1 -DESCRI PTI ON SEM CONDUCTOR POLI SHI NG COVPOUND, PROCESS FOR I TS PRODUCTI ON
AND PQOLI SHI NG METHOD 5 TECHNI CAL FI ELD The present invention relates to a
"sem conduct or polishing conmpound for cheni cal mechanical polishing in the
process for producing a sem conductor device, and a polishing nethod.
Particularly, it relates to a 10 sem conductor polishing conpound conpri sing
ceriumoxide, which is suitable for shallow trench isolation or

pl anari zation of an interlayer insulatioh film a process for its
production, and a polishing method. 1% BAgK ND ART In recent years,

m cro-fabrication techni ques have Besh~dévy ped for high densification of
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P i o ncreasing. as  mEROBPERroR PR sP et RETEER devi ces and
multilayered structures of wirings will progress, the surface irregularity
(difference in level) in each layer in the 25 production process tends to

i ncrease.. I'n ent such a problemthat this difference in | eve
exceeds fhe gggﬁﬁigéﬂfggégﬁin photol it hography so that no 2 adequate

resolution can berRbtgi-0edn, P1APaEE2ah! PD1atEENE) AbCS OLoRaREAGE] W I NgS
and interlayer insulation ilms in the process for formng multilayered
wrings are pLMPOHE ARt compound for chemical mechanical polishing in
the process for producing a semiconductor device, and a
polishing method. Particularly, it relates to a
10 semiconductor polishing compound comprising cerium oxide,
which is suitable for shallow trench isolation or

planarization of an interlayer insulation film, a process

for its production, and a polishing method.

15 BACKGROUND ART
In recent years, micro-fabrication technigques have

been developed for high densification of elements to meet
the demand for high integulation and high functionality
of semiconductor devices. Particularly, importance of

20 planarization techniques by chemical mechanical polishing
(hereinafter referred to as CMP) is increasing. As
miniaturization of semiconductor devices and multilayered
structures of wirings will progress, the surface
irregularity (difference in level) in each layer in the

25 production process tends to increase. In order to
prevent such a problem that this difference in level

exceeds the depth of focus in photolithography so that no



5 Further, for conventional sem conductor devices, in order to electrically
separate elenents such as transistors, a selective thermal oxidation nethod
‘of a silicon substrate, so-called a LOCOS (Local Oxidation of Silicon)

met hod, has been enpl oyed, but there has been a 10 problemthat the
separated region formed by thermal oxidation undergoes a vol unme expansi on,
whereby the surface tends to have irregularities. Further, there has been
a problemthat oxidation proceeds in a t fansverse direction and enters into
t he el ement ion, and sy a 15 _pr I has_heen a hi ndrance to
n1nlaturlzatlggqua?ﬁe?S?orgplPﬁ F%ge%? ygg?%geghapﬁ Weré cﬁolsolatlon
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a silicon S“P%Eﬁ?tﬁn gﬂeaﬁgogﬁ gﬁpkakbgﬁlﬁbmﬂpﬁEgﬁagér%d$gegﬁwggoékge film

is enbedded in the trenc process escri h reference
to Fig. 1. Ehgo Lca)y shows such a state that while masking an el ement
region with fidon nitride film3 or the 25 like, a trench 10 is forned

on a siligon substiateol, 20f cbhgn@RohRsubahtonnblLEELSUAByAs.a, Sthi COn

oxide film2 is deposited so that it is enbedded in the trench 107 In 3

this state, QBMeQXESSélébEk98819§'g@pﬁkbﬂbzeQBmEH%s gukhcgg nitride film3
bei ng a convex portion is polished and renoved CVWP while permtting the

insulation fikAhstgtbenni A b@lbb@1béeﬂﬁér&91b6kﬂ&a@16%”&@%@0906E'8” 5
t hereby to obtain an el ement isolation structure having the insulation film

enmbedded in theitbanshibsbuatay EWPcalilbdi & coousn (LecHseokheasibhcem nitride
film3 by letting
Silicon) method, has been employed, but there has been a
10 problem that the separated region formed by thermal
oxidation undergoes a volume expansion, whereby the
surface tends to have irregularities. Further, there has
been a problem that oxidation proceeds in a transverse
direction and enters into the element region, and such a
15 problem has been a hindrance to miniaturization.
Therefore, in recent years, shallow trench isolation
(hereinafter referred to as STI) has been introduced. In
this method, in order to electrically insulating the
element region, a trench is formed in a silicon substrate,
20 and an insulating film such as a silicon oxide film is
embedded in the trench.
The STI process will be described with reference to
Fig. 1. Fig. 1l(a) shows such a state that while masking
an element region with a silicon nitride film 3 or the
25 like, a trench 10 is formed on a silicon substrate 1, and

then an insulation film such as a silicon oxide film 2 1is

deposited so that it is embedded in the trench 10. 1In



the renoval rate of the silicon oxide filmand the renoval rate of the
silicon nitride filmhave a selective 10 ratio, so that polishing is
‘termnated at the time when the silicon nitride film3 is exposed as shown
in Fig. |(b). Here, if the polishing is excessive, the silicon oxide film
enbedded in the trench 10 wll be polished and 15 recessed as shown in Fig.
1(c), whereby a structural defect such as a recess 20, so-called dishing,
will result, and planarization tends to be inadequate or electrical
performance tends to deteriorate. The degree .of dishing depends on the

wi dth of the Stahfy % SFEshiTidg & so}i]d{ebeé%]é‘i‘g%%t @ trench

havi ng a w de , .w dt h. el ofare, sili.ca abrasive grains have been cqgnnn
et ween
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pol i shed for planarization shi ng conpound conpri'si ng ceri um oxi de
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hydr ophi | i ¢ groups such as carboxyl groups or "car ate groups. Here, the

addi tive is qne {0 dIRQY& o L& tt{}?é“%ll"%ﬂcg}rh fependency of; gishidg 1,.840d in
order to 10 reduce dishing even wth a wde trench, it I's necessary
the removal rate of the silicon oxide film and the
removal rate of the silicon nitride film have a selective
10 ratio, so that polishing is terminated at the time when
the silicon nitride film 3 is exposed as shown in Fig.
1(b).

Here, if the polishing is excessive, the silicon

oxide film embedded in the trench 10 will be polished and

15 recessed as shown in Fig. 1l(c), whereby a structural
defect such és a recess 20, so-called dishing, will
result, and planarization tends to be inadequate or
electrical performance tends to deteriorate. The degree
of dishing depends on the width of the trench and the

20 dishing tends to be large with a trench having a wide
width.

Heretofore, silica abrasive grains have been common
as abrasive grains to be used for CMP. However, the
selective ratio between the removal rate of the silicon

25 oxide film and the removal rate of the silicon nitride

film is small, and, in the STI process, it has become

common to employ cerium oxide abrasive grains having



that the concentration of the above additive is high. However, if the
concentration of the additive is increased, aggloneration of cerium oxide
"grain particles wll be accel erated, whereby sedi nentati on of abrasive 15
grains will result, and the dispersion stability of the polishing conpound
tends to deteriorate. Further, if aggloneration of grain particles takes
pl ace, scratches wll increase, thus leading to a problemthat the device
tends to be defective. 20 For exanple, Jé4panese Patent 3,278,532 discloses
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incorporating an additive to the polishing 10 conpo on a polishing pad or
in a pipelingchegediabehyarbphangct B@aaagtsl §th9aea@a_r%&ytlh@r%pgngrtends to

be inadequate, the concentration téends to be non-uniform or he polishing
characteri st kggpbaldate Beoupst abhére, the additive is one to improve
the trench width dependency of dishing, and in order to

10 reduce dishing even with a wide trench, it is necessary
that the concentration of the above additive is high.
However, if the concentration of the additive is
increased, agglomeration of cerium oxide grain particles
will be accelerated, whereby sedimentation of abrasive

15 grains will result, and the dispersion stability of the
polishing compound tends to deteriorate. Further, if
agglomeration of grain particles takes place, scratches
will increase, thus leading to a problem that the device
tends to be defective.

20 For example, Japanese Patent 3,278,532 discloses
Examples for a polishing compound solution comprising
pure water, and, as abrasive grains, 1% of cerium oxide
and, as an additive, 6.0% of ammonium polycarboxylate,
based on the total mass of the polishing solution.

25 However, since the additive is at a high concentration,

agglomeration of the abrasive grains is remarkable, and

when the polishing solution is left to stand, cerium



Further, the abrasive grains on the pad tend to be 15 aggl onerated or

deposi ted, whereby there has been a problemthat scratches will increase.
"Further, ceriumoxide grain particles have a large specific gravity and
thus tend to be readily sedinented, while they are superior in the
polishing property to 20 conventional silica grain particles. Further, they
have a serious problemthat if an additive to inprove the polishing

property is incorporated excessively, aégloneration wi |l be accel erated,
wher eby sedi nent.ation_ by aggl oner at.i.on. tends t remar.kabl e.. 25
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the pH wthin suc ranges that a polishing characteristic whereby the 10

removal ratecahpduaeNGaVecRohlkalsOkta rpall ekNmo¥easufthi@l eRblsyngmel | as
conpared with tﬁe renoval rate at a convex portion, can he obtained, and

the viscosityiebdtihg ofolthehipigeaameound is preferably from1.0 to 2.5
mPa*s, particularly preferably from1.0 to 1.4 nPa-s. 15 Further, it is

di scl osed that theénviosaesi ty wrklrentngtieaseeasmeheagtibunt tabrehessurf act ant
i ncreases, and
method of incorporating an additive to the polishing
10 compound on a polishing pad or in a pipeline immediately
before the polishing pad, but the mixing tends to be
inadequate, the concentration tends to be non-uniform, or
the polishing characteristics tend to be unstable.
Further, the abrasive grains on the pad tend to be
15 agglomerated or deposited, whereby there has been a
problem that scratches will increase.

Further, cerium oxide grain particles have a large
specific gravity and thus tend to be readily sedimented,
while they are superior in the polishing property to

20 conventional silica grain particles. Further, they have
a serious problem that if an additive to improve the
polishing property is incorporated excessively,
agglomeration will be accelerated, whereby sedimentation
by agglomeration tends to be remarkable.

25 JP-A-2000-160137 discloses, as a polishing compound

useful for shallow trench isolation, a polishing compound

comprising cerium oxide particles, water and an anionic



in-order to realize a planarization characteristic with
dependency by adjusting the viscosity wthin a range of from1.0 to 1.4
"mPa-s, the pH of the 20 polishing conpound after incorporation of the

sur f act ant

8.5, and within this pH range, the selective ratio between the renova
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ranges that a polishing characteristic whereby the
removal rate at a concave portion of a pattern is
sufficiently small as compared with the removal rate at a
convex portion, can be obtained, and the viscosity of the
polishing compound is preferably from 1.0 to 2.5 mPa's,
particularly preferably from 1.0 to 1.4 mPa's.

Further, it is disclosed that the viscosity will
increase as the amount of the surfactant increases, and
in order to realize a planarization characteristic with
little pattern dependency by adjusting the viscosity
within a range of from 1.0 to 1.4 mPa*s, the pH of the
polishing compound after incorporation of the surfactant
is preferably from 5.5 to 9, particularly preferably from
6 to 8.5, and within this pH range, the selective ratio
between the removal rate of the silicon oxide film and
the removal rate of the silicon nitride film, can be made
large. Further, it is exemplified to preliminarily
incorporate a very small amount of a dispersant to the

abrasive grains.



20-becones hi gh, the nunber of scratches sharply increases. This is
believed to be attributable to that if the concentration of the surfactant
"is high, agglonmeration and sedinentation of cerium oxide grain particles
are accelerated, and they are accunul ated on the polishing 25 pad. Nanely,
it is considered that if coarse particles causing scratches, are present in
abrasive grains even slightly, the grain particles will be aggl onerated and
8 accumul ated on the polishing pad therBy to cause an increase of
scratches. Furthe SO CO gered t hat be _a.case where
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| NVENTI ON 15 nder the ci Pcamstances an o ject of the present
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pol i shi ng conmpoun Si mu taneous y has |sper5|on stability, excellent

scratch charaggﬁagétba§t§e@eeéqshgga& 99'tﬁ@'&gsﬁgrEEéﬂabfzékaH o
characteristics he present invention provides a sem conductor polishing

conpound CONBRi§iBYEOr | AR OXA Heg BPS ash €11 ghatHiShi Vet $T o ANShARls feldi ti ve,
wherein the additive is at

grains in the polishing compound was poor, and the
abrasive grains were sedimented within a few minutes,

10 whereby it was difficult to use such a polishing compound,
and the removal rate was also inadequate. Further, in a
case where the concentration of the surfactant is high,
dishing fluctuation is small, and the planarization
characteristic is excellent. However, with a polishing

15 compound prepared in accordance with an Example wherein
the concentration of the surfactant is lower, dishing
fluctuation was substantial, and the planarization
characteristic was poor.

