1 DESCRI PTI ON POLI SHI NG COVPOUND FOR SEM CONDUCTOR | NTEGRATED CI RCUI T

DEVI CE, POLI SH NG METHOD AND METHOD FOR PRODUCI NG 5 SEM CONDUCTOR | NTEGRATED
CIRCU T DEVICE TECHNI CAL FI ELD The present invention relates to a polishing
technique to be utilized for production of a 10 sem conductor integrated
circuit device. More particularly, it relates to a polishing technique to
be used in production of a sem conductor integrated circuit device
including a silicon dioxide type nat @EsaiRIPAIeEN 15 BACKGROUND ART I n
recent years, devel opnent of miniaturization technique to achieve

m ni aturization and high densification is required along with high
integration and high functionality of a sem conductor integrated circuit 20
devi ce. Parti cPOAIISHINGUOMPOINE® GTORa SHMAMCONDAIKITAR INEIRATRR GIRCHEM cal
mechani cal polishing (hereinafter referred to as CWP) has been increasing.
For exanpl e, al onHEMICE  mMBRUIASHING MEIHCIN ANIMMETHGY fGR] BRORIGTING@S of
wiring of a sem conductor 25 integrated circuit device, unevenness on the

surface ofs each | ayer SEMISIQEIEITIOHN INTHERATFIISCIRCWET DEjAIGE cant. | n
order to prevent such problens that the unevenness 2 exceeds the depth of

focus of photolithography, whereby no sufficient resolution will be
obtained, CWP is an essential technique.
TECHNICAL FIELD
The present invention relates to a polishing
technique to be utilized for production of a
10 semiconductor integrated circuit device. More
particularly, it relates to a polishing technique to be

used in production of a semiconductor integrated circuit

device including a silicon dioxide type material layer.

15 BACKGROUND ART
In recent years, development of miniaturization
technique to achieve miniaturization and high
densification is required along with high integration and
high functionality of a semiconductor integrated circuit
20 device. Particularly, importance of a planarization
technigue by chemical mechanical polishing (hereinafter
referred to ag CMP) has been increasing.
For example, along with miniaturization and
multilayered structures of wiring of a semiconductor
25 integrated circuit device, unevenness on the surface of
each layer in production steps tends to be significant.

In order to prevent such problems that the unevenness



CWP is enployed, specifically, for planarization of s an interlevel
dielectric (ILD) film shallow trench isolation (STI), tungsten plug
formation, formation of nultilayered wiring conprising copper and a | ow
dielectric film etc. Further, it starts being applied to planarization of
a prenetal dielectric (PMD) filmto 10 be @arried out prior to formation of
metal wiring, for which a reflow process by heat treatnent has been

enpl oyed. For e¥fepASultie Agrth mioffasyg. afl phothlifheamaphya vdigretsn

di oxide type is used . in nmany cases. Heretofore, is in production of a

seni conduct or "@ediéd 1 cAeNtyIrEFRluEdC oW idf HFciRt Aingort™R b R t ype
insulating film silica abrasive particles have been comonly used as

abr asi ve part EEEE8LEGIHESGHEF G a CVWP pol i shing conpound. 20 On the
surface of a filmto be an qbject to be _polished (hereinafter sonetines

referred to as a fMEniS e PR sHRHC Tt e doaRtanras he=lgt @R e®t ci r cui t
devi ce, an uneven pattern_is fqrned by the influenc f. unevenness of e.qg.
Wi ring ben®at BTt AEtELG A RHe A el ot s I(é[rHDr']atfét}m'VWg?‘? 99 dF s ve
particles are applied to lishing of a_silicon dioxide type film having
such an unevés &Fﬁ@F‘n,(sgpIguf ftiuaa%ﬁfﬁny RiYgh fs3madhi Ry rﬂoﬂ%‘%l%l%n bt ai ned.
However, there is ,%@%ech ical problemsuch that hi %% evgﬂ vgl anarization is
hardly real i z 84y LENET S0 MGy COTREEEY SqRRET 4 ss°%ccording to the

r f th rn i f th r nevenn
degree of t ed&%&%%trd%e%%l%x %tcg eFagt gg? gtes%ar%%sbeing applied

to planarization of a premetal dielectric (PMD) film to

10 be carried out prior to formation of metal wiring, for
which a reflow process by heat treatment has been
employed.

For an insulating film of e.g. ILD, STI and PMD, a
silicon dioxide type is used in many cases. Heretofore,

15 1in production of a semiconductor device, for
planarization of such a silicon dioxide type insulating
film, silica abrasive particles have been commonly used
as abrasive particles to be used for a CMP polishing
compound.

20 On the surface of a film to be an object to be
polished (hereinafter sometimes referred to as a film to
be polished) in a semiconductor integrated circuit
device, an uneven pattern is formed by the influence of
unevenness of e.g. wiring beneath the film when it is

25 laminated. When silica abrasive particles are applied to
polishing of a silicon dioxide type film having such an

uneven pattern, a sufficiently high polishing rate is



5 (proportion of protruded pattern portions to the sumof the protruded
pattern portions and recessed portions; for exanple, in the case of a
stripe protruded pattern, the proportion of pattern widths to the sum of
the pattern w dths and pattern distances) and the protruded pattern 10
size, the pattern dependence of the polishizng rate at protruded portions is
significant, and further, polishin is likely to proceed at a portion with
a | ow densi tyO@Falﬁﬁ@t-ruH‘Pﬁﬁgeandtg@ra Lar getsrirairadepsoblpnr SN6R (e.g. a
portion over a_w de portion_between wirings) . The is polishing rate being

i nfluenced byttRé pasbedsvadnPileypardrtind pat temly zreeaakl%%q%mrtf%e
unevenness is called pattern dependence of the polishing rate. Further, for
pl anari zat i onfefllewing chrgicderdesttiyfse Them B spCregzdapgasvéfarticl es,
t he polishing anbunt 20 required for planarization is |arge, and

accordi ngly adegriem ©f fdepdatssed wensid el dhfedwikara Wnaynneitkness
in many cases, thus increasing the film formation cost and decreasing the

t hr oughput 5i n (PFOBRFELOEN off P FerdsshAattern magrians @ rtdig tsWevke. 25
For exanple, in PMD process, borophosphosilicate gl ass BPSG), borosilicate
gl ass (BSQ), phEspResidest @afitasd Rpddonsedad HRILTHRA RTINS arfPUsed,
and the polishing 4 rate of such filns are very high_as conpared wi th other
material s. ThEFSFWLE, dachbe Gass i fr AHmiBRRISE T HhRAWIS T a T8E ge

t hi ckness and then paolished to realize }Pl anari zation. The above is

exenpl ari |y dESOPBEdR (F P gt idhs to the sum of the pattern

widths and pattern distances) and the protruded pattern
10 size, the pattern dependence of the polishing rate at
protruded portions is significant, and further, polishing
is likely to proceed at a portion with a low density of
protrusions and at a large size recessed portion (e.g. a
portion over a wide portion between wirings). The
15 polishing rate being influenced by the pattern density
and the pattern size of the surface unevenness is called
pattern dependence of the polishing rate.
Further, for planarization of a silicon dioxide type
film by silica abrasive particles, the polishing amount
20 required for planarization is large, and accordingly a
film to be polished has to be formed with a large
thickness in many cases, thus increasing the film
formation cost and decreasing the throughput in
production of a semiconductor integrated circuit device.
25 For example, in PMD process, borophosphosilicate glass
(BPSG), borcsilicate glass (BSG), phosphosilicate glass

(PSG), etc. with low hardness are used, and the polishing



Fig. 3. Fig. 3(a) is a partial cross-section illustrating a sem conductor
integrated circuit device conprising a silicon substrate 1, and a silicon
dioxide film2, a polysilicon film3 and a BPSG film4 |am nated 10 on the
substrate, which has a protruded portion 5 and a recessed portion 6 forned
on the surface of the BPSG film 4 by the idnfluence of the polysilicon film
3. This illustrates a state before polishing. Wen the BPSG filmface is
pol i shed in s&ékeadifs ssxahydiidms anse V@é’é’eé@&g‘ Rt A 1R IBPSR S | m are
al so easily polished _as conpared with the protruded portions, and as a
result, planafREgTiiedsof ADBFeherPs SHERdRyfieH ife®rEd BNFg ldbout a state
shown in Fig. 3(b) _in many cases. Therefore, at present, the BPSGfilm4 is
20 nade | ar ge ferAesoMidhed dargs ttdickasss al drids ol iehep <% i bed above,
a sem conductor integrated circuit device including a silicon dioxide type
material | ay&edli&e RharaiiZatd @eni conductor integrated circuit device

i ncluding any one of a BPSG film a BSGfilmand a 25 PSGfilm the

pol i shing Pates ofTRhidPYR el T IR AT Gh descEbhpdr it Fafarerperto
material, has_a problemthat  planarization_of a plane to be polished is
hardly 5 achifé®ed? 1 nFi8centayedfs2 RAEPAPoFOFENFESSHBUNd using cerium
oxi de particles_as abrasive particles has been studied, A cerium oxide

pol i shing conpddi@tFrdvitie e £IGPWWHISHHEFR E Dy them taleYEekti on of

ceriumoxide wth the SO nniety on.the surface of a e to_be
compriglng a é?iicgg substrate 1, ané a §4quon dfgxide

film 2, a polysilicon film 3 and a BPSG film 4 laminated

10 on the substrate, which has a protruded portion 5 and a
recessed portion 6 formed on the surface of the BPSG film
4 by the influence of the polysilicon film 3. This
illustrates a state before polishing.

When the BPSG film face is polished in such a

15 structure, the recessed portions of the BPSG film are
also easily polished as compared with the protruded
portions, and as a result, planarization of a plane is
hardly realized to bring about a state shown in Fig. 3(b)
in many cases. Therefore, at present, the BPSG film 4 is

20 made large and polished so as to reduce unevenness.

As described above, a semiconductor integrated
circuit device including a silicon dioxide type material
layer, particularly, a semiconductor integrated circuit
device including any one of a BPSG film, a BSG film and a

25 PSG film, the polishing rates of which are commonly high
as compared with another material, has a problem that

planarization of a plane to be polished is hardly



polished, on the layer surface, and is expected to inprove the throughput
in production of a sem conductor device. A technique to inprove

di spersibility of the 10 cerium oxide polishing conpound and to inprove
flatness of a plane to be polished, by adding a surfactant, a

wat er - sol ubl e pol yner, a water-soluble | owgnol ecul ar wei ght conpound, etc.
to the cerium oxide polishing conpound, is now under devel opnent. 15 For
exanpl e, Pat eathRecwdent 1 proposes an organic conpound having a
hydrophilic group selected froma carboxyl group and a carboxyl ate group,
as an additive sur aldcerftor/eplranard £aH @olafstaimg rapadumy ddaimy of e. g.

Si 02, SiON, SiOF, borophosphosilicate glass or 20 phosphosilicate gl ass.
Furt her, PaterkerDocumaitie? pdirsdlcdeas aa labwamthec gaart 1 oleisghta sadshdrn ve
selected fromcationic water-soluble organic |ow nolecular weight conpound
i ncl udi ng a psitnEiyd.ankneer auseoridar podishéngactepvuadypanvideand a 25
quat ernary ammoni um conpound, and di scloses that in CVWP technology to

pl anari ze an hlibBhf plohishd nan ransu kgt ichgmifdalmrearc tSHn gfoldeshiung aaitide
carried out with high 6 efficiency at a high rate and easily in view of
process cont malth Elnet 8610, meatednt obodirre murd qureopds es glanendor por at e  at

| east two additives of a water-soluble nitrogen s containing conpound and a
wat er - sol ubl e padiiehied ,ooganhe legyepownd fiaceg pold siE rgpeatEelindy and

di scl oses that such a polishing compound is a CWP polishing conpound
sui tabl e improve the throughput in production of a semiconductor
device. A technique to improve dispersibility of the
10 cerium oxide peclishing compound and tc improve flatness
of a plane to be polished, by adding a surfactant, a
water-soluble polymer, a water-soluble low molecular
weight compound, etc. to the cerium oxide polishing
compound, is now under development.
15 For example, Patent Document 1 proposes an organic
compound having a hydrophilic group selected from a
carboxyl group and a carboxylate group, as an additive
suitable for planarization of an insulating film of e.g.
$i0,, SiON, SiOF, borophosphosilicate glass or
20 phosphosilicate glass.

Further, Patent Document 2 discloses a low molecular
weight additive selected from cationic water-soluble
organic low molecular weight compound including a primary
amine, a secondary amine, a tertiary amine and a

25 quaternary ammonium compound, and discloses that in CMP

technology to planarize an ILD film and an insulating

film for STI, polishing can be carried out with high



for polishing of e.g. an ILD filmand an insulating film for STI, which can
pl anari ze a plane to be polished at a 10 high level at a high rate w thout
scars, which is excellent in storage stability and with which process
control is easy. The water-soluble nitrogen-containing conpound is a
primary am ne, a secondary amne, a tertigy amne, a quaternary anmmoni um
pol yvinyl is pyrrolidone, N-alkyl-2-pyrrolidone, an aliphatic |lactam or an
al i phatic di catliaxykneyaatdai hide. rhtkt BeK, davdlywdner-isol Wi eraytdayy
organi ¢ conpound is a conpound having a free -COOM group, a phenolic -OH
group, a -SBMongreodp, a - OSG3M group, a - POAM2 group or a -PG3M2 group 20
(wherein Mis a hydrogen atom NH4 or a netal aton) However, these Patent
Docurnent s only di sulrader,eransngs Defcyparntsii nrapaidd don dioxtmerdtid m  but
failed to disclose a BPSGfilm a BSG filmand a PSG filmwhich are
difficult to pkademiszetwbheddddiitiese odi siClwvased -iso12b 1Ratrartrdo@aiHrent 1 i s
anionic and is thereby not adsorbed in a silicon dioxide film a BPSG film
a BSG fil s andoataR8&ni kcomplouck amel regeattierelsp lofrdregechiion iwateerganiher eby a
7 covering layer can not sufficiently be formed. Even if it is possible to
pl anari ze a haotpsiundcan di gxildehfinigmcontheirpr,acnd ali gudldsts nhatatseschof
soft BPSG film BSGfilm and PSG filmare very high, and a sem conductor s
i ntegrated ci rcpicil iddiinge cloawiomgda ipatat €MP frarlnesth irke reempowsh sttt diel e
pl anarized. Further, the additive disclosed in Patent Document 2 is a
cationi ¢ addi ffiore padd she ngcayfalel.@ .ofarf Al g lm eovderamg dsaniert irdsutfisimce it
is a
for STI, which can planarize a plane to be polished at a
10 high level at a high rate without scars, which is
excellent in storage stability and with which process
control is easy. The water-soluble nitrogen-containing
compound is a primary amine, a secondary amine, a
tertiary amine, a quaternary ammonium, polyvinyl
15 pyrrolidone, N-alkyl-2-pyrrolidone, an aliphatic lactam
or an aliphatic dicarboxylic acid imide. Further, the
water-soluble anionic organic compound is a compound
having a free -COOM group, a phenolic -OH group, a -SO3;M
group, a -080;M group, a -PO;M; group or a -PO3M; group
20 (wherein M is a hydrogen atom, NH,; or a metal atom).
However, these Patent Documents only disclose
examples of polishing a silicon dioxide £film, but failed
to disclose a BPSG film, a BSG film and a PSG film which
are difficult to planarize. The additive disclosed in
25 Patent Document 1 is anionic and is thereby not adsorbed

in a silicon dioxide film, a BPSG film, a BSG film and a

PSG film which are negatively charged in water, whereby a



| ow nol ecul ar wei ght additive, the covering |ayer form ng 10 properties are
insufficient, and a sem conductor integrated circuit device with a BPSG
film a BSG film and a PSG fil mcan not be planarized either. Patent
Docunent 3 proposes at |least two additives of a water- sol uble

ni trogen-cont ai ni ng conpound and a water-sdl uble 1s anionic organic
conpound, but the water-soluble nitrogen- containing conpound is

subst anti al | yceygaingo leer] 6/ RolteWiih chengly dedifianmedti sEvesedfin
Patent Docurent 2, and the polishing rates of a BPSG film a BSG filmand a
PSG filmare ¢&r}ShPERS1RAG &Cs@rEGRAdEEt 6r hipdCe FridticPr2FIG%Es tfidd@vi ce can
not be planarized either. Further, the pH of the CVP polishing conpound is
consi dered t othe PpRefarasl PoRAGRIZS &adesndfe Sotdt &Y f FomBED fidm. o

in view of the stability, the selective polishing properties, workability,
handl i ng propéff &SC éﬂﬁm T Y REVe N ighi -t AR ChiSSTHIFIBIHPT t he pol i shing
rates of a BPSG film a BSG filmand a PSG film can not effectively be
control | ed® alPPROERLeBoEdirENt t1 AeYASen &Sy 1Pgt énP NG e fgyaed pdiegfon
Docunent 2: JP-A-2001-7061 Patent Docunent 3: JP-A-2001-185514 _Patent
Docunent 4: JP2R- DPt1dsePlanpiignd poEtkehers: the. Ad9a61ves818<1pFSBL OSURE
OF THE | NVENTI,ON_OBJECT _TO BE ACCOVPLI SHED BY THE | NVENTI ON The obj ect of

the present idPeRBtERt PATERNY S tHe 2 FELIHBE It P °F provi de a

ol i shing conmpound _and _a , . . L
P d rr%apa%le of forming a covering layer, but since it is a

low molecular weight additive, the covering layer forming

10 properties are insufficient, and a semiconductor
integrated circuit device with a BPSG film, a BSG film
and a PSG film can not be planarized either. Patent
Document 3 proposes at least two additives of a water-
soluble nitrogen-containing compound and a water-soluble

