
1  DESCRIPTION POLISHING COMPOUND, ITS PRODUCTION PROCESS AND POLISHING
METHOD 5 TECHNICAL FIELD The present invention relates to a polishing
compound. Particularly, it relates to a polishing  compound to be used in a
process for producing a  semiconductor integrated circuit board. More 10
particularly, it relates to a polishing compound which is  suitable for
forming an embedded copper wiring in which  tantalum or a tantalum compound
is used as the material  for a barrier film, and a process for producing a
semiconductor integrated circuit board using the  15 polishing compound.
BACKGROUND ART Recently, as the integration and functionality of
semiconductor integrated circuits have been increasing,  20 there has been a
demand for development of micro fabrication techniques for miniaturization
and  densification. Planarization techniques for interlayer  insulating
films and embedded wirings are important in  semiconductor integrated
circuit production processes, in 25 particular, in the process of forming
multilayered  wirings. That is, as the multilayered wirings are
increasingly formed due to the miniaturization and 2  densification in the
semiconductor production processes,  the degree of irregularity tends to
increase in the  



surfaces of the individual layers, resulting in a  situation where the
difference in level exceeds the depth 5 of focus in lithography. In order to
avoid such a  problem, high planarization techniques are important in  the
process of forming multilayered wirings. As the material for such wirings,
copper has been  receiving attention because of its lower resistivity  10
compared with conventionally used Al alloys and also because of its
excellence in electromigration resistance.  Since the vapor pressure of
copper chloride gas is low,  it is difficult to form copper into the shape
of wirings  by Reactive Ion Etching (RIE) which has been 15 conventionally
used. Therefore, in order to form the  wirings, a Damascene method is used.
In this process,  gap fillings such as trench patterns and via holes, are
formed in an insulating film. A barrier film is then  formed thereon, and
then copper is deposited so as to be 20 embedded in the trench portions to
form a film by  sputtering, plating, or the like. Subsequently, the  excess
copper and the barrier film are removed by  Chemical Mechanical Polishing
(hereinafter referred to as  "CMP") until the surface of the insulating film
is 25 exposed, other than the portions corresponding to the  recesses,
whereby the surface is planarized. Recently, a  Dual Damascene method has
been predominantly used, in 3  which copper wirings embedded with copper and
via holes  are simultaneously formed. In the formation of copper embedded
wirings, in  



order to prevent copper from diffusing into the 5 insulating film, a barrier
film composed of tantalum, a  tantalum alloy, or a tantalum compound such as
tantalum  nitride, is formed. Therefore, in the portions other than  those
corresponding to copper-embedded wirings, the  exposed barrier film must be
removed by CMP. However, 10 since the barrier film is significantly harder
than  copper, it is often not possible to achieve a sufficient  removal
rate. Accordingly, a two-stage polishing method  has been proposed, which
includes a first polishing step  of removing the wiring metal film and a
second polishing 15 step of removing the barrier film, as shown in Fig. 1.
Fig. I includes cross-sectional views which show a  method for forming
embedded wirings by CMP. Fig. l(a)  shows the state before polishing; Fig.
l(b) shows the  state after the first polishing step in which a wiring 20
metal film 4 is removed; and Fig. l(c) shows the state  after the second
polishing step in which a barrier film 3  is removed. As shown in Fig. 1
(a), an insulating film 2  provided with trenches for forming embedded
wirings 5 is  formed on a Si board 1. The barrier film 3 is formed on 25 the
insulating film 2, and the wiring metal film (Cu  film) 4 is formed further
thereon. The wiring metal film  4 is removed in the first polishing step,
and the barrier 4  film 3 is removed in the second polishing step. However,
in CMP using the conventional polishing  compound, an increase in dishing
and erosion in the  copper-embedded wirings 5 will give rise to problems. 



