
POLISHING SLURRY FOR METAL FILMS AND POLISHING METHOD Technical Field
[0001]         The present invention relates to a polishing slurry for
metal films and a polishing method that are used for polishing in the step
of forming wiring of a semiconductor device, or some other step. Background
Aft [0002] In recent years, new fine procesilogies have been developed as
the integration degree of semiconductor integrated circuits (hereinafter
referred to as LSIs) and the performance thereof have been becoming high.
Chemical mechanical polishing (hereinafter referred to as CMP) is also one
of the technologies, and is a technique used frequently in the process of
producing LSis, in particular, in the planarization of an interlayer
dielectric, the formation of metal plugs, or the fbrination of embedded
interconnections (wiring) in a tnultilayer interconnection forming step.
This technique is disclosed in, for example, the specification of USP No.
4944836. [0003]         In order to make the performance of LSIs high,
attempts of making use of copper or copper alloy as an electroconductive
material which is to be a wiring material have been recently made. However,
copper or copper alloy is not easily subjected to fine processing based on
dry etching, which frequently used to form conventional aluminum alloy
wiring. [0004]         Thus, the socalled damascene process is mainly
adopted, which is a process of deposr a a copper or copper alloy thin film
on an insulating film in which grooves are beforehand made, so as to embed
the thin film therein, and then remOV ing the thin film in any region other
than the groove regions by CMP to form embedded wiring. This technique is
disclosed in, for example, JP-A No. 2-278822. [0005]         An ordinary
method of metal CMP for polishing a wiring metal, such as copper or copper
alloy, is a method of causing a polishing pad to adhere onto a circular
polishing table (platen); impregnating the surface of the polishing pad
with a metal polishing slurry while pushing a inetal-film-formed surface of
a substrate against the polishing cloth surface; and rotating the polishing
table in the state that a - predetermined pressure (hereinafter referred to
as a polishing pressure) is applied thereto from the rear surface of the
polishing pad to the metal film, thereby removing convex regions of the
metal film by effect of relative mechanical friction between the polishing
slurry and the convex regions of the metal film. [0006] A metal polishing
slurry used for metal CMP is generally composed of an oxidizer, abrasive
grains, and water. As necessary, an oxidized metal dissolving agent, a
protective film forming agent, and others are added thereto, The surface of
a metal film is first oxidized with the oxidizer to form an oxidized layer,
and the oxidized layer is shaven off the abrasive grains. This is
considered to be a basic mechanism. The oxidized layer in concave regions
of the metal film surface does not contact the polishing pad very much;
bus, the shaving-off effect of the abrasive grabs is not given thereto.
Therefore, with the advance of CMP, the oxidized layer in convex regions of
the metal film is removed so that the substrate surface is planarized.
Details thereof are disclosed in Journal of Electrochemical Society, Vol.
138, No. 11 (1991), 3160-3464. [0007] 



It is mentioned that an effective method for making the polishing rate of
OW high is the addition of an oxidized metal dissolving agent to a
polishing slurty for metal films. This can be interpreted as follows: when
grains of a metal oxide shaven off with the abrasive grains are dissolved
into the polishing slurry (the dissolution will be referred to as etching
hereinafter), the shaving-off effect of the abrasive grains increases. The
addition of the oxidized metal dissolving agent produces an improvement in
the polishing rate of CMP; however, when an oxidized layer in concave
regions of a metal film surface is also etched so that the metal film
surface is exposed uncovered, the metal film surface is further oxidized
with the oxidizer. When this is repeated, the etching of the metal film in
the concave regions advances. As a result, there is generated a phenomenon
that a ceiling region of the surface of metal wiring embedded after the
polishing is pitied like a dish form (hereinafter, the phenomenon will be
referred to as "dishing"). Thus, the planarizing effect is iamaged. [00081
For prevention thereof, a protective film forming agent is further added to
the metal film polishing slurry. The protective film forming agent is an
agent for forming a protective fihn on the oxide layer on the metal film
surface to prevent the oxidized layer from being etched. The protective
film is desirably removed easily by the abrasive grains without
deterioration in CMP polishing rate. [0009] In order to restrain the
dishing or etching of a metal film to form LSI wiring high in reliability,
suggested is a method using a polishing slurry for metal films, which
contains an aminoacetic acid, glycine, or amidesulfuric acid as an oxidized
metal dissolving agent, and herizotriazole as a protective film forming
agent. This technique is described in, for example, JF-ANo. 8-83780. [00101
in the formation of a meted embedment, such as the formation of damascene
wiring made of cupper, eupper alloy or the like, or the formation of plug
wiring made of tungsten or the like, the following phenomena are generated
when the polishing rate of a silicon dioxide film, which is an intorlayer
dielectric formed in regions other than the embedded regions, is also
large: a phenomenon that the wiring together with the interlayer dielectric
becomes thin (hereinafter referred to as erosion), and a phenomenon that
the interlayer dielectric near the wiring metal regions is locally eroded
out (hereinafter  referred to as seams). Thus, the flatness deteriorates.
As a result, an increase in the wiring resistance, and other problems are
caused. It is therefore required to make the erosion and seams as small as
possible. [0011] In the meantime, below the wiring metal such as copper or
copper alloy, a layer made of an electric conductor, such as tantalum,
tantalum alloy or tantalum nitride, is formed as a barrier conductor layer
(hereinafter referred to as a barrier layer) fOr preventing the diffusion
of the metal into the interlayer dielectric and improving the adhesiveness.
Accordingly, it is necessary to remove the exposed barrier layer by CMP in
regions other than the wiring regions where the wiring metal. such as
copper or copper alloy is embedded. However, the conductors of the barrier
layers are higher in hardness than copper or copper alloy; therefore, a
sufficient polishing rate of the conductor is not obtained even with a
combination of two or more out of polishing materials for copper or copper
alloy, and the flatness of the polished surface becomes poor in many cases.
Thus, a two-step polishing method has been investigated, which is composed
of a first polishing step of polishing a wiring metal, and a second
polishing step of polishing a harrier layer. [0012] FiCis. I illustrate
schematic sectional views illustrating the formation of wiring through an 