15 anionic organic compound, but the water-soluble nitrogen-
containing compound is substantially equal to the low
molecular weight additive disclosed in Patent Document 2,
and the polishing rates of a BPSG film, a BSG film and a
PSG film are very high, and a semiconductor integrated

20 circuit device can not be planarized either. Further,
the pH of the CMP polishing compound is considered to be
preferably from 3 to 9, more preferably from 7.0 to 9.0
in view of the stability, the selective polishing
properties, workability, handling properties, etc.

25 However, within this pH region, the polishing rates of a
BPSG film, a BSG film and a PSG film can not effectively

be controlled.



pol i shing met hod capabl e of high | evel planarization, by polishing, at the
time of polishing a plane to be polished of a silicon dioxide type materi al

| ayer in production of a sem conductor integrated circuit device, 15
protruded portions preferentially while suppressing polishing at recessed
portions, with a very small pattern dependence of the polishing rate. O her
obj ects and advantages of the present invention wll be apparent from the
fol | owi ng descri pthaderR2FaEARG TG ‘ACEERPRESE TRECTBINCT Namf85$2 t he present
invention provides the follow ng. (1) A polishing conpound for chem cal
mechani cal 25 pol iEtheHRy, DSYENts? a Bpaﬁe2981bgogélished in production of
a sem conductor integrated circuit device, wherein the plane to be polished
is a plane to be paitissfedsrmgnd X | PEoR-dP8*i d€5Fyfe material |ayer, and

t he polishing conpound contains cerium oxide particles, a water-soluble

pol yani ne and wat RS PRARMEAY dhi ndPebnpdurd>&écording to the above 5
(1), wherein the silicon dioxide type materi al Ia%er is a

bor ophosphdsi | i catf@tfids PABISHT SxyeFF-2-BOPdsPPieddt e gl ass (BSG) | ayer or
a phosphosilicate glass (PSG |ayer. (3) The polishing conpound according to
the above (2), wherein the concentration of phosphorus, boron, or 10

phosphorus and _boron, in the silicon dioxide type material layer, is from
0.1 to 20 nasPHSCLOSURE OF THE INVENTION

OBJECT TO BE ACCOMPLISHED BY THE INVENTION
The object of the present invention is to solve the
10 above problems and to provide a polishing compound and a
polishing method capable of high level planarization, by
polishing, at the time of polishing a plane to be
polished of a silicon dioxide type material layer in
production of a semiconductor integrated circuit device,
15 protruded portions preferentially while suppressing
polishing at recessed portions, with a very small pattern
dependence of the polishing rate. Other objects and
advantages of the present invention will be apparent from
the following description.
20
MEANS TO ACCOMPLISH THE OBJECT
Namely, the present invention provides the
following.
(1) A polishing compound for chemical mechanical
25 polishing, to polish a plane to be polished in production
of a semiconductor integrated circuit device, wherein the

plane to be polished is a plane to be polished of a



(4) The polishing conpound according to the above (1), wherein the silicon
di oxi de type nmaterial layer is a silicon dioxide |layer. 1s (5) The
pol i shi ng conpound according to any one of the above (1) to (4), wherein
t he wat er-sol uble polyamne is at |east one water-sol uble polyam ne
selected fromthe group consisting of a water-sol uble polyether polyam ne
and a wat er-sol ubl e pol yal kyl ene pol yam ne. 20 (6) The polishing conpound
according to anyione dfioxtikle abhpeematertial( Spyewheragich tthwe padtisrhisat ubl e
pol yam ne has a wei ght average nol ecul ar weight of from 100 to 100, 000.
(7) The poli shipmgovodpoend adacsoceimynt eoxdde @@e tdfcl2s t ke velicare gdll)utle (5),
wherein the water-sol uble polyam ne has a weight average nol ecul ar wei ght
of from 100 tpcl2p080e 2@d @@teThe polishing conpound according to any one
of the above (1) to (7), which contains the water-soluble polyamne in an
anount of from 0. 0@1 (The2@Patbsd¥risasaanonnd recatddngress tdie tdeopsl i shing
conpound. s (9) The polishing compound according to any one of the above
(1) to (7)5 whHil¢h wbetraiims tthiee sidtigornsolighlicle polpramatedimlan arounts of from
0.05 to 5 nass% based on the total mass of the polishing conpound. (10) The
pol i shi ng conpeupphesphicdiilg dadeaml asre (@EPSGI0 tdwembevdqrsiloiqade which
has a pHwthin a range of from9 to 12. (11) A nethod for polishing a
pl ane to be p@lieskedBSG) layer or a phosphosilicate glass (PSG) layer.
(3) The polishing compound according to the above
(2), wherein the concentration of phosphorus, boron, or
10 phosphorus and boron, in the silicon dioxide type
material layer, is from 0.1 to 20 mass%.
(4) The polishing compound according to the above
(1), wherein the silicon dioxide type material layer is a
silicon dioxide layer.
15 (5) The polishing compound according to any one of
the above (1) to (4), wherein the water-soluble polyamine
is at least one water-soluble polyamine selected from the
group consisting of a water-soluble polyether polyamine
and a water-soluble polyalkylene polyamine.
20 (6) The polishing compound according to any one of
the above (1) to (5), wherein the water-soluble polyamine
has a weight average molecular weight of from 100 to
100,000.
(7) The polishing compound according to any one of
25 the above (1) to (5), wherein the water-soluble polyamine

has a weight average molecular weight of from 100 to

2,000.



whi ch conpri ses supplying a polishing conpound to a polishing pad, and
bringing a plane to be polished of a 1s sem conductor integrated circuit
device and the polishing pad into contact with each other to polish the
plane to be polished by rel ative novenent between them wherein the plane
to be polished is a plane to be polished ofya silicon dioxide type materi al
| ayer, and the polishing 20 conpound as defined in any one of the above (1)
to (10) is used ds)tireeppbilsBhaggceapponed Gt2brAinmet ked Sfrer dieodfci ng a
sem conductor integrated circuit device, which conprises a step of
pol i shing a pthaeabovée (pdl tshed)bywhhiehpebhshing sRthedt2r-asldeflened in
the above (11). 11 EFFECTS OF THE I NVENTI ON According to the present
i nvention, atpbbgahiff® 0ofi apohishhngod fkrameot oohetpobioshadsaf baseid oton
dioxide type material |ayer in production of a sem conductor s integrated
circuit devi cehet hetpatinesn dépehdepeotishitibecoppbiuadi.ng rate is | ow,
protruded portions can be polished preferentially while suppressing
pol i shi ng mt reced9edThpopbiladshinandcnpauade atcedrel ip] itshethycameef
pl anarized at a high level with an extrenely small polishing amount. 10
BRI EF DESCRI PEheNabBvéHELPRAYW NG5, Fivpich icsnshdesctbes waeeti-aad uble
schematically illustrating a sem conductor device when the sem conductor
devi ce i s pol pehgdmbyet ha pol asbung 5 caopolndsotot Be mpisase hiasiedv emt | on.
the total mass of the polishing compound.
(10) The polishing compound according to any one of
10 the above (1) to (9), which has a pH within a range of
from 9 to 12.
(11} A method for polishing a plane to be polished,
which comprises supplying a polishing compound to a
polishing pad, and bringing a plane to be polished of a
15 semiconductor integrated circuit device and the polishing
pad into contact with each other to polish the plane to
be polished by relative movement between them, wherein
the plane to be polished is a plane to be polished of a
silicon dioxide type material layer, and the polishing
20 compound as defined in any one of the above (1) to (10)
is used as the polishing compound.
(12) A method for producing a semiconductor
integrated circuit device, which comprises a step of

polishing a plane to be polished by the polishing methcd

25 as defined in the above (11).



Fig. 2 is adrawing illustrating one exanple of a polishing apparatus
applicable to the polishing nethod of the present invention. Fig. 3 is side
cross-sections schematically 20 illustrating a sem conductor device when
the sem conductor device is polished by a conventional polishing conpound.
Fig. 4 is a side cross-section schematically illustrating a blanket wafer.
25 Fig. 5is a side cross-section schematically illustrating a patterned
wafer. 12 MEANI NGS OF SYMBOLS 1: Silicon substrate, 2: silicon dioxide
film 3: pol ¥§FECTONOF| [THE 4ANVBRSGONi | m 5: protruded portion, 6: recessed
portion, 7: polished plane, 31: sem conductor s device, 32: polishing head,
33: polishing pl afterordding pol itdle myeswadt 3Fvepdliahi g ddwpouitee suppl y
pi ping, 36: polishing conpound, 51: groove of silicon wafer, L: depth of
groove of sil pedashahar al@lBESTtNMODE FORiGARRYICNGaOJH LTilder MMENTIIEN Now,
embodi ments of the present invention will be described with reference to
drawi ngs, Tablkepe fletrmiad, lapeanpheproguct ithesd dr AWmigmndraiias,
formul as, Exanples, etc. and description are to exenplify the 15 present
i nventi on, 5 andntherpredent riciéndeyicies fidte daitfered dapargancelnd griesent
invention includes other enbodinents within a range not to exceed the scope
of the presepelighdng gatel Ast RAewdr amotdsidech®osdihonsy Mygl be polished
preferentially while suppressing polishing at recessed
portions, and a plane to be polished can be planarized at
a high level with an extremely small polishing amount.
10
BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is side cross-sections schematically
illustrating a semiconductor device when the
semiconductor device is polished by the polishing
15 compound of the present invention.
Fig. 2 is a drawing illustrating one example of a
polishing apparatus applicable to the polishing method of
the present invention.
Fig. 3 1is side cross-sections schematically
20 illustrating a semiconductor device when the
semiconductor device is polished by a conventional
polishing compound.
Fig. 4 is a side cross-section schematically
illustrating a blanket wafer.

25 Fig. 5 is a side cross-section schematically

illustrating a patterned wafer.



designates the sanme constituent. 20 The polishing conpound applicable to the
present invention is a polishing conpound for chem cal nmechanical

polishing to polish a plane to be polished of a sem conductor integrated
circuit device (hereinafter sonmetines referred to sinply as a sem conduct or
device), 25 and contains cerium oxide partigles, a water-soluble polyam ne
and water. It may further contain a dispersant. In the present invention,

t he "pl ane t oMBANIRGSpOFi shmM80OLiseans a surface at an internedi ate stage

whi ch appears in the process of producing a sem conductor device. By using
this polishing colpo®nididom sulaseanter € :a sid isem chingkicieort idew,i ce: conpri ses
a silicon dioxide type material layer, in production thereof, a plane to be
pol i shed of thelygsliilc¢opndifaximde 4t:yp@sStattedmal 5l:ayeotoganebecpdliished,:
whereby a layer with a flat surface can easily be formed. Such a silicon

di oxi de type matepkad portapsr, Tayrbé isbedapdedeat 3tlwo semimmmelysdctti ons i n
one sem conductor device. The above is exenplified in Fig. 1. Fig. 1(a) is
a side crossds®itieon38chemtistanby hielldusBRat pegd ish iswnipdertduct & :devi ce
having the sane structure as in Fig. 15 3(a). Wen the polishing conpound of
the present paléshiog pedensiSoyedliishdmoh campasmd tshiwrdat reiminalepéndence
of the polishing rate when a plane to be polished of a silicon dioxide type
mat eri al | ayepoild shpobi shagoundyeby :smalcloy enledr etiyl imagt mgded pdr:t idepscan be

of groove of silicon wafer

10 BEST MODE FOR CARRYING OUT THE INVENTION
Now, embodiments of the present invention will be
described with reference to drawings, Tables, formulas,
Examples, etc. These drawings, Tables, formulas,
Examples, etc. and description are to exemplify the

15 present invention, and the present invention is not
limited thereto. The present invention includes other
embodiments within a range not to exceed the scope of the
present invention. In the drawings, the same symbol
designates the same constituent.

20 The polishing compound applicable to the present
invention is a polishing compound for chemical mechanical
pclishing to polish a plane to be polished of a
semiconductor integrated circuit device {(hereinafter
sometimes referred to simply as a semiconductor device),

25 and contains cerium oxide particles, a water-soluble
poclyamine and water. It may further contain a

dispersant. In the present invention, the “plane to be



20 polished preferentially while suppressing progress of polishing at
recessed portions, whereby high | evel planarization of unevenness on the
pl ane to be polished can be realized with a small polishing anbunt as shown
in Fig. 1(b). That is, high level planarization of 25 unevenness on the

pl ane to be polished can be realized by poBishing the filmin a snmall
anount as schematically shown by the thickness of the BPSG filmin Fig.
3(a) and 14 medishiesknasanst at lfarERSE At mn nrfiggmediate |stagridihidn, the
polished plane 7 is very flat, and it is easy to nmake the remaining film
thick. In suclkPped@Emen theed¥edes® ¢ff redUding & e isPrbxtand

i nprovenent of 5 the throughput are possible in production of a

sem conduct or deMi€@r-ated circuit device. Further, the present polishing
conpound is free from aggl onerati on of abrasive particles and is thereby
excel l ent in di sph%iwhingttdbig iRGL HHL 1S cacamrefgeom BPREFBtYWRRTE shi ng
defects. 10 In the present invention, ceriumoxide is used as abrasive
particles Pn tS6@issINBHItRF SEGEn O aDfore.l ian ihad e WReasi ve
particles have been _known to provide a specifically high polishing rate in
pol i shing of &aig4iddn IS ddnt yWedmtegmithepqaf i & Pl &R d2ont act of
ceriumoxide wth the SiO noiety on the surface of the filmto be polished
causes cheni c@CLlishadhgd ther eledthvisdh diRtidgy dndatiaie Bt ast e hovdt nmor e
than mere nechani cal, actjon. Therefore, in polishing using cerium oxide,

control 20 ofPdftlddhasdt tHeraevad veysr t1ide S it S0 ICD be

easily be formed. Such a silicon dioxide type material

10 layer may be contained at two or more portions in one
semiconductor device.

