1 DESCRI PTI ON SEM CONDUCTOR POLI SHI NG COVMPOUND, PROCESS FOR I TS PRODUCTI ON
AND PQOLI SHI NG METHOD 5 TECHNI CAL FI ELD The present invention relates to a
sem conductor polishing conpound for chem cal nechanical 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 shajlow trench isolation or

pl anari zation of an interlayer insulation film a process for its
production, and a polishing nethod. pASCRBASKEROUND ART In recent years,

m cro-fabrication techniques have been devel oped for high densification of
el ements to neetsENIheEONEUETIOR f POLISHING Nt@gRbBND pNPROCE i gOR unesi onal ity

of sem conductor devices. Particularly, inportance of 20 planarization
t echni ques by chem cal neRkGDICELONOANS hPORISK s eprficoer referred to as
CWP) is increasing. As mniaturization of sem conductor devices and
multilayered structures of wirings will progress, the surface irregularity
(difference in level) in each layer in the 25 production process tends to
i ncreases | ITECHMNICAD FIEEYent such a problemthat this difference in |eve
exceeds the depth of focus in photolithography so that no 2 adequate
resol uti on can bertobt@miamsht plarnat @t | wel ates hind clesenf Droreddetdsted Wi ri ngs
and interlayer insulation

polishing 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 techniques 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



films in the process for formng nultilayered wirings are inportant. 5
Further, for conventional sem conductor devices, in order to electrically
separate el enents such as transistors, a selective thernmal 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 forned by thermal oxidati on undergoes a vol une expansion,
whereby the surface tends to have irregularities. Further, there has been

a probl em t hatedid Watdt b Pitot@edSan bé dwEived seplahdettdohonand enters into
t he el ement region, and such a 15 probl em has been a hindrance to

m ni at uri zatiedhnigihes ef o eembaided ent r eps sand hiht O dyenchnssdhaionn
(hereinafter referred to as STlI) has been introduced. In this method, in

order to el etiIm<ald cha st ededy fde fetwirentmubgl Diyepedrebebngs dpened in
a silicon substrate, 20 and an insulating filmsuch as a silicon oxide film
is enbeddedimgodttdent rench. The STI process will be described with reference
to Fig. 1. Fig. 1(a) shows such a state that while nmasking an el enent
region wst h a si |[Huxathear t ride darver®: iondlhes&fi dordkdycteot réeehed®, i snf or ned
on a silicon substrate 1, and then an insulation filmsuch as a silicon
oxi de film rder deposli¢atr soallntseparastendbstidedt s nstdle 4sench 10. In 3
this state, any excess silicon oxide film2 on the silicon nitride film3
bei ng a converarporstians i sa petladiedve atlterrembved dyt OMP mdthedpefnatting t he
insulation film
silicon substrate, so-called a LOCOS (Local Oxidation of
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. 1In
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. In



to remain in the trench 10 being a concave portion, 5 thereby to obtain an
el ement isolation structure having the insulation film enbedded in the
trench. During CMP, it is common to use the silicon nitride film3 by
letting 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 siliconsnitride film3 is exposed as shown
in Fig. 1 (b) . Here, if the polishing is excessive, the silicon oxide

filmenbeddeghig thgrkrenash dQcukk! sheipshi shedeardimld bacessed as shown in
Fig. 1(c), whereby a structural defect such as a recess 20, so-called

dishing, wltijiesH! hitandepkanarszpkiag Lendsvb® BeriRadeqyatR 1Qished
el ectrical performance tends to deteriorate. The degree of dishing depends

on the w dthagh tBRoteansh end #he1d0pdir-phiRanterte tashe ataige Mihh a
trench having a wde wdth. Heretofore, silica abrasive grains have been

conmon  as abpaskMeiflr #hnshéotbenybedof BeiblPa Heweuee, pblieiosgl ective ratio
bet ween the renoval rate of the silicon 25 oxide filmand the renoval rate

of the sidiceRepebyi €6 obthihi anseBkhenandsollatibe STruptOgeshaviinghas
becone common to enploy cerium oxi de abrasive grains having 4 excellent

pol i shi ng setnet ivshyabebweenlinhefbeddpanese tBat ertendh? 78ph32ngi sEbpses a
techni que whereby rather than a concave portion, a convex portion is
preferential by pel tshadnf @6 pkanahezatilorohyndtride film 3 by letting

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. 1(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



5 polishing conpound conprising cerium oxide abrasive grains and, as an
additive, an organic conpound containing hydrophilic groups such as
car boxyl groups or carboxylate groups. Here, the additive is one to inprove
the trench wi dth 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 thegconcentration of the additive is
i ncreased, aggloneration of ceriumoxide grain particles wll be
accel er at ed, ewbel gbytspdilirehiatyi erlettabiagi vetkbegr @hem. Wi Il result, and
the dispersion stability of the polishing conpound tends to deteriorate.
Further, if aggl oapaatsenrategtaBn2par B2l dsstakessphacechadmakches wil |
i ncrease, thus leading to a problemthat the device tends to be defective.
20 For exanpiveerébpanesbelPatiean 3, 268c532 gogthioaesa Exawelxedrariom
pol i shi ng conpound sol ution conprising pure water, and, as abrasive grains,
1% of ceriumiexpdefeapdriadlgnpaddishiede fot. D¥mabramamiionmyyolaycar boxyl at e,
based on the total mass of the polishing solution. 25 However, since the
additive is pblashigh compentdatiooprisaggl ceeriam omidke blbeaslinasi ve grains
is remarkabl e, and when the polishing solution is left to stand, ceriumb5
oxi de abr asi ggagnai asdwi bk be eddpitetel y asedirgentied compoling a f ew m nut es.
In the polishing process of CMP, there is a waiting tine during which no
pol i shing i scovarinédgobydraptiidédi oenuasi sncdf asbragbeeygdr ginesipss o5 | i kel y
to result at a gortion where the polishing _

carboxylate groups. Here, 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 1is remarkable, and

when the polishing solution is left to stand, cerium



compound is not always stirred or noved, thus causing clogging of the

pi peline. In order to prevent such sedinentation, there is a nethod of

i ncorporating an additive to the polishing 10 conmpound on a polishing pad or
in a pipeline imediately before the polishing pad, but the mxing tends to
be inadequate, the concentration tends to be non-uniform or the polishing
characteristics tend to be unstable. Fugther, the abrasive grains on the
pad tend to be 15 aggl onerated or deposited, whereby there has been a

probl em t hat og¢Hat abeasiwkl giracheawellFuet hempleeelymsedidended n particles
have a large specific gravity and thus tend to be readily sedi nented,

whil e they awetRtiipeai gewi fihleepol i BMi tige ppODPESHh NG Op2Oc698VEht Cpal silica
grain particles. Further, they have a serious problemthat if an additive

to inprove tbRrerpolisshi tgipiagettiyel urhiagr phiahedoeyeesshiely is _
aggl oneration will be accel erated, whereby sedi nentation by aggl oneration
tends to be eeprikabbat,2andPsAd2080+260037odi ablrasese gFadnpoliisshi ng
conmpound useful for shallow trench isolation, a polishing conmpound
conprisi g ceétkainyoxbdeepalti ekesa, poatebnawtiead aheopbd i6hiswgr f act ant, which
is preferably a polishing conpound falling within a regional range defined
by four poi ntempbuad psi nbtAalvas 8ty repoomt mBvel, 5thdsOkrausdngt C (10. 0,
3.0) and point D (9.0, 0.9), as represented by a 5 (x, y) coordinate,
wherein x i sclhggphg afidthel piphkéinei.scosity (nPas). And, it is disclosed
that in order to
In order to prevent such sedimentation, there is a
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



realize global planarization, it is necessary to adjust the anopunt of the

surfactant and the pH within such

whereby the 10 renpval rate at a concave portion of a pattern is
sufficiently small as conpared with the renoval rate at a convex portion,

can be obtained, and the viscosity of the

from1l.0 to 2.5 nPas, particularly prefgrably from1.0 to 1.4 nPas.
is disclosed that the viscosity will increase as the anmount of
t he surfact antirfacteaseswhbcd isnppederabdyr&apoléshipyabampaahon

Further, it

characteristic with

ranges that a polishing characteristic

little pattern dependency by adjusting the viscosity

pol i shing conpound is preferably

within a ranfgldindreitAif &ordgdlonPasrahfe Q&fdhetinby260op0l psbhhng conmpound
after incorporation of the surfactant is preferably from5.5 to 9,
particul arl yipeefeoabt yaf (bob, 60t 0) 8. boiandBwishbn BhD$, ppoiange, the

selective ratio between the renoval rate of the silicon oxide film and
renoval rate(bf.09he3sbd)isnd pointde f{PLy 0€ah) beasndep?2&skargd. biFuat her

is exenplified to prelimnarily incorporate a very snall anmount of a
di spersamnt toéxthe) abredinetgrawherein kowevehe pH, aapdl yshsngheonpound i s
prepared in accordance with Exanples given in this publication, when

sur f act ant

t he
it

i ¢iaddedtyo(mPdisper fingh dft dly asiswd ogredl that tihe ceddteasitwe grai ns

wi |l be agglonmerated to have an 5 average particle diameter which is from2
to 3 tinmes thealaveragebparrisherdateosr ih ihendrspeasivohoofidgratn

particles.