Further, i1f the concentration of the surfactant

20 becomes high, the number of scratches sharply increases.
This is believed to be attributable to that if the
concentration of Ehe surfactant is high, agglomeration
and sedimentation of cerium oxide grain particles are
accelerated, and they are accumulated on the polishing

25 pad. Namely, it is considered that if coarse particles

causing scratches, are present in abrasive grains even

slightly, the grain particles will be agglomerated and



| east one nenber selected fromthe group consisting of a 25 water-sol uble
organi ¢ polyner and an anionic surfactant, the pH of the polishing conpound
"at 25'Cis from3.5to 6, and the total concentration of the additive is
from0.01 9 to 0.5%based on the total mass of the polishing conpound.
Further, the present invention provides a process for producing a

sem conduct or polishing conpound, which 1is a process for producing the
above-mentioned 5 seniconductor polishin§ conpound, and which conprises
mxing liquid A conpri ing cerium oxj de abrgsive grains and water, and
liquid B con‘BFFBi“HgBFﬁ 9B0VBCalal L FUe dnHAIWEPEFPYSERI FaPEF REr , the
present invention provides a 1 olishi met hod. whi ch conprises bringing a
BurTace to. benCHORPERBA SHESECHERT st HERRRtY | e chht SET0 v PRELIERCTt hor  and

relatively ing them while supplying a sem conductor polishing conmpound,
Charact or | 768P PR FRAES PRE. BE) FoRPRE UHRBGuREOTGTERE CAB000. AbLgRLTS 15

sem conduct or _poeli shi ng conpoun and. the rface to be,.palished is a

sem conduct oF=BaBe: PaPen B BHo LReRR pTrEn SR BRAN RS CRIE T | 5 o
schenatiqscrg§§-§gﬁggonal view 20 illustrating a process for polishing a
seni condutt of - devi ce substrate by a sem conductor polishing conpound. Fig.

2Bl Shove B, SReSeegme el S0 B UL Yy uoed
CARRYI NG QUT bt s NYENEL N NRY: whBeaBLe38BE ol IMERH AAaWMLLLRbe described in
dispersion stability of the polishing compound and
excellent scratch characteristics, and excellent
10 polishing planarization characteristics, and it was
difficult to obtain a semiconductor device having

adequate properties.

DISCLOSURE OF THE INVENTION

15 Under the circumstances, it is an object of the
present invention to solve the above problems and to
provide a semiconductor polishing compound which
simultaneously has dispersion stability, excellent
scratch characteristics and excellent polishing

20 planarization characteristics.

The present invention provides a semiconductor
polishing compound comprising cerium oxide abrasive
grains, water and an additive, wherein the additive is at
least one member selected from the group consisting of a

25 water-soluble organic polymer and an anionic surfactant,
the pH of the polishing compound at 25°C is from 3.5 to 6,

and the total concentration of the additive is from 0.01



10-detail. In the present invention, ceriumoxide is used as abrasive
grains. Heretofore, it has been known that cerium oxide abrasive grains
"show a specifically high 5 renoval rate in polishing of a glass type
material including a silicon oxide film Namely, when cerium oxide is in
contact with silicon oxide in the material to be polished, a chem cal bond
will be formed between the two, which creates a grinding power higher than
the nmere 10 mechani cal action. Accordingl®, in poI i shing by nmeans of cerium
oxide, it is.i rt}at tgl control the contact t he abrasive grains . with

the object t&% Fh BT Glodss S t@vrp%lo%&ggf Rgpnd.

terl I d fii I 15 th
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cont act ‘C’)“]%t h tegteic%md?l%ttgtro 9 R0l ;h%%mp% A2 S\h'lllcci'lo% I‘P\ﬁiﬂeshefé | m t her eby

to contr pol1 shing y i ncorporating suc ‘an additive |gh pressure

is exerted, tl%nfé_;d(i' HSM%[ ad30y; gﬁﬁqfsq'i’lgt e 368 R LHAUVLY I%ﬁle obj ect to

abr asi ve grai ns, e peele to cause the contact with

be pol i shed, a‘f‘@e%@érpma'rﬁf“l'lgzul\ﬂ lH 884 nglknd B ROERN B30l SHHNI
met hod wherein an object to be polished is pressed against e.g. a polishing

pad and water.

Still further, the present invention provides a
10 polishing method which comprises bringing a surface to be
polished and a polishing pad in contact with each other
and relatively moving them, while supplying a
semiconductor polishing compound, characterized in that
the polishing compound is the above-described
15 semiconductor polishing compound, and the surface to be

polished is a semiconductor substrate.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a schematic cross-sectional view
20 illustrating a process for polishing a semiconductor
device substrate by a semiconductor polishing compound.
Fig. 2 is a view showing an example of a polishing
apparatus which may be used for the polishing method of
the present invention.
25
BEST MODE FOR CARRYING OUT THE INVENTION

Now, the present invention will be described in



rel-atively noved, the pressure exerted to the surface of the object to be
polished differs locally depending upon 5 the surface contour. At a convex
"portion, the pressure exerted will be high as conpared with at a concave
portion. Accordingly, at the convex portion, the additive adsorbed on the
surface of cerium oxide abrasive grains is likely to be peeled off to
readily formthe 10 contact with the object to be polished thereby to
facilitate the polishing, and thus, it btones possible to selectively
polish the convex_portion against the concave portion. The cerium oxi de
surface in afieh@déous dispersion is 15 positively charged within a range of
fromneutral to _acidic, and as the additive, .a water-saqluble organic
pol ymer or an anil®nit&esBrRE&eRantIVETSierer F&F 14Hd oP<d deerksl dyped &Sso in the
present invention, As the water- soluble organic polyner, a polyner having
carboxyl i c agPd288VEr gGpaner AHPORT U ERr b yRaE YRR URRCYR ) is
preferred. Further, in_the STl process, usually, selectivity is .given
bet ween the FERBYR CKaflEsaBFaPRESsPEReBA 6RPUef PPRFIAAGALAY &PPRcon nitride
film so that the iilicon_nitr&de 25 filmis used as a stopgﬁr. In an
aqueous di spEPEPYRINERFG t RRLLGPFAEeCEf 2t HEASP| F¥BR BREGEIRT I mi s
negatively char egi and thﬁ.surface offtEe silicon 12 hnitride filmis
posi tively cﬁﬁFgB ingi fhPALACPENGE GF TAMBm ST Y/ t¥PSRi SRE@bout pH 3),
wher eby t he agg e-.negtioge ggion%g ngLtg%e Wi, .| selgggiveké bg agsorbed
on the surfa&e F_%ﬁe giFlg A inl e %:Fﬁ1 TﬁéﬁgFoﬁg, cORtact %f £he
silicon n'trbgepgikghgﬁghatQﬁeﬁ?&%%nbgﬁﬁd%ill be formed between the
two, which creates a grinding power higher than the mere
10 mechanical action. Accordingly, in polishing by means of
cerium oxide, it is important to control the contact of
the abrasive grains with the object to be polished.
In a STI process or a CMP process for an interlayer
insulation film, it is desired to efficiently planarize
15 the object to be polished such as a silicon oxide film
having surface irregularities. Namely, it 1is preferred
to selectively polish convex portions. To realize such
selective polishing, it is necessary to incorporate in
the polishing compound an additive which is to be
20 adsorbed on the surface of cerium oxide abrasive grains
to prevent direct contact with the object to be polished
such as a silicon oxide film thereby to control polishing.
By incorporating such an additive, if a high pressure is
exerted, the additive adsorbed on the surface of cerium
25 oxide abrasive grains, will be peeled off to cause the
contact with the object to be polished, whereby polishing

will proceed.



abrasive grains will be prevented thereby to provide selectivity between
the renoval rates of the silicon oxide filmand the silicon nitride film
"Wth a conventional sem conductor polishing conpound, 10 as nentioned
above, in order to selectively polish convex portions and to provide
selectivity between the renoval rates of the silicon oxide filmand the
silicon nitride film it has been believed desirable that the
concentration of the above-nentioned additive is within a 15 range of from 2
to 3% and the pH of the polishin conpound is at .a level of from7 to 8
i.e. in the V|cFﬁ|?yCQWmﬁ§uPPéPS et hoghyBeredss enc GhdieCitort®, be

aggl onerati on of abrasive grains by the additive has been renmarkable, and
t he di spersiBf éFEBﬁIFFyPBFS§SQa§9§én§5 §r di- ng Haélﬁgéﬁglﬁaéeﬁﬂgte although
t he planarlzati characteristjcs by gollshlng nay be excell A%

result of anTE8xBEA¥PVE BPYRY: CRE PRYERLEPsCSBEItE tBrEE@nFuF 9€ﬁtP n have

found that by sel ecting th he polis und, it is
possible to Eg PEGE Fﬂe IBH&FFggglgﬁf%ﬁﬁﬁa PE?E é?pﬁ 8b89iEﬁPﬂg even
when t he anD t of the additive in_ the O|IShI conmpound i s reduced, and
further it i So§§F FESt 6O8° U neridase $ é%%%%% SYABIRTESSOFC abr asi ve

ins in the polish d_th h d h
grains 10 hgepeliehieg cameoy pé??gﬁphagggoﬁégh Cof CREBYESent
| ! f 0 0.5%
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such a CO”CGQ&&?E§9Q 5§§8§behtoﬁaﬁhgeESE?ESEeo?GSBr188”8&98&99bEQ§Ethe

concentration o he additive
grains is likely to be peeled off to readily form the

10 contact with the object to be polished thereby to
facilitate the polishing, and thus, 1t becomes possible
to selectively polish the convex portion against the
concave portion.

The cerium oxide surface in an aqueous dispersion is

15 positively charged within a range of from neutral to
acidic, and as the additive, a water-soluble organic
polymer or an anionic surfactant is preferred and is
employed also in the present invention. As the water-
soluble organic polymer, a polymer having carboxylic acid

20 groups or ammonium carboxylate groups (-COONH,;) is
preferred.

Further, in the STI process, usually, selectivity is
given between the removal rates of the silicon oxide film
and the silicon nitride film, so that the silicon nitride

25 film is used as a stopper. In an agueous dispersion
medium, the surface of the silicon oxide film is

negatively charged, and the surface of the silicon



| ow and i nadequate to provide the necessary polishing 10 characteristics.
However, if the pH of the polishing conpound is from3.5to 6, it is
"possible to provide adequate polishing characteristics at a concentration
of the additive |lower than before. Further, if the concentration of the
additive is reduced, aggloneration 15 of abrasive grains by the additive

tends to scarcely occur, whereby the dispersion stability will be inproved,
and it will be possible to sinultaneousliZ2satisfy the planarization
characteristigs bé pal.i shing and the_dispersion stahility of abrasive
grains. 20 WAhREA Ehéipm ﬁénﬁ@sﬂﬁlyﬁéprgééﬁﬁdvnWéﬁPFBna &8"9€ofpared with

in the V|C|n|ty of neut the posit otential on_the cerium oxide
surface wl | FH@rBSEEraEmﬁQréﬁﬁdﬁﬁe 3&8PF|55 Pend¥hEEeh¥ FBEdPPYVEdsor bed on
the cerium oxide surface. Furt atjve charge

, e ere t
of “the- addl { PBCTETEnSTSRPS! SO0AELYE Siid. SPAGEFRYANY: BRUPSRBRPER. |t he

additive partlcl

th | th ddi t d b h dly
adsorbed | n 93 |§PF§%8FS BE e B Saditan Berasts fidne. Moepsedely Y this

H h d f h d f
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pol yner particle thersel ves tend &nt angl e "hydrogen 10

bonds on the,gepiu @ﬁ'gﬁdS%ﬁ%agqaléeﬁ hﬁ%¥lh%n@1&& e adsorbed I n

mul tilayers. Therefore range
With a conventional semiconductor polishing compound,

10 as mentioned above, in order to selectively polish convex
portions and to provide selectivity between the removal
rates of the silicon oxide film and the silicon nitride
film, it has been believed desirable that the
concentration of the above-mentioned additive is within a

15 range of from 2 to 3%, and the pH of the polishing
compound is at a level of from 7 to 8 i.e. in the
vicinity of neutral. However, under these conditions,
agglomeration of abrasive grains by the additive has been
remarkable, and the dispersion stability of abrasive

20 grains has been inadequate although the planarization
characteristics by polishing may be excellent.

