
DESCRIPTION 

Title of Invention 

ELECTROLYTIC TREATMENT METHOD AND ELECTROLYTIC 

TREATMENT DEVICE 

Technical Field 

[0001] 

The present disclosure relates to an electrolytic treatment method for 

performing a predetermined treatment using ions to be treated ("treatment target ions") 

contained in a treatment liquid, and an electrolytic treatment apparatus for executing the 

electrolytic treatment method. 

This application is based on and claims priority from Japanese Patent 

Application Nos. 2013-106072, and 2014-001465, filed on May 20, 2013 and January 8, 

2014, respectively, with the Japan Patent Office, the disclosures of which are 

incorporated herein in their entireties by reference. 

Background Art 

[0002] 

An electrolysis process (an electrolytic treatment) is a technology used for 

various treatments such as, for example, a plating treatment or an etching treatment. 

[0003] 

Such a plating treatment is performed by, for example, a plating apparatus 

disclosed in Patent Document 1. The plating apparatus includes a plating bath that 

stores a plating liquid, and the interior of the plating bath is partitioned by a regulation 
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plate. An anode is arranged in one partitioned section, and an object to be processed (a 

substrate) ("workpiece") is immersed in the other section so that a potential distribution 

between the anode and the workpiece is adjusted by the regulation plate. Then, after 

the workpiece is immersed in the plating liquid within the plating bath, a voltage is 

applied using the anode as a positive pole and the workpiece as a negative pole so that a 

current flows between the anode and the workpiece. The plating treatment is 

performed by moving the metal ions in the plating liquid to the workpiece side by the 

current, and then precipitating the metal ions as a plated metal at the workpiece side. 

[0004] 

Also, for example, in a plating apparatus disclosed in Patent Document 2, the 

plating liquid is stirred and circulated within a plating bath while a plating treatment is 

performed on a workpiece is subjected to a plating treatment. 

Prior Art Document 

Patent Document 

[0005] 

Patent Document 1 

Patent Document 2 

Summary of Invention 

Problems to be solved 

[0006] 

Here, in order to improve a plating rate in the plating treatment, it may be 

considered that, for example, the electric field is set to be high in the plating treatment 

disclosed in Patent Document 1, or the plating liquid is stirred and circulated as 
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disclosed in Patent Document 2. However, when the electric field is set to be high as 

in Patent Document 1, the electrolysis of water also may proceed. In such a case, 

voids occur in the plated metal precipitated on the workpiece by hydrogen bubbles 

produced by the electrolysis of water. Also, when the plating liquid is stirred as in 

Patent Document 2, a large-scale stirring mechanism is required. Also, in the 

apparatus configuration, there may be a case in which such a stirring mechanism cannot 

be provided. 

[0007] 

Also, for example, in the plating treatment disclosed in Patent Document 1, 

even when sufficient metal ions are not accumulated on the workpiece side, the current 

flows between the anode and the workpiece. Thus, the efficiency of the plating 

treatment is poor. 

[0008] 

Also, when the plating treatment is performed in a state where sufficient metal 

ions are not accumulated as described above, that is, when precipitation is sequentially 

performed from metal ions that have reached the workpiece, the plated metal is 

unevenly precipitated on the workpiece, so that the plating treatment is not uniformly 

performed. Moreover, since crystals in the plated metal do not become dense, there is 

room for improvement in quality. 

[0009] 

The present disclosure has been made in view of such problems, and an object 

of the present disclosure is to efficiently and properly perform a predetermined 

treatment on a workpiece using treatment target ions in the treatment liquid. 

Means for solving the Problems 
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[0010] 

In order to achieve the object described above, the present disclosure provides 

an electrolytic treatment method for performing a predetermined treatment using 

treatment target ions contained in a treatment liquid. The electrolytic treatment 

method includes: an electrode arrangement step of arranging each of a direct electrode 

and a counter electrode such that the treatment liquid is interposed therebetween, and 

arranging an indirect electrode to form an electric field in the treatment liquid; a 

treatment target ion migration step of causing the treatment target ions in the treatment 

liquid to migrate to the counter electrode side by applying a voltage to the indirect 

electrode; and a treatment target ion redox step of oxidizing or reducing the treatment 

target ions that have migrated to the counter electrode side by applying a voltage 

between the direct electrode and the counter electrode. 

[0011] 

For example, in a case where the treatment target ions are cations, when an 

electric field (electrostatic field) is formed by applying a voltage to the indirect 

electrode, negatively charged particles are gathered to the indirect electrode and direct 

electrode side, and the treatment target ions migrate to the counter electrode side. 

Then, a voltage is applied in a state where the direct electrode is set to a positive pole 

and the counter electrode is set to a negative pole so that a current flows between the 

direct electrode and the counter electrode. Then, the charges of the treatment target 

ions that have migrated to the counter electrode side are exchanged so that the treatment 

target ions are reduced. 

