CHEM CAL MECHANI CAL POLI SHI NG AQUEQUS DI SPERSI ON AND CHEM CAL MECHANI CAL
POLI SHI NG METHOD USI NG SAME TECHNI CALELD 5The present invention relates to
a chem cal mechani cal polishing agueous di spersion and a chem cal
mechani cal ' polishing nmethod using the chem cal mechanical polishing
aqueous di spersion. BACKGROUND ART A known chem cal nechanical polishing
aqueous di spersion normally achieves a practical polishing rate when
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BACKGROUND ART
10 A known chemical mechanical polishing aqueous dispersion normally achieves a
practical polishing rate when chemically and mechanically polishing a silicon oxide
film or a polysilicon film, but does not achieve a practical polishing rate when
chemically and mechanically polishing a silicon nitride film. Therefore, a silicon
oxide film formed on a silicon nitride film has been normally removed by chemical
15  mechanical polishing (hereinafter may be referred to as “CMP”) using the silicon nitride
film as a stopper. The silicon nitride film used as the stopper is removed after
removing the silicon oxide film.
A silicon nitride film may be removed by etching using hot phosphoric acid. In
this case, since the etching treatment is controlled based on the etching time, the silicon
20 nitride film may not be completely removed, or a layer under the silicon nitride film
may be damaged. Therefore, a method that also removes a silicon nitride film by CMP
has been desired.
In order to selectively remove a silicon nitride film by CMP, the polishing rate
ratio of a silicon nitride film to a silicon oxide film (hereinafter may be referred to as
25  “selectivity ratio”) must be sufficiently increased. Some chemical mechanical
polishing aqueous dispersions having such properties have been proposed as described

below.



25"sel ectivity ratio") nmust be sufficiently increased. Some chem cal
mechani cal polishing aqueous dispersions having such properties have been
proposed as descri bed bel ow. For exanple, JP- 11.-176773 discl oses a
nmet hod that selectively polishes a silicon nitride filmusing a polishing
agent. that includes phosphoric acid or a derivative thereof and silica
having a particle size of 10 amor |ess. JP-.A-2004-214667 di scl oses a
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i ncl udes phosphoric acid, nitric acid, and hydrofluoric acid, and has a pH
of | to SilicoPniidofbn ugiog2gotislsng agms that pelidshplmgphergeaid phateivigvades an
acidic additive that suppresses an etching effect, and may sel ectively
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Mor eover, the chem cal nechani cal polishing agueous di spersion disclosed in
SUMMARY OF THE INVENTION
10 TECHNICAL PROBLEM
The chemical mechanical polishing aqueous dispersion disclosed in
JP-A-11-176773 or JP-A-2004-214667 achieves a satisfactory selectivity ratio, but
exhibits poor storage stability. Therefore, it is difficult to industrially apply the
chemical mechanical polishing aqueous dispersion disclosed in JP-A-11-176773 or
15 JP-A-2004-214667.
The chemical mechanical polishing aqueous dispersion disclosed in
JP-A-2006-120728 requires a high polishing pressure (about 5 psi) in order to
chemically and mechanically polish a silicon nitride film at a practical polishing rate.
Moreover, the chemical mechanical polishing aqueous dispersion disclosed in
20  JP-A-2006-120728 exhibits poor storage stability in a pH region where the chemical
mechanical polishing aqueous dispersion achieves a high selectivity ratio. As a result,
the pot life may decrease, or scratches may occur due to aggregated abrasive grains, for
example.
Several aspects of the invention may solve the above problems, and may provide
25  achemical mechanical polishing aqueous dispersion that can achieve a sufficiently high
polishing rate ratio of a silicon nitride film to a silicon oxide film without requiring a

high polishing pressure, and exhibits excellent storage stability, and may also provide a



20JP- A- 2006- 120728 exhi bits poor storage stability in a pll region where

t he chem cal mechani cal polishing aqueous dispersion achieves a high
selectivity ratio. As a result, the pot |ife nmay decrease, or scratches my
occur due to aggregated abrasive grains, for exanple. Several aspects
of the invention may sol ve the above probl ens, and may provide a chem cal
mechani cal polishing aqueous dispersion that can achieve a sufficiently
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wi t hout requiring a high polishing pressure, and exhibits excellent storage
st abi | i t yquennd dispergioal so provi de a chem cal nechani cal polishing nethod
usi ngchem cal nechani cal polishing agueous di spersion. SOLUTI ON TO PROBLEM
The i nveSOLdAMASTOIRE@BLEY i n order to solve at |east sone of the above
S5probl ens, and may be inplenented as follows (see the follow ng aspects and
appl i cati on eXagphesiion agprencatvedmn Bdansl solve shdesst winegplithe aheeaspect of the
invention, there is provided a chem cal nechanjcal_ polishing aqueous
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Application Example 1
According to one aspect of the invention, there is provided a chemical
mechanical polishing aqueous dispersion including (A) silica particles that include at
10  least one functional group selected from a group consisting of a sulfo group and salts
thereof, and (B) an acidic compound.
Application Example 2
In the chemical mechanical polishing aqueous dispersion according to
Application Example 1, the acidic compound (B) may be an organic acid.
15 Application Example 3
The chemical mechanical polishing aqueous dispersion according to Application
Example 1 or 2 may have a pH of 1 to 6.
Application Example 4
In the chemical mechanical polishing aqueous dispersion according to
20  Application Example 3, the silica particles (A) may have a zeta potential of -20 mV or
less in the chemical mechanical polishing aqueous dispersion.
Application Example 5
In the chemical mechanical polishing aqueous dispersion according to any one
of Application Examples 1 to 4, the silica particles (A) may have an average particle
25  size measured by a dynamic light scattering method of 15 to 100 nm.
Application Example 6

The chemical mechanical polishing aqueous dispersion according to any one of



In the chem cal nechani cal polishing agqueous di spersion according to
Application Exanple I, the acidic conpound (B) may be an organic acid.
15Appl i cati on Exanmple 3 The chem cal nechani cal polishing aqueous
di spersion according to Application Exanple | or 2 may have a pH of 1 to 6.
Application Exanple 4 in the chem cal nechani cal polishing aqueous
di spersion according to 20Application Exanple 3, the silica particles (A
may have Agppliettionittaantiésal toaf mag 26 usdd tompoligsssibstrateehathenied dbgethec mathi cal
pol i shing aqueous dispersion. Application Example 5 ~I'n the chemni cal
mechani cahotpel subkliraie) whgu pouisiciigspems¢onducedevitiengnd i pasyivelnehaedppl i cati on
Exanples 1 to 4, the silica particles (A) may have an average particle size
measur ed dbyingcleymigafingedhagisel pdighingr i ng met hod of 15 to 100 nm Application
Exanpl e 6 The chem cal nechanical polishing aqueous di spersion according to
any one @&¥rplingpin leg@nindh’ Exanpl es 1to 5 may be used to polish a. substrate
that is used together wth another substrate when produci.ng a sem conductor
devi c&, and i 30 Psiberesl {ieehaché 80 MRS RIVESALRLIS IR IFAHHBAIC pol i shi ng.
Application Example 6, the substrate that is positively charged during chemical
mechanical polishing may be a silicon nitride film.
Application Example 8
According to another aspect of the invention, there is provided a chemical
10  mechanical polishing method including polishing a substrate using the chemical
mechanical polishing aqueous dispersion according to any one of Application Examples
1 to 7, the substrate being used together with another substrate when producing a
semiconductor device, and positively charged during chemical mechanical polishing.
ADVANTAGEOUS EFFECTS OF THE INVENTION
15 The surface of a silicon nitride film is positively charged, and the surface of a
silicon oxide film is negatively charged during CMP used when producing a
semiconductor device. Since the surface of the silica particles (A) that include at least
one functional group selected from the group consisting of a sulfo group and salts
thereof is negatively charged, the chemical mechanical polishing aqueous dispersion
20  according to one aspect of the invention can selectively polish a substrate (e.g., silicon
nitride film) that is positively charged during CMP. Moreover, the silica particles (A)
can achieve a high polishing rate ratio of a silicon nitride film to a silicon oxide film due
to a synergistic effect with the acidic compound (B).
The chemical mechanical polishing aqueous dispersion can achieve the above
25  effects particularly when polishing and removing a silicon nitride film used as a stopper

when producing a semiconductor device in a state in which dishing of a silicon oxide

film relative to the silicon nitride film has occurred due to CMP.



