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The invention provides an aqueous dispersion for chemical 
mechanical polishing, by Which scratches are reduced even 
for an article to be polished having a dielectrics 10W in 
mechanical strength, both copper ?lm and barrier metal ?lm 
can be polished With high efficiency, and a suf?ciently 
planariZed ?nished surface With high precision can be pro 
vided Without overpolishing the dielectrics, and a production 
process of a semiconductor device. 

The aqueous dispersion for chemical mechanical polishing 
comprises abrasive grains, Wherein the abrasive grains 
include (A) simple particles composed of at least one 
selected from inorganic particles and organic particles, and 
(B) composite particles. It is preferred that the simple 
particles (A) are composed of inorganic particles and com 
posite particles (B) are composed of inorganic organic 
composite particles that formed of organic particles and 
inorganic particles combined integraly. The production pro 
cess of a semiconductor device comprises the step of pol 
ishing a surface to be polished of a semiconductor material 
With the aqueous dispersion for polishing. 
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AQUEOUS DISPERSION FOR CHEMICAL 
MECHANICAL POLISHING AND PRODUCTION 

PROCESS OF SEMICONDUCTOR DEVICE 

BACKGROUND OF THE INVENTION 

[0001] 1. Technical Field of the Invention 

[0002] The present invention relates to an aqueous disper 
sion for chemical mechanical polishing and a production 
process of a semiconductor device making use of this 
aqueous dispersion, and particularly to an aqueous disper 
sion for chemical mechanical polishing that is useful in a 
polishing treatment of semiconductor substrates, in Which an 
inter layer dielectrics loW in dielectric constant eXists, in a 
treatment process that a semiconductor substrate such as a 
Wafer provided With a Wiring pattern is subjected to chemi 
cal mechanical polishing (hereinafter may referred to as 
“CMP”) in the production of semiconductor devices, par 
ticularly useful in a second polishing treatment step in a 
tWo-step polishing process or a second polishing treatment 
step in a three-step polishing process, and a production 
process of a semiconductor device making use of this 
aqueous dispersion. 

[0003] 2. Description of the Background Art 

[0004] A silicon oXide ?lm (SiO2 ?lm) formed by a 
vacuum process such as chemical vapor deposition (CVD) 
has heretofore been often used as an inter layer dielectrics in 
a semiconductor device or the like. This SiO2 ?lm is rela 
tively high in dielectric constant. 

[0005] On the other hand, for the purpose of improving the 
performance of ultra LSI, attention has been paid to the 
formation of an inter layer dielectrics having a loWer dielec 
tric constant in recent years. In order to achieve this forma 
tion of the inter layer dielectrics loWer in dielectric constant, 
an inter layer dielectrics composed of a polymer obtained by 
plasma-polymeriZing a silicon-containing compound such 
as an alkoXysilane, silane, alkylsilane, arylsilane, siloXane or 
alkylsiloXane in the presence of oxygen, carbon monoxide, 
carbon dioXide, nitrogen, argon, H2O, oZone, ammonia or 
the like and an inter layer dielectrics composed of polysi 
loXane, polysilaZane, poly(arylene ether), polybenZoXaZole, 
polyimide, silses quioXane or the like have been developed 
as substitutes for the SiO2 ?lm. 

[0006] Since these dielectrics are loW in mechanical 
strength, soft and brittle compared With the SiO2 ?lm, 
hoWever, a semiconductor substrate that is an article to be 
polished may possibly cause scratches or peeling When a 
conventional aqueous dispersion for chemical mechanical 
polishing containing inorganic particles is used. In addition, 
since a great number of scratches of various shapes may be 
caused in some cases, a problem arises in the yield of 
products. 
[0007] In chemical mechanical polishing for forming a 
damascene Wiring, it is hard to polish a barrier metal ?lm 
composed of a metal having high hardness such as tantalum 
With high ef?ciency. On the other hand, since a copper ?lm 
for forming a Wiring portion is relatively soft and easily 
polished, dishing may be caused in the Wiring portion in 
some cases to fail to obtain a planariZed polished surface. In 
a porous dielectrics loW in dielectric constant in particular, 
it may be impossible in some cases to form a good dama 
scene Wiring because the dielectrics is overpolished. 
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[0008] Although polishing processes for forming a dama 
scene Wiring are various, a tWo-step polishing treatment 
comprising of a ?rst polishing treatment step, in Which 
polishing of a copper ?lm is mainly conducted, and a second 
polishing treatment step, in Which polishing of a barrier 
metal ?lm is mainly conducted, is generally preferably 
performed. Either of the ?rst polishing treatment step and 
the second polishing treatment step may be conducted With 
operations devided into tWo or more. Further, in the ?rst 
polishing treatment step in this tWo-step polishing treatment, 
there are a case Where polishing is conducted until the 

copper ?lm is being almost completely removed and a case 
Where the substrate to be polished is subjected to the second 
polishing treatment step While the removal of the copper 
?lm by the polishing is not completed. Therefore, in the 
second polishing treatment step, an aqueous dispersion for 
polishing that is different in components contained from that 
used in the ?rst polishing treatment step may be used 
according to polishing conditions applied in the ?rst polish 
ing treatment step. 

[0009] In each of a plurality of polishing treatment steps 
conducted under such different conditions as described 
above, it is general to use an aqueous dispersion for polish 
ing suitable for the purpose of such a polishing treatment 
step, in other Words, an aqueous dispersion for polishing 
different in composition from that other polishing treatment 
steps. Accordingly, it has been necessary to provide a 
number of aqueous dispersions for polishing according to 
the number of objects of polishing. 

[0010] On the other hand, any aqueous dispersion for 
chemical mechanical polishing, by Which occurrence of 
scratches in a surface to be polished in an article, on Which 
an inter layer dielectrics loW in mechanical strength and 
dielectric constant has been formed, is prevented, has not 
been proposed. 

SUMMARY OF THE INVENTION 

[0011] The present invention has been made for the pur 
pose of solving the above-described problems involved in 
the prior art and has as its ?rst object the provision of an 
aqueous dispersion for chemical mechanical polishing, by 
Which occurrence of scratches in a polished surface is 
greatly prevented even When it is used in a polishing 
treatment of an article to be polished composed of a semi 
conductor substrate having an inter layer dielectrics loW in 
mechanical strength and dielectric constant, a ratio of the 
removal rate of a copper ?lm to the removal rate of a barrier 
metal ?lm can be easily controlled With a great degree of 
freedom though basic components are the same thereby both 
copper ?lm and barrier metal ?lm can be polished With high 
ef?ciency, and a suf?ciently planariZed ?nished surface With 
high precision can be provided Without overpolishing the 
dielectrics. 

[0012] It is the second object of the present invention to 
provide a production process of a semiconductor device 
including a polishing treatment step using the above-de 
scribed aqueous dispersion for chemical mechanical polish 
mg. 
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[0013] According to the present invention, there is thus 
provided an aqueous dispersion for chemical mechanical 
polishing comprising abrasive grains, Wherein the abrasive 
grains include: 

[0014] (A) simple particles composed of at least one 
selected from inorganic particles and organic par 
ticles, and 

[0015] (B) composite particles. 
[0016] In the aqueous dispersion for chemical mechanical 
polishing according to the present invention, it is preferable 
that the simple particles (A) making up the abrasive grains 
be composed of inorganic particles, and the composite 
particles (B) be composed of inorganic organic composite 
particles obtained by integrally combining organic particles 
With inorganic particles. 

[0017] In the aqueous dispersion for chemical mechanical 
polishing according to the present invention, it is preferable 
that the overall content of all the abrasive grains be 0.11 to 
20% by mass, the content of the simple particles (A) be 0.1 
to 19.99% by mass, and the content of the composite 
particles (B) be 0.01 to 19.9% by mass. 

[0018] In the aqueous dispersion for chemical mechanical 
polishing according to the present invention, a value of a 
speci?c removal rate ratio (RBM/RCu) represented by a 
ratio of the removal rate (RBM) of a barrier metal ?lm to the 
removal rate (RCu) of a copper ?lm in the case Where the 
copper ?lm and barrier metal ?lm are polished under the 
same conditions may be 0.5 to 200. 

[0019] In the aqueous dispersion for chemical mechanical 
polishing according to the present invention, the value of the 
speci?c removal rate ratio (RBM/RCu) may be controlled to 
10 to 200. In the aqueous dispersion for chemical mechani 
cal polishing according to the present invention, the value of 
the speci?c removal rate ratio (RBM/RCu) may also be 
controlled to 0.5 to 3. 

[0020] According to the present invention, there is also 
provided a process for producing a semiconductor device, 
comprising the step of polishing a surface to be polished of 
a semiconductor material With the aqueous dispersion for 
chemical mechanical polishing described above. 

[0021] According to the present invention, there is further 
provided a process for producing a semiconductor device, 
comprising the ?rst polishing treatment step of mainly 
polishing a copper ?lm of a surface to be polished in a 
semiconductor material and the second polishing treatment 
step of mainly polishing a barrier metal ?lm With the 
aqueous dispersion for chemical mechanical polishing that 
the value of the speci?c removal rate ratio (RBM/RCu) is 10 
to 200 or 0.5 to 3, conducted after the ?rst polishing 
treatment step. 