[0012] 

Also, for example, in the same way, in a case where the treatment target ions 

are anions, when an electric field is formed by applying a voltage to the indirect 
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electrode, the treatment target ions are caused to migrate to the counter electrode side. 

Then, a voltage is applied in a state where the direct electrode is set to a negative pole 

and the counter electrode is set to a positive pole so that a current flows between the 

direct electrode and the counter electrode. Then, the charges of the treatment target 

ions that have migrated to the counter electrode side are exchanged so that the treatment 

target ions are oxidized. 

[00133 

As described above, in the present disclosure, the migration of treatment target 

ions by the indirect electrode, and the oxidation or reduction (hereinafter, which may be 

simply referred to as "redox") of treatment target ions by the direct electrode and the 

counter electrode are individually performed. Thus, when the treatment target ions are 

caused to migrate by the indirect electrode, charge exchange of the treatment target ions 

is not carried out. Accordingly, unlike the conventional art, the electrolysis of water is 

suppressed, and it is possible to increase the electric field at the time of applying a 

voltage to the indirect electrode. The treatment target ions quickly migrate due to the 

high electric field, so that the rate of the electrolytic treatment may be improved. 

Furthermore, a conventional large-scale mechanism for stirring and circulating the 

plating liquid is not needed in order to improve the rate of the electrolytic treatment, and 

thus an apparatus configuration may be simplified. 

[0014] 

Also, the redox of treatment target ions may be performed in a state where 

sufficient treatment target ions are accumulated on the counter electrode side. Thus, 

unlike the conventional art, it is not necessary to cause a lot of current to flow between 

an anode and a workpiece, and the treatment target ions may be efficiently reduced or 

oxidized. 
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[0015] 

Also, since the charge exchange, that is, the electrolytic treatment, is performed 

after the treatment target ions are substantially uniformly arranged on the counter 

electrode surface, a uniform and excellent film quality may be achieved. 

[0016] 

According to another aspect, the present disclosure provides an electrolytic 

treatment apparatus for performing a predetermined treatment using treatment target 

ions contained in a treatment liquid. The electrolytic treatment apparatus includes: a 

direct electrode and a counter electrode that are arranged such that the treatment liquid 

is interposed therebetween, and further an indirect electrode configured to form an 

electric field in the treatment liquid. The indirect electrode causes treatment target 

ions in the treatment liquid to migrate to the counter electrode side when a voltage is 

applied thereto, and the direct electrode reduces or oxidizes the treatment target ions 

that have migrated to the counter electrode side when a voltage is applied between the 

direct electrode and the counter electrode. 

Effect of the Invention 

[0017] 

According to the present disclosure, a predetermined treatment on a workpiece 

may be efficiently and properly performed using treatment target ions in a treatment 

liquid. 

Brief Description of Drawings 

[0018] 

FIG. 1 is a vertical sectional view schematically illustrating a configuration of a 
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plating treatment apparatus according to an exemplary embodiment. 

FIG. 2 is a graph illustrating a state in which a DC voltage is continuously 

applied between an indirect electrode and a counter electrode, while a DC voltage is 

applied in a pulsed form between a direct electrode and a counter electrode. 

FIG. 3 is an explanatory view illustrating a state in which a voltage is applied 

between an indirect electrode and a counter electrode. 

FIG. 4 is an explanatory view illustrating a state in which a voltage is applied 

between a direct electrode and a counter electrode. 

FIG. 5 is an explanatory view illustrating a state in which a voltage is applied 

again between an indirect electrode and a counter electrode. 

FIG. 6 is an explanatory view illustrating a state in which a predetermined 

copper plating is formed on a counter electrode. 

FIG. 7 is a vertical sectional view schematically illustrating a configuration of a 

plating treatment apparatus according to another exemplary embodiment. 

FIG. 8 is a vertical sectional view schematically illustrating a configuration of a 

plating treatment apparatus according to another exemplary embodiment. 

FIG. 9 is a vertical sectional view schematically illustrating a configuration of a 

plating treatment apparatus according to another exemplary embodiment. 

FIG. 10 is a vertical sectional view schematically illustrating a configuration of 

an etching treatment apparatus according to another exemplary embodiment. 

FIG . 11 is a vertical sectional view schematically illustrating a configuration of 

a plating treatment apparatus according to another exemplary embodiment. 

FIG. 12 is a vertical sectional view schematically illustrating a configuration of 

a plating treatment apparatus according to another exemplary embodiment. 

FIG. 13 is a vertical sectional view schematically illustrating a configuration of 
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a plating treatment apparatus according to another exemplary embodiment. 