ordinary damascene process. no, 1(a) illustrates a state before polishing,
and the whole illustrated therein has an interlayer dielectric I having a
surface in which grooves are made, a bather layer 2 formed to follow
surface concaves and convexes of the interlayer dielectric 1, and a wiring
metal 3 made of copper or copper alloy and deposited to be embedded into
the concaves and convexes. [0013] As illustrated in FIG 1(b), the wiring
metal 3 is first polished with a polishing liquid for
wiring-metal-polishing until the barrier layer 2 becomes exposed. Next, as
illustrated in FIG. 1(c), the resultant is polished with a polishing liquid
for barrier-layer-polishing until the convex regions of the ifiterlayer
dielectric 1 become exposed. [0011] As such a polishing liquid for
bather-layer-polishing, suggested is a polishing liquid for chemical
mechanical polishing which contains an oxidizer, an agent for forming a
protective film on a metal surface, an acid and water, and has a pH of 3 or
less wherein the concentration of the oxidizer is from 0.01 to 3% by weight
(see, for example, the pamphlet of Re-Published Patent WO 01/13417).
[001.5] About the two-step polishing method, the second polishing step of
polishing a barrier layer may be required to have an over-polishing step of
polishing the interlayer dielectric excessively in order to make the
polished surface flat, An example of the interlayer dielectric is a silicon
dioxide film, an organosilicate glass film which is low-k (low dielectric
constant) film, or a frilly-aromatic ring type low-k film. When this
interlayer dielectrit, is over-polished, there is caused erosion, which is
a phenomenon  that regions where wiring metal pieces are densely arranged
are excessively polished as compared with regions other than the
excessively-polished regions, so that the thickness of the interlayer
dielectric near the wiring metal becomes thin, or seams, wherein the
interlayer dielectric near the wiring metal is locally eroded out, in.
accordance with the composition of the Ch112 polishing slurry. Thus, the
flaniess of the polished surface may have del eriorated to cause an
increase in the wiring resistance, and other problems. [0016]         The
inventors have investigated, as a method for decreasing the generation of
the erosion or seams, a method using a polishing liquid containing a
water-soluble polymer for protecting the =dace of a wiring metal, for
example, copper, and then found out that this method makes it possible to
decrease the generation of the erosion or seams. However, on the other
hand, the water-soluble polymer is combined with copper, which is a wiring
metal, to font a copper complex on the substrate after the second polishing
step, and this copper complex is adsorbed on the substrate so as to be
turned to an organic residue so that the substrate is contaminated
therewith. Moreover, by effect of the water-soluble polymer, the abrasive
grains may be aggregated so that scratches may be generated in the polished
surface of the substrate to deteriorate the flatness. When these defects
are generated, inconveniences such as a short eimuit, disconnection, a fall
in the yield and a fall in the reliability, are generated in the production
of a high-performance semiconductor device, wherein the formation of fine
wiring is necessary and indispensable. [poi 7; An object oithe invention is
to provide a polishing slurry for metal films and a polishing method which
restrain erosion and seams from being generated while a good. rate of
polishing an interlayer dielectric is maintained, thereby making the
flatness of a surface polished therewith or thereby high. Another object of
the invention is to provide a polishing slurry for metal films and a
polishing method. which can restrain the generation of a scratch or the
generation of an organic residue on a substrate polished therewith or
thereby. Disclosure of the Invention 



[001g] The inventors have acquired an idea that in order to decrease the
generation of the erosion or seams, it is effective to use an additive that
has high adsorbability onto copper, which is a wiring metal, and have found
out that this can be attained by use of a specific polymer as the additive,
[0019] Accordingly, the present invention relates to (I) a polishing slurry
for metal films, comprising abrasive gains, a methatrylic acid based
polymer, and water. [0020] The present invention also relates to (2) the
polishing slurry for metal films according to the item (1), wherein the
methacrylio acid based polymer is at least one selected from a homopolymer
made from a methacrylic acid, and a copolymer made from metbactrylic acid
and a monomer copolymerirable  with the methacrylic acid, [0021] The
present invention also rdates to (3) the polishing slurry for metal films
according to the item (1) or (2), wherein the species of the abrasive
grains is at least one selected from silica, alumina, ceria, titania,
zirconia, germania, or modified products thereof. [0022] The present
invention also relates to (4) the polishing slurry for metal films
according to any one of the items (I) to (3), further comprising an organic
solvent, [0023] 



The present invention also relates to (5) the polishing slurry for metal
films according to any one of the items (1) to (4), further comprising an
oxidized metal dissolving agent. [0024] The present invention also relates
to (6) the polishing slurry for metal films accordiany one of the items (1)
to (4), further comprising an oxidizer for metal. [0025] The present
invention also relates to (7) the polishing slurry for metal films
according to any one of the items (1) to (6), further comprising an
anticorrosive agent for a metal. [0026] The present invention also relates
to (8) the polishing slurry for metal films according to any one of the
items (1) to (7), which is a polishing slurry for polishing a film to be
polished which has, on a surface thereof; a wiring-formed area having a
wiring density of 50% or more. [0027] The present invention also relates to
(9) a polishing method, characterized by including: a first polishing step
of polishing an electroconductive material layer of a substrate having an
interlayer dielectric having a surface comprising concave regions and
convex regions, a barrier layer for covering the interlayer dielectric
along the surface thereof, and the electroconductive material layer filled
into the concave regions so as to cover the barrier layer, thereby making
the barrier layer over the convex regions exposed; and a second polishing
step of exposing the interlayer dielectric over the convex regions by
polishing the battier layer exposed in the first polishing step by using
the polishing slurry for metal films according to any one of the items 1 to
8. [0028] 



The present invention also relates to (10) the polishing method according
to the9), wherein the interiayer dielectric is a silicon-based coating
film, or an organic polymer film. [0029] The present invention also relates
to (II) the polishing method according to the item (9).10), wherein the
electroconductive material is made mainly of copper.  [0030] The present
invention also relates to (12) the polishing method according to any one of
the items (9) to (11), wherein the barrier layer comprises at least one
selected from tantalum, Matailla3 compounds, titanium, titanium compounds,
tungsten, tungsten compounds, ruthenium, and ruthenium compounds_ [0031]
According to the present invention, the incorporation of a metitacrylic
acid based polymer makes it possible to provide a polishing slurry for
metal films and a polishing method which restrain erosion and seams from
being generated while a good rate of polishing an interlayer dielectric is
maintained, thereby making the flatness of a surface polished therewith or
thereby high. [0032] According to the present invention, the selection of
an optimal polymer out of species of the methacrylic acid based polymer
makes it possible to provide a polishing slurry for metal films and a
polishing method which can restrain the generation of a scratch or the
generation of an organic residue on a substrate polished therewith or
thereby as well as the above-mentioned advantageous effect is produced.
[0033] According to the present invention, the incorporation of abrasive
grains, an oxidizer for metal, an anticorrosive agent for a metal, and so
on makes it possible to give a good rate of polishing a wiring metal and a
bather metal as well as the above-mentioned advantageous effects are
produced. As a result 



thereof; a polishing slurry for metal films that is suitable thr the
above-mentioned second polishing step can be obtained. Brief Description of
the Drawings [0034] [Fig. I] Figs./ are schematic sectional views related
to the foimation of wiring through a damascene process. [Fig. 2] Figs.2 are
schematic sectional views illustrating a stripe-.form pattern portion of a
copper-wiring attached pattern substrate where wiring metal regions and
interlayer dielectric regions are alternately arranged, and an erosion,
respectively. [Fig. 3] Figs.3 are schematic sectional views illustrating a
portion of a copper-wiring attached pattern substrate where wiring metal
regions and interlayer dielectric regions are alternately arranged, and a
seam, respectively. Best Mode for Carrying Out the Invention [0035] The
polishing starry of the present invention, for metal films is characterized
by containing a rnethaerylic acid based polymer. The metinacrylic acid
based polymer is higher ir adsorptivity onto copper than other
water-soluble polymers, and is particularly high in adsorptivity onto
copper in a region where the wiring density is high, so as to give a very
good protecting performance. It is therefore  presumed that this makes it
possible to decrease the generation of erosion or seams when a film to be
polished is polished. The methacrylic acid based polymer is preferably at
least one selected from a homopolymer made from a rnethactylic acid, and a
copolymer made from methaerylic acid and a monomer eopolymerizable with the
methacrylic acid. [0036] 