10

15

20

25

Accordingly, the dispersibility of abrasive

the amount of the surfactant and the pH within such
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.



grains in the polishing conpound was poor, and the abrasive grains were
sedinented within a few mnutes, to whereby it was difficult to use such a
pol i shi ng conpound, and the renoval rate was al so i nadequate. 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 conpound prepared in accordance wth an Exanple wherein the
concentration of the surfactant is |lower, dishing fluctuation was
substantial, and sdwepbanaifzatpobiskhagacotepbshiicivasrpparedFtnt her, if the
concentration of the surfactant 20 becones high, the nunmber of scratches
sharply increasesdandsi with Bebinpled govee aht ehbst phbeitattibat, whehhe
concentration of the surfactant is high, aggloneration and sedinentation of
cerium oxi deagsarpapashtcliesadded aecel dispedsiandotfhaprake vacguzinat,ed on
the polishing 25 pad. Nanely, it is considered that if coarse particles
causi ng scrathéesbrasevpr gsehhsi wiabr bei sgg@vacnatedeno dkivghilny, the grain
particles will be agglonerated and 8 accunul ated on the polishing pad
t herby t ® caagserage parteéase diametatrchWbichFust fiepm Rt tios 3altimesondieder ed
that there may be a case where aggl onerates of abrasive grains grown by
aggl oner at i oavehegsebaesinikel dcansted sor dhehdsspAssdescpifbedaiim t he
foregoing, in the prior art, no polishing conpound was availabl e which had
both di sperpavhisiebil idgcafdimelyol tlshidgspenpdontiendot abrasive
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, if 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 ﬁhe 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



excel l ent scratch characteristics, and excellent 10 polishing planarization
characteristics, and it was difficult to obtain a sem conductor device
havi ng adequate properties. DI SCLOSURE OF THE | NVENTI ON 15 Under the
circunstances, it is an object of the present invention to solve the above
problens and to provide a sem conductor polishing conpound which

si mul t aneously has dispersion stability,gexcellent scratch characteristics
and excell ent polishing 20 planarization characteristics. The present

i nvention prawd s £ &b Ofl! GO i sipDhd Sha d0cleOPPPURE €QABEI §hng cerium
oxi de abrasive grains, water and an additive, wherein the additive is at

| east one neideresed est eseffOdhéde FraHhaaONSItStiNG 1o aadbs Widesd sol ubl e
organi ¢ polyner and an anionic surfactant, the pH of the polishing conpound

at 25C is fregmas. théve may apd & heasotithe cONERHL s8¢ @B Of cEhgbadditireve i s
from0.01 9 to 0.5%based on the total mass of the polishing conpound.

Furt her, thegypiasendrowyedy i odgpsmetdeson photestved owiploddasag a
sem conduct or polishing conpound, which is a process for producing the
above- nent i onedkttclsesi conduct or pol i shing conpound, and whi ch conpri ses
m xing liquid A conprising ceriumoxide abrasive grains and water, and
liquid B conprisixyg ddecaiioxe additie vilormegbingt ein Sie lpriorther, hbe
present invention provides a to polishing nethod which conprises bringing a
surface to beolishing compound was available which had both

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 polisghing compound at 25°C is from 3.5 to 6,

and the total concentration of the additive is from 0.01



polished and a polishing pad in contact with each other and relatively
nmovi ng them while supplying a sem conductor polishing conpound,
characterized in that the polishing conmpound is the above-described 15

sem conduct or polishing conpound, and the surface to be polished is a

sem conductor substrate. BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a
schematic cross-sectional view 20 illustpoating a process for polishing a
sem conductor device substrate by a sem conductor polishing conpound. Fig.
2 is a view sholihg hasedanpl chef tatpdl melsisng fappar Mols sitiineh ampdadised
for the polishing method of the present invention. 25 BEST MODE FOR

CARRYI NG OUT THE FwvENFrONENewprehenpr ésvantinuentpyadasl B beodeseri bed in
10 detail. In the present invention, ceriumoxide is used as abrasive

grai ns. Hereforopsodigipngsabsemnikepdiictiat pPodésihdmoogioaoabidas Wha Y ai ns
show a specifically high 5 renoval rate in polishing of a glass type
materi al i néBudi R§OaSSF| fesnPERANE 1Pl rheNakeVyg Mehed o8ed um oxide is in
contact with silicon oxide in the material to be polished, a chem cal bond
will be fornE8MbEPREERLPKePOLWShiRAI ERMPPEACe s 2adgMNAEN§PBRES SIS gher t han
the mere 10 nechani cal action. Accordingly, in polishing by means of cerium
oxide, it isTipBet ARHULE BoRCFBK1iERBICERTAEHM Oxidenhabafeddiey@rgddisns with

t he object to bhe polished. L o L
and water, and liquid B comprising the above additive 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



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 filmhaving surface irregularities. Nanely, it is preferred
to selectively polish convex portions. To realize such selective polishing,
it is necessary to incorporate in the polishing conpound an additive which
is to be 20 adsorbed on the surface of gerium oxide abrasive grains to
prevent direct contact with the object to be polished such as a silicon
oxi de film tdetably.to control polishing. By incorporating such an additive,
if a high pressure is exerted, the additive adsorbed on the surface of
cerium 25 oxi de ahrekevprgsannsinwehtiba, peekédmobkitie dauseetdhes cont act
with the object to be polished, whereby polishing wll proceed. 11 1In a
common pol i sdibrags ire¢ hgda ither eiHemt afyrect itto Hees feddrs Hatbvrs yieissed agai nst
e.g. a polishing pad and relatively noved, the pressure exerted to the
surface of c¢eeiahjecide cabrapiveshedinsffeow &ospetyfdepehgi hgghpon 5 the
surface contour. At a convex portion, the pressure exerted will be high as
conpar ed 5wi theme¢val concaven pottisbingActordihgby, tubet heteonaéx portion, the
addi tive adsorbed on the surface of ceriumoxide abrasive grains is likely
to be peel edintiuding eadsiyi¢onnexhde fidlmontNanely t lwhére obfEen to be
polished thereby to facilitate the polishing, and thus, it becomes possible
to sel ectivebyigel ishirheorbavexwpohnt $bhiagai axtdehen tbacaacepspdi ba.
be polished, a chemical bond will 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 1s 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 is 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.



The cerium oxi de surface in an aqueous dispersion is 15 positively charged
within a range of fromneutral to acidic, and as the additive, a

wat er - sol ubl e organic polynmer or an anionic surfactant is preferred and is
enpl oyed also in the present invention. As the water- sol uble organic

pol ymer, a polynmer having carboxylic acid 20 groups or amoni um car boxyl at e
groups (-COONH4) is preferred. Further,in the STl process, usually,
selectivity is given between the renoval rates of the silicon oxide film

and the silicon phtai demhbhnposdshhaly mbehsdl whenebht ahdebjdetf itbmbles used
as a stopper. In an aqueous dispersion nmedium the surface of the silicon

oxide filmipolheigadi Vel yrebasgedga gt tdegsusfpeeishihgepad! anan 12
nitride filmis positively charged, within a range of fromneutral to
aci di ¢ (aboutelit Byelwhesedy, t tiee appyesunenéxenedd and onhe addEttceeow | |
sel ectively be adsorbed on the surface of the silicon nitride film
Therefore, Sthhentlagécoftohieespbliishedi difflersilocadliy dbpendihgmiprnde
abrasive grains will be prevented thereby to provide selectivity between
t he renpval tlaesunfatdecsntoeon Axiadecdrivar and ttien sithe@resdsurae film
Wth a conventional sem conductor polishing conpound, 10 as nentioned
above, in oreeertedseibttbeehyghoisshonpaved wpbhtabns aodcaweprovi de
sel ectivity between the renpval rates of the silicon oxide filmand the
silicon nitripdetiénl mAdaorndindlaen dteltitey erbrdest rabiteldahatthide
concentration of the above-nentioned additive is within a
additive adsorbed on the surface of cerium oxide abrasive
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, i1t 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



