
16 F E B 2004 SPECIFICATION POLISHING MEDIUM FOR CHEMICAL-MECHANICAL
POLISHING,  AND METHOD OF POLISHING SUBSTRATE MEMBER TECHNICAL FIELD This
invention relates to a polishing medium for  chemical-mechanical polishing,
especially suited for  polishing in the step of forming wirings of
semiconductor  devices, and a method of polishing a substrate member  by
the use of the same. BACKGROUND ART In recent years, as semiconductor
integrated circuits  (hereinafter "LSI") are made high-integration and
high-performance, new techniques for fine processing  have been developed.
Chemical-mechanical polishing  (hereinafter "CMP") is also one of them,
which is a  technique often used in LSI fabrication steps, in  particular,
in making interlaminar insulating films flat  in the step of forming
multilayer wirings, in forming  metallic plugs and in forming buried
wirings. This  technique is disclosed in, e.g., U.S. PatentNo. 4, 944, 836.
1 16 FEB 2004 Recently, in order to make LSIs high-performance,  



it is also attempted to utilize copper or copper alloys  as wiring
materials. It, however, is difficult for the  copper or copper alloys to be
finely processed by dry  etching often used in forming conventional
aluminum alloy  wirings. Accordingly, what is called the damascene  method
is chiefly employed, in which a copper or copper  alloy thin film is
deposited on an insulating film with  grooves formed previously and is
buried therein, and  the copper or copper alloy at the part except the
grooves is removed by CMP to form buried wirings . This technique  is
disclosed in, e.g., Japanese Patent Application  Laid-open No. 2-278822. In
a common method for the CMP of metals such as  copper and copper alloys, a
polishing pad is fastened  onto a circular polishing platen, and the
surface of  the polishing pad is soaked with a polishing medium,  where a
substrate with a metal film formed thereon is  pressed against the pad on
the former's metal film side  and a stated pressure is applied thereto on
the back  thereof, in the state of which the polishing platen is  turned,
to remove the metal film at the part of its hills  by mechanical friction
acting between the polishing medium  and the hills of the metal film. 2 16
FEB 2004 



The polishing medium used in such CMP is commonly  comprised of an
oxidizing agent and abrasive grains,  to which a metal-oxide-dissolving
agent and a  protective-film-forming agent are optionally added.  The basic
mechanism of CMP making use of this polishing  medium for CMP is considered
to be that the metal film  surface is oxidized with the oxidizing agent and
the  resultant oxide layer is scraped with the abrasive grains. The oxide
layer at the dales of the metal surface does  not come into contact with
the polishing pad so much  and the effect of scraping attributable to the
abrasive  grains does not extend thereto. Hence, with progress  of the CMP,
the metal film becomes removed at its hills  and the substrate surface
become flat. Details on this  matter are disclosed in Journal of
Electrochemical Society,  Vol. 138, No. 11 (published 1991), pages
3460-3464. In order to make higher the rate of polishing by  CMP, it is
considered effective to add the  metal-oxide-dissolving agent. It can be
explained that  this is because the effect of scraping attributable to  the
abrasive grains comes higher where grains of metal  oxide scraped off by
the abrasive grains are made to  dissolve (hereinafter "etched") in the
polishing medium. However, the addition of the metal-oxide-dissolving 3 



16 FEB 2004 agent makes the oxide layer become etched (dissolve)  also at
the dales of the metal film surface, and the  metal film surface becomes
uncovered, so that the metal  film surface is further oxidized by the
oxidizing agent. With repetition of this, the etching may proceed at  the
dales of the metal film surface. This may cause a  phenomenon that the
surface of the metal wiring having  been buried after the polishing becomes
hollow at the  middle thereof like a dish (hereinafter "dishing"),
resulting in a damage of the effect of flattening. In order to prevent this
phenomenon, the  protective-film-forming agent is further added to the
metal-polishing medium for CMP. The  protective-film-forming agent forms a
protective film  on the oxide layer at the metal film surface to prevent
the oxide layer from dissolving in the polishing medium. It is desirable
for this protective film to be readily  capable of being scraped off by the
abrasive grains and  also not to lower the rate of polishing by CMP. In
order to keep the copper or copper alloy from  causing the dishing or from
corroding during the polishing,  to form highly reliable LSI wirings, a
polishing medium  for CMP is proposed in which amino acetic acid (glycine)
or amidosulfuric acid is used as the 



4 16 FEB 2004 metal-oxide-dissolving agent and benzotriazole  (hereinafter
"BTA") is further used as the  protective-film-forming agent. This
technique is  disclosed in, e.g., Japanese Patent Application Laid-open
No. 8-83780. In the buried-metal formation as in the formation  of
damascene wirings of copper or copper alloy or the  formation of plug
wirings of tungsten, a phenomenon called  "thinning" in which the thickness
of wiring becomes small  together with an interlaminar insulating film may
occur  when an interlaminar insulating film silicon dioxide  film formed
except the buried part is polished at a rate  close to the rate of
polishing the metal film. As the  result, it may cause an increase in
wiring resistance  or a non-uniformity in resistance ascribable to pattern
density. Hence, the polishing medium for CMP is required  to have a
property that the polishing rate of the silicon  dioxide film is
sufficiently smaller than that of the  metal film to be polished.
Accordingly, a method is  proposed in which the pH of the polishing medium
is set  higher than pKa of -0.5 so that the polishing rate of  silicon
dioxide can be controlled by negative ions produced  as a result of
dissociation of acid. This technique is  



