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COPPER-BASED METAL POLISHING
SOLUTION AND METHOD FOR
MANUFACTURING SEMICONDUCTOR
DEVICE

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present 1nvention relates to a copper-based metal
polishing solution and a method for manufacturing a semi-
conductor device.

2. Description of the Related Art

A polishing solution for a Cu film or a Cu-alloy film,
which consists of a slurry of amine-based colloidal silica or
a slurry added with K;Fe(CN),, K, (CN),, or Co(NO;),, is
disclosed 1n J. Electrochem. Soc., Vol. 138, No. 11, 3460
(1991), VMIC Conference, ISMIC-101/92/0156 (1992) or
VMIC Conference, ISMIC-102/93/0205 (1993).

Unfortunately, the above polishing solution has the fol-
lowing problem since there 1s no difference between the Cu
film dissolution velocity of the polishing solution during
dipping and that during polishing.

In the formation of an interconnecting layer as one
manufacturing step of semiconductor devices, an etch-back
technique 1s employed 1n order to remove steps from the
device surface. This etch-back technique 1s a method in
which a trench 1s formed 1n an insulating film on a semi-
conductor substrate, and a Cu film 1s deposited on the
insulating film mncluding the trench and polished by using a
polishing solution, thereby forming a buried interconnecting,
layer by leaving the Cu film behind only 1n the trench. After
this etch-back step, the Cu interconnecting layer remaining
in the trench 1s brought mto contact with a polishing
solution. Therefore, if a polishing solution of the composi-
fion discussed above by which no difference i1s obtained
between the Cu film etching rate during dipping and that
during polishing, the Cu interconnecting layer i1s further
ctched by the polishing solution. As a result, the surface of
the Cu 1nterconnecting layer becomes lower than the surface
of the insulating film. This makes 1t difficult to form an
interconnecting layer whose surface is level with the surface
of the 1nsulating film, resulting in a low flatness. In addition,
the resistance of a buried Cu interconnecting layer formed 1n
this manner becomes higher than that of a Cu interconnect-
ing layer which 1s so buried that its surface 1s level with the
surface of an msulating film.

SUMMARY OF THE INVENTION

It 1s an object of the present invention to provide a
copper-based metal polishing solution which hardly etches
copper (Cu) or a copper alloy (Cu alloy) when this Cu or Cu
alloy 1s dipped 1nto the solution, and dissolves the Cu or Cu
alloy during polishing with an etching rate several times to
several ten times higher than that during the dipping.

It 1s another object of the present invention to provide a
method for manufacturing a semiconductor device, 1n which
a trench and/or an opening 1s formed 1n an insulating film on
a semiconductor substrate, and an interconnection material
film deposited on the insulating film and consisting of
copper (Cu) or a copper alloy (Cu alloy) can be etched back
within a short time period and at the same time a buried
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interconnecting layer whose surface 1s level with the surface
of the msulating film can be formed.

It 15 still another object of the present invention to provide
a method for manufacturing a semiconductor device, 1n
which a trench and/or an opening 1s formed 1n an insulating
film on a semiconductor substrate, an 1nterconnection mate-
rial film deposited on the 1nsulating film and consisting of
Cu or a Cu alloy can be etched back within a short time
period to form a buried interconnecting layer whose surface
1s level with the surface of the insulating film, and the
surface of the msulating film and the like after the etch back
can be cleaned well.

According to the present mnvention there 1s provided a
copper-based metal polishing solution containing at least
one [organic] acid selected from [the group consisting of}
aminoacetic acid [and amidosulfuric] or aminosulfuric acid,
an oxidizer, and water.

According to the present invention, there 1s also provided
a method for manufacturing a semiconductor device, com-
prising the steps of:

forming at least one member selected from the group
consisting of a trench and an opening corresponding to
a shape of an 1nterconnecting layer 1n an insulating film
on a semiconductor substrate;

depositing an interconnection material film consisting of

copper (Cu) or a copper alloy (Cu alloy) on the insu-
lating film including at least one member selected from
the group consisting of a trench and an opening; and

polishing the interconnection material film until a surface
of the 1nsulating film 1s exposed by using a polishing
solution containing at least one Jorganic] acid selected
from the group consisting of aminoacetic acid and
[amidosulfuric] aminosulfuric acid, an oxidizer, and
water, thereby forming a buried interconnecting layer
in the insulating film such that surfaces of the inter-
connecting layer and the insulating film are level with
cach other.
Furthermore, according to the present invention, there 1s
provided a method for manufacturing a semiconductor
device, comprising the steps of:

forming at least one member selected from the group
consisting of a trench and an opening corresponding to
a shape of an interconnecting layer in an insulating film
on a semiconductor substrate;

depositing an interconnection material film consisting of

copper (Cu) or a copper alloy (Cu alloy) on the insu-
lating film 1ncluding at least one member selected from
the group consisting of a trench and an opening;

polishing the mterconnection material film until a surface
of the insulating film 1s exposed by using a polishing
solution containing at least one organic acid [selected
from the group consisting of aminoacetic acid and
amidosulfuric acid,] an oxidizer, and water, thereby
forming a buried interconnecting layer 1n the msulating
f1lm such that surfaces of the interconnecting layer and
the msulating film are level with each other; and

treating the surface of the insulating film including the
interconnecting layer with an aqueous dissolved ozone
solution and then with an aqueous dilute hydrofluoric
acid solution.

Additional objects and advantages of the invention will be
set forth 1n the description which follows, and 1n part will be
obvious from the description, or may be learned by practice
of the invention. The objects and advantages of the invention
may be realized and obtained by means of the mstrumen-
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talities and combinations particularly pointed out in the
appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated in
and constitute a part of the specification, 1llustrate presently
preferred embodiments of the invention, and together with
the general description given above and the detailed descrip-
fion of the preferred embodiments given below, serve to
explain the principles of the mnvention.

FIG. 1 1s a schematic view showing a polishing apparatus
for use 1n the process of polishing of the present invention;

FIG. 2 1s a graph showing the characteristics of a polish-
ing solution composed of 0.1 wt % aminoacetic acid,
hydrogen peroxide, and water, 1.€., showing the relationship
between the amount of hydrogen peroxide, the etching rate
of a Cu film when the film was dipped 1nto the solution, and
the polishing rate of the Cu film during polishing;

FIGS. 3A to 3C are sectional views showing the states of
a Cu film with projections when the film was dipped 1nto a
polishing solution composed of aminoacetic acid, hydrogen
peroxide, and water, and was polished by using a polishing
apparatus;

FIG. 4 1s a graph showing the spectra of the surface of a
Cu film obtained by XPS (X-ray Photoelectron
Spectroscopy) before the treatment, after the film was
dipped mto the polishing solution of the present invention,
and after the film was polished;

FIG. 5 1s a graph showing the characteristics of a polish-
ing solution composed of 0.9 wt % aminoacetic acid,
hydrogen peroxide, and water, 1.€., showing the relationship
between the amount of hydrogen peroxide, the etching rate
of a Cu film when the film was dipped 1nto the solution, and
the polishing rate of the Cu film during polishing;

FIG. 6 1s a graph showing the characteristics of a polish-
ing solution composed of [amidosulfuric] aminosulfuric
acid, hydrogen peroxide, and water, 1.€., showing the rela-
tionship between the amount of hydrogen peroxide, the
ctching rate of a Cu film when the film was dipped into the
solution, and the polishing rate of the Cu film during
polishing;

FIG. 7 1s a graph showing a change 1n the thickness of an
oxide layer formed on the surface of a Cu film as a function
of the pH of the polishing solution of the present invention;

FIGS. 8A to 8C are sectional views showing manufac-
turing steps of the semiconductor device in Example 1 of the
present mvention;

FIG. 9 1s a graph showing a change in the pH of the
polishing solution during polishing (an etch-back step) in
Example 1;

FIG. 10 1s a graph showing a change in the temperature
of a polishing cloth during the polishing (the etch-back step)
in Example 1;

FIG. 11 1s a graph showing a change 1n the voltage of a
driving motor of a turntable during the polishing (the
etch-back step) in Example 1;

FIG. 12 1s a graph showing the spectra of the surface of
a Cu interconnecting layer obtained by XPS immediately
after formation, after an ozone treatment, and after a treat-
ment using dilute hydrofluoric acid in Example 1 of the

present mvention;

FIGS. 13A to 13C are sectional views showing manufac-
turing steps of the semiconductor device in Example 2 of the
present mvention;
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FIGS. 14A to 14C are sectional views showing manufac-
turing steps of the semiconductor device in Example 3 of the
present 1nvention; and

FIGS. 15A to 15F are sectional views showing manufac-
turing steps of the semiconductor device in Example 4 of the
present 1vention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

A copper-based metal polishing solution according to the
present invention contains at least one organic acid selected
from aminoacetic acid [and amidosulfuric] or an inorganic
actd aminosulfuric acid, an oxidizer, and water. When Cu or
a Cu alloy 1s dipped 1n this polishing solution, the polishing
solution forms an oxide layer, which functions as an etching
barrier, on the surface of the Cu or Cu alloy by the oxidizing
action of the oxidizer. During polishing of the Cu or Cu
alloy, the organic acid in the solution etches the Cu or Cu
alloy which 1s exposed by mechanically removing the oxide
layer. Therefore, etching of the Cu or Cu alloy 1s suppressed
or prevented by the oxide layer while it 1s dipped into the
polishing solution. During the polishing, the exposed Cu or
Cu alloy 1s physically polished and etched by the organic
acid contained in the polishing solution. This sufficiently
increases the difference between the etching rate of the Cu
or Cu alloy during the dipping and that during the polishing.

As the oxidizer, it 1s possible to use, e.g., hydrogen
peroxide (H,0O,) or soda hypochlorite (NaClO).

In the polishing solution, it 1s preferable that 0.01 to 10 wt
% of the organic acid be contained and the weight ratio of
the organic acid to the oxidizer be 1 to 20 or more. The
content of the organic acid and the content ratio of the
organic acid to the oxidizer in the polishing solution are thus
defined for the reasons explained below.

If the content of the organic acid i1s smaller than 0.01 wt
%, the polishing rate (primarily the chemical dissolution
velocity) of Cu or a Cu alloy during polishing may decrease.
On the other hand, if the content of the organic acid is larger
than 10 wt %, etching of Cu or a Cu alloy may proceed
exceedingly when the Cu or Cu alloy 1s dipped into the
polishing solution to thereby nullify the difference between
the etching rate during the dipping and that during polishing.
The content of the organic acid 1s more preferably 0.01 to 1
wt %.

If the weight ratio of the organic acid to the oxidizer 1s 1
to less than 20, 1t may become impossible to obtain a
suificient etching rate difference between dipping of Cu or a
Cu alloy and polishing of it. The content ratio of the organic
acid to the oxidizer in the polishing solution is preferably 1
to 40 or more, and more preferably 1 to 100 or more.

It 1s desirable that the upper-limiting ratio of the oxidizer
to the organic acid be defined by the content of the oxidizer.
For example, the content of the oxidizer 1s preferably 30 wt
%. If the content of the oxidizer exceeds 30 wt %, an oxide
layer may immediately form on the exposed surface during
polishing of Cu or a Cu alloy to result 1n a low polishing rate.

If the content of the organic acid 1s to be set at the
lower-limiting value (0.01 wt %) within the range defined
above, 1t 1s preferable that the content ratio of the organic
acid to the oxidizer be set at 1 to 40 or more as a weight ratio.

The polishing solution according to the present invention
may contain an alkaline agent for adjusting the pH of the
solution between 9 and 14, 1n addition to the organic acid
and the oxidizer. Suitable examples of this alkaline agent are
potassium hydroxide and quinoline.
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The polishing solution according to the present invention
may contain abrasive grains, such as silica grains, alumina
orains, cerium oxide grains, or zirconia grains, in addition to
the organic acid and the oxidizer. These abrasive grains can
be used 1n the form of a mixture of two or more types of
oTains.