5 Here, dishing is likely to occur in a wide wiring  portion, and signifies
a state in which the wiring metal  film 4 in the wiring portion is
over-polished so that the  central part thereof is concaved as shown in Fig.
2.  Erosion is likely to occur in a dense wiring portion, and 10 signifies
such a phenomenon that the insulating film 2 in  the dense wiring portion is
over-polished and the  insulating film 2 becomes thin as shown in Fig. 3. In
Figs. 2 and 3, the barrier film 3 is not shown. The above first polishing
step may be carried out in  15 two stages in some cases. The first stage
step is to  remove copper up to a portion in the vicinity of the  barrier
film material at a high removal rate, and the  second stage step is to
polish the surface of the barrier  film material at a different removal rate
so that no 20 dishing nor erosion will take place. In the second polishing
step, the copper wirings,  the barrier film and the insulating film are
polished  usually substantially at the same rate. Accordingly, in  a case
where no flat plane is obtained in the first 25 polishing step of removing
copper on portions other than  the wiring portion, dishing or erosion will
be induced at  the wiring portion even in the second polishing step, and 5
no wiring structure with flat surface will be finally  formed. Accordingly,
it is required for a polishing  compound for the first polishing step that
it has such a  selectivity that the removal rate of copper is high and 5 the
removal rate of the barrier film is very low, and  



that dishing or erosion hardly occurs, and various  polishing compounds have
been proposed (e.g. JP-A-2002- 170790) . On the other hand, for the
insulating film on a 10 semiconductor board, mainly an inorganic material
such as  Si02 has conventionally been used. However, along with  an increase
in density of wirings for high integration of  a semiconductor integrated
circuit in recent years, a new  material having a low dielectric constant,
called a low-k 15 material, has been receiving attention. However, many of
low-k materials are made of an organic material or a  mixed material of
organic and inorganic materials.  Accordingly, polishing by conventional CMP
process may  bring about a problem of peeling of the insulating film 20
itself, in addition to a problem of irregularities and  scars on the surface
of the semiconductor integrated  circuit board. In order to prevent the
peeling, a CMP  process capable of providing a removal rate as high as
conventional one even under a low polishing pressure, and 25 a polishing
compound therefor have been required. 6 DISCLOSURE OF THE INVENTION Under
these circumstances, it is an object of the  present invention to provide a
polishing compound  particularly suitable for polishing a semiconductor 5
integrated circuit board, which has such polishing  selectivity that it can
polish copper at a high removal  rate even under a low polishing pressure
and it provides  a low removal rate of tantalum or a tantalum compound to  



be a barrier film, which thereby suppresses wiring 10 defects such as
dishing, erosion or peeling of the  insulating film, in CMP process
particularly in a process  for producing a semiconductor integrated circuit
board in  which copper embedded wiring are formed; and a process  for
producing a semiconductor integrated circuit board 15 using the polishing
compound. The present invention provides a polishing compound  for chemical
mechanical polishing of a substrate,  comprising the following components
(A), (B), (C), (D)  and (E): 20 (A) abrasive grains  (B) aqueous medium  (C)
tartaric acid (D) trishydroxymethylaminomethane (E) at least one member
selected from the group  25 consisting of malonic acid and maleic acid. The
polishing compound of the present invention  (hereinafter referred to as the
present polishing 7  compound) provides a high removal rate of copper even
when polishing is carried out under a low pressure, and  is therefore
suitable for polishing copper. Further, in  this case, erosion or dishing is
less likely to occur. 5 Further, it provides a low removal rate of tantalum
or a  tantalum compound such as tantalum nitride, and  accordingly when the
present polishing compound is used  for the first polishing step in
production of a  semiconductor integrated circuit board in which copper 



10 embedded wirings are formed, employing tantalum or a  tantalum compound
as a barrier film, excellent  selectivity will be obtained such that the
removal rate  of copper is high and the removal rate of the barrier  film is
low. is The present invention further provides a process for  producing a
semiconductor integrated circuit board, which  comprises forming an
insulating film on a wafer, and  forming copper embedded wirings in the
insulating film by  means of a barrier film made of tantalum or a tantalum
20 compound, characterized by having steps of bringing the  surface of the
wafer into contact with a polishing pad,  supplying the above polishing
compound to a space between  the board and the polishing pad, and polishing
copper  formed on the surface of the wafer. 25 BRIEF EXPLANATION OF THE
DRAWINGS Fig. 1: cross-sectional views illustrating a process 8  of forming
embedded wirings by CMP. (a) before polishing, (b) after completion of the
first polishing step of removing a wiring metal film, (c)  after completion
of the second polishing step of removing  5 a barrier film Fig. 2:
cross-sectional views illustrating the  process of the generation of
dishing. (a) before polishing, (b) after polishing Fig. 3: cross-sectional
views illustrating the  10 process of the generation of erosion 