When the methacrylic acid based polymer is a copolymer made from
methaerylle acid and a monomer copolymerizable with the methacrylic acid,
the ratio of the amount of methacrylio acid to the total amount oldie
monomers is preferably 40% or more by mole wad less than 100% by mole, more
preferably 50% or more by mole and less than 100% by mole, even more
preferably 60% or more and leas than 100% by mole, in particular preferably
70% or more and less than 100% by mole. When the ratio of the amount of
methacrylic acid is set to 40% or more by mole, the generation of erosion
and seams is effectively restrained so that the flatness of a surface to be
polished is easily made high. [0037] The weightaverage molecular weight of
the methacrylie acid based polymer is preferably 3000 or more, more
preferably 5000 or more. When the weight-average molecular weight of the
methacrylic acid based polymer is set to 3000 or more, the generation of
erosion and seams is effectively restrained so that the flatness or a
surface to be polished is easily made high. The upper limit of the
weight-average molecular weight is not particularly limited, and is
preferably 5000000 or less from the viewpoint of the solubility thereof,
From the viewpoint of the easiness of the synthesis, the easiness of the
controi of the molecular weight, and others, the weight-average molecular
weight is preferably 1000000 or less. The molecular weight is more
preferably 100000 or less since the solubilily in water is very good so
that the flexibility of the addition amount thereof is raised. [0038) The
weightaverage molecular weight of the methacrylic acid based polymer may be
measured by gel permeation chromatography, using a calibration curve of
standard polystyrene. Specifically, for example, measuring conditions
described below can be given. [0039] Instrument to be used: an IIPLC pump
(11,7100, manufactured by Hitachi, Ltd,) provided with a differential
reframonieter (model number: L-3300, manufactured by Hitachi, Ltd.) Column:
Slaodex Asahipak OF-71014Q (product name) manufactured by Shruve, Denko
K.K.        Mobile phase: a mixed liquid of a 50Inivi of disochum hydrogen
phosphate aqueous solution lacetonitrile (se- 90/10 (NW)) Flow rate- 0 6
ml/min Column temperature. 25C Examples of the monomer copolymerizahle with
methacrytic acid include:         carboxylic acids such as acrylic acid,
crotonic acid, vinylacetic acid, tight'. acid, 2-trifluorornethylacrylic
acid, itaeonic acid, furoaric acid. maleic acid, citraconic acid, mesaconic
acid,  and ginconic acid; 



sulfonic acids such as 2-acrylarnide-2-methylpropanesulfonic acid; acrylic
acid type esters such as methyl acrylate, ethyl acrylate, propyl aerylate,
butyl acrylate., 2-ethylhexyl acrylate, methyl inethacrylate, ethyl
naethacrylate, propyl ariethacrylate, butyl methacrylate, and
2-ethylliex-ylmethacryla.te; and 51111M0Ifitlin salts, alkali metal salts
and alkylarnine salts thereof. When the substrate to which, the slimy is
applied is a silicon substrate for semiconductor integrated circuits, or
the like, it is undesired that the substrate is contaminated with any
alkali metal; therefore, the copolyrnerizable monomer is preferably an acid
or ammonium salt thereof. This matter is inapplicable when the substrate is
a glass substrate or the like. [0040] As described above, in order to
decrease the generation of erosion and seams, it is more effective that the
content by percentage of methacryiic acid in the methacrylie acid based
polymer is larger. However, when attention is paid to a matter that
defects, such as the generation of an organic residue or the generation of
scratches, on the surface polished with the polishing slurry of the present
invention can he decreased, it is preferred to use, as the methacrylic acid
based polymer, a copolymer made from methacrylic acid and a monomer
copolynterizable with the methacrylic acid. [0041] The monomer
copolyrnerizable with the methacrylic acid is more preferably acrylic acid,
or acrylic acid type esters in light of an advantage that the monomer is
effective for the decrease in the defects, and is more preferably acrylic
acid and an acrylic acid ester since a balance between the advantage and a
decrease in the generation of erosion and seams can be adjusted. [0042] The
blend amount of the mettiacrytic acid based poijime, is preferably from
0.001 to 15 g, more preferably from 0.01 to 5 g for 100 g of the total
amount of all components of the polishing sleety for metal films, When the
blend amount of the methacrylic acid based polymer is set to 0.001 g or
more, the generation of erosion and seams is effectively restrained so that
the flatness of the surface to be polished is easily made high When the
amount is set to 15 g or less, the generation of erosion and seams is
restrained while the stability of the abrasive grains contained in the
polishing slurry for metal films is maintained so that the dispersibility
of the abrasive grains is made good. 



[00431 As described above, in order to restrain the generation of erosion
and seams effectively, it is preferred for the polishing slurry of the
present: invention for metal films to satisfy at least one of the following
items (1) and (2): [0044] (1) The ratio of the amount of methacrylic acid
to the total amount of the monomers constituting the methacrylic acid based
polymer is made high.  [00451 (2) Acrylic acid or acrylic acid type esters
is/are used as the monomer component copolymerizable with niethacrylic
acid. [0046] It is preferred to satisfy the items (1) and (2) since the
generation of erosion and seams is       d while defects such as scratches
and an organic residue can be decreased. In other words, the polymer is
preferably a copolymer made from methacrytic acid and acrylic acid, or a
copolymer made from methacrylic acid and acrylic acid type esters. The
polymer is in particular preferably a copolymer made from methricrylic acid
and acrylic acid, or a copolymer made from methaerylic acid and an acrylic
acid ester from the viewpoint of a decrease in the generation of erosion
and seams. The ratio of the amount of mehamylic acid to the total amount of
the monomers constituting the methaerylie acid based polymer is preferably
'70% or more by mole and less than 100% by mole, more preferably 80% or
more by mole, even more preferably 90% or more by mole. In order to
restrain the defects electively, the ratio of the amount of methaerylic
acid to the total amount of the monomers is preferably 99% or less by mole,
more preferably 95% or less by mole. [00471 The polishing slurry of the
present invention, for metal films may be divided into two liquids composed
of a shiny containing at least the abrasive grains, and an addition liquid
containing at least the niethacrylie acid based polymer. This manner makes
it possible to avoid a problem, about the stability of the abrasive grains,
caused when a large amount. of the methacrylie acid based polymer is added.
When the polishing shiny is divided into the two liquids, the metbacrylic
acid based polymer may be contained in the slurry. In this case, the
content by percentage of the methacrylic acid based polymer in the slurry
is set into a range that does not permit the dispersibility of the abrasive
grains to be damaged, [00481 in order that the polishing shiny of the
present invention for metal films may be used in the 