[0022] According to the aqueous dispersion for chemical 
mechanical polishing of the present invention, occurrence of 
scratches in a polished surface is greatly prevented even 
When it is used in a polishing treatment of an article to be 
polished composed of a semiconductor substrate having an 
inter layer dielectrics loW in mechanical strength and dielec 
tric constant, a ratio of the removal rate of a copper ?lm to 
the removal rate of a barrier metal ?lm can be easily 
controlled With a great degree of freedom thereby both 
copper ?lm and barrier metal ?lm can be polished With high 
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ef?ciency, and a suf?ciently planariZed ?nished surface With 
high precision can be provided Without overpolishing the 
dielectrics. 

[0023] According to the production process of a semicon 
ductor device of the present invention, occurrence of 
scratches in a polished surface in a polishing treatment is 
greatly prevented even With a semiconductor substrate hav 
ing an inter layer dielectrics loW in mechanical strength and 
dielectric constant, both copper ?lm and barrier metal ?lm 
can be polished With high efficiency, and a suf?ciently 
planariZed ?nished surface With high precision can be pro 
vided Without overpolishing the dielectrics. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0024] The aqueous dispersions for chemical mechanical 
polishing according to the present invention Will hereinafter 
be described speci?cally. 

[0025] The aqueous dispersions (hereinafter also referred 
to as polishing slurries or polishing slurry) for chemical 
mechanical polishing are in a form of a slurry containing 
abrasive grains in a state dispersed in an aqueous medium. 
The abrasive grains comprise the folloWing both compo 
nents: 

[0026] (A) simple particles composed of at least one 
selected from inorganic particles and organic par 
ticles, and 

[0027] (B) composite particles. 

[0028] The respective components of the abrasive grains 
Will hereinafter be described. 

[0029] (A) Simple Particles 

[0030] The polishing slurry according to the present 
invention contains simple particles composed of at least one 
selected from inorganic particles and organic particles as a 
component of the abrasive grains. The simple particles are 
preferably composed of inorganic particles. 

[0031] As examples of the inorganic particles used as the 
simple particles, may be mentioned particles of silicon 
dioxide, aluminum oxide, cerium oxide, titanium oxide, 
Zirconium oxide, silicon carbide, silicon nitride, manganese 
oxide and the like. Among these, particles of silicon dioxide 
are preferred. 

[0032] As speci?c examples of the silicon dioxide par 
ticles, may be mentioned fumed silica synthesiZed by a 
fumed process, in Which silicon chloride or the like is 
reacted With oxygen and hydrogen in a vapor phase, colloi 
dal silica synthesiZed by a sol-gel process, in Which a metal 
alkoxide is hydrolyZed and condensed, and colloidal silica 
synthesiZed by an inorganic colloid process, in Which impu 
rities are removed by puri?cation. 

[0033] The colloidal silica synthesiZed by the sol-gel 
process or colloid process is present in an aqueous medium, 
in a state that primary particles have associated or aggre 
gated, i.e., in a state of secondary particles, When the particle 
diameter thereof is comparatively small. The inorganic 
particles in such a state preferably have an average particle 
diameter of 1 to 3,000 nm, more preferably 2 to 1,000 nm 
in terms of primary particles. 
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[0034] The average particle diameter of the secondary 
particles is preferably 5 to 5,000 nm, more preferably 5 to 
3,000 nm, particularly preferably 10 to 1,000 nm. If inor 
ganic particles, the average particle diameter of the second 
ary particles of Which is smaller than 5 nm, are used, the 
resulting polishing slurry cannot achieve a suf?ciently high 
removal rate in some cases. On the other hand, in a polishing 
slurry using inorganic particles, the average particle diam 
eter of the secondary particles of Which exceeds 5,000 nm, 
the prevention of dishing and erosion may become insuf? 
cient in some cases and further, surface defects such as 
scratches may be liable to occur. In addition, the polishing 
slurry may become loW in stability. 

[0035] The average particle diameter of the primary par 
ticles can be calculated out from the measurement of the 
speci?c surface area of the intended particles and observa 
tion through a transmission type electron microscope, and 
the like. The average particle diameter of the secondary 
particles can be determined by measurement by means of a 
laser scattering diffraction measuring device, or the like. 

[0036] On the other hand, inorganic particles such as silica 
synthesiZed by the fumed process are produced in the form 
of secondary particles, and it is very dif?cult to disperse 
them in a state of primary particles in an aqueous medium, 
and so such particles are present as secondary particles 
obtained by aggregation of primary particles. Accordingly, 
the inorganic particles composed of the silica synthesized by 
the fumed process are suf?ciently identi?ed so far as the 
secondary particles thereof are de?ned. 

[0037] The average particle diameter of the secondary 
particles of the inorganic particles formed of fumed silica are 
preferably 10 to 10,000 nm, more preferably 20 to 7,000 nm, 
particularly preferably 50 to 5,000 nm. By using the inor 
ganic particles formed of fumed silica, the average particle 
diameter of the secondary particles of Which falls Within this 
range, there can be provided a polishing slurry Which can 
achieve high removal rate, suf?ciently prevents dishing and 
erosion and is high in stability. 

[0038] As examples of the organic particles used as the 
simple particles in the present invention, may be mentioned 
polymer particles respectively composed of (1) polystyrene 
and styrene copolymers, (2) (meth)acrylic polymers and 
(meth)acrylic copolymers such as polymethyl methacrylate, 
(3) polyvinyl chloride, polyacetal, saturated polyester, 
polyamide, polyimide, polycarbonate and phenoxy resins, 
and (4) polyole?ns and ole?n copolymers such as polyeth 
ylene, polypropylene, poly(1-butene) and poly(4-methyl-2 
pentene), and other thermoplastic resins. 

[0039] These organic particles can be prepared by a 
method of an emulsion polymeriZation process, suspension 
polymeriZation process, emulsion dispersion polymeriZation 
process, grinding a resin obtained by bulk polymeriZation 
process or the like, or other methods. The organic particles 
may also be particles of a copolymer having a crosslinked 
structure obtained by a copolymeriZation With a crosslink 
able monomer such as divinylbenZene or ethylene glycol in 
the above-described polymeriZation process. 

[0040] The organic particles used as the simple particles 
are preferably particles of a resin selected from (1) polysty 
rene and styrene copolymers and (2) (meth)acrylic polymers 
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and (meth)acrylic copolymers such as polymethyl methacry 
late among the resin mentioned above, and their copolymers 
having a crosslinked structure. 

[0041] Almost all of the such organic particles as 
described above generally present as single particles in the 
polishing slurry. The average particle diameter of these 
organic particles is preferably 10 to 5,000 nm, more pref 
erably 15 to 3,000 nm, particularly preferably 20 to 1,000 
nm. By using the organic particles having an average 
particle diameter Within this range as the simple particles, 
there can be provided a polishing slurry Which can achieve 
high removal rate, suf?ciently prevents dishing and erosion 
and is high in stability. 

[0042] (B) Composite Particles 

[0043] The composite particles (B) are contained in the 
polishing slurry according to the present invention as par 
ticles making up the abrasive grains together With the simple 
particles 

[0044] In the present invention, as speci?c examples of the 
composite particles, may be mentioned inorganic organic 
composite particles obtained by integrally combining 
organic particles With inorganic particles, and modi?ed 
particles obtained by bonding a modifying substance to 
surfaces of organic particles. 

[0045] The composite particles composed of the inorganic 
organic composite particles are those obtained by integrally 
combining organic particles With inorganic particles in the 
extent that these particles are not easily separated. No 
particular limitation is imposed on the kinds of these organic 
particles and inorganic particles. For example, the same 
organic particles and inorganic particles as those forming the 
simple particles described above may be used. 

[0046] No particular limitation is also imposed on the 
speci?c structure of the composite particles. For example, 
those obtained by combining the organic particles composed 
of polymer particles With the inorganic particles by a proper 
method are preferably used. 

[0047] More speci?cally, particles in a state that organic 
particles and inorganic particles, Which are different in 
polarity of Zeta potential from each other, have been com 
bined by electrostatic force in, for example, an aqueous 
medium may be used as the composite particles. 

[0048] The Zeta potential of the organic particles is often 
negative in the Whole pH range or a Wide pH range exclusive 
of a loW pH range. In particular, organic particles composed 
of a polymer having a carboxyl group, sulfonic group or the 
like surely have a negative Zeta potential, and organic 
particles composed of a polymer having an amino group or 
the like have a positive Zeta potential in a speci?c pH range. 

[0049] On the other hand, the Zeta potential of the inor 
ganic particles have high dependency on pH, and some 
inorganic particles have an isoelectric point, at Which a Zeta 
potential is Zero, at a characteristic pH. In such inorganic 
particles, the polarity of the Zeta potential thereof is reversed 
before and after this point. 

[0050] Therefore, a speci?c kind of organic particles are 
combined With a speci?c kind of inorganic particles, and 
both particles are mixed in such a pH range that their Zeta 
potentials become reverse polarities to each other, Whereby 



US 2004/0162011 A1 

inorganic organic composite particles in a state that such 
organic particles and inorganic particles have been integrally 
combined by electrostatic force can be obtained. 