The abrasive grains preferably have a mean grain size of
0.02 to 0.1 um.

The abrasive grains are preferably added 1n an amount of
1 to 14 wt %. If the addition amount of the abrasive grains
1s less than 1 wt %, the etfect of the grains becomes ditficult
to achieve. If, on the other hand, the addition amount of the
abrasive grains 1s more than 14 wt %, the viscosity of the
polishing solution 1s increased to make the solution difficult
to handle. The addition amount of the abrasive grains is
more preferably 3 to 10 wt %.

A polishing apparatus shown 1n FIG. 1 1s used to polish
a Cu film or a Cu alloy film formed on, e.g., a substrate by
using the copper-based metal polishing solution according to
the present invention. That 1s, a polishing pad 2 made of,
¢.g., cloth 1s covered on a turntable 1. A supply pipe 3 for
supplying a polishing solution 1s arranged above the polish-
ing pad 2. A substrate holder 5 having a support shaft 4 on
its upper surface 1s arranged above the polishing pad 2 so as
to be vertically movable and rotatable. In the polishing
apparatus with this arrangement, the holder 5 holds a sub-
strate 6 such that the surface (e.g., a Cu film) to be polished
faces the pad 2. While a polishing solution 7 of the com-
position discussed above 1s supplied from the supply pipe 3,
and a desired load 1s applied from the support shaft 4 to the
substrate 6 toward the polishing pad 2. The Cu film on the
substrate 1s polished while the turntable 1 and the holder 5
are rotated 1n the opposite direction.

The copper-based metal polishing solution according to
the present mvention as described above contains at least
one [organic] acid [selected from] (e.g. an organic acid such
as aminoacetic acid [and amidosulfuric] ), or aminosulfuric
acid, an oxidizer, and water. Therefore, this polishing solu-
tion hardly etches Cu or Cu alloy when Cu or a Cu alloy 1s
dipped into the solution (the etching rate is preferably 100
nm/min or less), and has an etching rate during polishing
several times to several ten times higher than that during the
dipping.

More specifically, an organic acid (e.g., aminoacetic acid)
as one component of the polishing solution has a property of
producing a complex by reacting with a hydrate of Cu, as
indicated by the following reaction formula:

Cu(H,0),2*+2H,NCH,COOH—Cu(H,NCH,COOH), +4H,0+2H".

Cu does not react with a solution mixture of aminoacetic
acid and water. In this reaction system, the addition of an
oxidizer (e.g., hydrogen peroxide) allows the reaction to
proceed 1n the direction indicated by the arrow 1n the above
formula, thereby etching Cu.

FIG. 2 shows plots of the etching rate of a Cu film formed
on a substrate during dipping and the etching rate of the film
during polishing 1n a polishing solution composed of ami-
noacetic acid, hydrogen peroxide, and water, when the
content of aminoacetic acid was kept constant at 0.1 wt %
and the content of hydrogen peroxide was varied. Note that
the polishing was done by using the polishing apparatus
illustrated 1n FIG. 1. That 1s, a substrate on which a Cu film
was formed was held upside down by the substrate holder 5
so that the Cu film faced the polishing pad 2 consisting of
SUBASOO (tradename) manufactured by Rodel Nitta Corp.

Aload of 400 g/cm” was applied from the support shaft 4 to
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the substrate toward the polishing pad 2. While the turntable
1 and the holder 5 were rotated in the opposite directions at
a rotating speed of 100 rpm, the polishing solution was
supplied from the supply pipe 3 to the polishing pad 2 at a
rate of 12.5 ml/min to perform polishing.

As 15 apparent from FIG. 2, the Cu film was not etched at
all when dipped into a polishing solution added with no
hydrogen peroxide. When the polishing solution contained a
small amount of hydrogen peroxide, however, the Cu film
was briskly etched. This 1s so because a hydrate of Cu was
produced by hydrogen peroxide contained in the polishing
solution and aminoacetic acid reacted with this Cu hydrate
to produce a complex, thereby etching Cu. It 1s also evident
from FIG. 2 that the Cu film etching rate was lowered as the
content of hydrogen peroxide was increased further, and
became zero when the content of hydrogen peroxide reached
5 wt %. The reason for this 1s assumed that an oxide layer
which prevents etching by the polishing solution 1s formed
on the surface of a Cu film 1f the content of hydrogen
peroxide 1s 1ncreased.

In effect, a Cu film 12 having projections was formed on
a substrate 11, as shown in FIG. 3A, and the resultant
substrate 11 was dipped into a polishing solution (containing
0.1 wt % of aminoacetic acid and 13 wt % of hydrogen
peroxide) of the composition, FIG. 2, by which the etching
rate was lowered. Consequently, as depicted in FIG. 3B, an
oxide layer 13 was formed on the surface of the Cu film 12.
In addition, the surface of the Cu film was analyzed with
XPS after the substrate was dipped 1nto the polishing
solution. The result was that a spectrum indicated by the
solid line 1 FIG. 4 appeared. This also demonstrates the
formation of an oxide layer. Note that the dotted line 1n FIG.
4 represents the spectrum immediately after the Cu film was
formed on the substrate and before the treatment.

It was found that the polishing rate of a Cu film when
polishing was done by using the polishing apparatus 1n FIG.
1 and the polishing solution containing 0.1 wt % of ami-
noacetic acid and 13 wt % of hydrogen peroxide was
approximately 10 nm/min, which was sufficiently higher
than the Cu film etching rate during the dipping, as shown
in FIG. 2. This rise in the Cu film polishing rate resulting
from the polishing was due to the reason explained below.
That 1s, when the Cu film 12 on the surface of which the
oxide layer 13 was formed, FIG. 3B, was polished with a
polishing pad soaked with the above polishing solution, the
oxide layer 13 on each projecting portion of the Cu film 12
was mechanically polished by the pad to expose pure Cu to
the surface as illustrated in FIG. 3C. As a consequence,
active chemical polishing was brought about by the action of
aminoacetic acid and hydrogen peroxide contained in the
polishing solution. That 1s, 1n the polishing step pure Cu 1s
constantly exposed to the surface to be polished of a Cu film,
and this permits chemical etching by aminoacetic acid and
hydrogen peroxide contained in the polishing solution. In
cffect, when the surface of a Cu film immediately after
polishing was analyzed by XPS, a spectrum indicated by the
alternate long and short dashed line in FIG. 4 appeared,
demonstrating the exposure of Cu.

FIG. 5 shows plots of the etching rate of a Cu film formed
on a substrate during dipping and the polishing rate of the
f1lm during polishing in a polishing solution composed of
aminoacetic acid, hydrogen peroxide, and water, when the
content of aminoacetic acid was held constant at 0.9 wt %
and the content of hydrogen peroxide was varied. Note that
the polishing was done following the same procedures as
discussed above by using the polishing apparatus shown in

FIG. 1. As can be seen from FIG. 5, the Cu film was not
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ctched at all when dipped into a polishing solution added
with no hydrogen peroxide. However, the Cu film was
vigorously etched when a small amount of hydrogen per-
oxide was added to the polishing solution. FIG. 5 also
reveals that the Cu film etching rate decreased as the content
of hydrogen peroxide was increased further, and became
zero when the content of hydrogen peroxide reached about
18 wt %. The reason for this 1s considered that an oxide layer
which prevents etching by the polishing solution 1s formed
on the surface of a Cu film 1f the content of hydrogen
peroxide 1s increased. A Cu film was polished following the
same procedures as described above by using a polishing
solution containing 15 wt % of hydrogen peroxide. As a
result, the Cu film was polished at a rate of approximately
85 nm/min, 1.€., the etching rate during the polishing was
sufficiently higher than that during the dipping. However,
the polishing rate of a Cu film during polishing was about 60
nm/min even by the use of a polishing solution which
contained 20 wt % of hydrogen peroxide and by which
ctching of a Cu film was reliably prevented during dipping,
1.e., a polishing solution 1n which the content ratio of
aminoacetic acid to hydrogen peroxide was 1 to about 20 as
a weight ratio. Therefore, the etching rate during the pol-
1shing was sufficiently higher than that during the dipping.

FIG. 6 shows plots of the etching rate of a Cu film formed
on a substrate during dipping and the polishing rate of the
film during polishing 1 a polishing solution composed of
[amidosulfuric] aminosulfuric acid as an [organic] acid,
hydrogen peroxide, and water, when the content of [ami-
dosulfuric] aminosulfuric acid was held constant at 0.86 wt
% and the content of hydrogen peroxide was varied. Note
that the polishing was done following the same procedures
as discussed above by using the polishing apparatus depicted
in FIG. 1. It 1s evident from FIG. 6 that the Cu film was not
ctched at all when a polishing solution added with no
hydrogen peroxide was used, but was actively etched when
the polishing solution contained a small amount of hydrogen
peroxide. It 1s also apparent from FIG. 6 that the Cu film
ctching rate was lowered as the content of hydrogen perox-
1de was 1ncreased, and was 50 nm/min when the content of
hydrogen peroxide was about 22 wt % or more. The reason
for this 1s assumed that an oxide layer which prevents
ctching by the polishing solution 1s formed on the surface of
a Cu film 1f the content of hydrogen peroxide 1s increased.
A Cu film was polished following the same procedures as
described above by using a polishing solution which con-
tained 30 wt % of hydrogen peroxide, 1.€., 1n which the
content ratio of [amidosulfuric] aminosulfuric acid to hydro-
gen peroxide was 1 to about 35 as a weight ratio.
Consequently, the Cu film was polished at a rate of approxi-
mately 950 nm/min. That 1s, the etching rate during the
polishing was sufficiently high, about 19 times higher than
that during the dipping.

As discussed above, the polishing solution according to
the present mvention hardly etches Cu or Cu alloy when Cu
or a Cu alloy 1s dipped 1nto the solution, and has an etching
rate during polishing several times to several ten times
higher than that during dipping. For this reason, it 1s possible
to avoid the problem that, for example, the Cu etching
amount varies depending on the supply timing of a polishing
solution 1n the polishing step. This allows an easy polishing
operation. In addition, an oxide layer 1s formed on a Cu film
on a substrate by hydrogen peroxide, as mentioned earlier,
when the Cu film comes into contact with the polishing
solution after being polished by the polishing apparatus.
This prevents so-called over-etching 1n which the Cu film
continues to be etched after the polishing. Furthermore, as
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illustrated 1 FIG. 3C, 1n the polishing step the Cu film 12
having projections 1s sequentially etched from the surface of
cach projection 1n contact with the polishing pad while the
side surfaces of the film remain unetched. Therefore, the
polishing solution is very suitable for an etch-back technique

(to be described later).

By adjusting the pH of the polishing solution according to
the present invention between 9 and 14 by adding an alkaline
agent such as potassium hydroxide to the solution, an oxide
layer having a good etching barrier property with respect to
the polishing solution can be formed on the surface of Cu or
a Cu alloy when the Cu or Cu alloy 1s dipped into the
solution. It 1s also possible to control the thickness of the
oxide layer formed on the surface of Cu or a Cu alloy. FIG.
7 1s a graph showing a change 1n the thickness of an oxide
layer formed on the surface of a Cu film formed on a
substrate when the Cu film was dipped into a polishing
solution which contained 0.9 wt % of aminoacetic acid and
12 wt % of hydrogen peroxide and in which the pH was
adjusted between 8.5 and 11 by addition of potassium
hydroxide. As shown 1 FIG. 7, the thickness of the oxide
layer formed on the surface of the Cu film increases as the
pH rises.