15 range of from2 to 3% and the pH of the polishing conpound is at a

|l evel of from7 to 8 i.e. inthe wvicinity of neutral. However, under these
conditions, aggloneration of abrasive grains by the additive has been

remar kabl e, and the dispersion stability of abrasive 20 grai ns has been

i nadequat e al though the planarization characteristics by polishing may be
excellent. As a result of an extensive gtudy, the inventors of the present
i nvention have found that by selecting the pH range of the polishing
conpound, itnitrjpbsstble 1o 2osivpreve therpeédnawizhinon chagacoderi stics by
polishing even when the amount of the additive in the polishing conpound
i's reduced, faneh fusdtreslitoiscpdssi bdleoto @8 3) pcwkaseby hehdi spevsion
stability of abrasive grains in the polishing conpound, and thus have
arrived at troentjores@ndnioventadditivethielsesetoadirceédy pel adhbnggedconpound
of the present invention, the concentration of 5 the additive is fromO.01
to 0.5% (massn ridte agubbsed of thbhesidiabnmassrbflet ielpol i Bhemrsf aospound.
However, with such a concentration range, it has heretofore been

consi dered tdantadie ebnceatsatioonofithedadiitnveits tbe cépiwmndxidadequat e
to provide the necessary polishing 10 characteristics. However, if the pH of
t he pol i shi mprasipeundaiss fwbhl 308 povedentedi shposkybte pvopidei de
adequat e polishing characteristics at a concentration of the additive | ower
t han before.s¥leeheyity fbehecegohbenremevah batenecohdthei velisoneduced,

aggl oneration 15 of abrasive grains by the additive tends to scarcely
oxide film and the silicon nitride film.

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

compound is reduced, and further it is possible to



occur, whereby the dispersion stability will be inproved, and it wll be
possible to sinmultaneously satisfy the planarization characteristics by
polishing and the dispersion stability of abrasive grains. 20 Wthin the pH
range in the present invention, as conpared with in the vicinity of

neutral, the positive potential on the cerium oxide surface will increase,
whereby the additive tends to be readil yzadsorbed on the cerium oxide
surface. Further, in a case where the 25 negative charge of the additive is
substanti al , imkreedve the éispérstah sepbisionp of adheaaddet gyraipartincl es
anong thenselves, the additive tends to be hardly adsorbed in 14

mul til ayers uetpel cshingn campeusdr f acé. thiowekaeve anritvadsapHthange, the
degree of dissociation of the additive itself will be snmall, and the

negati ve chapgesent| itreenshehl , Imhettebysamiddplecttmsgreticning | | be
possible. 5 Further, in a case where a water-sol uble organic polyner having
car boxyl i c acompoundpsf thke pPoesexanpheentised, ashet benadditravepni bft he

wat er - sol ubl e organi c polyner is not dissociated, the water-sol uble organic
pol ymer partthé¢ezsddanbvng thehsenvesOtend €oS5he (masanghedobybabhedhypdr ogen 10
bonds on the cerium oxide surface, and they tend to be adsorbed in

mul til ayers. tihetetat enass ehethel pahgehing cheppredentHowsresiti onltleven if
the additive concentration is low, the additive will adequately be adsorbed
on the surfagehor cercePtbRFHenabrageveljrhapashenpbpépyelBbepnl i shing

pl anari zation characteristics can be provided. The pH_of the polishing
conpound of €@eSpEesedtthat the concentration of the additive is too

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 in



i nvention i
is too | ow,

silicon nitride film20 tends to be extrenely snall,

s from3.5to 6, particularly preferably from 4 to 5. If the pH
the anmbunt of the additive to be adsorbed on the surface of the

wher eby the surface

protection of the silicon nitride filmtends to be inadequate. Further,
el ectric charge of the additive wll be small, the adsorbability of the
additive to the cerium oxide abrasive gpains wll be weakened. Further,

the el ectri

w1 al so bensned layaerabyridae@ftdtodd $1eptdSs On Hyudvelecriaase,

di sper si on

c charge of the additive adsorbed on the cerium oxide surface

15 stability of the polishing conpound tends to deteriorate.

t he

25

and the

I nversely, ifhidhemwpHdsgd ool gikgred Pl diutiattfon hef eddi aaaetwel be
required to provide the planarization characteristics, whereby the

di spersi bi | ittys«lff tiiel Cesd wmbl oXi el atasiaes give nshdegdswi 1 beepoor,

wher eby aggl oneration and sedi nentation of the polishing conmpound tend to

proceed. | n dreel Ipr egdestebnwaril i iyl e tads et ion oxi de Bdrassyeblgrai ns are not
y limted, but, for exanple, 10 cerium oxide abrasive grains

particul arl
di scl osed i
Nanely, a

foll owed fi

10

15

20

25

rFuftifed -2 56 lcapse Jihdde& ) IwdS8d-Ssathyb ¢ edegabiy belused.

cerium oxi de powder obtained by adding an alkali to an ammoni um
aqueous sol avwmofcaesdoxyi (¢ \Jcind tgabwod 0 19pr eparr ecxvamgel ¢ unubygdr axi de gel

ltration, 15 washing and firing, nay preferably be used. Further,
ceri um oxi declabraddvel e ai 16 b aratesl byo hubvero zgami @anpol yinek nfs ceotum
carbonate of high purity, followed by

dissocilated, the water-soluble organic polymer particles
among themselves tend to be entangled by the hydrogen
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
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
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,
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



further pulverization and classification, may also preferably be used. 20
The average particle dianmeter of the ceriumoxide abrasive grains is
preferably from0.05 to 0.5 pm particularly preferably from0.1 to 0.3 pm
further preferably fromO0.1 to 0.2 p.m If the average particle dianeter
is too large, abrasion flaws such as scratches 25 are likely to be formed on
the surface of the sem conductor substrate. On the other hand, if the
average particle dianmeter is too snall, 'the renoval rate 16 tends to be

| ow. FUFtherstéﬁ&ﬁi&&FEfHEKéiﬁﬁuiﬁhiﬁﬁfcéﬁ%ﬁ@@& BE€Es PES HBLErYOLHAER IS
| arge, the polishing conmpound is susceptible to the influence of the

surface condifd k1 @ndi flepeadbimoi Pedo thegeondi 14pHs sHetn@Sothene pH and
the concentration of the additive, the pollshlng conpound may tend to be

aggl oner at ethadiof i yd1ew MERSHE eF@dil i Béd t e ?ﬂ@ﬁﬁ@@ fRetprhgadi anei6h, a
particle size distribution neter of e.g. laser diffraction-scattering type,

dynanmi c | i ghihseatderisgidd, typer Sby PHigs ofi 96 €181 1 08y t yperhaByebeunsed. In
a case where the particle dianeter is large to sonme extent and the grains

are |ikely texie satha@Ne€dgraing StPnes efs efe pOoHSewheBE!
diffraction-scattering type particle size distribution neter, and the
above- ment i cngsll sdwget 1on aadd pedimenedt fanger i tha sasesMbey ecdbfpoanar age

particle diameter is neasured by using a |laser diffraction- scattering type
particle sizeertdste ipubcoadmeter. The additive in the present invention is
at | east
In the present invention, the cerium oxide 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 agueous 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 pm,
particularly preferably from 0.1 to 0.3 pm, further
preferably from 0.1 to 0.2 uym. 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



one nenber selected fromthe group consisting of a water- 20 sol uble organic
pol ymer and an anionic surfactant. The water-sol uble organic polyner is
preferably one having carboxylic acid groups or carboxylate groups. It may
specifically be a honmopol yner of a nononer having a carboxylic acid group
such as acrylic acid, nmethacrylic 25 acid or nmaleic acid, or a honopol yner
corresponding to such a honopol yner wherei n the carboxylic acid group
portions are in the formof salts such as ammoniumsalts. 17 Further, a
copol yner oftend®nggrase ety Ng FairedrdigX s ¢ haagrdpgradprividih theononer havi ng
a carboxylate group, or a copolyner of a nononer having a carboxyl ate group
wth a derisatface ddrea gagboxylt cvelinte slishl asgan eh&ypoessring thereof, is
al so preferred. Further, a water-soluble organic polyner such as a
pol yvi nyl alcoiwdyndriansuarepnilsl s urd achaninflednas afmoheusuofaate,
ammoni um | auryl sulfate or triethanolamne lauryl sulfate, may suitably be
used. 10 Par¢omdd tatrdry, pared eemshdisng ywody nele havndit i cas bexyhi asathd gr oups
or carboxylate groups. Specifically, it may, for exanple, be a polyacrylic
acid or & pablnerd have ngoaten east i smnet ofhe aaddkylve, achd pgtoshsngn a
pol yacrylic acid substituted by ammoni um 15 carboxyl ate groups (hereinafter
referred to compourdmoay urepd| yachy| agelomeratedse where an inorganic acid
or an inorganic acid salt which will be described hereinafter, is
i ncor por at ed t oFphethbel nehisngepenpowid Wie averageseatrtialventieneter,is
particularly preferred to

a particle 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.



