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(57) ABSTRACT 

A plane parallel plasma processing apparatus includes an 
impedance adjustment unit having a capacitive component, 
which is disposed between a lower electrode and a process 
ing chamber. The impedance adjustment unit adjusts the 
value of the impedance over the path extending from an 
upper electrode to a grounded casing of a matching circuit 
via plasma, the lower electrode and the wall of the process 
ing chamber to a level lower than the value of the impedance 
over the path extending from the upper electrode to the 
grounded casing of the matching circuit via the plasma and 
the wall of the processing chamber, and thus, highly uniform 
plasma can be generated by minimizing the generation of 
plasma in the Space between the cathode electrode and the 
processing chamber wall. 
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PLASMA PROCESSINGAPPARATUS AND 
PLASMA PROCESSING METHOD 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. The disclosure of Japanese Patent Application No. 
JP2004-381290, filed Dec. 28, 2004, entitled “plasma pro 
cessing apparatus” and Application No. JP2004-136566, 
filed Apr. 30, 2004, entitled "plasma processing apparatus”. 
The contents of that applications are incorporated herein by 
reference in their entirety. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0003. The present invention relates to a plasma process 
ing apparatus and a plasma processing method to be adopted 
when executing a proceSS Such as etching on a Substrate with 
plasma generated from a process gas by applying high 
frequency power. 

0004 2. Description of Related Art 
0005. During the production of semiconductor devices 
and flat panel devices Such as liquid crystal display devices, 
plasma processing apparatuses including plasma etching 
apparatuses and plasma CVD (Chemical Vapor Deposition) 
film forming apparatuses are utilized to execute an etching 
process, a film forming process and the like on workpieces 
Such as Semiconductor wafers and glass Substrates. 
0006 FIG. 17 shows a plane parallel plasma processing 
apparatus used in the related art. This plasma processing 
apparatus includes an upper electrode 12 disposed in a 
processing chamber 11 constituted of, for instance, alumi 
num and utilized as a gas shower head through which a gas 
is Supplied and a lower electrode 13 disposed in the pro 
cessing chamber 11 So as to face opposite the upper elec 
trode 12 and utilized as a stage on which a substrate 10 is 
placed. The upper electrode 12, which is Set by an insulating 
member 14 in a fully floating state electrically relative to the 
processing chamber 11, is connected to a high-frequency 
power Source 17 via a matching circuit 15 to constitute a 
cathode electrode. 

0007. The lower electrode is connected to the processing 
chamber 11 via a conductive passage 18 to constitute an 
anode electrode. The conductive passage 18 in this example 
is constituted with a shaft 18a, a support plate 18b and a 
bellows member 18c. The upper side of the processing 
chamber 11 is connected with the high-frequency power 
Source 17 via a matching box 16 which is a grounded casing, 
and more specifically, it is grounded through its connection 
to the outer layer of the coaxial cable connecting the 
high-frequency power Source 17 and the matching box 16. 

0008 FIG. 18 is an equivalent circuit diagram of the 
conductive path through which a high-frequency current 
flows in the plasma processing apparatus shown in FIG. 17. 
Since the upper electrode 12 and the lower electrode 13 are 
capacitively coupled while plasma is generated inside the 
processing chamber 11, the high-frequency current from the 
high-frequency power Source 17 flows through the path 
extending from the high-frequency power Source 17 to the 
ground Sequentially via the matching circuit 15, the upper 
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electrode 12, the lower electrode 13 via the plasma, the 
conductive passage 18, the wall of the processing chamber 
11 and the matching box 16. 
0009. The size of glass substrates for flat panels used in 
liquid crystal displayS and the like among Substrates that are 
processed in plasma processing apparatuses is expected to 
further increase and glass Substrates as large as 1.5 m must 
be processed in plasma processing apparatuses in the near 
future. As a larger processing chamber 11 is utilized to 
handle Such large glass Substrates, the inductance compo 
nent in the processing chamber 11 is bound to increase, to 
result in weaker coupling of the upper electrode 12 and the 
lower electrode 13, which leads to a concern that plasma 
may be generated between the upper electrode 12 and the 
wall of the processing chamber 11 (shown as capacitive 
coupling in FIG. 18). If plasma is generated in this manner, 
the distribution of plasma inside the processing chamber 11 
becomes uneven with more plasma concentrating in the 
periphery to give rise to problems in that the processed 
substrate 10 does not achieve a high level of planar unifor 
mity and in that the inner wall of the processing chamber 11, 
the internal parts and the like become damaged readily or 
become worn out faster. 