The polishing solution whose pH 1s adjusted between 9
and 14 allows formation of an oxide layer having a good
ctching battier property on the surtface of Cu or a Cu alloy
when the Cu or Cu alloy 1s dipped into the polishing
solution. Therefore, even 1if the content of an organic acid
such as aminoacetic acid 1n the polishing solution 1s
increased, Cu 1s hardly etched when Cu or a Cu alloy 1s
dipped into the solution. During polishing, on the other
hand, this increase in the content of the organic acid makes
it possible to increase the etching rate of the Cu or Cu alloy.
Consequently, the difference between the etching rate during,
the dipping and that during the polishing can be increased as
compared with a polishing solution added with no alkaline
agent. The result 1s a reduced polishing time of the Cu or Cu
alloy.

By adding abrasive grains such as silica grains to the
polishing solution according to the present invention, it 1s
possible to improve the polishing rate during polishing of Cu
or a Cu alloy compared to a polishing solution not added
with the abrasive grains. As examples, polishing solutions
were prepared by adding about 9 wt % of silica grains with
a mean grain size of 30 nm, alumina grains with a mean
orain size of 740 nm, certum oxide grains with a mean grain
size of 1300 nm, and zirconia grains with a mean grain size
of 1100 nm to an aqueous solution containing 0.1 wt % of
aminoacetic acid and 13 wt % of hydrogen peroxide. Each
of the resultant polishing solutions was used to polish a Cu
f1lm formed on a substrate and having projections following
the same procedures as discussed earlier by using the
polishing apparatus 1llustrated in FIG. 1. A list of the Cu film
polishing rates of these polishing solutions 1s given 1n Table
1 below. Note that Table 1 also shows the polishing rate of
a Cu film polished with a polishing solution added with no
abrasive grains and containing 0.1 wt % of aminoacetic acid
and 13 wt % of hydrogen peroxide.

TABLE 1

Polishing rate of

Type of abrasive grain Cu film (nm/min)

Silica grain 35.3
Alumina grain 98.5
Certum oxide grain 31.1
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TABLE 1-continued

Polishing rate of

Type of abrasive grain Cu film (nm/min)

22.1
10.0

Zirconia grain
None

As can be seen from Table 1 above, the polishing rate of
a Cu film can be improved by the use of each polishing
solution added with abrasive grains compared to the polish-
ing solution added with no abrasive grains. It 1s also evident
from Table 1 that the Cu film polishing rate can be controlled
by changing the type of abrasive grain.

An S10, film, an S1;N, film, and a borophosphosilicate
glass film (BPSG film) formed on substrates were polished
following the same procedures as discussed earlier by using
polishing solutions added with silica grains and alumina
orains as abrasive grains and the polishing apparatus 1llus-
trated i FIG. 1. Table 2 below shows the polishing rates of
the 1ndividual insulating films obtained by these polishing
solutions. Note that each value 1n parentheses 1n Table 2
indicates the velocity ratio calculated from (the polishing
rate of a Cu film/the polishing rate of an 1nsulating film 1n
a polishing solution of the same type). In the manufacture of
semiconductor devices to be described later, the selective
polishing property for Cu can be improved as the velocity
rat1o 1s increased 1n forming a buried Cu interconnecting
layer 1n a trench or the like of an 1insulating film by polishing.
That 1s, a decrease 1n thickness of the underlying msulating
film can be suppressed.

TABLE 2
Type of Polishing rate of insulating film
abrasive (nm/min)
grain S10, film S1;N, film BPSG film
Silica grain 1 (35.3) 0.4 (88.3) 4.7 (7.5)
Alumina grain 7.7 (12.8) 3.5 (28.1) 41.2 (2.39)

Furthermore, the polishing solution added with abrasive
orains such as silica grains can perform polishing well
without producing cracks or fine flaws on a Cu film or a Cu
alloy film. This 1s so because, when the polishing step 1s
performed by using the polishing apparatus shown 1n FIG.
1, the frictional force between the surface to be polished of
a Cu film and the polishing pad can be reduced by the
abrasive grains. This consequently reduces the 1impact force
on the Cu film, preventing cracks and the like.

The polishing solution added with abrasive grains such as
silica grains, therefore, can improve the polishing rate of Cu
or a Cu alloy 1n comparison with a polishing solution added
with no abrasive grains, and can also suppress damages to
the surface of Cu or a Cu alloy during the polishing.

Note that a polishing solution containing [amidosulfuric]
aminosulfuric acid as an [organic] acid and abrasive grains
such as silica grains also can 1improve the polishing rate of
Cu or a Cu alloy compared to a polishing solution added
with no abrasive grains, and can suppress damages to the
surface of Cu or a Cu alloy during the polishing.

A method for manufacturing a semiconductor device

according to the present 1nvention comprises the steps of:

forming a trench and/or an opening corresponding to a
shape of an interconnecting layer 1n an msulating film
on a semiconductor substrate;

depositing an 1nterconnection material film consisting of
copper (Cu) or a copper alloy (Cu alloy) on the insu-
lating film 1ncluding the trench and/or opening; and
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polishing the mterconnection material film until a surface
of the insulating film 1s exposed by using a polishing
solution containing at least one Jorganic] acid selected
from the group consisting of aminoacetic acid and
[amidosulfuric] aminosulfuric acid, an oxidizer, and
water, thereby forming a buried interconnecting layer
in the insulating film such that surfaces of the inter-
connecting layer and the insulating film are level with
cach other.

As the 1nsulating film, 1t 1s possible to use, e.g., a silicon
oxide film, a silicon nitride film, a two-layer film constituted
by a silicon oxide film and a silicon nitride film stacked on
the silicon oxide film, a borophosphosilicate glass film
(BPSG film), or a phosphosilicate glass film (PSG film).

As the Cu alloy, 1t 1s possible to use, e.g., a Cu—Si alloy,
a Cu—AlI alloy, a Cu—Si1—Al alloy, or a Cu—Ag alloy.

The interconnection material film consisting of Cu or a Cu
alloy 1s deposited by sputter vapor deposition, vacuum vapor
deposition, or the like.

It 1s preferable that the content of the organic acid and the
content ratio of the organic acid to the oxidizer in the
polishing solution fall within ranges 1dentical with those of
the copper-based metal polishing solution discussed above.

The polishing solution may contain an alkaline agent for
adjusting the solution pH between 9 and 14, 1n addition to
the organic acid and the oxidizer. Preferable examples of this
alkaline agent are potassium hydroxide and quinoline.

The polishing solution may contain abrasive grains, such
as silica grains, alumina grains, cerium oxide grains, or
zirconla grains, 1n addition to the organic acid and the
oxidizer. The mean grain size and the addition amount of
these abrasive grains preferably fall within ranges 1dentical
with those of the copper-based metal polishing solution
described above.

Polishing using the above polishing solution 1s performed
by using the polishing apparatus explained earlier with
reference to FIG. 1.

In the polishing using the polishing apparatus of FIG. 1,
the load applied to a substrate held by the substrate holder
toward the polishing pad 1s properly selected 1n accordance
with the composition of a polishing solution. As an example,
the load is preferably 200 to 2000 g/cm?® for a polishing
solution composed of an organic acid, an oxidizer, and
water. The load is preferably 150 to 1000 g/cm” for a
polishing solution further containing abrasive grains such as
silica grains.

In the method for manufacturing a semiconductor device
according to the present 1nvention, a barrier layer may be
formed on the insulating film formed on the semiconductor
substrate and including the trench and/or opening prior to
depositing the interconnection material film. With the for-
mation of this barrier layer on the insulating film mncluding
the trench and/or opening, it 1s possible to form a buried
interconnecting layer surrounded by the barrier layer by
deposition and etch back of an interconnection material
layer such as Cu. As a result, 1t 1s possible to prevent
contamination of the semiconductor substrate caused by
diffusion of Cu as the interconnection material layer.

The barrier layer consists of, e¢.g., TiN, Ti, Nb, W, or a
CuTa alloy. The thickness of the barrier layer 1s preferably
15 to 50 nm.

In the method for manufacturing a semiconductor device
according to the present invention, the end point of polishing,
may be detected on the basis of a change 1n the torque of the
turntable of the polishing apparatus shown 1 FIG. 1, a
change 1n the temperature of the polishing pad of the
apparatus, or a change 1n the pH of the polishing solution
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supplied to the polishing pad. It 1s also possible to detect the
end point of polishing on the basis of a change 1n the torque
of the holder of the polishing apparatus 1n FIG. 1. The end
point of the polishing can be detected easily with these
methods. Therefore, a buried interconnecting layer can be
reliably formed 1n the insulating film by using this end point
detection.

In the method for manufacturing a semiconductor device
according to the present invention as discussed above, a
trench and/or an opening corresponding to an interconnect-
ing layer 1s formed 1n an insulating film on a semiconductor
substrate. An mterconnection material {ilm consisting of Cu
or a Cu alloy 1s deposited on the msulating film including the
trench and/or opening. The interconnection material film 1s
polished until the surface of the mnsulating film 1s exposed by
using a polishing solution containing at least one [organic]
acid selected from aminoacetic acid [and amidosulfuric
acid,] or aminosulfuric acid, an oxidizer, and water, and the
polishing apparatus shown 1n FIG. 1. As has been discussed
carlier, the polishing solution hardly etches a Cu film or a Cu
alloy film when the film 1s dipped into the solution, and has
an etching rate during polishing which 1s several times to
several ten times higher than that during dipping.
Consequently, in the polishing step the interconnection
material film 1s sequentially etched from its surface, 1.e.,
subjected to so-called etch back. This makes 1t possible to
form a buried interconnecting layer consisting of Cu or a Cu
alloy 1n the trench and/or opening 1n the 1nsulating film such
that the surface of the interconnecting layer is level with the
surface of the insulating film. The interconnecting layer after
ctched back 1s brought into contact with the polishing
solution. Since, however, an oxide layer 1s formed on the
exposed surface of the interconnecting layer, it 1s possible to
avold etching of the interconnecting layer by this oxide
layer. Therefore, a semiconductor device having a highly
precise buried interconnecting layer and a flat surface can be
manufactured.

Also, by adjusting the pH of the polishing solution
between 9 and 14 with an alkaline agent such as potassium
hydroxide, etching of the interconnecting layer after the
ctch-back step can be prevented by an oxide film which 1s
formed on the surface of the interconnecting layer and has
a good etching barrier property, even if the amount of the
organic acid, such as aminoacetic acid, contained in the
polishing solution 1s increased. In addition, increasing the
content of the organic acid 1n the polishing solution
increases the polishing rate of the interconnection material
film. As a result, the etch-back time can be shortened.

Furthermore, the use of a polishing solution added with
abrasive grains such as silica grains makes it possible to
raise the polishing rate of the interconnection material layer.
This also reduces the etch-back time. It 1s also possible to
discourage occurrence of cracks or flaws on the intercon-
nection material film 1n the etch-back step. Consequently, a
highly reliable buried interconnecting layer can be formed 1n
the trench and/or opening of the msulating film.

Another method for manufacturing a semiconductor
device according to the present invention comprises the
steps of:

forming a trench and/or an opening corresponding to a
shape of an interconnecting layer 1n an msulating film
on a semiconductor substrate;

depositing an 1nterconnection material film consisting of
copper (Cu) or a copper alloy (Cu alloy) on the insu-
lating film 1ncluding the trench and/or opening;

polishing the mterconnection material film until a surface
of the msulating film 1s exposed by using a polishing
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solution containing at least one type of an [organic]
acid selected from the group consisting of aminoacetic
acid and [amidosulfuric] aminosulfuric acid, an
oxidizer, and water, thereby forming a buried intercon-
necting layer in the insulating film such that surfaces of
the i1nterconnecting layer and the insulating film are
level with each other; and

treating the surface of the insulating film including the
interconnecting layer with an aqueous dissolved ozone
solution and then with an aqueous dilute hydrofluoric
acid solution.

