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DESCRIPTION 

TITLE OF INVENTION 

PLASMA PROCESSING APPARATUS 

 

TECHNICAL FIELD 5 

[0001] The present invention relates to a plasma processing apparatus. 

BACKGROUND ART 

[0002] There is provided a plasma processing apparatus that generates plasma 

by applying a high frequency between two electrodes and processes a substrate by 

the plasma.  Such plasma processing apparatus can operate as an etching 10 

apparatus or a sputtering apparatus by the bias and/or the area ratio of the two 

electrodes.  The plasma processing apparatus configured as a sputtering 

apparatus includes the first electrode that holds a target and the second electrode 

that holds a substrate.  A high frequency is applied between the first and second 

electrodes, and plasma is generated between the first and second electrodes 15 

(between the target and the substrate).  When plasma is generated, a self-bias 

voltage is generated on the surface of the target.  This causes ions to collide 

against the target, and the particles of a material constituting the target are 

discharged from the target. 

[0003] PTL 1 describes a plasma surface treatment apparatus including a 20 

balanced/unbalanced converter.  This plasma surface treatment apparatus 

includes a high-frequency power source, a power amplifier, an impedance 

matching device, a coaxial cable, a vacuum container, a discharge gas mixing box, 

an ungrounded electrode, a grounded electrode, and a transformer type 

balanced/unbalanced converter.  The discharge gas mixing box, the ungrounded 25 

electrode, the grounded electrode, and the transformer type balanced/unbalanced 

converter are arranged in the vacuum container.  The ungrounded electrode is 
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installed in the vacuum container via an insulator support material and the 

discharge gas mixing box.  The grounded electrode supports a substrate.  

Furthermore, the grounded electrode is electrically connected to the vacuum 

container.  An output from the high-frequency power supply is supplied between 

the ungrounded electrode and the grounded electrode via the power amplifier, the 5 

impedance matching device, the coaxial cable, and the transformer type 

balanced/unbalanced converter.  According to PTL 1, an in-phase current Ix 

flowing via the member of the vacuum container connected to the grounded 

electrode is blocked by the transformer type balanced/unbalanced converter. 

[0004] In the plasma surface treatment apparatus described in PTL 1, the 10 

grounded electrode and the vacuum container are electrically connected, and thus 

the vacuum container can function as an anode in addition to the grounded 

electrode.  The self-bias voltage can depend on the state of a portion that can 

function as a cathode and the state of a portion that can function as an anode.  

Therefore, if the vacuum container functions as an anode in addition to a substrate 15 

holding electrode, the self-bias voltage can change depending on the state of a 

portion of the vacuum container that functions as an anode.  The change in self-

bias voltage changes a plasma potential, and the change in plasma potential can 

influence the processing of the substrate, for example, the characteristic of a film 

to be formed. 20 

[0005] If a film is formed on a substrate using the sputtering apparatus, a film 

can also be formed on the inner surface of the vacuum container.  This may 

change the state of the portion of the vacuum container that can function as an 

anode.  Therefore, if the sputtering apparatus is continuously used, the self-bias 

voltage changes depending on the film formed on the inner surface of the vacuum 25 

container, and the plasma potential can also change.  Consequently, if the 

sputtering apparatus is used for a long period, it is conventionally difficult to keep 
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the characteristic of the film formed on the substrate constant. 

[0006] Similarly, if the etching apparatus is used for a long period, the self-bias 

voltage changes depending on the film formed on the inner surface of the vacuum 

container, and this may change the plasma potential.  Consequently, it is difficult 

to keep the etching characteristic of the substrate constant. 5 

CITATION LIST 

PATENT LITERATURE 

[0007] PTL 1: Japanese Patent Laid-Open No. 2009-302566 

SUMMARY OF INVENTION 

[0008] The present invention has been made based on the above problem 10 

recognition, and provides a technique advantageous in stabilizing a plasma 

potential in long-term use. 

 According to one aspect of the present invention, there is provided a 

plasma processing apparatus comprising a balun including a first input terminal, a 

second input terminal, a first output terminal, and a second output terminal, a 15 

vacuum container, a first electrode insulated from the vacuum container and 

electrically connected to the first output terminal, and a second electrode insulated 

from the vacuum container and electrically connected to the second output 

terminal, wherein the second electrode is arranged to surround an entire 

circumference of the first electrode. 20 

BRIEF DESCRIPTION OF DRAWINGS 

[0009] Fig. 1 is a circuit diagram schematically showing the arrangement 

of a plasma processing apparatus according to the first embodiment of the present 

invention; 

 Fig. 2A is a circuit diagram showing an example of the 25 

arrangement of a balun; 

 Fig. 2B is a circuit diagram showing another example of the 
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arrangement of the balun; and 

 Fig. 3 is a circuit diagram schematically showing the arrangement 

of a plasma processing apparatus according to the second embodiment of the 

present invention. 