disclosed in, e.g., Japanese Patent No. 2819196. 5 1 6 F E B 2004
Meanwhile, at the underlying layer of the copper  or copper alloy of the
wiring, a layer of tantalum, tantalum  alloy, tantalum nitride or other
tantalum compound is  formed as a barrier layer in order to prevent the
copper  from diffusing into the interlaminar insulating film.  Accordingly,
the barrier layer must be removed by CMP,  except the wiring part where the
copper or copper alloy  has been buried. However, the conductor
constituting  such a barrier layer has a higher hardness than the copper
or copper alloy, and hence in many cases any sufficient  polishing rate can
not be achieved when it is used in  combination with the polishing medium
for the copper  or copper alloy. Accordingly, studies are made on a
two-step polishing method having a first step of polishing  the copper or
copper alloy and a second step of polishing  the barrier layer conductor.
In the second-step CMP of the barrier layer, the  dishing at the wiring
part of buried copper or copper  alloy must be prevented, it has been
considered reverse-effective to make the polishing medium have a  small pH
value in order to control the polishing rate  and etching rate of the
copper or copper alloy. 



The tantalum, tantalum alloy and tantalum compound  (such as tantalum
nitride) used in the barrier layer 6 16 FE B 2004 are chemically so stable
that they can be etched with  difficulty, and has so high a hardness that
they can  not so readily mechanically be polished as the copper  or copper
alloy. Hence, making the abrasive grains have  a higher hardness may cause
polish scratches in the copper  or copper alloy to bring about poor
electrical characteristics in some cases. Also, making  abrasive-grain
concentration higher may bring about a  higher polishing rate of the
silicon dioxide film to  cause the problem that the thinning occurs.
DISCLOSURE OF THE INVENTION An object of the present invention is to
provide  a polishing medium for CMP which can keep the dishing,  thinning
and polish scratches from occurring in copper  or copper alloy wirings, can
materialize high-rate polishing of barrier layers in a low abrasive-grain
concentration and can promise formation of highly reliable  buried metal
film patterns, and a substrate member  polishing method making use of the
same. The present inventors made extensive studies in order  to achieve
this object. As the result, they have  



discovered that the polishing of the tantalum, tantalum  alloy and tantalum
compound, which are conductors used 7 1 6 F E B 2004 as the barrier layers,
proceeds with ease when the  polishing medium has a low pH and also the
oxidizing  agent is in a low concentration. Thus, they have  accomplished
the present invention. The present  invention provides a first polishing
medium for  chemical-mechanical polishing, comprising an oxidizing  agent
for these conductors, a protective-film-forming  agent for protecting a
metal surface, an acid, and water;  the polishing medium having a pH of 3
or less, and the  oxidizing agent being in a concentration of from 0.01  to
3% by weight. This first polishing medium may further  contain abrasive
grains. There have been the problems that making the abrasive  grains have
a higher hardness when the barrier layer  is polished may cause polish
scratches in the copper  alloy to bring about poor electrical
characteristics,  and making the abrasive-grain concentration higher may
bring about a higher polishing rate of the silicon dioxide  film to cause
the problem that the thinning may occur. The present inventors have
discovered that the  polishing of the tantalum, tantalum alloy, tantalum  



nitride and other tantalum compounds which are used as  the barrier layers
proceeds with ease in a low pH range  and in an oxidizing agent
low-concentration range. 8 16 FEB 2004 Moreover, it has been found that,
when such a polishing  medium for CMP is used, the oxidizing agent is in a
sufficiently low-concentration range, and hence the  dishing of wirings
does not come into question, which  may occur with an increase in the
etching rate of the  copper or copper alloy and which may commonly come
into  question in a low-pH range. The present inventors have also
discovered that,  in the polishing of the tantalum, tantalum alloy or
tantalum compound used as the barrier layer conductor,  any too large
particle diameter of abrasive grains may  bring about a decrease in
polishing rate of the barrier  layer and an increase in polishing rate of
the silicon  dioxide, and also that, even when the abrasive grains  have a
small particle diameter, any too small standard  deviation of particle size
distribution may bring about  an increase in polishing rate of the silicon
dioxide. This phenomenon is remarkable when the tantalum, tantalum  alloy
or tantalum compound is polished with a polishing medium having a low pH
and also containing the oxidizing  



agent in a low concentration. It has been found that, when such a polishing
medium  is used, since the oxidizing agent is in a sufficiently
low-concentration range, the dishing of wirings does 9 1 6 F E B 2004 not
come into question, which may occur with an increase in  the etching rate
of the copper or copper alloy and which may  commonly come into question in
a low-pH range, and also any  erosion may less occur because of a low
abrasive-grain  concentration. Accordingly, in the present invention, a
second  polishing medium may preferably be comprising an oxidizing  agent
for conductors, a protective-film-forming agent for  protecting a metal
surface, an acid, and water; the polishing  medium containing abrasive
grains, and the abrasive grains  having an average particle diameter of 50
nm or less and  standard deviation of particle size distribution in a value
of more than 5 nm. The polishing medium of the present invention have a pH
of 3 or less and contain the oxidizing agent in a  concentration of from
0.01 to 3% by weight. The polishing  medium having a low pH and containing
the oxidizing agent in  a low concentration can keep the dishing, thinning
and polish  scratches from occurring in copper or copper alloy wirings,  