As the 1nsulating film, 1t 1s possible to use, €.g., a silicon
oxide film, a silicon nitride film, a two-layer film constituted
by a silicon oxide film and a silicon nitride film stacked on
the silicon oxide film, a borophosphosilicate glass film
(BPSG film), or a phosphosilicate glass film (PSG film).

As the Cu alloy, 1t 1s possible to use, e.g., a Cu—=S1 alloy,
a Cu—Al alloy, a Cu—S1—Al alloy, or a Cu—Ag alloy.

The interconnection material film consisting of Cu or a Cu
alloy 1s deposited by sputter vapor deposition, vacuum vapor
deposition, or the like process.

It 1s preferable that the content of an organic acid and the
content ratio of the organic acid to an oxidizer in the
polishing solution fall within ranges 1dentical with those of
the copper-based metal polishing solution discussed above.

The polishing solution may contain an alkaline agent for
adjusting the solution pH between 9 and 14, in addition to
the organic acid and the oxidizer. Preferable examples of this
alkaline agent are potassium hydroxide and quinoline.

The polishing solution may contain abrasive grains, such
as silica grains, alumina grains, cerium oxide grains, or
zirconla grains, 1n addition to the organic acid and the
oxidizer. The mean grain size and the addition amount of
these abrasive grains preferably fall within ranges 1dentical
with those of the copper-based metal polishing solution
described above.

Polishing using the above polishing solution 1s performed
by using the polishing apparatus explained earlier with
reference to FIG. 1.

In the polishing using the polishing apparatus of FIG. 1,
the load applied to a substrate held by the substrate holder
toward the polishing pad 1s properly selected 1n accordance
with the composition of a polishing solution. As an example,
the load is preferably 200 to 2000 g/cm” for a polishing
solution composed of an organic acid, an oxidizer, and
water. The load is preferably 150 to 1000 g/cm” for a
polishing solution further containing abrasive grains such as
silica grains.

In this method for manufacturing of a semiconductor
device according to the present invention, a barrier layer
may be formed on the insulating film formed on the semi-
conductor substrate and including the trench and/or opening
prior to depositing the interconnection material film. With
the formation of this barrier layer on the insulating film
including the trench and/or opening, it 1s possible to form a
buried interconnecting layer surrounded by the barrier layer
by deposition and etch back of an interconnection material
layer such as Cu. As a result, 1t 1s possible to prevent
contamination of the semiconductor substrate caused by
diffusion of Cu as the interconnection material layer.

The barrier layer consists of, e¢.g., TiN, Ti, Nb, W, or a
CuTa alloy. The thickness of the barrier layer 1s preferably
15 to 50 nm.

In this method for manufacturing a semiconductor device
according to the present invention, the end point of polishing,
may be detected on the basis of a change 1n the torque of the
turntable of the polishing apparatus shown 1 FIG. 1, a
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change 1n the temperature of the polishing pad of the
apparatus, or a change 1n the pH of the polishing solution
supplied to the polishing pad. It 1s also possible to detect the
end point of polishing on the basis of a change 1n the torque
of the holder of the polishing apparatus 1in FIG. 1. The end
point of the polishing can be detected easily with these
methods. Therefore, a buried interconnecting layer can be
reliably formed in the insulating film by using this end point
detection.

The ozone concentration of the aqueous dissolved ozone
solution 1s preferably 0.1 to 25 ppm. If the ozone concen-
tration of the aqueous dissolved ozone solution 1s smaller
than 0.1 ppm, 1t becomes difficult to convert Cu or a Cu
alloy, as the interconnection material remaining on the
insulating film, 1nto an oxide, or to oxidatively destroy a
contaminant such as an organic substance. The ozone con-
centration of the aqueous dissolved ozone solution 1s more
preferably 5 to 25 ppm.

The hydrofluoric acid concentration of the aqueous dilute
hydrofluoric acid solution 1s preferably 0.05 to 20%. If the
hydrofluoric acid concentration of the aqueous dilute
hydrofluoric acid solution 1s less than 0.05%, 1t becomes
difficult to effectively dissolve away the oxide of the Cu or
Cu alloy which i1s converted by the treatment using the
aqueous dissolved ozone solution. On the other hand, 1if the
hydrofluoric acid concentration of the aqueous dilute
hydrofluoric acid solution 1s more than 20%, when a silicon
oxide film 1s used as an insulating film, this oxide film also
may be removed by dissolution to cause a decrease 1n the
film thickness. The hydrofluoric acid concentration of the
aqueous dilute hydrofluoric acid solution 1s more preferably
0.1 to 5%.

In this method for manufacturing a semiconductor device
according to the present invention as discussed above, a
trench and/or an opening corresponding to an interconnect-
ing layer 1s formed 1n an insulating film on a semiconductor
substrate. An interconnection material film consisting of Cu
or a Cu alloy 1s deposited on the insulating film 1including the
trench and/or opening. The interconnection material film 1s
polished until the surface of the mnsulating film 1s exposed by
using a polishing solution containing at least one Jorganic]
acid selected from aminoacetic acid and [amidosulfuric]
aminosulfuric acid, an oxidizer, and water, and the polishing
apparatus shown 1n FIG. 1. As has been discussed earlier, the
polishing solution hardly etches a Cu film or a Cu alloy film
when the film 1s dipped 1nto the solution, and has an etching,
rate during polishing which is several times to several ten
fimes higher than that during dipping. Consequently, 1n the
polishing step the interconnection material film 1s sequen-
tially etched from its surface, 1.¢., subjected to so-called etch
back. This makes it possible to form a buried interconnect-
ing layer consisting of Cu or a Cu alloy 1n the trench and/or
opening 1n the insulating film such that the surface of the
interconnecting layer 1s level with the surface of the 1nsu-
lating film. The interconnecting layer after etched back 1s
brought into contact with the polishing solution. Since,
however, an oxide layer 1s formed on the exposed surface of
the 1nterconnecting layer, it 1s possible to avoild etching of
the interconnecting layer by this oxide layer.

In addition, by treating the surface of the insulating film
including the interconnecting layer with the aqueous dis-
solved ozone solution after the etch-back step, 1t 1s possible
to convert a fine mterconnection material, 1.e., Cu or a Cu
alloy, remaining on the msulating film into an oxide, or to
oxidatively destroy a pollutant such as an organic substance.
By performing a treatment with the aqueous dilute hydrof-
luoric acid solution after the treatment using the aqueous
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dissolved ozone solution, 1t 1s possible to readily dissolve
away the oxide of the Cu or Cu alloy from the insulting film
or the oxidatively destroyed product of the pollutant.

Consequently, 1t 1s possible to manufacture a semicon-
ductor device having a highly precise buried interconnecting
layer and a flat surface which is cleaned by removing an
organic substance or the residual interconnection material
from the surface of an insulating film.

Also, by adjusting the pH of the polishing solution
between 9 and 14 with an alkaline agent such as potassium
hydroxide, etching of the interconnecting layer after the
ctch-back step can be prevented by an oxide film which 1s
formed on the surface of the interconnecting layer and has
a good etching barrier property, even 1f the amount of the
organic acid, such as aminoacetic acid, contained in the
polishing solution 1s increased. In addition, increasing the
content of the organic acid 1n the polishing solution
increases the polishing rate of the interconnection material
film. As a result, the etch-back time can be shortened.

Furthermore, the use of a polishing solution added with
abrasive grains such as silica grains makes it possible to
raise the polishing rate of the interconnection material layer.
This also reduces the etch-back time. It 1s also possible to
discourage occurrence of cracks or flaws on the intercon-
nection material film 1n the etch-back step. Consequently, a
highly reliable buried interconnecting layer can be formed 1n
the trench and/or opening of the msulating film.

The present 1invention will be described 1n more detail
below by way of its preferred examples.

EXAMPLE 1

First, as 1n FIG. 8A, a 1000 nm thick S10, film 22 as an

insulating 1nterlayer was deposited by a CVD process on a
silicon substrate 21 on the surface of which diffusion layers
such as a source and a drain (not shown) were formed.
Thereafter, a plurality of trenches 23, 500 nm 1n depth,
having a shape corresponding to an interconnecting layer
were formed 1n the S10,, film 22 by photoetching. As shown
in FIG. 8B, a 15 nm thick TiN barrier layer 24 and a 600 nm
thick Cu film 25 were deposited in this order by sputter
vapor deposition on the S10., film 22 including the trenches

23.

Subsequently, the substrate 21, FIG. 8B, was held upside
down by the substrate holder 5 of the polishing apparatus
discussed earlier with reference to FIG. 1. A load of 300
o/cm” was applied from the support shaft 4 of the holder 5
to the substrate toward the polishing pad 2 which was
covered on the turntable 1 and consisted of SUBASOO
(tradename) manufactured by Rodel Nitta Corp. While the
turntable 1 and the holder 5 were rotated in the opposite
directions at a rotating speed of 100 ppm, a polishing
solution was supplied from the supply pipe 3 to the polishing
pad 2 at a rate of 20 ml/min, thereby polishing the Cu film
25 and the barrier layer 24 deposited on the substrate 21 until
the surface of the S10, film 22 was exposed. Note that the
polishing solution used was pure water containing 0.1 wt %
of aminoacetic acid, 13.0 wt % of hydrogen peroxide, and 8
wt % of a silica powder with a mean grain size of 0.04 um,
in which the weight ratio of aminoacetic acid to hydrogen
peroxide was 1 to 130. In the polishing step described above,
the etching rate of the polishing solution when the solution
was 1n contact with the Cu film was zero, and the etching
rate during the polishing performed by the polishing pad was
about 77 nm/min, which was sufliciently higher than that
during the dipping. Consequently, in the polishing step the
Cu film 25 with projections as in FIG. 8B was preferentially
polished from the surface in mechanically contact with the




US RE37,786 E

15

polishing pad, and the exposed barrier layer 24 was then
polished; 1.e., so-called etch back was performed. As a
result, as 1llustrated in FIG. 8C, the barrier layer 24 was left
behind only 1n the trenches 23, and a buried Cu intercon-

necting layer 26 whose surface was level with the surface of
the S10,, film 22 was formed 1n the trenches 23 covered with

the barrier layer 24. After the load applied from the holder
5 of the polishing apparatus to the polishing pad 2 was
removed and the rotations of the turntable 1 and the holder
5 were stopped, no etching proceeded even when the Cu
interconnecting layer 26 came into contact with the polish-
ing solution.

In the polishing step (etch-back step) performed by the
polishing apparatus shown 1n FIG. 1, the polishing solution
was sampled at proper intervals from the polishing pad, and
a change 1n the pH of the solution was measured with a pH
meter. FIG. 9 shows the pH change of the polishing solution
as a function of the polishing time. In FIG. 9, a point at
which the pH which once had declined started to rise again
is defined as the etching end point (e.g., 8 minutes after the
loading from the holder to the substrate was started). By
setting the etch-back time on the basis of this end point
detection, 1t was possible to form a buried Cu interconnect-
ing layer 26, the surface of which was level with the surface
of the S10, film 22, 1n the trenches 23 of the film 22 with a
high reproducibility.

In the polishing step (etch-back step) done by the polish-
ing apparatus 1llustrated 1in FIG. 1, a change 1n the tempera-
ture of the polishing pad was measured by a temperature
sensor, and a change 1n the voltage of a driving motor of the
turntable was also measured. FIG. 10 shows the temperature
change of the polishing pad as a function of the polishing
time. FIG. 11 shows the voltage change of the driving motor
as a function of the polishing time. In FIG. 10 1llustrating the
temperature change, a point at which the temperature of the
polishing pad, which had risen to a constant temperature
immediately after the start of loading, started to rise again 1s
defined as the etching end point. In FIG. 11 showing the
voltage change, a point at which the voltage of the driving,
motor of the turntable, which had risen to a fixed voltage
immediately after the start of loading, started to rise again 1s
defined as the etching end point. By setting the etch-back
time on the basis of these end point detections, 1t was
possible to form with a high reproducibility a buried Cu

interconnecting layer 26, the surface of which was level with
the surface of the S10,, film 22, 1n the trenches 23 of the film
22.