Application Exanple 7 5in the chem cal nechanical polishing aqueous

di spersion according to Application Exanple 6, the substrate that is
positively charged during chem cal mechanical polishing my be a silicon
nitride film, Application Exam )le 8 According to another aspect of the
invention, there is provided a chem cal 10nmechani cal polishing nethod

i ncl udi ng polishing a substrate using the chem cal nechani cal polishing
aqueous di spersion according to any one of Application Exanples 1 to 7, the
substrate being used together with another substrate when producing a
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polishing system.
FIG. 5 is a cross-sectional view schematically illustrating a polishing target used
in the experimental example.
FIG. 6 is a cross-sectional view schematically illustrating a polishing target after
15  preliminary polishing.

FIG. 7 is a cross-sectional view schematically illustrating a polishing target after

polishing.

DESCRIPTION OF EMBODIMENTS
20 Preferred embodiments of the invention are described in detail below. Note
that the invention is not limited to the following embodiments. Various modifications

may be made of the following embodiments without departing from the scope of the

invention.
1. Chemical mechanical polishing aqueous dispersion
25 A chemical mechanical polishing aqueous dispersion according to one

embodiment of the invention includes (A) silica particles that include at least one

functional group selected from the group consisting of a sulfo group and salts thereof



BRI EF DESCRI PTI ON OF DRAW NGS FIGI is a cross-sectional view

schematically iliustraling a polishing target that may suitably be

subj ected to a. chem cal nechani cal polishing method according to one
5enbodi ment of the invention. FIG 2 is a cross-sectional view
schematically illustrating polishing target that has been subjected, to a
first polishing step. FIG 3 is a cross-sectional view schematically

i |1 ust r atheiginaftgonayshe ieéerresrtgas “siliea paradene@en), snbBraweridie campewtsihd
polishing step. 10FIG 4 is a perspective view schematically illustrating a
cheni cal %%lé RPNt piothe shemigakipethanical polishing pgygous dispergioncgerdingdet i onal

view schematically il]ustrating. a polishi target used in the experinental
exanpl e, On¢embo lment@li%e lré’epgo%lscﬂeé“srkb-egé‘bgg@ﬁlgﬂow ew schematically

illustrati.ng g ol sflﬂn target after 15prelimnary polishing. FI G
7 is a crdss- SHLPPGHEIC[Pdw schematical Iy illustrating a polishing target

B er o o e T T MBS 0L e s of th
embodiment of the invention includes the silica particles (A) as abrasive grains. Note
that the silica particles (A) refer to silica particles having a configuration in which at
least one functional group selected from the group consisting of a sulfo group and salts
thereof is covalently bonded to the surface thereof, and exclude silica particles having a

10 configuration in which a compound that includes at least one functional group selected
from the group consisting of a sulfo group and salts thereof is physically or ionically
bonded to the surface thereof. Note that the term “salts of a sulfo group” used herein
refers to a functional group obtained by substituting the hydrogen ion of a sulfo group
(-SOsH) with a cation (e.g., metal ion or ammonium ion).

15 The silica particles (A) may be produced by the following method.

Specifically, silica particles are provided. Examples of the silica particles
include fumed silica, colloidal silica, and the like. Among these, colloidal silica is
preferable since polishing defects (e.g., scratches) can be reduced. Colloidal silica
produced by a known method such as the method disclosed in JP-A-2003-109921 may

20  be used, for example. The silica particles (A) may be produced by modifying the
surface of the silica particles thus provided. The surface of the silica particles may be
modified as described below, for example. Note that the surface of the silica particles
may be modified by an arbitrary method.

The surface of the silica particles may be modified by a known method such as

25  the method disclosed in JP-A-2010-269985 or J. Ind. Eng. Chem., Vol. 12, No. 6, (2006)
911-917. For example, the silica particles and a mercapto group-containing silane

coupling agent are sufficiently mixed in an acidic medium so that the mercapto



that the invention is not limted to the follow ng enbodi nents. Various
nodi fi cati ons may be nade of the foll ow ng enbodi nents w t hout departing
fromthe scope of the invention. |.Chem cal nechanical polishing aqueous

di spersion A chem cal mechani cal polishing agueous di spersion according to
one enbodi nent of the invention includes (A) silica particles that include
at | east one functional group selected fromthe group consisting of a.
sulfo gr (guplpacrmhta'mihgsilaﬂmpﬁng {geet Bicnuilewly andeth & thefserfacedittioe sibcd' sil i ca
particles (A)"), and (B) an acidic conpound. Each conponent of the chemi cal
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invention is described in detail below 1.1.Silica particles (1‘6% The
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silica, an Anong t hese silica 1s preferable since
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modi fying the surface of the silica particles thus provided. The surface of

the sili siticpparticiel €8) iByithie thwdbol ¢ eshgass slasitval peltkhbgl raw, mipbe sohddvplie. Not e
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met hod such as
15  of a particle size measurement system that utilizes a dynamic light scattering method
include a nanoparticle analyzer “DelsaNano S (manufactured by Beckman Coulter,
Inc.), Zetasizer Nano ZS (manufactured by Malvern Instruments L.td.), and the like.
Note that the average particle size measured using a dynamic light scattering method
indicates the average particle size of secondary particles that are formed of aggregated
20  primary particles.

When the chemical mechanical polishing aqueous dispersion has a pH of 1 to 6,
the silica particles (A) have a negative zeta potential in the chemical mechanical
polishing aqueous dispersion. The zeta potential of the silica particles (A) is
preferably -20 mV or less. When the zeta potential of the silica particles (A) is -20 mV

25  orless, it may be possible to effectively suppress aggregation of the particles due to

electrostatic repulsion between the particles, and selectively polish a substrate that is

positively charged during CMP. Examples of a zeta potential analyzer include ELSZ-1



25t he nmet hod di scl osed in JP-A-2010-269985 or J. Ind, Eng. Chem, Vol. 12,
No. 6, (2006) 91.1-91.7. For exanple, the silica ',articles and a nercapto
group-contai ning silanme coupling agent are sufficiently mxed in an acidic
medi um so that the nmercapto group-containing silane coupling agent is
covalently bonded to the surface of the silica particles. Exanples of the
nmer capt o group-contai ning slinme coupling agent include

3- mer ca. fmeprfepyictéyYisdiailetthanigsTCod.ahd,), Zetmsradianopts pyitufaawethbxysi | anc,
and the |ike. After the addition of an adequate amount of hydrogen
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silica particles that include at |east one functional group selected from
t he gr oupaydssivstapnigteds adiuged Py ingreasips andecseasing thpameyht of themsigaptage
particle size of the silica particles (A). nmay be determ ned by subjecting
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di spersion has a pHof | to 6, the silica particles (A) have a negative

zet a pot gfllicalonipduhd €B CiReRidE ah ofGhaniCald AahbghhidacRuadEShethiper si on. The
zeta potential of the silica particles (A) is preferably -20 roV or |ess.
When t heneehai@dbeldhingd aqfeotihéispdrbion acqpadihg ¢ ese {mhodisentdT thdvinvention
may include at least one compound selected from an organic acid and an inorganic acid.
15  The acidic compound (B) has an effect of increasing the polishing rate of a silicon
nitride film due to a synergistic effect with the silica particles (A).
Examples of an organic acid include, but are not limited to, malonic acid, maleic
acid, citric acid, malic acid, tartaric acid, oxalic acid, lactic acid, and salts thereof.
Examples of an inorganic acid include, but are not limited to, phosphoric acid,
20  sulfuric acid, hydrochloric acid, nitric acid, salts thereof, and derivatives thereof.
These acidic compounds (B) may be used either alone or in combination.
When polishing a silicon nitride film, it is preferable to use an organic acid
(more preferably tartaric acid, malic acid, or citric acid, and particularly preferably
tartaric acid) as the acidic compound (B). Tartaric acid, malic acid, and citric acid
25  include two or more carboxyl groups and one or more hydroxyl groups in the molecule.