[0051] Even When the Zeta potentials of organic particles 
and inorganic particles mixed are the same polarity upon 
mixing, inorganic organic composite particles in a state that 
the organic particles and inorganic particles have been 
integrally combined can also be obtained by changing the 
pH after the mixing to create a state that the Zeta potentials 
thereof become reverse polarities to each other. 

[0052] In the present invention, the composite particles 
may be modi?ed organic particles in a state that a proper 
modifying substance has been bonded to the surfaces of 
organic particle composed of, for example, polymer par 
ticles. As examples of the polymer particles, may be men 
tioned particles of polystyrene and polymethyl methacrylate. 
The polymer particles, to Which the modifying substance has 
been bonded, can be obtained by, for example, a method in 
Which a reactive material for modifying substance, such as 
an alkoxysilane, aluminum alkoxide or titanium alkoxide, is 
polycondensed in the presence of the polymer particles to 
form the modifying substance on the surfaces of the polymer 
particles. 
[0053] When the material for the modifying substance is 
an alkoxysilane, modi?ed organic particles that polysiloxane 
is bonded to the surfaces of the polymer particles can be 
obtained. When the material for the modifying substance is 
an aluminum alkoxide or titanium alkoxide, modi?ed 
organic particles that an aluminum or titanium atom is 
bonded to the surfaces of the polymer particles through a 
siloxane bond can be obtained. In the method described 
above, the surfaces of the polymer particles may also be 
treated With a silane coupling agent or the like in advance. 

[0054] In the present invention, the composite particles 
may also be inorganic organic composite particles combined 
by bonding inorganic particles such as silica particles or 
alumina particles to the surfaces of organic particles com 
posed of proper polymer particles. In this case, the inorganic 
particles may be bonded by being physically held by a 
bonding component such as siloxane on the surfaces of the 
polymer particles or be chemically bonded by a functional 
group such as a hydroxyl group existing on the surfaces of 
the polymer particles. 

[0055] Those in a state that the inorganic organic com 
posite particles obtained by the above-described integral 
bonding by electrostatic force have been modi?ed by a 
modifying substance by a polycondensation reaction of, for 
example, an alkoxysilane, aluminum alkoxide, titanium 
alkoxide or the like in the presence of such inorganic organic 
composite particles can also be used as the composite 
particles. 
[0056] When the composite particles are composed of the 
inorganic organic particles, such composite particles exist in 
any of the folloWing States 1 to 3 according to the particle 
diameters and component proportions of the respective 
organic particles and inorganic particles forming the com 
posite particles or exist in a condition that a plurality of 
states are mixed. 

[0057] State 1: a state that the inorganic particles have 
adhered as shell particles to the surfaces of core par 
ticles composed of the organic particles. 
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[0058] State 2: a state that the organic particles have 
adhered as shell particles to the surfaces of core par 
ticles composed of the inorganic particles. 

[0059] State 3: a state that the organic particle and 
inorganic particles have aggregated to each other With 
out forming a clear core-shell structure. 

[0060] Among the above-described states, State 1 or 2 is 
preferred. 
[0061] In each of States 1 to 3, the inorganic particles may 
be in any state of primary particles and secondary particles, 
or both particles may be mixed. 

[0062] With respect to the component proportions of the 
inorganic particle and organic particles forming the inor 
ganic organic composite particles, the proportion of the 
inorganic particles is preferably 1 to 2,000 parts by Weight, 
more preferably 10 to 1,000 parts by Weight per 100 parts by 
Weight of the organic particles. 

[0063] In the present invention, the average particle diam 
eter of the composite particles is preferably 20 to 20,000 nm, 
more preferably 50 to 10,000 nm, particularly preferably 50 
to 5,000 nm. 

[0064] By containing the composite particles satisfying 
the above-described conditions, there can be provided a 
polishing slurry Which can achieve high removal rate, suf 
?ciently prevents dishing and erosion and is high in stability. 

[0065] In the polishing slurry according to the present 
invention, the proportion of the abrasive grains contained is 
such that the overall content of the simple particles (A) 
composed of at least one selected from the inorganic par 
ticles and organic particles and the composite particles (B) 
amounts to 0.11 to 20% by mass based on 100% by mass of 
the polishing slurry. 

[0066] If the proportion of the abrasive grains contained is 
loWer than 0.11% by mass, the resulting polishing slurry 
cannot achieve any suf?cient removal rate. If the proportion 
contained exceeds 20% by mass on the other hand, the 
resulting polishing slurry becomes high in cost and may be 
deteriorated in shelf stability in some cases. 

[0067] The content of the simple particles (A) composed 
of at least one selected from the inorganic particles and 
organic particles is preferably 0.1 to 19.99% by mass, more 
preferably 0.1 to 10% by mass, particularly preferably 0.5 to 
10% by mass based on 100% by mass of the polishing slurry. 

[0068] The content of the composite particles (B) is pref 
erably 0.01 to 19.9% by mass, more preferably 0.01 to 10% 
by mass, particularly preferably 0.01 to 5% by mass based 
on 100% by mass of the polishing slurry. 

[0069] A relative ratio of the simple particles (A) com 
posed of at least one selected from the inorganic particles 
and organic particles to the composite particles (B) is 
preferably 1:10 to 10:1 by mass, more preferably 1:10 to 5:1, 
particularly preferably 1:5 to 5:1. 

[0070] When the proportion of the abrasive grains con 
tained falls Within the above range, a polishing slurry Which 
can prevent occurrence of surface defects such as scratches 
even for a surface to be polished, in Which a fragile inter 
layer dielectrics exists, and achieves suf?cient removal rate 
can be provided. 
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[0071] In the polishing slurry according to the present 
invention, a value of a ratio (RBM/RCu) (hereinafter also 
referred to as “speci?c removal rate ratio”) of a removal rate 
(RBM) of a barrier metal ?lm obtained by polishing the 
barrier metal ?lm With this polishing slurry to a removal rate 
(RCu) of a copper ?lm obtained by polishing the copper ?lm 
under the same conditions as the case of the barrier metal 
?lm amounts to 0.5 to 200. 

[0072] In the above, “copper ?lm” includes ?lms of cop 
per alloys having a copper content of at least 95% by mass, 
such as copper-silicon and copper-aluminum, in addition to 
?lms composed of pure copper. 

[0073] “Barrier metal ?lm” is formed by a metal having 
high hardness, such as tantalum or titanium, a nitride or 
oXide thereof, or the like. The metal forming the barrier 
metal ?lm is not limited to a pure metal, and may be an alloy, 
for example, tantalum-niobium. When the barrier metal ?lm 
is formed by a nitride, tantalum nitride, titanium nitride or 
the like is also not necessarily a pure substance. The material 
of this barrier metal ?lm is particularly preferably tantalum 
and/or tantalum nitride. 

[0074] The barrier metal ?lm is often formed by only one 
material such as tantalum or titanium. HoWever, ?lms of 
different materials, for eXample, both tantalum ?lm and 
tantalum nitride ?lm may be formed on the same substrate 
as a barrier metal ?lm in some cases. 

[0075] “The same conditions” related to the speci?c 
removal rate ratio means that a polishing apparatus of a 
speci?ed type is used, and the rotating speeds of the platen 
and head thereof, polishing pressure, polishing time, the 
kind of a polishing pad used, and the feeding rate of a 
polishing slurry per unit time are the same. The speci?c 
removal rate ratio can be calculated out from the values of 
respective removal rates of a copper ?lm and a barrier metal 
?lm When both ?lms are separately polished under “the 
same conditions”. The polishing of these ?lms can be 
conducted by using Wafers equipped With the copper ?lm 
and the barrier metal ?lm, respectively. 

[0076] In the polishing slurries according to the present 
invention, the speci?c removal rate ratio (RBM/RCu) can be 
optionally controlled Within a range of 0.5 to 200. In order 
to control the speci?c removal rate ratio (RBM/RCu), the 
polishing slurries according to the present invention may 
contain a heterocyclic compound. 

[0077] As eXamples of such a heterocyclic compound, 
may be mentioned quinolinecarboXylic acids, indoliZines, 
compounds having a 5-membered heterocycle and com 
pounds having a 6-membered heterocycle. 

[0078] As eXamples of the quinolinecarboXylic acids, may 
be mentioned 2-quinolinecarboXylic acid (quinaldinic acid) 
and 2,3-pyridinedicarboXylic acid (quinolinic acid). 

[0079] As examples of the indoliZines, may be mentioned 
7-hydroXy-5-methyl-1,3,4-triaZaindoliZine. 