The above is exemplified in Fig. 1. Fig. 1(a) is a

side cross-section schematically illustrating a
gsemiconductor device having the same structure as in Fig.

15 3(a). When the polishing compound of the present
invention is employed in such a case, the pattern
dependence of the polishing rate when a plane to be
polished of a silicon dioxide type material layer is
polished is very small, whereby protruded portions can be

20 polished preferentially while suppressing progress of
polishing at recessed portions, whereby high level
planarization of unevenness on the plane to be polished
can be realized with a small polishing amount as shown in
Fig. 1(b). That is, high level planarization of

25 unevenness on the plane to be polished can be realized by
polishing the film in a small amount as schematically

shown by the thickness of the BPSG film in Fig. 3(a) and



polished is inportant. As the cerium oxi de abrasive particles in the

present invention, for exanple, ceriumoxide abrasive particles as

di scl osed in Patent Docunent 4 or 5 can be 25 preferably used. That is, a
cerium oxi de powder obtained by adding an alkali to a cerium(1V) anmoni um
nitrate aqueous solution to prepare a cerl4m hydroxide gel, 15 followed by
filtration, washing and firing, can _be preferably used. Further, cerium

oxi de abr asi véhepégﬂF5P§§SoHtfaFﬁédBB§Gnifllllf“ndnhiFdl$-pt}r(iat)y céRi um carbonate

and firing it, followed by mlLling and s classificatiqn, may al so be
preferably uséddifd@Bvelrie PReISEEFAURLBREE &5 ¥§tve &t @nés Wy éshot
particularly limted thereto. The average_particle size (djaneter) of the

cerium oxi de®aB¥asrvBakgr thel &8TAANAREr &b ¥ Em 01B1SHERoasmangegm
particularly preferably from0.Q2 to 0.3 ym nore prec{)e,rabl y from0.05 to
0.2 um in vi &FYCEEON Ofi h§e prdPefOrieting Fosie P ™PrayiananE % the

average particle size |s too |arge, pqQlishing defects such as scratches
are |ikely3tother ﬁ’uﬁh@uéculaffgcé’ ﬁlgﬁg &t ?é’lﬂ%é’(ﬁ?di?& $ubstrate. If the
average particle size is tqo small, the polishjng rate_may,K be | ow Further,
since the rafeBiGPPANETSE AREEIEALEE I EL TG \?{ﬂ‘%‘rﬁ? i sFH?‘gH,er't ﬁgeceri um
oxi de abrasive particleﬁ_.a e likely to be influenced by _the sur_facefstate.
Dependi ng on ESRGFIIoRS2F LG gL b Asarfd s réﬁrhcaﬁlroéoﬁrcﬁjflcﬁn ©

additives, the, abrasl ve RALiY 95,48 Sty 0,298 1% e 180T on

stability and is advantageous against polishing defects.
10 In the present invention, cerium oxide is used as
abrasive particles in the polishing compound.
Heretofore, cerium oxide abrasive particles have been
known to provide a specifically high polishing rate in
polishing of a silicon dioxide type material. This is
15 Dbecause contact of cerium oxide with the Si0 moiety on
the surface of the film to be polished causes chemical
linkage therebetween, thus generating abrasive power more
than mere mechanical action.

Therefore, in polishing using cerium oxide, control

20 of contact of the abrasive particles with an object to be
polished is important.

As the cerium oxide abrasive particles in the
present invention, for example, cerium oxide abrasive
particles as disclosed in Patent Document 4 or 5 can be

25 preferably used. That is, a cerium oxide powder obtained
by adding an alkali to a cerium(IV) ammonium nitrate

aqueous solution to prepare a cerium hydroxide gel,



cases. If aggloneration takes place, polishing defects such as scratches
are likely to formon the surface of the sem conductor substrate. 25 The
silicon dioxide type material in the present invention is generally a

mat eri al having another elenment incorporated to silicon dioxide.

| ncorporation here 16 neans that another sdenent is uniformly contained. In
such a case, "another elenent" nmay be any optional elenent. It may, for
exanpl e, bor ofplphwsghbyusiltarborn, miashigenaod fliodnione.cas Ween t he
silicon dioxide type material in the present invention contains at |east
one of boron pmdfephbdphused. tFerpottshiayivatexsdgnabraahvey varies
dependi ng upon their contents, whereby the effects of the present invention
are |likely topbstacheevebrainethbycadsliogohighsipuirasy dicoxivde type materi al
cont ai ni ng phosphorus, boron, or phosphorus and boron, high effects will be
obt ai ned whencekboveheeandafigangf ishogphRdowed bor ovilldng phskphorus and
boron in the silicon dioxide type material 1is within a range of fromO0.1 to
20 mass% SThecspbpédAchsigonoximdy Byse ket oricderebvaiusiedy pHewplerus, boron,
or phosphorus and boron, can be fornmed by Si02-CVD (chem cal vapor

deposi tion) byhadgendusnoxadegabirésgye pacth igdeB2lEge Ndith Madita)cudra i3
(phosphine) or an organic gas such as B(OCH3)3 (trimethoxyborane) or
P(OCH3) 3 20 (tHAmFseRokPERESPhoi ne) sinultaneously to SiH4 (silane) and 02

as a raw material gas. Well known as a silicon dioxide Egpe mat er i al
The average particle size (diameter) of the cerium

oxide abrasive particles is preferably from 0.01 to 0.5

10 um, particularly preferably from 0.02 to 0.3 um, more
preferably from 0.05 to 0.2 um, in view of polishing
properties and dispersion stability. If the average
particle size is too large, polishing defects such as
scratches are likely to form on the surface of the

15 semiconductor substrate. If the average particle size is
too small, the polishing rate may be low. Further, since
the ratio of the surface area per unit volume is high,
the cerium oxide abrasive particles are likely to be
influenced by the surface state. Depending on conditions

20 such as the pH and the concentration of additives, the
abrasive particles are likely to agglomerate in some
cases. If agglomeration takes place, polishing defects
such as scratches are likely to form on the surface of
the semiconductor substrate.

25 The silicon dioxide type material in the present
invention is generally a material having another element

incorporated to silicon dioxide. Incorporation here



cont ai ni ng phosphorus, boron, or phosphorus and boron, is

bor ophosphosilicate glass (BPSG, borosilicate glass 25 (ESG or
phosphosilicate glass (PSG, and when such a material is used, the present
invention is particularly effective. This is considered to be by an effect
of 17 adsorption of a water-soluble polyahne on the surface of the cerium
oxi de abrasive particles and on the plane to _be polished. Nanely, by such
an effect, atMPeBEs5BAt PBPLNGAsAEMGRLCASt Heiformit fgrsedsstre I8 | ow,
chem cal s reactjon is inhibited by the contact between cerium_oxide and
the Si0 noi et §urh PhéaﬁﬁaneaPStﬁérpéﬂF§ﬁ§G" WREr &6y 21 GBdS83df pol i shi ng
is suppressed, _and at protruded_portions at. which the polishing pressure is
hi gh, the waE&FMEBFubl £ p‘BWanf% SERAP L& - pBPYeRy pPBPFPRAEUE ahPRECRO
adsorbed is easily peel ed wher eby polishing proceeds preferentially,
and thus hlghnFéyggeﬁlﬁﬁafﬁfaFFBﬁ ‘on the plane to be polished becones
possible. BPSG is glass containing silicon, hos orus boro and oxygen as
the main conponenf&erTibE Hit 6@?5& rhﬁe vari abl e
within a range of from 0.1 .to 20 nass@b pectlvely S S
containing sPFFESRE BBVERtARG Gf?ﬁéﬁnésthgeﬁﬁt Q9ﬁn&51 §W‘%ﬂg§ bor on
content is varhgbl wthin ara gg of fromO0.1 taq Ss% Further, PSGis

gl ass cont ai nPRGSBRPEYSN, t56 B ﬁﬁ&F@%rgﬁ& ﬁ%ﬁ@éﬁ%&?q &t <Sonponent s.
The phosphor

TR Y R

present invention are likely to be achieved. 1In the case

10 of a silicon dioxide type material containing phosphorus,
boron, or phosphorus and boron, high effects will be
obtained when the concentration of phosphorus, boron, or
phosphorus and boron in the silicon dioxide type material
is within a range of from 0.1 to 20 mass%. The silicon

15 dioxide type material containing phosphorus, boron, or
phosphorus and boron, can be formed by Si0,-CVD (chemical
vapor deposition) by adding an inorganic gas such as ByHg
(diborane) or PH; (phosphine) or an organic gas such as
B(OCH;)3 (trimethoxyborane) or P(OCH;3);

20 (trimethoxyphosphoine) simultaneously to SiH; (silane)
and 0, as a raw material gas.

Well known as a silicon dioxide type material
containing phosphorus, boron, or phosphorus and boron, is
boropheosphosilicate glass (BPSG), borosilicate glass

25 (BSG) or phosphosilicate glass (PSG), and when such a
material is used, the present invention is particularly

effective. This is considered to be by an effect of



present invention includes silicon dioxide itself. 25 Nanely, the present
invention is useful also when the plane to be polished is a plane of a
silicon dioxide layer. In such a case, polishing is possible by |owering 16
t he wat er-sol ubl e pol yam ne concentrati on. The water-sol ubl e pol yam ne in
the polishing conpound is not limted sol1dbng as it is a water-soluble
conpound having at |east two am no groups in one s nol ecul e.

Wat er - sol ubi | eAgorRyipa of anyadegreelydleopglvasifige apattdre soinfisice of
polyam ne is conpletely dissolved, as visually observed, in a polishing
conmpound | i qut8#earedivgopxéher abires 1ae BRIrEH cligs languicn itheufddngs tp

polishing conpound. Usually, water-solubility neans that at least 10 1
nmass% pref er 88 Podfi shedst Bamasyo, BY tuehvareef§68Ftbl 8t BEFRERTHe i s
di ssolved in pure water. Specifically, referred is at | east one nmaterial

sel ected fromPPEELOgE0ES #BAShstheg PO IRALES- PRAFHE Hdisy tTer FEWiif he,
wat er - sol ubl e pol yal kyl ene paql yam ne, polyethyleneimne, is water-soluble
pol yvi nyl afi n&SAFELEL 46 &B‘E‘éblﬁéldyayl VHENCRET afdt S tEIibIE PN IYSidRe and
wat er- soluble chitosan. A particularly preferred water-soluble polyam ne
is a wat er - soPTS! ED5ol5&t Fed ehe yanithe Hlage & &e RAisheDolwratghvene

pol yam ne. 20 The nol ecul ar wei ght of the water-soluble polyamne _is not
particul arly PEYEEEsFsSsel &9d 188105 Isolspanrsssesd. wieratsaumiaidasht it is
preferably from 100 to 100,000, nore _preferably from 100 to 2,000, by the
wei ght aver ag®CHrarESuRdr Wheighthe Potlﬁék\kéﬁgglﬂly%%éw%l Svei ght

water-soluble polyamine such as polyoxypropylene diamine

10 adsocorbed is easily peeled off, whereby polishing proceeds
preferentially, and thus high level planarization on the
plane to be polished becomes possible.

BPSG is glass containing silicon, phosphorus, boron
and oxygen as the main components. The contents of

15 phosphorus and boron are variable within a range of from
0.1 to 20 mass%, respectively. BSG is glass containing
silicon, boron and oxygen as the main components. The
boron content is variable within a range of from 0.1 to
20 mass%. Further, PSG is glass containing silicon,

20 phosphorus and oxygen as the main components. The
phosphorus content is variable within a range of from 0.1
to 20 mass%.

Here, the silicon dioxide type material in the
present invention includes silicon dioxide itself.

25 Namely, the present invention is useful also when the
plane to be polished is a plane of a silicon dioxide

layer. 1In such a case, polishing is possible by lowering



25 is less than 100, the effect of the water-sol uble polyam ne tends to be
small. If it exceeds 100,000, even though the polyam ne is water-sol uble,
it may adversely 19 affect properties of the polishing conpound such as
fluidity. If the weight average nol ecul ar wei ght exceeds 2,000, solubility
in pure water decreases in many cases. Algarticularly preferred

wat er - sol ubl e ﬁolyanine is a5 water-soluble polyether polyamne or a

wat er - sol ubl etNpolghekyFehel bl PakyABINRa¢PRGERERRF4RE - aver age nol ecul ar

wei ght of from 100 to 2,000. Such a water-sol yble polyamne is highly
effective for suEBFe?@#Sﬁ‘SP§PhéepBP'¥ﬁﬂﬁ&erépetéﬁ Pﬁ§1§ﬁﬂmﬁbn 10 di oxi de

type material |ayer. Particularly when the silicon. dioxide type eri al
cont ai ns phosphB Bg?dbb?oﬂ?toflﬁﬁBgﬁhﬁPu ©BHd2Borbnlsi £ W§t§F¥§€ﬂggéefor

suppression of the gohishing Laie thereof. Since such an insulating film
h

has | ow har dnESESPORREN ARIBEuEF PpERFENTHG BBABBURECPESWIEhO8F i ca abrasive
particles or a EOliihin cqg$ou d ﬁL%h conv ntioPaI ceri um oxi de_abrasi ve
particl es,® t hB°-pEHiShi 3@&‘} ER LT R AR B At FRE PEETEFnSdepeRdence

is significant, and the polishj roceeds fast at _recessed portiaons,
whereby a | arg8 bBFi YAFRG-SRLURLSI BOS-PARA! RECRMELRTGHY! SvERCHYaar | zat i on
can not sufficientl%éﬁe realized. \Werea A wat er - sol.ubl e pol yam ne,

s,.Wth a p
the polishindSrXt8URanYsPERFFVEDNt 1T BepPga§%é89b§°m§888 eddi PG RE 2
pol [ shing rat goghohheapibhoop ghosden2d tkReamatelial by pial o
compound. Usually, water-solubility means that at least

10 1 mass%, preferably at least 5 mass% of the water-socluble
polyamine is dissolved in pure water. Specifically,
preferred is at least one material selected from the
group consisting of water-soluble polyether polyamine,
water-soluble polyalkylene polyamine, polyethyleneimine,

15 water-soluble polyvinylamine, water-socluble
polyallylamine, water-soluble polylysine and water-
soluble chitosan. A particularly preferred water-soluble
polyamine is a water-soluble polyether polyamine or a
water-goluble polyalkylene polyamine.