second polishing step, it is preferred that the slurry contains abrasive
grains, an organic solvent, an oxidized metal dissolving agent, and water.
These components will be described in detail hereinafter. [0049] (Abrasive
grains) The polishing slurry of the invention for metal films preferably
contains abrasive grains in order to gain a good rate of polishing a
barrier layer and an interlayer dielectric. The species of the abrasive
grains that may be. used is at least one selected from silica, alumina,
zirconia, ceria, 1.itania, germania, or modified products thereof. The
modified products are each a product wherein the surfaces of the abrasive
grain particles of silica, alumina, zirconia, trio, titania, gennania or
the like are modified with an alkyl group. [0050] The method for modifybg
the abrasive grain particle surfaces with an alkyl group is not
particularly limited, and may be a method of causing hydroxyl groups
present on the abrasive grain particle surfaces to react with an alkexy
silane having the alkyl group. The Ataxy silase having the alkyl group is
not particularly limited, and examples thereof include
monomelhyltrimethoxysilatie, dimethyldiraelhoxysilane,
trirnethylmonornelhoitysilarie, monoefityltrinnethoxysilarie,
diethyldintethoxysilane, triethylmonomethovsilane,
monomethyltriethoxysilane, dirnethyldiethoxysilane, and
trimethylnionoethoxysilane. The method for the reaction is not particularly
limited. For example, abrasive gain particles are caused to react with the
alicoxysiiane in the polishing slurry at room temperature. The system may
he heated to accelerate the reaction. [0051] Out of the abrasive grain
species, preferred are colioidal silica and colloidal alumina having an
average particle diameter of 200 urn or less, which are good in dispersion
stability in the polishing slurry and less give the generation number of
scratches generated by Chill), and more preferred are colloidal silica and
colloidal alumina having an average particle diameter of 100 am or less.
[0052] The particle diameter referred to herein means the secondary
particle diameter of the abrasive grains before the grains are incorporated
into a polishing slurry. The particle diameter (secondary particle
diameter) may be measured by producing a sample wherein the abrasive gains
are dispersed in water, and using an optical diffraction scattering type
particle size distribution meter. Specifically, for example, a meter
COULIERN4S0 manufactured by COULTER Electronics Co. is used to make a
measurement under the following conditions: measuring temperature: 20'C;
solvent refractive index: 1,333 (water); particle refractive index: unknown
(setting); solvent viscosity; 1,005 cp (water); run time; 200 seconds;
laser incident angle: 90'; and intensity (scattering intensity
corresponding to the turbidity): the intensity should be in the range of
5E+04 to 4E+05. When the intensity is higher than 4E+05, the sample is
diluted with water and then the diluted sample is permitted to be measured.
Colloidal particles are usually obtained in the state that the particles
are dispersed in water; thus, the particle diameter may be measured after
the sample is appropriately diluted to set the scattering intensity into
the above-tnentioned scattering intensity range. For a tentative reference,
it is advisable that the sample should be prepared to contain the particles
in an amount of 0.5 to 2.0% by mass. [0053] The abrasive grains are
preferably grains wherein primary particles are aggregated in such a manner
that the average number of the particles aggregated to each other is merely
less than 2, more preferably grains wherein primary particles are
aggregated in such a manner that, the average number of the particles
aggregated to each other is merely less than 1 2 The upper limit of the
degree of the aggregation is varied b3 accordance with the primary particle
diameter of the used abrasive grains. It would be sufficient for the
invention that: the secondary particle diameter falls in the
above-mentioned range. The aggregation degree can be obtained by gaining
the secondary particle diameter and the primary particle diameter and then
calculating the ratio therebetween (the secondary particle diameter/the 



primary particle diameter). [0054] The primary particle diameter may he
measured with a known transmission electron microscope (for example,
H-71.00PA manufactured by Hitachi, Ltd.). For example, the electron
microscope is used to take a photograph of an image of particles, and about
a give number of particles selected at will from the particles, two-axis
average primary particle diameters thereof are calculated out. The average
value of these values is then calculated. In the case that the particle
diameter distribution is wide, the given number should be rendered a number
permitting the average value to become stable. In the case of using
colloidal silica or colloidal alumina as the abrasive grains, the number of
particles to be measured may be, for example, approximately 20 since the
particle diameters are not various in general. [0055] Specifically, induced
is a rectangle (circumscribed rectangle) arranged in such a manner that the
rectangle is circumscribed to any one of the selected particles and the
long diameter thereof i.s made longest. When the long diameter of the
circumscribed rectangle is represented by L and the short diameter thereof
is represented by B, the two-axis average primary particle diameter is
calculated out as (L+B)12. This operation is made about the 20 panicles
arbitrarily selected. The average value of the resultant values is referred
to as the two-axis average primary particle diameter (R1) in the present
invention. This operation can be made automatic through computer program.
[0056] Simultaneously, the standard deviation of the average particle
diameter distribution is preferably 1 0 Mil or less, more preferably 5 mu
or less. These may be used alone or in the form of a mixture of two or more
thereof. In the method for measuring the particle diameter distribution,
the abrasive grains in the polishing slimy are charged into the COULTER.MSD
manufactured by COULTER Electronics Co., and then the value of the standard
deviation can be obtained from a chart of the particle diameter
dhuribution. [0057] The blend amount of the abrasive grains is preferably
from 0,01 to 50 g, more preferably from 0.02 to :30 g, in particular
preferably from 0.05 to 20 g for 100 g of the total amount of all the
components of the polishing slurry for metal films. When the blend amount
of the abrasive grains is set to 0.01 g or more, the polishing rate is made
good. When the amount is set to 50 g or less, the generation of scratches
is easily restrained. [0058] (Organic solvent) The polishing slurry of the
present invention for metal films preferably contains an organic 



solvent since the wettability of the polishing slurry for metal films to a
substrate can be improved and a good polishing rate can be obtained also at
the time of using an organic film as an interlayer dielectric. The organic
solvent used in the present invention is not particularly limited, and is
preferably a solvent  that can be mixed with water at any ratio. Examples
thereof include: carbonates, such as ethylene carbonate, propylene
carbonate, dimethyl carbonate, diethyl carbonate, and methyl ethyl
carbonate; lactones, such as butyrolactone, and propiolactosie; glycols,
such as ethylene glycol, propylene glycol, diet yl e glycol, dipropylene
glycol, Methylene glycol, and tripropylene glycol; glycol derivatives, for
example, glycol monoethers, such as ethylene glycol monontethyl ether,
propylene glycol monomethyl ether, diethylenc glycol monomethyl ether,
dipropylene glycol trionomethyl ether, Methylene glycol monomethyl ether,
tripropvlene glycol monomethyl ether, ethylene glycol monocthyl ether,
propylene glycol monoethyl ether, diethylene glycol monoethyl ether,
dipropylene glycol monoethyl ether, Methylene glycol noonoethyl ether,
tripropylene glycol monoethyl ether, ethylene glycol monopropyi ether,
propylene glycol monopropyl ether, diethylene glycol monopropyl ether,
dipropylene glycol monopropyl ether, Methylene glycol monopropyl ether,
tripropyleno glycol mcnopropyl ether, ethylene glycol monobutyl ether,
propylene glycol monobutyl ether, Methylene glycol monobutyl ether,
dipropylene glycol monotony' ether, Methylene glycol monoltutyl ether, and
tripropylene glycol nionobutyl ether; and glycol diethers, such RS ethylene
glycol dimethyl ether, propylene glycol &methyl ether, Methylene glycol
dimethyl ether; eh:propylene glycol dimethyl ether, Methylene glycol
dintethyl ether, tripropylene glycol dimethyl ether, ethylene glycol
diethyl ether, propylene glycol diethyl ether, diethylene glycol diethyl
ether, dipropylene glycol diethyl ether, Methylene glycol diethyl ether,
tripropylene glycol diethyl ether, ethylene glycol dipropyl ether,
propylene glycol dipropyi ether, diethylene glycol dipropyl ether,
dipropyiene glycol dipropyl ether, Methylene glycol dipropyi ether,
tripropyleue glycol dim:op)," ether, ethylene glycol &butyl ether,
propylene glycol dibutyl ether, diethylenc glycol dilattly1 ethos,
dipropylene glycol dibutyl ether, Methylene. glycol &butyl ether, and
tdpropylene glycol dibutyl ether; ethers, such as tenthydroftran, diogane,
dintethogyethane, polyethylene oxide, ethylene glycol monometh,y1 acetate,
diethylene glycol nionoethyl ether acetate, and propylene glycol monomethyl
ether acetate; alcohols, such as methanol, ethanol, propanol, n-hutanol,
mpentanol, n-hexanol, and 