The substrate in which the buried interconnecting layer
was formed was treated by dipping into an aqueous dis-
solved ozone solution with an ozone concentration of
0.001% for 3 minutes. The substrate was then treated by
dipping into an aqueous dilute hydrofluoric acid solution
with a hydrofluoric acid concentration of 10% for 90 sec-
onds. FIG. 12 1s a graph showing spectra analyzed by XPS.
In FIG. 12, the solid line indicates a spectrum of the surface
immediately after the formation of the Cu interconnecting
layer; the dotted line, a spectrum of the surface of the Cu
interconnecting layer after the treatment with the aqueous
dissolved ozone solution; and the alternate long and short
dashed line, a spectrum of the surface of the Cu intercon-
necting layer after the treatment with the aqueous dilute
hydrofluoric acid solution. As 1s apparent from FIG. 12,
when the substrate in which the interconnection was formed
was treated by dipping 1nto the aqueous dissolved ozone
solution, a signal of metal Cu that was observed immediately
after the formation of the interconnection was no longer
found, as indicated by the dotted-line spectrum. This indi-
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cates that the surface of the Cu interconnecting layer
changed into an oxide. When the substrate was further
treated with the aqueous dilute hydrofluoric acid solution, a
signal of CuO that was observed in the treatment with the
aqueous dissolved ozone solution disappeared, as shown by
the spectrum represented by the alternate long and short
dashed line. This demonstrates that pure Cu was exposed to
the surface of the Cu interconnecting layer. That 1s, the
treatment using the aqueous dissolved ozone solution makes
it possible to destroy an organic substance, such as ami-
noacetic acid, remaining on the surface of the S10,, film 22
or the like, and to convert the residual Cu on the S10, film
22 1nto an oxide. The destroyed product of the organic
substance and the Cu oxide formed by the treatment using
the aqueous dissolved ozone solution can be removed by the
subsequent treatment using the aqueous dilute hydrofluoric
acid solution. It 1s also possible to remove the Cu oxide layer
formed on the surface of the Cu interconnecting layer by
contact with the polishing solution. Consequently, the sur-
face of the S10,, film 22 can be cleaned, and pure Cu can be
exposed to the surface of the Cu interconnecting layer 26.

In Example 1 of the present invention, therefore, a buried
Cu interconnecting layer 26 having a thickness equal to the
depth of the trenches 23 of the S10, film 22 can be formed
in the trenches 23 such that the surface of the Cu intercon-
necting layer 26 1s level with the surface of the S10,, film 22.
This makes it possible to flatten the surface of the substrate
21 after the formation of the interconnecting layer 26.
Additionally, by performing the treatment using the aqueous
dissolved ozone solution and the treatment using the aque-
ous dilute hydrofluoric acid solution after the formation of
the Cu interconnecting layer 26, the surface of the S10, film
22 1s cleaned, and the oxide layer which 1s produced by
oxidation by the polishing solution and serves as a resistive
component 1s removed. Consequently, 1t 1s possible to
manufacture a semiconductor device which has a buried Cu
interconnecting layer with a low resistance characteristic of
Cu and which 1s highly reliable.

Note that the same procedures as discussed above 1n
Example 1 were also followed by using a polishing solution
which was pure water containing 0.86 wt % of [amidosul-
furic] aminosulfuric acid, 30 wt % of hydrogen peroxide,
and 8 wt % of a silica powder with a mean grain size of 0.09
um. As a result, as 1n Example 1, 1t was possible to form a
buried interconnecting layer in trenches of an S10,, msulat-
ing 1nterlayer such that the surfaces of the interconnecting
layer and the S10, film were level with each other.

EXAMPLE 2

First, as 1 FIG. 13A, an 800 nm thick S10,, film 22 and
a 200 nm thick S1;N, film 27 were deposited in this order to
form an insulating interlayer by a CVD process on a silicon
substrate 21 on the surface of which diffusion layers such as
a source and a drain (not shown) were formed. Thereafter, a
plurality of trenches 23, 500 nm 1n depth, having a shape

corresponding to an interconnecting layer were formed 1n
the S1,N, film 27 and the S10, film 22 by photoetching. As

shown in FIG. 13B, a 15 nm thick TiN barrier layer 24 and
a 600-nm thick Cu film 25 were deposited 1n this order by
sputter vapor deposition on the S1;N, film 27 imncluding the
trenches 23.

Subsequently, the substrate 21, FIG. 13B, was held upside
down by the substrate holder 5 of the polishing apparatus
discussed earlier with reference to FIG. 1. A load of 300
g/cm® was applied from the support shaft 4 of the holder 5
to the substrate toward the polishing pad 2 which was
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covered on the turntable 1 and consisted of SUBASOO
(tradename) manufactured by Rodel Nitta Corp. While the
turntable 1 and the holder 5 were rotated in the opposite
directions at a rotating speed of 100 ppm, a polishing
solution was supplied from the supply pipe 3 to the polishing
pad 2 at a rate of 20 ml/min, thereby polishing the Cu film
25 and the barrier layer 24 deposited on the substrate 21 until
the surface of the Si1;N, film 27 was exposed. Note that the
polishing solution used was pure water containing 0.1 wt %
of aminoacetic acid, 13.0 wt % of hydrogen peroxide, and 8
wt % of a silica powder with a mean grain size of 0.04 um,
in which the weight ratio of aminoacetic acid to hydrogen
peroxide was 1 to 130. In the polishing step described above,
the etching rate of the polishing solution when the solution
was 1n contact with the Cu film was zero, and the etching
rate during the polishing performed by the polishing pad was
about 77 nm/min, which was sufficiently higher than that
during the dipping. Consequently, in the polishing step the
Cu film 25 with projections as in FIG. 13B was preferen-
tially polished from the surface in mechanically contact with
the polishing pad, and the exposed barrier layer 24 was then
polished; 1.e., so-called etch back was performed.

As a result, as illustrated in FIG. 13C, the barrier layer 24
was left behind only in the trenches 23, and a buried Cu
interconnecting layer 26 whose surface was level with the
surface of the S1;,N, film 27 was formed 1n the trenches 23
covered with the barrier layer 24. After the load applied from
the holder 5 of the polishing apparatus to the polishing pad
2 was removed and the rotations of the turntable 1 and the
holder § were stopped, no etching proceeded even when the
Cu interconnecting layer 26 came into contact with the
polishing solution.

Furthermore, since the S1;N, film 27 exhibiting a high
polishing resistance in the polishing step using the polishing,
solution containing the silica grains as abrasive grains was
formed on the surface of the insulating interlayer, it was
possible to suppress a decrease 1n the film thickness 1n the
ctch-back step. This made 1t possible to manufacture a
semiconductor device including an insulating interlayer with
a high withstand voltage.

EXAMPLE 3

First, as 1n FIG. 14A, a 1000 nm thick S1;N, film 27 as
an 1nsulating interlayer was deposited by a CVD process on
a silicon substrate 21 on the surface of which diffusion layers
such as a source and a drain (not shown) were formed.
Thereafter, a plurality of trenches 23, 500 nm in depth,
having a shape corresponding to an interconnecting layer
were formed 1n the S1;N, film 27 by photoetching. As shown
in FIG. 14B, a 600 nm thick Cu film 25 was deposited on the
S1;N, film 27 including the trenches 23 by sputter vapor
deposition.

Subsequently, the substrate 21, FIG. 14B, was held upside
down by the substrate holder 5 of the polishing apparatus
discussed earlier with reference to FIG. 1. A load of 400
o/cm” was applied from the support shaft 4 of the holder 5
to the substrate toward the polishing pad 2 which was
covered on the turntable 1 and consisted of SUBASOO
(tradename) manufactured by Rodel Nitta Corp. While the
turntable 1 and the holder 5 were rotated in the opposite
directions at a rotating speed of 100 ppm, a polishing
solution was supplied from the supply pipe 3 to the polishing
pad 2 at a rate of 20 ml/min, thereby polishing the Cu film
25 deposited on the substrate 21 until the surface of the
S1,N, film 27 was exposed. Note that the polishing solution
used was pure water containing 0.9 wt % of aminoacetic
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acid, 22.0 wt % of hydrogen peroxide, and 3.7 wt % of
potassium hydroxide, 1n which the weight ratio of aminoace-
fic acid to hydrogen peroxide was 1 to about 24 and the pH
was 10.5. In the polishing step described above, the etching
rate of the polishing solution when the solution was 1in
contact with the Cu film was zero, and the etching rate
during the polishing performed by the polishing pad was
about 220 nm/min, which was sufficiently higher than that
during the dipping. Consequently, 1n the polishing step the
Cu film 25 with projections as in FIG. 14B was preferen-
tially polished from the surface in mechanically contact with
the polishing pad, 1.e., subjected to so-called etch back.

As a result, as 1llustrated in FIG. 14C, a buried Cu
interconnecting layer 26 whose surface was level with the
surface of the S1;,N, film 27 was formed 1n the trenches 23.
After the load applied from the holder 5 of the polishing
apparatus to the polishing pad 2 was removed and the
rotations of the turntable 1 and the holder § were stopped, no
ctching proceeded even when the Cu interconnecting layer
26 came 1nto contact with the polishing solution.

Furthermore, the insulating interlayer having the trenches
23 1n which the buried Cu interconnecting layer 26 was
formed was constructed from S1;N, with a good Cu diffu-
sion barrier property. Therefore, smmce Cu did not diffuse
across the imsulating interlayer 27 to reach the silicon
substrate 21 from the Cu interconnecting layer 26, it was
possible to avoid contamination of the substrate 21 without
forming any barrier layer such as a TiN layer on the inner
surfaces of the trenches 23.

EXAMPLE 4

First, as in FIG. 15A, a 1000 nm thick $10,, film 33 as a
first insulating interlayer was deposited by a CVD process
on a p-type silicon substrate 32 on the surface of which an
n"-type diffusion layer 31 was formed. Thereafter, a via hole
34 was formed 1n a portion of the S10, film 33 correspond-
ing to the diffusion layer 31 by photoetching. As shown in
FIG. 15B, a 20 nm thick TiN barrier layer 35 was deposited
on the S10, film 33 including the via hole 34 by sputter
vapor deposition, and a 1100 nm thick Cu film 36 was then
deposited by sputter vapor deposition.