0010 Patent Reference Literature 1 discloses a technol 
ogy for controlling the diffusion of the plasma by providing 
an impedance adjustment circuit between the lower elec 
trode and the ground. However, this technology whereby 
different Settings are Selected at the impedance adjustment 
circuit for a film forming process and for a cleaning process 
So as to achieve plasma conditions matching the individual 
processes, does not address the problems discussed above 
and Patent Reference Literature 1 does not disclose any 
Solutions to these problems. 

0011 (Patent Reference Literature 1) Japanese Laid 
Open Patent Publication No. H11-31685, paragraph 
(0014) 

SUMMARY OF THE INVENTION 

0012. An object on the present invention, which has been 
completed with the background described above, is to pro 
Vide a plasma processing apparatus and a plasma processing 
method that prevent generation of plasma between the 
cathode electrode and the wall of the processing chamber 
and make it possible to execute plasma processing on the 
Substrate to achieve a high level of planar uniformity by 
generating a uniform field of plasma. 
0013 The present invention provides a plasma process 
ing apparatus for processing a Substrate with plasma gener 
ated from a proceSS gas by Supplying high-frequency power 
into a processing chamber, comprising a cathode electrode 
and an anode electrode facing opposite each other on an 
upper Side and a lower Side inside the processing chamber 
and insulated from the processing chamber a high-frequency 
power Source having one end thereof connected to the 
cathode electrode via a matching circuit, and an impedance 
adjustment unit having one end thereof connected to the 
anode electrode and another end thereof connected to the 
processing chamber and containing a capacitive component, 
is characterized in that the Substrate is placed on either the 
cathode electrode or the anode electrode that is located on 
the lower Side, and the impedance adjustment unit adjusts a 
value of impedance occurred in a path extending from the 
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cathode electrode to a grounded casing of the matching 
circuit via the plasma, the anode electrode and a wall of the 
processing chamber to a level lower than a value of imped 
ance occurred in a path extending from the cathode electrode 
to the grounded casing of the matching circuit via the plasma 
and the wall of the processing chamber. 

0.014. The cathode electrode and the anode electrode are 
described above as being “insulated from the processing 
chamber, which means that they are in a fully floating State 
electrically relative to the processing chamber over the area 
excluding the impedance adjustment unit. 

