r Y | DESCR PTION POLI SH NG COVPOUND FOR SEM CONDUCTOR | NTEGRATED Cl RCU T
DEVI CE, POLI SHI NG METHOD AND METHOD FOR PRODUCI NG 5 SEM CONDUCTOR

| NTEGRATED CI RCU T DEVI CE TECHNI CAL FI ELD The present invention relates to
a polishing technique to be utilized for production of a 10 sem conduct or
integrated circuit device. More particularly, it relates to a polishing
techni que to be used in production of a sem conductor integrated circuit
device including a silicon dioxide type matler i al | ayer. 15 BACKGROUND ART
In recent years, developnent of m ni giidiAdliQd technique to achieve

m ni aturization and high densification 1S required along with high
integration and high functionality of a sem conductor integrated circuit 20
device. Particularly, inportance of a planarization technique by chem cal

mechani cal pol |ﬁﬂﬁ¢%ﬂ@%ﬁ@ FdﬁfﬁM%ﬂ%ﬁmﬁémﬁc%fMﬁg ng.

For exanple, along w m ni aturization a ures of

wWiring of a sem CoREMGOr p2n, 1dHR@ MeidT A& g,[ﬂ?}@ on the
sto

& 0oR!
surface of each layer I'n production steps ten e significant. 1In

order to pgevent such RQRRIEHIGAHR MEEGIBMEH SR T FReds: t he depth of
focus of photolithography, whereby

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
technique by chemical mechanical polishing (hereinafter
referred to as 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



no sufficient resolution will be obtained, CVWP is an essential technique.
CWP is enployed, specifically, for planarization of 5 an interlevel
dielectric (ILD) film shallow trench isolation (STl), tungsten plug
formation, formation of multilayered wiring conprising copper and a | ow
dielectric film etc. Further, it starts being applied to planarization of
a prenetal dielectric (PMD) filmto 10 be carried out prior to formation of
nmetal wiring, for which a reflow process by heat treatnent has been

enpl oyed. For edtddiultdid rpgud moffeng diRphdEdl abdMphya, whéir&en

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

sem conduct or rae\dut i diemtplsesrliwatdrowidfl e ol sined oNCNIP oks dent ype
insulating film silica abrasive particles have been comonly used as
abrasi ve partiedssittimlbeadedidum. a CVP polishing conpound. 20 On the
surface of a filmto be an object to be polished (hereinafter sonetines
referred to as a fONEni® emel godd shepcihi gakkym chnduclanarhzegiatedfcircuit
device, an uneven pattern is forned by the influence of unevenness of e.g.
Wi ring beneat lant Hentfanlavwghlediglect 25 | @ifilnatfsidim Wedm Bl dw ceremelasi ve
particles are applied to polishing of a silicon dioxide type film having
such an uneversqatiam, (ST Buf fiwigsfary miugh fomathion, rewasicn obt ai ned.
However, there is a technical problemsuch that high | evel planarization is
hardly realizemlyildwered wiring comprising copper and a low

dielectric film, etc. Further, it starts being 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



fol Fow ng characteristics. That is, according to the degree of the pattern
density of the surface unevenness s (proportion of protruded pattern
portiohs 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 sumof the pattern w dths and pattern
di stances) and the protruded pattern io siz#&, the pattern dependence of the

polishing rate at , protruded portions is significant, and further, polishing
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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), borosilicate glass (BSG), phosphosilicate glass

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



realize planarization. 5 The above is exenplarily described with reference
to 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 film 4

| am nated 10 on the substrate, which has a protruded portion 5 and a
recessed portion 6 formed on the surface of,the BPSGfilm 4 by the

i nfluence of the polysilicon film3. This 1llustrates a state before

pol i shing. WemddeBRSGEH i Mdacerd Srdp) ishgl 48 soepaBed SwsthUStHEL, the
recessed portions of the BPSG filmare also easily polished as conpared
Wi th the prot rmgtashi g0§1 i aerefitdeds sadesulfti,lnpliangreatniomoflya pl ane is
hardly realized to bring about a state shown in Fig. 3(b) in many cases.
Therefore, at flyesedtwitines BRSEyd | 1A dkids20am@dehéargel aside@otbshed so as

to reduce unevenness. As described above, a sem conductor integrated
circuit devi cerddicd zili pamasitatcoon di oxi de type nmaterial |ayer,
particularly, a sem conductor integrated circuit device including any one
of a BPSG il m a BS& dbbeand ax@bpPsSGily| desthebpdl wsbhngefatkeacef twhi ch
are comonly high as conpared with another material, has a probl emthat
pl anari zat i on Rifg a Pl arfeid.o0 3@ )pdld shedrtsidlaradios b seathiaeved. | n recent
years, a CMP polishing conpound using cerium oxide particles as abrasive
particl es has beemstsitutieda feneréndmoxdodel poegshiad conpounddevidvedes a
comprising a silicon substrate 1, and a silicon dioxide
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



s high polishing rate by chem cal reaction of ceriumoxide wth the SiO

moi ety on the surface of a plane to be polished, on the |ayer surface, and
is expected to inprove the throughput in production of a sem conductor
device. A technique to inprove dispersibility of the io cerium oxide
pol i shi ng conpound and to i nprove flatness of a plane to be polished, by
adding a surfactant, a water-soluble polyner, a water-soluble | ow nolecul ar
wei ght conpound, etc. to the cerium oxide d%lishing conmpound, is now under
devel opnent . i or,exanmpl e, Patent Docunent 1 proposes an organic conpound
havi ng a hydroﬁﬁl}lc group selected froma carboxyl group and a carboxyl ate

, R . _ca . & carnxy’ ¢
2o s son, Bl ohraEphoa i eare: o aeo o B LSCLARER?, cate
gl ass. Furt hercefﬁgrﬁ%x@&%@%j{%]b?éesgé Oéﬁﬁa@i\%%x%ﬁ[%i‘ @ha&%ﬁ@ﬁ addi tive

selected fromcationic water-so organi c ecul ar wei ght conmpound

including a prifgiyeq amane, &qlﬁtpgg{jl@ bANNE A dRidd Rl AEAaNd a 25

guat er nary anmoni um comnmpoun an I scloses that in"CvWP technology to

planarize an IRyl ibon andi @ + 0881 81 Oenftd N f0LSldn HP! ESPiRY 6RDabE
carried out wth high 6 efficiency at a high rate and easily in view of

process contrptn Rid Nefo st ery ORCURENuSrHEOPOEEs pPahdCOEPREat e  at
| east two additives of a water-soluble nitrogen s containing conmpound and a
wat er - sol ubl e ¢ PIK&EI OT@RNEKe layer surface, and is expected to
improve the throughput in production of a semiconductor
device. A technique to improve dispersibility of the
10 cerium oxide polishing compound and to 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.
Si0,, 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



conpound in a polishing conpound, and discloses that such a polishing
conpound is a CVP polishing conpound suitable for polishing of e.g. an ILD
filmand an insulating film 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
wat er - sol ubl e ni trogen-cont ai ni ng conpound6is a primary am ne, a secondary
amne, a tertiary amne, a quaternary amohi um polyvinyl is pyrrolidone,
N-al Kyl - 2- pyr rof § don@nc@natl 4 phadh Cra et Ml &ds Dy alh phadd Cofli ga6boxyl i ¢
acid imde. Further, the water-soluble anionic organic conpound is a
conpound havigwhterdr ee - COOM group, a phenolic -OH group, a -SG3M group, a
-0S03M group, a -P04M2 group or a -PO3M2 group 20 (wherein Mis a hydrogen
atom NH4 or a netmhrehef) pibeeveDoctiheste Papespobesuseniscenpyrdtscl ose

exanpl es of polishing a silicon dioxide film but failed to disclose a BPSG
film a BSG fiadtn bewlsta Ra6 dddit ieshof as ewsltéfi svltble pleansgéze. The
additive disclosed in 25 Patent Docunent 1 is anionic and is thereby not
adsorbed isn acentatoingi compeurid | and aa BRS(eT + 0l ulal 8S&niohir atdgani®SG fil m
whi ch are negatively charged in water, whereby a 7 covering |ayer can not
sufficiently bsofipsued. ikvenpdIishing scpossubde 4nd pdasnal oZes athat dsschi con
dioxide film the practical polishing rates of soft BPSG film BSG film
and PSG fi | m a& epaki yhinghcompourd seeni £ otidR ol 1shing egoapedndi seiit dbdevi ce
having a pattern fornmed thereon can not be planarized. Further, the
additive di sclbsedpoolishing of e.g. an ILD film and an insulating film
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 -SO;M
group, a -0SO;M group, a -POsM, group or a -PO3;M; 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



in Patent Docunent 2 is a cationic additive and is capable of formng a
covering layer, but since it is a |ow nolecular weight additive, the
covering layer formng 10 properties are insufficient, and a sem conduct or
integrated circuit device with a BPSGfilm a BSGfilm and a PSG film can
not be planarized either. Patent Docunent 3 proposes at |east two additives
of a water- soluble nitrogen-containing compound and a water-soluble 1s

ani oni ¢ organi ¢ conpound, but the water-soluble nitrogen- containing
compound i s suhsiciriplllayeaquain bt haffow i amiec Weaart oeieght  askdint ii¥e

di scl osed in Patent Docunment 2, and the polishing rates of a BPSG film a
BSG filmand at RSGpddshbdres teerpl diisgh,zeard haree s idairebic tdifox idee o idlined 20
circuit device can not be planarized either. Further, the pH of the CW
pol i shi ng comuiengpraztdaresli gerleidstimdieratyerefcd ahlfit FBREG X 1lm 9,BSWriilm
preferably from7.0 to 9.0 in view of the stability, the selective
pol i shing properd B fidmkahid iveyy fandl i ropdoreopemiiendwettor 25 However ,
within this pHregion, the polishing rates of a BPSG film a BSG filmand a
PSG fil m can nottegfrfagetd walncuite donigeolHaadng a RatterdriDacumerd thedapanese
Patent No. 3278532 Patent Docunent 2: JP-A-2001-7061 Patent Docunent 3:
JP- A- 2001- 1855%kh rRdt det dlemawined.. FRrAhtéi- 12561 afldRatiert disclosed 5:
JP- A-2001- 35818 DI SCLOSURE OF THE | NVENTI ON OBJECT TO BE ACCOWPLI SHED BY
THE | NVENTI ON1in Patent Document 2 1s a cationic additive and is
capable 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.