Detailed Description to Execute the Invention 

[0019] 

Hereinafter, an exemplary embodiment of the present disclosure will be 

described. In the present exemplary embodiment, descriptions will be made on a case 

where a plating treatment is performed as an electrolytic treatment according to the 

present disclosure. FIG. 1 is a vertical sectional view schematically illustrating a 

configuration of a plating treatment apparatus 1 as an electrolytic treatment apparatus 

according to the present exemplary embodiment. Also, in the drawings used in the 

following description, dimensions of each constituent element are intended to give 

priority to easy understanding of a technology and do not necessarily correspond to 

actual dimensions. 

rs\r\ r\ /-\i [uuzOj 

The plating treatment apparatus 1 includes a plating bath 10 that stores a plating 

liquid M as a treatment liquid therein. As for the plating liquid M, for example, a 

mixed liquid obtained by dissolving copper sulfate and sulfuric acid is used. The 

plating liquid M contains copper ions as treatment target ions. 

[0021] 

A direct electrode 20, an indirect electrode 21 and a counter electrode 22 are 

arranged within the plating bath 10 to be immersed in the plating liquid M. 

[0022] 

An insulating material 23 is provided on the indirect electrode 21 to cover the 

indirect electrode 21. The direct electrode 20 and the indirect electrode 21 have the 

same shapes, respectively, and are arranged in a front-rear side integrated manner 
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through the insulating material 23. Also, the "front-rear side integrated manner" 

referred to herein indicates that, for example, the front surface of the direct electrode 20 

and the rear surface of the indirect electrode 21 are abutted on each other through the 

insulating material 23 so that the direct electrode 20 and the indirect electrode 21 have 

an integrated structure. 

[0023] 

The counter electrode 22 is provided to be common to the direct electrode 20 

and the indirect electrode 21. Also, the counter electrode 22 is arranged to face the 

direct electrode 20 and the indirect electrode 21 across the plating liquid M. Also, in 

the present exemplary embodiment, the counter electrode 22 is a workpiece to be 

subjected to a plating treatment. 

[0024] 

A DC power source 30 is connected to the direct electrode 20, the indirect 

electrode 21, and the counter electrode 22. Each of the direct electrode 20 and the 

indirect electrode 21 is connected to a positive electrode side of the DC power source 30. 

The counter electrode 22 is connected to a negative electrode side of the DC power 

source 30. Also, a switch 31 is provided between the direct electrode 20 and the DC 

power source 30 to switch a connection state between the direct electrode 20 and the 

DC power source 30. Turning on/off of the switch 31 is controlled by a controller 40. 

Then, in a state where the switch 31 is turned on, the direct electrode 20 and the DC 

power source 30 are connected to each other so that a current flows between the direct 

electrode 20 and the counter electrode 22. Also, in a state where the switch 31 is 

turned off, the direct electrode 20 and the DC power source 30 are disconnected from 

each other so that a current does not flow between the direct electrode 20 and the 

counter electrode 22. 
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[0025] 

Hereinafter, a plating treatment using the plating treatment apparatus 1 

configured as described above will be described. 

[0026] 

As illustrated in FIG. 2, while a DC voltage is continuously applied between the 

indirect electrode 21 and the counter electrode 22, a so-called pulse voltage is applied 

between the direct electrode 20 and the counter electrode 22. The pulse voltage refers 

to a DC voltage applied in a pulsed form. 

[0027] 

More specifically, as illustrated in FIG. 3, a DC voltage is applied in a state 

where the indirect electrode 21 is set to a positive pole and the counter electrode 22 is 

set to a negative pole to form an electric field (an electrostatic field). Then, sulfate 

ions S which are negatively charged particles are gathered to the indirect electrode 21 

and direct electrode 20 side, and copper ions C which are positively charged particles 

migrate to the counter electrode 22 side. 

[0028] 

Here, the switch 31 is placed in a turned-off state so that the direct electrode 20 

is placed in an electrical floating state. In such a situation, since a charge exchange is 

not carried out on any of surfaces of the direct electrode 20, the indirect electrode 21, 

the counter electrode 22, the charged particles attracted by the electrostatic field are 

arranged on the electrode surfaces. As illustrated in FIG. 3, the copper ions C are 

substantially uniformly arranged even on the surface of the counter electrode 22 which 

is a workpiece. Since a charge exchange of the copper ions C is not carried out on the 

surface of the counter electrode 22, and the electrolysis of water is also inhibited, it is 

possible to increase the electric field at the time of applying a voltage between the 
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indirect electrode 21 and the counter electrode 22. Also, the copper ions C may 

quickly migrate due to the high electric field. Also, the copper ions C arranged on the 

surface of the counter electrode 22 are also arbitrarily controlled by arbitrarily 

controlling the electric field. 

[0029] 

Also, in the present exemplary embodiment, in order to avoid the direct 

electrode 20 from becoming the negative pole, the direct electrode 20 is not connected 

to the ground but is placed in an electrical floating state. 

[0030] 

Then, when sufficient copper ions C migrate to and accumulated on the counter 

electrode 22 side, the switch 31 is turned on as illustrated in FIG. 4. Then, a voltage is 

applied in a state where the direct electrode 20 is set to a positive pole and the counter 

electrode 22 is set to a negative pole so that a current flows between the direct electrode 

20 and the counter electrode 22. Accordingly, a charge exchange with the copper ions 

C substantially uniformly arranged on the surface of the counter electrode 22 is 

performed, and the copper ions C are reduced so that a copper plating 50 is precipitated 

on the surface of the counter electrode 22. Also, here, the sulfate ions S are being 

oxidized by the direct electrode 20. 