20 enpl oy an ammoni um pol yacrylate to adjust the pHwthin the range for

t he polishing conpound of the present invention. Here, in a case where a
wat er - sol ubl e organi ¢ pol ymer 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 from2,000 to 30,000. As the inorganic acid or the
inorganic acid salt in 18 the present ijpvention, nitric acid, sulfuric
acid, hydrochloric acid, phosphoric acid, boric acid, carbonic acid and
their amonimuetdadt s @rcEod hgsetno & ad tsomayer flodvieyaapterbbeytat i oned. By
such an inorganic acid or an 5 inorganic acid salt, the pH of the polishing
conpound carecih® adpwstwedth As tdeopeoduatimn prozessxplatbegpoesendr
invention, in viewof the long termstorage stability of the polishing
conpound or & heostkymertgf od vanowes pavisdi agcdfockatatéegirstbcsith process
for producing a sem conductor polishing conpound is adopted which conprises
preparing l|aqledivetovgréSiagceeproxyl dxiaelidbsashvas gani atkghdestatrer, and
liquid B conprising the additive and water, and mxing liquids A and B
prior tosthetlpetéshi ngs Fheo 1Brabehoedf orfurittiew |4 quetr SantbB may be a
method of mxing themon a polishing pad or in a pipeline immediately
before the pordaii agopivineHowrvkrastiepobevisphdattohopol Pshang conpound of
the present invention undergoes substantially no aggloneration even after
such 20 mi xi#@yleamic i susfaprant opueh pracaneeniynsei ¢2EE enampeni o

lauryl sulfate or triethanolamine lauryl sulfate, may
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



of time, and therefore they may be prelimnarily be m xed. Nanely, a
commonl y enpl oyed sem conduct or polishing conpound-supplying system may be
utilized whereby liquids A and B are put into a seni conductor polishing
conmpound 25 storage tank and stirred and m xed by a propeller stirring
machi ne, or the polishing conpound nmay be continuously noved by a
circulation line. 19 In the present inygntion, in order to sufficiently mx
the cerium oxi de abrasive grains and the additive and to stabilize the
adsor bed st athe @frddentaddivdnts con trhieerigr aldisurddderid dasidgreferred to
prelimnarily mx and 5 stir liquid A conprising the cerium oxide grain
particles aydinmatteromid ladidquipghd®ptemrd sdaigl t heoaddidd e, aseklbvaisr and

t hen use the obtained polishing conpound solution. The polishing conmpound
sol uti on maydiel wsell thnedisatredng urafdadrt ariod g dagruiwks & larad iy buffort i s
preferred to use 10 it at least a few mnutes after the mxing. It is

parti cul ar| exangfler r dob nerisiertdte. pd8lyi shichg aconpourgdnipgoaciexpirr ani on of at

| east 15 mnutes after the m xing. By supplying the sen conductor polishing
conpounds pr epamxhnisy andd mpltvi dhe phmE tthe puol isthing epparatdissant is 15
possible to carry out CWVP polishing constantly. To the supply line, a
circul ati on e meliustdse provided for uniformty of the sem conduct or
pol i shing conpound. For the preparation of liquid A it is preferred to

enpl oy a net hod &% e pgeredurt e i RFPexs o hbize ineePnyraivent opur e wat er

or deionized water, and at the tinme of dispersion, it is preferred to
enpl oy an ulify 38&1 ©f 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 is 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 ligquids
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.



di sperser whereby aggl onerates are disintegrated by the energy of

ul trasonic waves to disperse abrasive grains in water, or a honobgeni zer, or
Honogeni zer (tradenane, 25 manufactured by Sugi no Machi ne) or Nanoni zer
(tradenane, manufactured by Yoshida Kikai Co., Ltd.) whereby aggl onerates
are disintegrated by the collision kinetic 20 energy by collision of
abrasive grains one another to dispersgoqabrasive grains in water. Further,
it is also preferred to sinultaneously add a di spersant at that tine.

Here, the di spersanthésppasche beveddednt oist ablyr5tdi sperseiabrasi ve grains
in a dispersing nedium such as pure water, and as such a dispersant, the
sanme one as i tldbaverilescsibid gdehsive dryihe asedihdagelyritBeandadditive

in the present invention may be added not only to liquid B but also to
liquid A as onestbviniza fhcidosrbdd asate dbSpeisantidivbes andiipersant is
to be added, its concentration is preferably within a range of fromO0.1 to
1.0% nore grafrerabtfadeoni. BstporéfdPredyta passimbhapile inhe ands of the
cerium oxi de abrasive grains. If the 15 concentration of the dispersant is
| ower than tdisr kimeedtx atompriange, thdecer Sperskbdéi yyadh phrascles grains
tends to be inadequate, and if the concentration of the dispersant is
hi gher than arnd swateengeyitlaghl gued aB i oompof i stmastive gddinsveeadd watgradual |y
20 proceed. For the preparation of liquid B, a nethod of dissolving the
above-descrided Huchtise the pobeawat@rpolishing compound solution.
The polishing compound solution may be used immediately
after mixing liguids A and B, but it is preferred to use
10 1t 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, it 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 Suginc Machine) or Nanomizer (tradename,

manufactured by Yoshida Kikai Co., Ltd.) whereby

agglomerates are disintegrated by the collision kinetic



dei oni zed water, may, for exanple, be nentioned. Further, by incorporating
an inorganic acid or an inorganic salt 25 to liquid Bto prelimnarily carry
out the pH adjustnment, it is possible to bring the pH of the sem conductor
pol i shing conpound to be prepared by mxing liquids A and 21 B, to a
predetermned |l evel. Further, as a nethod of bringing the pH of the

sem conduct or polishing conpound afterophe mxing to the predeterm ned

| evel, a nethod of <controlling the pH of the above additive, nmay also be 5
enpl oyed. Famnexpame,cdll iss ioas e fihesma di o pptayires srsleano@fhér cas boxyl i ¢
acid with a carboxylate, is used as the additive, it is possible to enploy
a net hod of Gidjpestsengabradrel yiH dya icontirolwa ey t heduyralherer iizatiomIrssd i 0 of the
carboxylic acid with the carboxylate. 10 The concentrations of |iquids A and
B may, for mefigmsd be neiderltarbeusiiyeaddien ocbiseat saaht oat athabetimene of
use for polishing, so that the prescribed concentration nmay be obtai ned by
m Xxi ng | i quiHkreA atite Rlispemsarassig atned wof de ladded ttherstdlolyt he sake of 15
conveni ence for storage or transportation, the concentrations of liquids A
and B nmag, fdirspexasslahrarel varades ises tirata tdissmeanciant metdioms ofich hes
conponents such as the abrasive grains, the additive, etc. would be about
ten tines thmuooHnesar atdroh &t SuwEh ta mblsfensantf ortik0 pohe stagas andet hey
are diluted to a concentration of twice at the time of use, and |iquids of
A and B ar e abawefitesqn Meatl iafdi tipnss mait ike ofsadl Nemsfdtvai ithche  prescri bed
concentration. Further, liquids A and B

additive in the present invention may be added not only
to liquid B but also to ligquid 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 liguid B, a method of
dissolving the above-described additive to pure water or
deionized water, may, for example, be mentioned. Further,
by incorporating 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 ligquids A and



havi ng concentrations of ten tinmes and deionized water 25 may be mxed in a
mass ratio of 1:1:8 to obtain the prescribed concentration. However, the
met hod for adjusting the concentration is not limted to such 22 specific
met hods. As the sem conductor substrate to be polished by the sem conductor
pol i shi ng compound of the present invention, the above-nentioned STI
substrate for shallow trench 5 isol ati omymy be nentioned as a preferred
exanple. As described above, the sem conductor polishing conpound of the
present inventi oo BaprBigbesrlaeti Yetrglf orFiiheher erayah matkodgatnst a
silicon oxide filmand a silicon nitride filmand is capable of polishing a
silicon oxi derifigihgnthe pHhb@hthenseal coatiactbirhpnd ishisigaribmpoudids hi ng.
Thus, the polishing conpound of the present invention is effective for
pol i shing a séneronHacinbkisgbsbr ahe bavtrgermiaebli ¢enedxi de meithmwd? ceind a
silicon nitride film3 fornmed on a silicon substrate 1. Further, as an 15
appl i cati on, coherpbdlisbi nhjecpHpotintdhef abheepaddeént. vel, nment iadsol Heef fecti ve
al so for polishing for planarization of an interlayer insulation film
bet ween mul empaygedw rfogsexdipelsi | irton oxsdevhieten 2 ocayolimerexadpl e, be a
so- 20 called PE-TECS filmfornmed by a plasma CVD net hod using
t et r aet hoxyspfaaecasbskailicngchdt wiithl a Earbbhaylaseso4 scalsleeld aldDRHe | m
formed by a high density plasma CVD nethod may al so be nmentioned. The
silicon nitriadditiven 3itmag, phesibtanpbeembdopne fretimed If adiowtgmsssure
CVvD

the pH by controlling the polymerization ratio of the

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 liguids 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, liquids 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