The_  obj ect of the present invention is to solve the 10 above probl ens and
to provide a polishing conpound and a polishing nmethod capable of high

| evel planarization, by polishing, at the tinme of polishing a plane to be
polished of a silicon dioxide type material layer in production of a

sem conductor integrated circuit device, 15 protruded portions
preferentially while suppressing polishing At recessed portions, with a very
smal| pattern dependence of the polishing rate. Ot her objects and

advant ages of the presentpddysiid on. Widdpe praenic NPmM3 A0l I owing
description. 20 MEANS TO ACCOWPLI SH THE OBJECT Nanely, the present invention

provi des the followage Bddured®! 2 shigi compoundgd0or chem cal nechani cal 25
polishing, to polish a plane to be polished in production of a

sem conduct or i nt eggeded BhbéGhdht deVi G-y nddw 4 pl ane to be polished
is a plane to be polished of a 9 silicon dioxide type material |ayer, and

the polishing conpouagk Cosd@hést CLF 1 wn-oxdide 1paydil ¢l es, a wat er-sol ubl e
pol yam ne and water. (2) The polishing conpound according to the above s

(1), wherekn the spdtemtn DhoOxhaler type gmierial lmarsis a
bor ophosphosilicate glass (BPSG |ayer, a borosilicate glass (SSG |ayer or
a phosphosilicate glass (PSG layer. (3) The polishing conpound according to
t he above (2), wherein the concentration of phosphorus, boron, or
DISCLOSURE 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



10 phosphorus and boron, in the silicon dioxide type material l|layer, is from
0.1 to 20 mass% (4) The polishing conmpound according to the above (1),
wherein the silicon dioxide type naterial layer is a silicon dioxide |ayer.
15 (5) The polishing conpound according to any one of the above (1) to (4),
wherein the water-soluble polyamne is at |east one water-sol uble polyam ne
selected fromthe group consisting of a wa§er-soluble polyether polyam ne
and a wat er-sol ubl e pol yal kyl ene pol yam ne.” 20 (6) The polishing conpound

accordi ng to aml idh ofiotite abgye dadet i) Sayebereid the yel 2shsed ubl e
pol yam ne has a wei ght average nol ecul ar weight of from 100 to 100, 000.

(7) The poli shidigp e ottt KOO € NPurk oxeiYe ferof c Pos | he wdoye-§d)ubDe (5) ,
wherein the water-sol ubl e polyam ne has a wei ght average nol ecul ar wei ght
of from 100 t @olRrdiithe Jhd (Wtdihe pol i shing conmpound according to any one
of the above (1) to (7), which contains the water-soluble polyamne in an
amount of from 0. 00d) tth&Opahsshihgsesmpsund hectotdingass dhet Abopel i shi ng
conmpound. 5 (9) The polishing conpound according to any one of the above
(1) to (7)s whioh ocdgweins tie svbl brersadidetibde pojpyamateer tahnlayeunisod from
0.05 to 5 mass% based on the total mass of the polishing conpound. (10) The
pol i shi ng consureplasshial Nyl ¢at@anylase BPSAD ldeemboweoddPsibi¢®)e which
has a pH within a range of
glass (BSG) 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.



from9 to 12. (11) A nethod for polishing a plane to be polished, which
conpri ses supplying a polishing conpound to a polishing pad, and bringing a
pl ane + o0 be polished of a is sem conductor integrated circuit device and the
polishing pad into contact with each other to polish the plane to be

pol ished by relative novement between them wherein the plane to be
polished is a plane to be polished of a # |con di oxi de type nmateri al

| ayer, and the polishing 20 conmpound as defined in any one of the above (1)

to (10) i Used ag)t hold kS Titha (Ko TR hosl 49 BEOCYEI NG

sem conduct or |ntegrated circuit device, which conprises a step of

polishing a plare ftRvRe RI! ikghed )by WP lonthiing MelhQd 25 as,dafided in
t he above (11). 11 EFFECTS OF THE | NVENTI ON According to the present

i nvention, at Jh&auifRe A aROlanRintd o Hrie .o e RPldshetdf vhsdd iGN
di oxi de type naterlal | ayer in production of a sem conductor s integrated

circuit devicend hetRat wRisk dFPenEe e i¢hitke coppldusii.ng rate is |ow,
protruded portions can be polished preferentially while suppressing

polishing at recesggd THOMKIIGN i@ tdEnghane da-ielpd ishethgatndeof
pl anarized at a high level with an extrenely small polishing amount. 10

BRI EF DESCRI PEhaN abovEHE 1DRAW NGS Fiughich iconiiadesC hss vaaedt-asluble
schematically illustrating a sem conductor device when the
polyamine in an amount of from 0.05 to 5 mass% based 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 method

25 as defined in the above (11).



sem conductor device is polished by the polishing is conpound of the present

invention. Fig. 2 is a drawing 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

devi ce when the sem conductor device is polished by a conventional
pol i shing conpound. Fig. 4 is a side crossysection schematically
illustrating a bl anket wafer. 25 Fig. 5 is a side cross-section

schemati cal | y grdcass st imge anainteroxed wafer. 12 MEANINGS OF SYMBOLS 1:
Silicon substrate, 2: silicon dioxide film 3: polysilicon film 4: BPSG

film 5. protrudehgestdingg € thHeoesseshipoidventidn, pot i shed: phanef 31:
sem conductor 5 device, 32: polishing head, 33: polishing platen, 34:

pol i shi ng pad,pa35shialg shipigareomeowd ilpiEhePigl Ny, s 368 corpad 1 sohi dig
conmpound, 51: groove of silicon wafer, L: depth of groove of silicon wafer
10 BEST MODE ROReCARRMMNG IOTRyEHE iR AN iNow, o fe b ashinmesdrsdwdt dhe present
invention will be described with reference to draw ngs, Tables, fornulas,
Exanpl es, et c.infleess tdrdawd ingsy i tTalseisge f orhmaul st t e dix adgpeasjerst e . ofanche
description are to exenplify the 15 present invention, and the present
invention is noilidhinig edhttehearsetlow, Therqgrestead pomwmtentnoncamdbel desl 0 ned

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 DESCRIPTICON 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 is 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.



enbodi ments within a range not to exceed the scope of the present

invention. In the drawi ngs, the sane synbol designates the sane
constituent. 20 The polishing conpound applicable to the present invention
is a polishing conmpound for chem cal mechanical polishing to polish a plane
to be polished of a sem conductor integrated circuit device (hereinafter
sonetines referred to sinply as a sem condugtor device), 25 and contains
cerium oxide particles, a water-soluble polfyam ne and water. It may further

contain a di spensdris Jdim dvdiresent invention, the "plane to be 13
pol i shed" means a surface at an internedi ate stage which appears in the

process of produciing & SefBc ongdsiet @ite deyi i1 ByorSd 1@k 1dd SE POk Shi ng
conmpound, in a case where a s sem conductor device conprises a silicon

di oxi de type pHbkeyiilalcdrayEilm,i e PrEXHtfiam,t her %Q:fotla.ldlicﬁgﬁ;ﬂt@ichﬁ, @ol i shed
of the silicon dioxide type material |ayer can be pollshe whereby a | ayer

with a flat sudaeecBboradsd )y De doarisbd $uthe, Si1i cmibondutecdy pe
material 10 |ayer may be contained at two or nore portions in one

seni conductor d#emices. 3bhe pdlowhirsy x| iFI:epdln dHiihg pldtich, Ha) is a
side cross-section schematically illustrating a sem conductor device having

t he same strugldlrieshaisid pdd,g.35 S5 @la)sh e redrpeyial | Sippilgy quigiaind 36 : t he
present invention is enployed in such a case, the pattern dependence of
t he pol i shi ng padtieshifren compdcaned t Glbe groove of silicon wafer, L: depth

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
polishing 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
polyamine and water. It may further contain a

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



polished of a silicon dioxide type material layer is polished is very
smal |, whereby protruded portions can be 20 polished preferentially while
suppressi ng progress of polishing at recessed portions, whereby high |evel
pl anari zation 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 |evel
pl anarization of 25 unevenness on the plang,to be polished can be realized
by polishing the filmin a small amount aS schematically shown by the

thi ckness of thea BRRGT iddBrdd Fidir @ aNdhnlé nddenddi pkhessapd diecBPSG

filmin Fig. I(a). In addition, the polished plane 7 is very flat, and it
is easy to makspddies reaine [erddddB td¥ Geodutisieh admividuct&duction of

the filmformation cost and i nprovenent of 5 the throughput are possible in
producti on of @gvisedn conductor integrated circuit device. Further, the
present polishing conpound is free from aggl oneration of abrasive particles
and is thereby exce)lesindg ntith speskisiingtedhpoliryd anthi s eslyanthgeeus
agai nst polishing defects. 10 In the present invention, ceriumoxide is used
as abrasige panicdedidton evyicle stommgricorpourgtliddet elnd-oide to@se um oxi de
abrasive particles have been known to provide a specifically high polishing
rate in polistateyriofl degrdn ,cam dmooduwe torpechvatessfi ala Pglarse itso Iise because
contact of ceriumoxide with the SiO noiety on the surface of the filmto
be polished causeisslehimtdihe |8 inkiagen tdierebid iegre ndiusr gehelraye ngeabr asi ve
power nore than nere mechanical action
be polished, whereby a layer with a flat surface can
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
semiconductor 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