(a) before polishing, (b) after polishing BEST MODE FOR CARRYING OUT THE
INVENTION The present polishing compound contains the 15 following
components (A) to (E). (A) abrasive grains,  (B) an aqueous medium, (C)
tartaric acid, (D) trishydroxymethylaminomethane (hereinafter referred to
as THMAM) and (E) at least one member selected from the  group consisting of
malonic acid and maleic acid. 20 The abrasive grains as the component (A)
contained  in the present polishing compound may, for example, be  composed
of an aluminum oxide such as a-alumina, (3- alumina, 5-alumina, y-alumina or
e-alumina, or ceria or  silica. These abrasive grains may be used alone or
in 25 combination, and abrasive grains composed of another  inorganic
material or organic material may also be  contained within a range not to
have a bad influence over 9  the semiconductor integrated circuit. In a case
where the abrasive grains are composed of  alumina, the average particle
size is preferably from  0.001 to 0.5 pm, more preferably from 0.01 to 0.3
pm. 5 Among aluminas, 5-alumina is particularly preferred.  Further, the
alumina contained in the present polishing  compound is preferably from 0.05
to 5 mass%, more  preferably from 0.09 to 3 mass%. In a case where the
abrasive grains are composed of  10 ceria, the average particle size is
preferably from 0.001  to 0.5 pm, more preferably from 0.01 to 0.3 pim.
Further,  the ceria contained in the present polishing compound is  



preferably from 0.1 to 10 mass%, more preferably from 1  to 5 mass%. 15 In a
case where the abrasive grains are composed of  silica, the average particle
size is preferably from  0.001 to 0.5 pm, more preferably from 0.01 to 0.3
pm.  Further, the silica contained in the present polishing  compound is
preferably from 0.5 to 15 mass%, more 20 preferably from 1 to 10 mass%. If
the particle size of the abrasive grains is too  small, no adequate removal
rate will be obtained, and if  the particle size is too large, the polished
surface will  be scared. When alumina, silica and ceria have average 25
particle sizes within the above ranges, a high removal  rate can be
maintained and at the same time the polished  surface is less likely to be
scared. Here, the average 10  particle size of the abrasive grains is a
value obtained  by dispersing in water the abrasive grains in a state
before they are mixed with another component, and  measured by means of
laser scattering, and it may be 5 measured, for example, by Microtrac HRA
model 9320-XlOO  manufactured by NIKKISO Co., Ltd. Further, if the content
of the abrasive grains in  the polishing compound is too low, the removal
rate tends  to be low, and if the content of the abrasive grains is 10 too
high, the viscosity of the polishing compound tends  to be high, and the
handling will be difficult. Further,  the polished surface is more likely to
be scared. When  the contents of alumina, silica and ceria are within the  



above ranges, a high removal rate can be maintained and 15 at the same time,
the viscosity of the polishing compound  will not be too high. Further, when
a semiconductor integrated circuit  board is produced, it is necessary to
avoid inclusion of  impurities which have a bad influence over the circuit.
20 Accordingly, particularly when used for polishing a  semiconductor
integrated circuit board, the abrasive  grains in the present polishing
compound are preferably  composed of a high purity oxide having a purity of
at  least 99%, more preferably at least 99.5%. In a case 25 where the
abrasive grains are composed of plural types of  abrasive grains, it is
preferred that a plurality of  abrasive grains each having a purity of at
least 99% are 11  mixed. In view of purity, it is preferred that sodium
ions, etc., which particularly have a bad influence over  a semiconductor
integrated circuit, are not mixed in the  abrasive grains. 5 As the
component (B), it is preferred to use high  purity water such as
ion-exchanged water by itself.  However, it may be a mixed dispersion medium
comprising  water as the main component and containing an organic  solvent
soluble in water, such as an alcohol. The 10 alcohol is not particularly
limited, and it may, for  example, be an aliphatic alcohol having a C1_5
alkyl group  such as ethanol, propanol or butanol. The component (B)
preferably comprises water alone considering easiness of  washing of an
object to be polished after polishing, 