isopropanol; ketones, such as acetone, and methyl ethyl ketone; and others,
such as phenol, dimethylformarnicle, mmethylpyrrolidone, ethyl acetate,
ethyl lactate, and sulfolane. The organic solvent is preferably at least
one selected from glycol monoethers, alcohols, and carbonates. j00591 The
blend amount of the organic solvent is preferably from 0.1 to 95 g, more
preferably from  0.2 to 50 g, in particular preferably from 0.5 to 10 g for
100 g of the total amount of all the components of the polishing slurry for
metal films. When the blend amount of the organic solvent is set to 0.1 g
or more, the wettability of the polishing slurry for metal films to a
substrate becomes good. When the amount is set to 95 g or less, the
volatilization of the solvent is decreased so that the safety of the
production process is certainly kept with ease. [0060) (Oxidized metal
dissolving agent)         The polishing slurry of the present invention for
metal films preferably contains an oxidized metal dissolving agent since
the dissolution of a wiring metal and a bather metal oxidized with an
oxidizer is promoted so that the polishing rates thereof can be improved.
The oxidized metal dissolving agent used in the present invention is not
particularly limited as far as the agent can cause an oxidized bather metal
or wiring metal to he dissolved in water. Examples thereof include organic
acids such as formic aid, acetic acid, propionic acid, butyric acid, valmic
acid, 2-methylbutyric acid, rt-hexanoic acid, 3,3-dimethylbutyric acid,
2-ethylbutyric acid, 4-methylperatinoic acid, n-heptanoic. acid,
2-methyillexanoic acid, n-octanoic acid, 2-ethylhexanoic acid, benzoic
acid, glycolic acid, salicylic acid, glycerin acid, oxalic acid, rtsalonic
acid. SileCi3lit acid, glutaric acid, adipie acid, pimelic acid, maleic
acid, *Italie acid, untie acid, tartaric acid, citric acid, and
p-toluenesullonic acid; and esters of these organic acid, and atinnonium
salts of these organic acids. Other examples thereof include inorganic
acids such as hydrochloric acid, sulfuric acid, and nitric acids; and
ammonium-1 salts of these inorganic acids, such as ammonium persulfate,
ammonium nitrate, and ammonium chloride, and ammonium chromate. Of these
examples, the oxidized metal dissolving agent is preferably at least one
selected from formic acid, malonic acid, nslic acid, tartaric acid, citric
acid, salicylic acid, and adipic acid since the etching rate can be
effectively restrained while a practical polishing rate is maintained.
These may be used alone or in the form of a mixture of two or more thereof
(006i]           The blend amount of the oxidized metal dissolving agent is
preferably horn 0.001 to 20 g, more preferably from 0.002 to 10 g, in
particular preferably from 0.005 to 5 g for 100 g of the total of all the
componenb of the polishing slimy for metal films. When the blend amount of
the oxidized metal dissolving agent is bet to 0.001 g or more, the
polishing rate of a wiring metal and a barrier metal is made good. When the
amount is set to 20 g or less, the etching is restrained so that the
roughness of the polished surface is easily decreased, [0062; The blend
amount of the water may be the balance. The amount is not particularly
limited as far as water is contained. [0063)  



hypochlorous acid, and ozone water. Of these examples, hydrogen peroxide is
particularly,' preferred. These may be used alone, or in the form eta
mixture of two or more thereof. When the substrate is a silicon substrate
containing elements for integrated circuits, it is undesired that the
substrate is contaminated with an alkali metal, an alkaline earth metal, a
halide, or the like; therefore, the oxidizer is desirably an oxidizer not
containing any nonvolatile component. However, about ozone water, the
composition thereof is intensely changed with th.e passage of time, Thus,
hydrogen peroxide is the most suitable. However, when the substrate to
which the slurry is applied is a glass substrate containing no
semiconductor elements, an oxidizer containing a nonvolatile component is
allowable. [00641 The blend amount of the oxidizer for metal is preferably
from 0.01 to 50 g, more preferably from 0.02. to :30 g, in particular
preferably from 0.05 to 5 g for 100 g of the total amount of all the
components of the polishing slurry for metal films. When the blend amount
of the oxidizer for metal is set to 0.01 g or more, the polishing rate
becomes good. When the amount is set to 50 g or less, the roughness oldie
polished surface is easily decreased, [0065] The polishing slurry of the
present invention for metal films may contain an anticorrosive agent for a
metal. As the anticorrosive agent for a metal, a material may be selected
which can form a protective film for a wiring metal, such as a copper based
metal. Specific examples thereof include 2-mercaptobert7othiazole, tiazole
type anticorrosive agents, such as 1,23.4riazole, 1,2,44riazcile,
3-amino-111-1 henzotriazole, 1.1sydroxybenzotriazole,
1-dihydroxy-propylbenzatriazole, 2,3-dicarboxypropylhenzotriazo1e,
4-hydroxybenzcariazole, 4-ciarboxyl(-1H-)borizotriazole,
4-carboxyl(-114)-benzotriazole methyl ester,
4-carboxyl(-11-1-)benzotriazole butyl ester, 4-
carboxyl(-111-)henzotriazole oetyl ester, 5-hexylhenzotriazole,
[1,2,3-benzotriazoly4i-methyl][1,2,44ria2olyl-1-methy1][2-et1ydhexytli3Mine
, tolyltriazole, naplithotriazole, and
bis[(1-henzotria_zolyDrnethyl]phosphonic acid. When the wiring metal
contains copper, the use of these triazok type anticorrosive agents is
preferred since the agents are very good in anticorrosive effect. [0066]
Other examples thereof include pyrimidine, 1,2,4-triazolo[1,5-a]pyrimidine,
1,3,4,6,758-liexahydro-211-pyrimido[1,2-a]pyrimid3ne,
1,3-cilphertylpyrimidine-2,4,64-tione, 1,4,5,64etraltydropyrimidine,
2,4,5,6-tetraarninopyrinaidine sulfate, 2,4,5-tribydroxypyrimidine,
2.4,6-triaminopyrimidine, 2,4,6-trichloropyrimicline,
2,4,6-triimetboxypyrimidine, 2,4,6-triphenyipyrintidine,
2,4-diamino-6-hydroxypyrimidine, 2,4.-diaminopyrimtdine,
2.2,caoarnidepyriroidirte, 2-arninopyrritnitlitie,
2-methylsulfanyi-5,7-dipberiy141,2,4)triazolo(1,5-a)pyrimidine,
2-methylsulfany1-5,7-dipherly1-4,7-dillydro-G,294)triazolo(1,5-a)pyrimidine
, and  4-aminopyrazoloP,441pyrimidine, which each contain a pyrimidine
skeleton. These may be used alone or in the form of a mixture of l-No or
more thereof, [0067] 