As a result of an extensive study, the inventors of
the present invention have found that by selecting the pH
range of the polishing compound, it is possible to

25 1improve the planarization characteristics by polishing
even when the amount of the additive in the polishing

compound is reduced, and further it is possible to



the present invention, even if the additive concentration is |low, the
additive will adequately be adsorbed on the surface of cerium oxide
“abrasive grains, whereby 15 polishing planarization characteristics can be
provi ded. The pH of the polishing conpound of the present invention is
from3.5 to 6, particularly preferably from 4 to 5. if the pHis too | ow
t he amount of the additive to be adsorbed on the surface of the silicon
nitride film20 tends to be extrenely smal|, whereby the surface protection
of the silicon nitride filmtends to be 'nadeggat . _Further, .the.electric
IR

charge of théPEUERERYENSWALFPEESIRR PraPhé Lads ety SofFEA&Saddi tive to
t he ceriun10ﬁide gbrgsive grains mﬁlldbg weaEsned. Furt her, %ﬁ the electric
charge of th&REdBPLHFE1RGs6PBRGUBA t ABY CBPPuRPEKi B8 3YEFaéE Wl al so be
smal |, mhereb¥8the el ectri,cal rﬁﬁglsion wi || _decrease .t he dispersion

15 stabil ity 6P the PSPPSRy cofpbimd® TEHER" %Cﬁ%fe??%ﬁgg "9 Inversely, if

the pHis tog highhda %a%g% anopunt ., of. _t he .addi¥£%$ wi || Q%aEﬁ%“ir dto

provi de the 6PgﬁaPlza i-on cﬁgﬁggpgrﬂgyﬁggfoﬁhere “CHe S |sperstP%ity of

the Ceri%¥‘5tg iQ%dﬁQ@@%i!% 9&%&”%.6?”@8 bOSQe(Rgg%brgQﬁg 2§§s%%9% mer at i on

and sedi nentation o he poli'shing conpound™ ten proc I'n the present

nventi on,  tBRcCRLLUM gxldecabtas ye1s8habas BrBolAl ParbhebLar | i LhM ted.

but, for exanp ceri um oxi Sive gr closed 1 hn

JP-A-11-12561,,01, Apbﬁh%QQ%E§§§$ﬁ %%Mg%ﬂeﬁ%fﬁQEYhQ%e%%%QreN%%%hy1 a_ cerium

oxi de powder obtained by adding an alkali to an ammoni um aqueous sol ution
of cerium (1 ¥hnBileats t0atPLeRaALBnReREFhUTLRAY droXHAe gl ifRl iavedo

filtration,
low and inadequate to provide the necessary polishing

10 characteristics. However, if the pH of the polishing
compound is from 3.5 to 6, it is possible to provide
adequate polishing characteristics at a concentration of
the additive lower than before. Further, if the
concentration of the additive is reduced, agglomeration

15 of abrasive grains by the additive tends to scarcely
occur, whereby the dispersion stability will be improved,
and it will be possible to simultaneously satisfy the
planarization characteristics by polishing and the
dispersion stability of abrasive grains.

20 Within the pH range in the present invention, as
compared with in the vicinity of neutral, the positive
potential on the cerium oxide surface will increase,
whereby the additive tends to be readily adsorbed on the
cerium oxide surface. Further, in a case where the

25 negative charge of the additive is substantial, due to

the electrical repulsion of the additive particles among

themselves, the additive tends to be hardly adsorbed i1n



15 -washing and firing, may preferably be used. Further, cerium oxide
abrasi ve grains obtained by pulverizing and firing cerium carbonate of high
‘purity, followed by further pulverization and classification, may al so
preferably be used. 20 The average particle dianmeter of the cerium oxide
abrasive grains is preferably fromO0.05 to 0.5 pm particularly preferably
from0.1 to 0.3 pm further preferably fromO0.1 to 0.2 pm |If the average
particle dianeter is too |large, abrasidit flaws such as scratches 25 are

i kely to be fg d on the surface,of the gonductor substrate. On the
ot her hand, T# th ay%ﬁﬁrQﬁetﬁﬁr??ﬁf%md?ﬁh@?e?u¥ atBo SHHFVSEhelt enpval rate

16 tends t I Furth th t th f
oo B L B S R B S L R S0

fl f f d d d i th t h
L AR B T BRRRELDD SREBGUTRSEPTR Lorn
e T i R Pag Pl

dlffractlon €89E58£'n9%t¥p§aag ?gg}g Light mﬁgggiﬁéing ¥8e8 hot on

correl ati on ype, n a case ere e par er 1s

large to Sonﬁa\‘?{ﬁ&”é?f‘ﬂgxy%i‘?f% AhNg-BLSs | 1 kel vfgfygﬁaagf%rgpgsgz abt i

preferred to usée”a laser ttering type p e size

g'i;ggbakgfgt?ﬁégggé?ggeth9f399¥ewgﬁé£'QQ?Qbié”QP Lsia ﬁgly&ggeggeg?gange in
ge particle dianeter is measur ed y using a [laser
diffraction-qseabtested, tYRE RAELLCLEE18bTE GL§LALOULLPPnEB Bhrticles
among themselves tend to be entangled by the hydrogen
10 bonds on the cerium oxide surface, and they tend to be
adsorbed in multilayers. Therefore, in the pH range in
the present invention, even if the additive concentration
is low, the additive will adequately be adsorbed on the
surface of cerium oxide abrasive grains, whereby
15 polishing planarization characteristics can be provided.
The pH of the polishing compound of the present
invention is from 3.5 to 6, particularly preferably from
4 to 5. If the pH is too low, the amount of the additive
to be adsorbed on the surface of the silicon nitride film
20 tends to be extremely small, whereby the surface
protection of the silicon nitride film tends to be
inadequate. Further, the electric charge of the additive
will be small, the adsorbability of the additive to the
cerium oxide abrasive grains will be weakened. Further,
25 the electric charge of the additive adsorbed on the

cerium oxide surface will also be small, whereby the

electrical repulsion will decrease, and the dispersion



The additive in the present invention is at |east one nenber selected from
the group consisting of a water- 20 sol uble organic polyner and an anionic
"surfactant. The water-sol uble organic polymer is preferably one having
carboxylic acid groups or carboxylate groups. It may specifically be a
honopol ynmer of a nmononer having a carboxylic acid group such as acrylic
acid, nethacrylic 25 acid or maleic acid, or a honopol yner corresponding to
such a honopol ynmer wherein the carboxyliX5acid group portions are in the
formof salts such as ammoniumsalts. 17 Further, a copolynmer of a nononer
havi ng a car B8piilétyaeifdteonpliishing rererendhaendg &Ccaehexjoaréegr oup,
or a copolyner of a nononmer having a carboxylate group with a derivative
of a carboxyEnveaerdysudh abcaRHaliRyltoestéghs ghdpaer, ameualtsefptéferred.
Further, a water-soluble_ organic polynmer such _as a polyvinyl alcohol, or an
ani oni ¢ sur f 88fakt VeuWh ladsbenreAraneel £at BroxARenithf Pladayl zekirat e or
triethanolam ne lauryl sulfate, nma suitably be used. 10 Particularly

pref erred isC5a56F§ﬁ§FSﬁé§?ngWh€§€éMx§PPcdéé?8r§ﬂ8&ﬂét§rOéaFB@x?Péﬂémgroups.
Specifically, it na%, for exanple, be . a @ol%acrylic aci d or a pol ynmer havi ng
at | east sonB¥dfecaPhBRYIVFcIZEIES §FBERs tPnPg PBPYacMrEPEci d substitut ed
by ammoni um islcarboxilate @rougs ghgr Lnaft%r ﬁgfer&ed to as an a ni um
pol yacryl at ef99PREA2EAEE QREY 8SEA™EH FS&HPCO alP§ BPLARTTREr GRAPOULRE d salt
which wi || b% dgs ribed hereinafter, is incorporated to the polishing
compound of “FHE pPe&ERESFfivention, it is particularly preferred to 20

enpl oy an ammoni 4m I%?lley%ge\éle%tte irrR/e%cgi%%t, tt@l% %@r@uﬁ‘rpio@cide abrasive

grains are not particularly limited, but, for example,

10 cerium oxide abrasive grains disclosed in JP-A-11-12561
or JP-A-2001-35818 may preferably be used. Namely, a
cerium oxide powder obtained by adding an alkali to an
ammonium aqueous solution of cerium (IV) nitrate to

~prepare a cerium hydroxide gel, followed filtration,

15 washing and firing, may preferably be used. Further,
cerium oxide abrasive grains obtained by pulverizing and
firing cerium carbonate of high purity, followed by
further pulverization and classification, may also
preferably be used.

20 The average particle diameter of the cerium oxide
abrasive grains is preferably from 0.05 to 0.5 um,
particularly preferably from 0.1 to 0.3 um, further
preferably from 0.1 to 0.2 um. If the average particle
diameter is too large, abrasion flaws such as scratches

25 are likely to be formed on the surface of the
semiconductor substrate. On the other hand, if the

average particle diameter is too small, the removal rate



the range for the polishing conpound of the present invention. Here, in a
case where a water-soluble organic polyner such as an ammoni um pol yacryl ate
"is used as the 25 additive, its nolecular weight is preferably from 1, 000
to 50,000, particularly preferably from 2,000 to 30,000. As the inorganic
acid or the inorganic acid salt in 18 the present invention, nitric acid,
sul furic acid, hydrochloric acid, phosphoric acid, boric acid, carbonic
acid and their amoniumsalts or potassiMfmsalts may, for exanple, be

nmenti oned. B ch an.inorganic acid or an 5 inorgani ¢ aci alt, the pH of

t he LolishingegaﬁpBBnﬁgciﬂ%'bgF%ﬁg% ¥ed§sﬁgh?k%r %H%%??o%gpgg%ess of Ehe

present inventiaon, in _view of the | n% ternEstoragg stab'Li%ﬁ of the

pol i shi ng coﬁBSEHGeOFrFﬁepgfaBPﬂltVOEP GarPol8TH6r i SHFngC10SE8R8Pact eri sti cs,
f duci r; i i shi d i dopt ed whi ch

conpr 1 ses pr EREPPHES FRqAFECRPEGNOF: Sy Bt PERtBRFEe RnraS: SHT8Patns and

and B pri'or FAREsEoRy | BRAHa8ehdE s A tEb Ly £nBl ol B ansr L " 008 B ey

be a met hod §ﬁigﬁﬁxkﬂ% EBSE%BQerE8FL8@iQﬂePQngEiLQ atBipéhhgghih di ately

before the p ng pa Wever, € sem conductof polisShing corpound of

t he present.Egﬁgﬁghgnmayggghgogg ggbaggmghg#%¥eaq aggl oneration even after

such 20 m xi ng SRS e for a practically sufficient period of tineg,

and therefore they may heprslddamardt yeRe M Xedqe Dareh¥icascamaealy
enpl oyed sem conductor polishing conpound-supplying systemmay be utilized
whereby |iquihdBarticle size distribution meter of e.g. laser
diffraction-scattering type, dynamic light scattering
10 type or photon correlation type, may be used. In a case
where the particle diameter is large to some extent and
the grains are likely to be sedimented, it is preferred
to use a laser diffraction-scattering type particle size
distribution meter, and the above-mentioned range is a
15 preferred range in a case where the average particle
diameter is measured by using a laser diffraction-
scattering type particle size distribution meter.
The additive in the present invention is at least
one member selected from the group consisting of a water-
20 soluble organic polymer and an anionic surfactant. The
water-soluble organic polymer is preferably one having
carboxylic acid groups or carboxylate groups. It may
specifically be a homopolymer of a monomer having a
carboxylic acid group such as acrylic acid, methacrylic
25 acid or maleic acid, or a homopolymer corresponding to

such a homopolymer wherein the carboxylic acid group

portions are in the form of salts such as ammonium salts.