Therefore, in polishing using ceriumoxide, control 20 of contact of the
abrasive particles with an object to be polished is inportant. As the
cerium oxi de abrasive particles in the present invention, for exanple,
cerium oxide abrasive particles as disclosed in Patent Docunent 4 or 5 can
be 25 preferably used. That is, a cerium oxide powler obtained by adding an
alkali to a ceriunm(lV) amoniumnitrate aggeous solution to prepare a
cerium hydroxide gel, 15 followed by filtration, washing and firing, can be
preferably usethe Riridkeresscerfi wheoBEES dirlasiive Figar ti (d)es ahbt ai ned by
mlling high purity cerium carbonate and firing it, followed by mlling and
s cl assifi cat iagihlitneyn alSe peolirsdfest adlanausked.s Hesew el at t lenderti uis oxi de
abrasive particles are not particularly limted thereto. The average
particle size eadivaret erkefthchearerinimg dxilde tdbircsi vénpauche laesanser,
preferably from0.01 to 0.5 10 pm particularly preferably from0.02 to 0.3
pm nore pref ereabiat faromD.We tfa 1 £ qymatiionyicwe ofanpdlingronemgrtoper ti es
and dispersion stability. If the average particle size is too |arge,

pol i shing def ddtes dursuaputs @ret ¢luss ldrle |irkalgedurtfiommath & he surface of
the 1s sem conductor substrate. If the average particle size is too small,
t he poli shing seaticamspdieon owt@nates ciginwgd ddeigat | Fugtheye $ipef ace area
per unit volume is high, the cerium oxide abrasive particles are likely to
be infl uenced®upparie PSUrifsdddss tepmoush drfti fitp o rf k¥h idg lmeration of

abrasive particles and is thereby excellent in dispersion
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 because contact of cerium oxide with the SiO 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

agqueous solution to prepare a cerium hydroxide gel,



20 such as the pH and the concentration of additives, the abrasive
particles are likely to agglonerate in sonme cases. If aggloneration takes
pl ace,. 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 material having another
el ement incorporated to silicon dioxide. fgcorporation here 16 neans that
anot her elenment is uniformy contained. In such a case, "another elenent”

may be any optficdnawedelgmeitlt ddt vy, Werhiexample, fhonen, hogphor us,
carbon, nitrogen or fluorine. s Wien the silicon dioxide type material in

the present iphedhiradycardeal .nsFatrtheast cemreual okoden adid s iplkosphor us, the
polishing rate significantly varies depending upon their contents, whereby
the effects ofpartd clpree sdnta dimedkeidy oni ldriend itkiedly dur drey andviawed. I n the case
10 of a silicon dioxide type material containing phosphorus, boron, or
phosphor us andaxtomiatehiaghl efifreiots M| |£did owaat diynend Mhieny tdred concentrati on
of phosphorus, boron, or phosphorus and boron in the silicon dioxide type
materi al bs wiliawsi fa gadmigen ofmady g ba 2T armsslyy Udwd si Hoeeweirs di oxi de
type material containing phosphorus, boron, or phosphorus and boron, can be
formed by Si 0ZtevRemhenicslde \adpors dep sttt ioh)eshyaraldiaty rart horlgmnic gas
such as B2H6 (di borane) or PH3 (phosphine) or an organic gas such as
B(OCH3) 3 (t rilmetited/ bdveared)o.or P(OCH3) 3 20 (tri met hoxyphosphoi ne)
sinmul taneously to Si H4 (silane)
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



and 02 as a raw nmateri al

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

bor ophosphosilicate 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 17

oxi de abrasive particles and on the plane to
at mezgasAtht porddlons efemdritchid hen sl rgprireiasad e iTs | ow,
S reaction is inhibited by the contact between cerium oxide and

an effect,
chem ca

adsorption of a water-sol uble polyaggne on the surface of

be polished. Nanely,

gas. Well known as a silicon dioxide type materi al

the cerium
by such

t he Si O noi et yuah tshegdane dmptiepa liestwed,” whey diyy amyr aggteissnaf pol 1 shi ng

i S suppressed,

hi gh,

and at protruded portions at which the polishing pressure is
t he watedrensnltubl @tpohyanifoe suehpads, pbbyoxy ppbpgipbwe udi, acardang

adsorbed is easily peeled off, whereby polishing proceeds preferentially,

and thus hi gh digumigepl anarfilamzyiore on t he

pl ane to be polished becones

possible. BPSGis glass containing silicon, phosphorus, boron and oxygen as
t he mai n céenponent¥heThshe ohit biten ofidxighosyporustenth borontlaee vari abl e

within a range of from 0.1 to 20 nasse,

containing siddessmt boyveentdmh safaing athel 9as th @upohdmmen @rd bor on

respectively. BSGis gl ass

content is variable within a range of from0.1 to 20 nmasse. Further, PSGis
gl ass cont ai niplpshareh, He psilvms Atk cdae depnthly M niednponent s.
phosphorus content is variable within a range of fromO0.1

The

10

depending upon their contents, whereby the effects of the
present invention are likely to be achieved. In the case
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 B,Hg

(diborane) or PH; (phosphine) or an organic gas such as

B(OCH;); (trimethoxyborane) or P (OCH;3) s

20 (trimethoxyphosphoine) simultaneously to SiH; (silane)

and O, as a raw material gas.

Well known as a silicon dioxide type material

containing phosphorus, boron, or phosphorus and boron, is

borophosphosilicate 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



to .20 masse. Here, the silicon dioxide type material in the present

i nvention includes silicon dioxide itself. 25 Nanely, the present invention
is useful also when the plane to be polished is a plane of a silicon

di oxide layer. In such a case, polishing is possible by |lowering 18 the
wat er - sol ubl e pol yam ne concentrati on. The water-sol ubl e polyamne in the
polishing conpound is not linmted so long;as it is a water-soluble
conmpound having at |east two am no groups in one s nol ecul e.

Wat er - sol ubi | iddsdrpt ks ff anywdegr-e 18 lleoRd 1 @mithe Wateie salrid@ of

polyanm ne is conpletely dissolved, as visually observed, in a polishing
conpound | i quitthedtcex i BORGERId albreikidte Wradidlkes ldrillich ithdiserhgs o
polishing compound. Usually, water-solubility neans that at least 10 1
mass% preferad patidieabst Naneisg% bl shehwaheefsekthl at pelcpamiede i s
di ssolved in pure water. Specifically, preferred is at |east one materi al
sel ected frompgdie igrowyr cdnisitstiheg pefl wdtierg sdadd erepal g/ etdver qiodnyadane,
wat er - sol ubl e pol yal kyl ene pol yam ne, pol yet hyl enei mi ne, 15 water-sol uble
pol yvi nyl ami neseawatiem sid ublleibipedd/dy Wheamiauent awett dretsadaerbl acepoly | gsside and
wat er- sol uble chitosan. A particularly preferred water-soluble polyam ne
i s a water-solaxsl ehzolSigt herignt yamtiee @lame wat dve quodlidles ol wiad keihyene
pol yam ne. 20 The nol ecul ar wei ght of the water-soluble polyamne is not
particul arly Ildmidmedsoeoi gu iahire iplgmpresded, watdkratsg@udeyddsdit it is
preferably from 100 to 100, 000,
portions at which the polishing pressure is high, the
water-soluble polyamine such as polyoxypropylene diamine

10 adsorbed 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. In such a case, polishing is possible by lowering



nore preferably from 100 to 2,000, by the wei ght average nolecul ar weight.
If the wei ght average nol ecul ar weight 25 is less than 100, the effect of

t he water-sol uble polyam ne tends to be small. If it exceeds 100, 000, even

t hough the polyamne is water-soluble, it nmay adversely 19 affect
properties of the polishing conmpound such as fluidity. If the weight
average nol ecul ar wei ght exceeds 2,000, s@kubility in pure water decreases
in many cases. A particularly preferred water-soluble polyanmine is a 5

wat er - sol ubl e thel weitlear- gedlwdams e 1grana neateencaaitdaltd orpol yal kyl ene

pol yam ne, having a wei ght average nol ecular weight of from 100 to 2, 000.
Such a wat er - sol ulithee pa tysam srel ulsl ehighl yarefriee cin viehe frosl sshpjiggssi on of the
polishing rate of the silicon 10 dioxide type material layer. Particularly
when the sil icompainokiice rioppd imeitterd ao damtcaiass ifh dsyp o st e thos@ingb lox
phosphorus and boron, it is effective for suppression of the polishing rate
t her eof . Si ncewmpchirgh hayvsidaatatng edst Wwmasniow lradmessin witteh an usual
pol i shing conmpound is with silica abrasive particles or a polishing conpound
wi th convehti eedlecsdrs .unWakedesabrhsilusyparyi beesof ehy dpgirieshisieg Loage i s
remar kably high, the pattern dependence is significant, and the polishing
proceeds fast at theeswdsad gsdrablenPolnpetisly i |compel gfstlisiimpsadirdt is 20
required and high |evel planarization can not sufficiently be realized.
Wher eas, Wit ha® witseraldyl @hsepsidiatithe RN sipalg siimppungd el icphid at a

significantly be reduced by . L L
concentration at which the ligquid is used as a polishing

compound. Usually, water-solubility means that at least

10 1 mass%, preferably at least 5 mass% of the water-soluble
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-soluble
polyallylamine, water-soluble polylysine and water-
soluble chitosan. A particularly preferred water-soluble
polyamine is a water-soluble polyether polyamine or a
water-soluble 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 is less than 100, the effect of the water-soluble
polyamine tends to be small. If it exceeds 100,000, even

though the polyamine is water-soluble, it may adversely



suppressing the polishing rate of the silicon dioxide 25 type materi al

| ayer, the pattern dependence is very low, and protruded portions can be
polished preferentially while suppressing progress of polishing at recessed
20 portions, whereby high level planarization can be realized. A
particularly preferred water-soluble polyamne in the present invention is
at | east one water-soluble s polyam ne sel ggted fromthe group consisting of
a water- sol uble polyether polyam ne having a wei ght average nol ecul ar

wei ght of fromfifrt EerymHit avyxd of waiee rpcslalatiilrey qumip@iky/ | sansh pod yam ne

havi ng a wei ght average nol ecul ar weight of from 100 to 2,000. Fromthe

vi ewpoi nt of Hilghididef f &6t tbe seadghlti avegadies perdeicod agf welighte rbumends de
abrasive particles, the weight average nol ecul ar weight of the

wat er - sol ubl e 20d10/ket heylywl ity nien ipnmorvetr eleredd sed riomnisly toa S99,
furthernore preferably from 150 to 400. 15 The above pol yether polyamne is
a conpound haw mprtatculeasty tvcee fatred gradigs soidilalte |maktanine ethexi ¢ oxygen
atons. The amino group is preferably a primary amno group (-NH2). The

pol yet her pol ywatiar smuhe ol yedtwndayyamnm Qi cupvdta+golbtbketertiary
am no group as 20 am no groups, but the polyether polyamne in the present
invention is maElediene cmamidadiaiing a8 estghtvaveragargokeswbayr oups
and having substantially no other am no groups, particularly preferably a
pol yet her di ameieghthaaf rfgramwl ¢F i tRardy @R no groups al one. The pol yet her