15 influence of volatile components over working  environment, etc. Three
components i.e. tartaric acid as the component  (C), THMAM as the component
(D) and at least one member  selected from the group consisting of malonic
acid and 20 maleic acid as the component (E), increase the polishing
characteristics by combination of these three components.  When only one or
two components of the above three  components are contained in the polishing
compound, such  characteristics can not be obtained that the removal rate 25
of copper is high, the removal rate of tantalum or a  tantalum compound is
low, and a problem of e.g. dishing  is less likely to occur. The above
characteristics can 12  be obtained only when the three components are
contained. When THMAM is contained in the polishing compound,  the removal
rate of tantalum or a tantalum compound tends  to be low. In order that the
removal rate of copper is 5 increased and the problem of e.g. dishing or
erosion is  less likely to occur, while maintaining these  characteristics,
it is necessary to add the above  components (C) and (E) No adequate removal
rate will be  obtained, although the problem of dishing is less likely 10 to
occur, when only tartaric acid as the component (C) is  added to the
polishing compound containing THMAM. A high  removal rate of copper will be
obtained even under a low  polishing pressure, a low removal rate of
tantalum or the  like will be obtained, and the problem of e.g. dishing is
is less likely to occur, only when the polishing compound  



contains three components (C), (D) and (E). Here, the content of tartaric
acid in the present  polishing compound is preferably from 0.01 to 10 mass%,
more preferably from 0.1 to 2 mass%, to the total mass of 20 the present
polishing compound. Further, the content of  THMAM is preferably from 0.1 to
10 mass%, more preferably  from 1 to 8 mass%. Further, the content of
malonic acid  and/or maleic acid is preferably from 0.01 to 10 mass%,  more
preferably from 0.1 to 2 mass% in total. If the 25 contents of these
components are too low, the above  effects will not sufficiently be
obtained, and no  sufficient removal rate may be obtained. on the other 13
than, if the contents are higher than the above ranges,  no further increase
in the effect by addition will be  obtained, The present polishing compound
preferably contains,  5 in addition to the components (A) to (E), a compound
having a function to form a protective film on the wiring  metal surface so
as to prevent dishing at the wiring  metal portion. Specifically, a compound
represented by  the formula 1 is preferably contained. The compound 10
represented by the formula 1, in a case where the wiring  metal is copper,
is physically or chemically adsorbed on  the copper surface to form a film
and thereby suppresses  elution of copper. In the formula 1, R is a hydrogen
atom, a C1-4 alkyl group, a Cj-d alkoxy group or a 15 carboxylic acid group:
N  



N Formula 1 Specifically, benzotriazole (hereinafter referred to  as BTA),
toly1triazole (TTA) having one hydrogen atom at  the 4- or 5-position of the
benzene ring of BTA 20 substituted by a methyl group,
benzotriazole-4-carboxylic  acid having a hydrogen atom substituted by a
carboxylic  acid group may, for example, be mentioned. They may be  used
alone or as a mixture of at least two. The above  compound having a function
to form a protective film is 14  contained in an amount of preferably from
0.001 to 5  mass%, more preferably from 0.005 to 0.5 mass%,  furthermore
preferably from 0.005 to 0.1 mass%, to the  total mass of the present
polishing compound, in view of  5 polishing characteristics. Further, the
present polishing compound preferably  contains an oxidizing agent. The
effect of the oxidizing  agent is not necessarily clear, but is considered
to  accelerate polishing in such a manner that it forms an 10 oxidized film
on the surface of copper as an object to be  polished, and the oxidized film
is removed from the  surface of the board by a mechanical force. However, if
the content of the oxidizing agent is too high, the  corrosion rate of
copper may be high. Thus, it is 15 contained in an amount of preferably from
0.1 to 10%,  more preferably from 0.5 to 5%, to the total mass of the
present polishing compound. As the oxidizing agent,  hydrogen peroxide, urea
peroxide, acetic peracid, ferric  