DESCRIPTION OF EMBODIMENTS 5 

[0010] The present invention will be described below with reference to the 

accompanying drawings by way of exemplary embodiments. 

[0011] Fig. 1 schematically shows the arrangement of a plasma processing 

apparatus 1 according to the first embodiment of the present invention.  The 

plasma processing apparatus 1 according to the first embodiment can operate as a 10 

sputtering apparatus that forms a film on a substrate 112 by sputtering.  The 

plasma processing apparatus 1 includes a balun (balanced/unbalanced conversion 

circuit) 103, a vacuum container 110, a first electrode 106, a second electrode 111, 

and a substrate holding unit 132.  Alternatively, it may be understood that the 

plasma processing apparatus 1 includes the balun 103 and a main body 10, and the 15 

main body 10 includes the vacuum container 110, the first electrode 106, the 

second electrode 111, and the substrate holding unit 132.  The main body 10 

includes a first terminal 251 and a second terminal 252.  The first electrode 106 

may be arranged to separate a vacuum space and an external space (that is, to 

form part of a vacuum partition) in cooperation with the vacuum container 110, or 20 

may be arranged in the vacuum container 110.  The second electrode 111 may be 

arranged to separate a vacuum space and an external space (that is, to form part of 

a vacuum partition) in cooperation with the vacuum container 110, or may be 

arranged in the vacuum container 110. 

[0012] The balun 103 includes a first input terminal 201, a second input terminal 25 

202, a first output terminal 211, and a second output terminal 212.  An 

unbalanced circuit is connected to the first input terminal 201 and the second 
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input terminal 202 of the balun 103, and a balanced circuit is connected to the first 

output terminal 211 and the second output terminal 212 of the balun 103.  At 

least a portion of the vacuum container 110 can be formed by a conductor.  The 

vacuum container 110 can include a grounded portion.  In one example, the 

conductor forming at least a portion of the vacuum container 110 can be 5 

grounded.  However, in another example, the conductor forming at least a 

portion of the vacuum container 110 can electrically be connected to ground via 

an inductor.  The first electrode 106 and the second electrode 111 are insulated 

from the vacuum container 110 (the conductor forming at least a portion of the 

vacuum container 110).  In the example shown in Fig. 1, the first electrode 106 10 

and the second electrode 111 are insulated from the vacuum container 110 (the 

conductor forming at least a portion of the vacuum container 110) by an insulator 

131. 

[0013] In the first embodiment, the first electrode 106 serves as a cathode, and 

holds a target 109.  The target 109 can be, for example, an insulator material or a 15 

conductor material.  Furthermore, in the first embodiment, the second electrode 

111 serves as an anode.  The first electrode 106 is electrically connected to the 

first output terminal 211, and the second electrode 111 is electrically connected to 

the second output terminal 212.  When the first electrode 106 and the first output 

terminal 211 are electrically connected to each other, this indicates that a current 20 

path is formed between the first electrode 106 and the first output terminal 211 so 

that a current flows between the first electrode 106 and the first output terminal 

211.  Similarly, in this specification, when a and b are electrically connected, this 

indicates that a current path is formed between a and b so that a current flows 

between a and b. 25 

[0014] The above arrangement can be understood as an arrangement in which 

the first electrode 106 is electrically connected to the first terminal 251, the 
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second electrode 111 is electrically connected to the second terminal 252, the first 

terminal 251 is electrically connected to the first output terminal 211, and the 

second terminal 252 is electrically connected to the second output terminal 212. 

[0015] The first electrode 106 and the second electrode 111 are arranged to 

oppose a space on the side of the substrate holding unit 132 (the substrate 112 5 

held by the substrate holding unit 132).  The second electrode 111 can be 

arranged to surround the entire circumference of the first electrode 106.  The 

second electrode 111 can have, for example, a tubular shape.  The first electrode 

106 and the second electrode 111 desirably have a coaxial structure.  In one 

example, the first electrode 106 has a columnar shape centered on a virtual axis, 10 

and the second electrode 111 has a cylindrical shape centered on the virtual axis. 

