10

15

20

25

DESCRIPTION

Title of Invention: METHOD AND SYSTEM FOR CLEANING COPPER-EXPOSED
SUBSTRATE

Technical Field
[0001]

The present invention relates to a treatment method of a copper-exposed
substrate. More particularly, the invention relates to a method used for cleaning and
treating a substrate having copper or a copper compound exposed, and a cleaning
system thereof. The substrates to be cleaned include, for example, a semiconductor
wafer in which a semiconductor integrated circuit is formed, a substrate for a liquid
crystal display device, a substrate for a plasma display, a substrate for a field emission
display, a substrate for an optical disk, a substrate for a magnetic disk, a substrate for

a magneto-optical disk, a substrate for a photomask, and a ceramic substrate.

Background Art
[0002]

Market demand exists for semiconductor integrated circuit elements having
higher integration and higher speed. In order to meet this demand, lower-resistance
copper wiring has been used in place of conventionally-used aluminum wiring. By
combining the copper wiring with a low dielectric constant insulating film (so-called
Jow-k film: insulating film made of material whose dielectric constant is lower than that
of silicon oxide) to form multilayer wiring, an integrated circuit element that operates at
an extremely high speed can be achieved.

[0003]
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In the manufacturing process of such an integrated circuit element, performing
cleaning for the purpose of removing a chemical solution, fine particles, organic
substances, and metals attached to the surface of a body to be treated, such as a
wafer or a substrate, to achieve and maintain high cleanliness is important for
maintaining product quality and enhancing the yield. For example, after treatment
with a chemical solution such as a sulfuric acid/hydrogen peroxide mixture or a
hydrofluoric acid solution, cleaning with ultrapure water is carried out. In recent
years, because of the miniaturization of semiconductor devices, the diversity of
materials, and complex processes, the number of cleaning times has been increased.
In the formation of the above-mentioned multilayer wiring, the following steps are
repeated: forming metal wiring that is a first wiring layer on the substrate; covering the
metal wiring with an insulating material; polishing the surface of the insulating material
that covers the metal wiring by CMP until it becomes flat; forming metal wiring thatis a
second wiring layer on the surface; covering the metal wiring with an insulating
material; and polishing the surface of the insulating material by CMP until it becomes
flat. In such a process, substrate cleaning is carried out after each polishing step.
[0004]

For the production of the ultrapure water used for the cleaning, generally, an
ultrapure water production device shown in Fig. 1 including a pretreatment system, a
primary pure water system, and a secondary pure water system (hereinafter, referred
to as subsystem) is used. The role of each system in the ultrapure water production
device is as follows. The pretreatment system corresponds to a step for removing
suspended matters and colloid substances contained in raw water through, for
example, coagulation settling and sand filtration. The primary pure water system
corresponds to a step for obtaining primary pure water by removing, through the use

of, for example, an ion-exchange resin and a reverse osmosis (RO) membrane, ionic
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components and organic components contained in the raw water from which the
suspended matters and the like has been removed by the pretreatment system. The
subsystem corresponds to, as shown in Fig. 2, a step for producing ultrapure water by
further increasing the purity of the primary pure water obtained by the primary pure
water system through the use of a water passage line in which an ultraviolet oxidation
device (UV), a non-regenerative ion-exchange device (e.g., cartridge polisher (CP)), a
membrane separation device (e.g., ultrafiltration device (UF)), and the like are
continuous. The ultrapure water supplied from the subsystem is fed to a substrate
cleaning device such as a batch type substrate cleaning device or a single-wafer type
substrate cleaning device, or to a substrate treatment device such as a CMP device,
and unused ultrapure water is returned to the inlet of the subsystem or the primary
pure water system to be reused.

[0005]

When the ultrapure water thus obtained is used as cleaning water for the
semiconductor substrate, if the concentration of dissolved oxygen in the cleaning
water is high, a natural oxide film is easily formed on the wafer surface by the cleaning
water. This may block the precise control of the film thickness and the film quality of
a gate oxide film, or increase the contact resistance of a contact hole, a via, a plug, or
the like. In addition, a wiring metal such as tungsten or copper is exposed on the
surface of the substrate that is to be cleaned after the polishing step in the formation
process of the multilayer wiring. Since this wiring metal is easily corroded by the
oxygen dissolved in the cleaning water, the wiring may be subjected to oxidation
corrosion during the substrate cleaning which causes deterioration in the performance
of the integrated circuit element that is o be created from the substrate.

[0006]

As a countermeasure, a membrane degasifier (MD) may be installed in the
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subsystem for the purpose of removing gas components, in particular oxygen,
dissolved in the ultrapure water. In general, the membrane degasifier is often
installed between the ultraviolet oxidation device and the non-regenerative
ion-exchange device (Fig. 3), or between the non-regenerative ion-exchange device
and the membrane separation device (Fig. 4). The former case has an advantage in
which impurities (ions) eluted from the membrane degasifier can be removed by the
non-regenerative ion-exchange device. The latter case has an advantage in which
the very small amount of gas components generated by the non-regenerative
ion-exchange device can be removed by the membrane degasifier.

[0007]

As another countermeasure, as described in Patent Literature 1, there has been
proposed a method for reducing the dissolved oxygen in the water by adding inactive
gas to the degassed ultrapure water. In Patent Literature 1, a method for replacing
an atmosphere near the surface of the substrate to be cleaned with inactive gas is
also employed. In addition, Patent Literature 2 discloses a method for dissolving
hydrogen gas in the ultrapure water to prevent the oxidation of the substrate.

[0008]

In the above-mentioned subsystem, since the water is irradiated with ultraviolet
rays to decompose/remove the organic substances in the water by the ultraviolet
oxidation device, water molecules are also oxidized by the ultraviolet irradiation to
generate hydrogen peroxide that is an oxidizer. This means that the ultrapure water
includes hydrogen peroxide.

[0009]

As a method for removing the hydrogen peroxide in the water, a technology to

remove hydrogen peroxide in the water by a platinum-group metal catalyst, such as

palladium, as described in Patent Literature 2, is known. In particular, Patent
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Literature 3 proposes a method for highly efficiently decomposing and removing the
hydrogen peroxide from the raw water at a high speed by bringing a catalyst prepared
by supporting a platinum-group metal on a monolithic organic porous anion exchanger
into contact with the raw water including the hydrogen peroxide. In the method for
removing the hydrogen peroxide by the platinum-group metal catalyst such as
palladium, as described in Patent Literature 2, it is known that the hydrogen peroxide
and the dissolved oxygen can be simultaneously removed by dissolving the hydrogen
before the water passes through the platinum-group metal catalyst.

[0010]

Since the impurities have been removed, to the maximum degree, from the
ultrapure water obtained by the above-mentioned subsystem, its resistivity reaches 18
MQ-cm or more and has high insulation properties. When a substrate such as a
semiconductor wafer is cleaned with the ultrapure water that has such high resistivity,
charging of the substrate result from friction which causes fine particles attached to
the substrate due to electrostatic attraction or which causes electrostatic destruction
of elements due to discharging. As a countermeasure, as described in Patent
Literature 4, a method for reducing the resistivity of water by adding highly pure
carbon dioxide to the ultrapure water and using this carbon dioxide added water (i.e.,
carbonated water) as a cleaning solution is employed.

[0011]

The properties of the carbonated water are different from those of the ultrapure

water in that the resistivity is low and pH exhibits mild acidity due to a high carbonic

acid concentration as described above. Accordingly, for example, when the

_carbonated water is used as cleaning water, it is known that a problem, in which

copper exposed on the substrate surface is dissolved, occurs. With further

miniaturization of the pattern dimensions of the integrated circuit element, the
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thickness of the wiring becomes smaller, creating a possibility that even slight wiring
corrosion may reduce the performance of the integrated circuit element in the future.
[0012]

Thus, as described in examples herein, the inventors have analyzed the test for
cleaning the copper-exposed substrate with the carbonated water, and found that
hydrogen peroxide contained in the carbonated water contributes to the corrosion
progress of the copper. In the above-mentioned subsystem, the hydrogen peroxide
is generated in the water by the ultraviolet oxidation device, and it has been found for
the first time that this hydrogen peroxide is the cause of the corrosion.

[0013]

In other words, the inventors have found that when the substrate is cleaned with
the carbonated water prepared based on the ultrapure water irradiated with ultraviolet
rays, the removal of the hydrogen peroxide in the carbonated water is effective for
further preventing the corrosion of the copper or the copper compound exposed on

the substrate surface.

Citation List

Patent Literature

[0014]
Patent Literature 1: JP 2010-56218 A
Patent Literature 2: JP 2003-136077 A
Patent Literature 3: JP 2010-240641 A
Patent Literature 4: JP H04-206724 A

Summary of Invention

[0015]
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The present invention has been made based on the above-mentioned analysis
result, and its object is to provide a method and system for cleaning a copper-exposed
substrate capable of preventing the substrate from being charged and further
preventing the corrosion and dissolution of copper exposed on a substrate surface.
[0016]

An aspect of the present invention relates to a method for cleaning a
copper-exposed substrate. The method includes cleaning the substrate having at
least copper or a copper compound exposed on a surface with carbonated water in
which the concentration of hydrogen peroxide dissolved in water is limited to 2 pg/L or
less and to which carbon dioxide is added to adjust resistivity to be within the range of
0.03 to 5.0 MQ-cm.

[0017]

Another aspect of the present invention relates to a system for cleaning a
copper-exposed substrate. The system includes an ultrapure water production
device that includes an ultraviolet oxidation device for irradiating water with ultraviolet
rays, a treatment chamber in which a substrate having at least copper or a copper
compound exposed on a surface is disposed and to which a substrate treatment
solution for cleaning the substrate is supplied, and means for producing, as a
treatment solution for the substrate, carbonated water in which the concentration of
hydrogen peroxide dissolved in water is limited to 2 pg/L or less and to which carbon
dioxide is added to adjust resistivity to be within the range of 0.03 to 5.0 MQ-cmin a
flow path from the ultraviolet oxidation device of the ultrapure water production device
to a treatment solution discharging part of the treatment chamber.

[0018]
According to the aspects of the method and system, since the copper-exposed

substrate is cleaned with the carbonated water adjusted to the above-mentioned
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hydrogen peroxide concentration and the above-mentioned resistivity, the charging of
the substrate can be prevented, and the corrosion and dissolution of the copper
exposed on the substrate surface can be further prevented than the case of using
conventional technology.

[0019]

According to the present invention, the charging of the substrate can be
prevented, and the corrosion and dissolution of the copper or the copper compound
that is exposed on the substrate surface by the carbonated water can be further
prevented than the case of using conventional technology. Therefore, substrate
treatment, which makes any reduction in the performance of manufactured integrated

circuit elements difficult, can be provided.