25 nmethod or a plasma CVD nethod using silane or dichlorosilane and ammoni a
as starting materials. Further, instead of the silicon oxide film a Si OF
film 23 a BPSG (Boro-Phospho-Silicate dass) filmor a PSG
(Phospho-Silicate dass) filmmy, for exanple, be also used. Further,
instead of the silicon nitride film a SIONfilmor a SICNfilmmy, for
exanpl e, be used. 5 As a nethod for polighing a sem conductor substrate by
means of the sem conductor polishing conpound of the present invention,
preferred iss@e@pdtishhaghs®t hod which conprises bringing a surface to be
polished, of the sem conductor substrate, and a polishing pad in contact 10

with each other asdtrel atmvebyatbrbhgstiBefrade tBebeppbisBhea appanatus, a
comon polishing apparatus nay be wused. For exanple, Fig. 2 is a view

showi ng an exafiptendettér Pebl 58h Gy appapetng ¥hi €he CBhebenysedveat ibhe
polishing nethod of the present invention. This is a 15 system wherein

whi |l e suppl yting dlbevseanttonciued 0sTI pohbsti &ge cOsPOshal Béwf £ eahahpol i shing
conmpound- supply pipe 35, a sem conductor substrate 31 is held by a
pol i shi ng hebsbB2t boml may bveougdhtionednaacs wiébhetre@obkahpbg. paxk 34 bonded
to the surface of a polishing 20 table 33, and the polishing head 32 and the
polishing tadserdBedreabootat ehefoemiedbadiuveonopebesihingputompeungobtshi ng
apparatus is not limted thereto. Here, the polishing head 34 nay perform
not only rotla¢ipnebentalseentioneaas nbigheseledbevpoyi Sbrngheable 25 33
and the polishing pad 34 may be of the sane size as or

removal rate against 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,



smal | er than the sem conductor substrate 31. In such a case, it is
preferred to relatively nove the polishing 24 head 32 and the polishing
table 33, so that the entire surface of the sem conductor substrate can be
polished. Oherwi se, the polishing table 33 and the polishing pad 34 may
not be of a rotational type, but may for exanple 5 be of a type noving in
one direction by a belt system The poI fhlng condi tions are not
particularly Ilimted, but the renoval e can be inproved by exerting a

load to the QOEP§@'@90986§hééph8 @E@EQStEh@19§§§SEEQm BLegsekg agai nst the
polishing pad 34. The polishing 10 pressure at that tinme is preferably at a

| evel of frOWPhQSéhBQS§QlEg€e @@ngrOﬁhﬁﬂem&gewﬁgknéxgk hle wai focpity of
the renoval rate within the sem conduct or strate atness and

prevention ofispgli sihrgh&ef echstSa8hoAStheCs AL £hOS nitrigePRLihCUsarly
preferably at a | evel of 15 from 3 to 40 kPa. Further, the rotational speeds

of the polighbRortahl erapdstbs BeNShbYY ES@deﬁéﬁpméef%éabbéd from about 50
to 500 rpm but not limted thereto. The polishing pad may be one nmade of

€.g. a coimbn nar- Worekhbabifics, p1fieaTRd ROlwHithRRtcar RARMSatesin 20
or a non-porous resin. Further, lattice, concentric or helical grooves may

be forned onp{hpestkf a¢echt tbaicpabushbRgppadshAng dempbondr efdtaet he
supply of the sem conductor polishing conpound or to let a certain anount

of the sem cppdyeher ipokhshbAg peapeufnddstiayat belesh2dbgNawrhbdawplies of the
present invention will be described. In each Exanple, the measurenent of
the pH comprises bringing a surface to be polished, of the
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 1s preferred to relatively move the polishing



was carried out at 25C. 25 EXAMPLE 1 Cerium oxi de abrasive grains and, as a
di spersant, an ammoni um pol yacryl ate having a nol ecul ar wei ght of 5,000
were mxed in a mass ratio of 100:0.7 in deionized 5 water with stirring,
and subjected to ultrasonic dispersion and filtering to obtain a m xed
liquid having a concentration of 10% by nmass ratio of abrasive grains

based on the total nmass of the liquid (?%reinafter "% in Exanples shows
such a proportion by nass ratio) and a concentration of the dispersant of

0.07% This Hd4uizh was whid Wedi ShMey tidmse Wi h seioizechaadgEito prepare
an abrasive grain mxed liquid A having an abrasive grain concentration of

2% and a di sperfad soneentdaii hd@ict & %6 t ddree abishe @1 AsRedl xed
liquid A had a pH of 15 7.6 and an average particle dianeter of 0.18 um

Then, an ammitdswiad yasiy | pd e heMd 1D BT W civei gt i 915y 098 was
di ssolved in deionized water, and the pH adjustnent was carried out with a

0.070% ni trix4 agdy nAEUSOUSE SOl i D dria DriAge | r@l@"ﬁliﬁp féPneRanpl® 5.8, to
20 prepare an additive liquid B having an amoni um pol yacryl ate

concentrati aie ff & 68Ppe They By asi Vengrairecti xedy i Gubsll A apgréme additive
liquid B were mxed with stirring to prepare a sem conductor polishing
conmpound havi ngTlee Bbl hshirvg gcandicbomensrathon pardeudazbyconcentrati on
of an ammoni um pol yacryl ate added as a dispersant of 0.007% a
concentrat i dninoftedh, aoomntien reodyalryd et ecaddes immmtdd awdetéveihgqui d of
0.3% and a
a load to the polishing head 34 to change the pressing
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 or 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.



26 pH of 6.0. The neasurenent of the pH was carried out by pH 81-11
manuf act ured by Yokogawa El ectric Corporation. The conposition, pH and
average particle diameter of the polishing conpound and the tine until the
abrasive grains 5 were aggl onerated and sedi nented, are shown in Table 1,
and the results of evaluation of the polishing characteristics are shown in
Table 2. In both the polishing conpound d the abrasive grain mxed liquid

A, the average particle dianmeter was 1 .18 um Nanely, by the mxing wth
the additivepglkhgpi g B, aggl oneration of abraS|ve grains did not proceed.
Thi s sem conductor polishing conpound was left to stand still to evaluate

the di spersion StabhLil i MACHERY 108 digper ska uas JTaiiAled, even_ upon

expiration of at I5 I'east one week. Thi's dispersed Sstate was at the sane

level as the ﬁbéﬁﬁbﬂ§uﬂrBbTyHb%?@aquthlﬁghQVhBQeBQla%d%%Hb%% gded, and
t hus, the dlsper5|b| Ity was excellent. For the neasurenment of the particle

si ze dlStrlQubbgnwe§e|ﬁ§§éd89ﬁtgeﬁhgg ditfpagki 980apPar ahug 20 Hitadenane:
LA-920, manufactured by Horiba, Ltd.) was used. Further, in order to

eval uate 4 heypekisii By sﬁhékiﬁberhﬁblgﬁb Bekb8hiBI, RS A6akiIed out by using
a CWP polishing apparatus (tradenane rra, manufactured by 25 Applied

Material s) . ghbpthatohi BRA @$18eRP9hhyshbnepPadn a8 mdeudbl € ik@ver ne’dd ngC- 1400,
K- groove, manuf act ur ed by Rodel, was used, and for condit’ioning of the
pol i shing pag, c8hcentration of 10% by mass ratio of abrasive grains
based on the total mass of the liquid (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 ligquid 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 ammonium

polyvacrylate added from the additive liquid of 0.3% and a



MEC100- PH3. 5L manufactured by M tsubishi Materials Corporation, was used.
The polishing pressure was 21 kPa, and the rotational speeds of the
polishing table and the polishing head were 123 rpm and 97 rpm
respectively. 5 For the measurenent of the renoval rate, a film thickness
meter W 1280SE, manufactured by KLA-Tencor, was used, and for the
measurenment of difference in level of t surface, profiler HRP-100,
manuf act ured by KLA- Tencor, was used. For the evaluation of scratches, 10

SF6420, manupacsgredoby MlA-rleNsorent@s: USEUchd\Spid wSE N £PRINGt St SHPStrate
(solid film as an object to be polished, a blanket substrate conprising a

PE- TECS si | pgog1oxideahi:Eareidea Byl ¥6RBgAWA Edectirh B corBBhagbur.ed by
| nt ernati onal SEMATECH, was used. 15 Further, for the eval uati on of the

polishing chacagbepbstteonpfpn pabt evarvgkeparsltklpatiamnatreaf er +%e4CMPO00
or 864CMP0O00, manufactured by International SEMATECH, was used. The oxi de

fil menbeddegol hehehy wespauR&- AEEStEE| tepa axtde thbmabavksAgeagt-hiigkness of
800 nm 20 Wth respect to the polishing characteristics of the bl anket

(solid fid Mwetbeagghomalrataticah@xyeaimbheed | heenshsivele ihi rapwas 1220
nmmn, and the renoval rate (N) of the silicon nitride filmwas 6.1
nmimn, wherehy thberseliteki ¥€ eahloa®xbN ot the peavgalingates was 36 i.e.
25 sufficiently large. The polishing tinme of the pattern wafer was 135
seconds, thechhuattuatrisnicn drehshgwnain6%abim 2and t he nunber of scratches
was from20 to 30. 28 The fluctuation in dishing was eval uated as foll ows.