A and B are put into a sem conductor polishing conmpound 25 storage tank and
stirred and m xed by a propeller stirring machine, or the polishing
“conmpound nmay be continuously noved by a circulation line. 19 1In the
present invention, in order to sufficiently m x the cerium oxi de abrasive
grains and the additive and to stabilize the adsorbed state of the additive
on the grain surface, it is preferred to prelimnarily mx and 5 stir
liquid A conprising the cerium oxide gralh particles and water with liquid

B conprising_the additive and water. and then use . the obtakﬁgd pollshlng
conpound solEPFGHer'TﬁeC68P|yWFﬁgoéoﬁp88H8m§5l V&Hgnﬁycﬁé Cmedi at el y

after mxing liquids A a but it % %referred e 10 it at |least a
few mi nutes &Ft&r SEREPHY tﬁ‘ga P IO &r A7 Pé‘ly ArEd IEE R e Fhe
pol i shi ng conpound upon piration o es after th ﬁlXIng

By supplying £RBCEMECoRGUE: BPRBFTs HdngbﬁpSSEgoﬁygﬁéﬁegrOB? R vi a
a punp, to a pgllshln s 15 e_to_carr
S

pol i shi ng coﬁ Vatq¥8pgﬁéat5355P§yﬂﬁﬁeaClg FPE |§Flgn Fﬁﬁggﬁéf be
prOV|ded P%P nlty f tg?e% gdefSPEhggllg Qge oggfggg%_For the
i

preparatlon o pre férred enpl oy spersing

cerium oxi de 3 aﬁglv%O%gm ral hpgspgr @g% qr 9&i, %hzegrmgher and at the

time of dispersion, S pre erred t an ar rasonlc di sperser

wher eby aggl gpepates %rr%a@'t%h@t %QJ at ed Ynﬁ\tolﬁgume%q_%g)ﬁe()f aibhaseni ¢ waves to

di sperse abrasive grains in water, or a honobgenizer, or Honopgeni zer

(tradenane, %§u¥$QU%%9E%%%doQYt§H%hﬂ3nM§%ﬁhﬂ%)1Qhr§§n%bﬁEé%% (hegdenane,
manuf act ured by shi da Kik Co. d.) whereby

suitably be used.

10 Particularly preferred is a polymer having
carboxylic acid groups or carboxylate groups.
Specifically, it may, for example, be a polyacrylic acid
or a polymer having at least some of carboxylic acid
groups in a polyacrylic acid substituted by ammonium

15 carboxylate groups (hereinafter referred to as an
ammonium polyacrylate). In a case where an inorganic
acid or an inorganic acid salt which will be described
hereinafter, is incorporated to the polishing compound of
the present invention, it is particularly preferred to

20 employ an ammonium polyacrylate to adjust the pH within
the range for the polishing compound of the present
invention.

Here, in a case where a water-soluble organic
polymer such as an ammonium polyacrylate is used as the

25 additive, its molecular weight is preferably from 1,000
to 50,000, particularly preferably from 2,000 to 30,000.

As the inorganic acid or the inorganic acid salt in



aggl onerates are disintegrated by the collision kinetic 20 energy by

col lision of abrasive grains one another to disperse abrasive grains in
"water. Further, it is also preferred to sinultaneously add a di spersant at
that time. Here, the dispersant is one to be added to stably 5 disperse
abrasive grains in a dispersing nediumsuch as pure water, and as such a
di spersant, the sane one as the above-described additive may be used.
Nanely, the additive in the present i ndént i on may be added not only to
liquid B but_.also to one, having a. func a di spersant.

When' & & operRanrtLent Hvedkitn |?Jstréjo‘ﬁc Wat%%#uﬁcp?@r fably within a
f f OW b| t 7Y%
e O L h et foty eI Sn IS 80 A1 8 Oy Po L fe P T Voo Pllads oS
concent ratiop of the dispersan niém'gé{‘ﬂst %&@asm&ﬁn ghéLapion Fapoe. the
a an f

dlsper5|blll? rasive grains tends t |nadequa

concentratio lé hebg'ﬁﬁégﬁ%%gﬁéy %%{)hr gglgeqé}omlgsarﬁtacﬂ%%ld qﬂglatqlrrer ation

of abra5|ve gra s tends e prepara I on of

quid B a fEbAOd0L ol ssoli no-abeoALoY cedescri bed Addiiiisule eue water

or = deioni ze may, for exanple, be nentione
i ncorporating afy4neFgani c acid or an inorganic salt 25 to liquid Bto
prelimnarily carry out the pH adjustnent, it is possible to bring the pH

of the sem conduggoahepgkbabeegoﬁogx;@eegst@fbeh@rﬁpéégﬁtbyn%ﬁtﬂanl iquids A
and 21 B, to a predetermned | eve Further, as a nethod

in view of the long term storage stability of the
polishing compound or the stability of various polishing

10 characteristics, a process for producing a semiconductor
polishing compound is adopted which comprises preparing
liquid A comprising cerium oxide abrasive grains and
water, and liquid B comprising the additive and water,
and mixing liquids A and B prior to the polishing. The

15 method for mixing liquids A and B may be a method of
mixing them on a polishing pad or in a pipeline
immediately before the polishing pad. However, the
semiconductor polishing compound of the present invention
undergoes substantially no agglomeration even after such

20 mixing and 1s stable for a practically sufficient period
of time, and therefore they may be preliminarily be mixed.
Namely, a commonly employed semiconductor polishing
compound-supplying system may be utilized whereby liquids
A and B are put into a semiconductor polishing compound

25 storage tank and stirred and mixed by a propeller

stirring machine, or the polishing compound may be

continuously moved by a circulation line.



bringing the pH of the sem conductor polishing conpound after the mxing to
the predetermned level, a nethod of <controlling the pH of the above
"additive, may also he 5 enployed. For exanple, in a case where a copol yner
made of a carboxylic acid with a carboxylate, is used as the additive, it
is possible to enploy a method of adjusting the pH by controlling the

pol yneri zation ratio of the carboxylic acid wth the carboxylate. 10 The
concentrations of liquids A and B may, fb? exanple, be made to be twice the
concentration at the_ tinme of use for polishing, so that the prescribed
concentration rra}rbél'{?otp&erﬁ?&ltbﬁnﬁieﬂtﬁﬁ’q'l di AFRLaf® BUiiH i shidy ratio of
1:1. Further, for_ the sgke of |s c%pvenlence f.or stor%gf or transportatlon

the concent F4fi 6hE GETLHursids & EaglﬁﬁygrP&Ps GEAiHyE S84 hat

t he concentrations.of .the s .such as abr |ve r ai t he
e T B SRR L o R R BE AR cfom b O Ch HES | e of

use for 20 pollshln and th are dilute o a_cqncentration.of tw ce at

the time of &5 ﬁglrlfa i’ ds} flSA%’?éeﬁr& °f QFF&&F“%%?& Yi g ESs ratl 0

of 1:1 to_obt rescribed conc tratlon Fur%per l.i_qui .

having cohoeRtrd: R ibl & 6B ee A d Ao FO 200 LS S8 P B LFed in a

mass ratio of _1:1: to QRtailn th pr. scri.hed concentrati.on wever, the
met hod for aaﬁugFlng e c&n@gﬁﬁrgtlgﬁpfésﬁg Ignlﬁdgat&vguc 4 gpe0|f|c

"SR, ST ML s ol ol s LG, e, comcuct o
substrate fo@h%hﬁthQQEB%n%%mpound solutlon may be used immediately
after mixing liquids A and B, but it is preferred to use
10 it at least a few minutes after the mixing. It is
particularly preferred to use the polishing compound upon
expiration of at least 15 minutes after the mixing. By
supplying the semiconductor polishing compound prepared
by mixing, via a pump, to a polishing apparatus, 1t is
15 possible to carry out CMP polishing constantly. To the
supply line, a circulation line may be provided for
uniformity of the semiconductor polishing compound.
For the preparation of liquid A, it is preferred to
employ a method of dispersing cerium oxide abrasive
20 grains in pure water or deionized water, and at the time
of dispersion, it is preferred to employ an ultrasonic
disperser whereby agglomerates are disintegrated by the
energy of ultrasonic waves to disperse abrasive grains in
water, or a homogenizer, or Homogenizer (tradename,
25 manufactured by Sugino Machine) or Nanomizer (tradename,

manufactured by Yoshida Kikai Co., Ltd.) whereby

agglomerates are disintegrated by the collision kinetic



5 isolation may be nentioned as a preferred exanple. As described above,

t he sem conduct or polishing conpound of the present invention has high
"selectivity for the renoval rate against a silicon oxide filmand a silicon
nitride filmand is capable of polishing a silicon oxide 10 filmat a high
renoval rate with no substantial dishing. Thus, the polishing conpound of
the present invention is effective for polishing a sem conductor substrate
having a silicon oxide film2 and a sild%on nitride film3 fornmed on a
silicon substrate 1. Further, as gn 15 application, the go%ishing conpound
of the prescFRETFXVEY FON 151 eRT ok FUEASH 6 FERIPOI PRRi ABOFBRE Panari zation

of an interlayer insulation filmbetween nmultilayer wirings. T silicon
oxi de 111 m ANEETTor ABkaRDYE SDALES o8 WOLEh! | dPRTECE 1152 bited by a

I CVvD t hod i tet th i tarti jal. Further,
o cal led P TPTRRRof et By RRRFGHS ety Ap ASHEE EO0" Hbt FBACHE TS o0 he
ti d. T ilj itrid ilm3 | I b f db
"o pressur e ENE EAROTNBREER At pf BsHEe OB REC RO ReF RS ERP ARG or oo Y 2
dichloro%i!qgf angsgngggia.ag s%grtgngnnatéﬁiaé§.i Fu&g el _igéhegg of the
silicon oxi de FrTma”Sr O Y119 223° a"BPS f%or%-?ﬂosp o-ﬁlflcate G ass)

filmor a P réP\D$§QP°'%ﬁ%g&;%&%séi%%%gﬁ!imﬁﬂé Séﬁ%ﬁe Dg ghao

used. Furthet, instead’ o I'con ni IrTmor"a Si CN

filmmay, foébg%éﬂﬁég?r?ﬁe&sggdig’i@é ﬁa?efagogs ar F‘I\?Arﬂél%zgc}g? sem conduct or

substrate by neans of e sem conductor pol rshing conp the present
invention, prgher{ed s enRObLSBLAY TRLDRHI YA fly be added not only

to ligquid B but also to liquid A as one having a function
10 as a dispersant.

When a dispersant is to be added, its concentration
is preferably within a range of from 0.1 to 1.0%, more
preferably from 0.3 to 0.7%, by a mass ratio to the mass
of the cerium oxide abrasive grains. If the

15 concentration of the dispersant is lower than this
concentration range, the dispersibility of abrasive
grains tends to be inadequate, and if the concentration
of the dispersant is higher than this range,
agglomeration of abrasive grains tends to gradually

20 proceed.

For the preparation of ligquid B, a method of
dissolving the above-described additive to pure water or
deionized water, may, for example, be mentioned. Further,
by i1lncorporating an inorganic acid or an inorganic salt

25 to liquid B to preliminarily carry out the pH adjustment,
it is possible to bring the pH of the semiconductor

polishing compound to be prepared by mixing liquids A and



conprises bringing a surface to be polished, of the sem conductor
substrate, and a polishing pad in contact 10 with each other and relatively
"nmoving them As the polishing apparatus, a common polishing apparatus nay
be used. For exanple, Fig. 2 is a view show ng an exanple of a polishing
apparatus which can be used for the polishing nethod of the present
invention. This is a 15 system wherein while supplying the sem conduct or
pol i shi ng conpound 36 from a polishing cohpound-supply pipe 35, a
senlconductor substrate 31 is held pal i shing head 32 ang brought in
contact withBa ﬁoﬁlgﬁﬁﬁﬁtﬁaﬁl§$db&ﬁ%§§ toFPﬁEhgﬁrf%Ee ofeshy IPghlng 20
table 33, and the, O|I%hln ad_32 and th O|IShI table 33 are rotated
for relative robahef: & SUP ﬁ E@IF?Hlﬁﬁ &P&t@? hﬁ@@ ISPRPCEES, her et o.

Here, the pO|IShIn head ma orm.not onl rota i on but _al | i near
movenent . Thetist The alleaﬁpe B DS RIS G Tpad SFCRAS B of  he
sane size as 0 Il.er conduct or bstrate 31. In.such a
case, it is 5%%”?&&% B B 98 o db ot e SGR ST "BY SRERITE and ¢ he
pO|IShIng t abl e 33 hat ntire _surface_of the _se conductgﬁ

e

substrat &> cai"be ﬁgplshear e%?ﬂ%?mﬁs%n The?BoI 'BRT Rg®t SBPE %3S anT2
polishing pad. 34 M8y, Qoh ;he o d@w&%%@%'%%?%o&%ﬂ%te %s”%% dprse{agple > be

of a type moving IR oné dirteétion ffe "pol i Ng

condi i ons apaqRqk Bar bi:CYLALS skl (60 eyl Be ameal %Ea SR e
i o cha

i nproved by exerting a | 68d 10 t pol'i shi ng héad & the pressi ng
pressure agaicpgt ng{ afypeloh%@oriqla@d t%% plsh@m@%za@l% 19 £ e%ffurt% at that

time is preferab | evel
carboxylic acid with the carboxylate.