Brief Description of Drawings

[0020]

Fig. 1 is a schematic diagram showing a general aspect of an ultrapure water
production device;

Fig. 2 is a schematic diagram showing a general aspect of a subsystem;

Fig. 3 is a schematic diagram showing a general aspect of the subsystem;

Fig. 4 is a schematic diagram showing a general aspect of the subsystem;

Fig. 5§ is a schematic diagram showing an aspect of a substrate treatment
method according to a first embodiment of the present invention;

Fig. 6 is a schematic diagram showing an aspect of the substrate treatment
method according to the first embodiment of the present invention;

Fig. 7 is a schematic diagram showing an aspect of the substrate treatment
method according to the first embodiment of the present invention;

Fig. 8 is a schematic diagram showing an aspect of a substrate treatment



10

15

20

25

method according to a second embodiment of the present invention;

Fig. 9 is a schematic diagram showing an aspect of a hydrogen dissolution
device;

Fig. 10 is a schematic diagram showing an aspect of the hydrogen dissolution
device;

Fig. 11 is a schematic diagram showing an aspect of the hydrogen dissolution
device;

Fig. 12 is a schematic diagram showing an aspect of the substrate treatment
method according to the second embodiment of the present invention;

Fig. 13 is a schematic diagram showing an aspect of a substrate treatment
method according to a third embodiment of the present invention;

Fig. 14 is a schematic diagram showing an aspect of a hydrogen peroxide
removal device;

Fig. 15 is a schematic diagram showing an aspect of a substrate treatment
method according to a fourth embodiment of the present invention;

Fig. 16 is a schematic diagram showing an aspect of the substrate treatment
method according to the fourth embodiment of the present invention;

Fig. 17 is a schematic diagram showing an aspect of the substrate treatment
method according to the fourth embodiment of the present invention;

Fig. 18 is a schematic diagram showing an aspect of a substrate treatment
method according to a fifth embodiment of the present invention;

Fig. 19 is a schematic diagram showing an aspect of the substrate treatment
method according to the fifth embodiment of the present invention;

Fig. 20 is a schematic diagram showing an aspect of the substrate treatment
method according to the fifth embodiment of the present invention;

Fig. 21 is a schematic diagram showing an aspect of a test line according to
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Example 1;

Fig. 22-1a is the SEM image of a sample subjected to 16-hour cleaning
according to Example 1 (less than hydrogen peroxide concentration 2 pg/L);

Fig. 22-1b is the SPM image of the sample subjected to 16-hour cleaning
according to Example 1 (less than hydrogen peroxide concentration 2 pg/L);

Fig. 22-2a is the SEM image of a sample subjected to 16-hour cleaning
according to Comparative Example 1 (hydrogen peroxide concentration 15 pg/L);

Fig. 22-2b is the SPM image of the sample subjected to 16-hour cleaning
according to Comparative Example 1 (hydrogen peroxide concentration 15 pg/L);

Fig. 23 is a schematic diagram showing an aspect of a test line according to
Example 2; and

Fig. 24 is a schematic diagram showing an aspect of a test line according to

Example 5.

Description of Embodiments
[0021]

Next, the present invention will be described with reference to the drawings.
[0022]

Various embodiments described below are directed to the cleaning of a substrate
installed in the treatment chamber of a substrate treatment device by using
carbonated water obtained by adding carbon dioxide to ultrapure water produced in a
subsystem that includes an ultraviolet oxidation device. The subsirate to be cleaned
includes a semiconductor wafer and the like having at least copper or a copper
compound that is exposed.

[0023]
[First Embodiment]

10
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Fig. 5 is a schematic diagram showing an aspect of a substrate cleaning method
according to a first embodiment of the present invention. The water outlet of a
subsystem and the water inlet of each substrate treatment device are connected to
each other via a main pipe made of PVC, PFA or the like that is mainly used at a
semiconductor manufacturing line. A treatment chamber (not shown) is installed in
substrate treatment device 1, and cleaning water is supplied thereto. The number of
substrate treatment devices 1 may be one or more, and each substrate treatment
device 1 may include one or more treatment chambers. The treatment chamber is
provided with a mechanism for hoiding the substrate. The mechanism may be either
a single-wafer type in which carbonated water is sprayed to one substrate in order to
treat it or a batch type in which a plurality of substrates are dipped into a tank that
stores the carbonated water in order to treat the substrates.

[0024]

In the aspect shown in Fig. 5, hydrogen peroxide removal device 2 is installed
between the ultraviolet oxidation device and the non-regenerative ion-exchange
device of the subsystem shown in Fig. 2. In addition, carbon dioxide supply device 4
is installed at the middle of pipe 3 that branches from the water outlet of the
subsystem to reach substrate treatment device 1.

[0025]

According to an aspect, hydrogen peroxide removal device 2 is filled with a
platinum-group metal catalyst. Examples of such a device include a catalyst unit
filled with a palladium catalyst, and a catalyst unit in which a palladium catalyst is
supported on a monolithic organic porous anion exchanger. More detailed specific
examples of the platinum-group metal catalyst will be described below.

[0026]

Preferably, by passing water, that has been passed through the uliraviolet

11
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oxidation device, through the platinum-group metal catalyst of hydrogen peroxide
removal device 2, water in which the concentration of hydrogen peroxide is 2 pg/L or
less can be obtained.

[0027]

Carbon dioxide supply device 4 is configured to add carbon dioxide so as fo
adjust the resistivity of the water (carbonated water) after adding carbon dioxide to be
within the range of 0.03 MQ-cm to 5.0 MQ-cm. As a means for adding it, a
membrane dissolution system is preferably used.

[0028]

The water obtained by this aspect is carbonated water in which the hydrogen
peroxide is reduced so that the concentration of hydrogen peroxide is 2 ng/L or less
and to which the carbon dioxide is added so that the resistivity is adjusted to be within
the range of 0.03 MQ-cm to 5.0 MQ-cm. When this carbonated water is supplied as
cleaning water to substrate treatment device 1 to be used for cleaning the substrate,
the dissolution of copper that is exposed on the substrate surface can be further
prevented than the case of using carbonated water in which the concentration of
hydrogen peroxide is not limited to 2 pg/L or less. This is based on the evaluation
result shown in Examples described below.

[0029]

Installing hydrogen peroxide removal device 2 downstream of the ultraviolet
oxidation device enables removal of the hydrogen peroxide generated by the
ultraviolet oxidation device. In addition, installing hydrogen peroxide removal device
2 upstream of the non-regenerative ion-exchange device enables removal of the very
smali amount of impurities (ions) eluted from hydrogen peroxide removal device 2.
[0030]

Fig. 6 shows another aspect of this embodiment. In the aspect shown in Fig. 6,

12
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hydrogen peroxide removal device 2 is installed between the ultraviolet oxidation
device and the membrane degasifier of the subsystem shown in Fig. 3. Accordingly,
the gas components generated at hydrogen peroxide removal device 2 can be
removed.

[0031]

Fig. 7 shows yet another aspect of this embodiment. In the aspect shown in Fig.
7, hydrogen peroxide removal device 2 is installed between the ultraviolet oxidation
device and the non-regenerative ibn—exchange device of the subsystem shown in Fig.
4. Installing a membrane degasifier downstream of the non-regenerative
ion-exchange device enables removal of gas components generated at hydrogen
peroxide removal device 2 and at the non-regenerative ion-exchange device.

[0032] |

By installing hydrogen peroxide removal device 2 in the subsystem, this
embodiment eliminates the need to install hydrogen peroxide removal device 2 for
each substrate treatment device, and thus provides an advantage in which installation
costs can be reduced.

[0033]

During the substrate cleaning, it is desired that the treatment chamber of
substrate treatment device 1 be filled with inactive gas so that the concentration of
oxygen gas is 2% or less in the treatment chamber. As the inactive gas, nitrogen gas
may be preferably used from an economic standpoint. This is based on the test
result in Examples described below.

[0034] |

In addition, during the substrate cleaning, it is desired that the treatment chamber

of substrate treatment device 1 be shieided from light. This is based on the test

result shown in Examples described below.
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[0035]

[Second Embodiment]

As described above, the passage of the water, to which the hydrogen has been
added beforehand, through the platinum-group metal catalyst enables removal of not
only the hydrogen peroxide but also dissolved oxygen. As will be described in detail
in Examples, it has been found that even during substrate cleaning with carbonated
water, removal of dissolved oxygen in the carbonated water prevents the elution of
copper. This embodiment is based on this knowledge.

[0036]

Fig. 8 is a schematic diagram showing an aspect of a substrate cleaning method
according to a second embodiment of the present invention. The water outlet of a
subsystem and the water inlet of each substrate treatment device are connected to
each other via a main pipe made of PVC, PFA or the like that is mainly used at a
semiconductor manufacturing line. A treatment chamber (not shown) is installed in
substrate freatment device 1, and cleaning water is supplied thereto. The number of
substrate treatment devices 1 may be one or more, and each substrate treatment
device 1 may include one or more treatment chambers. The treatment chamber is
provided with a mechanism for holding the substrate. The mechanism may be either
a single-wafer type in which carbonated water is sprayed to one substrate in order to
treat it or a batch type in which a plurality of substrates are dipped into a tank that
stores the carbonated water in order to treat the substrates.

[0037]

In the aspect shown in Fig. 8, hydrogen supply device 5 and hydrogen peroxide
removal device 2 are installed in this order in a water supply direction between the
ultraviolet oxidation device and the non-regenerative ion-exchange device of the

subsystem shown in Fig. 2. In addition, carbon dioxide supply device 4 is instalied at
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the middle of pipe 3 that branches from the water outlet of the subsystem to reach
substrate treatment device 1. When hydrogen is added to water by hydrogen supply
device 5 and the water is passed through hydrogen peroxide removal device 2, the
hydrogen reacts with dissolved oxygen in the water to produce water at hydrogen
peroxide removal device 2. Accordingly, the concentration of dissolved oxygen in
ultrapure water can be further reduced. In other words, hydrogen peroxide removal
device 2 can simultaneously remove hydrogen peroxide and oxygen.

[0038]

According to an aspect, hydrogen peroxide removal device 2 is filled with a
platinum-group metal catalyst. Examples of such a device include catalyst unit filled
with a palladium catalyst, and a catalyst unit in which a palladium catalyst is supported
on a monolithic organic porous anion exchanger. More detailed specific examples of
the platinum-group metal catalyst will be described below.

[0039]

If hydrogen supply device 5 employs a method for adding hydrogen to water, it is
not limited to any particular method. For example, the method shown in Fig. 9 for
installing a hydrogen dissolving membrane in the main pipe to add hydrogen gas can
be used. In addition, the method shown in Fig. 10 for supplying hydrogen water
produced by adding hydrogen gas to the ultrapure water by using the hydrogen
dissolving membrane to the main pipe can also be used. As shown in Fig. 11, the
method for extracting hydrogen-contained cathode water obtained through the
electrolysis of the ultrapure water carried out by using an electrolysis cell to supply it
to the main pipe can also be used. I is desired for removal of the dissolved oxygen
to add hydrogen so that the concentration of hydrogen is set to 1 or more with respect
to 8 of the concentration of dissolved oxygen.

[0040]

15
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Preferably, by passing water, that has been passed through the ultraviolet
oxidation device, through the platinum-group metal catalyst of hydrogen peroxide
removal device 2, water in which the concentration of hydrogen peroxide is 2 pg/L or
less can be obtained.