[0031] 

Since the reduction is performed in a state where the sufficient copper ions C 

are accumulated on the surface of the counter electrode 22 and substantially uniformly 

arranged, the copper plating 50 may be uniformly precipitated on the surface of the 

counter electrode 22. As a result, the density of the crystals in the copper plating 50 is 

increased, and thus the copper plating 50 may be formed in a high quality. In the 

conventional plating process, a problem arises in that a plated layer becomes uneven 
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due to an electric field intensity distribution on a surface of the workpiece. However, 

in the present disclosure, since the reduction is performed in a state where copper ions C 

are substantially uniformly arranged on the surface of the counter electrode 22, a plated 

layer may be uniformly produced with a high quality. 

[0032] 

Then, as illustrated in FIG. 5, the switch 31 is turned off again, and a voltage is 

applied between the indirect electrode 21 and the counter electrode 22 so that copper 

ions C are migrated to and accumulated on the counter electrode 22 side. Then, when 

sufficient copper ions C are migrated to and accumulated on the counter electrode 22 

side, the switch 31 is turned on so that the copper ions C are reduced. 

[0033] 

In this manner, while the migration and accumulation of copper ions C and the 

reduction of the copper ions C are repeatedly performed, the copper plating 50 is grown 

to a predetermined film thickness as illustrated in FIG. o. Thus, in the plating 

treatment apparatus 1, a series of plating treatments are completed. 

[0034] 

According to the exemplary embodiment described above, in a state where 

copper ions C are caused to migrate and sufficiently gathered to the counter electrode 22 

side by applying the voltage between the indirect electrode 21 and the counter electrode 

22, the copper ions C may be reduced at the counter electrode 22 side by applying a 

voltage between the direct electrode 20 and the counter electrode 22. As described 

above, since the migration of the copper ions C and the reduction of the copper ions C 

are individually performed by different inter-electrode voltages, the plating treatment 

may be efficiently performed in a short time. 

[0035] 
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Also, since the migration of the copper ions C by the indirect electrode 21 and 

the reduction of the copper ions C by the direct electrode 20 are individually performed, 

a charge exchange of the copper ions C is not carried out when the copper ions C are 

caused to migrate by the indirect electrode 21. Therefore, unlike the conventional art, 

since the electrolysis of water may be suppressed and the occurrence of voids may be 

suppressed in the copper plating 50, the electric field may be increased at the time of 

applying a voltage to the indirect electrode 21. Since the copper ions C quickly 

migrate due to the high electric field, the plating rate of the plating treatment may be 

improved. Furthermore, since the conventional large-scale mechanism for stirring and 

circulating the plating liquid is not required in order to improve the plating rate, the 

apparatus configuration may be simplified. 

[0036] 

Also, when a DC voltage is continuously applied between the indirect electrode 

21 and the counter electrode 22, copper ions C may always migrate to the counter 

electrode 22 side. When a DC voltage is applied between the direct electrode 20 and 

the counter electrode 22 in a pulsed form, the copper ions C may be reduced in a state 

where the sufficient copper ions C migrate to and accumulated on the counter electrode 

22 side. Accordingly, unlike the conventional art, it is not necessary to cause a useless 

current to flow between the direct electrode and the counter electrode, and the copper 

ions C may be efficiently reduced. 

[0037] 

Also, since the copper ions C substantially uniformly arranged on the surface of 

the counter electrode 22 may be uniformly reduced, the plating treatment may be 

uniformly performed. Furthermore, since the copper ions C are substantially 

uniformly arranged, crystals in the copper plating 50 may be densely arranged. Also, 
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since the DC voltage is applied between the direct electrode 20 and the counter 

electrode 22 in the pulsed form, the electrolytic reaction may be subdivided, and also a 

dense electrolytic reaction is enabled so that a dense copper plating 50 may be 

precipitated. Accordingly, the quality of a workpiece after the plating treatment may 

be improved. 

[0038] 

Also, since the direct electrode 20 and the indirect electrode 21 are arranged in 

a front-rear side integrated manner, sulfate ions S may be easily gathered to the indirect 

electrode 21 and direct electrode 20 side when copper ions C migrate by the indirect 

electrode 21 to the counter electrode 22 side. Furthermore, since the sulfate ions S are 

gathered on the direct electrode 20, the oxidation reaction of the sulfate ions S on the 

direct electrode 20 is promoted when the copper ions C are reduced by the direct 

electrode 20 and the counter electrode 22. Accordingly, the copper ions C may be 

more efficiently reduced. 

[0039] 

Also, an arrangement method for arranging the direct electrode 20 and the 

indirect electrode 21 in a front-rear side integrated manner may be considered in various 

patterns. As illustrated in FIG. 7, the direct electrode 20 may be arranged to 

completely cover the indirect electrode 21 and the insulating material 23. Through this 

arrangement, sulfate ions S may be more efficiently gathered on the surface of the direct 

electrode 20. 