0.015. It is to be noted that the path extending from the 
cathode electrode to the grounded casing of the matching 
circuit via the plasma, the anode electrode and the wall of the 
processing chamber may also be referred to as the path 
extending along the direction in which the plasma achieves 
uniformity relative to the Substrate. In addition, the path 
extending from the cathode electrode to the grounded casing 
of the matching circuit via the plasma and the wall of the 
processing chamber may also be referred to as the path along 
which the plasma density becomes higher relative to the wall 
of the processing chamber (i.e., the path extending along the 
direction in which the plasma distribution becomes non 
uniform relative to the substrate). 
0016. In another aspect of the present invention, a plasma 
processing apparatus for processing a Substrate with plasma 
generated from a process gas by Supplying high-frequency 
power into a processing chamber containing a process gas, 
comprising a cathode electrode and an anode electrode 
facing opposite each other on an upper Side and a lower side 
within the processing chamber and insulated from the pro 
cessing chamber, a high-frequency power Source having one 
end thereof connected to the cathode electrode via a match 
ing circuit and an impedance adjustment unit having a 
capacitive component with one end thereof connected to the 
anode electrode and another end thereof connected to the 
processing chamber, is characterized in that the Substrate is 
placed on either the cathode electrode or the anode electrode 
that is located on the lower Side and that the impedance 
adjustment unit adjusts the value of the impedance over a 
path extending from the cathode electrode to the grounded 
casing of the matching circuit via the plasma, the anode 
electrode and the wall of the processing chamber So as to 
achieve a minimum impedance value. Through the adjust 
ment of “the impedance over the path extending from the 
cathode electrode to the grounded casing f the matching 
circuit via the plasma, the anode electrode and the wall of the 
processing chamber So as to achieve a minimum impedance 
value', the value of the impedance may be adjusted Sub 
Stantially to the minimum value and may be adjusted to a 
value within a 2% range (namely, 0.98X-1.02x: x=the mini 
mum value) with respect to the minimum value. 
0.017. A plasma processing apparatus for processing a 
Substrate with plasma generated from a process gas by 
Supplying high-frequency power into a processing chamber, 
comprising an upper electrode and a lower electrode facing 
opposite each other on an upper side and a lower Side inside 
the processing chamber and insulated from the processing 
chamber, a first high-frequency power Source having one 
end thereof connected to the upper electrode via a first 
matching circuit and Supplying the high-frequency power 
within a range of 10 MHz to 30 MHz, a second high 
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frequency power Source having one end thereof connected to 
the lower electrode via a Second matching circuit and 
Supplying the high-frequency power within a range of 2 
MHz to 6 MHz, a first impedance adjustment unit having 
one end thereof connected to the lower electrode and another 
end thereof connected to the processing chamber and con 
taining a capacitive component, and a Second impedance 
adjustment unit having one end thereof connected to the 
upper electrode and another end thereof connected to the 
processing chamber and containing a capacitive component, 
is characterized in that the Substrate is placed on the lower 
electrode, the first impedance adjustment unit adjusts a value 
of impedance occurred in a path extending from the upper 
electrode to a grounded casing of the first matching circuit 
via the plasma, the lower electrode and a wall of the 
processing chamber by the high-frequency power of the first 
high-frequency power Source to a level lower than a value of 
impedance occurred in a path extending from the upper 
electrode to the grounded casing of the first matching circuit 
via the plasma and the wall of the processing chamber by the 
high-frequency power of the first high-frequency power 
Source, and the Second impedance adjustment unit adjusts a 
value of impedance occurred in a path extending from the 
lower electrode to a grounded casing of the Second matching 
circuit via the plasma, the upper electrode and the wall of the 
processing chamber by the high-frequency power of the 
Second high-frequency power Source to a level lower than a 
value of impedance occurred in a path extending from the 
lower electrode to the grounded casing of the Second match 
ing circuit via the plasma and the wall of the processing 
chamber by the high-frequency power of the Second high 
frequency power Source. 
0018) A plasma processing apparatus according to the 
present invention for processing a Substrate with plasma 
generated from a proceSS gas by Supplying high-frequency 
power into a processing chamber containing the process gas 
achieved in another aspect of the present invention adopted 
in an upper electrode/lower electrode two-frequency System, 
comprising an upper electrode and a lower electrode facing 
opposite each other on an upper Side and a lower Side inside 
the processing chamber and insulated from the processing 
chamber, a first high-frequency power Source that Supplies 
10 MHz to 30 MHz power with one end thereof connected 
to the upper electrode via a first matching circuit, a Second 
high-frequency power source that supplies 2 MHZ to 6 MHz 
power with one end thereof connected to the lower electrode 
via a Second matching circuit, a first impedance adjustment 
unit having a capacitive component with one end thereof 
connected to the lower electrode and another end thereof 
connected to the processing chamber and a Second imped 
ance adjustment unit having a capacitive component with 
one end thereof connected to the upper electrode and another 
end thereof connected to the processing chamber, is char 
acterized in that the Substrate is placed on the lower elec 
trode, that the first impedance adjustment unit adjusts the 
value of the impedance at the frequency of the first high 
frequency power Source over a path extending from the 
upper electrode to a grounded casing of the first matching 
circuit via the plasma, the lower electrode and the wall of the 
processing chamber So as to achieve a minimum impedance 
value and that the Second impedance adjustment unit adjusts 
the value of the impedance at the frequency of the Second 
high-frequency power Source over a path extending from the 
lower electrode to a grounded casing of the Second matching 
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circuit via the plasma, the upper electrode and the processing 
chamber wall So as to achieve a minimum impedance value. 
0019. The present invention may also be adopted in a 
lower electrode two-frequency System having a first high 
frequency power Source and a Second high-frequency power 
Source connected to the lower electrode. In Such an appli 
cation, A plasma processing apparatus for processing a 
Substrate with plasma generated from a process gas by 
Supplying high-frequency power into a processing chamber, 
comprising, an upper electrode and a lower electrode facing 
opposite each other on an upper side and a lower Side inside 
the processing chamber and insulated from the processing 
chamber, a first high-frequency power Source having one 
end thereof connected to the lower electrode via a first 
matching circuit and Supplying the high-frequency power 
within a range of 10 MHz to 30 MHz, a second high 
frequency power Source having one end thereof connected to 
the lower electrode via a Second matching circuit and 
Supplying the high-frequency power within a range of 2 
MHz to 6 MHz, and a first impedance adjustment unit and 
a Second impedance adjustment unit having one end thereof 
connected to the upper electrode and another end thereof 
connected to the processing chamber and containing a 
capacitive component respectively, is characterized in that 
the Substrate is placed on the lower electrode, the first 
impedance adjustment unit adjusts a value of impedance 
occurred in a path extending from the lower electrode to a 
grounded casing of the first matching circuit via the plasma, 
the upper electrode and a wall of the processing chamber by 
the high-frequency power of the first high-frequency power 
Source to a level lower than a value of impedance occurred 
in a path extending from the lower electrode to the grounded 
casing of the first matching circuit via the plasma and the 
wall of the processing chamber by the high-frequency power 
of the first high-frequency power Source, and the Second 
impedance adjustment unit adjusts a value of impedance 
occurred in a path extending from the lower electrode to a 
grounded casing of the Second matching circuit via the 
plasma, the upper electrode and the wall of the processing 
chamber by the high-frequency power of the Second high 
frequency power Source to a level lower than a value of 
impedance occurred in a path extending from the lower 
electrode to the grounded casing of the Second matching 
circuit via the plasma and the wall of the processing chamber 
by the high-frequency power of the Second high-frequency 
power Source. 