10 The concentrations of liquids A and B may, for
example, be made to be twice the concentration at the
time of use for polishing, so that the prescribed
concentration may be obtained by mixing liquids A and B
in a mass ratio of 1:1. Further, for the sake of

15 convenience for storage or transportation, the
concentrations of liquids A and B may, for example, be
made so that the concentrations of the components such as
the abrasive grains, the additive, etc. would be about
ten times the concentration at the time of use for

20 polishing, and they are diluted to a concentration of
twice at the time of use, and liquids of A and B are
further mixed in a mass ratio of 1:1 to obtain the
prescribed concentration. Further, ligquids A and B
having concentrations of ten times and deionized water

25 may be mixed in a mass ratio of 1:1:8 to obtain the
prescribed concentration. However, the method for

adjusting the concentration is not limited to such



0.5 to 50 kPa, and fromthe viewpoint of the uniformty of the renoval rate
within the sem conductor substrate, flatness and prevention of polishing
"defects such as scratches, it is particularly preferably at a | evel of 15
from3 to 40 kPa. Further, the rotational speeds of the polishing table and
the polishing head are preferably from about 50 to 500 rpm but not limted
thereto. The polishing pad may be one nade of e.g. a commbn non-woven
fabric, a foamed pol yurethane, a porous 42sin 20 or a non-porous resin.
Further, lattice, concentric or helical grooves nay be fornmed on the surface
of the poliSREAGIPSI™EN"GAGer to pronote the supply of the seniconductor

ol i shing conpound or to let a certain _anmount of the sem co ctor

Dol ohi nd SomPou Tns, Sators e TS, Tt T B st TSR | on
will be described. |In each aﬁPle, t he ne suren?%{ of th% pH._ was carri ed
out at 250C. SSEIERRMBCECT BSITMOY FOTROFRST & P& RESSFET L Ve SPer sant

[ I I havi I I i.ght of .5 000 1 xed
mse 1ot 0 oF REOICE T [ a L, 03 6 SWBEGE s 08t PRPLAGH 4RTGUb) ect ed (o0 -

ul trasoni qggﬁ%rsionm%ndb%i%%ekﬁg t0 %btaige%egké%deli ui% ha¥|ng a
concentrationo f&&?by fass ratio of “abrasi ¥é grains 5353& on the total

rass of the LLaudyCherguialt st Yk nopBeatmles shays Suchpitapart | on by

mass rati o) an concentr on o i'spe sliquid

was diluted fth‘éegfrieE%%tWihK}eﬂ%ﬁi%ﬁi 254 YaLer sfe(iert‘i%ftgz %?r ghrasive grain
havi ng o]

m xed |iquid A ~an abrasive grain “concentratio 2% and a
di spersant cepgeRbRati;QR %Eainst a silicon oxide film and a silicon

nitride film and is capable of polishing a silicon oxide

10 film at a high removal rate with no substantial dishing.
Thus, the polishing compound of the present invention is
effective for polishing a semiconductor substrate having
a silicon oxide film 2 and a silicon nitride film 3
formed on a silicon substrate 1. Further, as an

15 application, the polishing compound of the present
invention is effective also for polishing for
planarization of an interlayer insulation film between
multilayer wirings.

The silicon oxide film 2 may, for example, be a so-

20 called PE-TEOS film formed by a plasma CVD method using
tetraethoxysilane as starting material. Further, a so-
called HDP film formed by a high density plasma CVD
method may also be mentioned. The silicon nitride film 3
may, for example, be one formed by a low pressure CVD

25 method or a plasma CVD method using silane or
dichlorosilane and ammonia as starting materials.

Further, instead of the silicon oxide film, a SiOF film,



0.014% The abrasive grain mxed liquid A had a pH of 15 7.6 and an average
particle dianmeter of 0.18 pm Then, an amoni um pol yacryl ate having a

"mol ecul ar wei ght of 5,000 was dissolved in deionized water, and the pH
adjustnent was carried out with a 0.070%nnitric acid aqueous solution to
bring the pHto from5.7 to 5.8, to 20 prepare an additive liquid B having
an ammoni um pol yacryl ate concentration of 0.60% The abrasive grain m xed
liquid A and the additive liquid B were #@xed with stirring to prepare a
sem conduct or %olishing conmpound havi ng an _abrasive grain concentration of
1% a 25 confe ?ﬁﬁtﬁgﬁrBFPgﬁsgﬁﬁﬁﬁﬂéﬁFﬁgﬁyQ&P§Pétéléaﬂéﬁ &s PG di spersant of
0.007% a conc ntr%;ion of an a niu%L Eglyacrylate added fromthe additive
liquid of 0.350858R8-86115A%6r G626 ) Tive lHedYr erfORt SEPTPHE pHeWEL SCarri ed

out b H 81-1 nuf act ured by Yogkoga El ectric Corporation. The
cgnpogitﬁon,uﬁﬁéan gﬁ% %ge b%?g?ﬁgeogigﬁ%t%?fb?é?h%ltgbé?st?ﬂ@'c%npound and
the ti til. the.ab i i 5 | d d i t ed,

shown i1 TabP&OY TiaflgOfhe FaS to Bt Teval 198 SHoBPLENe hoPReRing

charactergstics are shown kf Tabl e 2. .I.n both the rﬁﬂ%ﬁh&n%uE%EPOQQQ and t he
€

abrasive “grain M &d H\eit(?l,?l d fﬁ,r tpr?éng’\Pelrngg@ 6ae ¢ ianeter §-%10 0. 18

Um“mm%B&%%@&%%%%%%@%&ﬁ&%%%&%@%ﬁ%%%Of

abr asi ve gral not proceed. i'S 'sentcaon shi'ng “conpound was

left to stand, SEbbl 1o fyalyal g e, diaparshon st aRisit e cARR! hY Hhe

. . = .
di spersi on S mai ntai ned even upon expiration o east one week. This

di spersed stabgpascal thheg3ame s kevehas (bhecabrasishesyr dincaixed liquid A
havi ng no
semiconductor substrate, and a polishing pad in contact
10 with each other and relatively moving them. As the
polishing apparatus, a common polishing apparatus may be
used. For example, Fig. 2 is a view showing an example
of a polishing apparatus which can be used for the
polishing method of the present invention. This is a
15 system wherein while supplying the semiconductor
polishing compound 36 from a polishing compound-supply
pipe 35, a semiconductor substrate 31 is held by a
polishing head 32 and is brought in contact with a
polishing pad 34 bonded to the surface of a polishing
20 table 33, and the polishing head 32 and the polishing
table 33 are rotated for relative movement, but the
polishing apparatus is not limited thereto.
Here, the polishing head 34 may perform not only
rotation but also a linear movement. The polishing table
25 33 and the polishing pad 34 may be of the same size as or

smaller than the semiconductor substrate 31. In such a

case, it is preferred to relatively move the polishing



addi tive added, and thus, the dispersibility was excellent. For the
measurenment of the particle size distribution, a |aser
"scattering-diffraction apparatus 20 (tradename: LA-920, nanufactured by
Hori ba, Ltd.) was wused. Further, in order to evaluate the polishing
characteristics, polishing was carried out by using a CWP polishing

appar at us (tradenane Mrra, manufactured by 25 Applied Materials). At that
time, as a polishing pad, a double |ayet pad I G- 1400, K-groove,

manuf actured b e was us d and fo con itioni of . the polishing pad,
27 NEC100- P?BX@L 2aﬁﬂ@aE?ﬁr88 B?hkPgsEB#% tﬁ?lﬁﬂgt EB?pSPEIFSn was

d. The pol 2 d t tatj onal f th
ol i shi ng | aBPEESN Eﬁegﬁéég?éﬁéﬂaéﬂgaarmsﬁﬁ Eéét?gﬁ?gn o7 Ibﬁﬁegs o

t I F th t I t I k
et Erecu'v.vizé% =i b ﬁ?éﬁ I‘i IQE%OIT@%?& Eégdgbaha%? Prie ckness
nmeasur ement dlfferg ﬁ oéntTetsurfa e grofloere
nanufactured y TRY AMCTe 80? 54" ®6r TYRE: evaFu ?Yoﬁ bf §8P8 Shes 10

SF6420, ??nubgcégrgd ?é KLA—TﬁQC mgg gsgeCtgﬁanE¥t su% Eductgr substrate

(solid f as an o |sheﬁ ra¥e ¢ conpr|5|ng a

PE- TECS .S|I|cgg gglgghghgg aﬂdigg QltEPgep%hquu E@@ylactured by

| nt er nati onal eva on of the

pol i shi ng C*D%?Eégr | L1 CEnaf r@mB%i%QtI@ﬂ:&& b§ﬂz|r£1%_|5¥z$&”bi’)’a£§értﬁﬁéc'vpooo

or 864CMPOOO, manuf actured by I'nternationa was use e oxi de

il menbeddeg tpenetn vAs BoPE:AERS Abhhcon exi dahbbmihavheasaihli ckness of

pressure against the polishing pad 34. The polishing
10 pressure at that time is preferably at a level of from
0.5 to 50 kPa, and from the viewpoint of the uniformity
of the removal rate within the semiconductor substrate,
flatness and prevention of polishing defects such as
scratches, it is particularly preferably at a level of
15 from 3 to 40 kPa. Further, the rotational speeds of the
polishing table and the polishing head are preferably
from about 50 to 500 rpm, but not limited thereto.
The polishing pad may be one made of e.g. a common
non-woven fabric, a foamed polyurethane, a porous resin
20 Oor a non-porous resin. Further, lattice, concentric or
helical grooves may be formed on the surface of the
polishing pad in order to promote the supply of the
semiconductor polishing compound or to let a certain
amount of the semiconductor polishing compound stay there.
25 Now, Examples of the present invention will be

described. 1In each Example, the measurement of the pH

was carried out at 25°C.



20-Wth respect to the polishing characteristics of the blanket (solid
film, the renoval rate (Ox) of the silicon oxide filmwas 220 nmimn, and
“the renoval rate (N) of the silicon nitride filmwas 6.1 nm m n, whereby
the selective ratio Ox/ N of the renoval rates was 36 i.e. 25 sufficiently

| arge. The polishing tinme of the pattern wafer was 135 seconds, the
fluctuation in dishing was 65 =, and the nunber of scratches was from20 to
30. 28 The fluctuation in dishing was e¥aluated as follows. Nanely, the

di fference between the maxi num val ue and the m nimum val ue of dishing of

| i ne- and- spa&&?p&tferns with widths of 10, 25, 50, 100, 250 and 500 pm
within one 5 chi was taken as the fluctuation..  Here, the |ine-and- space

PR
patterns are Si mﬁea’stji%oﬁ%ﬁ SPRE IOV S I @hc RS iSRRG patt er ns
wherein a trench being a cqoncave. portion and a silicon nitride film masking
portion bei ngd™ d"EGMN B(S’ﬂ'@’ia&‘fy&raéea rhEt & o’ d Ve Rfone 10
chip, there are |line-and-space patterns having _various_ |l.ine wdths, but in
Lhi S eval uat Pom0% HE™Felpach v8 AwBeRs “ard Cedtal 10y ‘Wpdcdd Satdeviadat i on
was carried out wth respect. to patterns having the above-.nentioned six
Lypes of i PRSI ERAGPLE T3 PR SHte SHater ad ith SBCRist e 1, an

abrasive  grainmioxed.| Lol ¢:Avas by ebared. .and an additive 4 iayide C
having a pH O out 4. 4 Wwas prepared in € Sare “mannher as in aﬁlpl el

except that the fengenLiaton:oh @0 heaqueaus Nty Lo acd Sguion to

carry out the p nthe preparation of the a iquid B

was changed 40 Q.044%and Jthe %%@%e%%r%%koﬂi%hi%n(hereinafter “%” in

Examples shows such a proportion by mass ratio) and a

10 concentration of the dispersant of 0.07%. This liquid
was diluted five times with deionized water to prepare an
abrasive grain mixed liquid A having an abrasive grain
concentration of 2% and a dispersant concentration of
0.014%. The abrasive grain mixed liquid A had a pH of

15 7.6 and an average particle diameter of 0.18 um.