In both the polishing compound and the abrasive
grain mixed liquid A, the average particle diameter was

10 0.18 um. Namely, by the mixing with the additive ligquid
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

15 least one week. This dispersed state was at the same
level as the abrasive grain mixed liguid A having no
additive added, and thus, the dispersibility was
excellent. For the measurement of the particle size
distribution, a laser scattering-diffraction apparatus

20 (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

25 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,



Nanely, the difference between the maxi nrum val ue and the m ni mum val ue of
di shing of |ine-and-space patterns with wdths of 10, 25, 50, 100, 250 and
500 pm within one 5 chip, was taken as the fluctuation. Here, the |ine-and-
space patterns are sinulative patterns for shallow trench isolation and
patterns wherein a trench being a concave portion and a silicon nitride
filmmasking portion being a convex pogfion are alternately arranged.
Wthin one 10 chip, there are |ine-and-space patterns having various |ine

wi dths, but Mﬁci@bSpﬁyabﬂg&éﬁﬁfakEﬁré8589CM&¥§ubYEHEhﬁa@%ﬁi%ﬂ%a|'y spaced,

and evaluation was carried out wth respect to patterns having the

above- ment i opggpekXt i by PeRa8l uWkdt NSThd SpEXAMRLES 251 BsENGSaAR MANRE, as in
Exanple 1, an abrasive grain mxed liquid A was prepared, and an additive

liquid C hayhB9cRePHLOht 8BAHYL 4p8eWBSOBT eREr 8011 BniHE $aBBe BRNGHEAS 1N
Exanpl e 1 except that the concen?ratlon of 20 the aqueous nitric acid

solution to gank¥n®Hy hBgapireradhust PBAt ahA dherphepaeabier iQkiihe additive
liquid B was changed to 0.044% and the concentration of an amoni um

pol yacrylate wasrpekaRgednbastr@hétr HFe tnabrasbya19raitk Maxed 1d quid A and
the additive liquid C 25 were mxed with stirring to obtain a sem conduct or

pol i shi ng cogrodRHeBavihabeanuablagbye, Jhahlf660GeBHE! Bl ana-aknt%r,a
concentration of an anmoni um pol yacryl ate added 29 as a di spersant of

0.007% a cowagntukali oanaf fap anEDREHBurpRbMaco¥l ateraddedef namllheladdi tive
l'iquid of 0.085% and

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 (0Ox) 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 04x/N of the removal rates was 36 1i.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.



a pH of 5.0. Evaluation of the above sem conductor polishing 5 conpound was
carried out in the sane manner as in Exanple 1. The conposition, pH and the
average particle diameter of the polishing conpound are shown in Table 1,
and other evaluation results are shown in Table 2. EXAMPLE 3 10 In the sane
manner as in Exanple 1, an abrasive grain mxed liquid A was prepared, and
an additive liquid D having a pH of ab 2.9 was prepared in the sane
manner as in Exanple 1 except that the concentration of the aqueous nitric

aci d sol ution torear £y u@WhakenPlid aiagius! TRl dva 1L f BRARNIARO! the
additive liquid B was changed to 0.012% "and the concentration of an

a”“Un'U”‘pO'N&ﬁéYbat%h@ﬁﬁlﬁhéﬂgﬁgetBeQw@%ﬁ@tEQemaQEﬁﬁhV%a1ﬁéahﬂd”kh%d l'i quid
A and the additive liquid D were m xed th stirring to prepare a

sen1conductOﬁIHthﬁhvaquaoo@oaﬁgﬁmﬁghaflmgnaﬂaaetgﬁh&@ BhRLBraangeRyrati on
of 1% a concentration of an amonium polyacrylate added as a dispersant

of 0.007% ayc@pEgNbEatpon2ef 80,amupni 4L REkY&eby LAl ewadded them the
additive liquid of O. 01% and  a pH of 4.0. 25 Evaluation of the above

sem conduct oknpgl | §BENEakeAMREURHeWES uELALEENQUtHéRe | henSamEn8BRgL as in
Exanple 1. The conposition, pH and average particle dianmeter of 30 the

pol i shing cogpadadpateeshavarensIiablativeapdtobhar reyakuatilon tesukhs are
shown in Table 2. EXAMPLE 4

isolation and patterns wherein a trench being a concave
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 agqueous 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



An abrasive grain mxed liquid E having an abrasive 5 grain concentration
of 2% and a di spersant concentration of 0.01% was prepared in the sane
manner as in Exanple 1 except that in the preparation of the abrasive grain
mxed liquid Ain Exanple 1, the concentration of an anmoni um pol yacryl ate
as the dispersant was changed to 10 0. 5% based on the cerium oxi de abrasive
grains. The pH was 7.6, and the averageSParticIe di aneter was 0.18 m

Then, in the sane manner as in Exanple % the additive liquid B was

prepared. ang.theagbiaslugeobgi . hyed ol LAULdoE0dcEns caddl LikgolguTd B

were m xed w rrrn repare a sem con or polrshin npound

havi br as] . . _ Crati £
ammont um pol Jaeror i ba5auedoes EF8Y SheradnftiPeo SORETR' B2 BR08Rx Bion o
an annnniunlap?hygfrg[@te added fromthe additive liquid of 0.3%and a 20

pH of 6.0. Evalfuation of the above semi conductor polishing conpound was

carried out in the.sa i?%P%%Bﬁg% 5@o§§agghﬁco%d%é%%gtg%h%%hgﬁgglpolishing

pad, a single |ayer pa -groove, manufactur , was used,

and as a-¥5tEgﬂéﬁ&ﬂﬁg@&%{FQEPEEﬁabgg ?PﬁgﬁesgékgoﬂaﬁﬁégeagiEH‘ SmpYged

i nst ead of E- TE I con oxi m an S a pattern warer, one

having a siliconmoXidenddd M NaYI NG aadd cAdi £hDLSSe 0ba SO0 #PbRdded by a

HDP met hod on a substrate having trenches in a pattiern of STI pattern
waf er 964 nagyf agbuped; Byihpt ecRgbuaRak SEMAGREH nWaab1uSed. ahBeother

conposition, pH and average particle dianeter

evaluation results are shown in Table 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 Exanple

1. The composition, pH and average particle diameter of



5 of the polishing conpound are shown in Table 1, and other eval uation
results are show in Table 2. EXAMPLE 5 In the sane manner as in Exanple 4,
the abrasive grain mxed liquid E was prepared, and in the sanme nmanner 10
as in Exanple 2, the additive liquid C was prepared. The abrasive grain
mxed liquid E and the additive liquid C were mxed with stirring to
prepare a sem conductor polishing conpoypd having an abrasive grain
concentration of 1% a concentration of an anmoni um pol yacryl ate added 15

as a di spersant pb19s005% campenaankiat EBBwAl ian TamTRNIIYMarRDlRy| at e
added fromthe additive liquid of 0.085% and a pH of 5.0. Evaluation of the

above sem coaddttiatipal krsBulgs aeBpeHBEMWAS ¢ablieed.out in the same nmanner
as in Exanple 20 4. The conposition, pH and average particle di aneter of
t he polishi ngxgmppauad are shown in Table 1, and other evaluation results
are shown in Table 2. EXAMPLE 6 In the sane manner as in Exanple 4, the
abrasi ve 25 grai anmaxeédivguigdaEnwad xedepdied.d anthaaimddint ia-ddigri d F
having a pH of about 4.4, was prepared in the sane manner as in Exanple 1
except that grathecpneparatitabnobf32% thd addikbeeshnguicdnBerith@ation
concentration of the agqueous nitric acid solution to carry out the pH
adj ust nrent wa$ OchakgedatopePdz2é andthkeseoecenanhetd ez dh &@xaamienilum
pol yacryl ate was changed to 0.306% The abrasive grain 5 mxed liquid E and
t he additiveekicgptdtBEaneie mheedreptlmation of the abrasive grain
mixed liquid A in Example 1, the 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
liquid 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
dispersant of 0.005%, a concentration of an ammonium
polyacrylate added from the additive liquid 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