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 silica abrasive particles or a polishing compound
with conventional cerium oxide abrasive particles, the
polishing rate is remarkably high, the pattern dependence
is significant, and the polishing proceeds fast at
recessed portions, 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



25 polyamne is preferably a conpound having such a structure that a

hydr ogen atom of a hydroxyl group in a polyhydric alcohol or a polyether
pol yol. is substituted 21 by an am noal kyl group. The pol yhydric al cohol is
preferably a dihydric to hexahydric al cohol, particularly preferably a

di hydric al cohol, and the polyether polyol is preferably a dihydric to
hexahydric pol yoxyal kyl ene s polyol, partigylarly preferably a

pol yoxyal kyl ene diol. The am noal kyl group is preferably a C2_6 am noal kyl

group such a@@ta-@m,nwéﬁébggmw e =128 IRORI 1O t {0 Wan -
am no- 1- net hyl et hyl group, a 3-am nopropyl group, a 2-

am no- 1, 1- di natdailietdtyl group or a 4-am nobutyl group. 10 The pol yhydric
al cohol is preferably a C2_8 dihydric alcohol which may have an etheric

oxygen atom such mparetitylend woipederridetwydeanaduslsd ,pdrapyieneigl yco
or dipropylene glycol. The polyether polyol is preferably a polyether diol
of which the rpeanargntiinvyentai 2. s it desdtkWrenevgfextHsobushe as a

pol yet hyl ene glycol (i.e. polyoxyethylene diol) such as triethylene glycol

or tetraethylmie agliteolseloeqodd/ piopy | tdre qiogolcdris iest il ybxy pratpyt ene
diol) such as tripropylene glycol or tetrapropylene glycol, or a

pol yoxyal kyl ersoldildle haoiyeg iy giolyeasind iatiygesa ofe oxtytal &yd eange gr oups,
such as pol y(oxypropyl ene/ oxyet hyl ene) diol. The pol yal kyl ene pol yam ne is
a conpound hawndlgatlart easighthree fammol @ dup Modethd/i a et @t kydbwel gr oup.
Preferably, the termnal amno group is a primary am no 25 group and the

am no group i ralvalktlEneompafyatimadiaciie a weight average molecular

weight 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



is.a secondary am no group. Mire preferred is a chain polyal kyl ene
pol yami ne having a primary am no group at 22 both nolecular termnals and
havi ng at | east one secondary amino group in the interior of the nolec
At | east two bonding noieties consisting of an al kyl ene group, sandwi c
bet ween an am no group and another 5 ami no group, exist in one nolecule

such a plurality

or different.

Preferably, all these noieties are the sane, or two bond

ul e.
hed
, and

of bondi ng noi eti es betwggn am no groups may be the same

i ng

noi eti es bet wagn aim awoi rgp0lps]l hprwles.  Thet e lphydariy abcahar dup at bot h

termnals are the sane io and the other bonding noiety between am no groups
is different.p¥anfeetdidr ng dridiyetyi detovderxanrduoi @ralysho by gierabtylamsy f r om
2 to 8 carbon atons, particularly preferably each of the two bonding
nmoi eti es bet weerefawatoly gr clidsydrondeddl ¢ahahe gumd nehy pod yetlgeouporyobot h i s

termnals has from?2 to 8 carbon atons and the ot her

bondi ng noi ety between

am no groups hias dgreeably G ddnbbn atorshexanhdot c t el potyet hetene ani ne

and t he pol yal kyl ene

pol yam ne is preferably a conmpound having a structure

of 20 thesfolpoWwal frarideuldyly Hae{R3P)IK-R-DrRy¢AyaWhnetene Rios.a C2_8
al kyl ene group, X is an oxygen atomor -NH, and k is an integer of at
| east 2 in thdleasampioalkpblyeetrerislirm feraplyn i ¢t-eganinpadkyl easoup in
the case 25 of a pol yal kyl ene pol yam ne, provided that a plurality of

in one nol eculsughmyaher i fdeyrgrthyl group, a 2-aminopropyl group, a 2-

10

15

20

25

amino-1-methylethyl group, a 3-aminopropyl group, a 2-
amino-1,1-dimethylethyl group or a 4-aminobutyl group.

The polyhydric alcohol is preferably a C,.g 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,.6
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
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
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

R s



Particularly, the polyether diamne is preferably a 23 conpound having a
structure of the followng fornula (2), and the polyal kyl ene polyamne is
preferably a compound having a structure of the following fornula (3):
H2N-R2-0- (R1-O- )M R2-NH2 (2) 5 H2N-R4-NH (R3-NH-)-R4-NH2 (3) wherein RL
is an ethylene group or a propylene group, R2 is a C2.6 al kylene group, R3
is a C2.6 alkylene group, R4 is a C2-g al gylene group, mis an integer of
at least 1, and nis an integer of at least 1, provided that RlL and io R2
may be the sabettr mdilfefcerlent teamd iRl sardidRhavyndett Heasgamner different.
Specifically, the polyether diamne of the formula (2) may, for exanple, be
a pol yoxypr opyglesmaddiryniamd nca greepdumdheheandiar iRl anfd e arel grwmyl ene
groups and mis is at least 1), polyoxyethylene diam ne (a conmpound wherein
Rl and R2 ar e2¢t Rylaste tgroodpenddmy mdistdted emgtsiBting of an alkylene
4,7,10-trioxa-tridecane-1,13-diam ne (a conpound wherein Rl is an ethylene
group, R2 is gronipvetsapideniehgidodpe tarmeman aapncsgrsvd @ald anatier

pol yal kyl ene pol yam ne of the 20 fornula (3) may, for exanple, be

t et r aet hyl Enep@Hf@NidF® U a S&GrAYodAd ltfe s e 8 Sanch IRl s & 1A Wl ignbups
and n is 2), pentaethyl enehexam ne (a conpound wherein R3 and_ R4 are

et hyl ene groupd HRGITNGE ietian RKaTaseh SFMMIIROURS WU tdievEes n R3
and R4 are ethylene groups and n 25 is 5) o

N, N - bi s( 3- ami%¥oHidhATE et hy PEREEaRLYe P4l EbRSSURQLiRkdFS ATR3 RS an

ethylene group, R4 is a trinmethylene gcr,oup and nis 1), or NN -bis(2
same, or two bondirig moieties between amino groups bonded

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) :
HoN- (R-X-)x-R-NH; (1)
wherein R is a C,.3 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



24 , am noet hyl ) -1, 4- but anedi am ne (a conpound wherein R3 is a

tetranet hyl ene group, R4 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%
congsidering the polishing rate, uniformty of a polishing conpound m xture,
t he pol yner average nol ecul ar wei ght of thegs water-sol uble polyam ne, etc.,
with a viewto obtaining 10 sufficient effects of suppressing the polishing
rate. The coroampiouald draviing e statertuse wifl e ol frdiioveidon fidwenulpol (2)hi ng
conpound is nore preferably within a range of fromO0.05 to 5 mass% In a
case where thempl dahe polyalkdldshepliyyamnd dre pfefersidlixven adinpows | ayer,
the is concentration of the water-soluble polyanmne is nore preferably

wi t hin a rangéaofing emst0s ture? afadd® follewiaterfdmulse (@Flesent invention
is not particularly limted, but preferred is pure water, ultrapure water,
dei oni zed water, &hb¥-RnOvi(Bw @f) n-B3-NHf | uences over {RE ot her conponents,
inclusion of inpuriti es, i nf£ uences gn the pH, etc. The present polishing
conpound can be udedf-W tRHn (BnNEdt kalR n¥HpH regi on. CoALi dering the
polishing properties and dispersion stability of the polishing conpgund, it
is 25 used prahersiiny Rat ia pH 6thiydereogreup20r| i preprylens dres®.t Ran 9,
the dispersibility may decrease, and if it exceeds 12, although th

pol i shing propér & &s-adikHanegray, R is a C;¢ alkylene group, R

is a Cy.3 alkylene group, m is an integer 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.
Specifically, the polyether diamine of the formula
(2) may, for example, be a polyoxypropylene diamine (a
compound wherein R' and R? are propylene groups and m is
15 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). 8Specifically, the polyalkylene polyamine of the
20 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
25 18 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-



i npai red, the plane to be polished may be affected, or handling properties
may be inpaired. In the polishing conpound of the present invention,

anot her conponent may coexist. As a typical exanple, a 5 dispersant may be
menti oned. The di spersant nmay be a water-sol uble organic polynmer or an