20 The molecular weight of the water-soluble polyamine
is not particularly limited so long as the polyamine is
water-soluble, but it is preferably from 100 to 100,000,
more preferably from 100 to 2,000, by the weight average
molecular weight. If the weight average molecular weight

25 ig less than 100, the effect cof the water-soluble

polyamine tends to be small. If it exceeds 100,000, even

though the polyamine is water-soluble, it may adversely



and protruded portions can be polished preferentially while suppressing
progress of polishing at recessed 20 portions, whereby high | evel

pl anari zation can be realized. A particularly preferred water-soluble
polyam ne in the present invention is at |east one water-soluble 5

pol yam ne sel ected fromthe group consisting of a water- sol ubl e polyether
pol yam ne havin% a wei ght average nolecular weight of from100 to 2,000 and
a wat er - sol ubr&fegbl papryréaespety §henpoha¢higda cmePghndaweicig@snol ecul ar
wei ght of from 100 to 2,000. Fromthe viewpoint of high 10 effect of
stabilizing df3pédifyn offtHee ceeidht oxveleagabrasevelptr veeobs exfecdgi ght
average nol ecul ar wei ght of the water-sol uble polyether polyamne is nore
preferably frénP280 £018b011iftyr fiRe PitgEe VBiefe A8 aBEEMINI 5@ Yo C4F@S i s The
above pol yether polyamne_is a conpound having_ at |east two am no groups
and at | east Pwhastherilardyygaricxreds varre -smlvd lgr 8O3 vies\ipefier ably a
primary am no %;oup -NH2) . The pol yether pol yam ne may have a_ secondary
ani no group (VYREeY-6Plubler Prdyptafin§odvemangs oX0 aamatergredpd®lebut t he
pol yet her polyamne in the present invention is preferably a caonmpound

havi ng at | eaBPl¥fdkYpENfaPP lydMidegr bayd ngnd MWALGHG SYSHEaR MRILeFHE ot her
am no groups, particularly preferably a polyether diamne having two
primary am noW§iehpscdl xem RO 61 yet®®8r 25 pol yanine is preferably a

conmpound havi ng such_a structure that a _hydrogen atomaof a q¥droxyl group
in a Such a water-soluble polyamine is highly effective

for suppression of the polishing rate of the silicon

10 dioxide type material layer. Particularly when the
silicon dioxide type material contains phosphorus, boron,
or phosphorus and boron, it is effective for suppression
of the polishing rate thereof. Since such an insulating
film has low hardness, with an usual polishing compound

15 with sgilica abrasive particles or a polishing compound
with conventional cerium oxide abrasive particles, the
polishing rate is remarkably high, the pattern dependence
ig gignificant, and the polishing proceeds fast at
recegged portionsg, whereby a large polishing amount is

20 required and high level planarization can not
sufficiently be realized.

Whereas, with a water-soluble polyamine, the
polishing rate can significantly be reduced by
suppressing the polishing rate of the silicon dioxide

25 type material layer, the pattern dependence is very low,
and protruded portions can be polished preferentially

while suppressing progress of polishing at recessed



pol yhydric al cohol or a polyether polyol is substituted 21 by an am noal kyl
group. The polyhydric alcohol is preferably a dihydric to hexahydric

al cohol, particularly preferably a dihydric alcohol, and the polyether
polyol is preferably a dihydric to hexahydric pol yoxyal kyl ene s pol yol,
particularly preferably a pol yoxyal kyl ene glyal. The am noal kyl group is
preferably a C2_6 am noal kyl group such as a 2-am noethyl group, a

2- anlnopropylpgroupnsa ZFheaertogo hli ghe flieyledt pllangrdwat i@mn3-cam repr opyl group,
a 2- amno-1,I-dinmethylethyl group or a 4-am nobutyl group. 10 The

pol yhydric alwehéﬁzbd.preferably a C2_B dihydric alcohol which may have an
et heric oxygen atom such as ethylene glycol, diethylene glycol, propylene
gl ycol or diprop#l paetgkypdaklyTheefehlyethentpal-yoll ubd eprefleraatiine an

pol yet her diol of which the repeating unit is a C2_6 is oxyal kyl ene group,
such as a pol yeehplresengl yoventiioca ispelty depetthyneneratieat-)ssluddleas
triethylene glycol or tetraethylene glycol, a polypropylene glycol (i.e
pol yoxypr opyl epéydmahnge sedkcasd firpmo fyhee merogipy cainsdrs t itres rcfpreo pyd tene-

gl ycol, or a pol yoxyal kyl ene diol having 20 at |east two types of
oxyal kyl ene gseodpdlespoll yashegolpploayprep Hasrielnxy etciyghdnelvaliagie The

pol yal kyl ene polyam ne is a conpound having at |east three am no groups
bonded via anmallkyghdas gedght o dremalllog, tiche @0miaral amategrovplils a
primary amno 25 group and the amino group in the interior of the nolecule
I's a secondar podtirddydenep poltyes iprefhenrieg ias we ichdi mveuigaingdenelar

pol yam ne having a primry anmino group at
welght of from 100 to 2,000. From the viewpoint of high

10 effect of stabilizing dispersion of the cerium oxide
abrasive particles, the weight average molecular weight
of the water-soluble polyether polyamine is more
preferably from 150 to 800, furthermore preferably from
150 to 400.

15 The above polyether polyamine is a compound having
at least two amino groups and at least two etheric oxygen
atoms. The amino group is preferably a primary amino
group (-NH;). The polyether polyamine may have a
secondary amino group (-NH-) or a tertiary amino group as

20 amino groups, but the polyether polyamine in the present
invention is preferably a compound having at least two
primary amino groups and having substantially no other
amino groups, particularly preferably a polyether diamine
having two primary amino groups alone. The polyether

25 polyamine is preferably a compound having such a
structure that a hydrogen atom of a hydroxyl group in a

polyhydric alcohol or a polyether polyol is substituted



22 both nolecular termnals and having at | east one secondary am no group
inthe interior of the nolecule. At |east two bondi ng noieties consisting
of an al kyl ene group, sandw ched between an am no group and another 5 am no
group, exist in one nolecule, and such a plurality of bonding noieties

bet ween ami no groups may be the same or djfferent. Preferably, all these
noi eties are the sanme, or two bondi ng noieties between am no groups bonded

to the primaryyaghnamghesPkal geblpt erri@apsl @wigdthe sasendd asd the ot her
bondi ng noi ety between amno groups is different. One bondi ng noiety

bet ween am nopgeedpsblpr &f ainbliyibasof hefaBytei8 eacbpdlat @aEt ikanNtay arly
preferably each of the two bondi ng noieties between am no groups bonded to

the primary apiraecgaBup at abpiAris heeBhAal s ahas theomol yie® nerc pdiglat ons
and the other bonding noiety between am no groups has from2 to 6 carbon

atons. Each ofist peepek¥pihen dibfinrecand hbgapohyalkyoaRexyRalkyamme is
preferably a conpound having a structure of 20 the followng forrmula (1):

H2N- (R X- ) k- Rpbiigo (1) pwhereulaR1ys pae€érabakkyl gagy@&%a,kyx dre @1idaxygen
atomor -NH, and k 1's an integer of at |east in the case of a polyether

di am ne or anrhat ggehoafl kgt PQ@% 1si prefereadse 35 cof, amielowalikyl e’ up

pol yam ne, provided that a plfurality of R s in one nolecule nay be

different. Paghiguharby2-thenbekyetnghodbamane —iafmiPicphreiAll Yrad w3 a 2-
amino-l-methylethyl group, a 3-aminopropyl group, a 2-
amino-1,1-dimethylethyl group or a 4-aminobutyl group.

10 The polyhydric alcochol is preferably a C;.3 dihydric
alcohol which may have an etheric oxygen atom, such as
ethylene glycol, diethylene glycol, propylene glycol or
dipropylene glycol. The polyether polyol is preferably a
polyether diol of which the repeating unit is a C;

15 oxyalkylene group, such as a polyethylene glycol (i.e.
polyoxyethylene diol) such as triethylene glycol or
tetraethylene glycol, a polypropylene glycol (i.e.
polyoxypropylene diol) such as tripropylene glycol or
tetrapropylene glycol, or a polyoxyalkylene diol having

20 at least two types of oxyalkylene groups, such as
poly (oxypropylene/oxyethylene) diol.

The polyalkylene polyamine is a compound having at
least three amino groups bonded via an alkylene group.
Preferably, the terminal amino group is a primary amino

25 group and the amino group in the interior of the molecule

is a secondary amino group. More preferred is a chain

polyalkylene polyamine having a primary amino group at



conmpound having a structure of the followng fornula (2), and the
pol yal kyl ene polyam ne is preferably a conpound having a structure of the
following formula (3): HZNNR2-O (Rl-0-)mR2-NH2 (2) 5
H2N- R4- NH- (R3-NH-)n-R4-NH2 (3) wherein R1 is an ethylene group or a
propyl ene group, R2 is a C2.6 alkylene grmpp, R3 is a C2.6 al kyl ene group,
R4 is a C2_B al kylene group, mis an integer of at least 1, and nis an
i nteger of atbéthstolecplavi detmtihal sRandntiat@nB2amnycbett baesane or
different, and R3 and R4 nay be the sane or different. Specifically, the
pol yet her di asenendaryhemfiopngkaup(2h thy, ihoeréranplfetheemalecule.
pol yoxypropyl ene diam ne (a conpound wherein R1L and R2 are propyl ene groups
and mis is aktl dasstliwopbbpdingt hplieheedi apnge stangomfoand alkgrlens R1 and
R2 are ethylene groups and mis at |east 1), or
4,7,10-tri oxagrougdecarnd¥itBedi brtweefiaavoaponnd gnbapeiamd Rhotdiean et hyl ene
group, R2 is a trinethylene group and m is 2). Specifically, the
pol yal kyl ene pulipangmeupf, thRes20ifhopnel mol8ruiey, ahdr sexcamal @lubality
tetraet hyl enepentam ne (a conmpound wherein R3 and R4 are ethyl ene groups
and n is 2), cpehbadihygl enékhéeiasi bet{acnoapiwed gwbepei mak3 bend heRé amee
et hyl ene groups and n is 3), heptaethyl eneoctam ne (a conpound wherein R3
and R4 are etbhyl dnéfgrenps abPdefefdblyg, 53]11 these moieties are the
N, N - bi s( 3-am nopropyl ) -ethyl enedi amine (a conpound wherein R3 is an
et hyl ene groupamB4 bs &wot bondtihgl ewe egriesp betdern smino graNpd bonsieZl 24
am noet hyl ) -1, 4- but anedi am ne (a conpound wherein R3 is a

to the primary amino group at both terminals are the same

10 and the other bonding moiety between amino groups is
different. One bonding moiety between amino groups
preferably has from 2 to 8 carbon atoms, particularly
preferably each of the two bonding moieties between amino
groups bonded to the primary amino group at both

15 terminals has from 2 to 8 carbon atoms and the other
bonding moiety between amino groups has from 2 to 6
carbon atoms.

Each of the polyether diamine and the polyalkylene
polyamine is preferably a compound having a structure of

20 the following formula (1):

H;N- (R-X-)x-R-NH; (1)
wherein R is a C;.¢ alkylene group, X is an oxygen atom or
-NH-, and k is an integer of at least 2 in the case of a
polyether diamine or an integer of at least 1 in the case

25 of a polyalkylene polyamine, provided that a plurality of
R’s in one molecule may be different.

Particularly, the polyether diamine is preferably a



tetramet hyl ene group, R is an ethylene group and nis 1) . The
concentration of the water-soluble polyamne in 5 the polishing conpound is
preferably set properly within a range of fromO0.001 to 20 nass%
considering the pol
m xture, the weight average nol ecul ar weigili of the water-soluble

wth a view to obtaining 10 sufficient effects of

suppr essi ng tﬁempeunéhhﬁglnet 8. stThetuoaceft thei 6nldbwihg Werewulsol (@bl e

pol yam ne, etc.

polyamine in t

he o]
from0.05 to Bnda§g9
of a silicon dioxide |layer, the is concentration of the water-sol uble
pol yam ne is hevéngpaesérabtyrﬂdpﬁiﬁha feAdevahof fomrmoles (B :2 mass% The
water in the present
pure water, ultrHplirR 1@t &' -CdeoRi 28t wat er, etc. i fRNiew of 20
i nfluences over the other conponents |ncIu5|on of |npur|t|es i nfl uences
THéNpReﬁﬁhthoNHsHmng d¥pound can belIsed within an
al kal i ne pH region.
stability of wherpahi Bhi by sonpoandent t g¥euURSOUs@dPPPEY beRBI gravPa BH of

on the pH,5etc.

from9 to 12.

If the

ishing rate, uniformty of a polishing conpound

I|sh|n conmpound is nore preferablﬁ wi thin a range of
ppﬂaya susenghpprdyendngl aseprefisrabpol iasisethposng pl ane

|nvent|on IS not particularly limted, but preferred is

Consi dering the polishing properties and dispersion

pHis |less than 9 the dispersibility may decrease

and if it exééedsCiz, aékvﬂénghgﬁﬁ@ppoﬁlshﬁng Brepatkybenei groupt Be 25
i npai red, the plane to be Rollshed may be affected, or handling properties
Y

may be inpairéd. a Czs alk

ene group, m is an 1nteger of at least 1,

and n is an integer of at least 1, provided that R' and

10 R’ may be the same or different, and R’ and R* may be the

same or different.

(2)

Specifically, the polyether diamine of the formula

may, for example, be a polyoxypropylene diamine (a

15

20

25

compound wherein R' and R? are propylene groups and m is
at least 1), polyoxyethylene diamine (a compound wherein
R' and R? are ethylene groups and m is at least 1), or

4,7,10-trioxa-tridecane-1,13-diamine (a compound wherein

R' is an ethylene group, R®

is a trimethylene group and m
is 2). Specifically, the polyalkylene polyamine of the
formula (3) may, for example, be tetraethylenepentamine
(a compound wherein R’ and R* are ethylene groups and n
is 2), pentaethylenehexamine (a compound wherein R® and
R* are ethylene groups and n is 3), heptaethyleneoctamine
(a compound wherein R® and R* are ethylene groups and n
is 5), N,N’-bis(3-aminopropyl) -ethylenediamine (a

compound wherein R’ is an ethylene group, R® is a

trimethylene group and n is 1), or N,N’-bis(2-



In the polishing conpound of the present invention, another conponent may
coexist. As a typical exanple, a 5 dispersant may be nentioned. The
di spersant may be a water-sol ubl e organic polymer or an anionic surfactant.
The wat er-sol ubl e organic polymer is preferably a polynmer having a
carboxylic acid group, a carboxylic acid amoniumsalt or the like. 10 The
pol i shing conpound of the present invention 4 not necessarily subjected to
polishing as a mxture of all the polishing materials constituting the
pol i shing conpenddoethglpelli, ghibngamedérimdne ray deenprivret] viee heire is a
conposition of the polishing conmpound when subjected to 15 polishing. For
exanpl e, a |i quitdttavenhaileneggreupymR®oxedenpathiyibes gmdupaterd, rarnids
optionally a dispersant, and a liquid 2 containing a water-soluble
pol yam ne, are 1l3eparately prepared and properly m xed at the tinme of
polishing wwth the mxture ratio adjusted. This nmethod 20 is useful when it
i S necessary to adj (Bte tdenqoltirsitiinn ofattchal epersl ngo lyobe t hel ganteat Lat i on
of boron or phosphorus in the silicon dioxide type material |ayer. Wen a
sem conduct & sthst patle sihs ngp ldcsdpecirtaly s ipnge f etrted Ipol s ssthi pugopembpunitbint he
present invention, the 25 polishing conpound is supplied to a polishing pad,
and a pl ane toabeapngle sifedraim @ .9O1 candrctmassteyvi cenaindetiveg poéi shing pad
are brought into contact with each other to 26 polish the plane to be
pol i shed of a sipbildehicigoxiatte, maticfdrali dyayelr hypokishinvg comeoend bet ween
them The conditions regarding the silicon dioxide type materi al

mixture, the weight average molecular weight of the

water-soluble polyamine, etc., with a view to obtaining

10 sufficient effects of suppressing the polishing rate.
The concentration of the water-soluble polyamine in the
polishing compound is more preferably within a range of
from 0.05 to 5 mass¥%. In a case where the plane to be
polished is a plane of a silicon dioxide layer, the

15 concentration of the water-soluble polyamine is more
preferably within a range of from 0.05 to 2 mass%.

The water in the present invention is not
particularly limited, but preferred is pure water,
ultrapure water, deionized water, etc. in view of

20 influences over the other components, inclusion of
impurities, influences on the pH, etc.