and can materialize high-rate polishing of barrier layers in  a low
abrasive-grain concentration. The polishing medium for CMP of the present
invention may  further contain a water-soluble polymer. In such 10 16 FEB
2004 a case, the oxidizing agent may preferably be in a  concentration of
from 0.01 to 1.5% by weight. The  water-soluble polymer may preferably be
at least one  selected from the group consisting of polyacrylic acid  or a
salt thereof, polymethacrylic acid or a salt thereof,  polyamic acid or a
salt thereof, polyacrylamide, polyvinyl  alcohol and polyvinylpyrrolidone.
The acid may preferably be an organic acid, and may  more preferably be at
least one selected from malonic  acid, malic acid, tartaric acid, glycolic
acid and citric  acid. The oxidizing agent for conductors may preferably
be at least one selected from hydrogen peroxide, nitric  acid, potassium
periodate, hypochlorous acid and ozone  water. The protective-film-forming
agent may preferably  be at least one selected from benzotriazole (BTA) and
a derivative thereof (hereinafter "BTAs"). The abrasive grains may
preferably be at least one  



selected from silica, alumina, ceria, titania, zirconia,  germania and
silicon carbide. Colloidal silica or colloidal alumina having an average
particle diameter  of 50 nm or less is preferable for the present
invention.  The abrasive grains may particularly preferably have 11 16 FEB
2004 an average particle diameter of 30 nm or less, and a  standard
deviation of particle size distribution of 10  nm or more. The abrasive
grains may preferably be in  a concentration of from 0.05 to 10% by weight,
more  preferably from 0.1 to 5% by weight, and particularly  preferably
from 0. 2 to 3% by weight. The colloidal silica  may preferably be a
product obtained by hydrolysis of  a silicon alkoxide. A product obtained
using sodium  silicate as a materials may also be used. The polishing
medium for CMP of the present invention  may preferably have a
polishing-rate ratio (Ta/Cu or  TaN/Cu) between tantalum or tantalum
nitride and copper  (inclusive of copper alloys) of more than 1, and a
polishing-rate ratio (Ta/SiO2 or TaN/SiO2) between  tantalum or tantalum
nitride and silicon dioxide film  of more than 10. The conductor (inclusive
of semiconductors) suited  for the polishing making use of the polishing
medium  



for CMP of the present invention may include copper,  copper alloys and
copper oxides, and tantalum, tantalum  alloys and tantalum compounds (such
as tantalum nitride)  which constitute barrier layers for the former
(layers  for preventing copper atoms from diffusing) . Accordingly,  the
present invention provides a polishing method of 12 16 FEB 2004 polishing a
barrier layer containing tantalum, a tantalum  alloy or a tantalum compound
(such as tantalum nitride),  by the use of the polishing medium for CMP of
the present  invention, and also provides a polishing method of  polishing
a surface including a wiring layer (copper,  a copper alloy and/or an oxide
thereof) and a barrier  layer therefor (a layer for preventing copper atoms
from  diffusing) , by the use of the polishing medium for CMP  of the
present invention. BRIEF DESCRIPTION OF THE DRAWINGS Fig. 1 is an
illustration showing the steps of polishing a substrate member in Examples.
BEST MODES FOR PRACTICING THE INVENTION The polishing medium of the present
invention is  suited when a substrate member comprising a substrate  which
has on its surface a silicon dioxide with a dale  ,and on which a barrier
layer and a metal film containing  



copper or copper alloy have been formed to fill the dale  therewith is used
as a polishing object. Such a substrate  member is obtained by, e . g. , as
shown in Fig. 1, forming  on the surface of a silicon wafer [Fig. 1 (a) ] a
silicon 13 16 FEB 2004 dioxide film 11 [Fig. 1 (b)], forming on the surface
thereof a resist layer 12 having a stated pattern [Fig.  1 (c)], forming a
dale 13 in the silicon dioxide film  11 by dry etching and then removing
the resist layer  12 [ Fig. 1 (d) ] , depositing a barrier metal such as
tantalum  by vacuum deposition, CVD or the like to form a barrier  layer 14
[Fig. 1 (e)], and depositing a metal such as  copper on the surface thereof
by vacuum deposition, plating  or CVD to provide a wiring layer 15 [Fig. 1
(f)]. This substrate member is subjected to CMP by the  use of a polishing
medium for copper and copper alloys  which has a sufficiently large
polishing-rate ratio  between the wiring layer (copper and/or copper alloy)
and the barrier layer, so that the barrier layer 14 at  the hill (the part
provided with the silicon dioxide  11) of the substrate member comes
uncovered to the surface,  thus the desired conductor pattern is obtained
in which  the wiring layer (copper or copper alloy film) 15 has  been left
in the dale [Fig. 1 (g)]. 



This substrate member is further polished with a  polishing medium for CMP
which can polish away both the  barrier layer 14 and the wiring layer 15,
so that as  shown in Fig. 1 (h) a semiconductor substrate member  is
obtained in which the silicon dioxide 11 stands 14 16 FEB 2004 uncovered to
the surface. The first polishing medium for CMP of the present  invention
is the polishing medium comprising an oxidizing  agent for conductors, a
protective-film-forming agent  for protecting a metal surface, an acid, and
water, and  has been so regulated that it has a pH of 3 or less and
contains the oxidizing agent in a concentration of from  0.01 to 3% by
weight. It may further optionally contain  water-soluble polymer and
abrasive grains. If the polishing medium for CMP has a high pH of  more
than 3, a low polishing rate may result on the tantalum,  tantalum alloy
and/or tantalum compound. The pH may be  adjusted by controlling the amount
of the acid to be  added. It may also be adjusted by adding an alkali
component such as ammonia, sodium hydroxide or  tetramethylammonium
hydride. The polishing rate of the tantalum, tantalum alloy  and/or
tantalum compound reaches a maximum when the  