ani pnic surfactant. The water-soluble organic polynmer is preferably a

pol ymer having a carboxylic acid group, a2garboxylic acid ammoniumsalt or
the like. 10 The polishing conmpound of the present invention is not
necessarily subiameaichitld pol4 dhitanedianinat (g cofround whereihiRhiisg a
materials constituting the polishing conpound. The polishing materials may
be mixed to hdxﬁé:r@m%tgwﬁ@rIQiQﬁpw, the LgoRins Kithy leawep anedpmaers subjsected to
15 polishing. For exanple, a liquid 1 containing cerium oxide particles and
wat er, and optilonal Iy a dispersant, and a liquid 2 containing a

wat er - sol ubl e pol yam ne, are separately prepared and properly m xed at the
time of polishinglif t FPRARPHFXE LR ?%I?%@aﬂTﬁ%¥éﬁ91th§ Rel¥dBine 18 useful
when it is necessary tqQ adjust the(ﬁojishin rat e dependi ng upon, t he

concent r at fon ¢ RAGFEHINT FHIRMFASL T PEHE I T ¥ oFe i REPRE 1Y pél HatRr i al

| ayer. When a sem conductor substrate is polished by using the polishing
conpound of t e FANESME | t3 L the 5 BT Shi %b‘i%’t’)’cfr‘ﬁi t’Béesuppl ied to

a polishing pad,, and a | ane to, pbe polished of a sem conductor _device and
the  pol i Shi nPPHP R Braffun T QPTG &0t WiRH LS HIFPRPS6  pol i sh

the plane to e polished, Ofpdifidd SO ALK 8 ecular 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



material |ayer by relative novenent between them The conditions regarding
the silicon dioxide type material are the sane as described in relation to
the polishing s compound of the present invention. As a polishing apparatus,
a common polishing apparatus may be used. For exanple, Fig. 2 is a draw ng
illystrating one exanple of a polishing apparatus applicable to the
polishing nethod of the present 10 inventigg. It enploys a nethod of hol ding
a sem conductor device 31 in a polishing head 32 and bringing it into
contact with amairsdd haghpbldhdauwat: pgal idleduidade off feqodd shong pl aten
33, and rotating the polishing head 32 and the polishing platen 33 to bring
is relative mhsardning Wrdpe i yiang e piodpssived). conpound 36 from a
pol i shi ng conpound supply piping 35. However, the polishing apparatus in
the present inventionthes pmlishimgtednphen@tof fhe podssht ngnheadi 32, does
not only rotate but also 20 nove linearly. The polishing platen 33 and the
polishing padrdtiray doneridre: sar Siaa s, t A setypdrdlc teoramgdw,cea 31 or
smaller. In such a case, preferably the polishing head 32 and the polishing
pl aten 33 are disipwnseelty mvdee nsmtivated he Thet idispsushatce mefy tee a
sem conduct or device 25 can be polished. The polishing platen 33 and the
pol i shing pad wramyesaiotblse gustaric typemnr omyameanfoni c bpitfagpentand nove
in one direction. 27 The polishing conditions of the polishing apparatus
are not parti cHeawardiraqlathleargdrel patdlgmen ratrrekerably a polymer
having a carboxylic acid group, a carboxylic acid
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 liquid 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 is 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



be .i nproved by applying a load to the polishing head 32 and pressing the
pol i shing head 32 against the polishing s pad 34. The polishing pressure is
preferably fromabout 0.5 to about 50 kPa, and it is particularly
preferably from about 3 to about 40 kPa fromthe viewpoint of uniformty
of the polishing rate in a sem conductor device, flatness, and prevention
of polishing defects 10 such as scratches. sEurther, the nunber of
revolutions of the polishing platen and the polishing head is preferably
from about 50 gol a0 whd Gl arpmtdtie igoltidhdd ref ed silier®i adidsidde

pol i shing pad, common one made of e.g. a non- 15 woven fabric, a
pol yur et hane feataricalpdrapuse resireloit fve NOfre ol oot an Catehe T3ed.
Further, on the surface of the polishing pad, e.g. lattice, concentric or
spiral groovesomdbit dend arampdrdma@st o sickcet@t al soxsithpltywd mdreer pol | shi ng
compound or to nmake a certain amount of the 20 polishing conpound stay. As
ment i oned abowxe Whedddmshiay dssagilid® jool reshd thigon ctoorpchus cdoaf 1 $Inengpr esent
i nvention, high level planarization of unevenness on a plane to be polished
of a silieon ahwpouws tofpehmtmresdnt ayjerertaiooe real i zed 25 with a snal |
amount of polishing. The surface after polishing is very flat, and it is
easy to nmake the ZAznaipdhishihgn appakatThe zosommeduedl bshand i nprovenent
28 of the throughput of filmfornmation are possible. Accordingly, in
producti on of apmEmtuohduay dre desede Fogi wgrampd epr &dant 2pdls shidupwistchod, it
is possible to
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
polishing head 32 and the polishing platen 33 to bring
15 relative movement, while supplying a polishing compound
36 from a polishing 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 size as the semiconductor device
31 or smaller. In such a case, preferably the polishing
head 32 and the polishing platen 33 are relatively moved
gso 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.



i mprove the quality, to reduce the cost and to inprove s the throughput. The
present invention is suitable particularly for a sem conductor device
enploying ILD, STl and PVD. EXAMPLES Now, the present invention wll be
described in to further detail with reference to Exanples. Exanples 1 to 11
and_ 14 are Exanples of the present invention, and Exanples 12 and 13 are
Conpar ati ve Exanples. In Exanples, "% neaas mass% unl ess ot herw se
specified. Properties were evaluated by the follow ng nmethods. 15 (pH)
Measur ed by pH81- Irhevgrulfiagdiiee cbdnd Makogaws tHee ol siGotpoa@mbaatug Aver age
Particle Size of Abrasive Particles) Determned by a |aser
scatt eri ng/ di Bfreactotopaz® iapPandtyud iftiradendme: thé $24,1i shemyd actte ethrby
Horiba, Ltd.) (Dispersion Stability of Polishing Conmpound) The "coagul ation
sedi ment at i onbiei rwtb riovelk doyplagp lyasg detlerad ed tae pdliishing iHedl?D 3 of a
pol i shing compound 25 put in a glass test tube with a dianeter of 18 mm
left at rest feod peestdyy wie yepdsdtieg ihsagl (380 dgmyierss: tthef grow isshing
supernatant liquid. 29 (Polishing Properties) (1) Polishing conditions
Pol i shi ng %as pear Bided Ghe bplikbihgl buesagreppar preferabdyr from fdlougwi ng
condi ti ons.
0.5 to about 50 kPa, and it is particularly preferably
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 revolutions 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 one made of e.g. a non-
15 woven fabric, a polyurethane foam, a porous resin or a
non-porous resin can be used. Further, on the surface of
the polishing pad, e.g. lattice, concentric or spiral
grooves may be formed so as to accelerate supply of the
polishing compound or to 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



5 Polishing machine: Automatic CVP machine M RRA (manufactured by Applied
Materials, Inc.) Polishing conpound supply rate: 200 nL/m nute Polishing
pad: Two-|ayer pad | C 1400 K-G oove or single |layer pad | C 1000 K- G oove
(manufactured by Rodel, 10 Inc.) Polishing pad conditioning: MECL00-PH3.5L
(manufactured by Mtsubishi Mterials Corporation) Speed of revolutions of

polishing platen: 77 rpm Speed of revolutb?ns of polishing head: 73 rpm 15
Pol i shing pressure: 27.6 kPa (in the case o pol i shi ng conpounds in
Exanpl es 1 to dfl @ toudtahits M of fime sSoteit ilch SakPapdésnibhe. case of

pol i shing compounds in Exanples 12 and 13) (2) Evaluation 20 Measurenent of
pol i shi ng rat e&icdotdiaddiiyeknias preiert i 128 Sk dnitearbiidagd e dddayidéd A- Tencor)
was used. Measurenent of difference in |level on the surface: Profiler
HRP- 100 ( manufacing ethdyp i Senfte negl )siviagy usstthod ( 3)t oy eedsdibbe pol i shed 25
The foll ow ng objects to be polished were used. (3-1) Blanket wafer Wth
respect to polingvaoupe cdmpowmisitiy, B@medscd tle 3bsid,ad and iddptovd3, a
bl anket wafer, a silicon plane of which was entirely covered with a BPSG
film (1l pme tHilskngssjughpgut boflive @resehdsphyens icondentsudttadnis of 3. 52%
and 3.85% respectively, manufactured by 5 International SEMATECH, was used.
particularly for a semiconductor device employing ILD,
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 Abrasive 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.



W t.h respect to polishing conpounds in Exanples 5 to 7, 12 and 13, a

bl anket waf er,

a silicon plane of which was entirely covered with a BPSG

film (1 pmthickness) wth boron and phosphorus concentrations of 13% and

14% 10 respectively, manufactured by International SEMATECH,

was used. A

side cross-section schematically illustrating the blanket wafer is shown in
Fig. 4. (3-2) Patterned wafer is Wth respgegt to polishing conpounds in
Exanples 1 to 4 and 8 to 12, a patterned wafer, a silicon plane of which

was entirely cover époMd ¢hing STHEELMOOD BPSG fil m (boron: 3.

phosphorus: 3.85% (1 pmthickness), the silicon plane having

52%

stripe-patterned gtboveslishing @ongatiensm w dth of 100 pm and a pattern
interval of 10 pm Wth respect to a polishing conpound in Exanple 5, the
waf er was sane as Polidleicaseasfcapotishi ogt coypobadsol howbignpbesratte 4 and
12 except that the boron concentration was 13% and the phosphorus

concent r at i on urRtemashd 4861 Tow ey STOBEACMROO0 BPSG film This
pattern imtating STI. A side cross-section schematically ill

pattern is a
ustrating the

patterned waf er i sPehbsinild maphfng; RuthwmatshoifMP SdacleipredEiRRA a groove of
a silicon wafer. The difference in |level on the surface of each of the

patterned waf efmarusialtiwrek deplAnpliied Mateidglso I2¢.) 5 . e.
the pattern groove (corresponding to L in Fig. 5 was 350 nm

the depth of
but the

present invention Pelhghing compound supply rate: 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 revolutions 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-1280SE (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



limted to this value. Wth respect to a polishing conpound in Exanple 14
(the sane polishing conpound as in Exanple 1), such a io0 patterned wafer
was used that protruded portions on a silicon plane of STI864CMPO00 havi ng
the sane stripe- patterned grooves as in the case of the polishing

conpounds in Exanples 1 to 4 and 12, were sequentially covered with a
silicon dioxide film (10 nmthickness) and,15 a silicon nitride film (140 nm
t hi ckness), and such a silicon plane was entirely covered with a silicon

dioxide filmg 700 4Hn thi okhess) Therghudengice | nlevelcof ghene patterned
waf er used in Exanple 14 i.e. the depth of the 'pattern groove was 500 nm