The present polishing compound can be used within an
alkaline pH region. Considering the polishing properties
and dispersion stability of the polishing compound, it is

25 used preferably at a pH of from 9 to 12. If the pH is
less than 9, the dispersibility may decrease, and if it

exceeds 12, although the polishing properties will not be



are the sane as described in relation to the polishing s conpound of the
present invention. As a polishing apparatus, a conmon polishing apparatus
may be used. For exanple, Fig. 2 is a drawing illustrating one exanple of a
pol i shing apparatus applicable to the polishing nmethod of the present 10
invention. It enploys a nmethod of holding a5 sem conductor device 31 in a
polishing head 32 and. bringing it into contact. wwth a polishing pad 34

bonded to thé™@irgce &hea aliesfiondpPaldshesl iy hevtaffisrF 2%e ©%Hol i shing
head 32 and the paglishing platen 33 to bring is relative novenent, while
suppl yi ng a p&RNSHiIRY Eopstd €369 AR 4" ng conpound supply pi pi ng
35. However, the polishing apparatus in the present inventjon is, not
limted thereto. ths ipﬁg{lilr?dl%d:%'@pm ttRMIBr$37E el BRI QDY 20
nove linearly. The polishing platen 33 and the polishing_ pad 34 may have
the same size 2BETHRE SOMRBIRNICIHY FRAXIE T 31261 askaPiier] FHa8RdF aacase,
preferably the polishing head 32 and the polishing platen 33 are relatively
nmoved so thattiSherEanty eyl eade il anid sefP€oRdGRESE TSV GY PS5 Gan be
pol i shed. The polishing platen 33 and the polishing pad 34 nay not be
rotary type bitebfdy S5 tdiley onsaniq B VIRE vt RIbV IS rBEEiFEAY  The
polishing conditions of the polishing apparatus are not particularly
limted, but €& PGSR U LR Y Rt d DPLEHF VANY £ IRRIYISE t he
pol i shi ng hea%&%%néﬂgiégﬁfsiq%_the,polishing head 32§%9ainstw§he pol i shi ng

rboxyllic acid group, a carboxylic aci
ammonium salt or the like.

10 The polishing compound of the present invention is
not necessarily subjected to polishing as a mixture of
all the polishing materials constituting the polishing
compound. The polishing materials may be mixed to have a
composition of the polishing compound when subjected to

15 polishing. For example, a liquid 1 containing cerium
oxide particles and water, and optionally a dispersant,
and a liguid 2 containing a water-soluble polyamine, are
separately prepared and properly mixed at the time of
polishing with the mixture ratio adjusted. This method

20 1is useful when it is necessary to adjust the polishing
rate depending upon the concentration of boron or
phosphorus in the silicon dioxide type material layer.

When a semiconductor substrate is polished by using
the polishing compound of the present invention, the

25 polishing compound is supplied to a polishing pad, and a
plane to be polished of a semiconductor device and the

polishing pad are brought into contact with each other to



5 pad 34. The polishing pressure is preferably fromabout 0.5 to about 50
kPa, and it is particularly preferably fromabout 3 to about 40 kPa from
the viewpoint of wuniformty of the polishing rate in a sem conductor
device, flatness, and prevention of polishing defects 10 such as scratches.
Furt her, the nunmber of revolutions of thez2polishing platen and the
polishing head is preferably from about 50 to about 500 rpm but is not
limited therppdishsthiepgeniesitonfpepad]ishedoriore stddecsl ddogide non- i 5
woven fabric, a polyurethane foam a porous resin or a non-porous resin can
be used. Furtneterdnlt Reveyr baceaedhtiviee mpykinemitndpepadere tdien at Thee,
concentric or spiral grooves may be forned so as to accel erate supply of
the polishi ngondipaond &egesdiaide theceritldioenafipmidsf tvipe 2@ b4saliaghi ng
conpound stay. As nentioned above, by polishing using the polishing
conpound of t B&epitdsesariengendessr ipegh ineviel atglcanda £dte @elofshimsyenness
on a plane to be polished of a silicon dioxide type material |ayer can be
real i zed 25 wWeERPRUERRIOE &My i eglendolingisindg.oifthe surface after pol i shing
is very flat, and it is easy to nmake the remining filmthick. The cost
reduction and i npfgveminl iFhing aupanairusugiptosion ingh ¥grimd i on are
possi bl e. Accordingly, in production of a sem conductor device using the
present pol i shPRgradtigoday e sisesksi BPE esampipr oFédt hé ddaki ¥awiagr educe

the cost and to_inprove 5 the throughput. The present invention is suitable
illustrating one example of a polishing apparatus

applicable to the polishing method of the present

10 invention. It employs a method of holding a
semiconductor device 31 in a polishing head 32 and
bringing it into contact with a polishing pad 34 bonded
to the surface of a polishing platen 33, and rotating the
peclishing head 32 and the polishing platen 33 to bring

15 relative movement, while supplying a polishing compound
36 from a pclishing compound supply piping 35. However,
the polishing apparatus in the present invention is not
limited thereto.

The polishing head 32 does not only rotate but also

20 move linearly. The polishing platen 33 and the polishing
pad 34 may have the same gize as the semiconductor device
31 or smaller. In such a case, preferably the polishing
head 32 and the polishing platen 33 are relatively moved
so that the entire surface of the semiconductor device

25 can be polished. The polishing platen 33 and the
polishing pad 34 may not be rotary type but may be of a

belt type and move in one direction.



particularly for a sem conductor device enploying ILD, STl and PND.
EXAMPLES Now, the present invention will be described in 10 further detai
with reference to Exanples. Exanples 1 to 11 and 14 are Exanples of the
present invention, and Exanples 12 and 13 are Conparative Exanples. In
Exanpl es, "% neans masse unl ess othermﬁséZ%pecified Properties wer e

eval uated by the foll ow_ng_ mnethods. pH) Measured by pH31l-11 manuf actured
by Yokogawa EIecFPPcpééﬂﬁgﬂéﬂ"8ﬁndGEQ€Pég@ fpdhs acd L Qﬁagﬁﬁﬁﬁﬁqﬁa
Particles) Determ ned b .a | as catterlng/dlfLractlon 20 aﬁparatus

(t radenane: LAY 2BOC rRAHT AERGAE Ybilmaltﬁsla utt §hp palgﬁ&%’.go a§teatsaa|rny of
Pol i shi ng Canound The "coa uI tion seg ntatl ﬂp c4es was
determi ned asP§ tFPREYRE PY2 Y&Fga D P tﬁgt ﬁ§h1?§ ﬁ@@ F% gl ass

test tube with g d;aneter %g eft %& %t foglte@ d%¥8 epar at ed
into two | ayePE8%t BrFEFATE GpBP fantd 22§93aBsit engg;%ékﬁﬁies)
(1) Poli shing cand, (1 o, Fol) Shyngevas caury ed out DL LS, L pLLOWRg. .
QVP machi ne NbRgAto(gggﬁla%tUi%d b%néppllgg %g&%abﬁlarly pégferably

from about 3 to about 40 kPa from the viewpoint of

uniformity of the polishing rate in a semiconductor

device, flatness, and prevention of polishing defects

10 such as scratches. Further, the number of revelutions of
the polishing platen and the polishing head is preferably
from about 50 to about 500 rpm, but is not limited
thereto.

As the polishing pad, common cne made of e.g. a non-

15 woven fabric, a polyurethane foam, a porous resin or a
non-porcus resin can be used. Further, on the surface of
the polishing pad, e.g. lattice, concentric or spiral
grocves may be formed so as tc accelerate supply of the
polishing compound or tc make a certain amount of the

20 polishing compound stay.

As mentioned above, by polishing using the polishing
compound of the present invention, high level
planarization of unevenness on a plane to be polished of
a silicon dioxide type material layer can be realized

25 with a small amount of polishing. The surface after
polishing is very flat, and it is easy to make the

remaining film thick. The cost reduction and improvement



Pol i shi ng conpound supply rate: 200 nL/m nute Polishing pad: Two-I|ayer pad
| G- 1400 K-Groove or single layer pad I C 1000 K- G oove (manufactured by
Rodel, 10 Inc.) Polishing pad conditioning: MECL00-PH3.5L (manufactured by
M tsubi shi Materials Corporation) Speed of revolutions of polishing platen:
77 rpm Speed of revolutions of polishing had: 73 rpmis Polishing
pressure: 27.6 kPa (in the case of polishin npounds in_Exanples 1 to 11
and 14) Poll§ﬁ|ﬁ§epF€§§H9€PuI30§ ﬁPém(lﬁrﬁﬁgléﬁsér§f3&ﬂﬁ%ﬁﬁﬁm)conpounds in
Exanpl es 12 and 13) , (2) Evaluation 20 Measurenent of_ polishjng rate Film
thi ckness met 8FCORIDERSE (RaRIPAICHIER BY RLASTEFCHIGIET (e

Measurenent of difference in |evel ,on the surface: Profiler HRP-100

(manuf act ur ed WSy R APfeREEEFENm®oddedind BEtERCect tt d @I iRlfed 25 The
foll owi ng objects to be polished were used. 3-1) Bl anket wafer Wth
respect to polff®RFPHE ES‘@pSHﬁ&%tﬁ’n ERafsrEs e sty angl Ry PR3, a

bl anket wafer, a silicon plane _of which was entirely covered with a BPSG
film (1 pnf tKPEkAESSPIPMHT -boFBR BRESPRbSpPRYFREIEBNAENFHALRBAS of 3.52%
and 3. B5% respect,ively nufactured by 5 International SEN%TECH was used.
Wth respect PELHAC ﬁ‘lrf]ryn%&?péuﬁ&%“llcﬁn%ﬁﬁ deyice epplpyiney HD. 5

bl anket wafer, a S|I|con pl ane of which
'STI and PMD.

EXAMPLES
Now, the present invention will be described in
10  further detail with reference to Examples. Examples 1 to
11 and 14 are Examples of the present invention, and
Examples 12 and 13 are Comparative Examples. In
Examples, “%” means mass% unless otherwise specified.
Properties were evaluated by the following methods.
15 (pH)
Measured by pH81-11 manufactured by Yokogawa
Electric Corporation.
(Average Particle Size of Abragive Particles)
Determined by a laser scattering/diffraction
20 apparatus (tradename: LA-920, manufactured by Horiba,
Ltd.)
(Dispersion Stability of Polishing Compound)
The “coagulation sedimentation time” in Examples was
determined as a time until 20 mL of a polishing compound
25 put in a glass test tube with a diameter of 18 mm left at
rest for ten days was separated into two layers to form a

supernatant liquid.



was entirely covered with a BPSG film (1 pmthickness) wth boron and
phosphorus concentrations of 13% and 14% 10 respectively, manufactured by
I nternational SEMATECH, was used. A side cross-section schematically
illustrating the blanket wafer is shown in Fig. 4. (3-2) Patterned wafer 15
Wth respect to polishing conpounds in Exapples 1 to 4 and 8 to 12, a
patterned wafer, a silicon plane of which was entirely covered with a
STl S64CMP000 BPSG (Balnisiiiseg diroBe 8208 bhosphorus: 3.85% (1 pmthi ckness),
the silicon plane having stripe-patterned grooves with a 20 pattern w dth
of 100 pm and a patktlerBplialing|ceiditpiens Wth respect to a polishing
conpound in Exanple 5, the wafer was sane as in the case of polishing
conpounds in Exafftlesshing wagmpnpiesd capt bhathe heobbpoing ocrRat 268 on was
13% and the phosphorus concentration 25 was 14%in the STI864CVP000 BPSG
film This paM’é‘%¥ ithen fpghquamy i9andG IRNSTI . A side cross-section
schematically illustrating the patterned wafer is shown 31 in Fig. 5 The
symbol 51 PepreserRalishippveadiing : sAULER tigl §MP THehdires MIRide in | evel
on the surface of each of _the patterned wafers used in Exanples 1 to 5 and
8 to 12, s i.wanmHageptad 1y thplpad datejriooh® (Bt rlesponding to L in Fig.
5) was 350 nm but the present invention jis not Ilimted to this value. Wth
respect to a pol i FRheslbrgotRRPeHnExepP Ly 19ate: 200 mL/minute
Polishing pad: Two-layer pad IC-1400 K-Groove or
single layer pad IC-1000 K-Groove (manufactured by Rodel,

10 Inc.)
Polishing pad conditioning: MEC100-PH3.5L
{manufactured by Mitsubishi Materials Corporation)
Speed of reveclutions of polishing platen: 77 rpm
Speed of revolutions of polishing head: 73 rpm
15 Polishing pressure: 27.6 kPa (in the case of
polishing compounds in Examples 1 to 11 and 14)
Polishing pressure: 13.8 kPa (in the case of
polishing compounds in Examples 12 and 13)
(2) Evaluation
20 Measurement of polishing rate: Film thickness meter
UV-12808SE (manufactured by KLA-Tencor) was used.
Measurement of difference in level on the surface:
-Profiler HRP-100 (manufactured by KLA-Tencor) was used.
(3) Object to be polished
25 The following objects to be polished were used.
(3-1) Blanket wafer

With respect to polishing compounds in Examples 1 to



(the sane polishing conmpound as in Exanple 1), such a 10 patterned wafer
was used that protruded portions on a silicon plane of STIS64CMP000 havi ng
the sane stripe- patterned grooves as in the case of the polishing
conmpounds in Exanples 1 to 4 and 12, were sequentially covered with a
silicon dioxide film (10 nmthickness) and;d5 a silicon nitride film (140 nm
t hi ckness), and such a silicon plane was entirely covered with a silicon
di oxide fil ma(780and tLhi ckness) aThe atikkftewafes ,i m lsdldlcoof lme pdit er ned
wafer used in Exanple 14 i.e. the depth of the pattern groove was 500 nm
20 (4) Met hodwaficavakhgakenng rplgpenivieeedofvipdl iasBbsE fddmpoundumlhe bl anket
waf er was polished for 60 seconds, and the difference in thickness between
bef ore and af téickhesspomiishi bgreas ahegphdeghas ushegnarshiaty orat exf 25
Regardi ng the patterned wafer, data of the thickness at a protruded portion
and the thicknesg2%atnd Bedsssedespertiorlat, damsiflaytpattdeinys of 10% 20%
30% 40% and 50% 32 in one chip were neasured before and after the

pol i shing swi {Inteespedonad GERMATEION, atasauseant.er portion of each density
pattern, and these data were regarded as values at the respective
densities. The vamiath aresgfedthe s gdliickniess cimpdiends atrr Blethpbed i Hed s a
difference between the maxi mum and the mninmumof the difference in the

t hi ckness at t/he 1f2r einduded pokiliamkedt wedeh  densitly cdrefdramearef afliieth t he
pol i shing. The maxi mum polishing anpbunt at the recessed portion is the

maxi nrum di f f emaiscentirely covered with a BPSG film (1 um thickness)

with boron and phosphorus concentrations of 13% and 14%,
10 respectively, manufactured by Internatiocnal SEMATECH, was
used.
A side cross-section schematically illustrating the
blanket wafer is shown in Fig. 4.
(3-2) Patterned wafer
15 With respect to polishing compounds in Examples 1 to
4 and 8 to 12, a patterned wafer, a silicon plane of
which was entirely covered with a STI864CMP0O0OC BPSG film
(boron: 3.52%, phosphorus: 3.85%) (1 um thickness), the
silicon plane having stripe-patterned grooves with a
20 pattern width of 100 pm and a pattern interval cof 10 um.
With respect to a polishing compound in Example 5, the
wafer was same as in the case of polishing compounds in
Examples 1 to 4 and 12 except that the boron
concentration was 13% and the phosphorus concentration
25 was 14% in the STI864CMP000 BPSG film. This pattern is a
pattern imitating STI. A side cross-section

schematically illustrating the patterned wafer is shown



10 in the thickness at the recessed portion at each density before and
after the polishing. The maximum difference in level is the greatest val ue
anong differences in | evel between the protruded portion and the recessed
portion at each density after the polishing. For neasurement of the is

t hi ckness, optical interference type automatic thickness measuring

appar atus WL280SE (nmanufactured by KLA Tencor) was used. The val ue
regardi ng theideRs8t ySnedhise $ymbhk Thseepydsauesfergexkarwpl ef &he proportion
of the width of the 20 pattern at the protruded portion to the sumof the
wi dth of the patiepn "Wefele protruded portion and the width of the pattern
at the recessed portion, when the patterned wafer is observed fromthe
direction at righffhgngidfergncehdmllavel 2n LhavEE fr@efumast & abr asi ve
particles and ammoni um pol yacryl ate having a wei ght average nol ecul ar

wei ght of 33 thBeopethsraedi ¥péegantiseer dAnnExaArileSa Inkss o aidh ofto 130: 0. 7
in deionized water with stirrin%, foll owed by ultrasonic dispersion and
filtering Yo prépaFBeadaPkbupé thavPagtaraonEenteaticorss XéEDarticles
of 10% and a 5 di spersant concentration of 0.07% This m xture was diluted
five times wi R HéBonP2eWamaBEP B pPEbatbeaRT egledsi Ve dldrclie Mokt ure A
havi ng an abrasive particle concentration of 2% and a di spersant

concentrati onldfitedoteod-hige vpliugf the abrasive particle nmixture A was 10

7.6, and the avergge particle size of _the abrasive .
1th respect to a polishing compound in Example 14

(the same polishing compound as in Example 1), such a

10 patterned wafer was used that protruded portions on a
silicon plane of STI864CMP000 having the same stripe-
patterned grooves as in the case of the polishing
compounds in Examples 1 to 4 and 12, were sequentially
covered with a silicon dioxide film (10 nm thickness) and

15 a silicon nitride film {140 nm thickness), and such a
silicon plane was entirely covered with a silicon dioxide
film (700 nm thickness). The difference in level of the
patterned wafer used in Example 14 i.e. the depth of the
pattern groove was 500 nm.