[0040] 

In the exemplary embodiment described above, the direct electrode 20 and the 

indirect electrode 21 are arranged in a front-rear side integrated manner, but may be 

arranged to face and to be spaced apart from each other as illustrated in FIG. 8. Even 
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in such a case, copper ions C may migrate to the counter electrode 22 side by the 

indirect electrode 21, and the copper ions C may be reduced by the direct electrode 20. 

Accordingly, the same effect as that of the exemplary embodiment described above may 

be enjoyed. Also, in the example of FIG. 8, the indirect electrode 21 is provided 

within the plating bath 10, but may be provided outside the plating bath 10. 

[0041] 

In the exemplary embodiment described above, the counter electrode 22 is used 

as an electrode that is common to the direct electrode 20 and the indirect electrode 21, 

but the indirect electrode 21 does not need to be used as a pair with the counter 

electrode 22. That is, the indirect electrode 21 may be used alone as a capacitor, and a 

voltage may be applied to the indirect electrode 21 so as to form an electric field. By 

the electric field, the sulfate ions S migrate to the indirect electrode 21 and the direct 

electrode 20 side and the copper ions C migrate to the counter electrode 22 side. Also, 

it is necessary to use the direct electrode 20 as a pair with the counter electrode 22 

because a current is caused to flow between the direct electrode 20 and the counter 

electrode 22 so as to reduce the copper ions C accumulated at the counter electrode 22 

side. 

[0042] 

In such a case, a power source of the indirect electrode 21 may be separate from 

the DC power source 30, that is, the DC power source 30 may not be common to the 

direct electrode 20 and the indirect electrode 21. A power source for the direct 

electrode 20 and the indirect electrode 21 may be arbitrarily set. 

[0043] 

In the present exemplary embodiment as well, since copper ions C may migrate 

to the counter electrode 22 side by applying a voltage to the indirect electrode 21, the 
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same effect as that of the exemplary embodiment described above may be enjoyed. 

[0044] 

In the exemplary embodiment described above, a case where a plating treatment 

is performed as an electrolytic treatment has been described, but the present disclosure 

may be applied to various electrolytic treatments such as, for example, an etching 

treatment. 

[0045] 

Also, in the exemplary embodiment described above, a case where copper ions 

C are reduced at the counter electrode 22 side has been described, but the present 

disclosure may also be applied to a case where treatment target ions are oxidized at the 

counter electrode 22 side. 

[0046] 

In such a case, treatment target ions are anions, and the same electrolytic 

treatment may be performed by setting the positive pole and the negative pole in the 

exemplary embodiment described above in reverse. That is, an electric field is formed 

by applying a voltage to the indirect electrode 21, and the treatment target ions are 

migrated to the counter electrode 22 side. Then, a voltage is applied in a state where 

the direct electrode 20 is set to a negative pole and the counter electrode 22 is set to a 

positive pole so that a current flows between the direct electrode 20 and the counter 

electrode 22. Then, the charges of the treatment target ions that have migrated to the 

counter electrode 22 side are exchanged so that the treatment target ions are oxidized. 

[0047] 

In the present exemplary embodiment as well, although there is a difference in 

oxidation and reduction of the treatment target ions, the same effect as that of the 

exemplary embodiment described above may be enjoyed. 

16/ 30 



[0048] 

In the plating treatment apparatus 1 in the exemplary embodiment described 

above, the arrangement or the electrode structure of the direct electrode 20, the indirect 

electrode 21, and the counter electrode 22 may be arbitrarily set 

[0049] 

In the exemplary embodiment described above, the indirect electrode 21 is 

provided at the direct electrode 20 side, but may be provided at the counter electrode 22 

side, for example, as illustrated in FIG. 9. The indirect electrode 21 is provided on the 

outside surface of the plating bath 10, and the counter electrode 22 is provided on the 

inside surface of the plating bath 10. That is, the indirect electrode 21 and the counter 

electrode 22 are arranged to face each other with the plating bath 10 being interposed 

therebetween. Then, the plating bath 10 is configured to be placed in an electrical 

floating state. 

[0050] 

Also, for example, when the plating bath 10 is an insulator, the insulating 

material 23 provided around the indirect electrode 21 may be omitted. Also, although 

the indirect electrode 21 is provided on the outside surface of the plating bath 10 in the 

example of FIG. 9, the indirect electrode 21 may be provided inside the plating bath 10 

such that the plating liquid M is interposed between the indirect electrode 21 and the 

counter electrode 22. 

[0051] 

The direct electrode 20 is connected to the positive electrode side of the DC 

power source 30, and each of the indirect electrode 21 and the counter electrode 22 is 

connected to the negative electrode side of the DC power source 30. Also, the switch 

31, which is provided between the direct electrode 20 and the DC power source 30 in 
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the exemplary embodiment described above, is provided between the counter electrode 

22 and the DC power source 30. 