oxidizing agent for conductors is in a concentration  of about 0.15% by
weight. The oxidizing agent enables  formation of a mechanically readily
polishable primary  oxide layer on the surface of the conductor film of the
tantalum, tantalum alloy or tantalum compound, ensuring  a high polishing
rate. 15 1 6 F E B 2004 In general, when the polishing medium has a pH of
less than 3, the etching rate of the copper or copper  alloy film is so
high as to make it difficult for the  protective-film-forming agent to
control the etching. However, in the present invention, the oxidizing agent
is in so sufficiently a low concentration that the  protective--
film-forming agent can make etching control. If the oxidizing agent is in a
high concentration of  more than 3% by weight, not only the etching rate of
the copper or copper alloy may be so high as to tend  to cause the dishing,
but also a secondary oxide layer  which can be polished with greater
difficulty than the  primary oxide layer may be formed on the surface of
the  conductor film of the tantalum, tantalum alloy or tantalum  nitride or
other tantalum compound, resulting in a low  polishing rate. If the
oxidizing agent is in a  concentration of less than 0.01% by weight, the
oxide  



layer can not sufficiently be formed, resulting in a  low polishing rate to
even cause peeling of the tantalum  film in some cases. The polishing
medium for CMP of the present invention  may further contain abrasive
grains. To achieve a high  dispersion stability and make any polishing
scratches  less occur, the abrasive grains may preferably have an 16 16 F E
8 2004 average particle diameter of 100 nm or less, and  particularly
preferably 50 nm or less. A second polishing medium for CMP of the present
invention is the polishing medium comprising an oxidizing  agent for
conductors, a protective-film-forming agent  for protecting a metal
surface, an acid, and water; the  polishing medium further containing
abrasive grains,  and the abrasive grains having an average particle
diameter  of 50 nm or less and a standard deviation of particle  size
distribution, of more than 5 nm. This second  polishing medium, too, may
preferably be so regulated  that it has a pH of 3 or less and contains the
oxidizing  agent for conductors in a concentration of from 0.01  to 3% by
weight. If necessary, a water-soluble polymer  may be added. Abrasive
grains having an average particle  diameter of 30 nm or less and having a
standard deviation  



of particle size distribution of more than 10 nm are  particularly
preferred in the present invention. If they  have a large average particle
diameter of more than 50  nm, a low polishing rate may result on the
barrier layer,  and a high polishing rate on the silicon dioxide film.
Also, even when they have an average particle diameter  of 50 nm or less, a
high polishing rate tends to result  on the silicon dioxide film if their
standard deviation 17 1 6 F E B 2004 of particle size distribution is 5nm
or less The oxidizing agent in the first or second polishing  medium for
CMP of the present invention may preferably  be used in a concentration of
from 0.01 to 1.5% by weight  when the water-soluble polymer is contained.
The water-soluble polymer comes adsorbed to the surface of  the tantalum,
tantalum alloy or tantalum compound or  its oxide layer, and hence the
oxidizing agent which  contributes to the high polishing rate can be in a
low  concentration range. Also, the water-soluble polymer  tends to come
adsorbed especially to the surface of the  nitride compound film such as
tantalum nitride film or  titanium nitride film, and hence it is considered
that  the polishing rate of the nitride compound film such  as tantalum
nitride film or titanium nitride film can  



be low. Meanwhile, the water-soluble polymer has the  effect of forming a
metal surface protective film to  improve flat-surface retentivity against
the dishing  and thinning. The oxidizing agent for conductors in the
present  invention may include hydrogen peroxide (H202), nitric  acid,
potassium periodate, hypochlorous acid and ozone  water. Of these, hydrogen
peroxide is particularly  preferred. Where the substrate member is a
silicon 18 1 6 F E B 2004 substrate member including devices for integrated
circuits, it is undesirable for it to be contaminated  with alkali metals,
alkaline earth metals, halides and  so forth. Hence, an oxidizing agent not
containing any  in-volatile component is preferred. Here, since the  ozone
water may undergo a great compositional change  with time, the hydrogen
peroxide is most suited. However,  where the substrate member to be
polished is a glass  substrate member not including any semiconductor
devices,  an oxidizing agent containing a in-volatile component  may be
used without any problem. The acid used in the present invention may
preferably  be formic acid or an organic acid (such as acetic acid,
propionic acid, valeric acid, 2-methylbutyric acid,  



n-hexanoic acid, 3,3-dimethylbutyric acid,  2-ethylbutyric acid,
4-methylpentanoic acid, n-heptanoic  acid, 2-methylhexanoic acid,
n-octanoic acid,  2-ethylhexanoic acid, benzoic acid, glycolic acid,
salicylic acid, glyceric acid, oxalic acid, malonic acid,  succinic acid,
glutaric acid, adipic acid, pimelic acid,  maleic acid, phthalic acid,
malic acid, tartaric acid  or citric acid) . Also usable are salts such as
ammonium  salts of these, sulfuric acid, nitric acid, ammonia,  ammonium
salts as exemplified by ammonium persulfate, 19 1 6 FEB 2004 ammonium
nitrate and ammonium chloride, and chromic acid,  or mixtures of these. Of
these, in view of an advantage  that practical CMP polishing rate can be
achieved, malonic  acid, malic acid, tartaric acid, glycolic acid and
citric  acid are preferred. The protective-film-forming agent in the
present  invention is selected from benzotriazole (BTA) and BTA
derivatives (e.g., tolyltriazole, which is a compound  in which one
hydrogen atom of the benzene ring has been  substituted with a methyl
group; benzotriazole 4-carboxylic acid, which is a compound in which the
same  has been substituted with a carboxyl group; and methyl,  ethyl,
propyl, butyl and octyl esters thereof), 



