered product was washed with
running ion-exchanged water and then dried. No defects
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
compound of Example 1. The result is shown in Table 2.

No defects such as cracks, scratches or film peeling were

found.
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Nd2G3 (nean particle size: 0.4 pm : 2.00

| on- exchanged water: The rest EXAMPLE 3 CelLa2(3F3
(mean particle size: 0.2 dinm) and ion- 5 exchanged
water were m xed to prepare a polishing conpound
contai ning 1.0% of CeLa2CB8F3 by using the sane
ultrasoni c generator as in E&ﬂpple 1. Using this
pol i shi ng conpound, the surface of the sane

i nter roj i.ng: f4 ] | e Hrmed on
10 théﬁgg%vg&rsréuﬂ ﬁ%%@leéle%@pf%%'uc%'%mgsm&pbl%é ed by the
fol | owi,na griiadedPallcahi:nogpaChLEe:  Compact size desk
| appi ng machi ne™ NF-300 manufactured by Nano Fact or
Caxambt g. 3Pol i shing pad: |G 1400 K-G ooved (concentric
groove) 15 Polishing conmpound supply anmount: 70

ML/ M RerEGOIF. LSRR @ﬁuttch-ell,smz_/e(zmon 2X 18112khd ion-

Polishing time: 1 mnute Polishing pressure: 2.76x104

Paxtuahgedofvateyokitieons xetl pel bskpagepadpotieadifg
rpm 20 platen 103 rpm The polishing speed per tine

| BoRpbusdl Bentadernghe . 0abe¥e ceonddiF0by wasnageaher edme

The result is shown in Table 3. The polished

mufltirbapearied gehetdatbrwas WasEedmpilith1 .25 runni ng

I on- exchanged water and then dried. No defects such

as craskisg sdris ghesi sdrinfd lonmpeeindhg ther evrdiame of the

EXAMPLE 4 31
same interlayer insulating film as in Example 1 formed on
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)

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,
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
running ion-exchanged water and then dried. No defects

such as cracks, scratches or film peeling were found.

EXAMPLE 4
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Eval uation was carried out in the same manner as in
Exanpl e | except that a polishing conpound having the
foll owi 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 um: 1.0%

| on- exchanged water: The rest FXANPLE 5 Eval uati on was
carried out in the sane nanne as in Exanple 3 except

t hat ' [ 1 | :
prgpoﬁv%gﬁl%n}sd}gse%a%fé thlelbg: Qanaltn%g conpouna n
Ofg; Q JIxc 6’c rt%%‘é' 'p%l%'%‘?l\’ﬂﬂ%g‘ %oFg:tEJu%dg navidld Yhe

OXI nmean par Sl ze!

: %‘la_%%ﬂ@f&g%&o‘ﬁ@r%ﬁon'r%é ele FANRISR P ol t%‘@'ﬂ%ﬁt 'sq{ing

was carried out in the same manner as 1n Exanple

exRRlourndlo fA B3k N ceppowadyuhaviggshBem el Iramagz
proportion was used instead of the polishing conpound

of Exargtiund.oxite resdtl psrshomd divdald & Zim)Si 02, 0%
(mean particle size: 0.2 um) : 12.5% 20 |on-exchanged

wat er : Iohesx@snded®Mider: Exdleualsls@n was carried out

in the sane manner as in Exanple | except that a
pa@xrMBIEy Sconpound having the follow ng proportion

was used instead of the polishing 25 conmpound of
ExanplEvaluditieon ems tcase sdvwut nidaile $ame glarh@03as in
(mean particle size: 0. 2 um : 1. 0% Ion-exchanged
wat@np ITEha resster8? 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%
Ton-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 i1s shown in Table 2.
Si0; (mean particle size: 0.2 um): 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 upum): 1.0%

Ion-exchanged water: The rest
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EXAMPLE 8 Eval uation was carried out in the sane
manner as in Exanple 3 except that a polishing
compound having the follow ng proportion was used

i nstead of the polishing 5 conpound of Exanple 3. The
result is shown in Table 3. No defects such as
cracks, scratches or filn1peegéng were found. Nd203
(mean particle size: 0. 4 pn 1. 0% | on-exchanged
watkah rest 10 EXAVMPLE 9 Cerium oxi de particles
(mean particle size: 0.2 unm), La203 particles (nean

Par | Gh I oo Ao etk Qlle CENANICLLAREIAES S in
olrsnin

m xed to prepare a p conpound contalnlng 1.