[0041]

Carbon dioxide supply device 4 is configured to add carbon dioxide so as to
adjust the resistivity of the water (carbonated water) after adding carbon dioxide to be
within the range of 0.03 MQ-cm to 5.0 MQ-cm. As a means for adding it, a
membrane dissolution system is preferably used.

[0042]

The water obtained by this aspect is carbonated water in which the concentration
of hydrogen peroxide is reduced to 2 pg/L or less and the concentration of dissolved
oxygen is reduced to 2 ug/L or less and to which the carbon dioxide is added so that
the resistivity is adjusted to be within the range of 0.03 MQ-cm to 5.0 MQ.cm.  When
this carbonated water is supplied as cleaning water to substrate treatment device 1 to
be used for cleaning the substrate, the dissolution of that is copper exposed on the
substrate surface can be prevented than the case of using carbonated water in which
the concentration of hydrogen peroxide is not limited to 2 pg/L or less. This is based
on the evaluation result shown in Examples described below.

[0043]

This aspect also provides an advantage in which membrane degasifiers are not
needed, since the dissolved oxygen can be removed by hydrogen peroxide removal
device 2.

[0044]
Fig. 12 shows another aspect of this embodiment. In the aspect shown in Fig.

12, compared with the aspect shown in Fig. 8, membrane degasifier 6 is installed at
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the middle of a line to return unused ultrapure water to a subsystem inlet or a primary
pure water system. Membrane degasifier 6 is installed to prevent the added
hydrogen from being accumulated in the circulated ultrapure water.

[0045]

By installing hydrogen supply device 5 and hydrogen peroxide removal device 2
in the subsystem, this embodiment eliminates the need to install hydrogen supply
device 5 and hydrogen peroxide removal device 2 for each substrate treatment device,
and thus provides an advantage in which installation costs can be reduced.

[0046]

During the substrate cleaning, it is desired that the treatment chamber of
substrate treatment device 1 be fifléd with inactive gas so that the concentration of
oxygen gas to 2% or less in the treatment chamber. As the inactive gas, nitrogen
gas may be preferably used from an economic standpoint. This is based on the test
result shown in Examples described below.

[0047]

[n addition, during the substrate cleaning, it is desired that the treatment chamber
of substrate treatment device 1 be shielded from light. This is based on the test
result shown in Examples described below.

[0048]

[Third Embodiment]

Fig. 13 is a schematic diagram showing an aspect of a substrate cleaning
method according to a third embodiment of the present invention. Subsystem 10
shown in Fig. 13 is the same as any one of the subsystems shown in Figs. 2 o 4, and
components such as an ultraviolet oxidation device, a non-regenerative ion-exchange
device, a membrane separation device, and a membrane degasifier are not shown.

The water outlet of the subsystem and the water inlet of each substrate treatment

17
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device are connected to each other via a main pipe made of PVC, PFA or the like that
is mainly used at a semiconductor manufacturing line. A treatment chamber (not
shown) is installed in substrate treatment device 1, and cleaning water is supplied
thereto. The number of substrate treatment devices 1 may be one or more, and
each substrate treatment device 1 may include one or more treatment chambers.
The treatment chamber is provided with a mechanism for holding the substrate. The
mechanism may be either a single-wafer type in which carbonated water is sprayed to
one substrate in order to treat it or a batch type in which a plurality of substrates are
dipped into a tank that stores the carbonated water in order to treat the substrates.
[0049]

In the aspect shown in Fig. 13, hydrogen peroxide removal device 2 and carbon
dioxide supply device 4 are installed in this order in a water supply direction between
water outlet 10a of the subsystem and water inlet 1a of the substrate treatment device.
This provides an advantage in which hydrogen peroxide removal device 2 and carbon
dioxide supply device 4 can be installed only in substrate treatment device 1 that
requires carbonated water in which the concentration of hydrogen peroxide has been
reduced. In addition, since the configuration of subsystem 10 is the same as the
conventional case, there is also an advantage in which changing existing facilities is
unnecessary.

0050]

As in the case of the first embodiment, a platinum-group metal catalyst is used
for hydrogen peroxide removal device 2. Examples of such a device include a
catalyst column filled with a palladium catalyst, and a catalyst column in which a
palladium catalyst is supporied on a monolithic organic porous anion exchanger can
be used. In particular, the catalyst column in which the palladium catalyst is

supported on the monolithic organic porous anion exchanger is much smaller than a
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catalyst column in which a palladium catalyst is supported on a granular ion
exchanger, and is thus suitable for the aspect in which hydrogen peroxide removal
device 2 is an accessory to substrate treatment device 1. More detailed specific
examples of the platinum-group metal catalyst will be described below.

[0051]

In this aspect, as shown in Fig. 14, for the purpose of preventing fine pariicles
from flowing out from the platinum-group metal catalyst, a configuration where a filter
is disposed downstream of the catalyst column that is filled with the platinum-group
metal catalyst is particularly preferably used. As the filter, a microfiltration membrane
is preferably used. Further, for the purpose of preventing ionic components as well
as the fine particles from flowing out, as a filter, an ion adsorption membrane, or a
combination of the ion adsorption membrane and the microfiltration membrane is
preferably disposed downstream of the catalyst column. The combination of a
monolithic cation and/or anion exchanger and the microfiltration membrane is also
preferably disposed downstream of the catalyst column.

[0052]

The third embodiment provides the same effects as those of the first embodiment.
Specifically, carbonated water in which hydrogen peroxide is reduced so that the
concentration of hydrogen peroxide is 2 ug/L or less and to which carbon dioxide is
added so that the resistivity is adjusted to be within the range of 0.03 MQ-cm to 5.0
MQ-cm is supplied to substrate treatment device 1. When this carbonated water is
used for cleaning the substrate, the dissolution of copper that is exposed on the
substrate surface can be further prevented than the case of using carbonated water in
which the concentration of hydrogen peroxide is not limited to 2 pg/L orless. This is
based on the evaluation result shown in Examples described below.

[0053]

19
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During the substrate cleaning, it is desired that the treatment chamber of
substrate treatment device 1 be filled with inactive gas so that the concentration of
oxygen gas is 2% or less in the treatment chamber. As the inactive gas, nitrogen gas
may be preferably used from an economic standpoint. This is based on the test
result shown in Examples described below.

[0054]

In addition, during the substrate cleaning, it is desired that the treatment chamber
of substrate treatment device 1 be shielded from light. This is based on the test
result shown in Examples described below.

[0055]

[Fourth Embodiment]

Fig. 15 is a schematic diagram showing an aspect of a substrate cleaning
method according to the third embodiment of the present invention. A subsystem
shown in Fig. 15 is the same as any one of the subsystems shown in Figs. 2 to 4, and
components such as an ultraviolet oxidation device, a non-regenerative ion-exchange
device, a membrane separation device, and a membrane degasifier are not shown.
The water outlet of the subsystem and the water inlet of each substrate treatment
device are connected to each other via a main pipe made of PVC, PFA or the like that
is mainly used at a semiconductor manufacturing line. A treatment chamber (not
shown) is installed in substrate treatment device 1, and cleaning water is supplied
thereto. The number of substrate treatment devices 1 may be one or more, and
each substrate treatment device 1 may include one or more treatment chambers.
The treatment chamber is provided with a mechanism for holding the substrate. The
mechanism may be either a single-wafer type in which carbonated water is sprayed to
one substrate in order to treat it or a batch type in which a plurality of substrates are

dipped into a tank that stores the carbonated water in order to treat the substrates.
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[0056]

In the aspect shown in Fig. 15, hydrogen supply device 5, hydrogen peroxide
removal device 2, and carbon dioxide supply devicé 4 are instailed in this order in a
water supply direction between water outlet 10a of the subsystem and water inlet 1a
of the substrate treatment device. This provides an advantage in which hydrogen
supply device 5, hydrogen peroxide removal device 2, and carbon dioxide supply
device 4 can be instailed only in substrate treatment device 1 that requires carbonated
water in which the cdncentration of hydrogen peroxide and the concentration of
dissolved oxygen have been reduced. [n addition, since the configuration of
subsystem 10 is the same as the conventional case, there is also an advantage in
which changing existing facilities is unnecessary.

[0057]

As in the case of the second embodiment, a platinum-group metal catalyst is
used for hydrogen peroxide removal device 2. Examples of such a device include a
catalyst column filled with a palladium catalyst, and a catalyst column in which a
palladium catalyst is supported on a monolithic organic porous anion exchanger can
be used. In particular, the catalyst column in which the palladium catalyst is
supported on the monolithic organic porous anion exchanger is much smaller than a
catalyst column in which a palladium catalyst is supported on a granular ion
exchanger, and is thus suitable for the aspect in which hydrogen peroxide removal
device 2 is an accessory to substrate treatment device 1. More detailed specific
examples of the platinum-group metal catalyst will be described below.

[0058]

In this aspect, as shown in Fig. 14, for the purpose of preventing fine particles

from flowing out from the platinum-group metal catalyst, a configuration where a filter

is disposed downstream of the catalyst column that is filled with the platinum-group
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metal catalyst is particularly preferably used. As the filter, a microfiltration membrane
is preferably used. Further, for the purpose of preventing ionic components as well
as the fine particles from flowing out, as a filter, an ion adsorption membrane, or a
combination of the ion adsorption membrane and the microfiltration membrane is
preferably disposed downstream of the catalyst column. The combination of a
monolithic cation and/or anion exchanger and the microfittration membrane is also
preferably disposed downstream of the catalyst column.

[0059]

According to the fourth embodiment, carbonated water in which hydrogen
peroxide is reduced so that the concentration of hydrogen peroxide is 2 pg/L or less
and to which carbon dioxide is added so that the resistivity is adjusted to be within the
range of 0.03 MQ-cm to 5.0 MQ-cm is supplied to substrate treatment device 1.
When this carbonated water is used for cleaning the substrate, the dissolution of
copper that is exposed on the substrate surface can be further prevented than the
case of using carbonated water in which the concentration of hydrogen peroxide is not
limited to 2 pg/L or less.

[0060]

Further, according to the fourth embodiment, dissolved oxygen can be removed
as in the case of the above-mentioned second embodiment. However, compared
with the second embodiment, hydrogen peroxide removal device 2 is installed near
substrate treatment device 1. Accordingly, compared with the second embodiment,
even when oxygen is dissolved inside the pipe extending from the subsystem to
substrate treatment device 1 from the pipe, form joint parts or form the like to increase
the concentration of dissolved oxygen, the dissolved oxygen can be removed
immediately upstream of substrate treatment device 1, and thus carbonated water in

which the dissolved dxygen has been further reduced can be obtained.
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[0061]

Fig. 16 shows another aspect of this embodiment. Since there is a possibility
that the oxygen may be dissolved inside the pipe from the pipe, the joint parts or the
like as described above, hydrogen peroxide removal device 2 for removing the
dissolved oxygen is preferably installed inside substrate treatment device 1. In this
case, hydrogen supply device 5 may also be installed inside substrate treatment
device 1.