naphthotriazole, and naphthotriazole derivatives, or  mixtures containing
any of these. The water-soluble polymer used in the present  invention may
include polymers having as a basic building  block a monomer having a
carboxyl group, or salts thereof,  as exemplified by polyacrylic acid,
ammoniumpolyacrylate,  sodium polyacrylate, polymethacrylic acid, ammonium
polymethacrylate, sodium polymethacrylate and  polyacrylamide; and polymers
having as a basic building  block a monomer having a vinyl group, as
exemplified  by polyvinyl alcohol and polyvinylpyrrolidone. Where, 20 1 6
FEB 2004 however, the substrate member to be polished is a silicon
substrate member for semiconductor integrated circuits,  it is undesirable
for it to be contaminated with alkali  metals, alkaline earth metals,
halides and so forth.  Hence, acids or ammonium salts thereof are
preferred. Where the substrate member is a glass substrate member,  the
same does not necessarily apply. The addition of  any of these
water-soluble polymers enables improvement  of dishing-preventive
performance on account of the  etching control effect attributable to the
protective-film-forming agent. The present invention also provides a
polishing  



medium for CMP, having a polishing-rate ratio (Ta/Cu  or TaN/Cu) between
tantalum or tantalum nitride and copper  (inclusive of copper alloys) of
more than 1, and a  polishing-rate ratio between tantalum or tantalum
nitride  and silicon dioxide (Ta/Si02 or TaN/SiO2) of more than 10. As
described above, where in the present invention  the polishing medium for
CMP has a low pH of less than  3 and a low oxidizing-agent concentration
(the oxidizing  agent is in a concentration of about 0.15% by weight),  the
polishing rate of the tantalum, tantalum alloy or  tantalum nitride or
other tantalum compound used as the 21 1 6 FEB 2004 barrier layer can reach
a maximum. Where its pH is less  than 3, the etching rate of the copper or
copper alloy  comes higher, but, because of the sufficiently low
concentration of the oxidizing agent, can be controlled  by the
protective-film-forming agent. Also, where the  abrasive grains of
colloidal silica or colloidal alumina  having an average particle diameter
of 50 nm or less is used,  which lowers the polishing rate of silicon
dioxide, the  polishing-rate ratio (Ta/Cu or TaN/Cu) between tantalum  or
tantalumnitride and copper (inclusive of copper alloys)  can be made more
than 1 and also the polishing-rate ratio  



(Ta/SiO2 or TaN/SiO2) between tantalum or tantalumnitride  and silicon
dioxide can be made more than 10. The abrasive grains usable in the
polishing medium  for CMP may be any of inorganic abrasive grains such  as
silica, alumina, ceria, titania, zirconia, germania  and silicon carbide,
and organic abrasive grains such  as polystyrene, polyacrylic or polyvinyl
chloride  particles. Colloidal silica or colloidal alumina having  an
average particle diameter of 50 nmor less are preferred,  as having a good
dispersibility in the polishing medium  and being less causative of polish
mars (scratches) which  may be caused by CMP. As their average particle
diameter,  those having an average particle diameter of 30 nm or 22 1 6 FEB
2004 less are preferred by which the polishing rate of the  barrier layer
can be made higher and the polishing rate  of silicon dioxide film can be
made lower, and those  of 20 nm or less are particularly preferred. As the
colloidal silica, a product obtained by hydrolysis of  a silicon alkoxide
or by ion exchange of sodium silicate  may be used, for example. As the
colloidal alumina, a  product obtained by hydrolysis of aluminum nitrate
may  be used, for example. The abrasive grains in the first or second
polishing  



medium for CMP may preferably be added in an amount ranging  from 0.01% by
weight to 10% by weight, and more preferably  from 0.05% by weight to 5% by
weight, based on the total  weight. If it is added in an amount of less
than 0.01%  by weight, there may be no significant difference from  the
polishing rate of a case not containing any abrasive  grains. If it is more
than 10% by weight, its addition  in a larger quantity than that may no
longer bring about  any improvement of the rate of polishing by CMP. The
polishing medium for CMP of the present invention  is especially suited for
the polishing of conductors  (inclusive of semiconductors) such as copper,
copper  alloys and copper oxides, and barrier layers for these  (e. g. ,
tantalum, tantalum alloys and tantalum compounds 23 1 6 FEB 2004 such as
tantalum nitride. The acid in the polishing medium of the present
invention may be mixed in an amount of from 0.0001 to  0.05 mol, and more
preferably from 0.001 to 0.01 mol,  baseed on the total weight 100 g of the
oxidizing agent  for conductors, acid, protective-film-forming agent,
water-soluble polymer and water. If it is mixed in an  amount of more than
0.05 mol, the etching of the copper  or copper alloy tends to proceed too
much. 