20 (4) Method i @valdatdmid R BpeddtasePfwpd IS compoundidhe bl anket
waf er was polished for 60 seconds, and the difference in thickness between

before and af tta{i ddifes 0l iHH b ¥&s LrRDPraRsbas Uit d st i 1ad eof 25
Regarding the patterned wafer, data of the thickness at a protruded portion

and the thickrneseatard recessedrefiddt Breat, densitacpatd®rms of 10% 20%
30% 40% and 50% 32 in one chip were neasured before and after the
pol i shing swW tihteespeciond]l GEMOTHETH, atas wesd er portion of each density
pattern, and these data were regarded as values at the respective
densities. The varwath oregpethetd pbl ckihisg admpdends oin UEeampdesi BNtbS a
difference between the maxi num and the m ninumof the difference in the
t hi ckness at the I cindides), porbliaorkett weeftdr denséilyicon plane of which
was entirely covered with a BPSG film (1 um thickness)
with boron and phosphorus concentrations of 13% and 14%,
10 respectively, manufactured by International 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 STI864CMP000 BPSG film
(boron: 3.52%, phosphorus: 3.85%) (1 pm thickness), the
silicon plane having stripe-patterned grooves with a
20 pattern width of 100 um and a pattern interval of 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



bef.ore and after the polishing. The maxi mum polishing anount at the
recessed portion is the maxi mumdifference 10 in the thickness at the
recessed portion at each density before and after the polishing. The

maxi mum di fference in level is the greatest value anong differences in

| evel between the protruded portion and the recessed portion at each
density after the polishing. For neasuremegjy of the 15 thickness, optical
interference type automatic thickness nmeasuring apparatus UV1280SE

(manuf act ur ed iby FKIGA Bencohy symbolsed. répeevahue megavadiagotfha density
means, in the case of 10%for exanple, the proportion of the wdth of the
20 pattern at stild qorotwafdad portion to the sumof the width of the pattern
at the protruded portion and the width of the pattern at the recessed
portion, when the Tat tdrihedrevesd ern | levobis ey ethd romfidee dbff esdclomofat ri ght
angles to the plane. 25 EXAMPLE 1 Cerium oxi de abrasive particles and
amoni um pol yder Yadttermed nofersolussst iy érage s dculars weidgt tof 133
5,000 as a dispersant were nmxed in a nass ratio of 100:0.7 in deionized
wat er Wit hsst iir..i.nghef clepibedhyheulpatdsom grdicsper giamreapbridinertiag:t o
prepare a mxture having a concentration of abrasive particles of 10% and a
5 di spersant cendedt.r &)i ovesof35P. OF% bW $he puesevasinvuintied 9 veott i nes
wi th deionized water to prepare an abrasive particle m xture A having an
abrasi ve partildmd tesbriicemhyis ivelusf- 2% and a di spersant concentration of

With 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

) 9,

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



0.014% The pH of the abrasive particle mxture A was 10 7.6, and the
average particle size of the abrasive particles was 0.19 pm Then, in

dei oni.zed water, a pol yoxypropyl ene diam ne (tradenane, polyetherani ne,
manuf act ured by BASF) having a polyner average nol ecul ar wei ght of 230 as a
water is soluble polyam ne was dissolved to prepare an additive liquid B
havi ng a pol yoxypropyl ene di ani ne concentrgtion of 1.0% The additive
liquid B and the abrasive particle mxture Ain a mass ratio of 1:1 were
m xed with stiify iong chQpt tefiee pRadud eod befhireg at@ipdted e R larstahiasi ve
particle concentration of 1% an amoni um pol yacryl ate concentration of

0. 007% a pol waithpregpeerte tdi aneng@oictneanta atemrerofoddti%rand aguth of 10. 8.
EXAMPLE 2 25 An additive liquid C was prepared in the same nanner as in
prepar ati on oidene tydgiatiteen,i quidd tBase Beampwerk rexeepted lwat tdieies
concentration of the pol yoxypropylene 34 diamne was 2.0% This additive
liquid C and ant &heasiespecpdns cdemaiititasr.e Bhprepaietdibn tliethame manner as
in Exanple 1 in a mass ratio of 1:1 were mxed with stirring to prepare a
pol i shi ng sonpbuckness vy dhealpratinvelesl parttiicre icorcatitif@regriceof 1% an
amoni um pol yacryl ate concentration of 0.007% a pol yoxypropyl ene di am ne
concent r at i onbeftwee@ttined raxiMuof antl 2heExANPENE ofn téddidiiffeddarud dirD was

prepared in the sane manner
the thickness at the protruded portion 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 polymer average molecular weight of



10 as in preparation of the additive liquid B in Exanple 1 except that the
concentration of the pol yoxypropylene diamne was 2.5% This additive
tiquid D and an abrasive particle mxture A prepared in the sane manner as
in Exanple 1 in a nmass ratio of 1:1 were mxed with stirring is to prepare
a polishing conpound having an abrasive particle concentration of 1% an
anmoni um pol yacryl ate concentration of O. éé?@b a polyoxypropylene di am ne

concentration 5of %OeZaSSA)aandjl HHaf. 1.3 BEXA ﬁ,&) % laﬂgidé liquid E

was prepared i Ssane manner as In preparatlon t|ve liquid B

in Example 1 .exfept; thatgdd %dl aﬁ'ﬁi ndpfsgﬂerg%% 66'3‘? di am ne

was 3.0% This ad tlvellqw anaraswe emxtureA

prepared in the SaE, BINE @S d fbr? Bdk aPl e di dd &b épglaé'ap rgfb xthige WET €

mxed with stirring to prepare a polishing corrpound avi ng an rasive

particle conceplyald op Qfnddir At AR Lamﬂaoémrp/é@éfcﬁés &pnf@ﬂtéﬁalgn of

0.007% a pol yoxypropyl ene diam ne concentration of 1.5%and a pH of 11.4.

EXAVPLE 5 An agdidd e di quirth dnies {58 R &l d’ﬂ { e 1SR BRI wap as | n
preparation of the additive liquid B in Exanple 1 except that a

pol yoxypropyl efye i am fe d ty aflenamsn ROl ietNed ap ey fEnpESsd & egh by BASF)
havi ng a pol yner average nol ecul ar wei ght of 400 was used and that the

pol yoxypr opy!| eng-4i apd e :0onernt td o Washay 894 Jhi Sodds peldigaveidiguid F
and an abrasive particle mxture A

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 polymer average molecular weight of 230 as a water-

15 soluble polyamine was dissolved to prepare an additive
liquid B having a polyoxypropylene diamine concentration
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

as in preparation of the additive liquid B in Example 1

except that the concentration of the polyoxypropylene



prepared in the sane manner as in Exanple 1 in a mass ratio of 1:1 were
mxed with stirring to prepare a polishing conpound havi ng an abrasive
particle concentration of 1% an ammoni um pol yacryl ate 15 concentration of
0.007% a pol yoxypropyl ene diam 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 Exagple 5 20 except that the
concentration of the pol yoxypropyl ene diam ne was 2.0% This additive liquid
G and an abr asiiamingamiisc|2e 0% .xt TheésAapdépavedliqutibeCsamd emmnadrass vien
Exanple 1 in a mass ratio of 1:1 were mxed with stirring to prepare a

pol i shing conmpeurtd dlayimigtarrealdy aiepa 125l par tthel eaoeneentreat iaoh iof 1% an
anmoni um pol yacryl ate concentration of 0.007% a pol yoxypropyl ene di am ne
concentr at i on Esfampl@land & pssf rEtib @6 1 :EXARieE o xad adidilt istsitdipg d H
was prepared in the sane manner as in preparation of the additive liquid B
in Exanple 1 texeaspateate Pdclsfongraspydcams disviinge Jn raduesinee 5

pol yet heram ne, nmanufactured by BASF) having a pol yner average nol ecul ar
wei ght of 240 Paad igded cangrarttatattifpn  qfol fox |y GplaHieIn i e REC 10k Ret r at | on
was 1.0% This additive liquid H and an abrasive particle mxture A
prepared in t§enseRE nadiesY Qfs § P Bt eolYaxyprapss ere rdkawing 1: 1 were

m xed with stirring to prepare a polishing conmpound having an abrasive
particle concentration of 1.0% and a pH of 11.2.