[0080] As eXamples of the compounds having a 5-mem 
bered heterocycle, may be mentioned benZotriaZoles such as 
1,2,3-benZotriaZole, 1-(N,N-bis(2-ethylheXyl)aminom 
ethyl)-benZotriaZole, carboXybenZotriaZole, 1-(2‘,3‘-dihy 
droXy-propyl)benZotriaZole, 1-(2‘,3‘-dicarboXyethyl)-benZo 
triaZole and 1-(2-ethylheXylaminomethyl)benZotriaZole; 
benZothiaZoles such as 2-aminobenZothiaZole, 2-amino-6 
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methylbenZothiaZole and 2-mercaptobenZothiaZole; triaZ 
oles such as 4-amino-1,2,4-triaZole, 4-amino-3-hydraZino 
5-mercapto-1,2,4-triaZole, 3-mercapto-1,2,4-triaZole and 
3-mercapto-4-methyl-4H-1,2,4-triaZole; tetraZoles such as 
5-amino-1H-tetraZole, 1-phenyl-5-mercapto-1H-tetraZole, 
1H-tetraZole, 1H-tetraZole-1-acetic acid and 1-(2-dimethy 
laminoethyl)-5-mercaptotetraZole; and 2-mercaptothiaZo 
line, 4,5 -dicyanoimidaZole, 2-amino-4,5 -dicyano-1H-imida 
Zole and 3H-1,2,3-triaZolo[4,5-b]pyridin-3-ol. 

[0081] As examples of the compounds having a 6-mem 
bered heterocycle, may be mentioned triaZines such as 
3-amino-5,6-dimethyl-1,2,4-triaZine, 2,4-diamino-6-dially 
lamino-1,3,5-triaZine and 3-amino-5,6-dimethyl-1,2,4-triaZ 
ine; and benZoguanamine, thiocyanuric acid, melamine, 
phthalaZine and 2,3-dicyano-5-methylpyraZine. 

[0082] As the heterocyclic compound, may also be used a 
derivative of a compound having both 5-membered hetero 
cycle and 6-membered heterocycle. As such derivatives, 
may be mentioned adenine and guanine. 

[0083] The content of such a heterocyclic compound may 
be controlled to 0.0001 to 5% by mass, preferably 0.001 to 
1% by mass, more preferably 0.01 to 0.5% by mass based on 
100% by mass of the polishing slurry. If the content of the 
heterocyclic compound is loWer than 0.0001% by mass, the 
removal rate of a copper ?lm and/or a barrier metal ?lm 
cannot be made suf?ciently high. In particular, When such a 
polishing slurry is used in polishing of the barrier metal ?lm, 
it takes a long time to polish this ?lm. On the other hand, 
there is no need to contain this heterocyclic compound in an 
amount exceeding 5% by mass. 

[0084] As described above, the speci?c removal rate ratio 
(RBM/RCu) of the polishing slurries according to the 
present invention can be freely controlled Within the range 
of 0.5 to 200. 

[0085] The polishing slurries according to the present 
invention are thereby useful as aqueous dispersions for 
polishing in a second or third polishing treatment in the case 
Where a chemical mechanical polishing step for a copper 
?lm in particular is conducted by the so-called 2-step 
polishing or 3-step polishing. 

[0086] In the 2-step polishing, are conducted a ?rst pol 
ishing treatment step that any other copper than copper ?lled 
in a Wiring groove formed on a substrate is removed by 
polishing and a second polishing treatment step that a barrier 
metal ?lm eXposed by this ?rst polishing treatment step is 
polished to form a Wiring. In the 3-step polishing, after the 
2-step polishing of above, a third polishing treatment step 
that a dielectrics eXposed after the barrier metal ?lm has 
been removed by polishing in the second polishing treatment 
step is polished is conducted as needed. 

[0087] More speci?cally, the 2-step polishing is polishing 
process composed of 2 steps of a ?rst polishing treatment 
step, in Which a copper ?lm is mainly polished, and a second 
polishing treatment step, in Which a barrier metal ?lm is 
mainly polished. The 2 polishing treatment steps may be 
performed independently of each other, and continuity With 
time and continuity related to a polishing apparatus betWeen 
2 steps are not required. 
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[0088] The ?rst polishing treatment step and second pol 
ishing treatment step can be continuously conducted by 
successively changing and feeding a polishing slurry in the 
same polishing apparatus. In the same polishing apparatus, 
a semiconductor substrate that is an article to be polished 
may also be taken out after completion of the ?rst polishing 
treatment step and perform the second polishing treatment 
step after changing the polishing slurry. 

[0089] The ?rst polishing treatment step and second pol 
ishing treatment step may also be conducted by separate 
polishing apparatus. Apolishing apparatus having a plurality 
of polishing pads in its interior is used to conduct the ?rst 
polishing treatment step by one polishing pad and the second 
polishing treatment step by the other polishing pad, Whereby 
the ?rst polishing treatment step and second polishing 
treatment step can also be continuously performed for an 
article to be polished. 

[0090] Either of the ?rst polishing treatment step and the 
second polishing treatment step can be achieved With opera 
tions divided into tWo or more. 

[0091] In the ?rst polishing treatment step in such a 2-step 
polishing treatment or 3-step polishing treatment as 
described above, for example, a polishing slurry Whose 
speci?c removal rate ratio (RBM/RCu) is at most 0.1 may 
preferably be used. 

[0092] As the aqueous dispersion for chemical mechanical 
polishing used in the ?rst polishing treatment step, a pol 
ishing slurry containing abrasive grains, an oxidiZing agent 
and an organic acid and containing a surfactant or the like as 
needed may be speci?cally used. 

[0093] As the abrasive grains, may be used, for example, 
those composed of at least one of inorganic particles and 
organic particles. The proportion thereof is 0.01 to 10% by 
mass, preferably 0.01 to 5% by mass based on 100% by 
mass of the polishing slurry. 

[0094] As the oxidiZing agent, may be used, for example, 
a persulfate (ammonium salt, potassium salt or the like), 
heteropoly-acid (for example, silicomolybdic acid, phospho 
molybdic acid, silicotungstic acid, phosphotungstic acid or 
the like), permanganic acid compound (potassium salt or the 
like), bichromic acid compound (potassium salt or the like) 
or hydrogen peroxide. The proportion thereof is 0.01 to 10% 
by mass, preferably 0.05 to 5% by mass, particularly pref 
erably 0.1 to 3% by mass based on 100% by mass of the 
polishing slurry. 
[0095] As the organic acid, may be used, for example, one 
or at least tWo of quinolinic acid, quinolinecarboxylic acid, 
fumaric acid, phthalic acid, malic acid, tartaric acid and 
citric acid. The proportion thereof is 0.0001 to 7% by mass, 
preferably 0.001 to 5% by mass, more preferably 0.01 to 1% 
by mass based on 100% by mass of the polishing slurry. 

[0096] The polishing slurry according to the present 
invention, Whose speci?c removal rate ratio (RBM/RCu) is 
controlled to 10 to 200, preferably 15 to 200, more prefer 
ably 20 to 200, is particularly useful in the second polishing 
treatment step performed for a surface to be polished after 
polishing is conducted until the copper ?lm is almost 
completely removed by the ?rst polishing treatment step, 
since the removal rate of the barrier metal ?lm is high, and 
the removal rate of the copper ?lm is loW When this 
polishing slurry is used. 
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[0097] As a heterocyclic compound used for providing the 
polishing slurry Whose speci?c removal rate ratio (RBM/ 
RCu) is 10 to 200, are preferred the benZotriaZoles among 
the above-mentioned heterocyclic compounds. 1,2,3-Ben 
ZotriaZole, carboxybenZotriaZole, 1-(2‘,3‘-dicarboxyethyl) 
benZotriaZole and 1-(2-ethylhexyl-aminomethyl)benZotriaZ 
ole are more preferred, With 1,2,3-benZotriaZole being par 
ticularly preferred. The proportion contained is preferably 
0.001 to 0.1% by mass, more preferably 0.005 to 0.05% by 
mass. 

[0098] On the other hand, the polishing slurry according to 
the present invention, Whose speci?c removal rate ratio 
(RBM/RCu) is controlled to 0.5 to 3, preferably 0.7 to 2, 
more preferably 0.8 to 1.5, is usefully used in the second 
polishing treatment step performed for an article to be 
polished that the polishing of the copper ?lm is not complete 
in the ?rst polishing treatment step, or the second or third 
polishing treatment step in the 3-step polishing treatment, 
since suf?cient removal rate is achieved for both copper ?lm 
and barrier metal ?lm. 

[0099] As a heterocyclic compound used for providing the 
polishing slurry Whose speci?c removal rate ratio (RBM/ 
RCu) is 0.5 to 3, are preferred the quinolinecarboxylic acids 
and indoliZines among the above-mentioned heterocyclic 
compounds. Quinaldinic acid and quinolinic acid and 7-hy 
droxy-5-methyl-1,3,4-triaZaindoliZine are more preferred, 
With quinaldinic acid and 7-hydroxy-5-methyl-1,3,4-triaZa 
indoliZine being particularly preferred. The proportion con 
tained is preferably 0.001 to 5% by mass, more preferably 
0.01 to 1% by mass. 

[0100] As described above, the polishing slurries accord 
ing to the present invention contain (A) simple particles 
composed of at least one selected from inorganic particles 
and organic particles and (B) composite particles as abrasive 
grains and may contain a suitable heterocyclic compound for 
controlling the speci?c removal rate ratio (RBM/RCu). 
Further, the polishing slurries according to the present 
invention may contain additives such as an oxidiZing agent, 
a surfactant and an organic acid as needed. 