The protective-film-forming agent in the polishing  medium of the present
invention may be mixed in an amount  of from 0.0001 to 0.01 mol, and more
preferably from  0.0005 to 0.005 mol, baseed on the total weight 100 g  of
the oxidizing agent for conductors, acid, protective-film-forming agent,
water-soluble polymer  and water. If it is mixed in an amount of less than
0. 0001  mol, the etching of the copper or copper alloy tends  to proceed
too much. If it is in an amount of more than  0.01 mol, there can be no
change in the effect. In the present invention, the water-soluble polymer
may also be added, and the water-soluble polymer may  be mixed in an amount
of from 0.001 to 0.5% by weight,  and more preferably from 0.01 to 0.2% by
weight, baseed  on the total weight 100 g of the oxidizing agent for 24 16
F E 0 2004 conductors, acid, protective-film-forming agent,  water-soluble
polymer and water. If it is mixed in an  amount of less than 0.001% by
weight, the effect  attributable to its use in combination with the
protective-film-forming agent tends not to be brought  out in etching
control. If it is in an amount of more  than 0 . 5% by weight, a low rate
of polishing by CMP tends  to result. 



The method of polishing the substrate by the use  of the polishing medium
for CMP of the present invention  is a polishing method in which the
polishing medium for  CMP is fed to a polishing pad on a polishing platen,
and, bringing it into contact with a surface to be polished,  the surface
to be polished and the polishing pad are  relatively moved to polish the
surface. As an apparatus  for such polishing, a commonly available
polishing  apparatus may be used which has a holder for holding  a
semiconductor substrate member having the surface to  be polished and a
polishing platen to which the polishing  pad has been fastened (fitted
with, e.g., a motor whose  number of revolutions is variable). As the
polishing  pad, commonly available nonwoven fabric, foamed  polyurethane,
porous fluorine resin and so forth may  be used without any-particular
limitations. There are 25 1 6 FEB 2004 no particular limitations on
polishing conditions. It  is preferable to rotate the polishing platen at a
low  rotation of 200 rpm or less so that the substrate does  not rush out
therefrom. The semiconductor substrate  member having the surface to be
polished (the film to  be polished) may preferably be pressed against the
polishing pad at a pressure of from 9.8 to 98.1 kPa (from  



100 to 1,000 gf/cm2), and more preferably from 9.8 to  49.0 kPa (from 100
to 500 gf/cm2) in order to satisfy  the wafer in-plane uniformity of
polishing rate and the  flatness of patterns. In the course of the
polishing,  the polishing medium for CMP is continuously fed to the
polishing pad. There are no particular limitations on  this feed quantity.
It is preferable for the  polishing-pad surface to be always covered with
the  polishing medium. The semiconductor substrate member  on which the
polishing has been completed may preferably  be washed thoroughly in
running water and thereafter  be set on a spin dryer to blow off any drops
of water  adhering onto the semiconductor substrate member,  followed by
drying. EXAMPLES  The present invention is specifically described below by
giving Examples. The present invention is by no means 26 16FEB2004 limited
by these Examples. (1) Preparation of polishing medium for chemical -
mechanical polishing : As shown in Table 1, to a mixture of 0.4Z by weight
of an  acid, abrasive grains (but not added in Example 1; 1 part by  weight
in Examples 2 to 7 and Comparative Examples 1 and 2;  



and 17.. by weight in Examples 8 to 11), 0.05 part by weight of  a
water-soluble polymer (but only in Examples 4, 6 and 7) and  0.2% by weight
of a protective-film-forming agent (BTA), water  (98.85 parts by weight in
Examples 1 to 7 and Comparative  Examples 1 and 2, and 97.94 by weight in
examples 8 to 11) was  added to effect dissolution, followed by addition of
hydrogen  peroxide water (a guaranteed reagent, an aqueous 30% solution)
as an oxidizing agent for conductors to obtain polishing  mediums for CMP.
Here, as the abrasive grains, colloidal  silica with an average particle
diameter of 20 to 60 nm was  added which was prepared by hydrolysis in an
anmonia solution  of tetraethoxysilane. Also, the malic acid and glycolic
acid  used each had a pKa of 3.2. 27 16 F E B 2004 Table 1 Abrasive grains
(colloidal silica) id  d  h e  



rogenperox Water-soluble y ExampleAcidconcentrationpHAv.Standardpolymer (wt
deviation of %) .Particle particle size diameter distribution (nm) (nm)
1glycolic acid0.152.58--none 2malic acid0.152.502010none 3malic
acid1.52.492010none 4malic acid0.152.802010ammonium polyacrylate 5glycolic
acid0.152.582010none ammonium 6glycolic acid0.152.952010 polyacrylate
ammonium 7malic acid1.82.762010 polyacrylate 



8malic acid3.32.452010none 9malic acid0.153.252010none 10malic
acid0.152.502510none 11malic acid0.152.504014none 12malic
acid0.152.526013none 13malic acid0.152.51305none 28 16 FEB 2004 (2)
Polishing: Using the polishing mediums for CMP thus obtained,  CMP was
carried out. Polishing conditions are as follows:  Substrate member:
Silicon substrate with a tantalum film formed thereon  in a thickness of
200 nm. Silicon substrate with a tantalum nitride film formed  thereon in a
thickness of 100 nm. Silicon substrate with a silicon dioxide film formed
thereon in a thickness of 1 m. Silicon substrate with a copper film formed
thereon  in a thickness of 1 m. Polishing pad: Foamed polyurethane resin
with closed cells.  Polishing pressure 25kPa (250 gf/cm2). Relative speed
of substrate member to polishing platen:  18 m/minute. 