nitrate or iodate may, for example, be used, and hydrogen 20 peroxide is
particularly preferred in view of less stains  of the semiconductor board.
The present polishing compound may further  optionally contain a pH
adjusting agent, a surfactant, a  chelating agent, a reducing agent, etc. as
the case 25 requires. The pH of the present polishing compound is
preferably from 5 to 8. Within this range, the copper is  surface is less
likely to be corroded and a high removal  rate of copper can be maintained.
Usually, the pH may be  adjusted by the amounts of the acids and THMAM in
the  polishing compound, but a pH adjuster may be contained. 5 In such a
case, the pH adjuster is not particularly  limited within a range not to
impair the polishing  performance, and a known acid or alkali may be used.
Specifically, for example, the pH adjuster to the acidic side may be an
inorganic acid such as nitric acid, 10 sulfuric acid or hydrochloric acid or
an organic acid  such as acetic acid, propionic acid, lactic acid, citric
acid, oxalic acid or succinic acid. Further, the pH adjuster to the basic
side may, for  example, be an alkali metal compound such as potassium  15
hydroxide, a primary to tertiary amine, hydroxylamine or a quaternary
ammonium salt such as tetramethylammonium  ammonium hydroxide or
tetraethylammonium ammonium  hydroxide. In the present invention, the pH may
be  adjusted to the basic side by adjusting the amount of 



20 THMAM. In a case where no alkali metal is preferably  contained, ammonia
is used in many cases. However, if  ammonia is contained, the removal rate
of tantalum or the  like tends to increase, and the selectivity will
decrease. Particularly when used for polishing a 25 semiconductor integrated
circuit board with copper  wirings employing tantalum or a tantalum compound
as a  barrier film, the amount of ammonia is preferably small 16  even if it
is contained in the polishing compound, and  substantially no ammonia is
preferably contained in some  cases. on the other hand, when ammonia is
contained in the  5 present polishing compound, the removal rate of copper
tends to increase. Accordingly, when the compound is  used for polishing a
semiconductor integrated circuit  board with copper wirings employing
tantalum or a  tantalum compound as a barrier film, and when it is 10
attempted to increase the removal rate of copper even if  the above
selectivity is somewhat decreased, it is  preferred to incorporate ammonia
into the present  polishing compound at such a level that the removal rate
of tantalum or the like will not increase. Specifically,  15 in a case where
ammonia is contained in the present  polishing compound, the content of
ammonia is preferably  from 0.05 to 0,4%, particularly preferably from 0.1
to  0.3% to the total mass of the present polishing compound. Further, a
surfactant may be added with a purpose of  20 improving dispersibility of
the polishing compound and  



preventing roughening of the copper surface after  polishing. As the
surfactant, any of an anionic  surfactant, a cationic surfactant, a nonionic
surfactant  and an amphoteric surfactant may be used, 25 The anionic
surfactant may, for example, be ammonium  lauryl sulfate, polyacrylic acid,
an alkyl sulfate or an  alkylbenzene sulfonate. The cationic surfactant may,
for 17  example, be an alkylamine salt or a quaternary ammonium  salt. The
nonionic surfactant may, for example, be a  polyoxyethylene derivative, a
polyoxyethylene sorbitan  fatty acid ester or a glycerol fatty acid ester.
The 5 amphoteric surfactant may, for example, be an alkyl  betaine or an
amine oxide. The chelating agent may, for example, be an amino  acid such as
glycine, alanine, glutamine or asparagine, a  peptide such as glycylglycine
or glycylalanine, a 10 polyaminocarboxylic acid such as EDTA, an
oxycarboxylic  acid such as citric acid or a condensed phosphoric acid.
Further, a metal chelate may be contained, and when  copper is polished for
example, anthranilic acid copper  chelate or cluinaldic acid copper chelate
may, for 15 example, be used. Further, as the reducing agent, a hydrogen
compound  such as hydrogen iodide or hydrogen sulfide or a known  organic
compound such as an aldehyde, a sugar, formic  acid or oxalic acid may be
used. 20 The present polishing compound is useful for  polishing copper, and
is useful particularly for  