[0101] The oxidiZing agent is added for the purpose of 
improving the removal rate. As the oxidiZing agent, may be 
used, for example, a persulfate, hydrogen peroxide, inor 
ganic acid, organic peroxide, polyvalent metal salt or the 
like. 

[0102] As examples of the persulfate, may be mentioned 
ammonium persulfate and potassium persulfate. As 
examples of the inorganic acid, may be mentioned nitric acid 
and sulfuric acid. As examples of the organic peroxide, may 
be mentioned peracetic acid, perbenZoic acid and tert-butyl 
hydroperoxide. 

[0103] As examples of the polyvalent metal salt, may be 
mentioned permanganic acid compound and bichromic acid 
compounds. The permanganic acid compound may include 
potassium permanganate, and the bichromic acid com 
pounds may include potassium bichromate. 

[0104] Among these, hydrogen peroxide, persulfates and 
inorganic acids are preferred as the oxidiZing agent. 

[0105] The proportion of the oxidiZing agent contained 
may be controlled to at most 10% by mass, preferably 0.01 
to 10% by mass, particularly 0.05 to 5% by mass, especially 
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0.1 to 3% by mass based on 100% by mass of the polishing 
slurry. It is not necessary to contain the oxidizing agent in a 
proportion exceeding 10% by mass. 

[0106] The surfactant is added for the purpose of control 
ling the removal rate and reducing scratches, and any of a 
cationic surfactant, an anionic surfactant and a nonionic 
surfactant may be used. The anionic surfactant is particularly 
preferred. 

[0107] As examples of such an anionic surfactant, may be 
mentioned carboxylic acid salts, sulfonic acid salts, sulfate 
salts and phosphate salts. 

[0108] As examples of the carboxylic acid salts, may be 
mentioned fatty acid soap and alkyl ether carboxylic acid 
salts. As examples of the sulfonic acid salts, may be men 
tioned alkyl benZene sulfonic acid salts, alkyl naphthalene 
sulfonic acid salts and ot-ole?nsulfonic acid salts. As 
examples of the sulfate salts, may be mentioned higher 
alcohol sulfate salts, alkyl ether sulfate salts and polyoxy 
ethylene alkyl phenyl ether sulfate salts. As examples of the 
phosphate salts, may be mentioned alkyl phosphate salts. 

[0109] Among these anionic surfactants, sulfonic acid 
salts are preferred, alkyl benZene sulfonic acid salts are more 
preferred, With potassium dodecylbenZenesulfonate being 
particularly preferred. 

[0110] The proportion of the surfactant contained may 
preferably be controlled to at most 5% by mass, more 
preferably at most 1% by mass, particularly preferably at 
most 0.5% by mass based on the 100% by mass of the 
polishing slurry. If this content exceeds 5% by mass, the 
removal rate of the copper ?lm in particular is greatly 
decreased. It is hence not preferable to contain the surfactant 
in such a high proportion. 

[0111] In the present invention, the organic acid is added 
for the purpose of improving the removal rate. For this 
purpose, Wide kinds of organic acid, such as monobasic 
acids, dibasic acids, hydroxy acids and carboxylate acids, 
may be used. For example, saturated acids, unsaturated acids 
and aromatic acids may be mentioned. 

[0112] As examples of the saturated acids, may be men 
tioned formic acid, acetic acid, butyric acid, oxalic acid, 
malonic acid, succinic acid, glutaric acid, adipic acid and 
hydroxy acids. As examples of the unsaturated acid, may be 
mentioned maleic acid and fumaric acid. As examples of the 
aromatic acids, may be mentioned benZoic acid and phthalic 
acid. As examples of the hydroxy acids, may be mentioned 
lactic acid, malic acid, tartaric acid and citric acid. 

[0113] Among these organic acids, malonic acid, succinic 
acid, maleic acid, lactic acid and citric acid are preferred. 

[0114] The proportion of the organic acid contained may 
be controlled to at most 10% by mass, preferably 0.01 to 
10% by mass, particularly 0.1 to 5% by mass, especially 0.3 
to 3% by mass based on 100% by mass of the polishing 
slurry. It is not necessary to contain the organic acid in a 
proportion exceeding 5% by mass. 

[0115] The polishing slurries according to the present 
invention are obtained by dispersing or dissolving the abra 
sive grains, heterocyclic compound and additives described 
above in an aqueous medium. As the aqueous medium, may 
be mentioned Water, mixed medium of Water and alcohol, 
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and the like. As examples of the alcohol, may be mentioned 
methanol and ethanol. Among these media, Water is pre 
ferred as the aqueous medium. 

[0116] The pH of the polishing slurries according to the 
present invention may be controlled to a value of a suitable 
region Within a range of 2 to 12, With pH 3 to 11 being 
particularly preferred. When the pH falls Within this range, 
suf?cient removal rate can be realiZed, and occurrence of 
surface defects such as scratches can be prevented even 
When a fragile dielectrics is polished. 

[0117] The pH of the polishing slurry Whose speci?c 
removal rate ratio (RBM/RCu) is controlled to 10 to 200 is 
preferably 7 to 12, more preferably 8 to 11 When the 
polishing slurry is used in the second polishing treatment 
step performed for an article to be polished that the copper 
?lm has been almost completely removed in the ?rst pol 
ishing treatment step of the 2-step polishing treatment. 
When the pH falls Within this range, the removal rate of the 
barrier metal ?lm becomes suf?cient, and occurrence of 
surface defects such as scratches can be prevented even 
When a fragile dielectrics is polished. 

[0118] The pH of the polishing slurry Whose speci?c 
removal rate ratio (RBM/RCu) is controlled to 0.5 to 3 is 
preferably 5 to 10, more preferably 6 to 9 When the polishing 
slurry is used in the second polishing treatment step per 
formed for an article to be polished that the copper ?lm is not 
completely removed in the ?rst polishing treatment step of 
the 2-step polishing treatment, or used in the second or third 
polishing treatment step of the 3-step polishing treatment. 
When the pH falls Within this range, both removal rates of 
the barrier metal ?lm and copper ?lm becomes sufficient, 
and occurrence of surface defects such as scratches can be 
prevented even When a fragile dielectrics is polished. 

[0119] The adjustment of the pH can be conducted by 
means that a proper amount of the inorganic acid or organic 
acid described above is added, and also by means that a 
suitable basic substance is contained in a proper amount. 

[0120] As examples of the basic substance, may be men 
tioned hydroxides of alkali metals and ammonia. As the 
hydroxide of an alkali metal, may be used sodium hydrox 
ide, potassium hydroxide, rubidium hydroxide or cesium 
hydroxide. 

[0121] In order to perform a chemical mechanical polish 
ing treatment of a semiconductor substrate or the like With 
the polishing slurry according to the present invention, it is 
only necessary to use a commercially available chemical 
mechanical polishing.apparatus, for example, “EPO-112” or 
“EPO-222” manufactured by Ebara Corporation, “LGP 
510” or Model “LGP-552” manufactured by Lap Master 
SFT Corp., “Mirra” manufactured by Applied Materials Inc., 
or the like to conduct the polishing treatment under pre 
scribed conditions. 

[0122] After completion of the polishing treatment, the 
abrasive grains remaining on the polished surface are pref 
erably removed. The removal of the abrasive grains can be 
conducted by an ordinary cleaning method. For example, 
cleaning is conducted With an alkaline Washing solution 
containing ammonia, hydrogen peroxide and Water in a ratio 
of about 1:1:5 in terms of Weight after brush-scrubbing, 
Whereby the abrasive grains adhered to the surface to be 
polished can be removed. 
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[0123] In order to remove impurity metal species adsorbed 
on the polished surface, cleaning may be conducted With a 
cleaning solution composed of, for example, an aqueous 
solution of citric acid, a mixed aqueous solution of hydrof 
luoric acid and citric acid or a mixed aqueous solution of 
hydro?uoric acid and ethylenediamine-tetraacetic acid 
(EDTA). 
[0124] The polished surface may also be heated to a high 
temperature in the presence of oxygen, thereby burning and 
removing the organic particles on the polished surface. As 
examples of a speci?c method of burning, may be mentioned 
an ashing treatment by causing oxygen plasma to act or With 
plasma by supplying oxygen radical by doWn ?oW. By this 
method, the organic particles remaining on the polished 
surface can be easily removed. 

[0125] According to the present invention, a semiconduc 
tor substrate provided With a copper ?lm and a barrier metal 
?lm and also With an inter layer dielectrics of, for example, 
a loW dielectric constant is provided as an article to be 
polished, and chemical mechanical polishing is performed 
for the intended surface thereof to be polished With the 
aqueous dispersion for chemical mechanical polishing, 
thereby producing a semiconductor device is produced. 

[0126] A copper ?lm in the semiconductor substrate, 
Which is an article to be polished, is not limited to that 
composed of pure copper and may be a ?lm composed of a 
copper alloy having a copper content of at least 95% by 
mass, such as copper-silicon or copper-aluminum. 

[0127] A barrier metal ?lm is formed by a metal having 
high hardness, such as tantalum or titanium, a nitride or 
oxide thereof, or the like. The metal forming the barrier 
metal ?lm is not limited to a pure metal, and may be an alloy, 
for example, tantalum-niobium. When the barrier metal ?lm 
is formed by a nitride, tantalum nitride, titanium nitride or 
the like is also not necessarily a pure substance. The material 
of this barrier metal ?lm is particularly preferably tantalum 
and/or tantalum nitride. 