20 {4) Method of evaluating properties of polishing
compound

The blanket wafer was polished for 60 seconds, and

the difference in thickness between before and after the
polishing was regarded as the polishing rate.

25 Regarding the patterned wafer, data of the thickness
at a protruded portion and the thickness at a recessed

portion at density patterns of 10%, 20%, 30%, 40% and 50%



particles was 0.19 }im Then, in deionized water, a pol yoxypropyl ene di am ne
(tradenane, polyetheram ne, manufactured by BASF) having a weight average
nol ecul ar wei ght of 230 as a water is sol uble polyam ne was dissolved to
prepare an additive liquid B having a pol yoxypropyl ene di am ne
concentration of 1.0% The additive liquid B and the abrasive particle
mxture Ain a mass ratio of 1:1 were mixedP®ith stirring 20 to prepare a
pol i shi ng conmpound havhn an_abrasi ve particle concentration of 1% .an
Bmoni um pol y adPy PR CPEBnEEREr SERGHIGE BG6F5) 28opaiy oty 5B RS i S ne
concentration of. ﬁ.S%)and at%H of 10..8.t EXAVPLE 2 25 An aqgitive liquid C
was prepared i W1FRetS5RE “hafife P ad R p?&pgrgﬁp FLof e éﬁﬁqjqﬁgqiquid B
in Exanple 1 xce t hat .the cancentration,of the palyax opyl.ene 34

di ani ne was 2. g@éﬁ‘s%?’spgéﬁfatrin\ie AGIPEFE SRECal oAt &S 5dye|%{arafslyé1aer1u Nture A
prepared in the,s manner. . as i Exanmple 1.in a_nass.rati 1:1 were

i od v th sti i ROE PECBEESAYE BopELtay EhRpOaRASTAU g ek "Shr asi ve 5

particle concentration of 1% an_amoni um pal yacryl ate .. centration of
0.007% & pol yoRyDRBRIFaRS GTEmbAe I ao RS g 1ot T MRS DH of 11. 2.

BONPLE 3 A agdLiius LRavhdDee AERALEY I e SATE NS ey d 8. 2%

preparation of tréca I"'ve Tiquid excep
concentration %BetQ%i@%h%%éy%&prﬁs%ﬁotruded porticon at each density

before and after the polishing. The maximum polishing
amount at the recessed portion is the maximum difference
10 in the thickness at the recessed portion at each density
before and after the polishing. The maximum difference
in level is the greatest value among differences in level
between the protruded portion and the recessed portion at
each density after the polishing. For measurement of the
15 thickness, optical interference type automatic thickness
measuring apparatus UV1280SE (manufactured by KLA Tencor)
was used.
The value regarding the density means, in the case
of 10% for example, the proportion of the width of the
20 pattern at the protruded portion to the sum of the width
of the pattern at the protruded portion and the width of
the pattern at the recessed portion, when the patterned
wafer is observed from the direction at right angles to
the plane.
25 EXAMPLE 1
Cerium oxide abrasive particles and ammonium

polyacrylate having a weight average molecular weight of



diamne was 2.5% This additive liquid D and an abrasive particle mxture A
prepared in the sanme manner as in Exanple 1 in a mass ratio of 1:1 were
mxed with stirring 1s to prepare a polishing conpound havi ng an abrasive
particle concentration of 1% an amoni um pol yacrylate concentration of
0.007% a pol yoxypropyl ene diam ne concentration of 1.25%and a pH of 11.3.
EXAMPLE 4 20 An additive liquid E was prepared in the sanme nmanner as in
preparation of the additive liquid B in Exa%le 1 except that the

concentration gf tolae %ol y%@é%eg%%l q:n%]ergel am ne; was 3 O%,QS Thaltsloado tive
liquid E and an abra5| ve icle mxture K preparednl i t'He same manner as

125 Exampl e 3 i oamss Jal] g 2l Y 418 OB el LD, SULIING 3 g, prepare

a polishing corrpound havi ng an Abrasive par e ‘con ntr ion o % an

amontum ol VR aLe 5% SOEA e S R e
iquid Fvas prepaednthe s rz;%n%ef[ ﬁbsra%sld [0 AL QO ofod N

additive |iqui except at a pol yoxypr opyl ene di am ne
(tradename: ASF) i i aver age
mol ecul ar Wei gﬁtlgg)fg%%ggmwa%?nuse Q% OBApol ggiép&gﬁ@lu\gﬁeg% am ne
concentration \eﬁﬁuﬁe Yor {TH %l:l.(%saq;yttﬂ che ldrﬂL % a&f% £ fparticle
m xture A prepared in the sanme nanner arrp 1 Ss ratio of

11 were nlxeddﬂﬁgéfyé'ﬁgfgiéf%lﬁfﬁ¥ﬂf%iﬁ having an abrasive particle

concentration of 2% and a dispersant concentration of
0.014%. The pH of the abrasive particle mixture A was
10 7.6, and the average particle size of the abrasive
particles was 0.19 um.
Then, in deionized water, a polyoxypropylene diamine
(tradename, polyetheramine, manufactured by BASF) having
a weight average molecular weight of 230 as a water-
15 soluble polyamine was dissolved to prepare an additive
ligquid B having a polyoxypropylene diamine concentratiocn
of 1.0%.
The additive liquid B and the abrasive particle
mixture A in a mass ratio of 1:1 were mixed with stirring
20 to prepare a polishing compound having an abrasive
particle concentration of 1%, an ammonium polyacrylate
concentration of 0.007%, a polyoxypropylene diamine
concentration of 0.5% and a pH of 10.8.
EXAMPLE 2
25 An additive liquid C was prepared in the same manner
ag in preparation of the additive liquid B in Example 1

except that the concentration of the polyoxypropylene



pol i shi ng compound having an abrasive particle concentration of 1% an
anmoni um pol yacryl ate 15 concentration of 0.007% a pol yoxypropyl ene di am ne
concentration of 0.5%and a pH of 10.9. EXAMPLE 6 An additive liquid G was
prepared in the sane manner as in preparation of the additive liquid F in
Example 5 20 except that the concentrati ob4of the pol yoxypropyl ene di am ne
was 2.0% This additive liquid G and an _abrasive particle mxture A
prepared in tRdagdme Wawner 0%s | Fhigxadpgielyei AlgudtsS RAC @norbrasiyer e

m xed with stirring_. to prepare a polishing conmpound having an aprasive 25
particle conc®3itaCilén "GXTIRE &n PAARGHISEMIPoIBFEC SANS dadBHe et rdt i on of
0.007% a pol yoxypropyl ene diam ne concentration of 1.0%and a pH of 11.1.
36 EXAMVPLE 7EXA™RdEi tli V& 18 §Fse Hakde prieparleda4f tHecachiel tharfey T ¥ i n
preparation of the additive Liquid B in Exanple 1 except that a

pol yoxypr opy! &fe PFeRFTFe & Prddetdieg COMRAUAst HEramchen miASE ®ired by BASF)
having a weight average nol ecul ar wei ght of 440 was used and that the

pol yoxypr opyl @& tdicadf FOTCEICEREIAT Gf Vs BroR™ AR UM Ref¥3%%er 43t d H and
an abrasive particle mxture A prepared in the sane manner, as, in Exanple 1
in a mass to CROCETSFafLiPTndte Gridfdd midt PSPPI P i a He pol i shi ng
conpound havi ng an abrasive particle concentration of 1% an amoni um

pol yacryl ate OSREEMAHLIBH Ff 0. 0o & w3t Wixylpr oyl ene di ani ne

EXAMPLE 3
An additive liquid D was prepared in the same manner
10 as in preparation of the additive liquid B in Example 1
except that the concentration of the polyoxypropylene
diamine was 2.5%. This additive liquid D and an abrasgive
particle mixture A prepared in the same manner as in
Example 1 in a mass ratio of 1:1 were mixed with stirring
15 to prepare a polishing compound having an abrasive
particle concentration of 1%, an ammonium polyacrylate
concentration of 0.007%, a polyoxypropylene diamine
concentration of 1.25% and a pH of 11.3.
EXAMPLE 4
20 An additive liquid E was prepared in the same manner
as in preparation of the additive liquid B in Example 1
except that the concentration of the polyoxypropylene
diamine was 3.0%. This additive liquid E and an abrasive
particle mixture A prepared in the same manner as in
25 Example 1 in a mass ratio of 1:1 were mixed with stirring
to prepare a polishing compound having an abrasive

particle concentration of 1%, an ammonium polyacrylate



concentration of 0.5%and a pH of 10.9. is EXAMPLE 8 An additive liquid I
was prepared in the same manner as in preparation of the additive liquid B
in Exanple 1 except that 4,7,10-trioxatridecane-1, 13-di am ne (manufactured
by BASF) having a wei ght average nol ecular 20 wei ght of 220 was used and
that the concentration of the 4,7,10-trioxatridecane-1,13-diam ne was 0.5%
This additive liquid | and an abrasive part?%le m xture A prepared in the

same manner as Lp Expanleoh Lo 3 mess  Lable ol b laeieixad mdh stirring
a Sl

to prepare a 25°p6Fi'shirng Compound “Kavi fig an particl“e concentration

of 1% an anmoni rvl ate.cegcenty at i f .Q.Q07% a

4,7,10-trioxat?ng%§§%¥??f§-§%a%f%3 %%ﬁbgn g29&0&969'37 0. 25% and a pH of

10. 7. EXAVPLE %ﬁﬁgpﬁgdgtive liquid J was prepared in the sane manner as in
e 'a

preparation of ditive liquid | in Exanple 8 s except that the

concentration of the ,dﬁilcqﬁ}eriﬂégfird %eﬁfa{]s:'p]reggrdé&?metwssa %%ﬁarﬂ}%ﬁsam

additive liquid J and an abrasi partic m Xture prepare

manner a5 19 Exameoteln,acings drakha dadkich vl el 3 Whahlnd Hg to

pgepare a polishing oun havi'ng an rasive ; iclé concentration of

Lo o aomonl hpeghysni 2 snopeep R LD At |

EXAMPLE 10 polyetheramine, manufactured by BASF) having a weight
average molecular weight of 400 was used and that the
polyoxypropylene diamine concentration was 1.0%. This

10 additive ligquid F and an abrasive particle mixture A
prepared in the same manner as in Example 1 in a mass
ratio of 1:1 were mixed with stirring to prepare a
polishing compound having an abrasive particle
concentration of 1%, an ammonium polyacrylate

15 concentration of 0.007%, a polyoxypropylene diamine
concentration of 0.5% and a pH of 10.9.
EXAMPLE 6

An additive liquid G was prepared in the same manner

as in preparation of the additive liquid F in Example 5

20 except that the concentration of the polyoxypropylene
diamine was 2.0%. This additive liquid G and an abrasive
particle mixture A prepared in the same manner as in
Example 1 in a mass ratio of 1:1 were mixed with stirring
to prepare a polishing compound having an abrasive

25 particle concentration of 1%, an ammonium polyacrylate
concentration of 0.007%, a polyoxypropylene diamine

concentration of 1.0% and a pH of 11.1.



is An additive liquid K was prepared in the same nmanner as in preparation
of the additive liquid Bin Exanple 1 except that

N, N' - bi s( 3-am nopropyl ) - et hyl enedi am ne (nmanufactured by BASF) having a
wei ght average nol ecul ar wei ght of 220 was used and that the concentration
of the 20 N, N -bi s(3-am nopropyl)-ethyl enedi am ne was 0.4% This additive
liquid K and an abrasive particle mxture A6 prepared in the sanme nanner as
in Exanple 1 in a mass_ ratio of 1:1 were mxed with stirring to prepare a
pol i shing conp®&&ERav7 ng an abrasive particle 25 concentration of 1% an
ammoni um pol yacryl ate 8ncentrﬁtion of 0.007% a X
N,N'-bis(3-aninopr%ﬁyﬁ%-éFﬁV?e LA HeWBBnBERPRAEF0A TG, SHENASRTEH of
11.3. 38 EXAMPLE, 11 An additive Liquid L. was prepared in.the sanme manner
as in preparat?%nl%fpfﬁBaﬁﬁHF?PVEflFﬁﬁiﬂé@FFﬁvgxiﬁBPéng &RcEFEMPhEL L

pent aet hyl enehexam ne énanufaciured b W?ko 5 Pure Chem cal Industries,
LTD.) having a=%erht tB9Er agROL¥BFERLPRY L GRF gAL 2Bf 1833 HALSHEBE ‘and t hat t he
concentration of_the gentaethylene?exaning was_0 ﬁg. Thi,s additive liquid L
and an abr &si VEOPEFTREFRTATKY (PRNRTAGFEpaIelYi RAPRE Baifd PHaAn¥RigEt n
Exanple 1 in a mass |Ic ratio,of 1:1 re_mxed with stirring to prepare a
pol i shi ng conpd¥nt?favi'i eﬁHlaﬁrggFgﬁgpSFt?éSeWEBnBEﬁgréppoghﬁF % £ an
anmoni um pol yacryl ate concentration,of 0.007% .pent aet hyl enehgxam ne
concentration B?¥ﬁ9§¥9598y$e8ﬁ QFamiT?z?oﬁgeéﬁﬁﬁgEEnlﬁas AU !

additive liguid H and an abrasive particle mixture A
prepared in the same manner as in Example 1 in a mass

10 ratio of 1:1 were mixed with stirring to prepare a
polishing compound having an abrasive particle
concentration of 1%, an ammonium polyacrylate
concentration of 0.007%, a polyoxypropylene diamine
concentration of 0.5% and a pH of 10.9.