OfEﬂalPrﬁal“eerj WRQH& 1Ra td ‘i!oel%slrﬁr@“%olm&/@rﬁ HJ\%Agath?e

particles by using an ultrasonic generator

Meey flakdiHee b M HON SEIKluded S deld .of WHd asPNighing
Generator MODEL RUS-600C. Using the polishing

CRPOhG U mumface f trhe resuet! ageshoRsulial magle 3.
filmmade of a Black D anond film 20 forned on the

abny eldfddtd ayritehPraxioiis Wascreaddisdedbr Thelnpadshimg were

speed per tine in polishing under the above
cddirid.ons was neasured. The result is shown in Table
2. The polished mul til ayered product was washed with
25 runidx9g (oeaexpbangedewater:afd4t heh:dii. 88. No
defects such as cracks, scratches or film peeling
were fERAMEXCIBOGML WaEeR3 The rest

EXAMPLE 9

Cerium oxide particles (mean particle size: 0.2 um),
La,0; 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
and 1.0% of the Lay0; 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
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
running ion-exchanged water and then dried. No defects
such as cracks, scratches or film peeling were found.

EXAMPLE 10
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Eval uation was carried out in the same manner as in
Exanpl e 9 except that a polishing conpound having the
foll owi 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 par%%cles (mean particle
size: 0.2 pm: 0.5% Nd203 particles (nmean particle

. / : '
EXAVPER ATt H i e B Uee s in
O%%a&ﬁge.9p %tp%% Cle oﬁq%%ﬁn%ar dﬁﬁa %%vﬂ%d3the

I on- hange er were m xe repare

| i I aj f
2N SRS, O AT A St e S

U%b&@oh%%.%%”%xa%khkﬁ%onl@hgeBééaﬁﬁf1§Ssh8wﬁxﬁﬂpbﬁbﬂe 2.
Using this polishing compound, the surface of the

S{E deFeRidsAvRicH BeUIREIRG f iddPaasHay bramillen Sdearirrd were
on 20 the multilayered product was polished under the
sa@nepl i shing conditions as in Exanple 3. The

pol i shing speed per tine in polishing under the above
condi tgeanisumesx itka et cTdre (mesatl tpdstidieavsize: Tal eim) :
3. 25 The polished nmultilayered product was washed

WOt.'b% runni ng i on-exchanged water and then dried. No
defects such as cracks, scratches or film peeling

wer e Ndldd. p@4ticles (mean particle size: 0.4 pm): 1.0%

Ion-exchanged water: The rest
EXAMPLE 11

Cerium oxide particles (mean particle size: 0.2 um),
Prs0:1 particles (mean particle size: 0.3 pm) and ion-
exchanged water were mixed to prepare a polishing
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
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.

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.
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EXAMPLE 12 Eval uation was carried out in the sane
manner as in Exanple 9 except that a polishing
compound having the follow ng proportion was used

i nstead of the polishing 5 conpound of Exanple 9. The
result is shown in Table 2. Cerium oxide particles
(nmean particle size: 0.2 um: & 0% | on- exchanged
water: The rest EXAWPLE 13 18*Eval uation was carried
Olll__.ltxi _Ltﬁmlzsama manner as in Exanple 11 except that a
pol'i'shing "conpound having the follow ng proportion

was u j e t ol i shi.ng Oég}gs i.@ﬁé’z.[mé ;
11. Tﬁ%ﬁariesu Jtd’%{l]ls"s)ats oév\]%r]iplné(ﬂl'a[g]kt{]egﬂBF.1 %gri um o%ae ¢ in
' r | 7e: 10 : 0%
PR s R el & Hfsiflly KBrocig bing che
G i i}t AT, e i qu@grgg RSN
\ggfzjelplt%v{lhr%? Fglgp? odllin:slhdi]ﬁg corrpéﬁ :th %}sat\%%r% rbtfhe 2 AAfEhing

f Adr@idi Ry ORBEPIE VRS tsed reastiead soknbhe Rel itshileg2 .
compound of Exanple 9. The result is shown in Table 2.