[0052] 

In such a plating treatment apparatus 1, while a DC voltage is continuously 

applied between the direct electrode 20 and the indirect electrode 21, a DC voltage is 

applied in a pulsed form between the direct electrode 20 and the counter electrode 22. 

That is, first, a DC voltage is applied in a state where the direct electrode 20 is set to a 

positive pole and the indirect electrode 21 is set to a negative pole so that sulfate ions S 

migrate to the direct electrode 20 side, and copper ions C migrate to the indirect 

electrode 21 side, that is, the counter electrode 22 side. Then, when sufficient copper 

ions C migrate to and accumulated on the counter electrode 22 side, a voltage is applied 

in a state where the direct electrode 20 is set to a positive pole and the counter electrode 

22 is set to a negative pole so that the copper ions C on the surface of the counter 

electrode 22 may be reduced, and the copper plating 50 may be precipitated on the 

surface of the counter electrode 22. Then, the migration and accumulation of copper 

ions C, and the reduction of the copper ions C are repeatedly performed, and thus a 

series of plating treatments are performed on the surface of the counter electrode 22. 

[0053] 

In the present exemplary embodiment as well, the same effect as that of the 

exemplary embodiment described above may be enjoyed. Also, an electrode structure 

of the direct electrode 20, the indirect electrode 21, and the counter electrode 22 may 

take a variety of forms. When the indirect electrode 21 is provided outside the plating 

bath 10 as illustrated in FIG. 9, the indirect electrode 21 may be freely designed 

according to the shape of the plating bath 10. 

[0054] 
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Also, in the example of FIG. 9, a case where copper ions C are reduced at the 

counter electrode 22 side has been described, but the present disclosure may also be 

applied to a case where treatment target ions are oxidized at the counter electrode 22 

side as described above. 

[0055] 

For example, as illustrated in FIG. 10, an etching treatment apparatus 60 as an 

electrolytic treatment apparatus includes an etching liquid bath 70 that stores an etching 

liquid E as a treatment liquid therein. As for the etching liquid E, for example, a 

mixed liquid (HF/IPA) of hydrofluoric acid and isopropyl alcohol, or a mixed liquid of 

hydrofluoric acid and ethanol is used. 

[0056] 

Also, the direct electrode 20 is connected to the negative electrode side of the 

DC power source 30, and each of the indirect electrode 21 and the counter electrode 22 

is connected to the positive electrode side of the DC power source 30. Also, other 

configurations of the etching treatment apparatus 60 are the same as those of the plating 

treatment apparatus 1, and thus descriptions thereof will be omitted. 

[0057] 

In such a case, by continuously applying a DC voltage in a state where the 

direct electrode 20 is set to a negative pole and the indirect electrode 21 is set to a 

positive pole, positively charged particles H migrate to the direct electrode 20 side, and 

treatment target ions N as anions in the etching liquid E migrate to the indirect electrode 

21 side, that is, the counter electrode 22 side. Then, when sufficient treatment target 

ions N migrate to and accumulated on the counter electrode 22 side, a voltage is applied 

in a state where the direct electrode 20 is set to a negative pole and the counter electrode 

22 is set to a positive pole so that the treatment target ions N on the surface of the 
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counter electrode 22 may be oxidized and the surface of the counter electrode 22 may 

be etched. Then, the migration and accumulation of treatment target ions N, and the 

oxidation of the treatment target ions N are repeatedly performed, and thus a series of 

etching treatments are performed on the surface of the counter electrode 22. 

[0058] 

In the present exemplary embodiment as well, although there is a difference in 

oxidation and reduction of the treatment target ions, the same effect as that of the 

exemplary embodiment described above may be enjoyed. 

[0059] 

Also, in the exemplary embodiment described above, a plurality of counter 

electrodes 22 may be provided as illustrated in FIG. 11. The plurality of counter 

electrodes 22 are arranged in parallel to the negative electrode side of the DC power 

source 30. Also, in the example of the plating treatment apparatus 1 illustrated in FIG. 

11, a plurality of counter electrodes 22 are provided in the plating treatment apparatus 1 

of FIG. 8. Also, in the example of FIG. 11, two counter electrodes 22 are provided, 

but the number of counter electrodes 22 may be arbitrarily set. 

[0060] 

In such a case, when copper ions C migrate to the counter electrodes 22 side by 

applying a DC voltage in a state where the indirect electrode 21 is set to a positive pole 

and the plurality of counter electrodes 22 are set to a negative pole, the copper ions C 

are substantially uniformly accumulated on the surface of each of the counter electrodes 

22. Then, the copper ions C on the surface of each of the counter electrodes 22 are 

substantially uniformly reduced by applying a voltage in a state where the direct 

electrode 20 is set to a positive pole and the counter electrodes 22 is set to a negative 

pole. As described above, according to the present exemplary embodiment, a plating 
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treatment may be performed simultaneously and uniformly on the plurality of counter 

electrodes 22. As described in Patent Documents 1 and 2 mentioned above, in the 

conventional art, in a case where a plating treatment is performed, it is impossible to 

simultaneously perform the plating treatment on a plurality of counter electrodes while a 

direct electrode and counter electrodes are provided to face each other. In contrast, in 

the plating treatment apparatus 1 of the present exemplary embodiment, a plurality of 

counter electrodes 22 may be subjected to a batch processing. 