Since a hydroxyl group can be bonded to a nitrogen atom included in a silicon nitride

film via a hydrogen bond, it is possible to allow a large amount of organic acid to be



or less, it may be possible to effectively suppress aggregation of the
particles due to electrostatic repul sion between the particles, and
selectively polish a substrate that is positively charged during CWVP.
Exanpl es of a zeta potential analyzer include ELSZ-1 (nmanufactured by

O suka Electronics Co., Ltd.), Zetasizer Nano ZS (manufactured by
IN'lid-vent instrunments Ltd.), and the |like. The zeta potential of the
silica pareseet asthe Ayrfapgylbeilmppnopde airel yThalpiese, dlk MISEmgrreta:oif Ag or
decreasi ng the anmount of the inereapto group-containing silane coupling
agent m ﬁgwomnttﬁd@ fEn spn be mcpapad dieds therighinp ptfediof 8 carhoxyl groeps particl es
(A) in the chem cal nechanical polishing agueous dispersion is preferably
lto 10 nérdodeddpile gretieprddly 2 to 8 mass% and particularly. preferably 3
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the silica part an oraci d include, but are not
limted LRchdBLORLERE kGer@Ghd, citric acid, mali acid, tartaric

aci d, oxal icc aca?g, flglg% ?qcueg% ﬁ I?eran%. salts thereof. Exanples of an

i nor gani ¢ 3aci ghiieedisigedt are not limted to, phosphoric acid, 20sulfuric
acid, hydrochloric acid, nitric acid, sails thereof, and derivatives

t her eof The chemical mechanical polishing aqueous dispersion according to one
embodiment of the invention includes a dispersion medium. Examples of the
dispersion medium include water, a mixed medium of water and an alcohol, a mixed
medium of water and a water-miscible organic solvent, and the like. It is preferable to

15  use water or a mixed medium of water and an alcohol. It is more preferable to use
water.
1.4. Additive
The chemical mechanical polishing aqueous dispersion according to one
embodiment of the invention may further include an optional additive such as a
20  surfactant, a water-soluble polymer, an anti-corrosion agent, or a pH adjusting agent.
Each additive is described below.
1.4.1. Surfactant
The chemical mechanical polishing aqueous dispersion according to one
embodiment of the invention may further include a surfactant, if necessary. The
25  surfactant provides an adequate viscosity to the chemical mechanical polishing aqueous
dispersion. It is preferable that the surfactant be added so that the chemical

mechanical polishing aqueous dispersion has a viscosity at 25°C of 0.5 mPa-s or more



These aci di ¢ conpounds (B) may be used. either alone or in conbination.
When polishing a silicon nitride film it is preferable to use an organic
acid (nmore preferably tartaric acid, malic acid, or citric acid, and
particularly preferably tartaric acid) as the acidic conpound (B). Tartaric
acid, malic acid, and citric acid include two or nore carboxyl groups and
one or nore hydroxyl groups in the nolecule. Since a hydroxyl group can be
bonded t@nékﬁFQWQdéhngtﬁnlincluded inasilicon nitride filmvia a hydrogen
bond, it is possible to allow a | arge anount of organic acid to be present
on the surfac&xgmpiesqifitheamiagiant inglade,huipreTiob Hatied &, anneiopi sushartagt, r at e of
a silicon nitride filmcan be increased due to the etching effect of the
car boxy| AGRERRHS SHHARY I NGTHORIR SUIdHipihi addlg kke. A silicon nitride film
can be polish at . a Qi her. polishing rate qun using tartaric acid, imalic
acid, or citricamples of JLe qiuiig syrifc ifatooxpptes (C.g., fattpfgidcdpent of the
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't is prefenal]afyl Qohpysfisyah8indlike2 M xed nmedium of water and. an al cohol.
It is nore preferable to use water. 1.4.Additive The chem cal mechani cal
pol i shi ng aqueksplts SP eleTaAbnid S6FAGAN I & MPhatic amine salts, aliphatic
ammonium salts, and the like.
Examples of the nonionic surfactant include nonionic surfactants having a triple
bond (e.g., acetylene glycol, acetylene glycol ethylene oxide adduct, and acetylene
alcohol); polyethylene glycol-type surfactants, and the like. Polyvinyl alcohol,
15 cyclodextrin, polyvinyl methyl ether, hydroxyethyl cellulose, or the like may also be
used as the nonionic surfactant.
Among these, alkylbenzenesulfonates are preferable, and potassium
dodecylbenzenesulfonate and ammonium dodecylbenzenesulfonate are more preferable.
These surfactants may be used either alone or in combination.
20 The content of the surfactant in the chemical mechanical polishing aqueous
dispersion is preferably 0.001 to 5 mass%, more preferably 0.01 to 0.5 mass%, and
particularly preferably 0.05 to 0.2 mass%, based on the total mass of the chemical
mechanical polishing aqueous dispersion.
1.4.2. Water-soluble polymer
25 The chemical mechanical polishing aqueous dispersion according to one

embodiment of the invention may further include a water-soluble polymer, if necessary.

The water-soluble polymer is adsorbed on the surface of a silicon nitride film, and

10



enbodi nent of the invention may further include an optional additive such
as a 20surfactant, a water-soluble polyner, an anti corrosion agent, or a
pH adj usting agent. Each additive is described below | A 1. Surfactant The
chem cal mechani cal polishing agueous di spersion according to one

enbodi nent of the invention may further include a surfactant, if necessary.
The 25surfactant provides an adequate viscosity to the ehetnical nechani cal
pol i shi needagerelbigtionldspeormilishingl t This npake$ spakdilde thatpprdse osurfeact @t be added
so that the chem cal nechani cal polishing aqueous dispersion has a

vi scosi t flishing2g@ sgfcop ngride fifpt cs or nore  and | ess than 10 inPa.s.

Exanpl es of the surfactant include, but are not limted to, an anionic
surfactant, abxasmpleneicths deteselhle podymenindniepelurdalenass polmerytinaciti ke.

Exanpl es of the aniqnic surfactant include carboxyiates (e.g., fatty acid
Soaps. SaRAYHI HoghopolkarHevTeiass) By soieghealoseean the Tike

o oyt benzencol L onat o5y L) paptLL hatgrestlLanatcs,pad el png: ol ef
sul fat espol?sr}]lgng %%%ngx(}/isege@{(lme Hae_% aaxlzils(%lsity gP Fers?l tlhar? tlB' ?anassl.JI fates);
1.4.3. Anti-corrosion agent
The chemical mechanical polishing aqueous dispersion according to one
embodiment of the invention may further include an anti-corrosion agent, if necessary.
10  Examples of the anti-corrosion agent include benzotriazole and benzotriazole
derivatives. Note that the term “benzotriazole derivatives” used herein refers to a
compound obtained by substituting at least one hydrogen atom of benzotriazole with a
carboxyl group, a methyl group, an amino group, a hydroxyl group, or the like.
Examples of the benzotriazole derivatives include 4-carboxybenzotriazole, salts thereof,
15 7-carboxybenzotriazole, salts thereof, benzotriazole butyl ester,
1-hydroxymethylbenzotriazole, 1-hydroxybenzotriazole, and the like.
The content of the anti-corrosion agent in the chemical mechanical polishing
aqueous dispersion is preferably 1 mass% or less, and more preferably 0.001 to 0.1
mass%, based on the total mass of the chemical mechanical polishing aqueous
20  dispersion.
1.4.4. pH adjusting agent
The chemical mechanical polishing aqueous dispersion according to one
embodiment of the invention may further include a pH adjusting agent, if necessary.
Examples of the pH adjusting agent include basic compounds such as potassium
25  hydroxide, ethylenediamine, tetramethylammonium hydroxide (TMAH), and ammonia.
Since the chemical mechanical polishing aqueous dispersion according to one

embodiment of the invention includes the acidic compound (B), these basic compounds