(3) Polished-product evaluation items: On the polished products having been
processed by  CMP, evaluation was made on the following items. Rate of
polishing by CMP: Determined by calculation from electrical resistance
value in respect of the difference in layer thickness 29 1 6 FEB 2004
before and after the film was polished by CMP.  Etching rate: Determined by
calculation from electrical resistance  value in respect of the difference
in copper layer  thickness before and after immersion in the polishing
medium for chemical-mechanical polishing, having been  stirred at 25C and
100 rpm. Dishing level: A silicon substrate having thereon a silicon
dioxide  film in which grooves of 0.5 pm in depth were formed,  a tantalum
nitride film formed thereon by known sputtering  in a thickness of 50 nm as
the barrier layer and a copper  film similarly formed thereon by sputtering
and buried  in the groove by known heat treatment was used as a substrate
member, and was subjected to two- step polishing. Then,  from the surface
profile of a pattern area in which stripes  of 100 m in width for the part
of wiring metal and 100  



m in width for the part of insulating film were arranged  alternately, the
level of film loss at the part of wiring  metal with respect to the part of
insulating film was  determined by means of a stylus surface profilometer.
As the first-stage polishing medium for copper, a  polishing medium for
copper and copper alloys, having  a sufficiently large polishing-rate ratio
of the copper 30 1 6 F EB 2004 to the tantalum nitride, was used to carry
out the polishing .  After the first-stage polishing, a substrate member
sample was so prepared that the dishing level measured  in the state the
barrier layer stood uncovered onto the  part of insulating film came to 50
nm, and was then subjected  to the second-stage polishing using the above
polishing  medium for chemical-mechanical polishing, until the  barrier
layer came lost at the part of insulating film.  Thinning level: The
surface profile of a pattern area in which stripes  of 2.5 mm in total
width, consisting of 45 m in width  for the part of wiring metal and 5 pm
in width for the  part of insulating film which were arranged alternately,
formed in the substrate member used to evaluate the above  dishing level,
was measured with the stylus surface  profilometer to determine the level
of film loss at the  



part of insulating film in the vicinity of the middle  of the pattern with
respect to the part of the insulating  film field around the stripe
pattern. After the  first-stage polishing, a substrate member sample was
so prepared that the thinning level measured in the state  the barrier
layer stood uncovered onto the part of  insulating film came to 20 nm, and
was then subjected  to the second-stage polishing using the above polishing
31 16 FEB 2004 medium for chemical-mechanical polishing, until the barrier
layer came lost at the part of insulating film. (4) Evaluation results: The
rate of polishing by CMP in each Example is shown in  Table 2. Also, the
dishing level and the thinning level are  shown in Table 3. Table 2 CMP
polishing rate (nm/minute) Copper ExampleCopper TantalumTantalum Silicon
Etching rate Nitride dioxide (nm/minute) 14.05.000.5 236.254.70.80.8
324.944.91.33.2 434.924.91.20.3 



533.061.51.30.7 620.025.01.30.6 71.15.51.70.4 Comparative110.517.31.26.7
Examples22.03.00.70.1 811.436.254.70.8 93.228.843.20.8 1013.022.043.46.7
1123.430.457.79.5 32 1 6 FEB 2004 Table 3 Example Comparative
1234567Examplea91011 12 Rising level (nm)405570455545651005540406055
Thinning level (nm)2Q3Q353035307Q55702Q2060100 In Example 1 to 11 , good
dishing- and thinning-preventive performance has been achieved. In
particular, in Examples 1 to 6, in which the oxidizing  agent is in a
concentration of from 0.01 to 3% by weight  and the pH is 3 or less, the
polishing rates of tantalum  



and tantalum nitride are so high and the dishing level  and thinning level
are so small as to be especially  preferable. Also, in Examples 8 and 9 ,
the polishing  rate of tantalum nitride film is high and the polishing
rate of silicon dioxide film is relatively low, and hence  good dishing-
and thinning-preventive performance is  achieved. In particular, in
Examples 4 and 6, in which the  water-soluble polymer is used and the
oxidizing agent  is in a concentration ranging from 0.01 to 1. 5% by
weight,  the dishing and the thinning occur in a smaller level,  showing
better results, than Example 7, in which the  oxidizing agent is added in a
larger quantity (1.8% by 33 1 6 FE B 2004 weight) . Here, when the
water-soluble polymer is used,  it is preferable for the water-soluble
polymer to be  added in a concentration of from 0.01 to 1.5% by weight. If
it is added in an amount larger than that, a low  polishing rate tends to
result on the tantalum or tantalum  nitride and the thinning may occur in a
large level. Example 2, in which the oxidizing agent is in a  concentration
of 3% by weight or less and the pH is 3  or less, is also preferable
because the etching rate of copper is lower than that in Comparative
Example 1, in which the  



oxidizing agent is in a concentration of more than 3%  by weight, and also
the polishing rate of tantalum or  tantalum nitride is higher and the level
of dishing and  thinning is smaller than those Comparative Example 2, in
which  the pH is more than 3. In Examples 8 to 9 , the polishing rate of
the  barrier layer film (in particular, the tantalum film) is higher and
the polishing rate of the silicon dioxide  Film is lower than those in
Example 10, in which the  abrasive grains have a large particle diameter.
Thus,  these Examples are superior in view of the dishing- and
thinning-preventive performance. Also, in Examples 8 to 9 , the polishing
rate of the barrier layer film  (in particular, the tantalum film) is at
the same rank 34 16 FEB 2004 as, but the polishing rate of the silicon
dioxide film  is lower than, those in Example 11, in which the standard
deviation of particle size distribution is smaller. POSSIBILITY OF
INDUSTRIAL APPLICATION  As described above, according to the present
invention, the tantalum, tantalum alloy or tantalum  compound or the like
used as the barrier layer can  efficiently be polished, and also the
dishing, thinning  and polish scratches can be kept from occurring in
copper  