[0128] The barrier metal ?lm is often formed by only one 
material selected from tantalum or titanium and the like. 
HoWever, ?lms of different materials, for example, both 
tantalum ?lm and tantalum nitride ?lm may be formed on 
the same substrate as a barrier metal ?lm. 

[0129] As examples of the inter layer dielectrics, may be 
mentioned a SiO2 ?lm, a boro phospho silicate ?lm (BPSG 
?lm) in Which a small amount of boron and phosphorus is 
added to SiO2, a dielectrics called FSG (?uorine-doped 
silicate glass) in Which ?uorine is doped in SiO2 and a 
silicon oxide dielectrics of loW dielectric constant. 

[0130] As examples of silicon oxide, may be mentioned a 
thermal oxide ?lm, a PETEOS ?lm (plasma enhanced 
TEOS ?lm), an HDP ?lm (high density plasma enhanced 
TEOS ?lm) and a silicon oxide ?lm obtained by a thermal 
CVD process. 

[0131] The thermal oxide ?lm can be formed by exposing 
silicon heated to a high temperature to an oxidative atmo 
sphere to chemically react the silicon With oxygen or Water. 
The PETEOS ?lm can be formed by a chemical vapor phase 

Aug. 19, 2004 

epitaxy process using tetraethyl orthosilicate (TEOS) as a 
raW material and utiliZing plasma as accelerating conditions. 
The HDP ?lm can be formed by a chemical vapor phase 
epitaxy process using tetraethyl orthosilicate (TEOS) as a 
raW material and utiliZing high density plasma as acceler 
ating conditions. 

[0132] The silicon oxide ?lm obtained by the thermal 
CVD process can be obtained by an atmospheric pressure 
CVD process (AP-CVD process) or loW pressure CVD 
process (LP-CVD process). The boro phospho silicate ?lm 
(BPSG ?lm) can be obtained by the atmospheric pressure 
CVD process (AP-CVD process) or loW pressure CVD 
process (LP-CVD process). The dielectrics called FSG 
(?uorine-doped silicate glass) can be formed by a chemical 
vapor phase epitaxy process utiliZing high density plasma as 
accelerating conditions. 

[0133] The silicon oxide dielectrics of loW dielectric con 
stant can be obtained by applying a raW material on to a 

substrate by, for example, a spin coating method and then 
heating it under an oxidative atmosphere. As examples of the 
silicon oxide dielectrics of loW dielectric constant obtained 
in such a manner, may be mentioned an HSQ ?lm (hydrogen 
silsesquioxane ?lm) using triethoxysilane as a raW material, 
an MSQ ?lm (methyl silsesquioxane ?lm) using tetraethox 
ysilane and a small amount of methyltrimethoxysilane as 
raW materials, and dielectrics of loW dielectric constant 
using other silane compounds as raW materials. As these 
dielectrics of loW dielectric constant, dielectrics obtained by 
mixing proper organic polymer particles With the raW mate 
rial and using the mixture, thereby burning out the polymer 
to form voids in a heating step to make the dielectric 
constant loWer may also be used. Dielectrics of a loW 
dielectric constant using an organic polymer such as pol 
yarylene polymer, polyallylene ether polymer, polyimide 
polymer or benZocyclobutene polymer as a raW material 
may also be mentioned. 

EXAMPLES 

[0134] The present invention Will hereinafter be described 
in more detail by the folloWing Examples. All designations 
of “part” or “parts” as Will be used in the folloWing examples 
mean part or parts by mass unless expressly noted. 

[0135] (1) Preparation of Aqueous Dispersion DA1 Con 
taining Inorganic Particles: 

[0136] (1-1) Preparation of Aqueous Dispersion DA1 
Containing Fumed Silica Particles A1: 

[0137] Fumed silica particles (product of Nippon Aerosil 
Co., Ltd.; trade name “Aerosil #90”; average primary par 
ticle diameter: 20 nm) in an amount of 2 kg Were dispersed 
in 6.7 kg of ion-exchanged Water by means of an ultrasonic 
dispersing machine, and the dispersion Was ?ltered through 
a ?lter having a pore siZe of 5 pm to prepare Aqueous 
Dispersion DA1 containing Fumed Silica Particles Al. The 
average secondary particle diameter of the silica particles in 
Aqueous Dispersion DA1 Was 220 nm. 
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[0138] (l-2) Preparation of Aqueous Dispersion DA2 
Containing Colloidal Silica Particles A2: 

[0139] A rotating type dispersing machine Was charged 
With 70 parts of aqueous ammonia having a concentration of 
25% by mass, 40 parts of ion-exchanged Water, 35 parts of 
ethanol and 15 parts of tetraethoxysilane, and the mixture 
Was heated to 60° C. With stirring at 180 rpm. After the 
mixture Was continuously stirred for 2 hours at this tem 
perature, it Was cooled to obtain an alcohol dispersion of 
colloidal silica particles. A process of removing an alcohol 
component by means of an evaporator While adding ion 
exchanged Water at 80° C. Was repeated several times to 
remove the alcohol component in the dispersion, thereby 
preparing Aqueous Dispersion DA2 containing Colloidal 
Silica Particles A2 at a solid concentration of 8% by mass. 
The average primary particle diameter of Colloidal Silica 
Particles A2 in Aqueous Dispersion DA2 Was 30 nm, While 
the average secondary particle diameter Was 45 nm. 

[0140] (2) Preparation of Aqueous Dispersion Containing 
Composite Particles B: 

[0141] (2-l) Preparation of Aqueous Dispersion Dbl Con 
taining Organic Particles: 

[0142] A ?ask Was charged With 90 parts of methyl 
methacrylate, 5 parts of methoxypolyethylene glycol meth 
acrylate (product of Shin-Nakamura Chemical Co., Ltd.; 
trade name “NK Ester M-90G”, #400), 5 parts of 4-vinylpy 
ridine, 2 parts of an aZo type polymeriZation initiator (prod 
uct of Wako Pure Chemicals Industries, Ltd.; trade name 
“V50”) and 400 parts of ion-exchanged Water, and the 
mixture Was heated to 70° C. With stirring under a nitrogen 
gas atmosphere to conduct polymeriZation for 6 hours, 
thereby obtaining an aqueous dispersion containing organic 
particles having an average particle diameter of 150 nm 
composed of a polymethyl methacrylate polymer having a 
cation of an amino group and a polyethylene glycol chain as 
functional groups. This aqueous dispersion Was diluted With 
Water, thereby obtaining an aqueous dispersion the organic 
particle content in Which Was adjusted to 10% by mass. The 
yield of the polymeriZation Was 95%. 

[0143] A ?ask Was charged With 100 parts of the thus 
obtained aqueous dispersion containing the organic particles 
in a proportion of 10% by mass and, 1 part of methyltri 
methoxysilane Was added, the mixture Was stirred at 40° C. 
for 2 hours, and nitric acid Was then added to adjust the pH 
thereof to 2, thereby obtaining Aqueous Dispersion Dbl. 
The Zeta potential of the organic particles contained in 
Aqueous Dispersion Dbl Was +17 mV. 

[0144] (2-2) Preparation of Aqueous Dispersion Db2 Con 
taining Inorganic Particles: 

[0145] Colloidal silica dispersion (product of Nissan 
Chemical Industries, Ltd.; trade name “SnoWtex O”, average 
primary particle diameter: 12 nm) Was dispersed in Water, 
and an aqueous solution of potassium hydroxide Was added 
to the dispersion to adjust a pH of the dispersion,. thereby 
obtaining Aqueous Dispersion Db2 having a pH of 8 and 
containing 10% by mass of inorganic particles composed of 
colloidal silica. The Zeta potential of the silica particles 
contained in Aqueous Dispersion Db2 Was —40 mV. 
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[0146] (2-3) Preparation of Composite Particles B: 

[0147] While stirring 100 parts of Aqueous Dispersion 
Dbl, 50 parts of Aqueous Dispersion Db2 Were gradually 
added thereto over 2 hours, and the resultant mixture Was 
additionally stirred for 2 hours to obtain Aqueous Dispersion 
Db containing Composite Particles B With the inorganic 
particles composed of silica bonded to the surfaces of the 
organic particles composed of the polymethyl methacrylate 
polymer. To Aqueous Dispersion Db, Were added 2 parts of 
vinyltriethoxysilane, and the mixture Was stirred for 1 hour. 
Thereafter, 1 part of tetraethoxysilane Was added, and the 
mixture Was heated to 60° C., continuously stirred for 3 
hours and then cooled, thereby obtaining Aqueous Disper 
sion DB containing Composite Particle B having an average 
particle diameter of 180 nm in a proportion of 10% by mass. 
Composite Particles B Were such that the silica particles 
adhered to the outer surfaces of the polymethyl methacrylate 
polymer particles so as to cover 80% of the surface area 
thereof. 