Then, an ammonium polyacrylate having a molecular
weight of 5,000 was dissolved in deionized water, and the
pH adjustment was carried out with a 0.070% nitric acid
aqueous solution to bring the pH to from 5.7 to 5.8, to

20 prepare an additive liquid B having an ammonium
polyacrylate concentration of 0.60%. The abrasive grain
mixed liquid A and the additive liquid B were mixed with
stirring to prepare a semiconductor polishing compound
having an abrasive grain concentration of 1%, a

25 concentration of an amménium polyacrylate added as a
dispersant of 0.007%, a concentration of an ammoniuﬁ

polyacrylate added from the additive liquid of 0.3% and a



ammoni um pol yacryl ate was changed to 0.017% The abrasive grain m xed
liquid A and the additive liquid C 25 were mxed with stirring to obtain a

“semn conduct or

pol i shi ng conpound havi ng an abrasive grain concentration of

1% a concentration of an amoni um pol yacryl ate added 29 as a di spersant of
0.007% a concentration of an ammoni um pol yacrylate added fromthe additive

|l iquid of 0.085% and

polishing 5 conpound was carried out in Zhe sane nmanner as in Exanple

The conposition, pH and the average particle dianmeter of the polishing

a pH of 5.0. Evaluation of the above sem conduct or

1.

conpound ar ePEh&N 6i-F -Table AeagrieBener ofebaeuti ¥ASr €dtrigdapBtshgwn in
Table 2. EXAMPLE 3 10 In the sane manner as in_Exanple 1, an abrasive
ni xed |iqui dPE R&s lpr BFaNERC ARG aRYadekoodws EdECFr D FOFPRE 3G 191 -of about
2.9 was prepared in the same nmanner as in Exanple | except that the

concent r at i oR P§f COMRE S d@dus PHi B 2YETE 980 Paitdr 1fo darey SduC it F&SH

adj ust nent

in the pégparation of the_ additive liquid B  was .changed to
0.012% and PRe1E8HSEN
0.02% The abrasive

EPTPLER %o g EhEmdicy RSy &5 PREE SIS Ghanded

grain

15

to

id.D were

i dl]i i.d A dth ditive Lj
mixed with SEEEr PR EBSSPESS 675 SEMITERISCr 0P Te0 SO 720 20 dund havi ng

an abr asi ve

' ti f 1%, . t i.on .of [
P01 yact vl at e el cad o Lics sar SHALUBE LTG0 I GO AP | on of an

amoni um polyacrylate added fromthe addifive
30, 25 Eval CHEEGY "Br LFd Enave SBR Conduats

10

15

20

25

¢E8 %81 shi ng
In both the polishing compound and the abrasive

t'he above sem

grain mixed liquid A, the average particle diameter was
0.18 ym. Namely, by the mixing with the additive liquid
B, agglomeration of abrasive grains did not proceed.
This semiconductor polishing compound was left to stand
still to evaluate the dispersion stability, whereby the
dispersion was maintained even upon expiration of at
least one week. This dispersed state was at the same
level as the abrasive grain mixed liquid A having no
additive added, and thus, the dispersibility was
excellent. For the measurement of the particle size
distribution, a laser scattering-diffraction apparatus
(tradename: LA-920, manufactured by Horiba, Ltd.) was
used.

Further, in order to evaluate the polishing
characteristics, polishing was carried out by using a CMP
polishing apparatus (tradename: Mirra, manufactured by
Applied Materials). At that time, as a polishing pad, a
double layer pad IC-1400, K-groove, manufactured by Rodel,

was used, and for conditioning of the polishing pad,

l,iquid of 0.01% and a pH of



conpound was carried out in the sane manner as in Exanple 1. The
conposition, pH and average particle dianmeter of 30 the polishing conmpound
"are shown in Table 1, and other evaluation results are shown in Table 2.
EXAMPLE 4 An abrasive grain mxed liquid E having an abrasive 5 grain
concentration of 2% and a dispersant concentration of 0.01% was prepared
in the sanme manner as in Exanple 1 except that in the preparation of the
abrasive grain mxed liquid A in Exanpl€/1, the concentration of an
annnniun1po|¥§Frélate as the dispersant was .changed to 10 Q. 5% based on the
ceri um oxi deMESAASIFE3grai RENUERS thiedhdy Yissubiehindladvaridde particl e
dianeter was 0.18 ~im Then, in the sane npner as in Exanple 1, the

addi tive Ii&l‘,?iré’oga\}\'ré?npré"ﬁzfré’(f,edandTpﬁePlealég’il\?@ SEEST IR &FS 141gKf® E and

POl i ahi ng. CORFELGS RRVPhg IR IaSPREFe o 3715 OGS (Ow et 260 e
concent T2t o1, A0 ATRALLM B Yar viale, Aot o5, 2. dsparsant, of 0, 00%%,
of O%apd 2 20 pHal, %8 DAL L oL Ul v partcopbit o pol 2 o
2 B0l Shin9 padesg ginalg o Bl C 000 ogienys daniaRed b
ot el ek e 25, TR 98 o RS et e
of the surface, profiler HRP-100, manufactured by KLA-
Tencor, was used. For the evaluation of scratches,

10 SF6420, manufactured by KLA-Tencor was used. As a
semiconductor substrate (solid film) as an object to be
polished, a blanket substrate comprising a PE-TEOS
silicon oxide film and a silicon nitride film,
manufactured by International SEMATECH, was used.

15 Further, for the evaluation of the polishing
characteristics of a pattern wafer, STI pattern wafer
964CMP0O00 or 864CMP000, manufactured by International
SEMATECH, was used. The oxide film embedded therein was
a PE-TEOS silicon oxide film having a thickness of 800 nm.

20 With respect to the polishing characteristics of the
blanket (solid film), the removal rate (Ox) of the
silicon oxide film was 220 nm/min, and the removal rate
(N) of the silicon nitride film was 6.1 nm/min, whereby
the selective ratio Ox/N of the removal rates was 36 i.e.

25 sufficiently large. The polishing time of the pattern

wafer was 135 seconds, the fluctuation in dishing was 65

nm, and the number of scratches was from 20 to 30.



t hi.ckness of 800 nm enbedded by a HDP nethod on a substrate having trenches
in a pattern of STl pattern wafer 964 manufactured by International
"SEMATECH, was used. The conposition, pH and average particle dianeter 5 of
t he polishing compound are shown in Table 1, and other evaluation results
are show in Table 2. EXAMPLE 5 In the same manner as in Exanple 4, the
abrasive grain mxed liquid E was prepared, and in the sane nmanner 10 as
in Exanple 2, the additive liquid C was $p%epared. The abrasive grain m xed
liquid E and the additive liquid C were mxed with stirring tq _prepare a
sem conduct or  pdifiSsH %@ﬁﬁ%&%%%%@ﬁfﬁ%% R dfddMWSati on  of

1% a concentration of an., ni um pol yacryl ate added 15 as a di_spersant of
0.%05@6 a coNgBRt¥at it gﬂ%gggﬁﬁﬁﬁngﬁﬁ%eﬁ8l§ r?@éﬂ@ugdﬁéguﬁréﬁﬂtﬁ Caddi tive

liguid of 0.085% and H of 5.0. Evaluation of.  the above semn conductor
Dol Shi g cBnBoni wad Bt aaoBirS! Be N eaARTaRaer Be R BRatAtE 20 4.

Th iti H i.cl i t f the,polishi d
are shoan i n"PA5PE TF afd arher?” etdlaation 2Pes q0Ps Ml o AR PRSTabl o 2.
EXAMPLE 6_ | h i le. 4, th b ' 5 ' i xed
IR P e R e Rt el st e
was prepared_in th ner_.as

e ne.__mn i_n.Exanple | _except th in.the
preparation P55 p@%§e§35i9F5esﬁﬁﬁ&Fél§? Pﬁg%ggﬁge%Pga %8§E8W Fﬁgngaueous

T2 38 T Bt R LT ¥R BBl O 072%

portion and a silicon nitride film masking portion being
a convex portion are alternately arranged. Within one

10 chip, there are line-and-space patterns having various
line widths, but in this evaluation, the respective
widths are equally spaced, and evaluation was carried out
with respect to patterns having the above-mentioned six
types of widths.

15 EXAMPLE 2

In the same manner as in Example 1, an abrasive

grain mixed liquid A was prepared, and an additive liquid
C having a pH of about 4.4 was prepared in the same
manner as in Example 1 except that the concentration of

20 the agueocus nitric acid solution to carry out the pH
adjustment in the preparation of the additive liquid B
was changed to 0.044%, and the concentration of an
ammonium polyacrylate was changed to 0.017%. The
abrasive grain mixed liquid A and the additive liquid C

25 were mixed with stirring to obtain a semiconductor

polishing compound having an abrasive grain concentration

of 1%, a concentration of an ammonium polyacrylate added



polyacryl ate was changed to 0.306% The abrasive grain 5 mxed liquid E and
the additive liquid F were mxed with stirring to prepare a sem conduct or
“polishing conpound having an abrasive grain concentration of 1% a
concentration of an anmoni um pol yacryl ate added as a dispersant of 0.005%
a concentration of an ammonium 10 pol yacryl ate added fromthe additive
liquid of 0.153% and a pH of 5.0. Evaluation of the above sem conduct or
poli shing conpound was carried out in t3® sane manner as in Exanple 1
except that as a polishing pad, a double |layered pad is | C 1400, K-groove,
manuf act ur ed2By 2RE4EPCTRASLUSEd D - R  pdl CORCRYLpPEISTr €TnAE 2BTMRPAUM he
rotational speeds of _ the palishing table and the_polishing head were 123
rpm and 127PPpHRCr¥spEt PUERE TR 8eaafditdR waflidoRé On&Q¢rRg2adsilicon
oxide filmhaving a thickness of 600 nm 20 enbedded by a HDP net hod on a
substrate ha®i R PfeAcles formed in a pattern of STl pattern wafer 964,
manuf act ured by |nternat.i onal EEP%T CH, was .used. The caonposition, pH and
aver age particIeEH?gHQFéPnont € FOIVEhiST L& raﬁﬁﬁ§ﬁ 9n Table 1
and ot her_25 eval uation results are shown in Table 2. EXAMPLE_ 7
(Conpar at ve EXRAPPE) “AR CRETLERe Oinier CHS PATEXERPPET425t A8 FEFEBLGe 33
grain mxed Liquid E was prepared,_and.an additive liquid .G having a pH of
Tbout 4.4 wis oFie e S e AL ERER S anhed SetH St e n SRRl | 6

the preparation _of _the itive liguw d B, the concentration_of. the aqueous
5 nitric aciH%SS StPSElfgq% rfﬁ%gﬁP t 8r§HS%8V&sfﬁe§ tDaﬁsll’c §%985%F6

0.079% and Lhg,690¢8A LaLL9R 0L AN SATIRN: Whrap1e 2.

EXAMPLE 3

10 In the same manner as in Example 1, an abrasive
grain mixed liquid A was prepared, and an additive liquid
D having a pH of about 2.9 was prepared in the same
manner as in Example 1 except that the concentration of
the aqueous nitric acid solution to carry out the pH

15 adjustment in the preparation of the additive liquid B
was changed to 0.012%, and the concentration of an
ammonium polyacrylate was changed to 0.02%. The abrasive
grain mixed liquid A and the additive liquid D were mixed
with stirring to prepare a semiconductor polishing

20 compound having an abrasive grain concentration of 1%, a
concentration of an ammonium polyacrylate added as a
dispersant of 0.007%, a concentration of an ammonium
polyacrylate added from the additive liquid of 0.01% and
a pH of 4.0.