15 EXAMPLE 8

An additive liquid I was prepared in the same manner

as in preparation of the additive liquid B in Example 1
except that 4,7,10-trioxatridecane-1,13-diamine
(manufactured by BASF) having a weight average molecular

20 welght of 220 was used and that the concentration of the
4,7,10-trioxatridecane-1,13-diamine was 0.5%. This
additive liquid I and an abrasive particle mixture A
prepared in the same manner as in Example 1 in a mass
ratio of 1:1 were mixed with stirring to prepare a

25 polishing compound having an abrasive particle
concentration of 1%, an ammonium polyacrylate concentration of 0.007%,

a 4,7,10-trioxatridecane-1,13-diamine concentration of



To dei oni zed water, an aqueous nitric acid solution for pH adjustnent and
ammoni um pol yacryl ate having a weight average nol ecul ar wei ght of 5,000
were added to prepare an additive liquid Mhaving a nitric acid 20
concentration of 0.292% and an anmmoni um pol yacryl ate concentration of
0.68% This additive liquid Mand an abrasive particle mxture A prepared
in the sanme manner as in Exanple 1 in a mass ratio of 1:1 were mxed with
stirring to prepare a 25 poIishing conpoundBHéving an abrasive particle
concentration o? 3% §ORCER gti8n7of t he amoni um pol yacrylate fromthe
abrasive particle mxture A 0.007% a concentration of the ammoni um
pol yacryl ate frg ﬁﬂﬁ gddltlve liquid Mof 0.34% and a pH of 5.0. EXAMPLE
13 To dei oni zed water, an aqueous nitric acid solution 5 for pH adj ust nment

and amoni um pol yacsx! 48:00%ng 5 HoLONG AKELAAE IPLECUI ELONa,0fe,5: 000

were added to prepare an-additiv ng a nitric aci

concentat on_of..0; 42436 300, A0.AMERNLUD RALYBGLYI ke, c0NCat KLl on ofy

1.02% 10 This |qU| and an abrasive par

prepared i n o Ne9AUB, TEADE (A8 LEXADRLE dn b pThge faljo of 11 were

m xed with |rr|ng prepare a I'hg cofpound HaV|ng an abrasive

particle conceer&naggsgg AEcdde-3 9anGeahiAL 80-0h e AR UHhIR ive

pol yacrylate fro rasive i m Xt ure

concentration O&1&H?da3ngﬂﬁughpgb¥g%3¥|abgrElgTe mixture A prepared in

the same manner as in Example 1 in a mass ratio of 1:1
were mixed with stirring to prepare a polishing compound

10 having an abrasive particle concentration of 1%, an
ammonium polyacrylate concentration of 0.007%, a 4,7,10-
trioxatridecane-1,13-diamine concentration of 0.15% and a
pH of 10.6.
EXAMPLE 10

15 An additive liquid K was prepared in the same manner
as in preparation of the additive ligquid B in Example 1
except that N,N’-bis(3-aminopropyl)-ethylenediamine
(manufactured by BASF) having a weight average molecular
welight of 220 was used and that the concentration of the

20 N,N’-bis(3-aminopropyl)-ethylenediamine was 0.4%. This
additive liquid K and an abrasive particle mixture A
prepared in the same manner as in Example 1 in a mass
ratio of 1:1 were mixed with stirring to prepare a
polishing compound having an abrasive particle

25 concentration of 1%, an ammonium polyacrylate concentration of 0.007%,
a N,N'-bis(3-aminopropyl)-ethylenediamine concentration

of 0.2% and a pH of 11.3.



the additive liquid N of 0.51%and a pH of 5.0. Wth respect to the above
respective Exanples, the conposition of the polishing conpound, the pH, the
20 average particle size of the abrasive particles and the coagul ation and
sedinmentation tinme of the polishing conpound are shown in Table 1, and the
results of evaluation of the polishing properties are shown in Table 2.
The polishing properties in Exanples 6, 7 and 13 were 25 evaluated only with
respect to the blanket wafer of a BPSG fil @8 The polishing properties in
Exanples 9 and 10 were evaluated only with respect to the patterned wafer
40 of a BPSG fFX3MFPYR Ekanples 1 to 12, in both abrasive particle mixture
A and polishing conpound, the average particle size of the abrasive
particles was 0.19 Pk 2fRative, 1&%&951 HeiSoproPanssl dpy &ie &3 tieenes di d
not proceed by mxing with the additive liquids Bto M The polishinq
conpounds were #@f inapreestrataonyafubbe pRELGILYFeldidddd & 4B IF@prdsd las a
result, coagul ation and_sedinentatjon did not occur and the dispersed state
was nai nt ai ned ¥WeePhothae ReBkaeThylgreherasdnst dimanids caunade tyafekcevel
as the abrasive particle mxture A to which no_ additive was added, and
even after the PereshlRBLEApSOAUStHALSE /| &0 - )athavds Fovedghtdayys¥pdehe
above nethod of evaluating the dispersion stability, no supernatant fluid
appeared, is thbeleadilaat Wedobkcerll 8k éﬁa§pé‘r5§doialq<¥ yhatodeer, in  the
pol i shing compound in Exanple 13, sedinmentation by coagulation of the

abr asi ve partiCF@@CSEEHﬁﬁé@nmoﬁhFﬁe pentaethylenehexamine was 0.2%.

This additive liquid L and an abrasive particle mixture A
prepared in the same manner as in Example 1 in a mass
10 ratio of 1:1 were mixed with stirring to prepare a
polishing compound having an abrasive particle
concentration of 1%, an ammonium polyacrylate concentration of 0.007%,
a pentaethylenehexamine concentration of 0.1% and a pH of
11.2.
15 EXAMPLE 12
To deionized water, an aqueous nitric acid solution
for pH adjustment and ammonium polyacrylate having a
weight average molecular weight of 5,000 were added to
prepare an additive liguid M having a nitric acid
20 concentration of 0.292% and an ammonium polyacrylate
concentration of 0.68%.
This additive liquid M and an abrasive particle
mixture A prepared in the same manner as in Example 1 in
a mass ratio of 1:1 were mixed with stirring to prepare a
25  polishing compound having an abrasive particle
concentration of 1%, a concentration of the ammonium

polyacrylate from the abrasive particle mixture A of



several tens mnutes. Further, the polishing properties of the polishing 20
conpounds prepared in the above Exanples were evaluated and as a result,
with respect to the polishing properties of the polishing conpounds in
Exanples 1 to 4, 8 and 11 against the bl anket wafer, the polishing rate
(Ox) of the BPSG filmhaving boron and phosphorus concentrations of 25
3.52% and 3.85% respectively, was 53 nmnmnue with the polishing conpound
in Exanple 1, 23 nnimnute with the polishing conpound in Exanple 2, 21

nmmnute Withgheo7d, PotbsbéRgr&0IPRUAE tRe ExpiBheud, pdlyaskiladEe fwbhih
the polishing conpound in Exanple 4, 30 nmmnute with the polishing
conpound in Exaifd eaddiainde 1biguiai mube withs hha RopishiEng .eonmpound in
Exanple 11. 5 Further, with the polishing conpound in Exanple 1, the
patterned waf ergxypoipsii ng ti ne was 120 seconds, the variation of the

t hi ckness at the protruded portion was 48 nm the nmaxi mum pol i shing anount

at the recessed porbi@aivaszt80wARerandnt ReuBisTuiild elarRcadindienel to
was 3 nm Wth the polishing conpound in Exanple 2, the patterned wafer

polishing ticme m&es d@0a28¢G90MENntt BAA ¥ambaiuAnpellyhbeylBicekness naf ot he
protruded portion was 25 nm the maxi num polishing anount at the recessed

portion was 120ydyBhiandai-BeafBXinBUBLdlblelergati Bl evelholwersasdhdamedWV t h
t he polishing conmpound in Exanple 3, the patterned wafer polishing tinme was

150 seconds, thereyaréahhondafittibe thyakAess hak ihle aphathrideddaertion was
20 nm the maxi mum polishing anount at the recessed
concentration of 0.427% and an ammonium polyacrylate
concentration of 1.02%.
10 This additive liquid N and an abrasive particle
mixture A prepared in the same manner as in Example 1
in a mass ratio of 1:1 were mixed with stirring to
prepare a polishing compound having an abrasive particle
concentration of 1%, a concentration of the ammonium
15  polyacrylate from the abrasive particle mixture A of

0.007%, a concentration of the ammonium pclyacrylate from

the additive liquid N of 0.51% and a pH of 5.0.

With respect to the above respective Examples, the

composition of the polishing compound, the pH, the

20 average particle size of the abrasive particles and the
coagulation and sedimentation time of the polishing
compound are shown in Table 1, and the results of
evaluation of the polishing properties are shown in Table
2. The polishing properties in Examples 6, 7 and 13 were

25 evaluated only with respect to the blanket wafer of a
BPSG film. The polishing properties in Examples 9 and 10

were evaluated only with respect tc the patterned wafer



portion was 100 nm and the maximumdifference in level 20 was 5 nm Wth
the polishing conpound in Exanple 4, the patterned wafer polishing tinme was
180 seconds, the wvariation of the thickness at the protruded portion was

11 nm the maxi mum polishing anmount at the recessed portion was 100 nm and
the maximumdifference in level 25 was 34mm Wth respect to the properties
of the polishing conpounds in Exanples 5 and 6 over the bl anket wafer, the
42 pol i shi ngof apeBP&R) folmt he BPSG fil m havi ng boron and phosphor us
concentrations of 13% and_14% respectively, was 60 nmmnute with the
pol i shi ng conpoundni FXERRABFe 15C0a/d 33 Nn kPN @& afiifle Pife td1lisshi ng
conpound in ExanEIe 5 6. Further, the patterned wafer polishing time was 120
seconds with ThELPEEi BhpRg Pohp8hABY AOFREHPPe bhet BEerage RAILGACIE t he

t hi ckness at the protruded portion was, 10 nm the nmaxi mum poli shing anount
at the recessé&dzepdft tBA ABE2HOVANPRERACLRE WaRi Aud diM-er Bk 1A | evel 10
was 25 nm Wth respect to the polishing properties of the polishing
conpounds % n ERagpletyoBvef the pbxaARévewmpr&Ericlefedpdl Noki PFOCEEE PBX) of
the BPSG fil m having boron and__phosphorus concentrations of 13% and 14%
respectivel y, "1¥8nga¥iBhnihsi Adeét ikgr AEM1IAG Bhtehd - pol P8 hPAYLIERERSUNdS in
Exanple 8, the patterned wafer polishing tinme was 180 seconds, the
variation of ERBPPHPERnBSECatethedpr sEFLIER FYRLMEHOWEE ST AIFRETEAO A mum

pol i shing anount at .the recessed portion , . .
stability and as a result, coagulation and sedimentation

did not occur and the dispersed state was maintained over
10 one week. The dispersed state was at the same level as
the abrasive particle mixture A to which no additive was
added, and even after the polishing compounds were left
at rest for ten days by the above method of evaluating
the dispersion stability, no supernatant fluid appeared,
15 thus indicating excellent dispersibility. BHowever, in
the polishing compound in Example 13, sedimentation by
coagulation of the abrasive particles occurred within
several tens minutes.
Further, the polishing properties of the polishing
20 compounds prepared in the above Examples were evaluated
and as a result, with respect to the polishing properties
of the polishing compounds in Examples 1 to 4, 8 and 11
against the blanket wafer, the polishing rate (0Ox) of the
BPSG film having boron and phosphorus concentrations of
25 3.52% and 3.85%, respectively, was 53 nm/minute with the
polishing compound in Example 1, 23 nm/minute with the

polishing compound in Example 2, 21 nm/minute with the



20 was 80 nm and the maximumdifference in level was 2 nm Wth the
pol i shing conmpounds in Exanple 9, the patterned wafer polishing tine was
150 seconds, the variation of the thickness at the protruded portion was 26
nm the maxi num polishing amount at the recessed portion was 110 25 nm and
the maximumdifference in level was 1 nm 4¥th the polishing conpounds in
Exanpl e 10, the_patterned wafer polishing time was 180 seconds, the

vari ation of B9liphénghicerpesadatint Fxappder dded 7pamt/immuies Wi hibe he

maxi mum pol i shing amount at the recessed portion was 108 nm_ and the

maxi num di f f ePeAEEhiAY epBPOoNas 4nnFxaMPll 4t ha Op&/SHInY & otifdurtdid n
Exanpl e 11, the _patterned wafer_ s polishing tinme was 210 seconds, the
variation of PRéishApekgegponnd: ha Fretpdged ped b Wiy MEAUHR Wid maxi num
pol i shing anount at _the recessed portion was 71 nm and the maxi num

di fference i ntheverligsing semrrhadpdn oA leatld (k) of the bl anket waf er
of a 10 BPSG fil m having boron and phosphorus concentrations of 13% and
14% respettivel y Fudithie i he'i3dt iLH Ry AN FOMBHIE abipl BeemRleink 13, was
595 nmimnute in Exanple 12 and 551 nnim nute in Exanple 13. Further, the
pol i shing rat&e(eptfeghetheafieanperl igdiag dfimng BW@Glfr?q faERAMY itd%or on
and phosphorus concentrations of 3.52% and 3.85% respectively, was 330

nm minute in EREAPEECR cihdSoshississutd itheERRi o REEH Ahe'd5ol i shi ng
conpound in Exanple 12, the patterned wafer polishing tinme was 60 seconds,
the vari ati on48f Pfe t5 dRFSmaPARShINGt raﬂﬁlé’dltz@tp&gfﬁ FESRESS nm the

maxi mum pol i shi ng ,anount at_ the ) . ,
portion was 190 nm, and the maximum difference in level

10 was 3 nm. With the polishing compound in Example 2, the
patterned wafer polishing time was 150 sgeconds, the
variation of the thickness at the protruded portion wasg
25 nm, the maximum polishing amount at the recessed
portion was 120 nm, and the maximum difference in level

15 was 1 nm. With the polishing compound in Example 3, the
patterned wafer polishing time was 150 secoconds, the
variation of the thickness at the protruded portion was
20 nm, the maximum polishing amount at the recessed
portion wasg 100 nm, and the maximum difference in level

20 was 5 nm. With the polishing compound in Example 4, the
patterned wafer polishing time was 180 seconds, the
variation of the thickness at the protruded portion was
11 nm, the maximum polishing amount at the recessed
portion wag 100 nm, and the maximum difference in level

25 was 3 nm.

With respect to the properties of the polishing

compounds in Examples 5 and 6 over the blanket wafer, the



recessed portion was 286 nm and the maximumdifference in |level was 5 nm
Fromthe results of the polishing properties over the blanket wafer, it is
understood that the polishing 25 rate of the BPSG filmis sufficiently
suppressed with the polishing conpounds in Exanples 1 to 11 which are
Exanpl es of the present invention, as conpared with the 44 polishing
conpounds in Exanples 12 and 13 which are Conparative Exanples. Further,
fromthe resubesighinterapel (Qni mf privpdRI@st berhanenpherermeandafer, it
is understood that with the polishing conpound in Exanple 5 12, the

di ff erence i nPhegehorys erppepateat PRl af poki aRfnd4ki ntespecbivedsnds, but
the variation of the thickness at the protruded portion _is significant and
the polishindgeanddnengpinpeer vébbskleppplishing eswpsyndeip Examgée ®her eas
with the polishing conmpounds in Exanples 1 10 to 5 and 8 to 11 which are
Exanpl es of tﬁ@dpgés@m(mln%@nw@h, rtTgﬁep@Mﬁé#éﬁcéomﬁorlédermi Exampaenat ed
with polishing tinmes of from 120 seconds to 210 seconds, the variation of
t he thi ckrifess®at Rt rikfePorersir i vafefapelishing helpodl ¥a%i hgC anount

at the recessed portion 15 js very small. Wth the polishing compound in
Exanpl e 11, £ReChdRi Wil dFheePeheshingl epBporadsingRiRPILEr e &S conpar ed
with the other polishing conpounds, but the _nmaxi mum pol.ishing anmount at the
recessed portVeriprEiABsPE EDPpFBiSkReaADAY ER&nBresreded BoxRACB #8511, and

20 favorable results were obtained, 45,
10 nm, the maximum polishing amount at the recessed

portion was 90 nm, and the maximum difference in level
10 was 25 nm.