[0148] (3) Production of Dielectrics of LoW Dielectric 
Constant: 

[0149] (3-l) Preparation of Polysiloxane Sol: 

[0150] A mixed solution composed of 101.5 g of methyl 
trimethoxysilane, 276.8 g of methyl methoxypropionate and 
9.7 g of tetraisopropoxytitanium/ethyl acetoacetate complex 
Was heated to 60° C., and a mixture of 92.2 g of y-butyro 
lactone and 20.1 g of Water Was added dropWise to this 
mixed solution over 1 hour. After completion of the addition, 
a reaction Was conducted at 60° C. for 1 hour to obtain 
polysiloxane sol. 

[0151] (3-2) Production of Polystyrene Particles: 

[0152] A ?ask Was charged With 100 parts of styrene, 2 
parts of an aZo type polymeriZation initiator (product of 
Wako Pure Chemicals Industries, Ltd.; trade name “V60”), 
0.5 parts of potassium dodecylbenZenesulfonate and 400 
parts of ion-exchanged Water, and the mixture Was heated to 
70° C. under the nitrogen atmosphere With stirring to con 
duct polymeriZation for 6 hours, thereby obtaining polysty 
rene particles having an average particle diameter of 150 
nm. 

[0153] (3-3) Production of Dielectrics of LoW Dielectric 
Constant: 

[0154] Fifteen grams of the polysiloxane sol obtained in 
the step (3-l) Were mixed With 1 g of the polystyrene 
particles obtained in the step (3-2), and the resultant mixture 
Was coated on to a thermal oxide ?lm-coated silicon sub 
strate having a diameter of 8 inch by a spin coating method 
to form a coating ?lm. Thereafter, the substrate Was heated 
at 80° C. for 5 minutes and then at 200° C. for 5 minutes in 
an oven. The substrate Was then heated at 340° C. for 30 
minutes, at 360° C. for 30 minutes, at 380° C. for 30 minutes 
and additionally at 450° C. for 1 hour under reduced 
pressure, thereby forming a colorless transparent ?lm having 
a thickness of 2,000 

[0155] The section of this ?lm Was observed through a 
scanning electron microscope. As a result, it Was con?rmed 
that a great number of ?ne voids are formed. The relative 
dielectric constant, modulus of elasticity and voids thereof 
were 1.98, 3 GPa and 15%, respectively. 
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Example 1 

[0156] [Preparation of Polishing Slurry] 
[0157] Apolyethylene-made bottle Was charged 2 parts by 
mass, in terms of solids, of Aqueous Dispersion A1 con 
taining the fumed silica particles prepared in the step (1-1) 
and 0.5 parts by mass, in terms of solids, of Aqueous 
Dispersion B containing the composite particles prepared in 
the step (2), 0.02 parts by mass of 1,2,3-benZotriaZole 
(BTA), 1 part by mass of maleic acid, 0.05 parts by mass of 
potassium dodecylbenZenesulfonate (PDBS) and 1 part by 
mass of hydrogen peroxide Were successively contained, 
and the resultant mixture Was stirred for 15 minutes. The pH 
of the mixture Was adjusted to 9 With potassium hydroxide, 
ion-exchanged Water Was added in such a manner that the 
total mass of all the components is 100 parts by mass, and 
the thus-adjusted mixture Was ?ltered through a ?lter having 
a pore siZe of 5 pm to obtain a polishing slurry having a pH 
of 9.5. This slurry is called “Slurry 1”. 

[0158] [Evaluation of Removal Rate] 
[0159] Slurry 1 prepared above Was used, and a Wafer 
having various kinds of ?lms Was placed on a chemical 
mechanical polishing apparatus (CMP apparatus, Model 
“EPO112”, manufactured by Ebara Corporation) to perform 
polishing for 1 minute by means of a polishing pad (product 
of Rodel Nitta, Ltd.; trade name “IC1000”) made of porous 
polyurethane under the folloWing conditions to evaluate a 
removal rate. 

[0160] 
[0161] 
[0162] 
[0163] 

[0164] Articles to be polished for evaluation are the fol 
loWing Wafers. 

Head rotating speed: 70 rpm 

Head load: 250 g/cm2 

Table rotating speed: 70 rpm 

Polishing slurry-feeding rate: 300 ml/min 

[0165] (1) Wafer Sample 1 for evaluating removal rate on 
copper ?lm: 

[0166] A Wafer obtained by forming a copper ?lm having 
a thickness of 15,000 A on a silicon substrate 8-inch in 
diameter having a thermal oxide ?lm. 

[0167] (2) Wafer Sample 2 for evaluating removal rate on 
barrier metal ?lm: 

[0168] A Wafer obtained by forming a tantalum nitride 
?lm having a thickness of 1,500 A on a silicon substrate 
8-inch in diameter having a thermal oxide ?lm. 

[0169] (3) Wafer Sample 3 for evaluating removal rate on 
dielectrics: 

[0170] A Wafer obtained byoforming a plasma TEOS ?lm 
having a thickness of 10,000 A on a silicon substrate 8-inch 
in diameter. 
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[0171] (4) Wafer Sample 4 for evaluating removal rate on 
dielectrics of loW dielectric constant: 

[0172] The thermal oxide ?lm-coated silicon substrate 8 
inch in diameter produced in the step (3-3), on Which a 
dielectrics of laW dielectric constant having a thickness of 
2,000 A Was formed. 

[0173] The ?lm thickness after the polishing treatment 
Was measured in accordance With the folloWing method to 
calculate out the removal rate. The results are shoWn in 
Table 1. More speci?cally, the thickness of the copper ?lm 
and tantalum nitride ?lm Were measured by means of an 
electroconduction type ?lm thickness meter (manufactured 
by KLA-Tencor Co., model “OMNIMAP RS75”) . The 
thickness of the TEOS ?lm and dielectrics of loW dielectric 
constant Were measured by means of a light interference 
type ?lm meter (manufacture by SENTEC Co., model 
“FPT500”). 

[0174] [Evaluation] 
[0175] Peeling of an outer peripheral portion of the dielec 
trics of loW dielectric constant and the number of scratches 
after the polishing treatment Were evaluated. More speci? 
cally, after a dielectrics of loW dielectric constant Was 
formed on a silicon substrate in the same manner as in the 

step (3-3), and this substrate Was polished under the same 
conditions as described above, it Was cleaned and dried, and 
separation at the outer peripheral portion Was then observed 
visually and through an optical microscope. 

[0176] The Whole surface of the polished surface Was 
observed visually, through an optical microscope and by a 
pattern-free Wafer surface dust particle inspection apparatus 
(manufactured by KLA-Tencor Co., model “Surfscann 
SP1”) to evaluate the number of scratches. 

[0177] The results are shoWn in Table 1. 

Examples 2 to 5, and Comparative Examples 1 and 
2 

[0178] Six polishing slurries “Slurry 2” to “Slurry 7” Were 
evaluated as to polishing performance in the same manner as 
in Example 1 except that the polishing slurries Were pre 
pared by changing the abrasive grains, other additives and 
pH in accordance With their corresponding formulations 
shoWn in Table 1, and used respectively. The results are 
shoWn in Table 1. 

[0179] In Table 1, “BTA” in the line of Heterocyclic 
compound means 1,2,3-benZotriaZole, and “HMT” means 
7-hydroxy-5-methyl-1,3,4-triaZaindoliZine. “PDBS” in the 
line of Surfactant means potassium dodecylbenZene 
sulfonate. 

TABLE 1 

Compara- Compara 
tive tive 

Example 1 Example 2 Example 3 Example 4 Example 5 Example 1 Example 2 

Aqueous dispersion for 
polishing 
Abra- Parti- Kind 

grains (1) 

Slurry 1 

Fumed 
sive cles silica 

Slurry 2 Slurry 3 Slurry 4 Slurry 5 Slurry 6 Slurry 7 

Colloidal Colloidal Fumed Fumed Fumed Colloidal 
silica silica silica silica silica silica 
A2 A2 A1 A1 A1 A2 
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TABLE l-continued 
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Compara- Compara 
tive tive 

Example 1 Example 2 Example 3 Example 4 Example 5 Example 1 Example 2 

Contained 2.0 2.0 2.0 1.0 4.0 3.0 2.0 
proportion 
(part) 

Parti- Kind Composite Composite Composite Composite Composite None None 
cles parti- parti- parti- parti- parti 
(2) cles B cles B cles B cles B cles B 

Contained 0.5 0.5 0.5 1.0 1.0 — — 

proportion 
(part) 

Heterocyclic Kind BTA BTA HMT Quinal- BTA BTA BTA 
compound dinic 

acid 
Contained 0.02 0.02 0.1 0.2 0.05 0.02 0.02 
proportion 
(part) 

Organic Kind Maleic Succinic Maleic Succinic Maleic Maleic Maleic 
acid acid acid acid acid acid acid acid 

Contained 1.0 1.0 1.0 1.5 1.0 1.0 1.0 
proportion 
(part) 

Surfactant Kind PDBS PDBS PDBS PDBS None PDBS PDBS 
Contained 0.05 0.05 0.05 0.05 — 0.05 0.05 

proportion 
(part) 

Oxidising Kind Hydrogen Hydrogen Hydrogen Hydrogen Hydrogen Hydrogen Hydrogen 
agnet peroxide peroxide peroxide peroxide peroxide peroxide peroxide 

Contained 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
proportion 
(part) 

pH 9.5 9.4 7.5 7.2 9.5 9.5 9.5 
Removing Copper 60 55 600 850 2 70 55 

(A/min) Tantalum 1100 1300 920 800 1200 1150 1250 
nitride 
TEOS ?lm 20 50 50 60 850 50 40 
Dielectrics 15 40 15 30 450 40 35 
of lOW 
dielectric 
constant 

Removing rate ratio 18.3 23.6 1.5 0.9 60.0 16.4 22.7 

Condition of Peeling of None None None None None Occured Occured 
dialectrics of an outer at some at some 

lOW dialectric peripheral part part 
constant after portion 
polishing Number of 1 0 0 1 2 10 or 10 or 

scratches more more 

[0180] It is understood from the results shown in Table 1 Examples 6 to 10 
that according to the polishing slurries of Comparative 

Examples 1 and 2 containing only the inorganic particles as [0182] In these examples, a 2_Step polishing treatment Was 
the abrasive grains, the number of scratches on the surface 

of the dielectrics of loW dielectric constant is increased, and 
peeling partially occurs though the removal rate of the 
barrier metal ?lm is high. 