[0062]

When hydrogen peroxide removal device 2 is instailed inside substrate treatment
device 1 as described above, installation space is a problem. Therefore, a catalyst
column in which a palladium catalyst is supported on a monolithic organic porous
anion exchanger is particularly preferably used.

[0063]

Fig. 17 shows yet another aspect of this embodiment. In the aspect shown in
Fig. 17, hydrogen water supply system 11 for supplying hydrogen water downstream
of subsystem 10 is connected, and hydrogen peroxide removal device 2 and carbon
dioxide supply device 4 are installed in this order in a water supply direction between
water outlet 11a of the hydrogen water supply system and water inlet 1a of the
substrate treatment device. Hydrogen water supply system 11 includes a hydrogen
supply device, a water pump, and a hydrogen water tank (not shown), and is
configured to return hydrogen water that is not used at substrate treatment device 1.
This aspect provides an advantage in which hydrogen peroxide removal device 2 and
carbon dioxide supply device 4 can be installed only in substrate treatment device 1
that requires carbonated water in which the concentration of hydrogen peroxide and
the concentration of dissolved oxygen have been reduced.

[0064]
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During the substrate cleaning, it is desired that the treatment chamber of
substrate treatment device 1 be filled with inactive gas so that the concentration of
oxygen gas is 2% or less in the treatment chamber. As the inactive gas, nitrogen gas
may be preferably used from an economic standpoint. This is based on the test
result shown in Examples described below.

[0065]

In addition, during the substrate cleaning, it is desired that the treatment chamber
of substrate treatment device 1 be shielded from light. This is based on the test
result shown in Examples described below.

[0066]

[Fifth Embodiment}

Fig. 18 is a schematic diagram showing an aspect of a substrate cleaning
method according to the fifth embodiment of the present invention. A subsystem
shown in Fig. 18 is the same as any one of the subsystems shown in Figs. 2 to 4, and
components such as an ultraviolet oxidation device, a non-regenerative ion-exchange
device, a membrane separation device, and a membrane degasifier are not shown.
The water outlet of the subsystem and the water inlet of each substrate treatment
device are connected to each other via a main pipe made of PVC, PFA or the like that
is mainly used at a semiconductor manufacturing line. A treatment chamber is
installed in substrate treatment device 1, and cleaning water is supplied thereto. The
number of substrate treatment devices 1 may be one or more, and each substrate
treatment device 1 may include one or more treatment chambers. The treatment
chamber is provided with a mechanism for holding the substrate. The mechanism
may be either a single-wafer type in which carbonated water is sprayed to one
substrate in order to treat it or a batch type in which a plurality of substrates are

dipped into a tank that stores the carbonated water in order to treat the substrates.
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[0067]

In the aspect shown in Fig. 18, hydrogen supply device 5, carbon dioxide supply
device 4, and hydrogen peroxide removal device 2 are installed in this order in a water
supply direction between water outlet 10a of the subsystem and the water inlet of the
treatment chamber. Alternatively, carbon dioxide supply device 4, hydrogen supply
device 5, and hydrogen peroxide removal device 2. may be installed in this order.
Further, hydrogen and carbon dioxide may not be supplied by separate supply
devices, but may be combined in the pipe to be supplied to raw water. This provides
an advantage in which hydrogen supply device 5, carbon dioxide supply device 4, and
hydrogen peroxide removal device 2 can be instalied only in substrate treatment
device 1 that requires carbonated water in which the concentration of hydrogen
peroxide and the concentration of dissolved oxygen have been reduced, and thus
installation and treatment costs can be reduced. [n addition, since hydrogen
peroxide removal device 2 is installed on the more downstream side than that in the
fourth embodiment, there is an advantage in which a distance from hydrogen peroxide
removal device 2 to the treatment chamber is shorter, and dissolution of oxygen from
the pipe or joints is prevented.

[0068]

As in the case of the fourth embodiment, a platinum-group metal catalyst is used
for hydrogen peroxide removal device 2. Examples of such a device include a
catalyst column filled with a palladium catalyst, and a catalyst column in which a
palladium catalyst is supported on a monolithic organic porous anion exchanger can
be used. In particular, the catalyst column in which the paliadium catalyst is
supported on the monolithic organic porous anion exchanger is much smaller than a
catalyst column in which a palladium catalyst is supported on a granular ion

exchanger, and is thus suitable for the aspect in which the hydrogen peroxide removal
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device is an accessory to the substrate treatment device. In addition, according to
this aspect, carbonic acid-type anion exchanger is preferably used for the monolithic
organic porous anion exchanger supporting the palladium catalyst. More detailed
specific examples of the platinum-group metal catalyst will be described below.
[0069]

In this aspect, as shown in Fig. 14, for the purpose of preventing fine particles
from flowing out from the piatinum-group metal catalyst, a configuration where a filter
is disposed downstream of the catalyst column that is filled with the platinum-group
metal catalyst is particularly preferably used. As the filter, a microfiltration membrane
is particularly preferably used.

[0070]

In this aspect, as shown in Fig. 18, hydrogen peroxide removal device 2 is
particularly preferably installed inside substrate treatment device 1. In addition,
carbon dioxide supply device 4 or hydrogen supply device 5, or carbon dioxide supply
device 4 and hydrogen supply device 5 may be installed inside substrate treatment
device 1.

[0071]

According to the fifth embodiment, carbonated water in which hydrogen peroxide
is reduced so that the concentration of hydrogen peroxide is 2 pg/L or less and to
which carbon dioxide is added so that the resistivity is adjusted to be within the range
of 0.03 MQ-cm to 5.0 MQ-cm is supplied to substrate treatment device 1. When this
carbonated water is used for cleaning the substrate, the dissolution of copper that is
exposed on the substrate surface can be further prevented than the case of using
carbonated water in which the concentration of hydrogen peroxide is not limited to 2
ng/L or less.

[0072]
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Further, according to the fifth embodiment, dissolved oxygen can be removed as
in the case of the above-mentioned second and fourth embodiments. However,
compared with the second and fourth embodiments, hydrogen peroxide removal
device 2 is installed near substrate treatment device 1. Accordingly, compared with
the second and fourth embodiments, even when oxygen is dissolved inside the pipe
extending from the subsystem to the treatment chamber of substrate treatment device
1 from the pipe, from joint parts or from the like to increase the concentration of
dissolved oxygen, the dissolved oxygen can be removed immediately upstream of the
treatment chamber of substrate treatment device 1, and thus carbonated water in
which the dissolved oxygen has been further reduced can be obtained.

[0073]

Fig. 19 shows another aspect of this embodiment. In the aspect shown in Fig.
19, carbonated water supply system 12 for supplying carbonated water downstream
of subsystem 10 is connected, and hydrogen supply device 5 and hydrogen peroxide
removal device 2 are installed in this order in a water supply direction between water
outlet 12a of the carbonated water supply system and the water inlet of the treatment
chamber. Carbonated water supply system 12 includes a carbon dioxide supply
device, a water pump, and a carbonated water tank (not shown), and is configured to
return carbonated water that is not used at substrate treatment device 1. This aspect
provides an advantage in which hydrogen supply device 5 and hydrogen peroxide
removal device 2 can be installed only in substrate treatment device 1 that requires
carbonated water in which the concentration of hydrogen peroxide and the
concentration of dissolved oxygen have been reduced.

[0074]
Fig. 20 shows yet another aspect of this embodiment. In the aspect shown in

Fig. 20, hydrogen water supply system 11 for supplying hydrogen water to subsystem
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10 is connected, and carbon dioxide supply device 4 and hydrogen peroxide removal
device 2 are installed in this order in a water supply direction between water outlet 11a
of the hydrogen water supply system and the water inlet of the treatment chamber.
Hydrogen water supply system 11 includes a hydrogen supply device, a water pump,
and a hydrogen water tank (not shown), and is configured to return hydrogen water
that is not used at substrate treatment device 1. This aspect provides an advantage
in which hydrogen peroxide removal device 2 and carbon dioxide supply device 2 can
be installed only in the substrate treatment device that requires carbonated water in
which the concentration of hydrogen peroxide and the concentration of dissolved
oxygen have been reduced.

[0075]

During the substrate cleaning, it is desired that the treatment chamber of
substrate treatment device 1 be filled with inactive gas so that the concentration of
oxygen gas is 2% or less in the treatment chamber.  As the inactive gas, nitrogen gas
may be preferably used from an economic standpoint. This is based on the test
result shown in Examples described below.

[0076]

In addition, during the substrate cleaning, it is desired that the treatment chamber
of substrate treatment device 1 be shielded from light. This is based on the test
result shown in Examples described below.

[0077]

[Platinum-Group Metal Catalyst]

The specific examples of a catalyst that is capable of removing hydrogen
peroxide and oxygen, which is used for above-mentioned hydrogen peroxide removal
device 2, will be described in detail.

[0078]
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<Catalyst capable of removing hydrogen peroxide and oxygen>

Such catalysts include a granular ion-exchange resin supporting a
platinum-group metal, a metal ion-type granular cation exchange resin, and a
non-granular organic porous body supporting a platinum-group metal or a
non-granular organic porous ion exchanger supporting a platinum-group metal may
be cited.

[0079]

<Non-granular organic porous body supporting platinum-group metal,
non-granular organic porous ion exchanger supporting platinum-group metai>

The non-granular organic porous body supporting the platinum-group metal
includes a non-granular organic porous body supporting a platinum-group metal in
which platinum-group metal fine particles having an average particle size of 1 to 1000
nm are supported on the non-granular organic porous body that comprises a
continuous skeleton phase and a continuous hole phase. In the non-granular
organic porous body, the thickness of continuous skeletons is 1 to 100 um, the
average diameter of continuous holes is 1 to 1000 um, the total pore volume is 0.5 to
50 ml/g, and the amount of supported platinum-group metal is 0.004 to 20% by
weight in a dry condition.

[0080]

The non-granular organic porous ion exchanger supporting the platinum-group
metal includes a non-granular organic porous ion exchanger supporting a
platinum-group metal in which platinum-group metal fine particles having an average
particle size of 1 to 1000 nm are supported on the non-granular organic porous ion
exchanger that comprises a continuous skeleton phase and a continuous hole phase.
In the non-granular organic porous ion exchanger, the thickness of continuous

skeletons is 1 to 100 um, the average diameter of continuous holes is 1 to 1000 um,
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the total pore volume is 0.5 to 50 mL/g, the ion exchange capacity per weight is 1 to 6
mg equivalent weight/g in a dry condition, ion exchange groups are uniformly
distributed, and the amount of supported platinum-group metal is 0.004 to 20% by
weight in the dry condition.

[0081]

The average diameter of the opening of the non-granular organic porous body or
the non-granular organic porous ion exchanger is measured by a mercury intrusion
method, and means the maximum value of a pore distribution curve obtained by the
mercury intrusion method. In addition, the structure of the non-granular organic
porous body or the non-granular organic porous ion exchanger, and the thickness of
the continuous skeletons are determined by SEM observation. The particle sizes of
the nano particles of the platinum-group metal supported on the non-granular organic
porous body or the non-granular organic porous ion exchanger are determined by
TEM observation.