11



phosphate salts (e.g., alkyl phosphate salts); fluorine-containinci
surfactants (e.g., perfluoroal kyl conpounds); and the |like. 10Exanpl es of
the cationic surfactant include aliphatic am ne salts, ahnh.atie ammoni um
salts, and the |like. Exanples of the nonionic surfactant include nonionic
surfactants having a triple bond (e.g., acetylene glycol, acetylene glycol
et hyl ene oxi de adduct, and acetyl ene al cohol); polyethylene glycol-type
sur f act amtay, bearsdd tchadjhst kiee pliPof theichyinical mobluinicall palisbingdareeuisriispsoiiqvi ny |

nmet hyl et her, hydroxyethyl cellulose, or the like may al so be used as the
noni oni c lsur f @&t ant , Anong those, al kyl henzenesul fonates are preferable,
and pot assi um dodecyl benzenesul i bnate and ammoni um ri odecyl henzenesul f onat e
are nore pref dhamieof thpekeunisylmedbanigelpobighing aqueous dispemmion agtBABEA? i n

AR I R W L
ot S8, 8 TP RN L RS S 8,05 L .
caeous, S RSLB e ol 20 A St B o oo
R e 5SS RSr BASRRS T e 111

and nitride film can be selectively polished. When the pH of the chemical mechanical

polishing aqueous dispersion is 2 to 4, the chemical mechanical polishing aqueous
10  dispersion exhibits excellent storage stability.
1.6.  Applications
The chemical mechanical polishing aqueous dispersion according to one
embodiment of the invention may be used as a polishing agent for polishing a substrate
(film) that is used together with another substrate (film) when producing a

15  semiconductor device, and is positively charged during CMP. Examples of a typical
substrate that is positively charged during CMP include a silicon nitride film, doped
polysilicon, and the like. The chemical mechanical polishing aqueous dispersion
according to one embodiment of the invention is particularly suitable for polishing a
silicon nitride film.

20 When separately polishing a silicon oxide film and a silicon nitride film under
the same polishing conditions using the chemical mechanical polishing aqueous
dispersion according to one embodiment of the invention, the polishing rate ratio of the
silicon nitride film to the silicon oxide film is preferably 3 or more, and more preferably
4 or more.

25 1.7.  Preparation of chemical mechanical polishing aqueous dispersion

The chemical mechanical polishing aqueous dispersion according to one

embodiment of the invention may be prepared by dissolving or dispersing the above
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reduces friction due to polishing. Tins nakes it possible to suppress
occurrence of dishing of a silicon nitride film Exanpl es of the

wat er - sol ubl e pol ynmer include pol yacrylam de, pcilyacrylic acid, polyvinyl
al cohol , pol yvinyl pyrrolidone, hydroxyethyl cellul ose, and the |iKke.

The wat er-sol ubl e pol ynmer may be added so that the chem cal mechanica
pol i shi ng aqueous di spersion has a viscosity of |less than 10 nPais.

| . 4. 3" Antcbmporiendsinahe dgpértion meedolie é.galvaec hahe ¢amppadritShia Gc ABLE04E

di spersion according to one enbodi nent of the invention may further include
an anti - codispesahingbedispersifon megkas asiyig ai Qibi@arp Inesh@f inkdfar @anthe - cor r osi on
agent include benzotriazole and berizotriazole derivatives. Note that the

t er m " bengwponarotae demifeahiyvdssblweded dispersedinrteé érspersionanaiurpoutik obt ai ned
by substituting at |east one hydrogen atom of benzobriazole \with a

car boxyl cgmpeentemaebhylixegrioap artinanyrde byraowpbitraryhypethostyl group, or the

l'i ke. Exanples_ of the benzotriazole derivatives |nclude

4- car boxybenz dte chgpical medianisat pdishing aqueps disppisiopsaoding tazote, salts

t hereof, henzotriazole butyl ester, 1-hydroxyneth¥Ibenzotriazole,

1- bydr ox%@ﬁ%ﬁnr a9 envegien pE beipkeparerline aconealegfdisngesiamend édrtedsi on
agent in the cgeniaal mechani cal polishi ng agueous dispersion is preferably
| mass% ofththedisperyign W%?%Se?”& APe01§33et 0 0, 1 mass% based on the total

: , ) 20di Csion.
mass of E.he CE%[enm?c% meccakrll?cryl ggllish noglrlnes:t od ¥ adueous Odi spersi

A chemical mechanical polishing method according to one embodiment of the
10 invention includes polishing a substrate (e.g., silicon nitride film) using the chemical
mechanical polishing aqueous dispersion according to one embodiment of the invention,
the substrate being used together with another substrate when producing a
semiconductor device, and positively charged during CMP. A specific example of the
chemical mechanical polishing method according to one embodiment of the invention is
15 described in detail below with reference to the drawings.
2.1.  Polishing target
FIG. 1 is a cross-sectional view schematically illustrating a polishing target that
may suitably be subjected to the chemical mechanical polishing method according to
one embodiment of the invention. A polishing target 100 illustrated in FIG. 1 is
20  formed by performing the following steps (1) to (4).
(D Asilicon substrate 10 is provided. A functional device (e.g., transistor) (not
illustrated in FIG. 1) may be formed on the silicon substrate 10.
2) A first silicon oxide film 12 is formed on the silicon substrate 10 using a CVD
method or a thermal oxidation method. A silicon nitride film 14 is then formed on the
25  firstsilicon oxide film 12 using a CVD method.
3) The silicon nitride film 14 is patterned. Trenches 20 are then formed by

lithography or etching using the silicon nitride film 14 as a mask.
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1.4.4, pH adjusting agent The chem cal nechani cal polishing aqueous
di spersion according to one enbodi nent of the invention may further include
a pH adjusting agent, if necessary. Exanples of the pH adjusting agent

i ncl ude basi c conpounds such as potassi um hydroxi de, ethyl enedi am ne,

t et ramet hyl ammoni um hydr oxi de (Tivi Al-1), and ammoni a. Since the chem cal
mechani cal polishing aqueous di spersion according to one enbodi nent of the
i nvent i o) nclAxdesnd dikcacoxddefiimo i dudegofiR), usingedegibdshsitygdagpeuddd nmay be
used to adjust the pH of the chem cal nechani cal polishing aqueous

di sper si oretholl. $6.thdd the trench@h20 pdelfillefl wiktethe lseqvind allicoe okaleifdal 16polTihshi ng
aqueous di spersion according to one enbodi nent of the invention, is not
parti cul aplishing tafgee 800 tsuhus ebtgned.erably 1 to 6, and 5nore pretrably 2 to 4.
If the pH of the chem cal nechanical polishing agueous dispersion is within
t he aboveé.Z an§éemidabmgehdnidsi pgh&hatgemg%oé silicon nitride filmcan be

i ncreased while reducing the polishing rate of a silicon oxide film

Ther ef or é2.1a §irptinodishingétepde filth can be selectively polished. Wen the pH

of e ehem cal Techon <ol vol LaLpg Savegs, 4 2bor el o 8.2k M orage
Saueous. e N GRanER gl g presees STBEARat e RRboTHVLREOR ny be used
e
2o RSO 10 O RS R FRAR 1

pol ygd | 1 6o, t}?a‘i'ﬂ%sf BnlslkiScted P&n%qggﬁm %@Ltgﬂ@tﬁﬁg”' fitthe ?@Ati?%nésmg%gtg#%ﬂ S

di spersi on”according to-one e invention i cularly

U 0Ly AT, oSy £ i Oy 20 csapeai i ol i
surface of the silicon nitride film 14 has been exposed. In this case, dishing occurs in
the trenches 20 that are filled with silicon oxide. Note that a polishing residue of the
second silicon oxide film 16 may remain on the silicon nitride film 14 (see FIG. 2).