[0181] On the other hand, it is understood that according 
to the polishing slurries of Examples 1 to 5 containing both 
composite particles and inorganic particles, suf?ciently high 
removal rate as to the barrier metal ?lm is achieved, the 
removal rate ratio of the copper ?lm to the barrier metal can 
be optionally controlled by changing the kind and amount of 
the heterocyclic compound added, and scratches on the 
surface of the dielectrics of loW dielectric constant are not 

caused at all or extremely little. 

performed. 

[0183] [Preparation of Polishing Slurry] 

[0184] (1) Preparation of Slurry 8. 

[0185] A polishing slurry (Slurry 8) containing 1 part of 
fumed silica, 1 part of quinolinic acid, 0.7 parts of oxalic 
acid, 0.05 parts of potassium dodecylbenZene-sulfonate and 
1 part of hydrogen peroxide per 100 parts of the polishing 
slurry and adjusted to pH 9 With potassium hydroxide Was 
prepared in a similar manner to Example 1. 
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[0186] (2) Preparation of Slurry 9. 

[0187] A polishing slurry (Slurry 9) containing 1 part of 
fumed silica, 0.5 parts of quinaldinic acid, 0.05 parts of 
potassium dodecylbenZene-sulfonate and 1 part of ammo 
nium persulfate per 100 parts of the polishing slurry and 
adjusted to pH 9.5 With potassium hydroxide Was prepared 
in a similar manner to Example 1. 

[0188] A patterned substrate (831CMP001 substrate, 
product of International SEMATECH) Was used as a sample 
for evaluation, and this substrate Was subjected to a polish 
ing treatment under the folloWing conditions to measure the 
siZes of dishing at a copper Wiring portion of a line Width of 
100 pm and erosion at an alternate Wiring site, in Which a 
copper Wiring 4.5 pm Wide and a dielectrics portion 0.5 pm 
Wide are alternately formed, by means of a probe type step 
height meter (HRP240 manufactured by KLA-Tencor Co.) 

[0189] [Polishing Treatment] 
[0190] (1) First Polishing Treatment Step: 

[0191] The same polishing apparatus and polishing pad as 
those used in Example 1 Were used. In a treatment using 
Slurry 8, the polishing treatment Was performed under the 
conditions that head rotating speed of 100 rpm, head load of 
105 g/cm2, table rotating speed of 100 rpm, polishing 
slurry-feeding rate of 300 ml/min, and polishing time of 192 
seconds. 

[0192] Dishing at (the copper Wiring portion of a line Width 
of 100 pmOWas 750 A, and erosion at the alternate Wiring site 
Was 380 A. 

[0193] In a treatment using Slurry 9, the polishing treat 
ment Was performed under the conditions, that head rotating 
speed of 100 rpm, head load of 250 g/cm2, table rotating 
speed of 100 rpm, polishing slurry-feeding rate of 300 
ml/min and polishing time of 165 seconds. Dishing at the 
copper Wiring portion of a line Width of 100 pm Was 300 A, 
and erosion at the alternate Wiring site Was 390 

[0194] (2) Second Polishing Treatment Step: 

[0195] The same polishing apparatus and polishing pad as 
those used in Example 1 Were used. Slurry 1 to Slurry 5 Were 
respectively used to conduct the polishing treatment under 
the conditions that head rotating speed of 70 rpm, head load 
of 250 g/cm2, table rotating speed of 70 rpm, polishing 
slurry-feeding rate of 300 ml/min and polishing time of 45 
or 60 seconds. 

[0196] The results are shoWn in Table 2. 

TABLE 2 
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[0197] [Effects of the Invention] 
[0198] According to the aqueous dispersions for chemical 
mechanical polishing of the present invention, occurrence of 
scratches in a polished surface is greatly prevented. even 
When it is used in a polishing treatment of an article to be 
polished composed of a semiconductor substrate having an 
inter layer dielectrics loW in mechanical strength and dielec 
tric constant, a ratio of the removal rate of a copper ?lm to 
the removal rate of a barrier metal ?lm can be easily 
controlled With a great degree of freedom to polish both 
copper ?lm and barrier metal ?lm With high ef?ciency, and 
a suf?ciently planariZed ?nished surface With high precision 
can be provided Without overpolishing the dielectrics. 

[0199] According to the production process of a semicon 
ductor device of the present invention, occurrence of 
scratches in a polished surface in a polishing treatment is 
greatly prevented even in a semiconductor substrate having 
an inter layer dielectrics loW in mechanical strength and 
dielectric constant, both copper ?lm and barrier metal ?lm 
can be polished With high efficiency, and a suf?ciently 
planariZed ?nished surface With high precision can be pro 
vided Without overpolishing the dielectrics. 

What is claimed is: 
1. An aqueous dispersion for chemical mechanical pol 

ishing comprising abrasive grains, Wherein the abrasive 
grains include: 

(A) simple particles composed of at least one selected 
from inorganic particles and organic particles, and 

(B) composite particles. 
2. The aqueous dispersion for chemical mechanical pol 

ishing according to claim 1, Wherein the simple particles (A) 
making up the abrasive grains are composed of inorganic 
particles, and the composite particles (B) are composed of 
inorganic organic composite particles obtained by integrally 
combining organic particles With inorganic particles. 

3. The aqueous dispersion for chemical mechanical pol 
ishing according to claim 1 or 2, Wherein the overall content 
of all the abrasive grains is 0.11 to 20% by mass, the content 
of the simple particles (A) is 0.1 to 19.99% by mass, and the 
content of the composite particles (B) is 0.01 to 19.9% by 
mass. 

4. The aqueous dispersion for chemical mechanical pol 
ishing according to any one of claims 1 to 3, Wherein a value 
of a speci?c removal rate ratio (RBM/RCu) represented by 
a ratio of the removal rate (RBM) of a barrier metal ?lm to 

Example 6 Example 7 Example 8 Example 9 Example 10 

First Slurry Slurry 8 Slurry 8 Slurry 9 Slurry 9 
polishing Polishing 192 192 165 165 
treatment time 

step (sec) 
Second Slurry Slurry 1 Slurry 2 Slurry 3 Slurry 4 
polishing Polishing 45 45 60 60 
treatment time 

step (sec) 
Dishing (5A) 450 480 205 200 
Erosion (A) 200 210 250 215 

Slurry 9 
165 

Slurry 5 
60 

280 
190 
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the removal rate (RCu) of a copper ?lm in the case Where the 
copper ?lm and barrier metal ?lm are polished under the 
same conditions is 0.5 to 200. 

5. The aqueous dispersion for chemical mechanical pol 
ishing according to any one of claims 1 to 3, Wherein the 
value of the speci?c removal rate ratio (RBM/RCu) repre 
sented by a ratio of the removal rate (RBM) of a barrier 
metal ?lm to the removal rate (RCu) of a copper ?lm in the 
case Where the copper ?lm and barrier metal ?lm are 
polished under the same conditions is 10 to 200. 

6. The aqueous dispersion for chemical mechanical pol 
ishing according to any one of claims 1 to 3, Wherein the 
value of the speci?c removal rate ratio (RBM/RCu) repre 
sented by a ratio of the removal rate (RBM) of a barrier 
metal ?lm to the removal rate (RCu) of a copper ?lm in the 
case Where the copper ?lm and barrier metal ?lm are 
polished under the same conditions is 0.5 to 3. 
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7. Aprocess for producing a semiconductor device, com 
prising the step of polishing a surface to be polished of a 
semiconductor material With the aqueous dispersion for 
chemical mechanical polishing according to any one of 
claims 1 to 6. 

8. Aprocess for producing a semiconductor device, com 
prising the ?rst polishing treatment step of mainly polishing 
a copper ?lm of a surface to be polished of a semiconductor 
material and the second polishing treatment step of mainly 
polishing a barrier metal ?lm With the aqueous dispersion 
for chemical mechanical polishing according to claim 5 or 6, 
conducted after the ?rst polishing treatment step. 