polishing for production of a semiconductor integrated circuit board having
a film made of tantalum or a  tantalum compound as a barrier film between an
insulating  25 film and copper. The method of polishing a semiconductor
integrated circuit board by using the present polishing  compound is not
particularly limited. A method wherein 18  the rear face of a semiconductor
wafer board having a  semiconductor integrated circuit formed on the surface
of  the wafer, is held by a rotatable polishing head, pressed  on a
polishing pad fixed on a rotatable support and 5 rotated, or a method
wherein the rear face of a  semiconductor wafer board having a semiconductor
integrated circuit formed on the surface of the wafer is  fixed on a
rotatable support, and a polishing head  equipped with a polishing pad is
brought into contact 10 with the surface of the semiconductor integrated
circuit  and rotated, may, for example, be employed. Preferred is a method
of polishing copper formed on  the surface of the board, by bringing the
surface of the  board into contact with the polishing pad and supplying 15
the present polishing compound to a space between the  surface of the board
and the polishing pad. Here, the semiconductor integrated circuit board may
be attached to the support by means of a cushioning  material so as to
absorb the pressure during polishing 20 and uniformly apply a pressure to
the surface of the  semiconductor integrated circuit board. Further, the
polishing pad may have channels or supply ports so that  



the polishing compound in the slurry form can be  uniformly supplied to the
surface of the semiconductor  25 integrated circuit board. The material of
the polishing pad may, for example,  be a polyester or a polyurethane, and
in Examples of the 19  present invention, IC-1000 K-Grooved (made of
polyurethane, manufactured by Rodel, Inc.) was employed.  However, the
material of the polishing pad used is not  limited thereto, and may
optionally be selected depending 5 upon the polishing compound used. The
polishing pressure may be set depending upon the  type of the polishing pad,
presence or absence and the  type of the cushioning material, the removal
rate and the  physical properties of the polishing compound such as the 10
viscosity of the slurry. However, the present polishing  compound can
provide a high removal rate of copper even  under a low polishing pressure.
Accordingly, the present  polishing compound is very useful for polishing of
a  semiconductor integrated circuit board in which copper 15 embedded
wirings are formed in an insulating film made of  an organic material or an
organic/inorganic composite  material having a low dielectric constant (e.g.
relative  dielectric constant of from 1.0 to 3.5) by means of a  barrier
film made of tantalum or a tantalum compound. 20 This is because an
insulating film made of an organic  material or an organic/inorganic
composite material has  low strength as compared with an insulating film
made of  an inorganic material such as Si02, and the insulating  



film may be peeled from the board when polished under a 25 high polishing
pressure, and accordingly it is polished  preferably under a low polishing
pressure. In such a case, the polishing pressure is preferably 20  from 0.7
X103 to 3 .5X104 Pa, particularly preferably from  0.35X104 to 2 . lX104 Pa.
If the polishing pressure is  lower than 0.7xlO3 Pa, no adequate removal
rate will be  obtained, and on the other hand, if it is higher than 5 2
lX104 Pa, dishing, erosion or scars may occur during  polishing, or the
insulating film may be peeled off due  to the insulating film made of an
inorganic material or  an organic/inorganic composite material, and thus the
circuit formed on the semiconductor wafer or formation of 10 multilayered
structure of circuits after polishing may be  impaired. on a semiconductor
integrated circuit board, after  completion of the first polishing step of
polishing  copper by using the polishing compound of the present 15
invention as described above, the second polishing step  of polishing copper
and a barrier film is carried out.  Further, in a case where the first
polishing step  consists of a first stage step of removing copper up to a
portion in the vicinity of the insulating film material 20 at a high removal
rate and a second stage step of  polishing the surface of the insulating
film material at  a different removal rate so that dishing or erosion will
not occur, a particularly high effect will be obtained  when the present
polishing compound is used in the first  



25 stage step. After completion of the second polishing step by  CMP,
usually the semiconductor integrated circuit board 21  is adequately washed
with running water and dried.  Ultrasonic cleaning is carried out in many
cases. Now, the present invention will be explained in  further detail with
reference to Examples of the present  5 invention (Examples 1, 2 and 4) and
Comparative Examples (Examples 3, 5 and 6) . However, the present invention
is  by no means restricted thereto. (object to be polished)  (Blanket
wafers) 10 (1) Wafer for evaluating removal rate of copper  (wiring metal
film): B-inch wafer board having a 1,500 nm  thick Cu layer deposited
thereon by plating (2) Wafer for evaluating removal rate of tantalum
(barrier film): 8-inch wafer board and a 200 nm thick Ta  15 layer deposited
thereon by sputtering (Patterned wafer) An 8-inch wafer (trade name:
831CMPOOO, made by  International SEMATECH) fabricated by forming a line
pattern with a line density of 50% and a line width of 50 20 pm on an
insulating film formed on a board, forming a 25  nm thick Ta layer by
sputtering on the line-pattern- formed insulating film, and further forming
thereon a  1500 nm thick Cu layer by plating. EXAMPLES 1 to 3 25 Using a
polishing compound having a composition as  