Si 2 peetiehesx{deapaperdiss e(meae pdridid si2eb% .2 um):
| on- exchanged water: The rest EXAMPLE 15 25 Eval uation
wes. garried out in the same manner as in Exanple 9
except that a polishing conmpound having the follow ng
pr oporIomrexcisansed wasérad Tfe tdestpol i shing 35
EXAMPLE 13
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 pum):
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
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 pm): 12.5%
Ion-exchanged water: The rest
EXAMPLE 15
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
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conmpound of Exanple 9. The result is shown in Table 2.

a- A1203 particles (nean particle size: 0.2 pm : 1.0%

| on- exchanged water: The rest EXAMPLE 16 5 Eval uation

was carried out in the same manner as in Exanple 9

except that ceriumoxide particles (nmean particle

size: 0.2 pn) and La203 parti hes (nmean particle

si ze: 8I2 pm in the proportig (mass ratio) as shown

|n Tahl e ddns t he .pol n
nlﬁqaof % o ?eég tr%h res&:%t l%sss g’\%\lanlnT g%le 2.

EX@ME%%)1£E§¥§|#3E|QReQﬁSPQ?EEE§g QHEe'”otg uﬁ?qel.o%

manner~ as hat " ceri um oxi
partlc % g@r féf Sig e fgé% pn) and Nd203
partlc es (mean artlc e 15 si ze: 4 pm) in the
pwﬁ%ﬁépéwhénass rati o) as shown |n Table 5 were used
i nstead of the polishing conpound of Exanple 9. The

resul tgy51800¥0ni Padabler bea TOBLE A t KOUSd e Ohatnd@Rdas in
Si per Ar sputtering time Ar sputtering Count of C

Cotyimpfe S) &kShpatOma € déieur bdenSAf Cs)éat (fean
04070 214141 65 1044424216361 79 2044884203341. 92 20

3Garticle size: 0.2 um) and Lay03 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 excepﬁ 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




TABLE 2: Polishing speed under various conditions

Ex. Pol i shing speed (nmmn) 11731x10-1 21648x10-1
4305x10-1 6146x10-1 7256x10-1 92740x10-1 101946x10-1
12305x10-1 14146x10-1 15256x10-1 TABLE 3: Poli shing
speed under various conditions Ex.Polishing speed

(nm mn) 32725x10-1 5847x10-1.81168x10-1 113698x10-1
13847x10-1 37 TABLE 4: PropoP ion of La2G3 and ceri um

‘”%é%t@ﬂ? A@% q%h.%@P@%&%ﬁ#@ggggﬂg%Eﬁq#@ %3'd¥yfgﬁs

cerium ox rrass spee
Polishing speed (nm/min)

1 1731x107t
2 1648x107"
4 305x107t
6 146x1071
7 256x107t
9 2740x107*
10 1946x1071
12 305x107%
14 146x107t
15 256x107*

TABLE 3: Polishing speed under various conditions

Ex. Polishing speed (nm/min)
3 2725x1071

5 847x107*

8 © 1168x107*

11 3698x107°

13 847x107*
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(mass% *(mass ratio)(nm mn) 2.00.00411x10-1
1. 00. 50. 331864x10-1 1.01.00.52740x10-1

0. 51. 00. 672320x10-1 0. 02. 01.01731x10-1 *

Conc

entration

in polishing compound 5 TABLE 5: Proportion of Nd2C3
and cerium oxi de and Amount of Nd2G3 Nd2G3/ (cerium
Pol i shing cerium oxi de (nass? *%oxi de+Nd2CB3) speed

(mass% *(mass ratio)(nnmn) 2.°00.00411x10-1
1. TRBIZD. 838 A30r0rt ibn0 »f00.a2066:4xd Ocdrium oxide and

0

sl igher

d-1 0.02.01.01505x10-1 *

Conc

entration

N(rhansef at i ng fi

rApplnshhhg compeudd | NDUSTRI
resenim i owsdd | onmasei)des a p

Imfor a semc

ALa ARPL c@ARN I T
POk S6ie AgagmpoU
DRSS OFat NEEIT

Y di shieng
NEbeddr
afr@/min)

Ircult
r

Ich effectively plra
i sing an org

i c Si

nari zes_an i ns
i con terial

-1

rat'ﬁgl@o

havi

s
a
C
f
d
i

ilnteqgra

ilm c%
- Si bond, and 4
1ol

L Sl -Oop%nd, fo

r med odw 333 sem ¢

Onaye %101

1.0

0.5

2740x107%

0.5

0.67

2320x107%

0.0

1.0

1731x107?