15 The silicon nitride film 14 may not be smoothly polished when a polishing residue
remains on the silicon nitride film 14.
2.2.2. Second polishing step

The polishing target 100 is then subjected to a second polishing step using the

chemical mechanical polishing aqueous dispersion according to one embodiment of the

20  invention to remove the silicon nitride film 14 (see FIG. 2). FIG. 3 is a cross-sectional
view schematically illustrating the polishing target that has been subjected to the second
polishing step. The chemical mechanical polishing aqueous dispersion according to
one embodiment of the invention achieves a sufficiently high polishing rate ratio of a
silicon nitride film to a silicon oxide film, but can polish a silicon oxide film at a

25  moderate polishing rate. Therefore, it is possible to polish and remove the silicon

nitride film 14 smoothly without being affected by a polishing residue of the silicon

oxide film. A semiconductor device in which the trenches 20 are filled with silicon
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t he sane polishing conditions using the chem cal nmechanical polishing
aqueous di spersion according to one enbodi nent of the invention, the
polishing rate ratio of the silicon nitride filmto the silicon oxide film
is preferably 3 or nore, and nore preferably 4 or nore. 251.7.Preparation
of chem cal nechani cal polishing aqueous dispersion The chem cal
mechani cal polishing aqueous di spersion according to one enbodi nent of the
i nvent i onxiaysekd' 1r Bpan éldiskhe abitasal. vilig chemdbbpectsinivg] palsbingboateod
conponents in the dispersion medium(e.g.. rater). The conponents may be
di ssol vedcoordidg spereseubddimeiedicpeesioomayett appliad inghadlawdrepch r ary net hod

i nsofar as the conponents can be uniformy dissolved or dispersed in the
di sper si onlatedi(bh), fohexaoptponent s may be nmixed in an arbitrary order by an
arbitrary nethod. The chem cal nmechani cal polishing aqueous

di sper aéﬁ actbraivahmeehaoins] eplsbaigAerof the invention may be pr epar ed as
a concentrated di sper sio, and diluted with the di %Per sion nedi umé

wat ery bef or eArhgmical axshanical Pﬁ%@%%?yéﬁfnw’i”é‘ﬁm et o d TRy elif

mechani ca ol i.shi.n thod accordi n to one ] ment f the 10i nvention
el udes ek PEHbTMA S BSR4 BTge 5 1410 FE0H FHIRPIaeP: [y <asPhg ¢ he

hem cal h | | i shi di d
émg?d?ﬁeﬁf@%ﬂ‘é‘%%%pﬁ@@ﬁ{v?ea%a? RGBS BRI heBEER e, Wit h anot her

trat d d d

dur ng. oM BIESBRLTIS 12k RENE0GH 6 8 et EEy RRER T bR
et hod aﬁﬁ?ﬁ&hé‘gﬁ&&c Q&C?Maggtmggso o biady @o{g{%eugn?m 426k jed 11

det ai | oW W er ence aw ng shi ng ar get

FIG 4 15,86 Ql%tchsf%:its'alﬂg ed%hif i e@?@g%doﬁt céaﬁ{ﬂlé!ﬁhfe@ﬁérﬂﬂal %oﬁ)ﬁ Illg;h' ng

target that nmay suitab e su em ca I ca ol i shing

t hod t t 100
11 ust r Z?‘@%E’eéna‘%’%ﬂ"{*’”*‘ £oALEEDL Bl h81d IVERELDfn APk AIED { ar ge

I's 20formed by performng the Tollowng steps (I) to
(4). FIG. 4 also illustrates a water supply nozzle 54 and a dresser 56.

The pressing pressure of the carrier head 52 may be selected within a range of
10 to 1000 hPa, and is preferably 30 to 500 hPa. The rotational speed of the turntable

15 48 and the carrier head 52 may be appropriately selected within a range of 10 to 400
rpm, and is preferably 30 to 150 rpm. The flow (supply) rate of the slurry (chemical
mechanical polishing aqueous dispersion) 44 supplied from the slurry supply nozzle 42
may be selected within a range of 10 to 1000 ml/min, and is preferably 50 to 400
ml/min.

20 Examples of a commercially available chemical mechanical polishing system
include EPO-112 and EPO-222 (manufactured by Ebara Corporation); LGP510 and
LGP552 (manufactured by Lapmaster SFT Corporation); Mirra and Reflexion
(manufactured by Applied Materials, Inc.); and the like.

3. Examples

25 The invention is further described below by way of examples. Note that the

invention is not limited to the following examples.

3.1,  Preparation of aqueous dispersion containing colloidal silica

15



(1) Asilicon substrate 10 is provided. A functional device (e.g.,
transistor) (not illustrated in FIG 1) may be forned on the silicon
substrate 10. (2) Afirst silicon oxide film12 is forned on the silicon
substrate 10 using a CVD nethod or a thermal oxidation nmethod A silicon
nitride film114 is then forned on the 25first silicon oxide film 12 using a
CVD nethod. (3) The silicon nitride film14 is patterned. Trenches 20 are
then formed by 2000y Bashyvaschegehivity Asd ofp 5t thass¥ aqueows ammpiidedd g bfn 14 as
a mask. (4)A second silicon oxide film16 is deposited using a

hi gh- denso-gxobhegadevavbD! 7 heohodasd, atibd] g hitetragshohsgaiR0 dihe mikiuredas wi t h
the second silicon oxide film16. The polishing target 100 is thus

obt ai ned hegtedtochibfi while srsingiccriktyse Bl g&ﬂrngm the gaixpure wes thepsgtregal i shi ng
step The pplishing target 100 (see FI G 163] is sugfi‘l}gct_ ed to a first polishing
step usi A @lEHdUEaNd feelsd i ebipinputallodansilisyaledhnd dpsisknsi ¢t havi ng a hi gh
silicon oxide filmselectivity ratio to renove the second silicon oxide
filmie GBPBLTH @-'GROTEHBE &9 AT HPRaEISpeThien £SO S1mE frsStgporaior

i il.Justratin olish 10t arget that

has: beon CUBFGLPEIT 5 PRGET YR BAPT URPGORCEs PerH RAGHFRLTEoM ah ng
step, t hreemove the alcohol from the dispersion. An aqueous dispersion having a solid content
of 15% was thus prepared. A sample was prepared by diluting a portion of the
aqueous dispersion with ion-exchanged water. The arithmetic average particle size
10  (average particle size) of the colloidal silica contained in the sample was measured
using a dynamic light-scattering particle size analyzer (“LB550” manufactured by
Horiba Ltd.), and found to be 35 nm.
An aqueous dispersion containing colloidal silica having an average particle size
of 10, 50, 70, or 130 nm was respectively prepared in the same manner as described
15  above, except for appropriately changing the amount of tetraethoxysilane and the
stirring time.
Note that the aqueous dispersion containing colloidal silica thus prepared is
indicated by “Silica type: B” in Tables 1 and 2.
3.2.  Preparation of aqueous dispersion containing sulfo group-modified colloidal
20  silica
5 g of acetic acid was added to 50 g of ion-exchanged water, and 5 g of a
mercapto group-containing silane coupling agent (“KBE803” manufactured by
Shin-Etsu Chemical Co., Ltd.) was slowly added dropwise to the mixture with stirring.
After 30 minutes had elapsed, 1000 g of the aqueous dispersion containing colloidal
25  silica having an average particle size of 35 nm that was prepared in the section “3.1.

Preparation of aqueous dispersion containing colloidal silica” was added to the mixture.