0020. Another plasma processing apparatus according to 
the present invention for processing a Substrate with plasma 
generated from a process gas by Supplying high-frequency 
power into a processing chamber containing the proceSS gas, 
adopted in a lower electrode two-frequency System and 
comprising an upper electrode and a lower electrode facing 
opposite each other on an upper side and a lower Side inside 
the processing chamber and insulated from the processing 
chamber, a first high-frequency power Source that Supplies 
10 MHz to 30 MHz power with one end thereof connected 
to the lower electrode via a first matching circuit, a Second 
high-frequency power source that supplies 2 MHZ to 6 MHz 
power with one end thereof connected to the lower electrode 
with a Second matching circuit and a first impedance adjust 
ment unit and a Second impedance adjustment unit each 
having a capacitive component with one end thereof con 
nected to the upper electrode and another end thereof 
connected to the processing chamber, is characterized in that 
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the Substrate is placed on the lower electrode, that the first 
impedance adjustment unit adjusts the value of the imped 
ance over a path extending from the lower electrode to a 
grounded casing of the first matching circuit via the plasma, 
the upper electrode and the wall of the processing chamber 
So as to achieve a minimum impedance value and that the 
Second impedance adjustment unit adjusts the value of the 
impedance over a path extending from the lower electrode to 
a grounded casing of the Second matching circuit via the 
plasma, the upper electrode and the processing chamber wall 
So as to achieve a minimum impedance value. 
0021. In each of the plasma processing apparatuses 
described above, the following control may be executed by 
the individual units in the plasma processing apparatus when 
adjusting the value of the impedance over the path extending 
along the direction in which the plasma achieves uniformity 
relative to the Substrate to a level lower than the value of the 
impedance over the path through which the plasma density 
increases relative to the wall (i.e., the path extending along 
the direction in which the plasma distribution becomes 
non-uniform relative to the Substrate) and when adjusting 
the value on the impedance over the path through which the 
plasma becomes distributed more evenly relative to the 
Substrate So as to achieve the minimum impedance value. 
0022. Namely, it is desirable that an impedance value, 
which will provide a value within a 10% range with respect 
to the maximum high-frequency current value when the 
value of the high-frequency current at a specific frequency 
flowing to the anode electrode is altered by adjusting the 
value of the high-frequency impedance at the frequency, be 
Set at each impedance adjustment unit. If the anode electrode 
constitutes the lower electrode, for instance, the impedance 
adjustment unit should be connected on its other end to the 
bottom of the processing chamber. To make the most of the 
impedance adjustment unit, it should be ensured that the 
other end of the impedance adjustment unit and the proceSS 
ing chamber are connected with each other in an area 
considerably distanced from the cathode electrode to avoid 
plasma generation occurring between the cathode electrode 
and the connecting area. Accordingly, the connection may be 
achieved at a position achieving a height equal to the height 
of the anode electrode in the processing chamber, or at a 
position on the Side opposite from the Side on which the 
anode electrode is present (e.g., on the lower side when the 
anode electrode constitutes the lower electrode, and on the 
upper Side when the anode electrode constitutes the upper 
electrode). 
0023 The impedance adjustment unit may be constituted 
by using, for instance, a variable-capacity capacitor So as to 
allow the impedance value to be varied, or it may be 
achieved by using, for instance, a dielectric plate constitut 
ing a capacitive component disposed between the anode 
electrode and the inner Surface of the processing chamber. 
By using an impedance adjustment unit that allows the 
impedance value to be varied, a plasma processing apparatus 
according to the present invention may adopt a structure 
having a control unit having Stored therein data correlating 
each plasma processing type with the impedance adjustment 
value of the impedance adjustment unit (correlating each 
plasma processing type with an adjustment value at the first 
impedance adjustment unit and an adjustment value at the 
Second impedance adjustment unit when the plasma pro 
cessing apparatus includes the first and Second impedance 
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adjustment units), which outputs a control signal to be used 
to adjust the impedance adjustment unit by reading out an 
impedance adjustment value corresponding to a Selected 
plasma processing type. 
0024. It is desirable that the plasma processing apparatus 
according to the present invention include a plurality of 
impedance adjustment units with the individual impedance 
adjustment units connected on one end to the anode elec 
trode at positions distanced from one another along the 
longish Side of the anode electrode. In an application in an 
upper electrode/lower electrode two-frequency System, the 
plasma processing apparatus should include a plurality of 
first impedance adjustment units with the individual imped 
ance adjustment units connected on one end thereof to the 
lower electrode at positions distanced from one another 
along the longish Side of the lower electrode and a plurality 
of Second impedance adjustment units with the individual 
impedance adjustment units connected on one end thereof to 
the upper electrode at positions distanced from one another 
along the longish Side of the upper electrode. In addition, 
according to the present invention adopted in a lower 
electrode two-frequency System, the plasma processing 
apparatus should include a plurality of first impedance 
adjustment units with the individual impedance adjustment 
units connected on one end thereof to the lower electrode at 
positions distanced from one another along the longish Side 
of the lower electrode and a plurality of Second impedance 
adjustment units with the individual impedance adjustment 
units connected on one end thereof to the lower electrode at 
positions distanced from one another along the longish Side 
of the lower electrode. 