The blend amount of the metal anticorrosive agent is preferably from 0.001
to 10 g, more preferably from 0.005 to 5 g, in. particular preferably from
0.01 to 2 g for 100 g of the total amount of all the components of the
polishing slurry for metal films. When the blend amount of the
anticorrosive agent is set to 0.001 g or more, the etching of a wiring
metal is restrained so that the roughness of the polished metal is easily
decreased. When the amount is set to 10 g or less, the polishing rates of a
wiring metal and a metal for a barrier layer tend to become good. [0068] As
described above, the polishing slurry of the present invention for metal
films is the most preferably a shiny containing a methaerylic acid based
polymer, abrasive grains, an oxidized metal dissolving agent, an
anticorrosive agent for a metal, and an oxidizer for metal. When the
polishing slurry contains these components, the effect that the generation
of erosion and seams is restrained by the methacrylie acid based polymer
can be produced to the maximum. [0069] The polishing slurry of the present
invention for metal films may be applied to the formation of a wiring layer
in a semiconductor device. The shiny may be used in, for example, chemical
mechanical polishing (CM?) of a wiring metal layer, a barrier layer and an
interlayer dielectric. In the CMP under the same conditions, the polishing
rate ratio of the wiring metal layer/the barrier layer/the interiayer
dielectric is preferably (0.1-2)/(1)/(0.1-2), more preferably
(0.54.5)1(1)1(0,54.5). The polishing rate ratio may be obtained by
comparing the polishing rates of blanket wafers made of the materials of
the respective layers, when the wafers are polished respectively. [0070]
The into:layer dielectric may be a silicon based coating film, or an
organic polymer film. Examples of the silicon based coating film include
silica based coating films, such as silicon dioxide, floors:silicate glass,
an organosilicate glass obtained from trimethylsilane or
ditnethoxydinaethylsilane as a starting material, silicon cry-nitride, and
hydrogenated silsesqtrioxane; silicon carbide; and silicon nitride. The
organic polymer film may be a fully aromatic low-dieler,tlic-constrint
interlayer dielectric. The orga,nosilicate glass is particularly preferred.
These films are each formed by CVD, spray coating, dip coating or spraying.
A specific example of the interlayer dielectric is an interlayer dielectric
in a process for producing an LSl, in particular, in a step for forming
multi level interconnections. [0071] For the wiring metal, an
electroconducfive material may be used. The electroconductive material may
he a substance made mainly of a metal, such as copper, copper alloy, an
oxide of copper, an oxide of copper alloy, tungsten, tungsten alloy, silver
or gold, and is preferably a substance made mainly of copper, such as
copper, copper alloy, an oxide of copper, or an oxide of copper alloy. The
wising  metal layer may be a film by forming the above-mentioned substance
into a film form by a known sputtering or plating method. [00721 The
barrier layer is formed to prevent the dilhisicin of the electroconductive
material into the haterlayer dielectric, and improve the adhesiveness
between the interlayer dielectric and the electroconductive material. The
composition of the barrier layer is preferably selected from tungsten
compounds such as tungsten, tungsten nitride, tungsten alloy, titanium
compounds such as titanium, titanium nitride, titanium alloy, tantalum
compounds such as tantalum, tantalum nitride, tantalum alloy, ruthenium,
and ruthenium compounds. The harrier layer may have a monolayered structure
made of one of these substances, or a bilayered structure composed of two
or more thereof. 



[0073] The polishing slurry of the present invention for metal films can be
preferably used in the case of polishing a film to be polished which has a
wiring-formed area having a wiring density of 50% or more. The wiring
density referred to herein is a value calculated from the width of the
interlayer dielectric regions and that of the wiring metal regions
(including the barrier metal) in the area where the wiring is formed. In a
ease where their lines and spaces are each, fbr example, 100 prIl in width
and 100 p.m in width, respectively, the wiring density of the area is 50%.
[0074] When the wiring density is 50% or more, the area occupied by the
wiring metal regions becomes large; thus, problems of erosion and seams
tend to become remarkable in the area. However, when the polishing slurry
of the present invention for metal films is used to make a polish, these
problems can he decreased. The polishing slurry of the present invention
for metal films can be preferably used also in the case of polishing a film
to be polished which has a wiring- Formed area having a wiring density of
SO% or more. [0075] When a polish is made with a polishing cloth, the
machine for the polish may be an ordinary polishing machine having a holder
for holding a substrate to be polished, and a platen or polishing table to
which a motor, the rotation number of which is variable, and others are
connected and to which the polishing cloth is attached. The polishing cloth
may be an ordinary nonwoven cloth, a polyurethane foam, a porous
fluorine-contained resin, or the like, and is not particularly limited.
[0076) Conditions for the polishing are not limited, and the rotational
speed of the platen is preferably as low as 200 rpm or less so as for the
substrate not to be spun out. The pushing pressure of the semiconductor
substrate, which has a surface to be polished, onto the polishing cloth is
preferably from 1 to 100 kPa, in order that the evenness of the polishing
speed in the surface to be polished and the flatness of the pattern can be
satisfied, the pressure is more preferably front 5 to 50 kPa. When the
surface is polished, the polishing slurry of the present invention for
metal films is continuously supplied  to the polishing cloth by means of a
pump or the like. The amount of the supply is not limited, and is
preferably an amount permitting the surface of the polishing cloth to be
constantly covered with the polishing slurry. [0077} After the polishing,
it is preferred that the substrate is sufficiently washed with running
water, a spin drier or the like is then used to clear away water droplets
adhering onto the substrate, and subsequently the substrate is dried, 



[0078] In order to conduct chemical mechanical polishing in the state that
the surface state of the polishing cloth is constantly made the same, it is
preferred to perform the step of conditioning the polishing cloth before
the polishing. For example, a dresser to which diamond particles are
attached is used to condition the polishing cloth with a liquid containing
at least water. Subsequently, the polishing method of the present invention
is performed. A farther step of washing the substrate is preferably
conducted. [0079] The polishing method of the present invention is
characterized by including a first polishing step of }impaling a substrate
having an interlayer dielectric having a surface containing concave regions
and convex regions, a barrier layer for covering the interlayer dielectric
along the surface thereof, and an electinconductive material layer (wiring
metal layer) filled into the concave regions so as to cover the brinier
layer, and polishing the electroc.onductive material layer of the
substrate, thereby making the barrier layer over the convex regions
exposed, and a second polishing step or using a polishing slurry of the
present invention for metal films to polish the barrier layer, which is
made exposed in the first polishing step, thereby making the interlayer
dielectric over the convex regions exposed. The polishing method of the
present invention may be applied to, for example, the formation of a wiring
layer in a semiconductor device, [0080] The following will describe an
embodiment of the polishing method of the present invention along the
formation of a wiring layer in a semiconductor device. [0081] First, an
hnerlayer dielectric made of silicon dioxide or the like is laminated on a
substrate of silicon. Next, concave regions (exposed substrate regions)
having a predetermined pattern are formed in the surface of the inter-layer
dielectric in a known manner, such as the formation of a resist layer and
etching, so as to cause the interlayer dielectric to have convex, regions
and the concave regions. A barrier layer of tantalum or the like is formed
by vapor deposition, MID or the like to cover the interlayer dielectric
along the convexes and the concaves in the surface. [0082] Furthermore, an
etectroconductive material layer of copper or the like for covering the
barrier 