Subsequently, the substrate 32, FIG. 15B, was held upside
down by the substrate holder 5 of the polishing apparatus
discussed earlier with reference to FIG. 1. A load of 300
o/cm” was applied from the support shaft 4 of the holder 5
to the substrate toward the polishing pad 2 which was
covered on the turntable 1 and consisted of SUBASOO
(tradename) manufactured by Rodel Nitta Corp. While the
turntable 1 and the holder 5 were rotated in the opposite
directions at a rotating speed of 100 ppm, a polishing
solution was supplied from the supply pipe 3 to the polishing
pad 2 at a rate of 20 ml/min, thereby polishing the Cu film
36 and the barrier layer 35 deposited on the substrate 32 until
the surface of the S10, film 33 was exposed. Note that the
polishing solution used was pure water containing 0.2 wt %
of aminoacetic acid, 20.0 wt % of hydrogen peroxide, and 10
wt % of a silica powder with a mean grain size of 0.04 um,
in which the weight ratio of aminoacetic acid to hydrogen
peroxide was 1 to 100. In the polishing step described above,
the etching rate of the polishing solution when the solution
was 1n contact with the Cu film was zero, and the etching
rate during the polishing performed by the polishing pad was
about 70 nm/min, which was sufliciently higher than that
during the dipping. Consequently, in the polishing step the
Cu film 36 with projections as in FIG. 15B was preferen-
tially polished from the surface in mechanically contact with
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the polishing pad, and the exposed barrier layer 35 was then
polished; 1.e., so-called etch back was performed. As a
result, as 1llustrated 1n FIG. 15C, the barrier layer 35 was left
behind only 1n the via hole 34, and a Cu via {11l 37 whose

surface was level with the surface of the S10, film 33 was
formed 1n the via hole 34 covered with the barrier layer 385.
After the load applied from the holder 5 of the polishing
apparatus to the polishing pad 2 was removed and the
rotations of the turntable 1 and the holder 5 were stopped, no
ctching proceeded even when the Cu via fill 37 was brought
into contact with the polishing solution. Subsequently, the
substrate 1n which the via fill 37 was formed was treated by
dipping 1nto an aqueous dissolved ozone solution with an
ozone concentration of 0.002% for 3 minutes, and then
treated by dipping mnto an aqueous dilute hydrofluoric acid
solution with a hydrofluoric acid concentration of 5% for 9
seconds, thereby cleaning the surface of the S10, film 33.

Subsequently, as i FIG. 15D, an 800 nm thick S1,N, film

38 as a second 1nsulating interlayer was deposited by a CVD
process on the S10, film 33 including the via fill 37.
Thereafter, a plurality of trenches 39,400 nm in depth,
having a shape corresponding to an interconnecting layer
were formed in the Si1;N, film 38 by photoetching. In
addition, a through hole 40 was formed m the trench 39
located on the via fill 37 by photoetching. As shown 1n FIG.
15E, a 900 nm thick Cu film 41 was deposited on the Si;N,
f1lm 38 1ncluding the trenches 39 and the through hole 40 by

sputter vapor deposition.

Subsequently, the substrate 32, FIG. 15E, was held upside
down by the substrate holder 5 of the polishing apparatus
discussed earlier with reference to FIG. 1. A load of 300
g/cm” was applied from the support shaft 4 of the holder 5
to the substrate toward the polishing pad 2 which was
covered on the turntable 1 and consisted of SUBASOO
(tradename) manufactured by Rodel Nitta Corp. While the
turntable 1 and the holder 5 were rotated 1n the opposite
directions at a rotating speed of 100 ppm, a polishing
solution of the composition 1dentical with that used in the
ctch-back step described above was supplied from the
supply pipe 3 to the polishing pad 2 at a rate of 20 ml/min,
thereby polishing the Cu film 41 deposited on the substrate
32 until the surface of the Si;N, film 38 was exposed.
Consequently, the Cu film 41 with projections as in FIG. 15E
was preferentially polished from the surface in mechanically
contact with the polishing pad, 1.e., subjected to so-called
etch back. By this etch back, a buried Cu interconnecting
layer 42 whose surface was level with the surface of the
S1;N, film 38 was formed in the trenches 39, as 1illustrated
in FIG. 15F. Simultaneously, a buried Cu interconnecting
layer 42 connected to the via {ill 37 through the through hole
40 was also formed. After the load applied from the holder
S5 of the polishing apparatus to the polishing pad 2 was
removed and the rotations of the turntable 1 and the holder
5 were stopped, no etching proceeded even when the Cu
interconnecting layer 42 came into contact with the polish-
ing solution.

In Example 4 of the present invention, therefore, it was
possible to manufacture a semiconductor device which had
a multilayer imnterconnecting structure including the first and
second 1nsulating interlayers 33 and 38, the via fill 37
formed 1 the first msulating interlayer 33 and having a
surface level with the surface of the first insulating interlayer
33, and the Cu interconnecting layer 42 formed 1n the second
insulating interlayer 38 and having a surface level with the
second 1nsulating interlayer 38, and which also had a flat
surface.

According to the present invention as has been discussed
above, 1t 1s possible to provide a copper-based metal pol-
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1shing solution which hardly etches Cu or Cu alloy when Cu
or a Cu alloy 1s dipped 1nto the solution, and has an etching
rate during polishing several times to several ten times
higher than that during dipping.

According to the present invention, 1t 1s also possible to
provide a method for manufacturing a semiconductor device
with a flat surface, in which a trench and/or an opening 1s
formed 1n an insulating film on a semiconductor substrate,
an 1nterconnection material film deposited on the insulating,
f1lm and consisting of Cu or a Cu alloy can be etched back
within a short time period, and consequently a buried
interconnecting layer consisting of Cu or a Cu alloy 1s
formed 1in the insulating film such that the surface of the
interconnecting layer 1s level with the surface of the 1nsu-
lating film.

Furthermore, according to the present invention, 1t 1s
possible to provide a method for manufacturing a semicon-
ductor device, in which a trench and/or an opening 1s formed
in an 1nsulating film on a semiconductor substrate, and an
interconnection material film deposited on the insulating
film and consisting of Cu or a Cu alloy can be etched back
within a short time period to form a buried interconnecting
layer whose surface 1s level with the surface of the insulating
f1lm, and which has a clean, flat surface obtained by remov-
ing an organic substance or the residual interconnection
material from the surface of the insulating film after the etch

back.

Additional advantages and modifications will readily
occur to those skilled 1n the art. Therefore, the 1nvention 1n
its broader aspects 1s not limited to the specific details,
representative devices, and illustrated examples shown and
described herein. Accordingly, various modifications may be
made without departing from the spirit or scope of the
general inventive concept as defined by the appended claims
and their equivalents.

What 1s claimed 1s:

1. A copper-based metal polishing [solution] composition
containing at least one [organic] acid selected from the
group consisting of aminoacetic acid and [amidosulfuric]
aminosulfuric acid, an oxidizer, and water.

2. The polishing [solution] composition according to
claim 1, wherein said oxidizer 1s hydrogen peroxide.

3. The polishing [solution] composition according to
claim 1, wherein said Jorganic] acid is contained in an
amount of 0.01 to 10 wt % 1n said polishing solution, and a
content ratio of said Jorganic] acid to said oxidizer is 1 to not
less than 20 as a weight ratio.

4. The polishing [solution] composition according to
claim 3, wherein said Jorganic] acid is contained in an
amount of 0.01 to 1 wt % 1n said polishing solution.

5. The polishing [solution] composition according to
claim 3, wherein the content ratio of said Jorganic] acid to
said oxidizer 1s 1 to not less than 40 as a weight ratio.

6. The polishing [solution] composition according to
claim 3, wherein said oxidizer 1s contained 1in an amount of
a maximum of 30 wt % in said polishing [solution] com-
PpOSLLion.

7. The polishing [solution] composition according to
claim 1, further containing an alkaline agent for adjusting a
pH of the solution between 9 and 14.

8. The polishing [solution] composition according to
claim 7, wherein said alkaline agent 1s potassium hydroxide.

9. The polishing [solution] composition according to
claim 7, wherein said alkaline agent 1s quinoline.

10. The polishing [solution] composition according to
claim 1, further containing abrasive grains.

11. The polishing [solution] composition according to
claim 10, wherein said abrasive grain 1s made of at least one
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material selected from the group consisting of silica,
zirconia, cerium oxide and alumina.

12. The polishing [solution] composition according to
claim 10, wherein said abrasive grains have a mean grain
size of 0.02 to 0.1 um.

13. The polishing [solution] composition according to
claim 10, wherein said abrasive grains are contained in an
amount of 1 to 14 wt % in said polishing [solution] com-
position.

14. The polishing [solution] composition according to
claim 10, wherein said abrasive grains are contained 1n an
amount of 3 to 10 wt % 1n said polishing [solution] com-
position.

15. A method for manufacturing a semiconductor device,
comprising the steps of:

forming at least one member selected from the group

consisting of a trench and an opening corresponding to
a shape of an interconnecting layer in an insulating film
on a semiconductor substrate;

[depositing] forming an interconnection material film

consisting of copper or a copper alloy on said insulating

f1lm including said at least one member selected from
the group consisting of a trench and an opening; and
polishing said interconnection material {ilm until a surface
of said msulating film 1s exposed by using a polishing

[solution] composition containing at least one Jorganic]

acid selected from the group consisting of aminoacetic

acid and [amidosulfuric] aminosulfuric acid, an
oxidizer, and water, thereby forming a buried intercon-
necting layer 1n said insulating film such that surfaces
of said interconnecting layer and said [insulting] izsu-
lating 1ilm are level with each other.

16. The method according to claim 15, wherein said
insulating film 1s a silicon oxide film.

17. The method according to claim 15, wherein said
insulating film has a two-layer structure constituted by a
silicon oxide film and a silicon nitride film formed on said
silicon oxide film.

18. The method according to claim 15, wherein a barrier
layer 1s formed on said 1nsulating film including said at least
one member selected from the group consisting of a trench
and an opening prior to depositing said interconnection
material film.

19. The method according to claim 18, wherein said
barrier layer 1s made of one material selected from the group
consisting of TiN, Ti, Nb, W, and a CuTa alloy.

20. The method according to claim 19, wherein said
barrier layer has a thickness of 15 to 50 nm.

21. The method according to claim 15, wherein said Cu
alloy 1s one material selected from the group consisting of a
Cu—>S1 alloy, a Cu—Al alloy, a Cu—S1—Al alloy, and a
Cu—Ag alloy.

22. The method according to claim 15, wherein said
oxidizer 1s hydrogen peroxide.

23. The method according to claim 15, wheremn said
[organic] acid is contained in an amount of 0.01 to 10 wt %
in said polishing [solution] composition, and a content ratio
of said Jorganic] acid to said oxidizer is 1 to not less than 20
as a welght ratio.

24. The method according to claim 23, wherein said
[organic] acid is contained in an amount of 0.01 to 1 wt %
in said polishing [solution] composition.

25. The method according to claim 23, wherein the
content ratio of said Jorganic] acid to said oxidizer is 1 to not
less than 40 as a weight ratio.

26. The method according to claim 23, wherein said
oxidizer 1s contained 1n an amount of a maximum of 30 wt
% 1n said polishing [solution] composition.
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27. The method according to claim 15, wherein said
polishing [solution] composition further contains an alkaline
agent for adjusting a pH of the solution between 9 and 14.

28. The method according to claim 27, wherein said
alkaline agent 1s potassium hydroxide.

29. The method according to claim 27, wherein said
alkaline agent 1s quinoline.

30. The method according to claim 15, wherein said
polishing [solution] composition further contains abrasive
oTalns.

31. The method according to claim 30, wherein said
abrasive grain 1s made of at least one material selected from
the group consisting of silica, zirconia, cerium oxide, and
alumina.

32. The method according to claim 30, wherein said
abrasive grains have a mean grain size of 0.02 to 0.1 um.

33. The method according to claim 30, wherein said
abrasive grains are contained 1n an amount of 1 to 14 wt %
in said polishing [solution] composition.

34. The method according to claim 30, wherein said
abrasive grains are contained 1n an amount of 3 to 10 wt %
in said polishing [solution] composition.

35. The method according to claim 15, wherein the
polishing 1s performed by using apparatus comprising a
turntable covered with a polishing pad, means for supplying
said polishing [solution] composition to said polishing pad
of said turntable, and a substrate holder which holds said
semiconductor substrate on a lower surface thereof and
rotates said substrate while pressing said substrate against
said polishing pad.

36. The method according to claim 35, wherein an end
point of the polishing 1s detected n the basis of a change 1n
torque of said turntable of said polishing apparatus.

37. The method to claim 35, wherein an end point of the
polishing 1s detected on the basis of a change 1n temperature
of said polishing pad.

38. The method according to claim 35, wherein an end
point of the polishing 1s detected on the basis of a change 1n
pH of said polishing [solution] composition supplied to said
polishing pad.