0.025 The plasma processing apparatus having a plurality 
of impedance adjustment units as described above is ideal in 
an application in which a Substrate with an area equal to or 
greater than 1 m, e.g., a large rectangular Substrate, and is 
particularly effective when the Sum of the high-frequency 
power used in the apparatus is equal to or greater than 10 
kW. 

0026. According to the present invention, the generation 
of plasma between the cathode electrode and the wall of the 
processing chamber is controlled and, as a result, a plasma 
proceSS can be executed on the Substrate to achieve a high 
level of planar uniformity by generating evenly distributed 
plasma. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.027 FIG. 1 is a longitudinal cross section, schemati 
cally illustrating the overall Structure of the plasma proceSS 
ing apparatus achieved in a first embodiment of the present 
invention; 
0028 FIG. 2 is a circuit diagram of a circuit equivalent 
to the embodiment; 
0029 FIG. 3A shows an example of a structure that may 
be adopted in the impedance adjustment unit in the embodi 
ment, 

0030 FIG. 3B shows another example of a structure that 
may be adopted in the impedance adjustment unit in the 
embodiment; 
0.031 FIG. 3C shows yet another example of a structure 
that may be adopted in the impedance adjustment unit in the 
embodiment; 
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0032 FIG. 3D shows yet another example of a structure 
that may be adopted in the impedance adjustment unit in the 
embodiment; 

0033 FIG. 3E shows yet another example of a structure 
that may be adopted in the impedance adjustment unit in the 
embodiment; 

0034 FIG. 4 shows an example of a structure that may 
be adopted in the embodiment; 

0035 FIG. 5A is a longitudinal cross section, schemati 
cally showing the overall Structure of the plasma processing 
apparatus achieved as a variation of the embodiment; 

0036 FIG. 5B shows how the substrate may be divided 
in the embodiment; 

0037 FIG. 6 is a circuit diagram of a circuit equivalent 
to the embodiment in FIG. 5A; 

0038 FIG. 7A is a longitudinal cross section, schemati 
cally showing the overall Structure of the plasma processing 
apparatus achieved as a variation of the embodiment; 
0039 FIG. 7B is a longitudinal cross section, schemati 
cally showing another overall Structure of the plasma pro 
cessing apparatus achieved as a variation of the embodi 
ment, 

0040 FIG. 7C is a longitudinal cross section, schemati 
cally showing another overall structure of the plasma pro 
cessing apparatus achieved as a variation of the embodi 
ment, 

0041 FIG. 8 is a longitudinal cross section, schemati 
cally showing the overall Structure of the plasma processing 
apparatus achieved as a variation of the embodiment; 
0042 FIG. 9 is a longitudinal cross section, schemati 
cally showing the overall Structure of the plasma processing 
apparatus achieved in a Second embodiment of the present 
invention; 