[0082]

Since the platinum-group metal having the average particle size of 1 to 1000 nm
is supported on the non-granular organic porous body or the non-granular organic
porous ion exchanger, the non-granular organic porous body supporting the
platinum-group metal or the non-granular organic porous ion exchanger supporting
the platinum-group metal exhibits high catalytic activity for hydrogen peroxide
decomposition, and allows raw water to pass therethrough at the space velocity (SV)
of 200 to 2000 h™", preferably 2000 to 20000 h™.

[0083]

In the non-granular organic porous body supporting the platinum-group metal, a

carrier supporting the platinum-group metal is the non-granular organic porous body.

This non-granular organic porous exchanger is a monolithic organic porous
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exchanger. In the non-granular organic porous ion exchanger supporting the
platinum-group metal, a carrier supporting the platinum-group metal is the
non-granular organic porous ion exchanger. This non-granular organic porous ion
exchanger is a monolithic organic porous ion exchanger in which an ion exchange
group is introduced into a monolithic organic porous body.

[0084]

The monolithic organic porous body has its skeletons made of organic polymers,
and includes many communication holes serving as the fiow paths of a reaction
solution among the skeletons. The monolithic organic porous ion exchanger is a
porous body in which ion exchange groups are introduced to be uniformly distributed
in the skeletons of the monolithic organic porous body. Herein, the "monolithic
organic porous body" and the "monolithic organic porous ion exchanger" are also
simply referred to as "monolith” and "monolithic ion exchanger” respectively, and a
"monolithic organic porous intermediate body" that is an intermediate body (precursor)
in monolith manufacturing is also simply referred to as "monolithic intermediate body".
[0085]

Structural examples of such a monolith or a monolithic ion exchanger include a
continuous bubble structure disclosed in JP 2002-306976 A or JP 2009-62512 A, a
bicontinuous structure disclosed in JP 2009-67982 A, a particle aggregation structure
disclosed in JP 2008-7550 A, and a particle composite structure disclosed in JP
2009-108294 A.

[0086]

The thickness of the continuous skeletons is 1 to 100 um in the dry condition of
the monolith or the monolithic ion exchanger for the supported platinum-group metal
catalyst of the present invention. It is not desirable when the thickness of the

continuous skeletons of the monolithic ion exchanger is less than 1 um, because in
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addition to the drawback of the reduction of ion exchange capacity per volume,
mechanical strength is reduced to greatly deform the monolithic ion exchanger during
passage of the solution therethrough at a high flow velocity. Further, such a
thickness is not desirable because the contact efficiency of the monolithic ion
exchanger with the reaction solution is reduced to lower catalytic activity. On the
other hand, it is not desirable when the thickness of the continuous skeletons of the
monolithic ion exchanger exceeds 100 um, because the skeletons become
excessively thick which causes an increase in pressure loss during passage of the
solution therethrough.

[0087]

The average diameter of the continuous holes is 1 to 1000 um in the dry
condition of the monolith or the monolithic ion exchanger for the supported
platinum-group metal catalyst of the present invention. It is not desirable when the
average diameter of the continuous holes of the monolithic ion exchanger is less than
1 um, because pressure loss increases during passage of the solution therethrough.
On the other hand, it is not desirable when the average diameter of the continuous
holes of the monolithic ion exchanger exceeds 100 um, because the contact of the
monolithic ion exchanger with the reaction solution is insufficient to lower catalytic
activity.

{0088]

Configuration examples of the above-mentioned monolith, i.e. the monolith
serving as a carrier of the platinum-group metal particles, (hereinafter, also referred to
as monolith (1)), and the monolithic ion exchanger, i.e. the monolithic ion exchanger
serving as a carrier of the platinum-group metal particles, (hereinatfter, also referred to
as monolithic ion exchanger (1)) include the monolith and the monolithic ion

exchanger that have the bicontinuous structures disclosed in JP 2009-67982 A.
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[0089]

Specifically, the monolith (1) is a monolith before any ion exchange group is
introduced, wherein the monolith is an organic porous body formed into a
bicontinuous structure that includes three-dimensionally continuous skeletons made
of aromatic vinyl polymers containing 0.1 to 0.5 mol % of a cross-linked structure unit
in all building blocks and having an average thickness of 1 to 60 um in the dry
condition, and that also includes three-dimensionally continuous holes having an
average diameter of 10 to 200 pm among the skeletons, and wherein the organic
porous body has a total pore volume set to 0.5 to 10 mL/g in the dry condition.
[0090]

The monolithic ion exchanger (1) is a monolithic ion exchanger formed into a
bicontinuous structure that includes three-dimensionally continuous skeletons made
of aromatic vinyl polymers containing 0.1 to 0.5 mol % of a cross-linked structure unit
in all building blocks and having an average thickness of 1 to 60 um in the dry
condition, and that also includes three-dimensionally continuous holes having an
average diameter of 10 to 200 pm among the skeletons, wherein the monolithic ion
exchanger has a total pore volume set to 0.5 to 10 mL/g in the dry condition, has ion
exchange groups that are uniformly distributed in the organic porous ion exchanger,
and has an ion exchange capacity per weight set to 1 to 6 mg equivalent weight/g in
the dry condition.

[0091]

The monolith (1) or the monolithic ion exchanger (1) is formed into the
bicontinuous structure that includes the three-dimensionally continuous skeletons
having the average thickness of 1 to 60 pm, preferably 3 to 58 pm, in the dry condition,
and that also includes the three-dimensionally continuous holes having the average

diameter of 10 to 200 um, preferably 15 to 180 um, particularly preferably 20 to 150
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um, in the dry condition among the skeletons. The bicontinuous structure is a
structure in which the continuous skeleton phase and the continuous hole phase are
three-dimensionally continuous. The continuous holes have high continuity and are
not so different in size, compared with the conventional continuous bubble-type
monolith or the conventional particle aggregation-type monolith. Since the skeletons
are thick, mechanical strength is high.

[0092]

The average diameter of the opening of the monolith (1), the average diameter of
the opening of the monolithic ion exchanger (1), and the average diameter of the
opening of the monolithic intermediate body (1) of the dry condition obtained by a |
process in monolith manufacturing described below are measured by the mercury
intrusion method, and mean the maximum values of pore distribution curves obtained
by the mercury intrusion method. [n addition, the average thickness of the skeletons
of the monolith (1) or the monolithic ion exchanger (1) in the dry condition is
determined by the SEM observation of the monolith (1) or the monolithic ion
exchanger (1). Specifically, the SEM observation is carried out at least three times
for the monolith (1) or the monolithic ion exchanger (1) in the dry condition, the
thicknesses of skeletons in an obtained image are measured, and the average value
thereof is set as the average thickness. The skeleton is bar-shaped, and has a
circular section. However, some skeletons may have different-diameter sections
such as elliptic sections. In this case, a thickness is an average of short and long
diameters.

[0093]

The total pore voiume per weight of the monolith (1) or the monolithic ion

exchanger (1) in the dry condition is 0.5 to 50 mL/g. It is not desirable when the total

pore volume is less than 0.5 mL/g, because pressure loss increases during passage
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of the solution therethrough. Further, such a total pore volume is not desirabie
because the transmission amount per unit sectional area is reduced to lower the
treatment amount. [t is not desirable when the total pc—.re volume exceeds 10 mi/g,
because mechanical strength is reduced to greatly deform the monolith or the
monolithic ion exchanger during passage of the solution therethrough at a high roW
velocity. Further, such a total pore volume is not desirable because the contact
efficiency of the monolith or the monolithic ion exchanger with the reaction solution is
reduced to lower catalytic activity. When the sizes of the three-dimensionally
continuous holes and the total power volume are within the above-mentioned ranges,
the contact with the reaction solution is exiremely uniform, the contact area is large,
and passage of the solution can be carried out with low pressure loss.

[0094]

In the moneolith (1) or the monolithic ion exchanger (1), the material of the
skeleton is an aromatic vinyl polymer containing 0.1 to 0.5 mol %, preferably 0.5 to 3.0
mol %, of a cross-linked structure unit in all building blocks, and hydrophobic. Itis
not desirable when the cross-linked structure unit is less than 0.1 mol %, because
mechanical strength is short. When the cross-linked structure unit exceeds 5 mol %,
the structure of the porous body easily deviates from the bicontinuous structure.
Types of aromatic vinyl polymers include, but not limited to, polystyrene, poly (a-methyl
styrene), polyvinyt toluene, polyvinyl benzyl chloride, polyvinyl biphenyl, polyvinyl
naphthalene, and the like. The above-mentioned polymer may be a polymer
obtained by copolymerizing a single vinyl monomer with a cross-linking agent, a
polymer obtained by polymerizing a plurality of vinyl monomers with a cross-linking
agent, or a polymer obtained by blending two types of polymers. Among these
organic polymer materials, a styrene divinyl benzene copolymer or a vinyl benzyt

chloride divinyl benzene is preferable in view of the easy formation of the bicontinuous
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structure, the easy introduction of the ion exchange groups and the high mechanical
strength, and stability with respect to acid or alkali.
[0095]

In the monolithic ion exch-ang'er (1), the introduced ion exchange groups are
uniformly distributed not only on the surface of the monolith but also in the skeletons
of the monolith. The description “ion exchange groups are uniformly distributed”
means that the ion exchange groups are uniformly distributed on the surface and in
the skeletons by at [east a pm order. The distribution state of the ion exchange
groups can be easily confirmed by using EPMA. In addition, when the ion exchange
groups are uniformly distributed not only on the surface of the monolith but also in the
skeletons of the monolith, physical properties and chemical properties on the surface
and in the inside can be made uniform, improving resistance to swelling and
shrinkage.

[0096]

The ion exchange groups introduced into the monolithic ion exchanger (1) are
cation exchange groups or anion exchange groups. The cation exchange groups
include a carboxylic acid group, an iminodiacetic acid group, a phosphoric group, a
phosphoester group, and the like. The anion exchange groups include a quaternary
ammonium group such as a tri-methyl ammonium group, a tri-ethyl ammonium group,
a tri-butyl ammonium group, a dimethy! hydroxy ethyl ammonium group, a dimethyl
hydroxy propyl ammonium group, or a methyl dihydroxy ethyl ammonium group, a
tertiary sulfonium group, a phosphonium group, and the like.

[0097]

The monolithic ion exchanger (1) has an ion exchange capacity per weight in the

dry condition set to 1 to 6 mg equivalent weight/g. In the monolithic ion exchanger

(1), the continuity and uniformity of the three-dimensionally continuous holes is high,
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and thus pressure loss does not increase much even when the total pore volume is
reduced. Accordingly, the ion exchange capacity per volume can be increased
dramaticallly while pressure loss is maintained low. By setting the ion exchange
capacity per weight within the above-mentioned range, the environment around a
catalytic active site, such as pH in the catalyst, can be changed, which causes
catalytic activity to increase. When the monolithic ion exchanger (1) is a monolithic
anion exchanger, anion exchange groups are introduced into the monolithic anion
exchanger (1), and the anion exchange capacity per weight in the dry condition is 1 to
6 mg equivalent weight/g. When the monolithic ion exchanger (1) is a monolithic
cation exchanger, cation exchange groups are introduced into the monolithic cation
exchanger (1), and the cation exchange capacity per weight in the dry condition is 1 to
6 mg equivalent weight/g.