The mixture was then stirred for 1 hour. After the addition of 200 g of a 31%

16



silicon nitride film 14 serves as a stopper so that polishing can be

st opped when the sierthce of the silicon nitride film 14 has been exposed.
In this case, dishing occurs in the trenches 20 that are filled with
silicon oxide. Note that a polishing residue of the second silicon oxide
film16 may remain on the silicon nitride film14 (see FIG 2). 15The
silicon nitride film 14 may not be snoothly polished when a polishing

resi due hegdmigers panxidheolsiibnabanmxktire was dliohwed 14 st22] 2t roSactomgenalré &hi ng st ep
The polishing target 100 is then subjected to a second polishing step using
t he cheni#8&bursde hbiincal aquebisdisreysian oeveisingicofeidsi vhcaioclodaigrg ldast one
enbodi ment of the 20invention to renove the silicon nitride film 14 (see
FI G 2). Prciunstignad gey-sskecteddrram thei ssonsedneisting ebd byifd groug endisdlisg t he
pol i shing target that has been subjected to the second polishing step. The
cheni cal anPeampBoVissPEp ch §Y 8uangH BpEPs Pbe aguemudidimpetsiorovih

enbodi nent of the invention achieves a sufficiently high polishing rate
rati o of 1-SihiResa Walery i dbe prifhwmatis axersgs pagplesigedavarrgcmartele sieakripol i sh a
silicon gxide fi .at a noderate polishing rate. Therefore, it is possible
to polis eéﬁﬁO%@L%b@i%%%@%? ?@%ﬂi g Mg 8TepsYRe YING AYBEHNE wi t hout bei ng
af f ect ed,. a polishing residye of., silican oxide fi. sem conduct or
devi ce i H%%ﬁerﬂ%’aﬁ%ﬁ Elﬁgémg@zeér(eﬁél? A é%a%?%cwr%(? EY E‘gﬁllb% émgls ee FIG 3)
can thusfq%dthgkged. The chem cal nechanical polishing nmethod according to
one embodiment “of e i nvention may be applied to shallow trench isol ation

chen cal mechany eateogs febeih el g A i biThath MRS be used
cheni cal mechant ¢af*°p “Systen R be use:
e T R T LT

chem cal o[IRCHBB) Ghhe RAhE $RINAG SYREGPed ABovdR e 2Rl AS I RBuSEi€Perbin PET f or med
by bringing a carrier head 52 that holds a sem conductor substrate 50 into
contact Widtdin@glsUfpbaRipemASified cwhbi@fl @ta. The average particle size of the
colloidal silica contained in each aqueous dispersion was measured in the same manner
as described above. It was confirmed that the average particle size of the colloidal
15  silica did not change due to surface modification.
Note that the aqueous dispersion containing sulfo group-modified colloidal silica
thus prepared is indicated by “Silica type: A” in Tables 1 and 2.
3.3.  Preparation of chemical mechanical polishing aqueous dispersion
A 1000 cm’ polyethylene bottle was charged with a given amount of the aqueous
20  dispersion prepared in the section “3.2. Preparation of aqueous dispersion containing
sulfo group-modified colloidal silica”.  After the addition of the acidic substance
shown in Table 1 or 2 in the amount shown in Table 1 or 2, the mixture was sufficiently
stirred.  After the addition of ion-exchanged water to the mixture with stirring so that
the mixture had a given silica concentration, ammonia was added to the mixture so that
25  the mixture had the pH shown in Table 1 or 2. The mixture was then filtered through a

filter having a pore size of 5 micrometers to obtain a chemical mechanical polishing

aqueous dispersion (Examples 1 to 10 and Comparative Examples 1 to 5).
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10abrasive cloth 46 is attached while supplying a slurry (chem cal

mechani cal polishing aqueous dispersion) 44 froma slurry supply nozzle 42
and rotating the turntable 48. FIG 4 also illustrates a water supply nozzle
54 and a dresser 56. The pressing- pressure of the carrier head 52
may be selected within a range of 10 to 1000 hPa, and is preferably 30 to
500 hPa, The rotational speed of the turntable 1548 and the carrier head 52
may be appr oprlihatzefaypossliecdfatle walfdgrougnicalifyel @lloikddl siticAhtained inahe i s
preferably 30 to 150 rpm The flow (supply) rate of the slurry (chem cal
nmechani cahempohl mbhihagicabprdsumgdigspers slispasichdwasuppdsied singra tckep@éntiat y suppl y
nozzle 42 may be selected wthin a range of 10 to 1000 mlImn, and is

pr ef er abkyal@r (‘E1480- 17 manufaiaedpbeOtsuka Glectnmes Coallitd:). avEid rabiles acheni cal
mechani cal polishing systeminclude EPO 112 and EPO- 222 (nmanufactured by
Ebar a Coslpoymin tabjes laidS.10 and LOP552 (manufactured by Lapmaster SET
Corporation); |IYfirra and Reflexion (m nmufbenired by Applied Materials,
Inc,)$ aAd t h&hpmpcal nmzcimpieah peldshpeTee i nvention is further described bel ow
by way of exanples. Note that the invention is not limted to the foll ow ng

exanpi es. 3. 1-Pr&pshatlicon sepstatiestishing Bpsts P ivhed dlisanmytrids i dal silica
P o oxchalgEb P At ER vab F6Tg oias CHANGHLY AHro g col PR TBLERGE fane. The.
Tt ur o R RERCIL 8 BTN d s =l FaHea 2T BUBaR FTDARHS &

AP T Ty R U S DR I e
Fenoub t ARRIREUBISPHGT, the di shersi on. An aqueous di sper si on having a

solid COP%I%EF%‘%maﬁf&%S thus prepared. A sanple was prepared by diluting a
portion of t .

Polishing system: EPO-112 manufactured by Ebara Corporation
Polishing pad: IC1000/K-Groove manufactured by Rodel Nitta
Chemical mechanical polishing aqueous dispersion supply rate: 200 ml/min
15  Platen rotational speed: 90 rpm
Polishing head rotational speed: 90 rpm
Polishing head pressing pressure: 140 hPa
3.4.1. Calculation of polishing rate
The thickness of the 8-inch silicon substrate (polishing target) before polishing
20  was measured using an optical interference-type thickness meter (“NanoSpec 61007
manufactured by Nanometrics Japan Ltd.). The polishing target was polished for 1
minute under the above conditions. The thickness of the polishing target was
measured after polishing using the optical interference-type thickness meter, and the
difference between the thickness before polishing and the thickness after polishing (i.e.,
25  the thickness reduced by CMP) was calculated. The polishing rate was calculated
from the polishing time and the thickness reduced by CMP. The results are shown in

Tables 1 and 2.
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aqueous dispersion with ion-exchanged water. The arithnetic average
particle size ft) (average particle size) of the colloidal silica contained
in the sanpl e was neasured using a dynamc light-scattering particle size
anal yzer ("113550" manufactured by Horiba Ltd), and found to be 35 nm An
aqueous di spersion containing colloidal silica. having an average particle
size of 10, 50, 70, or 130 TIMwas respectively prepared in the sane
mar i ner 3ast.Zedoriubech dbabaygestabiticept for appropriately changing the anount
of tetra.ethoxysilane and the stirring tine. Not e that the aqueous
di spersi on cont@raphigecbthuabakclsinidatpolishing agnepardégpeissor prdpared @dthby
"Silica type: B" in Tables 1 and 2. 3.2.Preparation of aqueous dispersion
cont ai ni Agrtionn3 gr Breparatidn bf eleneiohllno¢atianicdqwiibiiogaqueous dgpersioh” asepiic aci d
was added to 50 g of ion- exchaqued water, and 5 %ﬁ?gf a nereaplo

&3

gr oup- coft &P pPErethriene Beigei A shgehat 15’ Remsbye nufbaetitheticby  Shi n- Et su
Chem cal Co., Ltd.) was slowy added dropwi se. to the mxture with stirring.
Af t er® 30 2K§TRARR I@é‘ﬂﬁaalza(%%& partzmmzi) dfthe gploggligbas cen'aipet HitBh cont ai ni ng
col | oi dalch%g;#gn Qll%%llrpn%g?%g%\éﬁ Idg%?%%ng‘%e%égl ze  of %253 rt:om t hgt was
pr epar ed hEPEIREHS1EBAL ai ni ng
LRSI AT SRR A e B N PN M R
A change in average particle size of the colloidal silica due to storage was then
evaluated. The storage stability of the chemical mechanical polishing aqueous
10  dispersion was evaluated as “Excellent” when the average particle size increased by less
than 5% due to storage, evaluated as “Good” when the average particle size increased
by 5% or more and less than 10% due to storage, and evaluated as “Unacceptable” when
the average particle size increased by 10% or more due to storage (see Tables 1 and 2).
3.4.3. Evaluation results
15 When using the chemical mechanical polishing aqueous dispersions of
Examples 1 to 10, the polishing rate ratio of a silicon nitride film to a silicon oxide film
was 3 or more.
The chemical mechanical polishing aqueous dispersion of Comparative Example
1 contained the sulfo group-modified colloidal silica, but did not contain an acidic
20  substance. When using the chemical mechanical polishing aqueous dispersion of
Comparative Example 1, the polishing rate ratio of a silicon nitride film to a silicon
oxide film was insufficient.
The chemical mechanical polishing aqueous dispersions of Comparative
Examples 2 to 4 contained unmodified colloidal silica and a different acidic substance.
25  When using the chemical mechanical polishing aqueous dispersions of Comparative