25 Evaluation of the above semiconductor polishing
compound was carried out in the same manner as in Example

1. The composition, pH and average particle diameter of



polyacryl ate was changed to 0.34% The abrasive grain mxed liquid E and
the additive liquid Gwere mxed with stirring to prepare a sem conduct or
“polishing conpound 10 havi ng an abrasive grain concentration of 1% a
concentration of an anmoni um pol yacryl ate added as a dispersant of 0.005%
a concentration of an ammoni um pol yacrylate added fromthe additive |iquid
of 0.17% and a pH of 5.0. 15 Evaluation of the above sem conduct or
pol i shing conpound was carried out in tHe same manner as in Exanple 6. The
conposition, pH and.average particle di ter . of e polishing. conpound are
chone i 1 TabFBC1B0 B ReFoRR0kiatronor Yl 8 ZFE Snown P FRBEE D Here
the 20 polishing tine of pattern wafer in,Table .2 |s the tine required for
pIanarizatioﬁvﬁguak?ﬁPnﬁFgH% ﬁi?F8r§ﬁ8@niﬁn F@géﬁ éf the pattern, where 50

nm of the OXF% %Lhnlis remai ned on the silicon nitride film3. The val ue
of the dish §M cfuation is the fluctuation in thickness of 25 the oxide

film enbedded in,the.t h 10..ln thi | he .oxi de fil t
compl otel v remof8dBaE LS oA BAGLL HLGRE: SERATHSS h A600 IF Tesul t

was obtained with an _extrenely smalL,flugtuation, _Ln _the case of .the
o oot agtaifl BRREKLEEHEL LS HR b AHE' UL Berapflel MEnERREALEAS |

si11 con oxi dgcfl o ereddag by Lhes FOP.oLbAg |5, Bde,Lo; ekl at 12 | evel

5 of about 5 I'S pos e to conple y renove € oxXl m on
the silicon BLEEpEechbtmiphthe beddakag;bheoc! Lust upkhag, FyLLhar, Tt is
al so possible to renove the remaining oxide film of about nm by anot her
polishing cppaund; afiken Bei BlaRbaBali Zee concentration of an
ammonium polyacrylate as the dispersant was changed to
10 0.5% based on the cerium oxide abrasive grains. The pH
was 7.6, and the average particle diameter was 0.18 um.
Then, in the same manner as in Example 1, the additive
liquid B was prepared, and the abrasive grain mixed
liguid E and the additive liquid B were mixed with
15 stirring to prepare a semiconductor polishing compound
having an abrasive grain concentration of 1%, a
concentration of an ammonium polyacrylate added as a
digpersant of 0.005%, a concentration of an ammonium
polyacrylate added from the additive liguid of 0.3% and a
20 pH of 6.0.
Evaluation of the above semiconductor polishing
compound was carried out in the same manner as in Example
1 except that as a polishing pad, a single layer pad IC-
1000, K-groove, manufactured by Rodel, was used, and as a
25 semiconductor substrate, a HDP silicon oxide film was

used instead of the PE-TEOS silicon oxide film, and as a

pattern wafer, one having a silicon oxide film having a



10- EXAMPLE 8 (Conparative Exanple) In the sane manner as in Exanple 1, the
abrasive grain mxed liquid A was prepared. As an additive liquid, a
"l'iquid having an anmoni um pol yacryl ate added to pure water so that the
concentration would be 2.0% was 15 enpl oyed. The abrasive grain m xed
liquid A and the additive liquid were mxed with stirring to prepare a
sem conduct or polishing conpound havi ng an abrasive grain concentration of
1% a concentration of an anmoni um pol yakryl ate added as a di spersant of
0.007% and a 2Q concentratigon of an ammnium pol yacryl ate added fromthe
additive |quPaC§fle§.So%f PRE PR GES=PAgd BYaPuHPFoRSEotheMabove

sem conduct or Eolishing conpound g@s carried out in _the _sane manner as in
VORI ©

Exanpl e 1. FHESELABSGs bHERAGS5v éPagePRACEFD @tditdte PE-t6E™5 t he
i shi d h in Tab 1, d oth l.uat i | t
Showin i n TabPBL8” PA& BOBRAGEUpaFt Pl SPUPARBLEPTOT CRUATE Ssi VESgrain mi xed
liquid A 35 wa 0.%@ pm whi | e. t he erage particle djaneter. of Ehe
ool i shing. colpetnd WA GOBECF bt OR hucH cHOW FECTRET DaHbf oher diFBR SFart ed to
d. t th f tuati i di shi I . EXAMPLE, 9
?Egﬁggrat 3;°E§§Hs|851A5§§%9g%ﬁéﬁgyéa SggiéﬁgW§a§8n§%%ﬁ§ Eavﬁﬁgfgnhegbrasive
grain concenggg&hg@igk %%%ugégogggggk%higg Qgpﬂg 2ammniumpolyacrylate
0] .

added as a di'spérsan % an a concentration of an anmoni um
pol yacryl at egadgedf eom 10 the additive liquid of 1.5% was prepared in the
same manner as in Exanple 8 except that the concentration of an anmoni um

polyacrylate in tfhe a@ddidiyve darithd 88 3 80%nple 4, the abrasive

grain mixed liquid E was prepared, and in the same manner
10 as in Example 2, the additive liquid C was prepared. The
abrasive grain mixed liquid E and the additive liquid C
were mixed with stirring to prepare a semiconductor
polishing compound having an abrasive grain concentration
of 1%, a concentration of an ammonium polyvacrylate added
15 as a dispersant of 0.005%, a concentration of an ammonium
polyacrylate added from the additive ligquid of 0.085% and
a pH of 5.0.
Evaluation of the above semiconductor polishing
compound was carried out in the same manner as in Example
20 4. The composition, pH and average particle diameter of
the polishing compound are shown in Table 1, and other
evaluation results are shown in Table 2.
EXAMPLE 6
In the same manner as in Example 4, the abrasive
25 grain mixed liguid E was prepared, and an additive liquid
F having a pH of about 4.4, was prepared in the same

manner as in Example 1 except that in the preparation of



The pH was 7.0. Eval uation of the above sem conductor polishing 15 conpound
was carried out in the same manner as in Exanple 1. The conposition, pH and
“average particle dianmeter of the polishing conpound are shown in Table 1,
and other evaluation results are shown in Table 2. The average particle

di anmeter of the abrasive grain mxed liquid A 20 was 0.18 pm while the
average particle dianeter of the polishing conpound was 0.39 pm and the
abrasive grains in the polishing conpoulrd were aggl omerated and sedi nent ed
in a few mnuie XANPLE 10 nparative Exa 25 A niconductor
pol [ shi ng conpauAd ﬁﬁ%Vﬁ91AHug§bPas¥53 SPaPRALBRCERTr 861 bSoraes o

f d f 0.007%
and 36 & coltbhiraRron S Hn Ao GHFb6I §abr oI5 B aatadoFFE LAE additive
I d of 2.0% t t that
thgugongentr%?%%%agfggeBagzgﬁkpuﬁ1po yaSPyFaPe%%tﬁgﬁeogdanangopleﬁfgpmas g
changed 10 4uofdcthebE 83, InafecBYBLURLbgR: T Hhe Ahoyersedlconguct or

pol i shi ng was carri é e samé manner as 1n 1. The

conposi| “ﬁabﬁnEﬁié” %M%aﬂea%r Lhe! gadt aBLer 5 ﬁﬁidt E‘ewB,EE' Rik0g %gggound are

shown in her eval uation resul’ts are s In Table 2. The

average ParLiekesdlams! soghybhe abnashyau0rakneal xed; blakbiobuuas 0. 18

pm while the average particle dianeter I ng conmpound was 0. 46

pm and the ﬁQG?ﬁbVEngéEkﬁé1vb”gEQ?np@bhéghEQaEQBHOH@d1werQ aggl oner at ed and
15 sedinented in few mnutes. "Further, with respect to

concentration of an ammonium polyacrylate added as a
dispersant of 0.005%, a concentration of an ammonium

10 polyacrylate added from the additive ligquid of 0.153% and
a pH of 5.0.

Evaluation of the above semiconductor polishing

compound was carried out in the same manner as in Example
1 except that as a polishing pad, a double layered pad

15 IC-1400, K-groove, manufactured by Rodel, was used, the
polishing pressure was 28 kPa, the rotational speeds of
the polishing table and the polishing head were 123 rpm
and 127 rpm, respectively, and as a pattern wafer one
having a silicon oxide film having a thickness of 600 nm

20 embedded by a HDP method on a substrate having trenches
formed in a pattern of STI pattern wafer 964,
manufactured by International SEMATECH, was used. The
composition, pH and average particle diameter of the
polishing compound are shown in Table 1, and other

25 evaluation results are shown in Table 2.
EXAMPLE 7 (Comparative Example)

In the same manner as in Example 4, the abrasive



the polishing of a pattern wafer, it was inpossible to conpletely polish it
even if the polishing tine was prolonged. The nunber of scratches was al so
“very large. 37 0 0 HHU 4J bi o a)xxxxxxxUUU w0 al'a)vvOvva)a) N$ a)3
a) o 11a)vvOvvQvVv iJv(D .1133333444 0) roCCq -ri is r Ulrlr-lr-1.-1rlrd(~
ri(a-H(d ri Eidid mAAAAAAAVW E U v uwcococoO0OwcoNd (d

HrlH -1 Hci.-INf""1d, fu -H a) 1J. (1) 00000000CC, a | >id r 0000000000
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grain mixed liquid E was prepared, and an additive liquid
G having a pH of about 4.4, was prepared in the same
manner as in Example 1 except that in the preparation of
the additive liquid B, the concentration of the agueous
5 nitric acid solution to carry out the pH adjustment was
changed to 0.079%, and the concentration of an ammonium
polyacrylate was changed to 0.34%. The abrasive grain
mixed liquid E and the additive liguid G were mixed with
stirring to prepare a semiconductor polishing compound
10 having an abrasive grain concentration of 1%, a
concentration of an ammonium polyacrylate added as a
dispersant of 0.005%, a concentration of an ammonium
polyacrylate added from the additive liquid of 0.17% and
a pH of 5.0.
15 Evaluation of the above semiconductor polishing
compound was carried out in the same manner as in Example
6. The composition, pH and average particle diameter of
the polishing compound are shown in Table 1, and other
evaluation results are shown in Table 2. Here, the
20 polishing time of pattern wafer in Table 2 is the time
required for planarization by eliminating difference in
level of the pattern, where 50 nm of the oxide film is
remained on the silicon nitride film 3. The value of the
dishing fluctuation is the fluctuation in thickness of
25 the oxide film embedded in the trench 10.
In this Example, the oxide film was not completely

removed, but as compared with other Examples, a good
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result was obtained with an extremely small fluctuation.
In the case of the semiconductor polishing compound in
this Example, 1f the thickness of the silicon oxide film
embedded by the HDP method is made to be thin at a level
of about 550 nm, it is possible to completely remove the
oxide film on the silicon nitride film while reducing the
fluctuation. Further, it is also possible to remove the
remaining oxide film of about 50 nm by another polishing
compound, after being planarized.
EXAMPLE 8 (Comparative Example)

In the same manner as in Example 1, the abrasive
grain mixed liguid A was prepared. As an additive liquid,
a ligquid having an ammonium polyacrylate added to pure
water so that the concentration would be 2.0%, was
employed. The abrasive grain mixed liquid A and the
additive liquid were mixed with stirring to prepare a
semiconductor polishing compound having an abrasive grain
concentration of 1%, a concentration of an ammonium
polyacrylate added as a dispersant of 0.007% and a
concentration of an ammonium polyacrylate added from the
additive ligquid of 1.0%. The pH was 7.0.

Evaluation of the above semiconductor polishing
compound was carried out in the same manner as in Example
1. The composition, pH and average particle diameter of
the polishing compound are shown in Table 1, and other
evaluation results are shown in Table 2. The average

particle diameter of the abrasive grain mixed ligquid A

.ud
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was 0.18 um, while the average particle diameter of the
polishing compound was 0.27 pm, thus showing that
agglomeration started to proceed. Further, the
fluctuation in dishing was large.
EXAMPLE 9 (Comparative Example)

A semiconductor polishing compound having an
abrasive grain concentration of 1%, a concentration of an
ammonium polyacrylate added as a dispersant of 0.007% and
a concentration of an ammonium polyacrylate added from
the additive liquid of 1.5%, was prepared in the same
manner as in Example 8 except thaﬁ the concentration of
an ammonium polyacrylate in the additive liquid was 3.0%.
The pH was 7.0.

Evaluation of the above semiconductor polishing
compound was carried out in the same manner as in Example
1. The composition, pH and average particle diameter of
the polishing compound are shown in Table 1, and other
evaluation results are shown in Table 2. The average
particle diameter of the abrasive grain mixed liquid A
was 0.18 pum, while the average particle diameter of the
polishing compound was 0.39 um, and the abrasive grains
in the polishing compound were agglomerated and
sedimented in a few minutes.

EXAMPLE 10 (Comparative Example)

A semiconductor polishing compound having an

abrasive grain concentration of 1%, a concentration of an

ammonium polyacrylate added as a dispersant of 0.007% and
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a concentration of an ammonium polyacrylate added from
the additive liquid of 2.0%, was prepared in the same
manner as in Example 8 except that the concentration of
an ammonium polyacrylate in the additive liquid was
changed to 4.0%. The pH was 7.0.