[0016] The above-described arrangement of the first electrode 106 and the 

second electrode 111 is advantageous in decreasing the impedance between the 

first electrode 106 and the second electrode 111.  This is advantageous in 

decreasing a current flowing from the output side of the balun 103 to ground, that 15 

is, an in-phase current.  Decreasing the in-phase current means that the vacuum 

container 110 is made hard to function as an anode.  Although an unintended 

film can be formed on the inner wall of the vacuum container 110 along with 

formation of a film on the substrate 112, a plasma potential can be made 

insensitive to the state of the inner wall of the vacuum container 110 by making 20 

the vacuum container 110 hard to function as an anode.  This is advantageous in 

stabilizing the plasma potential in long-term use of the plasma processing 

apparatus 1.  From another viewpoint, the impedance between the first electrode 

106 and the second electrode 111 is preferably lower than that between the first 

electrode 106 and the vacuum container 110.  This is advantageous in decreasing 25 

the in-phase current. 

[0017] The distance (the size of the gap) between the first electrode 106 and the 
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second electrode 111 is preferably equal to or shorter than the Debye length.  

This is effective for suppressing entering of plasma into the gap between the first 

electrode 106 and the second electrode 111. 

[0018] A voltage appearing in the second electrode 111 can depend on the 

impedance between the second output terminal 212 and the second electrode 111.  5 

To cope with this, the electrical path length between the second output terminal 

212 and the second electrode 111 is desirably shortened.  Alternatively, an 

electrical path that connects the first output terminal 211 and the first electrode 

106 and an electrical path that connects the second output terminal 212 and the 

second electrode 111 desirably have a coaxial structure. 10 

[0019] In the first embodiment, the first electrode 106 and the first output 

terminal 211 (first terminal 251) are electrically connected via a blocking 

capacitor 104.  The blocking capacitor 104 blocks a DC current flowing between 

the first output terminal 211 and the first electrode 106 (or between the first output 

terminal 211 and the second output terminal 212).  Instead of providing the 15 

blocking capacitor 104, an impedance matching circuit 102 (to be described later) 

may be configured to block a DC current flowing between the first input terminal 

201 and the second input terminal 202.  Alternatively, the blocking capacitor 104 

may be arranged in the electrical path between the second electrode 111 and the 

second output terminal 212. 20 

[0020] The plasma processing apparatus 1 can further include a high-frequency 

power supply 101, and the impedance matching circuit 102 arranged between the 

high-frequency power supply 101 and the balun 103.  The high-frequency power 

supply 101 supplies a high frequency (high-frequency current, high-frequency 

voltage, and high-frequency power) between the first input terminal 201 and the 25 

second input terminal 202 of the balun 103 via the impedance matching circuit 

102.  In other words, the high-frequency power supply 101 supplies a high 
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frequency (high-frequency current, high-frequency voltage, and high-frequency 

power) between the first electrode 106 and the second electrode 111 via the 

impedance matching circuit 102, the balun 103, and the blocking capacitor 104.  

Alternatively, the high-frequency power supply 101 can be understood to supply a 

high frequency between the first terminal 251 and the second terminal 252 of the 5 

main body 10 via the impedance matching circuit 102 and the balun 103. 

[0021] A gas (for example, Ar, Kr, or Xe gas) is supplied to the internal space of 

the vacuum container 110 through a gas supply unit (not shown) provided in the 

vacuum container 110.  In addition, the high-frequency power supply 101 

supplies a high frequency between the first electrode 106 and the second electrode 10 

111 via the impedance matching circuit 102, the balun 103, and the blocking 

capacitor 104.  This generates plasma, and generates a self-bias voltage on the 

surface of the target 109 to cause ions in the plasma to collide against the surface 

of the target 109, thereby discharging, from the target 109, the particles of a 

material constituting the target 109.  Then, the particles form a film on the 15 

substrate 112. 

[0022] Fig. 2A shows an example of the arrangement of the balun 103.  The 

balun 103 shown in Fig. 2A includes a first coil 221 that connects the first input 

terminal 201 and the first output terminal 211, and a second coil 222 that connects 

the second input terminal 202 and the second output terminal 212.  The first coil 20 

221 and the second coil 222 are coils having the same number of turns, and share 

an iron core. 

[0023] Fig. 2B shows another example of the arrangement of the balun 103.  

The balun 103 shown in Fig. 2B includes a first coil 221 that connects the first 

input terminal 201 and the first output terminal 211, and a second coil 222 that 25 

connects the second input terminal 202 and the second output terminal 212.  The 

balun 103 shown in Fig. 2B further includes a third coil 223 that is magnetically 
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coupled to the first coil 221 by sharing an iron core with the first coil 221, and a 

fourth coil 224 that is magnetically coupled to the second coil 222 by sharing an 

iron core with the second coil 222.  The first output terminal 211 and the second 

output terminal 212 are connected by a series circuit formed from the third coil 

223 and the fourth coil 224.  The first coil 221, the second coil 222, the third coil 5 

223, and the fourth coil 224 are coils having the same number of turns, and share 

an iron core. 