39. A method for manufacturing a semiconductor device,
comprising the steps of:

forming at least one member selected from the group
consisting of a trench and an opening corresponding to
a shape of an interconnecting layer in an insulating film
on a semiconductor substrate;

[depositing] forming an interconnection material film

consisting of copper or a copper alloy on said msulating
film mcluding said at least one member selected from
the group consisting of a trench and an opening;

polishing said interconnection material film until a surface
of said msulating film 1s exposed by using a polishing
[solution] composition containing at least one Jorganic]
acid selected from the group consisting of aminoacetic
acid and [amidosulfuric] aminosulfuric acid, an
oxidizer, and water, thereby forming a buried intercon-
necting layer 1n said insulating film such that surfaces
of said interconnecting layer and said [insulting] irzsu-
lating film are level with each other; and

treating the surface of said insulating film including said
interconnecting layer with an aqueous dissolved ozone
solution and then with an aqueous dilute hydrofluoric
acid solution.
40. The method according to claim 39, wherein said
msulating film 1s a silicon oxide film.
41. The method according to claim 39, wherein said
insulating film has a two-layer structure constituted by a
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silicon oxide film and a silicon nitride film formed on said
silicon oxide film.

42. The method according to claim 39, wherein a barrier
layer 1s formed on said 1nsulating film including said at least
one member selected from the group consisting of a trench
and an opening prior to depositing said interconnection
material f1lm.

43. The method according to claam 42, wherein said
barrier layer 1s made of one material selected from the group
consisting of TiN, Ti, Nb, W, and a CuTa alloy.

44. The method according to claim 42, wherein said
barrier layer has a thickness of 15 to 50 nm.

45. The method according to claim 39, wherein said Cu
alloy 1s one material selected from the group consisting of a

Cu—Si1 alloy, a Cu—Al alloy, a Cu—S1—Al alloy, and a
Cu—Ag alloy.

46. The method according to claim 39, wherein said
oxidizer 1s hydrogen peroxide.

47. The method according to claim 39, wherein said
[organic] acid is contained in an amount of 0.01 to 10 wt %
in said polishing [solution] composition, and a content ratio
of said Jorganic] acid to said oxidizer is 1 to not less than 20
as a weight ratio.

48. The method according to claim 47, wherein said
[organic] acid is contained in an amount of 0.01 to 1 wt %
in said polishing [solution] composition.

49. The method according to claam 47, wheremn the
content ratio of said Jorganic] acid to said oxidizer is 1 to not
less than 40 as a weight ratio.

50. The method according to claam 47, wherein said
oxidizer 1s contained 1 an amount of a maximum of 30 wt
% 1n said polishing [solution] composition.

51. The method according to claim 39, wherein said
polishing [solution] composition further contains an alkaline
agent for adjusting a pH of the solution between 9 and 14.

52. The method according to claim 51, wherein said
alkaline agent 1s potassium hydroxide.

53. The method according to claim 51, wherein said
alkaline agent 1s quinoline.

54. The method according to claim 39, wherein said
polishing [solution] composition further contains abrasive
gTains.

55. The method according to claam 54, wherein said
abrasive grain 1s made of at least one material selected from
the group consisting of silica, zirconia, cerium oxide, and
alumina.

56. The method according to claim 54, wherein said
abrasive grains have a mean grain size of 0.02 to 0.1 um.

57. The method according to claim 54, wherein said
abrasive grains are contained 1n an amount of 1 to 14 wt %
in said polishing [solution] composition.

58. The method according to claim 54, wherein said
abrasive grains are contained in an amount of 3 to 10 wt %
in said polishing [solution] composition.

59. The method according to claam 39, wheremn the
polishing 1s performed by using a polishing apparatus com-
prising a turntable covered with a polishing pad, means for
supplying said polishing [solution] composition to said
polishing pad of said turntable, and a substrate holder which
holds said semiconductor substrate on a lower surface
thereof and rotates said substrate while pressing said sub-
strate against said polishing pad.

60. The method according to claim 359, wherein an end
point of the polishing 1s detected on the basis of a change 1n
torque of said turntable of said polishing apparatus.

61. The method according to claim 59, wherein an end
point of the polishing 1s detected on the basis of a change 1n
temperature of said polishing pad.
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62. The method according to claiam 59, wherein an end
point of the polishing 1s detected on the basis of a change 1n
pH of said polishing [solution] composition supplied to said
polishing pad.

63. The method according to claim 39, wherein said
aqueous dissolved ozone solution has an ozone concentra-
tion of 0.1 to 25 ppm.

64. The method according to claam 39, wherein said
aqueous dissolved ozone solution has an ozone concentra-
tion of 5 to 25 ppm.

65. The method according to claim 39, wherein said
aqueous dilute hydrofluoric acid solution has a hydrofluoric
acid concentration of 0.05 to 20%.

66. The method according to claim 39, wherein said
aqueous dilute hydrofluoric acid solution has a hydrofluoric
acid concentration of 0.1 to 5%.

67. A copper-based metal polishing composition, com-
prising aminoacetic acid, an oxidizer, and water.

68. The polishing composition according to claim 607,
wherein said oxidizer 1s hydrogen peroxide.

69. The polishing composition according to claim 607,
wherein said aminoacetic acid is contained in an amount of
0.01 to 10 wt % in said polishing composition, and a content
ratio of said aminoacetic acid to said oxidizer is 1 to not less
than 20 as a weight ratio.

70. The polishing composition according to claim 69,
wherein said aminoacetic acid is contained in an amount of
0.01 to 1 wt % 1in said polishing composition.

71. The polishing composition according fo claim 069,
wherein the content ratio of said aminoacetic acid to said
oxtdizer agent is 1 to not less than 40 as a weight raiio.

72. The polishing composition according to claim 69,
wherein said oxidizer 1s contained i an amount of a
maximum of 30 wt % in said polishing composiiion.

73. The polishing composition according to claim 67,
further containing an alkaline agent for adjusting a pH of
the composition between 9 and 14.

74. The polishing composition according to claim 73,
wherein said alkaline agent is potassium hydroxide.

75. The polishing composition according fto claim 73,
wherein said alkaline agent is quinoline.

76. The polishing composition according fo claim 067,
further comprising abrasive grains.

77. The polishing composition according to claim 70,
wherein said abrasive grains are made of at least one
material selected from the group consisting of silica,
zirconia, cerium oxide, and alumina.

78. The polishing composition according to claim 70,
wherein said abrasive grains have a mean grain size of 0.02
fo 0.1 um.

79. The polishing composition according to claim 76,
wherein said abrasive grains are contained in an amount of
1 to 14 wt % in said polishing composition.

80. The polishing composition according to claim 76,
wherein said abrasive grains are contained in an amount of
3 to 10 wt % 1n said polishing composition.

§81. A method for manufacturing a semiconductor device,
comprising the steps of.

forming at least one member selected from the group

consisting of a trench and an opening corresponding to
a shape of an interconnecting layer in an insulating film
on a semiconductor substrate;

forming an interconnection material film consisting of
copper or copper alloy on said insulating fulm including
said at least one member selected from the group
consisting of a trench and an opening; and

polishing said interconnection material film by using a
polishing composition comprising aminoaceric acid, an
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oxidizer, and water, thereby forming an interconnection
laver in said insulating film.

82. The method according to claim 81, wherein said
insulating film 1s a silicon oxide film.

83. The method according to claim 81, wherein said
insulating film has a two-layer structure constituted by a
silicon oxide film and a silicon nitride film formed on said
silicon oxide film.

84. The method according to claim 81, wherein a barrier
laver is formed on said at least one member selected from
the group consisting of a trench and an opening prior (o
forming said interconnection material film.

85. The method according to claim 84, wherein said
barrier layer is made of one material selected from the
group consisting of TiN, Ti, Nb, W, and a Cula alloy.

86. The method according to claim 85, wherein said
barrier layer has a thickness of 15 to 50 nm.

87. The method according to claim 81, wherein said Cu
alloy is one material selected from the group consisting of a
Cu—St alloy, a Cu—AIl alloy, a Cu—Si—AIl alloy, and a
Cu—Ag alloy.

88. The method according to claim 81, wherein said
oxtdizer is hydrogen peroxide.

89. The method according to claim 81, wherein said
aminoacetic acid is contained in an amount of 0.01 to 10 wt
% in said polishing composition, and a content ratio of said
aminoacetic acid to said oxidizer is 1 to not less than 20 as
a weight ratio.

90. The method according to claim 89, wherein said
aminoacetic acid is contained in an amount of 0.01 to 1 wt
% in said polishing composition.

91. The method according to claim 89, wherein the
content ratto of said aminoacetic acid to said chemical
agent is 1 to not less than 40 as a weight ratio.

92. The method according to claim 89, wherein said
oxtdizer is contained n an amount of a maximum of 30 wit
% in said polishing composition.

93. The method according to claim 81, wherein said
polishing composttion further comprises an alkaline agent
for adjusting a pH of the polishing composition between 9
and 14.

94. The method according to claim 93, wherein said
alkaline agent is potassium hydroxide.

95. The method according to claim 93, wherein said
alkaline agent is quinoline.

96. The method according to claim 81, wherein said
polishing composition further comprises abrasive grains.

97. The method according to claim 96, wherein said
abrasive grain is made of at least one material selected from
the group consisting of silica, zirconia, cerium oxide, and
alumina.

98. The method according to claim 96, wherein said
abrasive grains have a mean grain size of 0.02 to 0.1 um.

99, The method according to claim 96, wherein said
abrasive grains are contained in an amount of 1 to 14 wt %
in said polishing composition.

100. The method according to claim 96, wherein said
abrasive grains are contained in an amount of 3 to 10 wt %
in said polishing composiition.

101. The method according to claim 81, wherein the
polishing is performed by using an apparatus comprising a
turntable covered with a polishing pad, means for supplying
said polishing composition to said polishing pad of said
turntable, and a substrate holder which holds said semicon-
ductor substrate on a lower surface thereof and rotates said
substrate while pressing said substrate against said polish-
ing pad.
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102. The method according to claim 101, wherein an end
point of the polishing is detected on the basis of a change in
torque of said turntable of said polishing apparatus.

103. The method according to claim 101, wherein an end
point of the polishing is detected on the basis of a change in
temperature of said polishing pad.

104. The method according to claim 101, wherein an end
point of the polishing is detected on the basis of a change in
pH of said polishing composition supplied to said polishing
pad.

105. A method for manufacturing a semiconductor device,
comprising the steps of:

forming at least one member selected from the group

consisting of a trench and an opening corresponding to
a shape of an interconnecting layer in an insulating film
on a semiconductor substrate;

forming an interconnection material film consisting of

copper or copper alloy on said insulating film including
said at least one member selected from the group
consisting of a trench and an opening;

polishing said interconnection material film by using a

polishing composition comprising aminoaceric acid, an
oxidizer, and water, thereby forming an interconnection
laver in said insulating film; and

treating the surface of said insulating film including said

interconnection layer with an aqueous dissolved ozone
solution and then with an aqueous dilute hydrofiuoric
actd solution.

106. The method according to claim 105, wherein said
insulating film 1s a silicon oxide film.

107. The method according to claim 105, wherein said
insulating film has a two-layer structure constituted by a
silicon oxide film and a silicon nitride film formed on said
silicon oxide film.

108. The method according to claim 105, wherein a
barrier layer is formed on said insulating film including said
at least one member selected from the group consisting of a
trench and an opening prior to forming said interconnection
material film.

109. The method according to claim 108, wherein said
barrier layer is made of one material selected from the
group consisting of TiN, Ti, Nb, W, and a Cula alloy.