EXAMPLE 3
An additive liguid 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 abrasive
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 1% an anmoni um pol yacryl ate concentration of 0.007% a
pol yoxypropyl ene di am ne concentration of 0.5%and a pH of 10.9. 15 EXAMPLE
8 An additive liquid | 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 pol yner
average nol ecul ar 20 weight of 220 was used and that the concentration of
the 4,7,10-trioxatridecane-1, 13-dianmne was 0.5% This additive liquid I
and an abr asi weorpsgrit v tel an xdfurce. 09 7%r epayEldydxy it slaare: riemeinas i n
Exanple 1 in a mass ratio of 1:1 were mxed with stirring to prepare a 25
pol i shi ng conpoumdertand nigprarfallr 888 \endar tpielef Idoncentrati on of 1% an
anmoni um pol yacrylate of 0.007% a 4,7,10-trioxatridecane-1, 13-di am ne
concentrati on BYAMPLE (& 25% and a pH of 10.7. EXAMPLE 9 An additive liquid J
was prepared in the same manner as in preparation of the additive liquid I
in Exanple 8 s exkmpidditive hbiguidehtwas i prepdredeint, hd Osame manner
trioxatridecane-1, 13-diamne was 0.3% This additive liquid J and an
abrasi ve partiad eimmipaapar A e g ¢dié raddHel vaanel qraitheéd das Bxyamxbeple 1 in
a mass ratio of 1:1 were mxed with stirring to prepare a polishing
compound 10 ha&#gaptarthsdr @sinael yrarin xony kegir ahtaineon( tofadegaes:  amoni um
pol yacryl ate of 0.007% a 4,7,10- trioxatridecane-1, 13-di am ne concentration
of 0.15% and #&olyetheramine, manufactured by BASF) having a polymer
average molecular weight of 400 was used and that the
polyoxypropylene diamine concentration was 1.0%. This
10 additive liquid 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.



pH.of 10.6. EXAMPLE 10 is An additive liquid K was prepared in the sane
manner 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

pol ymer average nol ecul ar wei ght of 220 was used and that the concentration
of the 20 N, N -bis(3-am nopropyl)-ethylenediamne was 0.4% This additive
liquid K and an abrasive particle mxture prepared in the sane manner as
in Exanple 1 in a nass ratio of 1:1 were mxed with stirring to prepare a
pol i shi ng comexambrlsavi ng an abrasive particle 25 concentration of 1% an
ammoni um pol yacryl ate of 0.007% a N, N -bi s(3-am nopropyl)-ethyl enedi am ne
concentration of zh Z4dittive PHQlid H WaSSHrdpMA Ed It oS4tk thaendiquid L
was prepared in the sane manner as in preparation of the additive liquid B

in Exanple 1 aexdeptprdiairfieindmeihyienahXanivee 1(irand actin exkdnpWako 5 Pure
Chem cal Industries, LTD.) having a pol yner average nolecular weight of 232
was used and tdxatepthe hagonrcerdlnaitygprafy lidre pHrdetay(arstaxam ne was 0. 2%
This additive liquid L and an abrasive particle m xture A prepared in the
sanme nmannes apdllyebtaysneire | manufessured dty ®ASF)1 Hawiiee an paeldwat h
stirring to prepare a polishing conpound having an abrasive particle
concentrati on aoferEge ano larmds wmepigdhiacrfy 14atte wafs BV %nd echat the
pent aet hyl enehexam ne concentration of 0.1% and a pH of
polyoxypropylene diamine concentration was 1.0%. This
additive liquid 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 polymer average molecular
20 weight 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 of 0.007%,

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



11..2. 15 EXAMPLE 12 To deioni zed water, an aqueous nitric acid solution for
pH adj ust ment and anmoni um pol yacryl ate having a pol yner 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 ammoni um pol yacryl ate concentration
of 0.68% This additive liquid Mand an abrasive particle mxture A
prepared in the same manner as in Exanple 1-,in a mass of 1:1 were m xed
with stirring to prepare a 25 polishing conpound havi ng an abrasive particle
concentration @of2s5%ar cogerds atg on. of the ammoni um pol yacrylate fromthe
abrasive particle mxture A of 39 0.007% a concentration of the anmoni um
pol yacryl ate fexmmpnthe additive 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 adjustnent
and ammoni um pol yamt yddd £t hay i higgai d pdl waerpesed age 1wl Elcel| @amaehghhe of
5,000 were added to prepare an additive liquid N having a nitric acid
concentration af ih 42&barut iaon anfrorhel mdal tydacy Vil iagei d conaergxatp e ©f
1.02% io This additive liquid N and an abrasive particle mxture A
prepared iB thxcpe theinaerheascontdndargt ieorll ofiverkee M Xediov th stirring to
prepare a polishing conpound having an abrasive particle concentration of
1% a concenttr@tax@t wifdddwneaninolrd i goineacrad &t 8% r oMhtilse additive
ligquid J 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
10 having an abrasive particle concentration of 1%, an
ammonium polyacrylate 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 liquid B in Example 1
except that N,N’-bis(3-aminopropyl)-ethylenediamine
(manufactured by BASF) having a polymer average molecular
weight of 220 was used and that the concentration of the
20 N,N’-bis(3-aminopropyl)-ethylenediamine was 0.4%. This
additive liguid 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 of 0.007%,

a N,N’-bis(3-aminopropyl)-ethylenediamine concentration

of 0.2% and a pH of 11.3.



15 .abrasive particle mxture A of 0.007% a concentration of the ammonium
pol yacrylate fromthe additive liquid N of 0.51%and a pHof 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
t he, coagul ation and sedi mentation tinme of the polishing conpound are shown
in Table 1, and the results of evaluation;gf the polishing properties are
shown in Table 2. The polishing properties in Exanples 6, 7 and 13 were 25
eval uat ed onl yxmiMdtrg espect to the bl anket wafer of a BPSG film The
polishing properties in Exanples 9 and 10 were evaluated only with respect

to the patterned wafesddDcivé i @RSS fihay prefxps@l 88 dhéosdRde hankeih
abrasive particle mxture A and polishing conpound, the average particle

size of the akisasinvepasdiadan s thd Gddit fatliguid Bopgu-edmpele of t he
abrasive particles did not proceed by mxing with the additive liquids B to
M The pol i shigigemomimndsenete: Hefdnetiexasind ol fadteutd® oy Speesi on
stability and as a result, coagul ation and sedi nentation did not occur and
t he di spersed mimd eChveasi awl niradusetd Dyver LTD onehavebkg dheoysqer sesrsgat e was
at the same |level as the abrasive particle mxture A to which no additive
was added, anmdlevanlaf twridine qbld Xhiwves cogdundd vieste tleft at rest for
ten days by the above nethod of evaluating the dispersion stability, no
super nat ant flaoteappesrissh o8 thripemiadiyhenexecinom wasperztbility.
However, in
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 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
polymer average molecular weight of 5,000 were added to
prepare an additive liquid 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 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



t he polishing compound in Exanple 13, sedinentation by coagulation of the
abrasive particles occurred within several tens mnutes. Further, the
polishing properties of the polishing 20 conpounds prepared in the above
Exanpl es were evaluated and as a result, with respect to the polishing
properties of the polishing conpounds in Exanples 1 to 4, 8 and 11 agai nst
the bl anket wafer, the polishing rate (Ox)3;gf the BPSG filn1having bor on
and phosphorus concentrations of 25 3.52% and 3.85% respectively, was 53
nn m nute with towers pa icidehaormpiomof tHex aiplan ilum 25 I diyildtee Witdin t he
pol i shing conpound in Exanple 2, 21 nmimnute with the 41 polishing
conpound i n BExanpleelddt ive Anigquirutde odi tth. 34te ampbla 9H ngf conpound 1 n Exanpl e
4, 30 nmmnute with the polishing conmpound in Exanple 8, and 15 nnfmnute
with the pol iIEXAMRLEdrjpound in Exanple 11. s Further, with the polishing
conpound in Exanple 1, the patterned wafer polishing tine was 120 seconds,
the variation of Theldivmwiasdsvatet heamprajuamiesl portionnaed sdBunnpnt he
maxi mum pol i shing anount at the recessed portion was 190 nm and the

maxi mum di $f erfenc@H mdjavaimert wasl Rummn i pawaqotiats fpxcompound in
Example 2, the patterned wafer polishing tinme was 150 seconds, the

variati on of trdydwlawssngs ndleprlanr psdipgoraf dn Vs wexse mddedetoraxi num
pol i shing anount at the recessed portion was 120 nm and the maxi mum

di fference i nHxapdAre ameaddi e Widhih& gwivigid iy wdmpounrcidh Exanpl e 3,

the patterned wafer polishing time was 150 seconds, the
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
were mixed with stirring to prepare a polishing compound
having an abrasive particle concentration of 1%, a
concentration of the ammonium polyacrylate from the

15 abrasive particle mixture A of 0.007%, a concentration of
the ammonium polyacrylate 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 to the patterned wafer



vari ation of the thickness at the protruded portion was 20 nm the maxi num
polishing anmount at the recessed portion was 100 nm and the maxi num
difference in level 20 was 5 nm Wth the polishing conpound in Exanmple 4,
the patterned wafer polishing tinme was 180 seconds, the variation of the
t hi ckness at the protruded portion was 11 nm the naxi mum pol i shing anount
at the recessed portion was 100 nm and t?g maxi mum di fference in level 25
was 3 nm Wth respect to the properties of the polishing conpounds in
Exanpl es 5 andb©6 pusrsd hei i anket wafer, the 42 polishing rate (Ox) of the
BPSG fil m havi ng boron and phosphorus concentrations of 13% and 14%
respectively, wasI®OExamplewte b th2 | hen pebtls halhga € DnPopgt i al&xanpl e 5
and 33 nmmnute with the polishing conpound in Exanple 5 6. Further, the
patterned waf erixpoldes A rgnd ipee vedsi ik Gongenondls tid hatdweagol psht gl onmpound
in Exanple 5, the wvariation of the thickness at the protruded portion was
10 nm the madimenqgbltlshialgrasioumntpatt idiees ecessedlo poit | dhavasis30 nm and
the maxinum di fference in level 10 was 25 nm Wth respect to the polishing
propertiessof ddeyulpdichioly Copduradsi ven gaanipt ey ddrnathep bbaek@tbwaf er,
the polishing rate (Ox) of the BPSG fil m having boron and phosphorus
concent r at i onsnigfirkB%iarid thgaddispiest i Vefyids 15 wasM 3 MnempultishifAg t her,
wi th the polishing conmpounds in Exanple 8, the patterned wafer polishing
time was 180 sewwmwisyds hwere left at rest to evaluate the dispersion
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. However, 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 (04x) 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