[0024] Fig. 3 schematically shows the arrangement of a plasma processing 

apparatus 1 according to the second embodiment of the present invention.  Items 

which are not referred to as the second embodiment can comply with the first 10 

embodiment.  The plasma processing apparatus 1 according to the second 

embodiment can operate as an etching apparatus that etches a substrate 112.  In 

the second embodiment, a first electrode 106 serves as a cathode, and holds the 

substrate 112.  In the second embodiment, a second electrode 111 serves as an 

anode.  At least a portion of a vacuum container 110 can be formed by a 15 

conductor.  The vacuum container 110 can include a grounded portion.  In one 

example, the conductor forming at least a portion of the vacuum container 110 can 

be grounded.  In another example, the conductor forming at least a portion of the 

vacuum container 110 can electrically be connected to ground via an inductor.  

The first electrode 106 and the second electrode 111 are insulated from the 20 

vacuum container 110 (the conductor forming at least a portion of the vacuum 

container 110).  In the example shown in Fig. 3, the first electrode 106 and the 

second electrode 111 are insulated from the vacuum container 110 (the conductor 

forming at least a portion of the vacuum container 110) by an insulator 131. 

[0025] In the plasma processing apparatus 1 according to the second 25 

embodiment, the first electrode 106 and a first output terminal 211 can electrically 

be connected via a blocking capacitor 104.  In other words, in the plasma 
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processing apparatus 1 according to the second embodiment, the blocking 

capacitor 104 can be arranged in an electrical connection path between the first 

electrode 106 and the first input terminal 211.  Instead of providing the blocking 

capacitor 104, an impedance matching circuit 102 may be configured to block a 

DC current flowing between a first input terminal 201 and a second input terminal 5 

202.  Alternatively, the blocking capacitor 104 may be arranged between the 

second electrode 111 and a second output terminal 212. 

[0026] The present invention is not limited to the above-described embodiments, 

and various changes and modifications can be made within the spirit and scope of 

the present invention.  Therefore, to apprise the public of the scope of the present 10 

invention, the following claims are made. 

REFERENCE SIGNS LIST 

[0027] 1: plasma processing apparatus, 10: main body, 101: high-frequency 

power supply, 102: impedance matching circuit, 103: balun, 104: blocking 

capacitor, 106: first electrode, 107, 108: insulator, 109: target, 110: vacuum 15 

container, 111: second electrode, 112: substrate, 132: substrate holding unit, 201: 

first input terminal, 202: second input terminal, 211: first output terminal, 212: 

second output terminal, 251: first terminal, 252: second terminal, 221: first coil, 

222: second coil, 223: third coil, 224: fourth coil 

20 
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CLAIMS 

1. A plasma processing apparatus characterized by comprising: 

 a balun including a first input terminal, a second input terminal, a first 

output terminal, and a second output terminal; 

 a vacuum container; 5 

 a first electrode insulated from the vacuum container and electrically 

connected to the first output terminal; and 

 a second electrode insulated from the vacuum container and electrically 

connected to the second output terminal, 

 wherein the second electrode is arranged to surround an entire 10 

circumference of the first electrode. 

2. The plasma processing apparatus according to claim 1, characterized in 

that the second electrode has a tubular shape. 

3. The plasma processing apparatus according to claim 2, characterized in 

that the first electrode and the second electrode are arranged to form a coaxial 15 

structure. 

4. The plasma processing apparatus according to any one of claims 1 to 3, 

characterized in that a distance between the first electrode and the second 

electrode is not longer than a Debye length. 

5. The plasma processing apparatus according to any one of claims 1 to 4, 20 

characterized in that the vacuum container includes a grounded portion. 

6. The plasma processing apparatus according to any one of claims 1 to 5, 

characterized in that the first electrode serves as a cathode, and the second 

electrode serves as an anode. 

7. The plasma processing apparatus according to any one of claims 1 to 6, 25 

characterized in that an impedance between the first electrode and the second 

electrode is lower than an impedance between the first electrode and the vacuum 
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container. 

8. The plasma processing apparatus according to any one of claims 1 to 7, 

characterized in that the first output terminal and the first electrode are electrically 

connected via a blocking capacitor. 

9. The plasma processing apparatus according to any one of claims 1 to 8, 5 

characterized in that the plasma processing apparatus is configured as an etching 

apparatus. 

10. The plasma processing apparatus according to any one of claims 1 to 8, 

characterized in that the plasma processing apparatus is configured as a sputtering 

apparatus. 10 

11. The plasma processing apparatus according to any one of claims 1 to 10, 

characterized by further comprising: 

 a high-frequency power supply; and 

 an impedance matching circuit arranged between the high-frequency 

power supply and the balun.  15 