layer is formed by vapor deposition, plating, CVD or the like so as to be
filled into the concave regions. It is preferred that the thickness of the
interlayer dielectric formed on the substrate, that of the barrier layer,
and that of the eleacconductive material layer are from about 0.01 to 2.0
pm, from about 0,01 to 2.5 tun, and frof n about 0.01 to 2.5 p.m,
respectively. By way of these steps, a substrate having a structure as
illustrated in Fig. 1(a) can be yielded. [0083]        Next, for example, a
polishing slurry, for elecfroconductive material, which has a sufficiently
large polishing rate ratio of the electroconcluctive material layer to the
harrier layer is used to polish the clectrocenductive material layer in the
surface of the substrate by CM? (first polishing step). This mariner gives
a desired electric conductor pattern wherein the barrier layer in the
convex regions on the substrate is exposed into the surface and the
electroconductive material layer is caused to remain in the concave
regions, as illustrated in Fig. 1(b). When this polishing advances, the
harrier layer in the convex regions may be partially polished together with
the eleitc,concluctive material layer. By use of the polishing slurry of
the present invention for metal films, the patterned surface yielded
through the first polishing step can be polished as a surface to be
polished for a second polishing step. [0084]        In the second polishing
step, in the state that the substrate is pushed and pressed onto a
polishing cloth, a polishing platen and the substrate are relatively moved
while the polishing slurry of the present invention for metal films is
supplied into the gap between the polishing cloth and the substrate. In
this way, the barrier layer exposed through the first polishing step is
polished. According to the polishing slurry of the present invention for
metal films, the electroconductive material layer, the barrier layer and
the haterlayer dielectric can be polished, and in the second polishing
step, at least the exposed harrier layer and the electrocoriductive
material layer in the concave regions are polished. [0085]        The
polishing is ended at the time of yielding a desired pattern wherein the
whole of the interlayer dielectric beneath the barrier layer in the convex
regions is made exposed, the electroconductive material layer, which is to
be a wiring layer, is caused to remain in the concave regions, and the
cross sections of the harrier layer are made exposed at the boundaries
between the convex regions and the concave regions. This state is shown in
Fig. 1(e). [0086]         In order to keep a better flatness certainly at
the time of the polishing end, the resultant is over-pdished (when the
period until the desired pattern is yielded in the second polishing step
is, for example, 100 seconds, a matter that an additional polishing is
conducted for 50 seconds besides the 100-second polishing is referred to as
50% over-polishing). In this way, the surface may be polished into a depth
extending to a part of the interiayer dielectric in the convex. regions
(not illustrated). [0087:1 On the metal wiring formed as described above
are further formed an interlayer dielectric and a  second metal wiring
layer. An interlayer dielectric is again fol.wed between pieces of the
wiring and on the wiring, and then the surface is polished to make a flat
surface over the entire surface of the semiconductor substrate. By
repeating this process predetermined times, a semiconductor device having a
desired number of wiring layers can be produced, [0088]         The
polishing shiny of the present invention for metal films may be used not
only to polish a metal film formed on a semiconductor substrate as
described above but also to polish a substrate of a magnetic head or the
like. Examples 



[0089]        The present invention will be described in more detail by way
of the following examples; however, the present invention is not limited to
these examples without departing from the technical conception of the
present invention. For example, the kinds of the materials of the polishing
shiny and the blend ratio therebetween may be permissible besides those
descried in the examples. The composition or the structure elan object to
be polished may he a composition and a structure other than those described
in the examples. [0090] Examples I to 14, and Comparative Examples Ito 6
(Method fir preparing polishing SilltheS)        Some of individual
components shown in. Tables 1 to 3 were mixed with each other to prepare
each of polishing slurries, for metal films, of Examples 1 to 14 and
Comparative Examples Ito 6. [0091]        In each of copolymers *1 to *5
in. Tilts Ito 3, the ratio by mole (% by mole) between monomers therein is
as follows: [0092] methaerylic acid/acrylic acid 9416 *2: anethanylic
acidlacrylie acid = 73/27 *3: methacrylic acid/methyl methacrylaie 90110
*4: methacrytie acid/butyl aerylate - 95/5 *5: methaerylic acid/butyl
methacryiate - 95/5 (Polishing of copper patterned substrates)
Copper-wiring attached patterned substrates (854 manufactured by ATDF, CMA)
pattern: an interlayer dielectric made of silicon dioxide and having a
thickness of 500 am) were prepared.. A polishing slurry for
copper-film-polishing (HS-H635, manufactured by Hitachi Chemical Ca, Ltd.)
was used to polish the copper film of each of the substrates in regions
other than groove regions therein by a known CMP method. In this way,
substrates each of which is shown in Fig, 1(b) were yielded, wherein the
harrier layer in the convex regions was exposed into the surface to be
polished. The substrates were  used to evaluate polishing characteristics
of the polishing slurries of the invention for metal films. The barrier
layer of each of the patterned substrates vt as a tantalum nitride film
having a thickness of 250 A. [0093] [Polishing conditions] 



Polishing machine: polishing machine for single-side metal Elm (tvlittliA,
manufactured by Applied Materials) Polishing cloth: suedeci polishing cloth
made of foamed polyurethane Platen rotation number: 93 rotationsimin Head
rotation number: 87 rotations/min Polishing pressure: 14 kIist Polishing
slurry supply amount: 200 ruLlmin <Step of polishing the substrates>
The patterned substrates were subjected to chemical mechanical polishing
with the polishing slurries for metal films, which were prepared in the
above-mentioned method fOr preparing the polishing slurries, respectively,
under the polishing conditions for 60 seconds. This corresponds to the
second polishing step. In about 30 seconds, their interlayer dielectric in
she convex regions was entirely exposed into the surface to be polished. In
the remaining 30 seconds, this exposed interlayer dielectric was polished
in the convex regions. [0094] <Step of washing the substrates>        A
sponge brush (made of a polyvinyl alcohol based resin) was pushed onto the
surrace to be polished of each of the patterned substrates, which were
polished in the above-mentioned step of polishing the substrates. Distilled
water was then supplied to the substrate while the substrata and. the
sponge were rotated. In this way, the substrate was washed for 60 seconds.
Next, the sponge brush was removed, and then distilled water was supplied
to the surflice to be polished of the substrate for 60 seconds. Lastly, the
substrate was rotated at a high speed, thereby repelling away the distilled
water to dry the substrate. In this way, each patterned substrate used for
evaluations described below was yielded. [00951 <Evaluation items>
About each of the patterned substrates yielded in she step of washing the
substrates, the evaluations described in the following items (I) and (2)
were made. [0096]         (1) Erosion amount about each of the patterned
substrates yielded in the step of washing the substrates, the surface form
of its stripe-form patterned area, the total width of which was 2990 pm,
where wiring metal regions 90 jnn in width and interlayer dielecsric
regions 10 pm in width were alternately arranged, was measured with a
stylus pmfilometer, as illustrated in Fig. 2(a). Next, as 