vari ation of the thickness at the protruded portion was 7 nm the maxi num
pol i shing anmount at the recessed portion 20 was 80 nm and the nmaxi num
difference in level was 2 nm Wth the polishing conpounds in Exanple 9,
the patterned wafer polishing tinme was 150 seconds, the variation of the

t hi ckness at the protruded portion was 26 nm the naximum polishing anount
at the recessed portion was 110 25 nm andg{he maxi numdifference in |evel
was 1 nm Wth the polishing conmpounds in Exanple 10, the patterned wafer
pol i shing ti mpolaishiSy seaqudmd tite Rsamipdld @ af7 4an/diteutdiekatessheat the
protruded portion was 19 nm the maxi num polishing anount at the recessed
portion was 1@®]1 iwhiranddueouraXiirurB:xdinidfler ences 0 mo Avatut@ssdcmmhaVth the
pol i shing conpound in Exanple 11, the patterned wafer s polishing tinme was
210 seconds, e ivdriired icmpmiuridein tBxankrles B8 ataridel prod friidedparitlon was 17
nm the maxi nrum polishing anmount at the recessed portion was 71 nm and

t he maxi num ditftifeerpericiesliimd exaponesd 1ith rHranidiles piol § shing rate (Ox) of the

bl anket wafer of a 10 BPSG fil m having boron and phosphorus concentrati ons
of 13% and 14% rBspaeet vekithwilid pdki polighéogpecenpoimdsxanplE&Exanpl es 12
and 13, was 595 nmmnute in Exanple 12 and 551 nm mnute in Exanple 13.
Further, the pdid ghittproed evydfae) mwfl idleing dnket wad el2 dfsecBREG ftlen havi ng
15 boron and phosphorus concentrations of 3.52% and 3.85% respectively,
was 330 nmi mi Mariati E@x el tdhel Xhhimkisoes atmtiaqmeot mdsdnpdet 1 wish t he

polishing conpound in_ Exanple 12, the patterned wafer polishing tine was 60
48 nm, the maximum polishing amount at the recessed

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 seconds, the
variation of the thickness at the protruded portion was
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 seconds, the
variation of the thickness at the protruded portion was
20 nm, the maximum polishing amount at the recessed
portion was 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 was 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



seconds, the variation of the thickness at the protruded 20 portion was 93
nm the maxi num pol i shing anobunt at the recessed portion was 286 nm and
the maxinumdifference in level was 5 nm Fromthe results of the polishing
properties over the blanket wafer, it is understood that the polishing 25
ratg of the BPSG filmis sufficiently suppressed with the polishing
conpounds in Exanples 1 to 11 which are Exanples of the present invention,
as conpared with the 44 polishing conpounds in Exanples 12 and 13 which are
Conpar at i ve BEypaldlsts ngruttleer(0,) r ofh the Besal £ilof hakiéngpbbirshi agdpr operti es
over the patterned wafer, it is wunderstood that with the polishing conpound
i n Exanpl e s PRospherdisf fcemeree rat ilagyvelofl 938 iandatded wedpeat ipaliyshi ng
time of 60 seconds, but the variation of the thickness at the protruded
portion is sigmisf i6c@amm/adghutiee wigd] itdie mplardumg atontpmainde cigs Sechngole i%n i S
excessively large, whereas with the polishing conpounds in Exanples 1 10 to
S and 8 to 11 amd &3 amemExarps esitdf thve porldsdrimg iqemanrsh,in Rxatidfer ence
inlevel is elimnated with polishing tims of from 120 seconds to 210
seconds, the 6varFuribarof thhepehteknedswaferhpopishindet iper wasnl® snal |,
and the polishing amobunt at the recessed portion 1s is very small. Wth the

pol i shi ng comse@eddsn wvitdnpihe ppllistHagmanaanng fireEdsowlian J.evdle i s
slightly large as conpared with the other polishing conpounds, but the
maxi mum pol i shia¥g adiuntofatthehd hiadasssy forthiooPLiat tsiad pRIPpras & anong
Examples 1 to S and 8 to 11, and _
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 (Ox) 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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nm, and the maximum difference in level was 4 nm. With
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 (0Ox) 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 (Ox) 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
recessed 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 understood 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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polishing properties over the patterned wafer, it is
understood that with the polishing 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 is 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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EXAMPLE 14

10

15

20

25

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

layer.

INDUSTRIAL APPLICABILITY
The present invention is suitably used for a

semiconductor device employing ILD, STI and PMD.

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

incorporated herein by reference in its entirety.



47 « EXAMPLE 14 Using the sanme polishing conpound as in Exanple 1, the
polishing properties over a silicon dioxide filmwere evaluated. As a
resulty, the patterned wafer polishing s tine was 180 seconds, the variation
of the thickness at the protruded portion was 33 nm the maxi num poli shing
anount at the recessed portion was 84 nm and the maximum difference in
| evel was 11 nm Fromthe above results, ywgth the polishing conpound 10 in
Exanpl e 14 which is an Exanple of the present invention, the difference in
| evel was elimnated with a polishing tLAeMat the sane | evel as in Exanples
1to5 and 8 to 11, the variation of the thickness at the protruded
portion was smal | ,A gl idiei pl capogndniomtcladmiléal heecleaesse#d porti on was
suppressed. Therefore, it is understood that the present invention is
useful al so wpenl ighimql are pall ih polplshed tics ke paniesltdd alrsiproduc i oxi de
| ayer. 20 | NDUSTRI AL APPLI CABI LI TY The present invention is suitably used
for a senm comdfuct cremdigvarchicigdt oyitrepddiied SHrand RMridhe wmrieim the
di scl osure of Japanese Patent Application 25 No. 2005-092608 filed on March
28, 2005 i Acl pdiane tspérs foddtdhmd i & melargy 4w s poldi shadree) a s
incorporated herein by reference inits entirety. 48 CLAIMS 1. A polishing
conpound for ctidiasal diewtiadls dafpe material layer, and the polishing
compound contains cerium oxide particles, a water-soluble

polyamine and water.

2. The polishing compound according to Claim 1, wherein
10 the silicon dioxide type material layer is a

borophosphosilicate glass (BPSG) layer, a borosilicate

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

3. The polishing compound according to Claim 2, wherein

the concentration of phosphorus, boron, or phosphorus and
15 boron, in the silicon dioxide type material layer, is

from 0.1 to 20 mass%.

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

20 5. The polishing compound according to any one of
Claims 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.

25 6. The polishing compound according to any one of



pol.i shing, to polish a plane to be polished in production of a

sem conductor integrated circuit device, wherein the s plane to be polished
is a plane to be polished of a silicon dioxide type material l|ayer, and the
pol i shing conpound contains ceriumoxide particles, a water-soluble

pol yam ne and water. 2. The polishing conpound according to Claim1, wherein
to the silicon dioxide type material |ayegpqis a borophosphosilicate glass
(BPSG | ayer, a borosilicate glass (BSG |ayer or a phosphosilicate gl ass

(PSG layer. @.aille 1pald i Rghepouwt agaendintg J g uindhieipi i the
concentration of phosphorus, boron, or phosphorus and 1s boron, in the
silicon di oxi deilgH¥e aRireidedlmdlagailay Sve fgtindE I dam 200 ovess %o e, o dde

pol i shi ng conpound according to Claim1l, wherein the silicon dioxide type
materi al |ayer7. s BPheigoXidhimh cxdmisolay edcc@dng The £y | she ngf conpound
according to any one of Clains 1 to 4, wherein the water-sol uble polyam ne
is at | east aniaiwat ar tsolayblwhdgrad ramhee weedeactsed dblem ddieyaiug hLonsi sti ng
of a water-sol uble polyether polyam ne and a water-sol ubl e pol yal kyl ene

pol yam ne. 525 weighte gyarsdd mgp lcanpeun dveaicddr difngf taon amyo ane of0ei®. C ains 1
to 5, wherein the water-sol uble polyam ne has a weight average nol ecul ar
wei ght of froma.100fhe ddl £Mihg Jomddheng odasdudigng ovpoamy aeweoofling to any
one of Cdains 1 to 5 wherein the water-sol uble polyam ne has a s wei ght
aver age nol ec@llaimgeilghto of, fwlomh Gforittai2ys0Gthe water-soluble polyamine
in an amount of from 0.001 to 20 mass% based on the total
mass of the polishing compound.
10 9. The polishing compound according to any one of
Claims 1 to 7, which contains the water-soluble polyamine
in an amount of from 0.05 to 5 mass% based on the total
mass of the polishing compound.
10. The polishing compound according to any one of
15 Claims 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
20 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
gilicon dioxide type material layer, and the polishing
25 compound as defined in any one of Claims 1 to 10 is used

as the polishing compound.

12. A method for producing a semiconductor integrated



8. #The polishing conpound according to any one of Clains 1 to 7, which
contains the water-sol uble polyamne in an anmount of from 0.001 to 20 nass%
basedeon the total nass of the polishing compound. 10 9. The poli shing
conpound according to any one of Clains 1 to 7, which contains the
water-sol ubl e polyamne in an amount of fromO0.05 to 5 nasse based on the
total mass of the polishing conmpound. 1050The polishing conpound according
to any one of 15 Cains 1 to 9, which has a pHwthin a range of from9 to
12. 11. A net kddclugrt pleviisis, ngrhd gl avepd dee polstsipedf wuldshiggnpr i ses
supplying a polishing conpound to a polishing pad, and bringing a plane to
be polished oflanz0 tsediec peducthed byt édreatoed ichvioyg meddwdick esarte ftieec
polishing pad into contact with each other to polish the plane to be
pol i shed by rématdledmdvenent between them wherein the plane to be
polished is a plane to be polished of a silicon dioxide type materi al

| ayer, and the polishing 25 conpound as defined in any one of Clains 1 to 10
is used as the polishing conmpound. 12. A nethod for producing a

sem conductor integrated 50 <circuit device, which conprises a step of
polishing a plane to be polished by the polishing nethod as defined in
Claim11l.