shown in Table 1, polishing was carried out on a wafer  for evaluating
removal rate of copper and the patterned 22  wafer. The numerals in Table 1
represent the proportion  by mass of the respective components to the total
mass of  the polishing compound, and the unit is %. The polishing conditions
were as described below,  5 and the removal rate when the wafer for
evaluating  removal rate of copper was polished with each polishing
compound, was measured by using a film thickness  measuring apparatus
(RT80-RG80, manufactured by Napson  Corporation) . Further, with respect to
polishing of the lo patterned wafer, dishing at a position with the line
width of 50 pm was measured by using a profilometer  (Dektak V20OSi
manufactured by Veeco Instruments). The  results are shown in Table 2. In
Table 2, the unit of  the removal rate is nm/min, and the unit of dishing is
1-5 nm. (Polishing conditions) Polishing machine: Polishing machine 6EC
manufactured by Strasbaugh Polishing pad: IC-1000 K-Grooved (manufactured by
20 Rodel, Inc.) Polishing compound supply amount: 200 mL/min  (corresponding
to 0.082 mL/(minxcm2)) Polishing time: 1 minute  Polishing pressure: 1.7X104
pa 25 Number of revolutions of polishing pad; Head (board  holding portion)
97 rpm, platen 103 rpm 



23 EXAMPLES 4 to 6 Using each polishing compound having a composition  as
shown in Table 1, polishing was carried out on the  patterned wafer. In
Examples 4 and 5, polishing was 5 carried out also on the wafer for
evaluating removal rate  of copper, and in Examples 4 and 6, polishing was
carried  out also on the wafer for evaluating removal rate of  tantalum, and
the removal rate of copper and the removal  rate of tantalum were compared.
10 The polishing conditions were as described below,  and the removal rates
when the wafer for evaluating  removal rate of copper and the wafer for
evaluating  removal rate of tantalum were polished were measured by  using a
film thickness measuring apparatus (tencor RS-75 15 manufactured by
KLA-Tencor Corporation) . Further, with  respect to the polishing of the
patterned wafer, dishing  at a position with the line width of 50 jim was
measured  by using a profilometer (tencor HRP-100 manufactured by
KLA-Tencor Corporation) The results are shown in Table  20 2. (Polishing
conditions) Polishing machine: Polishing machine Mirra  manufactured by
Applied Materials, Inc. Polishing pad: IC-1000 K-Grooved (manufactured by
25 Rodel, Inc.) Polishing compound supply amount: 200 mL/min  (corresponding
to 0.099 ML/(minxcm 2)) 24  



Polishing time: 1 minute Polishing pressure: 0.7x104 Pa Number of
revolutions of polishing pad: Head 137  rpm, platen 143 rpm 5 EXAMPLES 7 and
8 Using each polishing compound having a composition  as shown in Table 1,
polishing was carried out on the  wafer for evaluating removal rate of
copper and the wafer  for evaluating removal rate of tantalum in the same 10
manner as in Example 4. Polishing was carried out in the  same manner as in
Example 4 except that the polishing  compound supply amount was changed to
100 mL/min. The  results are shown in Table 2. 25 CC)C) LnLnLn~i--ili
m0~mCD00liQ) U)  CD00C)Hli ~-4r--  LnLnLnCD1~1m41 mC~mcq`0(n
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A  0Z UE~l~ 26 INDUSTRIAL APPLICABILITY According to the present invention,
the copper  wiring on the surface of a semiconductor integrated  circuit
board can be polished at a high removal rate 5 while suppressing formation
of scars as defects in a  polishing step. Particularly in a first polishing
step  of polishing copper wirings having a film made of  tantalum or a
tantalum compound as a barrier film,  excellent selectivity will be
obtained, dishing and 10 erosion due to polishing are less likely to occur,
and an  extremely high precision flat surface of a semiconductor  integrated
circuit board can be obtained. Further, according to the present invention,
a high  removal rate and high selectivity can be obtained even 15 under a
low polishing pressure in a step of polishing the  surface of a
semiconductor integrated circuit board, and  accordingly problems such as
peeling of an insulating  film are less likely to arise even when a film
made of a  low-k material having a low dielectric constant, such as 20 an
organic material or an organic/inorganic composite  material is used as an
insulating film. 27  CLAIMS  1. A polishing compound for chemical mechanical