0043 FIG. 10 is a longitudinal cross section, schemati 
cally showing the overall Structure of the plasma processing 
apparatus achieved in a third embodiment of the present 
invention; 

0044 FIG. 11 illustrates the installation positions for the 
impedance adjustment units Set in correspondence to Spe 
cific points on the Substrate; 

004.5 FIG. 12 is a circuit diagram of the circuit consti 
tuted with the impedance adjustment units used in a test 
conducted to Verify the advantages of the embodiments of 
the present invention; 

0046 FIG. 13 presents data indicating the overall results 
of the test; 

0047 FIG. 14 shows the relationship between the adjust 
ment position assumed at the impedance adjustment unit and 
the high-frequency current, indicated as the results of the 
test, 

0048 FIG. 15 shows the relationship between the adjust 
ment position assumed at the impedance adjustment unit and 
the high-frequency Voltage, indicated as the results of the 
test, 
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0049 FIG. 16 is a characteristics diagram indicating the 
Silicon etching rate and the etching rate consistency within 
the plane of the Substrate, indicated as the results of another 
test, 

0050 FIG. 17 is a longitudinal cross section, schemati 
cally showing the overall Structure of a plasma processing 
apparatus in the related art, and 

0051 FIG. 18 is a circuit diagram of a circuit equivalent 
to the plasma processing apparatus in the related art. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

First Embodiment 

0.052 The plasma processing apparatus achieved in the 
first embodiment of the present invention as an etching 
apparatus for etching a glass Substrate for a liquid crystal 
display device is now explained. Reference numeral 2 in 
FIG. 1 indicates a processing chamber assuming the shape 
of an angular tube, which is constituted of, for instance, 
aluminum with anodized Surfaces. On the upper Side inside 
the processing chamber 2, an upper electrode 3 also to be 
used as a gas shower head through which a process gas is 
Supplied is disposed, and an insulating member 31 disposed 
along the opening edge of an opening 30 at the upper Surface 
of the processing chamber 2 Sets the upper electrode 3 in a 
fully floating state electrically relative to the processing 
chamber 2. In addition, the gas shower head constituted with 
the upper electrode 3 is connected with a process gas Supply 
unit 33 via a gas Supply passage 32 and includes numerous 
gas holes 34 through which the gas Supplied via the gas 
Supply passage 32 is delivered into the processing chamber 
2. 

0053. The upper electrode 3 is connected with a high 
frequency power Source 4 via a matching circuit 41 and a 
conductive passage 40. In addition, a matching box 42 is 
disposed So as to Surround the opening 30 at the processing 
chamber 2 and to hold therein the matching circuit 41. The 
top portion of the matching box 42 extends as an outer layer 
portion 43 which constitutes, together with the conductive 
passage 40, a coaxial cable 44, and the outer layer portion 43 
is grounded. In this example, the matching box 42 consti 
tutes a grounded casing of the matching circuit. 