stirring to prepare a sem conductor polishing conpound

grain concentration of 1% a concentration of an ammoni um pol yacryl at
added as a dispersant of 0.005% a concentration of an amoni um 10
pol yacryl ate added fromthe additive liquid of 0.153% and a pH of 5.0.
Eval uati on of the above sem conductor polishing conpound was carried
the same manner as in Exanple 1 except {jhat as a polishing pad, a dou
| ayered pad 15 |1 C- 1400, K-groove, manufactured by Rodel, was used, the

pol i shing pregseke¥asc28skbPanmt BRLEQHALI gga!a gpeedetaba bhegpol i shing

and the polishing head were 123 rpm and 1

7 rpm respectively, and as

pattern waf esyB8eraba@vhilgidgStba8Regxidesf iﬁhm;eﬁﬁi Bg aTtthibakress, of 6

20 enbedded by a HDP nethod on a substrate

aving trenches forned in

havi ng an abrasi ve

e

out in
bl e

t abl e
a
00 nm
a

pattern of SThfpatbennmupfiescBbded pRNUHhBEEHACHCRY 1! BERRIRLEHONGL SSEMATECH,
was used. The conposition, pH and average particle dianeter of the

pol i shing conpeand ®i& &hgpywsitidablgn lan@ngyStdes Pohreval vabignetesults are
shown in Table 2. EXAMPLE 7 (Conparative Exanple) In the sanme nanner
Exanpl e 4 tbe aheapbVesB3nggtsinpolihdedrki gHbWnEi nasaplepar, edndand hak
additive liquid G having a pH of about 4.4, was prepared in the sane
manner as | netxaupkeott exeaptst hak showhénprepaeai.on of the additive

liquid B,

out the pH aBkmMPBENE was changed to 0.079% and the concentration of

anmoni um

10

15

20

25

In the same manner as in Example 4, the abrasive
grain mixed liquid E was prepared, and in the same manner
as in Example 2, the additive liquid C was prepared. The
abrasive grain mixed liquid E and the additive ligquid C
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 0.005%, a concentration of an ammonium
polyacrylate added from the additive liquid 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
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
grain mixed liquid 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

as in

the concentration of the aqueous 5 nitric acid solution to carry

an



pol yacryl ate was changed to 0.34% The abrasive grain mxed liquid E and
the additive liquid Gwere mxed with stirring to prepare a sem cond
pol i shi ng conpound 1o 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 ammoni um pol yacrylate added fromthe additive |iquid
of 0.17% and a pH of 5.0. i5 Evaluation-of the above sem conduct or

pol i shi ng

conmpound was carried out in the sane manner as in Exanple

uct or

6. The

conposi ti on, tid addl eises apgped th | ehdi aomtentodtidheopothshaggesagpound are
shown in Table 1, and other evaluation results are shown in Table 2.
the 20 poli shitgidiaeidfsephitism vafesiriy dJabl ehd pE ddgustmentregyi red for
pl anari zation by elimnating difference in |evel of the pattern, whe
nm of the oxdltnded md sO. 0EDSR) nexdd othé heoscén coat hohrofleafi hmndnidhe val ue
of the dishing fluctuation is the fluctuation in thickness of 25 the oxide
filmenbeddesbliyadheldtrencds Ihahged hts Ex20$E e, THee adxiadeife |gwanas not

conpl etely

renoved, but as conpared with other Exanples, a good 34

was obt aisnedninked bigexd renehg shal dddiucteatignid Fnwéhe masedowithe
sem conductor polishing conpound in this Exanple, if the thickness of the
silicon oxi detirtimg enbeauidenkby & heeriDPom@uhodr i sgohhsking bempbindat a | eve

5 of about

550 nm it is possible to conpletely renove the oxide fil

the silicon mvingeadidlprawive gedimi pgnecdetrétictuati dd, &urther, it
al so possible to renove the

10

15

20

25

concentration of an ammonium polyacrylate added as a
dispersant of 0.005%, a concentration of an ammonium
polvacrylate added from the additive liquid 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
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
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
evaluation results are shown in Table 2.

EXAMPLE 7 (Comparative Example)

In the same manner as in Example 4, the abrasive

Her e,

re 50

result

m on
is



remai ni ng oxide filmof about 50 nm by anot her polishing conpound, after
bei ng pl anari zed. 10 EXAMPLE 8 (Conparative Exanple) In the sanme manner as
in Exanple 1, the abrasive grain mxed |liquid A was prepared. As an
additive liquid, a liquid 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 mxed liquid A and the additive Itguid were mxed with stirring to
prepare a sem conductor polishing conmpound having an abrasive grain
concentr at i ografinl%ix@dcanecenid & wars o eparad@yoRindNarpladdaiyieatle added as a
di spersant of 0.007% and a 20 concentration of an anmoni um pol yacryl ate
added from t kehasdéict iaveH iofuiathoaft 4..Q% whke pppsasd/.it theldid on of the
above sem conduct or polishing conmpound was carried out in the sane manner
as i n Exanpl manherThe damissirplen,l phcapd ahartade pard ipdepadisaneirerofof 25
t he polishing conmpound are shown in Table 1, and other evaluation results
are shown i nthablkeldd tilte ldaveriag®, paet iconeeditanetieon eff tthe abresiue grain
mxed liquid A 35 was 0.18 um while the average particle dianeter of the
pol i shi ngs compidurid wead d).s1 urmornt hues celrawi g tt hate pdygldynertatdaran wstsarted to
proceed. Further, the fluctuation in dishing was |arge. 5 EXAMPLE 9
( Conpar at i ve cheageide )t oA OsémSGondunct duhep alonsteinig addropo wrid dradmmgpraium abr asi ve
grain concentration of 1% a concentration of an anmoni um pol yacryl ate
added as a dipvgeesantladgfe Wa@0t¥eaged to 0.34%. The abrasive grain
mixed liguid E and the additive liquid 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



a concentration of an ammoni um pol yacryl ate added from 10 the additive
liquid of 1.5% was prepared in the sane nanner as in Exanple 8 except that
the concentration of an amoni um polyacrylate in the additive |iquid was
3.0% The pH was 7.0. Evaluation of the above sem conductor polishing 15
conmpound was carried out in the sane manner as in Exanple 1. The

conposi tion, pH and average particle diawter of the polishing conpound are
shown in Table 1, and other evaluation results are shown in Table 2. The

average partéghet dvagebptadhelineiohr agi ¥ergeaedynkxeUll FQUtduAt20nwas 0. 18
um while the average particle dianeter of the polishing conpound was 0. 39
pzm and therabthsi ¥y&s@grafnshei Behbheonahé bt nPoTOSROHGdc¥RPEUAGIL ANMEr at ed

and sedinmented in a few m nutes. EXAMPLE 10 (Conparative Exanple) 25 A
sem conduct othpel Eshmple coirpouhd BAVERGe88 oabthsi ¥&lgeahnogdaeentiati on of
1% a concentration of an ammoni um pol yacryl ate added as a di spersant of
0. 007% and 3émbed&edckent théi BDPohe8hodniBNmadepobyber yhaheaaddelleffedm t he
additive liquid of 2.0% was prepared in the sane manner as in Exanple 8
except tiat ¢oheaboucehbpahinpniof isapoasibheutopobypteyeayeremotrbethdditi ve
liquid was 5 changed to 4.0% The pH was 7.0. Evaluation of the above
sem conduct coxpdéi §himgoncohpoandlivwas vatridd Hiimi whihe sadecmmgneheas in
Exanple 1. The conposition, pH and average particle dianmeter of the
pol i shi ng cofpechdatienshduriiredabite is alsb qidmsible to remove the
remaining oxide film of about 50 nm by another polishing
compound, after being planarized.
10 EXAMPLE 8 (Comparative Example)
In the same manner as in Example 1, the abrasive
grain mixed liquid A was prepared. As an additive liquid,
a liquid having an ammonium polyacrylate added to pure
water so that the concentration would be 2.0%, was
15 employed. The abrasive grain mixed ligquid 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
20 concentration of an ammonium polyacrylate added from the
additive liquid 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
25 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



10 evaluation results are shown in Table 2. The average particle dianeter
of the abrasive grain mxed liquid A was 0.18 pm while the average
particle dianeter of the polishing conpound was 0.46 pm and the abrasive
grains in the polishing conpound were aggl onerated and 15 sedinented in a
few mnutes. Further, with respect to the polishing of a pattern wafer, it
was i npossible to conpletely polish it en if the polishing tine was

prol onged. The nunber of scratches was also very large. 37 0O HU JJilJ

C -1-A4 eF @) 03 03
2 OHO Oq/vy)s &. %8 ?ﬁ \%hﬁlg) tHle 'Alveréé ba@\}gl@)le d@aQe@eg) ]c_a%) é:gie_ 1rd H

rNOr;] r \1/v rHor?pb@lghlﬁgAcéméo&né @ag H §7me0 'éhH)s 'sangw'_inéJ t%%tcg (é)oomocg ggo
to Ln V', LogkBibRekAcNoN gta%ted to proceed. Further, the
fluctuation in dishing was large.
5 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