Examples 2 to 4, the polishing rate ratio of a silicon nitride film to a silicon oxide film

was small, and the storage stability was poor.
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hydr ogen peroxi de solution, the mxture was allowed to stand at room
tenperature for 48 hours to obtain an aqueous di spersion contai ning
colloidal silica including at |east one functional group selected fromthe
group consisting of a sulfo group and salts thereof A sanple was prepared
by diluting a portion of the aqueous dispersion with ion-exchanged water.
The arithnmetic average particle size (average particle size) of the

col | oi dal si | iTha cbemical mechanivat prdisbiagplecona slispemsur ddCanspangiva Fkpmatd ¢
l'ight-scattering particle size analyzer ("EB550" manufactured by Horiba
Ltd.), aAdohined unmodifiecdsohpigal silica havirg asmagjliecusgediastide sikon Woat ai ni ng
colloidal silica having an average particle size of 10, 50, 70, or 130 rim
was resp8sifp i ghesin! aeachenied polisling equees fispersion ! Gommgraave Expmplgroup in
t he sane manner. as descri bed above to prepare an aqueous di spersion

cont ai ni H RAIFRIBE &3t6 5s fReuion: el e stasrasatabslityjvas poshén sRisrdgdigfar ticl e si ze

of the collogi.dal sil.ica contained i.nh each aqueays_di spersion was neasured
inthe sk ?WﬁﬁﬁgvaggOgé§ﬁWPBQH“&%€G%?)?Fh%HEQEaﬁﬁﬂ?ﬂed that the average
particle size of the colloidal silica did not change due to surface

nodi fi cati on. Note that the aqueous di spersion containing stiff()
group-nodi fied colloidal silica thus prepared is indicated by "Silica type:
A" in Tables | and 2. 3.3.Preparation of chem cal nechanical polishing
aqueous di spersion A 1000 cnB pol yethyl ene bottle was charged with a given
anount of the aqueous 20di spersion prepared. in the section "3.2.
Preparati on of aqueous di spersion containing sulfo group-nodified coll oidal
silica”. After the addition of the acidic substance shown in Table 1 or 2
in the amount shown in Table 1 or 2, the mxture was suffic,icMy stirred.
After the addition of ion-exchanged water to the m xture with stirring so
that the m xture had a given silica concentration, ambni a was added to the
m xture so that the m xture had the pH shown in Table 1 or 2. The m xture
was then filtered through a filter having a pore size of 5 mcroneters to
obtain a chem cal nechanical polishing agueous di spersion (Exanples ito 10
and Conparative Exanples 1 to 5). The zeta potential of the sulfb
group-inodified colloidal silica contained in the chem cal mechani cal
pol i shi ng aqueous di spersion was nmeasured using a zeta potential analyzer
("ELSZ-1" manufactured by O snka Electronics Co., Ltd). The results are
shown in Tables 1 and 2. 3. 4. Chem cal nechanical polishing test
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An 8-inch silicon substrate (polishing target),

on which a silicon nitride

filmor a silicon oxide filmwas frukited, was chem cally and nechanically
pol i shed under the follow ng polishing conditions 1 using each chem cal

pol i shi ng aqueous di spersion prepared in the section "3.3.
pol i shi ng 10aqueous di spersion”.

mechani cal

Preparati on_of chem cal

mechani cal
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3.4.2. Evaluation of storage stability 500 cc of the chem cal
mechani cal polishing aqueous dispersion prepared in the section "3.3.
Preparati on of chem cal nechani cal polishing aqueous dispersion” was put in
a 500 cc polyethylene bottle, and stored at 25C for 2 weeks. The arithnetic

average particle size (average particle size) of the colloidal silica
contai ned in,the|chem cal chapijcdl |pol {shjng agueous di spersion was
determ ned @i tgr|sto g ysing p [dynamc|l|ght-scattering particle size
anal yzer (" %@Q‘gm uf actjwi ed py f|0Ki has | 8d.). A change in average
particle siz?é@f t he| col|l i dal siflijca due t® storage was then eval uat ed.
The storage Stabil|tly |off tthe cheni ¢all pecheahi cal polishing aqueous
10di sper si gn s[e atjeqd—as|[ " Excet{ent|{—when t he average particle size
i ncreased hy kess [ han 5%|due| tjo [stiofage, e¥al uated as " Good" when the
aver age parqgélg Si zle i ncneasgd hy.|5%.0%| opEle and | ess than 10% due to
=| " § A= o O . .
st or age, ard%éfa Uatled as Jn&tcepta)Fak‘mp§n the average particle size
i ncreased by #0% or niLe due to storage (s Tables 1 and 2). 3,4.3.
Eval uati on result sl 15When!usi tthe chem clal] mechani cal polishing aqueous
di spersi ons w0f | Exanpl es |1 to| 10,/ the polishidglg rate ratio of a silicon
nitride fil kp ja si|l ifcon ogkde fli | mwas 3i§r nore. The chem cal nechani cal
pol i shi ng a@ugo%us?di spet si ons|of (ﬁlmasga§i§/e§ Exanple 1 contained the sulfo
group-nndifgﬁﬁ clol|{l gi dal| sililca, |but|did nai contain an acidic 20
subst ance. en [ugi ng [t he| cheni|cal | nechani|cal pol i shing aqueous di spersion
of Conparative Exdampl e |,|the polishjng |ragte ratio of a silicon nitride
filmto a si&l¢jcan |oxide|f|lmwas|insufffifcijé@t. The chem cal nechanica
. . o —= . . o o= .
pol i shing agugot|sz|dijspers| ons of | ok ra | e Exanples 2 to 4 contai ned
unnodi fi ed| €of|l di dal| s$ilica dnd & difT|etlents|aci di ¢ substance. 25Wen usi ng
t he chem caP neghanifcal | ppl|i shiing aqueoys éispersions of Conparative
Exanpl es 2[to &, the polishimg ratg ratifojof a silicon nitride filmto a
silicon ox,gg;filn1mas small, and th stiorage stability was poor.
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The chem cal nechani cal polishing aqueous dispersion of Conparative Exanple
5 contai ned unnodi fied colloidal silica having a small average particle

si ze, When using the chem cal nechanical polishing aqueous dispersion of
Conparative Exanple 5, the polishing rate was too | ow, and the storage
stability was poor, in spite of a high polishing rate ratio of a silicon
nitride filmto a silicon oxide film 3.5. Experinental Exanple A test
waf er in3wi clExgeSineh@bBxahplei de fil mwas enbedded was chemically and
mechani cal ly polished. Specifically, a test wafer "864CMP" (nmanufactured by
Advanced Mat erA ektswdlecimnohioy silizon hitias filis @ds ambadqpdlwshihegidadyged 300. The
test wafer "864CMP" has the cross-sectional structure illustrated in FIG

5, and i snghadodbobdighak quiipetifiatlly adeposidri 864 @VIP (stmghdtiiedrbyoxi de fil m
112 and a silicon nitride film 114 on a hare silicon wafer 110, flirm ng
grooves kydvhicedddataphly Teenolaydos) wiangscal sseqohidhisg tdrgg300xi dbe fast m 11 6
using a high-density plasnma CVD et hod. _ The test wafer was

prel i i navyaiery 8¢ Ve dws thecepsstsaetidnsl btovaturg ilhestiateHiin §1G ondid isanedwzedisi ng
0484301 and CV54302 (manufactured by JSR Corporation) until the top surface
of the sPVisednHplly derosiing mirisilges axidsddiay] 1 Agmdiaelicopmitsige fHmel 14idni con
nitride film 114 was, exposed was determ ned by detecting a change in table
torque cAPRERIGN YHer bl (URIPGLOpEeEH l&épgrapfg)h apdhderssHingdeeedtdor |

Pol i shi ngﬂi%&? g)‘(itdle ?i?r% 1% 6 using a high-density plasma CVD method.