[0061] 

Also, such a batch processing on the plurality of counter electrodes 22 may be 

applied to both oxidation and reduction of treatment target ions. In order to perform 

the oxidation and reduction, an electrolytic treatment may be performed by setting the 

arrangement of a positive electrode and a negative electrode of the DC power source 30 

in reverse to set the positive pole and the negative pole in reverse. 

[0062] 

The plating treatment apparatus 1 of the exemplary embodiment described 

above performs a plating treatment on the counter electrode 22 using the plating liquid 

M stored within the plating bath 10, but may perform a plating treatment by supplying 

the plating liquid M onto the counter electrode 22 as illustrated in FIG. 12. 

[0063] 

For example, the plating liquid M is supplied to the top surface of the counter 

electrode 22 in a substantially plate-like shape. The plating liquid M stays on the 

counter electrode 22 by, for example, surface tension. The direct electrode 20 is 

further arranged on the plating liquid M. The indirect electrode 21 is arranged on the 

bottom surface of the counter electrode 22. The direct electrode 20 is connected to the 

positive electrode side of the DC power source 30, and each of the indirect electrode 21 
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and the counter electrode 22 is connected to the negative electrode side of the DC power 

source 30. The switch 31 is provided between the counter electrode 22 and the DC 

power source 30. 

[0064] 

In such a case as well, copper ions C may migrate to the counter electrode 22 

side by the indirect electrode 21 in the same manner as in the above described 

exemplary embodiment, and the copper ions C may be reduced by the direct electrode 

20. Accordingly, the same effect as that of the exemplary embodiment described 

above may be enjoyed. 

[0065] 

Also, the indirect electrode 21 is provided on the bottom surface of the counter 

electrode 22 in FIG. 12, but may be provided on the top surface of the direct electrode 

20 as illustrated in FIG. 13. In such a case, each of the direct electrode 20 and the 

indirect electrode 21 is connected to the positive electrode side of the DC power source 

30, and the counter electrode 22 is connected to the negative electrode side of the DC 

power source 30. The switch 31 is provided between the direct electrode 20 and the 

DC power source 30. Then, copper ions C may migrate to the counter electrode 22 

side by the indirect electrode 21, and the copper ions C may be reduced by the direct 

electrode 20. 

[0066] 

Also, even in the case where the direct electrode 20, the indirect electrode 21, 

and the counter electrode 22 are arranged to be stacked as described above, both 

oxidation and reduction of treatment target ions may be performed. In order to 

perform the oxidation and reduction, an electrolytic treatment may be performed by 

setting the arrangement of a positive electrode and a negative electrode of the DC power 
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source 30 in reverse to set the positive pole and the negative pole in reverse. 

[0067] 

As above, a proper exemplary embodiment of the present disclosure has been 

described with reference to accompanying drawings, but the present disclosure is not 

limited thereto. To a person skilled in the art, it is clear that various changes or 

modifications may be made within the spirit scope described in the claims, and it is 

understood that they naturally belong to the technical scope of the present disclosure. 

The present disclosure is not limited to this exemplary embodiment but may take 

various aspects. 

Description of Symbol 

[0068] 

1: plating treatment apparatus 

10: plating bath 

20: direct electrode 

21: indirect electrode 

22: counter electrode 

23: insulating material 

30: DC power source 

31: switch 

40: controller 

50: copper plating 

60: etching treatment apparatus 

70: etching liquid bath 

C: copper ions 
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E: etching liquid 

H: charged particles 

M: plating liquid 

N: treatment target ions 

S: sulfate ions 



WHAT IS CLAIMED IS: 

1. An electrolytic treatment method for performing a predetermined treatment 

using ions to be treated ("treatment target ions") contained in a treatment liquid, the 

electrolytic treatment method comprising: 

an electrode arrangement step of arranging each of a direct electrode and a 

counter electrode such that the treatment liquid is interposed therebetween, and 

arranging an indirect electrode to form an electric field in the treatment liquid; 

a treatment target ion migration step of causing the treatment target ions in the 

treatment liquid to migrate to the counter electrode side by applying a voltage to the 

indirect electrode; and 

a treatment target ion redox step of oxidizing or reducing the treatment target 

ions that have migrated to the counter electrode side by applying a voltage between the 

direct electrode and the counter electrode. 

2. The electrolytic treatment method of claim 1, wherein in the electrode 

arrangement step, the direct electrode and the indirect electrode are separately arranged 

to face each other. 