[0098]

The monolith (1) is obtained by implementing the manufacturing method of the
monolithic organic porous body disclosed in JP 2009-67982 A.  Specifically, the
method includes:

a | process for stirring the mixture of an oil-soluble monomer that does not
contain an ion exchange group, a surface active agent, and water to prepare
water-in-oil emulsion, and then polymerizing the water-in-oil emulsion to obtain a
monolithic organic porous intermediate body (hereinafter, also referred to as
monolithic intermediate body (1)) of a continuous macropore structure in which the
total pore volume is larger than 16 mL/g and is equal! to or less than 30 mL/g;

a |l process for preparing a mixture including an aromatic vinyl monomer, 0.3to 5
mol % of a cross-linking agent among all oil-soluble monomers having at least two or
more vinyl groups in one molecule, an organic solvent in which the aromatic vinyi

monomer and the cross-linking agent are dissolved while a polymer prepared by
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polymerizing the aromatic vinyl monomer is not dissolved, and a polymerization
initiator; and

a lll process for obtaining a monolith (1) that is the organic porous bady of a
bicontinuous structure by conducting polymerization under the stationary state of the
mixture obtained in the Il process and in the presence of the monolithic intermediate
body (1) obtained in the | process.

[0099]

The platinum-group metal is supported on the non-granular organic porous body
supporting the platinum-group metal or the non-granular organic porous ion
exchanger supporting the platinum-group metal. Such platinum-group metals are
ruthenium, rhodium, palladium, osmium, iridium, and platinum. These
platinum-group metals can be used singly, or two or more types of metals can be used
in combination. Further, two or more type of metals can be used as an alloy.

Among these metals, platinum, palladium, and the platinum-palladium alloy are
preferable because of high catalytic activity.
[0100]

The average particle size of the platinum-group metal fine particles supported on
the non-granular organic porous body supporting the platinum-group metal or the
non-granular organic porous ion exchanger supporting the platinum-group metal is 1
to 1000 nm, preferably 1 to 200 nm, and more preferably 1 to 20 nm. Itis not
desirable when the average particle size is less than 1 nm, because the possibility of
the separation of the platinum-group metal fine particles from the carrier is higher. It
is not desirable when the average particle size exceeds 200 nm, because the surface
area of the metal per unit mass is reduced which makes it hard to achieve the catalyst
effect efficiently. The average particle size of the platinum-group metal fine particles

is determined by analyzing a TEM image obtained through transmission electron
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microscope (TEM) analysis.
[0101] _

The amount of supported platinum-group metal fine particles in the non-granular
organic porous body supporting the platinum-group metal or the non-granular organic
porous ion exchanger supporting the platinum-group metal ((platinum-group metal
fine particles / the supported platinum-group metal catalyst of dry condition) - 100) is
0.004 to 20% by weight, and preferably 0.005 to 156% by weight. It is not desirable
when the amount of supported platinum-group metal fine particles is less than 0.004%
by weight, because catalytic activity is insufficient. It is not desirable when the
amount of supported platinum-group metal fine particles exceeds 20% by weight,
because metal elution into the water is manifested.

[0102]

The manufacturing method of the non-granular organic porous body supporting
the platinum-group metal or the non-granular organic porous ion exchanger
supporting the platinum-group metat is not limited to any particular method. By a
known method, the supported platinum-group metal catalyst can be obtained by
supporting the fine particles of the platinum-group metal on the monolith or the
monolithic ion exchanger. An example of the method for supporting the
platinum-group metal on the non-granular organic porous body or the non-granular
organic porous ion exchanger includes a method disclosed in JP 2010-240641 A.
This is a method for, for example, dipping the monolithic ion exchanger of the dry
condition in the methanol solution of a platinum-group metal compound such as
palladium acetate, adsorbing palladium ions on the monolithic ion exchanger by ion
exchanging, and then bringing the palladium ions in contact with a reducing agent to
support palladium metal fine particles on the monolithic ion exchanger. Alternatively,

this is a method for dipping the monolithic ion exchanger in the aqueous solution of a
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platinum-group metal compound such as tetra ammine palladium complex, adsorbing
palladium ions on the monolithic ion exchanger by ion exchanging, and then bringing
the palladium ions in contact with a reducing agent to support palladium metal fine
particles on the monolithic ion exchanger.

[0103]

Agranul_ar ion-exchange resin supporting a platinum-group metal is obtained by
supporting a platinum-group metal on a granular ion-exchange resin. Examples of
the granular ion-exchange resin serving as a carrier of the platinum-group metal
include, but not limited to, a strongly basic anion exchange resin and the like. The
platinum-group metal is supported on the granular ion-exchange resin by a known
method to obtain the granular ion-exchange resin supporting the platinum-group
mefal.

[0104]

A metal ion-type granular cation exchange resin supporting a metal is obtained
by supporting a metal such as iron ions, copper ions, nickel ions, chrome ions, or
cobalt ions on a granular cation exchange resin. Examples of the granular cation
exchange resin serving as a carrier include, but not limited to, a strongly acidic cation
exchange resin and the like. The metal such as iron ions, copper ions, nickel ions,
chrome ions, or cobalt ions is supported on the granular cation exchange resin by a
known method to obtain the metal ion-type granular cation exchange resin supporting
the metal.

[0105]

Hereinafter, the catalyst of catalyst unit 21 used in the present invention will be
specifically described. However, this is only an example, and is not limitative of the
present invention.

[0106]
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<Manufacturing of non-granular organic porous ion exchanger supporting
platinum-group metal>

(Manufacturing of monolithic intermediate body (1 process))

9.98 g of styrene, 0.19 g of divinyl benzene, 0.50 g of sorbitan monooleate
(hereinafter, abbreviated to SMO), and 0.25 g of 2,2-azobis(isobutyronitrile) were
mixed to be uniformly dissolved. Then, the mixture of the styrene/divinyl
benzene/SMO/2,2"-azobis(isobutyronitrile) was added to 180 g of pure water, and
stirred under reduced pressure by using a vacuum stirring and defoaming mixer (from
EME Inc.) that was a planetary stirring device to obtain a water-in oil emulsion. This
emulsion was quickly moved into a reaction container, and sealed and polymerized in
a stationary state at 60°C for 24 hours. After polymerization, the contents were
taken out, extracted by methanol, and then dried under reduced pressure to
manufacture a monolithic intermediate body having a continuous macropore structure,
The internal structure of the monolithic intermediate body (dried body) thus obtained
was observed by SEM. According to the SEM image, although a wall part defining
two adjacent macropores was extremely thin and bar-shaped, it had a continuous
bubble structure, the average diameter of the openings (mesopores) at the
overlapped part of the macropdres measured by the mercury intrusion method was 40
um, and the total pore volume was 18.2 mL/g.

[0107]

(Manufacturing of monolith)

Then, 216.6 g of styrene, 4.4 g of divinyl benzene, 220 g of 1-decanol, and 0.8 g
of 2,2'-azobis (2,4-dimetyl valeronitrile) were mixed to be uniformly dissolved (Il
process). Then, the above-mentioned monolithic intermediate body was placed into
the reaction container, and dipped in the mixture of the styrene/divinyl

benzene/1-decanol/2,2'-azobis(2,4-dimetyl valeronitrile), and defoamed in a pressure
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reduced chamber, and then the reaction container was sealed to polymerize the
mixture in a stationary state at 50°C for 24 hours. After the end of polymerization,
the contents were taken out, soxhlet-extracted by acetone, and then dried under
reduced pressure (Il process).

[0108]

The internal structure of the monolith (dried body) thus obtained and containing
1.2 mol % of a cross-linking component including a styrene/divinyl benzene
copolymer was observed by SEM. According to the SEM observation, the monolith
had a bicontinuous structure in which skeletons and holes were respectively
three-dimensionally continuous and both phases were combined. The average
thickness of the skeletons measured from the SEM image was 20 um. In addition,
the average diameter of the three-dimensionally continuous holes of the monolith
measured by the mercury intrusion method was 70 pm, and the tota!l pore volume was
4.4 ml/g. The average diameter of the holes was determined as the maximum value
of a pore distribution curve obtained by the mercury intrusion method.

[0109]

(Manufacturing of monolithic anion exchange)

The monolith manufactured by the above-mentioned method was placed in a
column reaction container, a solution containing 1600 g of chlorosulfonic acid, 400 g
of tin tetrachloride, and 2500 mL of dimethoxymethane was circulated and passed
therethrough, and reaction was carried out at 30°C for 5 hours to introduce a
chloromethyl group. After the end of the reaction, the chloromethyl monolith was
cleaned with the mixed solvent of THF/water = 2/1, and further cleaned with THF.
1600 mL of THF and 1400 mL of a trimethyl amine 20% aqueous solution were added
to this chloromethyl monolith, and reaction was carried out at 60°C for 6 hours. After

the end of the reaction, the product was cleaned with methanol, and then cleaned with
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pure water to obtain a monolithic anion exchanger.
[0110]

The anion exchange capacity of the obtained monolithic anion exchanger was
4.2 mg equivalent weight/g in the dry condition, and it was confirmed that a quaternary
ammonium group was quantitatively introduced. The thickness of the skeletons
measured from a SEM image was 20 um in the dry condition, and the average
diameter of the three-dimensionally continuous holes of the monolithic anion
exchanger measured by the mercury intrusion method was 70 um in the dry condition,
and the total pore volume was 4.4 mL/g in the dry condition.

[0111]

Then, to check the distribution state of the quaternary ammonium group in the
monolithic anion exchanger, the monolithic anion exchanger was treated with a
hydrochloric solution to be a chloride type, and then the distribution state of chloride
ions was observed by EPMA. As a result, it was confirmed that the chloride ions
were uniformly distributed not only on the skeleton surface of the monolithic anion
exchanger but also in the skeletons, and quaternary ammonium groups were
uniformly introduced into the monolithic anion exchanger.

[0112]

(Supporting of platinum-group metal)

The above-mentioned monolithic anion exchanger was ion-exchanged into the
Cl type, and then cut out in a cylindrical shape in the dry condition to be dried under
reduced pressure. The weight of the dried monolithic anion exchanger was 2.1 g.
This monolithic anion exchanger of the dry condition was dipped in diluted
hydrochloric acid in which 160 mg of palladium chloride was dissolved for 24 hours to
be ion-exchanged into a palladium chloride acid type. After the end of the dipping,

the monolithic anion exchanger was cleaned with pure water several times, and
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dipped in an aqueous hydrazine for 24 hours to be subjected to reduction treatment.
While the paliadium chloride acid-type monolithic anion exchanger was brown, the
monolithic anion exchanger after the reduction treatment was colored black, indicating
the production of palladium fine particles. The sample after the reduction was
cleaned with pure water several times, and then dried under reduced pressure. The
column of an inner diameter of 57 mm was filled with the obtained supported
palladium-fine-particle catalyst, of the dry condition with a layer height of 40 mm, and
an aqueous sodium hydroxide was passed therethrough to form the monolithic anion
exchanger as a carrier into an OH type. On the other hand, in order to form an ion
type into a carbonic acid type, an aqueous ammonium hydrogen carbonate was
passed through the column.