illustrated in Fig. 2(b), the difference (13)- (A) between the maximum
value (13) of the polish amount (polish amount) of the interlayer
dielectric in the stripe-form patterned area and the polish amount (A) of
the interlayer dielectric, regions in the periphery of the stripe-form
patterned area, that is, the erosion amount was obtained. This was used as
an index for flatness. [0197] (2) Seam amount: about each of the patterned
substrates yielded in the step of washing the substrates, the surface form
of its stripe-form patterned area, the total width of which was 2900 gm,
whore wiring metal regions 100 pm in width and interlayer dielectric
regions 100 pm in width were alternately arranged, were measured with a
stylus profilometer, as illustrated in Fig. 3(a). Next, as illustrated in
Fig. 3(b), the distance (C) from the upper end of the kited ayer dielectric
in a vicinity 6 of one of the wiring metal regions to the lower end of an
excessively-polished interlayer dialectic region, that is, the seam amount
was obtained. This was used. as an index for flairiess. (009s1 The film
thickness of the interlayer dielectric regions was measured as follows: a
copper-wiring attached patterned substrate was used to make a polish; about
its stripe-form patterned area, the total width of which was 2900 mm, where
wiring metal regions 100 um in width and intedayer dielectric regions 100
pin in width were alternately arranged, the film thickness of the intedayer
dielectric was measured with an optical film thickness meter. The resultant
value was used as the polish amount of the interlayer dielectric. [0099]
Figs. 2 are each a schematic sectional view of the stripe-form patterned
area of the copper-wiring attached patterned substrate, where the wiring
metal regions 90 pm in width and the interlayer dielectric regions 10 um in
width were alternately arranged. Reference number 1 represents the Se:layer
dielectric; 2, the harder layer; 3, the wiring metal layer; 4, an erosion;
5, a state before the polishing; A, the polish amount of the interlayer
dielectric regions in the periphery of the stripe-form patterned area: and
13, the maximum value of the polish amount of the iinerlay:er dielectric
regions in the stripe-form patterned area. [0100] Figs. 3 are each a
schematic sectional view of the area of the copper-wiring attached
patterned substrate, where the wiring metal regions 100 pm in width and the
interlayer dielectric regions 100 pm in width were alternately arranged.
Reference number I represents the interlayer dielectric; 2, the barrier
layer; 3, the wiring metal layer; 5, a state before the polishing; 6, the
wiring metal region vicinity of the interlayer dielectric; 7, a seam: C,
the distance from the upper end of the interlayer dielectric region near
one of the wiring metal regions to the lower end of the
excessively-polished interlayer dielectric region. [0101] (3) Defects:
defects on each of the substrates were examined with a defect inspecting
device (Complus 3T, manufactured by Applied Materials), and then a
length-measurement scanning electron 



microscope was used to inspect the number of all defects (scratches and
organic residues) per cut'. The substrate was then evaluated. [0101] Table
1  Materials (part by mass)        Polymethacrylie acid (weight-average
molecular weight: Polymethacrylie acid (weight-average molecular weighV
21000) Methacrylic acid/acrylic acid copolymer *1 (weight-average molecular
sveight:8900) Methacrylic acid/acrylic acid copolymer 42 (weight-average
molecular weight 8500) tiantylic acid/methyl radhacrylate copolymer '
(weight4avit3egit molecular weight t 14000) - Methacrylic aciddautyl
acrylate copolymer 4 (weight-average molecular weight 4 13000) 4
Methaerylic acialautyl methaerylate copolymer *5 



(weight-average molecular weight 1 12000)  Polyaerylic acid (weight-average
molecular weight 4 59000) (weight-average molecular weight t 22000)
Polyvinyl alcohol  Abrasive gain s Organic solvents Oxidized metal
dissolving s.gent Oxidizer : Anticorrosive  agents Solvent  Isopropyl
alcohol 



Propylene glycol monomethyl ether Propylene glycol monopropyl ether Mahe
acid Malonio acid Hydrogen peroxide Water Erosion amount (A) Seam amount
(A)  03 - 0.54-- 0.5 L-H0.5i 0.50.50, 0,1 1 0.1 0.10.1 87.8 90.7 87.8 360
380 400 170 2001740 150 180 140 100 120 110  



The number of defects 22  Tab]e 2 Examples      surfaces are low in
flatness. ItE Comparative Examples 3 to 6, into which a polymer other than
methaerylic acid based polymers is incorporated, the generation of erosion
and seams is restrained into a slighter amount than in Comparative Examples
1 and 2. However, the flatness of the polished surfaces is low. On the
other hand, in Examples I to 14, wherein a polishing slimy of the present
invention for metal films is used, erosion and seams are effectively
restrained so that the flatness of the polished surfaces is high. In
Examples 5 to 14, wherein a copolymer made from raethacrylie acid, and
acrylic acid or an acrylic acid type esters is used, erosion and seams are
resin-Bitted into the same degree as in Examples 1 to 4, wherein a
homopolymer made from methaerylic acid is used, and further defects are
less generated than therein.  CLAIMS  1. A polishing shiny for metal films,
used for a second polishing step of a polishing method including: a first
polishing step of polishing an electroconductive material layer of a
substrate having an interlayer dielectric having a surface comprising
concave regions and convex regions, a barrier layer for covering the
interlayer dielectric along the surface thereof, and the electmeonductive
material layer filled into the concave regions so as to cover the barrier
layer, thereby making the barrier layer over the convex regions exposed;
and         the second polishing step of exposing the interlayer dielectric
over the convex regions by polishrrier layer exposed in the first polishing
step,         wherein the polishing shiny for metal films comprising
abrasive grains, a methacrylic acid based polymer, an organic solvent, and
water,        the species of the abrasive grains is at least one selected
from the group consisting of silica, alumina, ceria, titania, zirconia,
germania, and modified products thereof, 



the methacrylic acid based polymer is a copolymer made from Enethact lie
acid and a monomer copolymerizable with the methacrylic acid, and
the niethacrylic acid based polymer has a ratio of the amount of the
methacrylic acid to the total amount of the monomers being 70% or more and
less than 100% by mole.  2. The polishing slurry for metal films according
to claim 1, further comprising an oxidized metal dissolving agent.  3. The
polishing slurry for metal films according to claim I or 2, further
comprising an oxidizer for metal.  4. The polishing slurry for metal films
according to any one of claims I to 3, Farther comprising an anticorrosive
agent for a metal.         The polishing slurry for metal films according
to any one of claims I to 4, wherein the polishing slurry for metal films
is a polishing slurry for polishing a film to be polished which has, on a
surface thereof, a wiring-formed area having a wiring density of 50% or
more. 6.A polishing method including: a first polishing step of polishing
an electroconductgve material layer of a substrate having  an interlayer
dielectric having a surface comprising concave regions and convex, regions,
a barrier layer for covering the interlayer dielectric along the surface
thereof, and the electroconductive material layer filled into the concave
regions so as to cover the barrier layer, thereby making the barrier layer
over the convex regions exposed; and         a second polishing step of
exposing the interlayer dielectric over the convex regions by polishing the
barrier layer exposed in the first polishing step by using the polishing
slurry for metal films according to any one of claims I o S.  7. The
polishing method according to claim 6, wherein the interlayer dielectric is
a silicon-based coating film, or an organic polymer film.  8. The polishing
method according to claims 6 or 7, wherein the eleetroconductive material
is made mainly of" coppen  9. The polishing method according to any one of
claims 6 to 8, wherein the barrier layer comprises at least one selected
from the group consisting of tantalum, tantalum compounds, titanium,
titanium compounds, tungsten, tungsten compounds, ruthenium, and ruthenium
compounds. 