0054. In the processing chamber 2, a lower electrode 5 to 
be also used as a Stage on which a SubStrate 10 is placed is 
disposed at the bottom, and the lower electrode 5 is Sup 
ported at a support portion 51 via an insulating member 50. 
Thus, the lower electrode 5 is fully floating with respect to 
the processing chamber 2 electrically. At the center of the 
lower Surface of the Support portion 51, a protective pipe 52 
passing through an opening 20 formed at the bottom wall of 
the processing chamber 2 and extending downward is dis 
posed. The protective pipe 52 is Supported on its bottom Side 
by a conductive Support plate 53 having a diameter larger 
than that of the protective pipe 52, which also Seals the pipe. 
At the peripheral edge of the Support plate 53, the lower end 
of a conductive bellows member 54 is fixed, and the upper 
end of the bellows member 54 is fixed to the opening edge 
of the opening 20 at the processing chamber 2. The bellows 
member 54 pneumatically Seals the inner Space in which the 
protective pipe 52 is disposed from the atmosphere side 
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Space, and the Stage 5 is allowed to move up/down by an 
elevator mechanism (not shown) via the Support plate 53. 
0055 One end of a conductive passage 55 disposed 
within the protective pipe 51 is connected to the lower 
electrode 5, with an impedance adjustment unit 6 disposed 
in the conductive passage 55. Another end of the conductive 
passage 55 is connected to the bottom of the processing 
chamber 2 via the support plate 53 and the bellows member 
54. A portion of the processing chamber 2 located in the 
vicinity of the upper electrode 3, e.g., the upper Surface of 
the processing chamber 2, is grounded via the matching box 
42 and then the outer layer portion 43 of the coaxial cable 
44, as explained earlier. The upper electrode 3 and the lower 
electrode 5 are respectively equivalent to a cathode electrode 
and an anode electrode in this example. 
0056 An evacuation passage 21 is connected to the side 
wall of the processing chamber 2, with a vacuum evacuation 
means 22 connected to the evacuation passage 21. In addi 
tion, a gate valve 24 used to open/close a transfer port 23 
through which the substrate 10 is transferred is disposed at 
the Side wall of the processing chamber 2. 
0057. In the structure described above, a high-frequency 
current flows through the path extending from the high 
frequency power Source 4 to the ground Sequentially via the 
matching circuit 41, the upper electrode 3, the plasma, the 
lower electrode 5, the impedance adjustment unit 6, the 
processing chamber 2, the matching box 42 and the outer 
layer portion 43 of the coaxial cable 44. Since there is a 
concern that the high-frequency current may flow to the wall 
of the processing chamber 2 from the upper electrode 3 via 
the plasma as explained in reference to the related art, the 
impedance in the path (the return path) extending from the 
lower electrode 5 to the top of the processing chamber 2 is 
adjusted with the impedance adjustment unit 6. 
0058 FIG.2 presents a diagram of a circuit equivalent to 
the high-frequency current circuit in the plasma processing 
apparatus shown in FIG. 1. Since the processing chamber 2 
can be regarded as an inductance component, it is shown as 
an inductor. C1 indicates a capacitive component represent 
ing the plasma present between the upper electrode 3 and the 
lower electrode 5, whereas C2 indicates a capacitive com 
ponent representing the plasma present between the upper 
electrode 3 and the wall of the processing chamber 2. 
0059) The object of the embodiment is to adjust the 
impedance j (-1/coC1+(oL-1/oC) over the path extending 
from the lower electrode 5 to the top of the processing 
chamber 2 to a level lower than the impedance over the path 
extending from the upper electrode 3 through the plasma and 
then the wall of the processing chamber 2 through which the 
plasma density increaseS relative to the wall by canceling 
out the capacitance (C1) of the plasma and the inductance 
(L) in the path extending from the lower electrode 5 to the 
top of the processing chamber 2 with the capacitive com 
ponent (C) of the impedance adjustment unit 6. For these 
purposes, the impedance adjustment unit 6 includes a 
capacitive component. Such an impedance adjustment unit 6 
may be achieved by adopting any of various modes. For 
instance, the impedance adjustment unit 6 may be consti 
tuted by using a variable-capacity capacitor 61, as shown in 
FIG. 3A, by using a capacitor 62 with a fixed capacity in 
combination with a variable-capacity capacitor 61, as shown 
in FIG. 3B, by using a capacitor 62 with a fixed capacity, as 
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shown in FIG. 3C, by using a variable-capacity capacitor 61 
in combination with an inductor 63, as shown in FIG. 3D or 
by using an inductor 64 which allows the inductance to be 
varied in combination with a capacitor 62 with a fixed 
capacity, as shown in FIG.3E. Even in a plasma processing 
apparatus having the fixed capacity capacitor 62 alone, the 
impedance value can be adjusted by replacing the capacitor 
62 with a capacitor having a different capacity. 
0060. While the impedance in the path extending along 
the direction in which the plasma becomes more uniform 
relative to the substrate should be ideally reduced by ascer 
taining the values of the electrical current flowing through 
the path in correspondence to varying impedance values 
assumed at the impedance adjustment unit 6 through tests 
conducted as detailed later and Selecting an impedance value 
corresponding to the maximum current value, i.e., by Setting 
a value that will minimize the impedance in the path 
extending along the direction in which the plasma becomes 
more uniform relative to the Substrate, it is desirable to 
ensure that a value corresponding to a current value within 
a 2% range with respect to the maximum value or at least a 
10% range with respect to the maximum current value in a 
practical application. 