With respect to the polishing properties of the
polishing compounds in Example 7 over the blanket wafer,
the polishing rate (Oyx) of the BPSG film having boron and
phosphorus concentrations of 13% and 14%, respectively,

15 was 3 nm/minute.

Further, with the polishing compounds in Example 8,
the patterned wafer polishing time was 180 seconds, the
variation of the thickness at the protruded portion was 7
nm, the maximum polishing amount at the recessed portion

20 was 80 nm, and the maximum difference in level was 2 nm.
With the polishing compounds in Example 9, the patterned
wafer polishing time was 150 seconds, the variation of
the thickness at the protruded portion was 26 nm, the
maximum polishing amount at the recessed portion was 110

25 nm, and the maximum difference in level was 1 nm. With
the polishing compounds in Example 10, the patterned

wafer polishing time was 180 seconds, the variation of
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the polishing compound in Example 11, the patterned wafer
5 polishing time was 210 seconds, the variation of the
thickness at the protruded portion was 17 nm, the maximum
polishing amount at the recessed portion was 71 nm, and
the maximum difference in level was 13 nm.
The polishing rate (Ox) of the blanket wafer of a
10 BPSG film having boron and phosphorus concentrations of
13% and 14%, respectively, with the polishing compounds
in Examples 12 and 13, was 595 nm/minute in Example 12
and 551 nm/minute in Example 13. Further, the polishing
rate (Oyx) of the blanket wafer of a BPSG film having
15 boron and phosphorus concentrations of 3.52% and 3.85%,
respectively, was 330 nm/minute in Example 12 and 306
nm/minute in Example 13. With the polishing compound in
Example 12, the patterned wafer polishing time was 60
seconds, the variation of the thickness at the protruded
20 portion was 93 nm, the maximum polishing amount at the
recegssed portion was 286 nm, and the maximum difference
in level was 5 nm.
From the results of the polishing properties over
the blanket wafer, it is understocod that the polishing
25 rate of the BPSG film is sufficiently suppressed with the
polishing compounds in Examples 1 to 11 which are

Examples of the present invention, as compared with the
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understood that with the peolishing compound in Example

5 12, the difference in level is eliminated with a
polishing time of 60 seconds, but the variation of the
thickness at the protruded portion is significant and the
polishing amount at the recessed portion is excessively
large, whereas with the polishing compounds in Examples 1

10 to 5 and 8 to 11 which are Examples of the present
invention, the difference in level is eliminated with
polishing times of from 120 seconds to 210 seconds, the
variation of the thickness at the protruded portion is
small, and the polishing amount at the recessed portion

15 1is very small. With the polishing compound in Example
11, the maximum difference in level is slightly large as
compared with the other polishing compounds, but the
maximum polishing amount at the recessed portion is most
suppressed among Examples 1 to 5 and 8 to 11, and

20 favorable results were obtained.
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conpound as in Exanple 1, the polishing properties over a silicon dioxide
filmwere EXAMPLE 14

Using the same polishing compound as in Example 1,
the polishing properties over a silicon dioxide film were
evaluated. As a result, the patterned wafer polishing

5 time was 180 seconds, the variation of the thickness at
the protruded portion was 33 nm, the maximum polishing
amount at the recessed portion was 84 nm, and the maximum
difference in level was 11 nm.

From the above results, with the polishing compound

10 in Example 14 which is an Example of the present
invention, the difference in level was eliminated with a
polishing time at the same level as in Examples 1 to 5
and 8 to 11, the variation of the thickness at the
protruded portion was small, and the polishing amount at

15 the recessed portion was suppressed. Therefore, it is
understood that the present invention is useful also when
the plane to be polished is a plane of a silicon dioxide

layer.

20 INDUSTRIAL APPLICABILITY
The present invention is suitably used for a

semiconductor device employing ILD, STI and PMD.

The entire disclosure of Japanese Patent Application
25 No. 2005-092608 filed on March 28, 2005 including
specification, claims, drawings and summary is

incorporated herein by reference in its entirety.



evaluated. As a result, the patterned wafer polishing s tine was 180 seconds,
the variation of the thickness at the protruded portion was 33 nm the

maxi mum pol i shing anount at the recessed portion was 84 nm and the maxi mum
difference in level was 11 nm Fromthe above results, with the polishing
compound 10 in Exanple 14 which is an Exanple of the present invention, the
difference in level was elimnated with4® polishing time at the sane |evel
as in Exanples 1 to 5 and 8 to 11, the variation of the thickness at the
protruded portion was small, and the pgolishing anount at is the recessed
portion was suppressed. Therefore, it G%&*IMmderstood that the present
invention is useful also when the plane to be polished is a plane of a
silicon dioxide |layer. 20 I NDUSTRI AL APPLI CABI LI TY The present invention is

suitably used fo 1.con . .devi |_oyi nd PVD. The
entire discﬁdsuré g?lﬁg%%ﬁisé&@%?%H?“%Lgﬁﬁﬁg?F%ﬁC%§5%hgﬁaggbg?ogzaog filed on
March 28, 2@0%ishchgdanglaspect fa catliomn diaixsle dyapel ngseandlslapary i s

i ncorporated herein. by reference.in jts entirety. 4 CLAIMS 1. A pqlishing
oot t | on PoPeCRANT LA Bt HBHTT t L0 FE T STHECOF AR5FPTEERAd! oxi do
type materiakrbayerdetocde pbishednd gyodiGhHORctboiseBhcanduat gn
integrated circuit device, wherein the polishing conposition has a pH of
from9 to 12fafdoBoRpFpsks:and comprises:

cerium oxide particles having an average particle size
from 0.01 to 0.5 um;

a water-soluble polyamine having a weight average
molecular weight from 100 to 100,000 selected from the
group consisting of water-soluble polyether polyamine,
water-soluble polyalkylene pclyamine, water-soluble
pelyethyleneimine, water-soluble polyvinylamine, water-
soluble pclyallylamine, water-soluble polylysine and
water-soluble chitosan; and

water,

2. The polishing composition according to Claim 1,
wherein the silicon dioxide type material layer is a
borcphosphosilicate glass (BPSG) layer, a borosilicate

glass (BSG) layer or a phosphosilicate glass (PSG) layer.

3. The polishing composition according to Claim 1,
wherein the concentration of phosphorus, boron, or

phosphorus and boron, in the silicon dioxide type material

layer, is from 0.1 to 20 mass%.

4. The polishing composition according to Claim 1,
wherein the silicon dioxide type material layer is a

silicon dioxide layer.



cerium oxide particles having an average particle size fromO0.01 to 0.5 m
a wat er-sol ubl e pol yam ne having a wei ght average nolecular weight from 100
to 100,000 selected fromthe group consisting of water-soluble polyether

pol yam ne, water-sol ubl e polyal kyl ene pol yam ne, water-sol uble

pol yet hyl enei m ne, water-sol ubl e pol yvi ngl am ne, water- sol uble

pol yal I yl am ne, water-sol uble polylysine and water-soluble chitosan; and
water. 2. The polishing conposition according to Claim1, wherein the
silicon diogide Thpepohisriad dayersiitsicm abopephogphostlatat &, gl ass ( BPSG

| ayer, a borpsilicate | ass SG), | ayer or. a phosphosiljcate gl ass (PSG
aver a3 CHREEBOR S iR A o R B PoS e SFRPE ChENERERR { ho
concentrat i e510b1 PhesSPRat 1ise é&méatederdﬂh@%@hg&@apaednbeéemngi@ft£e silicon
di oxide type material layer, is from0.1 to 20 mass% 4. The polishing

conposi t i onWAERBT BPHEP1D K ThET RHeEEILRCt RedsRl FRBRTdFBkTEESt ype materi al
layer is a ,silLepm dioxi Y&L. 49 5. The polishing conposition

accordi ng tg C#a?n?l, a%g§G%n the water-sol uble polyanmne is at | east one
wat er - sol ubl e pol yam ne sel ected fromthe group consisting of a

wat er - sol ubl.e pol.yether. pol yam ne and .a wat er-sol ubl e ol.yal kyl ene
polyanineg B: gh M%o??gﬁgﬁ 5%6%&&&%3%%?%5%595%ﬁ83tBOCFQFH¥1}'ymherein t he

wat er - sol ublveepel ¥ afhdevdasr YR ISEAERe has a weight average

molecular weight of from 100 to 2,000.

7. The polishing composition according to Claim 1,
wherein the water-soluble polyamine has a weight average

molecular weight of from 150 to 800.

8. The polishing composition according to Claim 1, which
contains the water-soluble polyamine in an amount of from
0.001 to 20 mass% based on the total mass of the polishing

composition.

9. The polishing composition according to Claim 1, which
contains the water-soluble polyamine in an amount of from
0.05 to 5 mass% based on the total mass of the polishing

composition.

10. The polishing composition according to Claim 1,
wherein the water-soluble polyamine has a weight average

molecular weight of from 150 to 400.

11. A method for polishing a plane to be polished, which
comprises supplying a polishing compound to a polishing

pad, and bringing a plane to be polished of a semiconductor



nmol ecul ar wei ght of from 100 to 2,000. 7. The polishing conposition
according to Claiml, wherein the water-soluble polyam ne has a wei ght
average nol ecular weight of from 150 to 800. 8. The polishing conposition
according to Caim1, which contains the water-soluble polyamne in an
amount of from 0.001 to 20 mass% based=an the total mass of the polishing
conposition. 9. The polishing conposition according to Claim1, which
contains the water-sol uble polyam ne in an anmount of from 0.05 to 5 nmass%
based on théentegahtetssinfuithelgpoldsimy theomeddishiion. p2B. ifthe pol i shing

iti [ Claim.l,_ wh I h - sol ubl l ' h
el Gt aver SJBC2RbI BEER a7 el QNI 1 REM T80 06 BO0°CLT" A°nBOROLTOL

pol i shing abpl aseat Ovdempobhemede WD theaPivhees isuppkybngna pelbshi ng
conpound to a_polishing pad, and bringing a plane to be polished of a
sem conduct BPL158Rednt &gt at BAPL | TR % RR%\H dard EhéipdrPEhAhgXpat i nto

contact wi t hy8achapLhes: towpol | shhd e pleane &0 obe cpoblbshadacbickehal ve

novenent between them wherein the ane to be “polished is a plane to be
pol i shed of ia Sikivoh s oxseld as ypee matlarshding apepouadd t he pol i shing
compound as defined in Caimlis used as the polishing conpound. 12. A
nmet hod for producing a sem conductor integrated circuit device, which
conpri ses aigtepaohepbdstibRgorodhditey 4 Ghd Poldushed bytkbeapelii shing
nethod as defined in Caim 11. , o

circuit device, which comprises a step of polishing a plane

to be polished by the polishing method as defined in Claim

11.

13. The polishing composition according to Claim 1,
wherein the cerium oxide particles have an average

particle size of 0.02 to 0.3 pgm.

14. The polishing composition according to Claim 1,
wherein the cerium oxide particles have an average

particle size of 0.05 to 0.2 um.

15. The polishing composition according to Claim 1,
wherein the silicon dioxide type material layer is a

phosphesilicate glass (PSG) layer.

16. The polishing composition according to Claim 1,
wherein the silicon dicxide material layer is a

borocphosphosilicate glass (BPSG) layer.

17. The polishing composition according to Claim 1,
wherein the water-soluble polyamine is a water-soluble
polyether diamine or water-scluble polyalkylene polyamine

represented by the fcllowing general formula (1):



13. The polishing conposition according to Claim1l, wherein the cerium oxide
particles have an average particle size of 0.02 to 0.3 m 14. The polishing
conposition according to Claim1, wherein the cerium oxide particles have an
average particle size of 0.05 to 0.2 m 15. The polishing conposition
according to Claim1l1l, wherein the silicon dioxide type material layer is a
phosphosi licate glass (PSG |ayer. 16. SFhe polishing conposition according to
Claim1, wherein the silicon dioxide material layer is a

bor ophosphosilicate glass (BPSG |ayer. 17. The polishing conposition
according to Caim1l, wherein the water-soluble polyamne is a water-soluble

pol yet her di am ne or waters;soLu yal kyl pol yam ne represented by the
foll owi ng general fornul ?zﬁ?h gg l{&h (R-X %E R-NH2 (1) wherein each Ris

i ndependently a C2-C8 al kyl ene group, X is an oxygen atomor an -NH group,
and k is either an integer of at |east 2 when X is an oxygen atom or an

i nteger of at | BRRES " Vi R (S i dRRnIgRsaE. 2182 Crirel Bl §%hi ¢ Wonposi ti on
accordi ng gl Qr'l r%%%?egma qull let r%nh glr-ﬁ§ohﬁbl gng%yf@€ tljlé r{\/at er-sol ubl e

pol yet her | ami e T esen § geénera or

H2N- R2- 0- ( Rit &yor R2F NH2 J(e?a)swvnaervmem eadly Bn bsybadepesdest!| ynan et hyl ene
group or a propylene group, each R2 is independently a C2-C6 al kyl ene
integer of at least 1 when X is an -NH- group.

18. The polishing composition according to Claim 1,
wherein the water-soluble polyamine 1s a water-soluble
polyether diamine represented by the following general

formula (2):
H,N-R*-0- (R*-0) ,—R*-NH, (2)

wherein each R' is independently an ethylene group or
a propylene group, each R? is independently a C,-Cs alkylene

group, and m is an integer of at least 2.

19. The polishing composition according to Claim 18,
wherein the water-soluble polyether diamine according to
general formula (2) is selected from the group consisting
of polyoxyethylene diamine, polyoxypropylene diamine and

4,7,10-trioxatridecane-1,13-diamine.

20. The polishing composition according to Claim 1,
wherein the water-soluble polyamine is a water-soluble
pelyalkylene polyamine represented by the following general

formula (3):

H,N-R*-NH- (R*~NH) ,—R*-NH, (3)



group, and mis an integer of at least 2. 19. The polishing conposition
according to Claim18, wherein the water-soluble polyether diam ne
according to general fornula (2) is selected fromthe group consisting of
pol yoxyet hyl ene di am ne, pol yoxypropyl ene di am ne and
4,7,10-trioxatridecane-1, 13-di am ne. 2052The polishing conposition according
to daiml, wherein the water-soluble polyamne is a water-sol uble

pol yal kyl ene pol yanmi ne represented by the follow ng general formula (3):
H2N- R4- NH (R3-NH) . - R?-NH2 (3) 52 wherein each R3 is independently a C2-C6

al kyl ene group, each R4 is .independentl C2- CB al ky] en oup, and nis
an integer of atgm%%%%n]?agﬁjh'Tﬁé bBE?B%Pﬁ§DE5%ﬁ%S'T16na§%g£?9$ng to claim
20, wher ei gréfe, WedEr -oliwbliaappkyakkyl ¢ng @PJOéaHilH?léﬁéoéﬂb@ﬁ, 494 gener al
formula (3) is selected fromthe group consisting o
t et r aet hyl eRependanimecgeperft ot lyfasitelexani ne, hept aet hyl eneoct ani ne,
N, N - hi s(3- am nopropyl)-ethyl enedi ami ne and N, N -bi s(2-am noethyl)- 1,
4- but anedi am ne.

21. The polishing composition according to claim 20,

wherein the water-scluble poclyalkylene polyamine according
to general formula (3) is selected from the group
consisting of tetraethylenepentamine,
pentaethylenehexamine, heptaethyleneoctamine, N,N'-bis(3-
aminopropyl) -ethylenediamine and N,N'-bis(2-aminocethyl) -

1,4-butanediamine.