10 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

15 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

20 was 0.18 um, 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)

25 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

5 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

10 evaluation results are shown in Table 2. The average
particle diameter of the abrasive grain mixed liquid 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

15 sedimented in a few minutes. Further, with respect to
the polishing of a pattern wafer, it was impossible to
completely polish it even if the polishing time was

prolonged. The number of scratches was also very large.
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X1+ NOO NO Wri NMd~L[110OIl- cod\ ci 4k XXXXKkKkk5CSC EW
WWWWWWWWW39 Wth respect to the polishing characteristics of

bl ankets (solid films), in Exanples 1 to 5 which are Exanples of the
present invention, the selective ratio of the renoval rates was
sufficiently large as conpared with 5 Exanples 9 and 10 as Conparative
Exanpl es. Further, the polishing time ofgthe pattern wafer was short as
conpared wth Exanples 8 to 10 as Conparative Exanples. Also the dishing

fluctuation was WHE%Q%%@p%%QSE%nkh@ b 13S HE QP HRd aWitldY i1GanRey & ve
Exanpl es. Further, in each of 10 Exanples 1 to 5, the nunmber of scratches

was at a |eVBhanREtEFQBbZthglﬁQsl , €4 nSERbkeN ekhan tcoBPaHathy @ rexanpl es.
Further, in Exanples 6 and 7, aggloneratlon or dispersibility of the

abr asi ve or aEREmpASsi BEr evedpredbatanhivahkyoas egapacedcwiki Ewanpl @f10 as a
15 Conparative Exanple. Further, the pollshlng time of the pattern wafer

was short, aaﬁetbamdwaml@gtébuwbuabu@mlu@&ntngsaaagecagp@b@@awéahWE&@nple
10. In Exanples 6 and 7, aggloneration of abrasive grains was little, and

t he dISpBFSEhahplﬁsM@SangdO whecehyatrhe ireneeampl escr akFghere20 was snal |
as conpared with Exanple 8. Further, in Exanples 6 and 7, the selective

rﬁtio of renpwakishahestimasogmahkepatiann waCetpanst sherktxarplcesmpakedause
the with Examples 8 to 10 as Comparative Examples. Also the
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



pol i shing pressure and the rotational speed were increased, whereby the
renoval rate of the silicon 25 nitride filmwas increased. However, the

| evel s of dishing and scratches were conparable to other Exanples. Thus,

t he sem conduct or polishing conpound of the 40 present invention is
excellent in the planarization characteristics by polishing and in the

di spersion stability of abrasive grainggin the polishing conpound Iiquid,
and is inproved further with respect to scratches. 5 | NDUSTRI AL

APPLI CABI LI D¢l 15 eTRweliisr 0f s Rokd ST dtor COMMR b Dind hEz PF BS€Nt T nventi on
is excellent in the dispersion stability, and when the polishing conmpound

of the preseifartdtedttiHiids B pSEIEhBXE edh@Mn Pohé sdh S Pd BoYar i zat i on
characteristics can be obtained with I1ttle dishing fluctuation, and the

pol i shing tideawflacpadt eipraefes gonike Shorkenseh isiimdg hesmpeven i f the
additive is mxed, the particle dianeter will not increase, whereby an
i nprovement 1iisqnilid obirad nad| gt SeedM filir flespesith orsgpat €hes. sByatdigeprocess

for producing a sem conductor polishing conpound of the present invention,
a sem caenductor polishing conpound excellent in a long term stability and
reproducibility can be prepared. 20 By the polishing nethod of the present
i nvention, INBEUSTRIZL i APPTIEABILErYStics can be inproved and reduction of
scratches is possible, whereby the yield of sem conductor devices can be
i nproved. Furtherhet$femiconductor polishing compound of the present
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.



polishing time of a pattern wafer can be shortened, 25 whereby the

t hroughput can al so be inproved. 41 CLAIMS: 1. A sem conductor polishing
conmpound conprising cerium oxide abrasive grains, water and an additive,
wherein the additive is at |east one nenber selected fromthe group 5
consisting of a water-soluble organic polymer and an anionic surfactant,
the pH of the polishing conpound at 25G4s 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. Thecsgmgeonductor polishing conpound
according to Claim1l, wherein the additive is a water-soluble organic

pol ymer having car bexytbfidaet8rgpolipsh@fhgcavhgsyhat eomgtodpsg Ierihgm
sem conduct or polishing conmpound according to 15 Caim2, wherein the
wat er - sol ubl exddgadibeapOlyngrains, pehyacr yhdcancadddt iaanonhdmepal yaeryl at e.
4. The sem conductor polishing conmpound according to Claim2 or 3, wherein
t he wat er - schdidl €ive ghsi at pobyseronbasedbadl eelibatedetgbin ohef geBup, 000 to
500, 000. 20 5. The sem conduct or polishing conpound according to any one of
Clains 1sto0 donghseingustherwavatasasubbe bngagihni poagmdroandnahnor gani c
salt. 6. A process for producing a sem conductor polishing conpound, which
conpri ses manibgnicgeudfédctanpr i shagpH26f ceheuppbksdéngbraspwandr aitns and
water, and liquid B conprising an additive which is at |east one nenber

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

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
polyvacrylic 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.

200 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 liquid A comprising

25 cerium oxide abrasive grains and water, and liquid B
comprising an additive which is at least one member

selected from the group consisting of a water-soluble



selected fromthe group consisting of a water-soluble 42 organic polyner
and an anionic surfactant, and water, so that the pH of the polishing
conmpound at 25Cis from3.5 to 6, and the total concentration of the
additive is from 0.01 to 0.5% based on the total mass of the polishing 5
conpound. 7. The process for producing a sem conductor polishing conpound
according to Claim®6, wherein the additiye is a water-sol uble organic

pol ymer havi ng carboxylic acid groups or carboxylate groups. 10 8. The
process for prgduicngodysem aaddact ahipaliicssunrdgactamqurthdacearedi,ngcd o C ai m
7, wherein the water-soluble organic polynmer is polyacrylic acid or
amoni um pokyaer yhet eH 8f the poddeddnbocoppodund Bg &5Senieofidumt 8.5
polishing 15 conpound according to any one of Clains 6 to 8, wherein

liquid B contai s andi tbeganitelacodcentaatioor gdnithesaldditiMe 14 pgodamshi ng
met hod whi ch conprises bringing a surface to be polished and a polishing pad
in contact Wi.Oh &ach .b6&hbrsadd oneltiei ety lnmaisisg otthene woillisEhosuppl yi ng a
sem conduct or polishing conmpound, characterized in that the polishing
conpound $s aompemindenduct or polishing conmpound conprising cerium oxide
abrasive grains, water and an additive, wherein the additive is at |east
one nenber sél-ectlég Promesse fpromy EBLEGEs iss tsamy asfndn atenre eslol atbing or gani ¢
pol ymer and an anionic surfactant, the pH of the polishing conmpound at 25C
is from 3.5 €OMPOURAdackereadngl teoRdeafy &t i vhegriphdéhe additive is 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
liguid 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
semiconductor polishing compound comprising cerium oxide
abrasive grains, water and an additive, wherein the
additive is 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



43 additive is fromO0.01 to 0.5% based on the total mass of the polishing
conpound, and the surface to be polished is a sem conductor substrate. 11.
The polishing method according to Claim 10, wherein 5 the sem conduct or
substrate is a substrate for a sem conductor device, which conprises at
| east a silicon oxide film2. 12. The polishing nethod according to Claim
10, wherein the sem conductor substrategs s one having a silicon 10 nitride
film3 and a silicon oxide film2 forned on a silicon substrate 1. 13. The
pol i shi ng medd@tl kesof di Agoh 00 a0y ©0e0 063 Chasal onOthe tdtawhgreknothe
additive is a water-soluble organic polynmer having carboxylic acid groups
or carboxyl atlee 150Dt Shupsg ddmpdtedpobhd&hthg setbadeacoobdi pgliehady iene of
Clainms 10 to 13, wherein the water-soluble organic polynmer is polyacrylic
aci d or ammoai skmpedbyaceybat eubdbrale poli shing nmet hod according to any one
of Caims 20 10 to 14, wherein the polishing conpound further contains an
i norgani ¢ acid. orthanpbhdsfgangcmeahbd 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 1is
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.