Evaluation of the above semiconductor polishing
compound was carried out in the same manner as in Example
1. The composition, pH and average particle diameter of
the polishing compound are shown in Table 1, and other
evaluation results are shown in Table 2. The average
particle diameter of the abrasive grain mixed ligquid A
was 0.18 um, while the average particle diameter of the
polishing compound was 0.46 um, and the abrasive grains
in the polishing compound were agglomerated and
sedimented in a few minutes. Further, with respect to
the polishing of a pattern wafer, it was impossible to
completely polish i1t even if the polishing time was

prolonged. The number of scratches was also very large.
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O rlI Nl 1zzvul | DNCOO vH , <><, <xX><' <' <X WYYV 39 W th respect to the
polishing characteristics of blankets (solid filnms), in Exanples 1 to 5

whi ch are Exanples of the present invention, the selective ratio of the
removal rates was sufficiently large as conpared with 5 Exanples 9 and 10 as
Conpar ati ve Exanples. Further, the polishing time of the pattern wafer was
short as conpared wth Exanples 8 to 10 as Conparative Exanples. Also the
di shing fluctuation was inproved substantfally as conpared with Conparative
Exanmpl es. Further,, in each of 10 Exanples 1 to .5, the nunber of_scratches
was At a level  OH T GRIEFT0 B0 To% LU (HHFoaratl Ve Teanpl es.
Further, in anples 6 and 7,_. l.omeratjon _qr di.spersibil.i of the

abr asi ve gra%@%gtsl n‘ﬁrog'\}éﬂd Eidibdtants ’ngfsc & ?d"mjt BXanpl e 10 as a
15 Conparati EX | e.. Further, the.polishing tine of the attern fer
was short, a\r@%aﬂ??% s%fl ntglef oSt At &ﬁlv\/(\eél%lqnéssthées S(?olr%:arlé’(fovxr/iattﬁoEf\garrpl e
10. I n Exanpl , &E};I’ iE‘?:"] f rasi rai ljt5:le and
the di spersit_%l%l ?:te%%\%\’/ggl 5@%%? er%%ly_ t Cgeﬁﬁﬁﬁlgfla\ggeg(?%la{&%ﬁng%%fé \R/\vt/éLst%_snal I
as compargd Wl FXAT &ulh UL Rlomd) o ARLESA ANd furthe SeLpgti ve
rati o of renoval ‘rates was snaller than in Conparative Exanples, because

the polishipgpressiy &iand dihaotalinal waneed ey erdiar easedmothereby the
renoval rate of the silicon 25 nitride filmwas increased. However, the
level s of dighing,angh 136 af ghes ovle afRa-alhe EXAN%s ExamBbesne
dishing fluctuation was improved substantially as
compared with Comparative Examples. Further, in each of
10 Examples 1 to 5, the number of scratches was at a level
of from 20 to 30 i.e. smaller than Comparative Examples.
Further, in Examples 6 and 7, agglomeration or
dispersibility of the abrasive grains was improved
substantially as compared with Example 10 as a
15 Comparative Example. Further, the polishing time of the
pattern wafer was short, and the dishing fluctuation was
less as compared with Example 10. In Examples 6 and 7,
agglomeration of abrasive grains was little, and the
dispersibility was good, whereby the number of scratches
20 was small as compared with Example 8. Further, in
Examples 6 and 7, the selective ratio of removal rates
was smaller than in Comparative Examples, because the
polishing pressure and the rotational speed were
increased, whereby the removal rate of the silicon
25 nitride film was increased. However, the levels of

dishing and scratches were comparable to other Examples.

Thus, the semiconductor polishing compound of the



Thus, the sem conductor polishing conmpound of the 40 present invention is
excellent in the planarization characteristics by polishing and in the

di spersion stability of abrasive grains in the polishing conmpound 1|iquid,
and is inproved further with respect to scratches. | NDUSTRI AL APPLI CABI LI TY
The sem conduct or polishing conpound of the present invention is excellent
in the dispersion stability, and when the polishing conpound of the present
invention is 10 used excel | ent polishiﬂﬁ)planarization characteristics can
be obtained with %tt e di shi uct |sh|n% time of a

h
pattern waf ebFEaR be BHEPFaRBA LS e&%eﬁ@en%e&gnt?ﬁet BranBfiAnid L O 2 e

particle dlagggggtw%hgtggg ncre whe%% ylan Bnp@g%egenaohs 15

obt ai nabl e al's8 th respect ¥ oPs scra ches: £hé& procegs £or producing a
sem conduct OrstaB?é'l%Q %Eﬂ(}% ?;Eaﬁﬁ l%e%%gt o'i\ig%!nﬁ CO% oaglgl conduct or
pol i shi ng conpoun |n a erm Stabil d ucibility

can be prePaﬁg{Har ac@)ﬁdt E% R%‘r%@'e@g f‘iH‘}tt'?l%‘} 1t‘nh§‘re% %Ptmto' ’%‘é?'éltt'c%s

pl anari zati on teristics can be inproved and uc ion of scratches is
possi bl e,; whereby the yield of sem conductor deV|ces can be i nproved.
Further, the polishing time of a pattern wafer can be shortened, 25 whereby

t he throughpgNDgg@thgoA@eLE@g@qieq 41 CLAIMB: 1. A semiconductor
pol i shing conpound conprising cerium oxide abrasive grains, water and an

atriglutl ve, wher ei PHeh@erdd¢dndue drs 11 il8asly RePRIHE b S ehRCtrd skhem t he
’ P invention is excellent in the dispersion stability, and
when the polishing compound of the present invention is

10 used, excellent polishing planarization characteristics
can be obtained with little dishing fluctuation, and the
polishing time of a pattern wafer can be shortened.
Further, even if the additive is mixed, the particle
diameter will not increase, whereby an improvement is

15 obtainable also with respect to scratches.

By the process for producing a semiconductor
polishing compound of the present invention, a
semiconductor polishing compound excellent in a long term
stability and reproducibility can be prepared.

20 By the polishing method of the present invention,
planarization characteristics can be improved and
reduction of scratches is possible, whereby the yield of
semiconductor devices can be improved. Further, the

polishing time of a pattern wafer can be shortened,

25 whereby the throughput can also be improved.



5 consisting of a water-soluble organic polynmer and an anionic surfactant,
the pH of the polishing conpound at 25Cis from3.5 to 6, and the total
concentration of the additive is fromO0.01 to 0.5% based on the total nass
of the polishing conpound. 10 2. The sem conductor polishing conpound
according to Claim1l, wherein the additive is a water-soluble organic
pol ymer having carboxylic acid groups or carboxylate groups. 3. The
sem conduct or pol i shing conmpound accordity to 15 Claim 2, wherein the
wat er - sol ubl e organi c pol yner is p0|§§géﬁllc acid or annnnlun1polyacrylate
4. The sem conductor polishing conpou Ordlng to Caim2 or 3, wherein
t he wat er-sol uble or nlc poI rreroll .a nn%ec%Ja%im%; ht %E_frO@I%hpoo to
500, 000. 20 5. The°§ 6ﬁbtor oIF% PﬁgchWbéhnanc rdi &'Ce any one of
Gaims 1 1o dyuhl g Lucih gﬁ%&ma&fra@wgaa&&ﬁgom%&ﬁwgﬁn

prod whi ch

salt. 6. A process crng-a sem conductor poI sShi

d
vater and | PR Bee A Ar et R i AdarERyEE T by R per

sel ect ed §r°thE?sgé po%OQS EbQQSQHu%lﬂa%ﬁgaﬁql“B'%y%% %5%? ¢ po'yner

and an anionic sur ant, and water the™p the po |sh|ng
conpound at %ﬁ%hacf rsa@féc%antto Bneapd biehat g'olqgm%@t RoRnef aithe

additive is from to 0.5% based on the totfal mass of e pollshlng 5

compound. 7. ;ERe PLOELSH {08 Qéoéuc%ﬂg @héGEBEQPdHSBQén99£t§Qh”8f gngpound
according to aim6, wherein the additive Is

additive is from 0.01 to 0.5% based on the total mass of

the polishing compound.

10 2. The semiconductor polishing compound according to
Claim 1, wherein the additive is a water-soluble organic
polymer having carboxylic acid groups or carboxylate
groups.

3. The semiconductor polishing compound according to

15 Claim 2, wherein the water-soluble organic polymer is
polyacrylic acid or ammonium polyacrylate.

4. The semiconductor polishing compound according to
Claim 2 or 3, wherein the water-soluble organic polymer
has a molecular weight of from 1,000 to 500,000.

20 5. The semiconductor polishing compound according to
any one of Claims 1 to 4, which further contains an
inorganic acid or an inorganic salt.

6. A process for producing a semiconductor polishing
compound, which comprises mixing ligquid A comprising

25 cerium oxide abrasive grains and water, and ligquid B

comprising an additive which is at least one member

selected from the group consisting of a water-soluble



wat er - sol ubl e organi ¢ pol yner having carboxylic acid groups or carboxylate
groups. 10 8. The process for producing a sem conductor polishing conpound
according to Claim7, wherein the water-soluble organic polynmer is

pol yacrylic acid or ammoni um polyacrylate. 9. The process for producing a
sem conductor polishing 15 conpound according to any one of Clains 6 to 8,
wherein |liquid B contains an inorganic acid or an inorganic salt. 10. A
pol i shi ng met hod whi ch conpri ses bringiﬁ& a surface to be polished and a

polishing pad._in n t _wth-.each her an l.ativel ving them while
20 supplyinggggggﬁgcéﬁgﬁ%?grg%gl?éh?ﬁgogéﬁpgﬁﬁégcgéﬁéraé?gﬁwgg ri’ngf)hat t he

ol i shing coppound. i s ep conduct or _polishing.co pd conpri si cerium
gxide agraspgggg %?ngﬁ agtgbeaﬁaféﬁ addi FPReH _e?grzgtﬁelsggﬁ?Tiggsis at
| east one ”EEBGE,SghﬁctﬁQ £59§lt98n§5899a€§oﬁ08§'ﬁﬁé”gdﬁﬁtﬁvgﬁ'gff§859b'e
organi c polyner and an anionic surtfactant, the pH of the polishing conmpound

at 25C1is fpofy3c5 hosh, nahdat B LRLALoEQNCRALEALEEORKA! phAgA3ngadditive is
fromO0.01 to 0.5@6gasea on t%e tota n%gg of t%e poIPsthg gonggund, and
the surface tgnBgyRQlished is a sem conductor substrate. 11. The polishing

met hod according to G aim 10, wherein 5 the sem conductor substrate is a

substrate foy a Tsenpeerddst ¢brdevbefcindl ah seRTRERIRS talr stspang |1 con
oxide film2. 12. The polishing nethod according to Caim 10, wherein the

sen conduct okofgbshiabecbedeng havingia §il weerelfl Bhbrbdaitike 3sand a
silicon oxide film2 fornmed on a

water-soluble organic polymer having carboxylic acid

groups or carboxylate groups.

10 8. The process for producing a semiconductor polishing
compound according to Claim 7, wherein the water-soluble
organic polymer is polyacrylic acid or ammonium
polyacrylate.

9. The process for producing a semiconductor polishing

15 compound according to any one of Claims 6 to 8, wherein
ligquid B contains an inorganic acid or an inorganic salt.
10. A polishing method which comprises bringing a
surface to be polished and a polishing pad in contact
with each other and relatively moving them, while

20 supplying a semiconductor polishing compound,
characterized in that the polishing compound is a
semicénductor polishing compound comprising cerium oxide
abrasive grains, water and an additive, wherein the
additive 1s at least one member selected from the group

25 consisting of a water-soluble organic polymer and an

anionic surfactant, the pH of the polishing compound at

25°C is from 3.5 to 6, and the total concentration of the



sikicon substrate 1. 13. The polishing nethod according to any one of Cains
10 to 12, wherein the additive is a water-soluble organic polyner having
‘carboxylic acid groups or carboxylate 15 groups. 14. The poli shing met hod
according to any one of Clains 10 to 13, wherein the water-sol uble organic
polymer is polyacrylic acid or amoni um pol yacryl ate. 15. The polishing

nmet hod according to any one of Cains 20 10 to 14, wherein the polishing
compound further contains an inorganic 4€id or an inorganic salt.

additive is from 0.01 to 0.5% based on the total mass of
the polishing compound, and the surface to be polished is
a semiconductor substrate.
11. The polishing method according to Claim 10, wherein

5 the semiconductor substrate is a substrate for a
semiconductor device, which comprises at least a silicon
oxide film 2.
12. The polishing method according to Claim 10, wherein
the semiconductor substrate is one having a silicon

10 nitride film 3 and a silicon oxide.film 2 formed on a
silicon substrate 1.
13. The polishing method according to any one of Claims
10 to 12, wherein the additive is a water-soluble organic
polymer having carboxylic acid groups or carboxylate

15 groups.
14. The polishing method according to any one of Claims
10 to 13, wherein the water-soluble organic polymer is
polyacrylic acid or ammonium polyacrylate.
15. The polishing method according to any one of Claims

20 10 to 14, wherein the polishing compound further contains

an inorganic acid or an inorganic salt.