* Concentration in polishing

compound

TABLE 5: Proportion of Nd,;0; and cerium oxide and

polishing speed

Amount of Nd;04 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 840x107"
1.0 1.0 0.5 1664x1072
0.5 1.0 0.67 1946x1073
0.0 2.0 1.0 1505x1073

* Concentration in polishing compound

INDUSTRIAL APPLICABILITY

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

circuit, and which can provide a high quality polished

surface which is free from or has reduced defects such as




15 circuit, and which can provide a high quality
polished surface which is free fromor has reduced
defects such as olishing speed olishin s Deed 38
cracks, scratches or filmpeeling, in a process for
produci ng a sem conductor integrated circuit. Further,
it provides a nmethod for produging a sem conductor
integrated circuit, which mak it possible 5 to

PEEANER, 25 REALERRLUB Ot 1t SULAUE, SUECH Lol Ter
I f: I ld h
Sé‘%dh%”l ok .%%hl%%&%%eiﬁ}ée?ﬂaﬁeﬁé%ﬁ = cé“ni,ound

for i
r;éﬁ . Con%ﬂg}g{{ aéé"% rJéHHB&CHHIH M@

organlc having a CSi "bond an a

Sigefdi PR B P8 283 ftia @ i3eMiGONgGIer n@]dég agr dRtible

CIFCUIt whi ch conprises water and particles of at

| @251 rRRR DAL el dRIRAR N repeIRl $alrectiad wifdkdmn
the group consisting of a rare earth hydroxide, a

r anguadlttihof fUah dewind & e Redikleedditordaistahy airel
earth oxi de except cerium oxide, and a conposite
CIpUNGnt0 itheradace? . f TEHapad i sttty Mefpeurd d with good
according to Caim1l1, which further contains cerium
oyrdelyearitviclyes. 3. The polishing conpound according

to Caim2, wherein the mass ratio of the cerium

oxide to the specific rare
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15 earth conpound as calculated as oxide is within a
range of from99:1 to 1:99. 4. The polishing conpound
according to any one of Cains 1 to 3, wherein the
specific rare earth conmpound is at |east one rare
earth conpound sel ected fromthe 20 group consi sting
of La203, La(OH)3, Nd203, Nd & , Precil,

Pr(OH) 3, CeLaO and CelLa2(3F3 5. A nmet hod for
producing a sem conductor iRfgg llr,l ated circuit, which
has a step of polishing an rnsulating film conprising

21 & RSN RS AT B0 S rd e ot A
watiah, anghdardifG es Qﬂcrg%tnf |ce%~°it i SRE A1l rl'faa.rv%.ng @ c- Si

earth conpound “sel ect romt e group consistingo
AHAE Ml LA DXL b JRIE i e sf(fxﬁ%rdmct%r

rare earth oxyfluoride, a rare earth oxi de except

CAMtEYrRH e cidnthitd GARES IdenARAURA dNerBRf pfticles

The nethod for producing a sem conductor int egrat ed 5

Ciofcuitt laeear dimyg dpeddfidnareveeein ddaReTiddiected
rare earth conpound is at |east one rare earth

c dypourdhe satcant edbrioicmitrhe off GUpanen Sttt hyefrd:ade8, a
La(OH) 3, Nd203, Nd (OH) 3, PreOLl, Pr (OH) 3, CeLaO

anchrCe leg2@BFF Luck idehe aretared daartlpreoghfdivng isle, a rare

sem conductor integrated 10 circuit according to

Cleginilb axids emramgl eariampolyigle ,n@nd enmpmmpdb sfitret mmpound
contains ceriumoxide particles. 8. The nmethod for
pridrEafy a seni conduct or integrated circuit

according to any, one of Claims 5 to 7, wherein the

organi TS i B EEHRE TIOR3 X B triiaiy B grhich

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
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
group consisting of Laz03;, La(OH);, Nd;0s, NA(OH)s3, PrgOii,
Pr(OH);, CeLalO and CeLajy03F;.

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
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 consisting of a rare
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15 0 bond has a Si-CH3 bond, has a relative dielectric
constant wthin a range of from11.0 to 3.5, and has an
atomc ratio of Cto Si within a range of fromO0.25 to

9. The nethod for producing a sem conduct or

integrated circuit according to Claim8, wherein the
insulating film20 is to cover a copper wiring |ayer.
10. The method for produci ng 49seni conduct or

i nteg aﬁ,&%r g(l Uit accar Cftlgo‘}l'a wherein the
0

mass ra

ra% g’% ronrhOI a§fr§egle%?5ﬁl:%g€91% WD LM BAge, ana

e %éfitim OXI the s’pecn‘ac rare

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)s,
Nd,03, NA(OH)3, Prg0i11, Pr(0OH);, CelLaO and CelLa,03F;3.

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.