polishing of a substrate, which comprises the following  components (A),
(B), (C), (D) and (E): 5 (A) abrasive grains  (B) aqueous medium  (C)
tartaric acid (D) trishydroxymethylaminomethane (E) at least one member
selected from the group  10 consisting of malonic acid and maleic acid. 2.
The polishing compound according to Claim 1, wherein  the component (C) is
contained in an amount of from 0.01  to 10 mass%, the component (D) is
contained in an amount  of from 0.01 to 10 mass% and the component (E) is 15
contained in an amount of from 0.01 to 10 mass%, to the  total mass of the
polishing compound. 3. The polishing compound according to Claim 1 or 2,
which further contains a compound of the formula 1 Formula 1 20 wherein R is
a hydrogen atom, a C1_4 alkyl group, a C1_4  alkoxy group or a carboxylic
acid group. 4. The polishing compound according to any one of  Claims 1 to
3, which further contains an oxidizing agent  in an amount of from 0.1 to 10
mass%. 28  5. The polishing compound according to any one of  Claims 1 to 4,
which further contains ammonia in an  amount of from 0.05 to 0.4 mass. 6.
The polishing compound according to any one of 5 Claims 1 to 5, wherein the
substrate is made of copper.  7. The polishing compound according to Claim
5, wherein  



the board is a semiconductor integrated circuit board  comprising an
insulating film, copper embedded wirings  formed in the insulating film, and
a barrier film made of 10 tantalum or a tantalum compound disposed between
the  insulating film and copper. 8. A process for producing a semiconductor
integrated  circuit board, which comprises forming an insulating film  on a
wafer and forming copper embedded wirings in the 15 insulating film by means
of a barrier film made of  tantalum or a tantalum compound, characterized by
having  steps of bringing the surface of the wafer into contact  with a
polishing pad, supplying a polishing compound for  chemical mechanical
polishing comprising the following 20 components (A), (B), (C), (D) and (E)
to a space between  the board and the polishing pad, and polishing copper
formed on the surface of the wafer: (A) abrasive grains  (B) aqueous medium
25 (C) tartaric acid (D) trishydroxymethylaminomethane (E) at least one
member selected from the group 29  consisting of malonic acid and maleic
acid. 9. The process for producing a semiconductor integrated  circuit board
according to Claim 8, wherein the component  (C) is contained in an amount
of from 0.01 to 10 mass%, 5 the component (D) is contained in an amount of
from 0.01  to 10 mass% and the component (E) is contained in an  amount of
from 0.01 to 10 mass%, to the total mass of the  



polishing compound. 10. The process for producing a semiconductor integrated
10 circuit board according to Claim 8 or 9, wherein the  polishing compound
further contains a compound of the  formula 1: Formula 1 wherein R is a
hydrogen atom, a C1_4 alkyl group, a C1_4  15 alkoxy group or a carboxylic
acid group. 11. The process for producing a semiconductor integrated
circuit board according to any one of Claims 8 to 10,  wherein the polishing
compound further contains an  oxidizing agent in an amount of from 0.1 to 10
mass%. 20 12. The process for producing a semiconductor integrated  circuit
board according to any one of Claims 8 to 11,  wherein the polishing
compound further contains ammonia  in an amount of from 0.05 to 0.4 mass%.
13. The process for producing a semiconductor integrated 30  circuit board
according to any one of Claims 8 to 12,  wherein the insulating film is made
of an organic  material or an organic/inorganic composite material  having a
low dielectric constant. 5 