[0113]

When the amount of supported palladium was obtained by ICP emission
spectroscopy, the amount of supported palladium was 3.9% by weight. [n order to
check the distribution state of the palladium supported on the monolithic anion
exchanger, the distribution state of the palladium was observed by EPMA. It was
confirmed that the palladiums were uniformly distributed not only on the skeleton
surface of the monolithic anion exchanger but also in the skeletons, and distributed
relatively uniformly while the concentration was slightly higher inside. In addition, to
measure the average particle size of supported palladium particles, observation was
carried out by a transmission electron microscope (TEM). The average particle size

of supported palladium fine particles was 8 nm.

Examples
[0114]

Hereinafter, measurement results obtained by treating a substrate with
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carbonated water produced by the method of the present invention will be described.
[0115]

{Test method]

As a substrate (sample) to be cleaned and treated, a wafer having a copper thin
film that was cut into 24 mm square was used. The wafer having the copper thin film
was prepared by depositing 50 nm of titanium as a base (support layer) on a silicon
wafer by sputtering beforehand, and then depositing 200 nm of copper by sputtering.
[0116]

As a substrate treatment device, a single wafer cleaning device made by
ZENKYO CORPORATION was used.

[0117]

The above-mentioned 24mm-square sample was set on the center of the
substrate holding table of the device, and the sample was cleaned with carbonated
water for a predetermined period of time while rotated at 500 rpm.  As carbonated
water to be evaluated, carbonated water was prepared by using ultrapure water
described below as raw water, and by adjusting the water to the qualities of various
test examples below. To remove hydrogen peroxide, a catalyst column in which a
palladium catalyst is supported on a monolithic organic porous anion exchanger was
used. The synthesis method of the catalyst was as described above.

[0118]

Sheet resistance measurement was carried out by using a four-point probe
measurement device Model -5+ made by NPS, Inc. Increasing the sheet
resistance by treatment means reducing the thickness of the copper thin film, or
nonconductor formation on the copper thin film, and both cases are caused by copper
corrosion.

[0119]
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A measurement device Model 510 made by Hack Company was used for a
dissolved oxygen concentration meter, a measurement device Model DHDI-I made by
DKK-TOA CORPORATION was used for a dissolved hydrogen concentration meter,
and a measurement device Model MH-7 made by ORGANO CORPORATION was
used for measuring resistivity. A phenolphthalin method was used for measuring
hydrogen peroxide concentration.

[0120]

{Raw water (ultrapure water)]

Used ultrapure water was the secondary pure water of an ultrapure water
production device installed in R&D center of ORGANO CORPORATION. Water

quality at the outlet of the ultrapure water production device is as shown in Table 1

below.
[0121]
Table 1
Measurement item Measured value
Resistivity 18.2 MQ-cm
Total organic carbon concentration 1 pg/L or less
Number of fine particles 1/mL or less (particle size of 0.05 pm or
more)

Number of viable bacteria 0.1/L or less
Silica 0.1 ngSiO,/L or less
Sodium 5 ng/L or less
Iron 5 ng/L or less
Copper 5 ng/L or less
Chiloride ion 5 ng/L or less
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Oxidation-reduction potential +300 mV (vs. NHE)
Dissolved oxygen concentration 2 pg/L orless
Hydrogen peroxide concentration 15 pg/L or less
Water temperature 23°C
[0122]
[Example 1]

This test was carried out by using a test line shown in Fig. 21. The secondary
pure water (ultrapure water) of the ultrapure water production device was passed
through a catalyst column to remove hydrogen peroxide, and passed through a filter
(microfiltration. membrane) , and then carbon dioxide was dissolved by using a carbon
dioxide dissolving membrane to set resistivity to 0.1 MQ-cm. Carbonated water thus
produced was introduced into the treatment chamber in the single wafer cleaning
device to clean the sample for 2 hours. Table 2 shows the value per hour of the
increase of the sheet resistance measured value after cleaning with respect to the
sheet resistance measured value before the cleaning. The concentration of
hydrogen peroxide included in treatment water in this case was 2 pg/L or less. When
a part of the treatment water was extracted immediately upstream of the treatment
chamber in the single wafer cleaning device to measure the concentration of
dissolved oxygen, it was 30 pg/L. Itis inferred that while the concentration of
dissolved oxygen at the outlet of the ultrapure water production device was 2 pg/L or
less as shown in Table 1, the concentration of dissclved oxygen immediately
upstream of the treatment chamber increased to 30 pg/L due to the dissolution of air
through PFA pipe, joint members or the like.

[0123]

[Comparative Example 1]
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This test was carried out by bypassing the catalyst column and the filter of the

test line shown in Fig. 21.

Carbon dioxide was dissolved in the secondary pure water

(uitrapure water) of the ultrapure water production device by using a carbon dioxide

dissolving membrane to set resistivity to 0.1 MQ-cm. Carbonated water thus

produced was introduced into the treatment chamber in the single wafer cleaning

device to clean the sample for 2 hours.

Table 2 shows the value per hour of the

increase of the sheet resistance measured value after cleaning with respect to the

sheet resistance measured value before the cleaning. The concentration of

hydrogen peroxide included in treatment water in this case was 15 pg/L, and the

concentration of dissolved oxygen immediately upstream of the treatment chamber

was 30 pg/L.
[0124]
Table 2
Hydrogen peroxide Sheet resistance increase
concentration
ug/L mQ/sq./h
Example 1 <2 0.8
Comparative Example 1 15 2.6

[0125]

From Table 2, it is clear that even in the presence of 30 ug/L of dissolved oxygen,

when the carbonated water in which the concentration of hydrogen peroxide has been

reduced to 2 pg/L or less, is used for cleaning, the increase in sheet resistance was

smaller than the case where no hydrogen peroxide was removed, in other words,

copper corrosion was prevented.

[0126]
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Figs. 22-1a and 22-1b show images obtained by carrying out SEM (scanning
electron microscope) observation and SPM (scanning probe microscope) observation
for a sample subjected to 16-hour cleaning under the same condition as that of
Example 1, respectively, and Figs. 22-2a and 22-2b show images obtained by
carrying out the SEM observation and the SPM observation for a sample subjected to
16-hour cleaning under the same condition as that of Comparative Example 1,
respectively. When these figures are compared, it can be understood that in the
case when the carbonated water in which the concentration of hydrogen peroxide has
been reduced to 2 pg/L or less (Example 1), is used for cleaning, the sizes of pitting
corrosion (places surrounded with many white wave lines shown) are small and
shallow, and in other words, the progress of pitting corrosion is prevented.

[0127]

[Example 2]

This test was carried out by using a test line shown in Fig. 23. The
predetermined concentration of oxygen gas was dissolved in the secondary pure
water (ultrapure water) of the ultrapure water production device by using an oxygen
dissolving membrane, then the water in which this oxygen was dissolved was passed
through a catalyst column to remove hydrogen peroxide, and passed through a filter
(microfiltration membrane), and then carbon dioxide was dissolved by using a carbon
dioxide dissolving membrane to set resistivity to 0.1 MQ-cm. Carbonated water thus
produced was introduced into the treatment chamber in the single wafer cleaning
device to clean the sample for 2 hours. Table 3 shows the value per hour of the
increase of the sheet resistance measured value after cleaning with respect to the
sheet resistance measured value before the cleaning. The concentration of
hydrogen peroxide included in treatment water in this case was 2 pg/lL or less. The

concentration of dissolved oxygen was measured by extracting a part of the treatment

49



10

15

20

25

water immediately upstream of the treatment chamber in the single wafer cleaning
device.
[0128]

As described above, it is thought that due to the dissolution of air through the
pipe or the joints from the secondary pure water of the ultrapure water production
device to the substrate treatment device (single wafer cleaning device in this test), a
substantial amount of oxygen was dissolved at an actual cleaning position. This test
was conducted by changing the concentration of dissolved oxygen in view of the
above-mentioned situation.

[0129]

[Comparative Example 2]

This test was carried out by bypassing the catalyst column and the filter of the
test line shown in Fig. 23. Carbon dioxide was dissolved in the secondary pure water
(ultrapure water) of the ultrapure water production device by using a carbon dioxide
dissolving membrane to set resistivity to 0.1 MQ.cm. Carbonated water thus
produced was introduced into the treatment chamber in the single wafer cleaning
device to clean the sample for 2 hours. Table 3 shows the value per hour of the
increase of the sheet resistance measured value after cleaning with respect to the
sheet resistance measured value before the cleaning. The concentration of
hydrogen peroxide included in treatment water in this case was 15 pg/L, and the
concentration of dissolved oxygen was measured by extracting a part of the treatment
water immediately upstream of the treatment chamber.

[0130]
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Table 3

Dissolved oxygen Hydrogen peroxide | Sheet resistance
concentration concentration increase
ug/L ng/L mQ/sq./h
Example 2-1 130 <2 0.9
Comparative 130 15 3.4
Example 2-1
Example 2-2 800 <2 13.2
Comparative 800 15 20.5
Example 2-2
[0131]

As can be understood from Table 3, due to the increase of the concentration of
dissolved oxygen, the increase in sheet resistance is greater than those of Example 1
and Comparative Example 1. It has been thought that, as the concentration of
dissolved oxygen in the carbonated water was higher, the copper dissolved more
easily. This was verified by the test result. When Example 2-1 is compared with
Comparative Example 2-1 and Example 2-2 is compared with Comparative Example
2-2, it is clear that even in the presence of the certain amounts of such dissolved
oxygen (130 ug/L and 800 pg/L ), when the carbonated water in which the
concentration of hydrogen peroxide has been reduced to 2 pg/L or less, is used for
cleaning, the increase in sheet resistance is smaller than a case where no hydrogen
peroxide is removed, in other words, copper corrosion is prevented.

[0132]
Further, from the results of Table 2 and Table 3, it is clear that in the case where

the carbonated water in which the concentration of dissolved oxygen immediately
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upstream of the treatment chamber in the single wafer cleaning device has been
reduced to 130 ug/L or less and in which the concentration of hydrogen has been
reduced to 2 pg/L or less, the increase in sheet resistance is smaller, in other words,

copper corrosion is prevented.

[0133]

[Example 3]

In the test of Example 1, a test was carried out by implementing light shielding in
the treatment chamber. Table 4 shows a resuit.