The test wafer was preliminarily polished under the following polishing
10 conditions 2 using CMS4301 and CMS4302 (manufactured by JSR Corporation) until
the top surface of the silicon nitride film 114 was exposed. Whether or not the silicon
nitride film 114 was exposed was determined by detecting a change in table torque
current of the polishing system using an endpoint detector.
Polishing conditions 2
15  Polishing system: EPO-112 manufactured by Ebara Corporation
Polishing pad: IC1000/K-Groove manufactured by Rodel Nitta
Chemical mechanical polishing aqueous dispersion supply rate: 200 ml/min
Platen rotational speed: 100 rpm
Carrier head rotational speed: 110 rpm
20  Carrier pressing pressure: 210 hPa
FIG. 6 is a cross-sectional view schematically illustrating the state of the
polishing target (test wafer “864CMP”) after preliminary polishing. The second
silicon oxide film 116 formed on the silicon nitride film 114 was completely removed
by CMP (see FIG. 6). The thickness of the silicon nitride film 114 within a
25  100-micrometer pitch (pattern density: 50%) was measured using an optical
interference-type thickness meter “NanoSpec 61007, and found to be about 150 nm.

The depth of dishing of the second silicon oxide film 116 relative to the silicon
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Pol i shing system FlI PO-112 manufactured by Ebara Corporation Polishing pad:
| C1000/ K- Groove manufactured by Rodel Nitta Chem cal nmechanical polishing
aqueous dispersion supply rate: 200 rtil/mn Platen rotational speed: 100
rpm Carrier head rotational speed: 110 rpm 20Carrier pressing pressure: 210
laPa FIG 6 is a cross-sectional view schematically illustrating the state
of the polishing target (test wafer "864CM"') after prelimnary polishing.
The secomdrigk [filmdi 4 owis decafirkedudihg afcontaeetypa ptofigoséted ‘GORPPAET inetefolind m 114
was conpletely renoved by CNIP (see FIG 6), The thickness of the silicon
nitride fto beralicd 4dinmhi n a 25100-mi croneter pitch (pattern density: 509 was
measured using an optical interference-type thickness neter "NanoSpec
6100", and fo&rh@ pobstiag tiseai 800 5G:s dlmn chimiadpahd ofeckindallygpobithadher $¥cond
silicon oxide film 116 relative to the silicon nitride film 114 was

neasur ed SeonAgyuRdes dha dshing senditions | oape & chemirpgehaniesl polishing o be about
40 inn. The pol.ishing target 300 was then chem cally and nechanically

pol i shed 2A%°V4 fispeisif i asammifel (HE: Pot # erpnepcherrdiMavosrhematicillyy t he

kel et T RN I S KNI S,
target (test Vﬁ];: %{wanegél %; )Sﬂl%]:ntl Ritrifle hn% q'li1 gfter polishing was almost 0 nm (see
FIG. 7). The depth of dishing within a 100-micrometer pitch (pattern density: 50%)
was about 20 nm.  Therefore, it was found that the chemical mechanical polishing
10 aqueous dispersion may suitably be applied to shallow trench isolation.
As is clear from the above results, since the chemical mechanical polishing
aqueous dispersion according to one embodiment of the invention achieves a
sufficiently high polishing rate ratio of a silicon nitride film to a silicon oxide film, the
chemical mechanical polishing aqueous dispersion can selectively polish a silicon
15 nitride film when producing a semiconductor device using a silicon oxide film and a

silicon nitride film.

REFERENCE SIGNS LIST

10/110: silicon substrate (bare silicon), 12/112: first silicon oxide film, 14/114: silicon
20  nitride film, 16/116: second silicon oxide film, 20: trench, 42: slurry supply nozzle, 44:

slurry, 46: abrasive cloth, 48: turntable, 50: semiconductor substrate, 52: carrier head,

54: water supply nozzle, 56: dresser, 100/300: polishing target, 200: chemical

mechanical polishing system
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The thickness of the silicon nitride film 114 after polishing was al nost O
urn (see FIG 7). The depth of dishing within a 100-m croneter pitch
(pattern density: 50% was about 20 am Therefore, it was found that the
chem cal mechani cal polishing 10agueous di spersion nmay suitably be applied
to shallow trench isolation, As is clear fromthe above results,
since the chem cal nechanical. polishing agueous di spersion according to
one enbodi nent of the invention achCeuesisa sufficiently high polishing rate
ratio of a silicon nitride filmto a silicon, oxide film the chem ca
mechani cal polishing aqueous di spersion can selectively polish a silicon
15nitride fil mwhen producing a sem conductor device using a silicon oxide
filmandla silA demical tmdctenitallpolisHREE ERENGE]ISHEENSn kbiSpridig (APsilied | i con
substrate (bare silicon), 12/112: first silicon oxide film 14/114: silicon
20ni t r i dearfticlanthat Giclud: at desormt fehdtianehgronp deledted frpm20grotip eoesisting2f asl urry
supply nozzle, 44: slurry, 46: abrasive cloth, 48: turnta.ble, 50:

seni condsefogrosniesd saltsehersof, andf) araciadompaundwat er supply nozzl e, 56:
dresser, 100/300: polishin.g target, 200: chem cal mechanical polishing
system CLAIMS 1. A chem cal mechanical polishing aqueous dispersion
conpr|5|ng ( Llca articles that i nclude_ at | east one functional group
sel ect ed?f r om ‘Hﬁﬁa Fl"s}]a§’£°f‘11n©° Bhing aguequs dgesP aAsaosHIL e daidrleof , and

B) an
(B) a a(\:z\;hg}e(i"n %e ac1dlc compound (B) is an organic acid.

10 3. The chemical mechanical polishing aqueous dispersion according to claim 1 or 2,

the chemical mechanical polishing aqueous dispersion having a pH of 1 to 6.

4. The chemical mechanical polishing aqueous dispersion according to claim 3,
wherein the silica particles (A) have a zeta potential of -20 mV or less in the chemical

15 mechanical polishing aqueous dispersion.

3. The chemical mechanical polishing aqueous dispersion according to any one of
claims 1 to 4, wherein the silica particles (A) have an average particle size measured by

a dynamic light scattering method of 15 to 100 nm.

20
| 6. The chemical mechanical polishing aqueous dispersion according to any one of
claims 1 to 5, the chemical mechanical polishing aqueous dispersion being used to
polish a substrate that is used together with another substrate when producing a
semiconductor device, and is positively charged during chemical mechanical polishing.
25

7. The chemical mechanical polishing aqueous dispersion according to claim 6,

wherein the substrate that is positively charged during chemical mechanical polishing is
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2. The chem cal nechanical polishing aqueous dispersion according to claim
1, wherein the acidic conpound (B) is an organic acid. The chem cal
mechani cal polishing aqueous dispersion according to claim1l or 2, the

chem cal mechani cal polishing agueous di spersion having a pH of 1 to 6. 4.
The chem cal nechani cal polishing aqueous dispersion according to claim 3,
wherein the silica particles (A) have a zeta potential of -20 nV or less in
t he chenacdlcomaghidafioal pol i shing aqueous di spersion. 5. The chem cal
mechani cal polishing agqueous di spersion according to any one of clains 1 to
4, wherein the silica particles (A) have an average particle size neasured
by a dynamc |ight scattering nethod of 15 to 100 Mt 6. The chem cal
mechani c8l polA Gleimepl arpeboueal dolgeng imethod compdsing pobskany a evtsstrefe wsingi ms | to
5, the chem cal mechani cal polishing aqueous dispersion being used to

pol i sh athsihsmical meehapical go 1pgerhéppartiomaceatling o FubmErackimhén
produci ng a sem conductor device, and is _ positively charged during chem cal
nmechahi cg] 7,56¢ punirplg beingjused treether mithanathehawpleae wiee RErIUEHIE 4ol i shi ng

met hod conprising polishing a substrate using the chem cal nechani cal

pol i shi NGB dr¥iserdiansitiyeysiaiesy dronarmerysd refchenistlmolishipg 7, t he
substratei g used together with another substrate wheti producing a

sem conduct or device, and positively charged during chem cal mechanica

pol i shi ng.
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