3. The electrolytic treatment method of claim 1, wherein in the electrode 

arrangement step, the direct electrode and the indirect electrode are arranged in a front-

rear side integrated manner. 

4. The electrolytic treatment method of claim 3, wherein in the electrode 

arrangement step, the direct electrode and the indirect electrode are integrally arranged 
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such that a front suiface of the direct electrode and a rear surface of the indirect 

electrode are abutted on each other. 

5. The electrolytic treatment method of claim 3, wherein in the electrode 

arrangement step, the direct electrode and the indirect electrode are integrally arranged 

such that the direct electrode wholly covers the indirect electrode. 

6. The electrolytic treatment method of claim 1, wherein in the electrode 

arrangement step, the indirect electrode and the counter electrode are separately 

arranged to face each other. 

7. The electrolytic treatment method of claim 1, wherein in the electrode 

arrangement step, a plurality of counter electrodes are arranged. 

8. The electrolytic treatment method of claim 1, wherein in the electrode 

arrangement step, the direct electrode, the indirect electrode, and the counter electrode 

are separately arranged to be immersed in the treatment liquid. 

9. The electrolytic treatment method of claim 1, wherein in the electrode 

arrangement step, the treatment liquid is supplied onto a top surface of the counter 

electrode, and the direct electrode is arranged on the treatment liquid. 

10. The electrolytic treatment method of claim 9, wherein in the electrode 

arrangement step, the indirect electrode is arranged on a bottom surface side of the 

counter electrode or on a top surface side of the direct electrode. 
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11. The electrolytic treatment method of claim 1, wherein the direct electrode is 

maintained in an electrical floating state. 

12. The electrolytic treatment method of claim 1, wherein in the treatment target 

ion migration step, the voltage applied to the indirect electrode is a continuously applied 

DC voltage, and 

in the treatment target ion redox step, the voltage applied between the direct 

electrode and the counter electrode is a pulse voltage. 

13. The electrolytic treatment method of claim 1, wherein in the electrode 

arrangement step, the counter electrode is arranged to be common to the direct electrode 

and the indirect electrode, and 

in the treatment target ion migration step, a voltage is applied between the 

indirect electrode and the counter electrode, and the treatment target ions are caused to 

migrate to the counter electrode side. 

14. An electrolytic treatment apparatus for performing a predetermined treatment 

using ions to be treated ("treatment target ions") contained in a treatment liquid, the 

electrolytic treatment apparatus comprising: 

a direct electrode and a counter electrode that are arranged such that the 

treatment liquid is interposed therebetween, and further an indirect electrode configured 

to form an electric field in the treatment liquid, 

wherein the indirect electrode causes treatment target ions in the treatment 

liquid to migrate to the counter electrode side when a voltage is applied thereto, and 
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the direct electrode reduces or oxidizes the treatment target ions that have 

migrated to the counter electrode side when a voltage is applied between the direct 

electrode and the counter electrode. 

15. The electrolytic treatment apparatus of claim 14, wherein the direct electrode 

and the indirect electrode are separately arranged to face each other. 

16. The electrolytic treatment apparatus of claim 14, wherein the direct electrode 

and the indirect electrode are arranged in a front-rear side integrated manner. 

17. The electrolytic treatment apparatus of claim 16, wherein the direct electrode 

and the indirect electrode are integrally arranged such that a front surface of the direct 

electrode and a rear surface of the indirect electrode are abutted on each other. 

18. The electrolytic treatment apparatus of claim 16, wherein the direct electrode 

and the indirect electrode are integrally arranged such that the direct electrode wholly 

covers the indirect electrode. 

19. The electrolytic treatment apparatus of claim 14, wherein the indirect electrode 

and the counter electrode are separately arranged to face each other. 

20. The electrolytic treatment apparatus of claim 14, wherein a plurality of counter 

electrodes are arranged. 

21. The electrolytic treatment apparatus of claim 14, wherein the direct electrode, 
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the indirect electrode, and the counter electrode are separately arranged to be immersed 

in the treatment liquid. 

22. The electrolytic treatment apparatus of claim 14, wherein the treatment liquid is 

supplied onto a top surface of the counter electrode, and the direct electrode is arranged 

on the treatment liquid. 

23. The electrolytic treatment apparatus of claim 22, wherein the indirect electrode 

is arranged on a bottom surface side of the counter electrode or on a top suiface side of 

the direct electrode. 

24. The electrolytic treatment apparatus of claim 14, wherein the direct electrode is 

maintained in an electrical floating state. 

25. The electrolytic treatment apparatus of claim 14, wherein the voltage applied to 

the indirect electrode is a continuously applied DC voltage, and 

the voltage applied between the direct electrode and the counter electrode is a 

pulse voltage. 

26. The electrolytic treatment apparatus of claim 14, wherein the counter electrode 

is provided to be common to the direct electrode and the indirect electrode, and 

the indirect electrode causes the treatment target ions to migrate to the counter 

electrode side when the voltage is applied between the indirect electrode and the counter 

electrode. 
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