[0134]
Table 4
Hydrogen peroxide | Light shielding Sheet resistance
concentration increase
ug/L mQ/sq./h
Example 1 <2 No 0.8
Example 3 <2 Yes 0.6
[0135]

As can be seen from Table 4, it is clear that corrosion can be prevented by
cleaning the substrate with the carbonated water in which the concentration of
hydrogen has been reduced to 2 pg/L or less and under the light shielding condition in
the treatment chamber.

[0136]

[Example 4]

In the test of Example 1, a cleaning test was carried out by introducing nitrogen
gas into the treatment chamber and under the condition in which the concentration of

oxygen gas was reduced to 2 % or less. Table 5 shows the result.
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[0137]

Table 5
Hydrogen peroxide | Gas environment in | Sheet resistance
concentration treatment chamber | increase
ng/L. mQ/sq./h
Example 1 <2 Air Atmosphere 0.8
Example 4 <2 Nitrogen 0.5
atmosphere
(oxygen gas 1.5%)
[0138]

As can be seen from Table 5, it is clear that corrosion can be prevented by
cleaning the substrate with the carbonated water in which the concentration of
hydrogen has been reduced to 2 pg/L or less and under the condition in which the
nitrogen gas concentration was set to 2% or less in the treatment chamber.

[0139]

[Example 5]

This test was carried out by using a test line shown in Fig. 24. Hydrogen gas
was dissolved in the secondary pure water (ultrapure water) of the ultrapure water
production device by using a hydrogen dissolving membrane, and then carbon dioxide
was dissolved therein by using a carbon dioxide dissolving membrane to set resistivity
to 0.1 MQ-cm. Carbonated water thus produced was introduced into the single wafer
cleaning device. In the single wafer cleaning device, treatment water was passed
through a catalyst column to remove hydrogen peroxide, passed through a
microfiltration membrane, and then introduced into the treatment chamber to clean the

sample for 2 hours. Table 6 shows the value per hour of the increase of the sheet
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resistance measured value after cleaning with respect to the sheet resistance
measured value before the cleaning. The concentration' of hydrogen peroxide
included in treatment water in this case was 2 pg/L or less, the result of measuring the
concentration of dissolved oxygen by extracting a part of the treatment water
immediately upstream of the treatment chamber was 6 pg/l., and the concentration of
dissolved hydrogen was 50 ug/L.
[0140]

In may be thought that the concentration of dissolved oxygen was successfully
reduced, because the dissolved oxygen was removed by the actions of the dissolved
hydrogen and the catalyst, and because the treatment was performed in the cleaning

device to prevent air from being dissolved through the pipe or the joints.

[0141]
Table 6
Hydrogen peroxide | Dissolved oxygen Sheet resistance
concentration concentration increase
pg/L pg/L mQ/sq./h
Example 1 <2 30 0.8
Example 5 <2 6 0.7
[0142]

As can be seen from Table 6, it is clear that copper corrosion can be prevented
by cleaning the substrate with the carbonated water in which, as the result of passing
the water through the hydrogen peroxide removal catalyst after the addition of
hydrogen, the concentration of hydrogen peroxide has been reduced to 2 pg/L or less
and the concentration of dissolved oxygen has been reduced. It is clear that the

installation location of the hydrogen peroxide removal catalyst is very close to the
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substrate treatment device, preferably inside the substrate treatment device, and

more preferably immediately upstream of the treatment chamber.

[0143]

[Example 6]

In the test of Example 5, a cleaning test was carried out by introducing nitrogen

gas into the treatment chamber and under the condition in which the concentration of

oxygen gas has been reduced to 2 % or less.

[0144]
Table 7

Table 7 shows the result.

Hydrogen peroxide
concentration

ug/L

Gas environment in

treatment chamber

Sheet resistance
increase

mgY/sq./h

Example 5

<2

Air Atmosphere

0.7

Example 6

<2

Nitrogen

0.4

atmosphere

{oxygen gas 1.5%)

[0145]

As can be seen from Table 7, it is clear that when the substrate is cleaned with
the carbonated water in which the concentration of hydrogen peroxide has been
reduced to 2 ug/L or less and in which the concentration of dissolved oxygen has
been reduced, corrosion can be prevented by cleaning the substrate under the
condition in which the concentration of oxygen gas in the treatment chamber has been
reduced to 2% or less.

[01486]
[Example 7]
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By using the test line of Example 1 and controlling the amount of added carbon
dioxide, several types of carbonated water whose resistivities were in the range of
0.03 to 10.0 MQ-cm and in which the concentration of hydrogen peroxide was 2 ng/L
or less were obtained. As a sample to be cleaned, a silicon wafer in which a
thermally-oxidized film was formed to be 200 nm was alternatively used and was
cleaned with the several types of carbonated water, respectively, for 2 hours, and then
surface potentials were measured. For the surface potential measurement, a
surface potentiometer Model 244 made by Monroe Electronics Inc., was used. Table

8 shows the result.

[0147]
Table 8
Measurement No. Resistivity Surface potential
MQ-.cm \Y

1 0.03 <1
2 1.0 <1
3 2.0 <1
4 5.0 <1
5 10.0 8

[0148]

As can be seen from Table 8, it was found that when the carbonated ultrapure
water in which the concentration of hydrogen peroxide has been reduced to 2 pg/L or
less was used, the substrate was not charged as long as the resistivity was in the
range of 0.03 to 5.0 MQ-cm.

[0149]

The present invention has been described by way of the Examples. The

56



10

15

20

present invention, however, is not limited to these Examples, and may include design

variations that are made therein without departing the scope of the invention. In

other words, the present invention may include various changes and modifications

that can be readily made therein by those skilled in the art.

Reference Signs

[0150]
1

1a

D o bW N

10
10a
i
11a
12
12a

Substrate treatment device

Water inlet of substrate treatment device
Hydrogen peroxide removal device

Main pipe

Carbon dioxide supply device

Hydrogen supply device

Membrane degasifier

Subsystem (secondary pure water system)
Water outlet of subsystem

Hydrogen water supply system

Water outlet of hydrogen water supply system
Carbonated water supply system

Water outlet of carbonated water supply system
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CLAIMS

[Claim 1]

A method for cleaning a copper-exposed substrate, comprising:

cleaning the suhstrate having at least copper or a copper compound exposed on
a surface with carbonated water in which concentration of hydrogen peroxide
dissolved in water is limited to 2 ug/L or less and to which carbon dioxide is added to

adjust resistivity to be within a range of 0.03 {o 5.0 MQ.cm.
[Claim 2]

The method for cleaning the copper-exposed substrate according to claim 1,
wherein the carbonated water is obtained as a result of passage through a
platinum-group metal catalyst to achieve the concentration of hydrogen peroxide.
[Claim 3]

The method for cleaning the copper-exposed substrate according to claim 2,
further comprising adding hydrogen before the passage through the platinum-group

metal catalyst.
[Claim 4]

The method for cleaning the copper-exposed substrate according to claim 2 or 3,
wherein the platinum-group metal catalyst is a palladium catalyst.
[Claim 5]

The method for cleaning the copper-exposed substrate according to claim 2 or 3,
wherein the platinum-group metal catalyst is obtained as a result of supporting a

palladium catalyst on a monolithic organic porous anion exchanger.
[Claim 6]

The method for cleaning the copper-exposed substrate according to claim 5,
wherein, before or after water from a subsystem of an ultrapure water production
device flows into a substrate treatment device for cleaning the substrate, the passage

of the water through the platinum-group metal catalyst is performed.
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[Claim 7]

The method for cleaning the copper-exposed substrate according to any one of
claims 1 to 6, wherein a process of cleaning the substrate with the carbonated water is
performed in an atmosphere having oxygen gas concentration of 2% or less.

[Claim 8]

The method for cleaning the copper-exposed substrate according to any one of
claims 1to 7, wherein a process of cleaning the substrate with the carbonated water is
performed in a fight shielded environment.

[Claim 9]
The method for cleaning the copper-exposed substrate according to any one of

claims 1 to 3, further comprising limiting concentration of dissolved oxygen to 6 pg/L

or more and 130 pg/L or less.
[Claim 10]

A system for cleaning a copper-exposed substrate comprising:

an ultrapure water production device that includes an ultraviolet oxidation device
for irradiating water with ultraviolet rays;

a treatment chamber in which a substrate having at least copper or a copper
compound exposed on a surface is disposed and to which a substrate treatment
solution for cleaning and treating the substrate is supplied; and

means for producing, as a treatment solution for the substrate, carbonated water
in which concentration of hydrogen peroxide dissolved in water is limited to 2 ug/L or
less and to which carbon dioxide is added to adjust resistivity to be within a range of
0.03 to 5.0 MQ-cm in a flow path from the ultraviolet oxidation device of the ultrapure
water production device to a treatment solution discharging part of the treatment

chamber.
[Claim 11]

The system for cleaning the copper-exposed substrate according to claim 10,
wherein the means includes a hydrogen peroxide remaoval device for removing

hydrogen peroxide from water, and a carbon dioxide supply device for supplying
carbon dioxide to water.
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[Claim 12]

The system for cleaning the copper-exposed substrate according to claim 11,
wherein the hydrogen peroxide removal device is disposed on a downstream side of
the ultraviolet axidation device in the ultrapure water production device, and the
carbon dioxide supply device is disposed in a flow path from a water outlet of the
ultrapure water production device to the treatment chamber.

[Claim 13]

The system for cleaning the copper-exposed subsirate according to claim 12,
wherein a hydrogen supply device for supplying hydrogen to water is disposed
between the ultraviolet oxidation device and the hydrogen peroxide removal device.
[Claim 14]

The system for cleaning the copper-exposed substrate according to claim 11,
wherein the hydrogen peroxide removal device and the ultraviolet oxidation device are
disposed in a flow path from a water outlet of the ultrapure water production device to

the treatment chamber.
[Claim 15}

The system for cleaning the copper-exposed substrate according to claim 14,
wherein a hydrogen supply device for supplying hydrogen to water is disposed
upstream of the hydrogen peroxide removal device in a flow path from the water outlet
of the ultrapure water production device to the treatment chamber.

[Claim 16]

The system for cleaning the copper-exposed substrate according to any one of
claims 11 to 15, wherein the hydrogen peroxide removal device includes a catalyst
unit filled with a platinum-group metal catalyst.

[Claim 17]

The sysfem for cleaning the copper-exposed substrate according to claim 16,
wherein the platinum-group metal catalyst is a palladium catalyst.
[Ciaim 18]

The system for cleaning the copper-exposed substrate according to claim 186,
wherein the platinum-group metai catalyst is obtained as a result of supporting a

palladium catalyst on a monalithic organic porous anion exchanger.
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[Claim 19]

The system for cleaning the copper-exposed substrate according to claim 18,
wherein the hydrogen peroxide removal device is installed between a water outlet of a

subsystem of the ultrapure water production device and a water inlet of a substrate

treatment device that includes the treatment chamber, or inside the substrate

treatment device.

[Claim 20]
The system for cleaning the copper-exposed substrate according to any one of
claims 10 to 19, wherein in the carbonated water supplied to the treatment chamber,

concentration of dissolved oxygen is limited to 6 ug/L or more and 130 pg/L or less.
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