110. The method according to claim 108, wherein said
barrier layer has a thickness of 15 to 50 nm.

111. The method according to claim 105, wherein satd Cu
alloy is one material selected from the group consisting of a
Cu—St alloy, a Cu—AIl alloy, a Cu—Si—Al alloy, and a
Cu—Ag alloy.

112. The method according to claim 105, wherein said
oxtdizer is hydrogen peroxide.

113. The method according to claim 105, wherein said
aminoacetic acid is contained in an amount of 0.01 to 10 wit
% in said polishing composition, and a content ratio of said
aminoacetic acid to said oxidizer is 1 to not less than 20 as
a weight ratio.

114. The method according to claim 113, wherein said
aminoacetic acid is contained in an amount of 0.01 to 1 wi
% in said polishing composttion.

115. The method according to claim 113, wherein the
content ratio of said aminoacetic acid to said oxidizer is 1
fo not less than 40 as a weight ratio.

116. The method according to claim 113, wherein said
oxtdizer is contained n an amount of a maximum of 30 wit
% in said polishing composifion.

117. The method according to claim 105, wherein said
polishing composttion further comprises an alkaline agent
for adjusting a pH of the polishing composition between 9
and 14.
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118. The method according to claim 117, wherein said
alkaline agent is potasstum hydroxide.

119. The method according to claim 117, wherein said
alkaline agent is quinoline.

120. The method according to claim 105, wherein said
polishing composition further comprises abrasive grains.

121. The method according to claim 120, wherein said
abrasive grains are made of at least one material selected
from the group consisting of silica, zirconia, cerium oxide,
and alumina.

122, The method according to claim 120, wherein said
abrasive grains have a mean grain size of 0.02 to 0.1 um.

123. The method according to claim 120, wherein said
abrasive grains are contained in an amount of 1 to 14 wt %
in said polishing composition.

124. The method according to claim 120, wherein said
abrasive grains are contained in an amount of 3 to 10 wt %
in said polishing compostition.

125. The method according to claim 105, wherein the
polishing 1s performed by using an apparatus comprising a
turntable covered with a polishing pad, means for supplying
said polishing composition to said polishing pad of said
furntable, and a substrate holder which holds said semicon-
ductor substrate on a lower surface thereof and rotates said
substrate while pressing said substrate against said polish-
ing pad.

126. The method according to claim 125, wherein an end
point of the polishing is detected on the basis of a change in
torque of said turnitable of said polishing apparatus.

127. The method according to claim 125, wherein an end
point of the polishing ts detected on the basis of a change in
temperature of said polishing pad.

128. The method according to claim 125, wherein an end
point of the polishing is detected on the basis of a change in
pH of said polishing composition supplied to said polishing
pad.

129. The method according to claim 105, wherein said
aqueous dissolved ozone solution has an ozone concentra-
tion of 0.1 to 25 ppm.

130. The method according to claim 105, wherein said
aqueous dissolved ozone solution has an ozone concentra-
tion of 5 to 25 ppm.

131. The method according to claim 105, wherein said
aqueous dilute hydrofluoric acid solution has a hydrofluoric
actd concentration of 0.05 to 20%.

132. The method according to claim 105, wherein said
aqueous dilute hydrofluoric acid solution has a hydrofluoric
actd concentration of 0.1 to 5%.

133. A copper-based metal polishing composition, com-
prising aminosulfuric acid, an oxidizer, water and abrasive
grains.

134. A method for manufacturing a semiconductor device,
comprising the steps of:

forming at least one member selected from the group

consisting of a trench and an opening corresponding to
a shape of an interconnecting layer in an insulating film
on a semiconductor substrate;

forming an interconnection material film consisting of
copper or copper alloy on said insulating film including
said at least one member selected from the group
consisting of a trench and an opening; and

polishing said interconnection material film by using a
polishing composition comprising aminosulfuric acid,
an oxidizer, water and abrasive grains, thereby forming
an nterconnection layer in said insulating film.

135. A method for manufacturing a semiconductor device,

comprising the steps of:
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forming at least one member selected from the group
consisting of a trench and an opening corresponding to
a shape of an interconnecting layer in an insulating film
on a semiconductor substrate;

forming an interconnection material film consisting of
copper or copper alloy on said insulating fulm including
said at least one member selected from the group
consisting of a trench and an opening;

polishing said interconnection material film by using a
polishing composition comprising aminosulfuric acid,
an oxtdizer, water and abrasive grains, thereby forming
an nterconnection layver in said insulating film; and

treating the surface of said insulating film including said
interconnection layer with an aqueous dissolved ozone
solution and then with an aqueous dilute hydrofluoric
actd solution.

136. A copper-based metal polishing composition, com-
prising an acid capable of reaction with copper to form a
complex compound, an oxidizer and water.

137. The polishing composition according to claim 130,
wherein said acid 1s aminoacetic acid.

138. The polishing composition according to claim 130,
wherein said acid is an organic actd.

139. The polishing composition according to claim 130,
further comprising abrasive grains.

140. A method for manufacturing a semiconductor device,
comprising the steps of:

forming at least one member selected from the group

consisting of a trench and an opening corresponding to
a shape of an interconnecting layer in an insulating film
on a semiconductor substrate;

forming an interconnection material film consisting of
copper or copper alloy on said insulating fulm including
said at least one member selected from the group
consisting of a trench and an opening; and

polishing said interconnection matertal film by using a
polishing composition comprising an acid capable of
reaction with copper to form a complex compound, an
oxidizer and water, thereby forming an interconnection
laver in said insulating film.

141. The method according to claim 140, wherein said

insulating film is a silicon oxide film.

142. The method according to claim 140, wherein a
barrier layer is formed on said insulating film including said
at least one member selected from the group consisting of a
trench and an opening prior to forming said interconnection
material film.

143. The method according to claim 142, wherein said
barrier layer is made of at least one material selected from
the group consisting of 1IN, Ti, Nb, W, and a Cula alloy.

144. The method according to claim 140, wherein said
actd 1s aminoacetic acid.

145. The method according to claim 140, wherein said
actd 1s an organic acid.

146. The method according to claim 140, wherein said
polishing composition further comprises abrasive grains.

147. A method for manufacturing a semiconductor device,
comprising the steps of:

forming at least one member selected from the group
consisting of a trench and an opening corresponding to
a shape of an interconnecting layer in an insulating film
on a semiconductor substrate;

forming an interconnection material film consisting of
copper or copper alloy on said insulating fulm including
said at least one member selected from the group
consisting of a trench and an opening;
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polishing said nterconnection material film by using a

polishing composition comprising an acid capable of

reaction with copper to form a complex compound, an
oxtdizer and water, thereby forming an interconnection
laver in said insulating film; and

treating the surface of said insulating film including said

interconnection layer with an aqueous dissolved ozone
solution and then with an aqueous dilute hydrofluoric
actd solution.

148. The method according to claim 147, wherein said
insulating film is a silicon oxide film.

149. The method according to claim 147, wherein a
barrier layer is formed on said insulating film including said
at least one member selected from the group consisting of a
trench and an opening prior to forming said interconnection
material film.

150. The method according to claim 149, wherein said
barrier layer is made of at least one material selected from
the group consisting of TIN,TILNb,W, and a Cula alloy.

151. The method according to claim 147, wherein said
actd 1s aminoacetic acid.

152. The method according to claim 147, wherein said
actd 1s an organic acid.

153. The method according to claim 147, wherein said
polishing composition further comprises abrasive grains.

154. A method for manufacturing a semiconductor device
which formed muliilayer interconnection structure, COmpris-
ing the steps of:

forming a first opening corresponding to a shape of a first

via fill in a first insulating film on a semiconducior
substrate;

forming a first interconnection material film consisting of

copper or a copper alloy on said first insulating film
including said first opening;

polishing said first interconnection material film by using
a first polishing compostiion comprising a first acid
capable of reaction with copper to form a complex
compound, an oxidizer and water, thereby forming said
first via fill in said first opening;

forming a second insulating film on said first insulating
film including said first via fill;

forming a second opening corresponding to a shape of a
second via fill reached to said first via fill in said second
insulating film;

forming a second interconnection material film consisting

of copper or a copper alloy on said second insulating
film including said second opening; and

polishing said second interconnection material film by
using a second polishing composition, comprising a
second acid capable of reaction with copper to form a
complex compound, an oxidizer and water, thereby
forming a second via fill in said second opening.

155. The method according to claim 154, wherein said
first acid is an organic acid.

156. The method according to claim 154, wherein said
second acid is an organic acid.

157. The method according to claim 154, wherein said
first acid and said second acid are each an organic acid.

158. The method according to claim 154, wherein said
first polishing composition further comprises abrasive
grains.

159. The method according to claim 154, wherein said
second polishing composition further comprises abrasive
grains.

160. The method according to claim 154, wherein said
first polishing composition and said second polishing com-
position each further comprises abrasive grains.

30

161. The method according to claim 154, wherein a
barrier layer is formed on said first opening’s lateral face
and a surface located on said first opening’s base after
forming said first opening and prior to forming said first

s Interconnection material film.

162. The method according to claim 101, wherein said
first barrier layer 1s made of at least one material selected
from the group consisting of TIN, 1i, Nb, W, and a Cula
alloy.

163. The method according to claim 161, further com-
prising polishing said barrier layer except inside of said first
opening after polishing said first interconnection material

film.

164. A method for manufacturing a semiconductor device
which formed multilayer interconnection structure, COmpris-
15 jng the steps of:
forming a first opening corresponding to a shape of a first
via fill in a first insulating film on a semiconductor
substrate;

forming a first interconnection material film consisting of
copper or a copper alloy on said first insulating film
including said first opening;

polishing said first interconnection material film by using
a first polishing composition comprising a first acid
capable of reaction with copper to form a complex
compound, an oxidizer and water, thereby forming said
first via fill in said opening;

forming a second insulating film on said first insulating
film tncluding said first via fill;

forming a trench corresponding to a shape of a wiring
laver in said second insulating film;

forming a second opening reached to said first via fill at
said second openings base in said second insulating
film;

forming a second interconnection material film consisting
of copper or a copper alloy on said second insulating
film including said trench and said second opening;
and

polishing said second interconnection material film by
using a second polishing composition comprising a
second acid capable of reaction with copper to form a
complex compound, an oxidizer and water, thereby
forming said interconnection layer and said second via
fill in said trench and said second opening.

165. The method according to claim 164, wherein said
first acid 1s an organic acid.

166. The method according to claim 164, wherein said
second acid 1s an organic acid.

167. The method according to claim 164, wherein said
50 first acid and said second acid are each an organic acid.

168. The method according to claim 164, wherein said
first polishing composition further comprises abrasive
grains.

169. The method according to claim 164, wherein said

55 second polishing composition further comprises abrasive
grains.

170. The method according to claim 164, wherein said
first polishing composition and said second polishing com-
position each further comprises abrasive grains.

171. The method according to claim 164, wherein a
diffusion layer 1s formed on said semiconductor substrate,
and said first via fill is connected to said diffusion layer.

172. The method according to claim 164, wherein a
barrier layer is formed on said first opening’s lateral face
65 and a surface located on said first opening’s base after

forming said first opening and prior to forming said first

interconnection material film.
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173. The method according to claim 172, wherein said
barrier layer is made of at least one material selected from
the group consisting of TiN, Tt NB, W, and a Cula alloy.

174. The method according to claim 172, further com-
prising polishing said barrier layer except inside of said first
opening after polishing said first interconnection material
film.

175. The method according to claim 154, wherein a
diffusion layer is formed on said semiconductor substrate

and said first via fill is connected to said diffusion layer.
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176. A copper-based metal polishing composiiion for
polishing copper or a copper alloy by using a polishing
apparatus having a polishing pad, comprising an acid
capable of reaction with copper to form a complex
compound, an oxidizer and water.

177. A semi-conductor device prepared by the method of
claim 164.
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