or copper alloy wirings to form highly reliable buried  metal film
patterns. 35 16FEB2004 WHAT IS CLAIMED IS 1.  A polishing medium for
chemical-mechanical polishing,  comprising: an oxidizing agent for a
conductor; a  protective-film-forming agent for protecting a metal
surface; an acid; and water, not comprising abrasive gains, wherein: said
polishing medium has a pH of 3 or less, and  said oxidizing agent is in a
concentration of from  0.01% by weight to 3% by weight. 2.  The polishing
medium for chemical-mechanical  polishing, comprising: an oxidizing agent
for a conductor; a  protective-film-forming agent for protecting a metal
surface; an acid; water; and abrasive grains; said abrasive grains are
colloidal silica or  colloidal alumina, said abrasive grains have a pH of 3
or less; and  said an oxidizing agent is in a concentration of from  



0.01% by weight to 3% by weight. 36 1 6 FEB 2004 3. The polishing medium
for chemical-mechanical  polishing according to claim 2, wherein: said
abrasive grains have a average particle diameter  of 50 nm or less, and
said abrasive grains have standard deviation of  particle size distribution
in a value of more than 5 nm. 4. (Canceled)  5. (Canceled)  6. (Canceled)
7. (Canceled) 8.  The polishing medium for chemical-mechanical polishing
according to claim 2, wherein said abrasive  grains are mixed in an amount
of from 0.1% by weight  to 5% by weight. 9. The polishing medium for
chemical-mechanical 37 16 FEB 2004 polishing according to any one of claims
1 to3 and 8, which further comprises a water-soluble polymer. 



10. The polishing medium for chemical-mechanical  polishing according to
claim 9, wherein said water- soluble  polymer is at least one selected from
the group consisting  of polyacrylic acid, a polyacrylic acid salt,
polymethacrylic acid, a polymethacrylic acid salt,  polyamic acid, a
polyamic acid salt, polyacrylamide,  polyvinyl alcohol and
polyvinylpyrrolidone. 11. The polishing medium for chemical-mechanical
polishing according to claim 9 or 10, wherein said  oxidizing agent is in a
concentration of from 0.01% by  weight to 1.5% by weight. 12.  The
polishing medium for chemical-mechanical polishing according to any one of
claims 1 to 3 and 8  to 11, wherein said acid is an organic acid. 13. The
polishing medium for chemical-mechanical  polishing according to claim 12,
wherein said acid is  at least one selected from malonic acid, malic acid,
38 16FE82004 tartaric acid, glycolic acid and citric acid. 14.  The
polishing medium for chemical-mechanical polishing according to any one of
claims 1 to 3 and 8  to 13, wherein said protective-film-forming agent is  



at least one selected from benzotriazole and a derivative  thereof. 15.
The polishing medium for chemical-mechanical polishing according to any one
of claims 1 to 3 and 8  to 14, wherein said oxidizing agent for a conductor
is  at least one selected from hydrogen peroxide, nitric  acid, potassium
periodate, hypochlorous acid and ozone  water. 16.  The polishing medium
for chemical-mechanical polishing according to any one of claims 1 to 3 and
8  to 15, wherein said conductor contains at lest one of  copper, a copper
alloy, a copper oxide and a copper alloy  oxide. 39 1 6 FEB 2004 17.  The
polishing medium for chemical-mechanical polishing according to any one of
claims 1 to 3 and 8  to 15, wherein said conductor is a barrier layer for
preventing copper atoms from diffusing. 18. The polishing medium for
chemical-mechanical  polishing according to claim 17, wherein said barrier
layer contains tantalum, a tantalum alloy or a tantalum  



compound. 19.  As polishing condition, polishing pressure is 25 kPa and
relative speed of substrate member to polishing  platen is 18 m/minute, a
polishing medium for  chemical-mechanical polishing having: a
polishing-rate ratio (Ta/Cu) between tantalum and  copper or a copper alloy
of more than 1; a polishing-rate ratio (TaN/Cu) between tantalum  nitride
and copper or a copper alloy of more than 1;  a polishing-rate ratio
(Ta/Si02) between tantalum  and silicon dioxide of more than 10; and a
polishing-rate ratio (TaN/SiO2) between tantalum  nitride and silicon
dioxide film of more than 10. 40 16 FEB 2004 20.  As polishing condition,
polishing pressure is 25 kPa and relative speed of substrate member to
polishing  platen is 18 m/minute, the polishing medium for
chemical-mechanical polishing according to any one of  claims 1 to 3 and 8
to 18, which has: a polishing-rate ratio (Ta/Cu) between tantalum and
copper or a copper alloy of more than 1; a polishing-rate ratio (TaN/Cu)
between tantalum  



nitride and copper or a copper alloy of more than 1;  a polishing-rate
ratio (Ta/Si02) between tantalum and silicon dioxide of more than 10; and a
polishing-rate ratio (TaN/Si02) between tantalum  nitride and silicon
dioxide film of more than 10. 21.  A method of polishing a substrate member
comprising a step of polishing a barrier layer containing tantalum,  a
tantalum alloy or a tantalum compound, by the use of  the polishing medium
for chemical-mechanical polishing  according to any one of claims 1 to 3
and 8 to 19. 22. A method of polishing a substrate member comprising 41 16
FEB 2004 a step of polishing a surface including a wiring layer  and a
barrier layer, by the use of the polishing medium  for chemical-mechanical
polishing according to any one  of claims 1 to 3 and 8 to 19. 42 