0061 The functions and the advantages of the embodi 
ment described above are now explained. After the Substrate 
10 is transferred into the processing chamber 2 on a transfer 
arm (not shown) from a load lock chamber (not shown) by 
opening the gate valve 24, the Substrate 10 is transferred 
onto the lower electrode 5 through cooperation of the 
transfer arm and an elevator pin (not shown) passing through 
the lower electrode 5. Then, the gate valve 24 is closed, the 
proceSS gas is Supplied into the processing chamber 2 from 
the process gas Supply unit 33 via the upper electrode 3, and 
the preSSure inside the processing chamber 2 is maintained 
at a predetermined level by evacuating the processing cham 
ber 2 vacuously with the vacuum evacuation means 22. The 
proceSS gas becomes excited as 10 kW high-frequency 
power at, for instance, 10 MHz to 30 MHz frequency from 
the high-frequency power Source 4 is applied between the 
upper electrode 3 and the lower electrode 5, thereby gener 
ating plasma. The process gas may be constituted with, for 
instance, a gas containing halogen Such as a gas containing 
a halogen compound, an oxygen gas and an argon gas or the 
like. 

0.062 AS the plasma is generated, the high-frequency 
current flows through the path extending from the upper 
electrode 3 to the ground Sequentially via the plasma, the 
lower electrode 5, the impedance adjustment unit 6, the 
processing chamber 2, the matching box 42 and the outer 
layer portion 43 of the coaxial cable 44 along the direction 
in which the plasma becomes more uniform relative to the 
Substrate. Since the value of the impedance in the path is Set 
Substantially to the minimum value, Smaller than the value 
of the impedance in the path extending from the upper 
electrode 3 to the ground Sequentially via the plasma, the 
processing chamber 2, the matching box 42 and the outer 
layer portion 43 of the coaxial cable 44, plasma is not 
generated readily between the upper electrode 3 and the wall 
of the processing chamber 2. As a result, the plasma is 
allowed to concentrate in the Space between the upper 
electrode 3 and the lower electrode 5 and the plasma present 
above the substrate 10 achieves a high level of planar 
uniformity. As the surface of the substrate 10 is etched with 
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this plasma achieving a high level of planar uniformity, the 
etching rate Sustains a high level of consistency and thus, 
uniform etching is achieved within the plane. In addition, the 
damage to or wear of the inner wall of the processing 
chamber 2 and internal parts is minimized. 
0063. In the embodiment, optimal adjustment values to 
be set at the impedance adjustment unit 6 in correspondence 
to various types of processing may be stored in memory as, 
for instance, a table at a Storage unit of a control unit 7, the 
optimal adjustment value corresponding to a specific pro 
cessing type having been Selected may be read out from the 
data, e.g., the table and a control signal may be output from 
the control unit 7 to an actuator at the impedance adjustment 
unit 6 which may be a motor for driving the trim mechanism 
of the variable-capacity capacitor, as shown in FIG. 4. More 
Specifically, Such optimal value Settings may be determined 
in correspondence to various etching processes which are 
executed continuously to one another, or the optimal value 
Settings may be determined in correspondence to different 
film forming processes which are executed continuously to 
one another. 

0064. In the embodiment, when processing the substrate 
with plasma generated by applying high-frequency power to 
the Space between the cathode electrode and the anode 
electrode, the impedance adjustment unit having a capaci 
tive component, which is disposed between the anode elec 
trode (constituted with the electrode facing opposite the 
electrode connected with the high-frequency power Source) 
and the processing chamber, adjusts the value of the imped 
ance in the path extending from the cathode electrode to the 
grounded casing of the matching circuit via the plasma, the 
anode electrode and the processing chamber wall to a level 
lower than the value of the impedance in the path extending 
from the cathode electrode to the grounded casing of the 
matching circuit via the plasma and the processing chamber 
wall. As a result, plasma is not generated readily in the Space 
between the cathode electrode and the processing chamber 
wall and plasma with highly consistent distribution is gen 
erated to enable plasma processing with a high level of 
planar uniformity at the Substrate. 
0065 (Variations of the First Embodiment) 
0066. In a variation of the embodiment, the plasma 
processing apparatus include a plurality of impedance 
adjustment units e.g., impedance adjustment units 6A, 6B 
and 6C, as shown in FIGS. 5A and 5B. It is desirable that 
the individual impedance adjustment units 6A, 6B and 6C be 
connected on one end thereof to the lower electrode 5 at 
positions PA, PB and PC distanced from one another along 
the longish side of the lower electrode 5 (along the lateral 
direction). To explain this in specific terms, a rectangular 
Substrate 10 is divided into three Separate areas, as indicated 
by the chain lines in FIG. 5B, for instance, and the imped 
ance in the path between each divided area and the proceSS 
ing chamber 2 is Set to an optimal value. The term “optimal 
value' refers to a value at which highly consistent plasma is 
achieved, and Such an optimal value is determined for each 
of the impedance adjustment units 6A, 6B and 6C in 
correspondence to each type of processing through, for 
instance, repeated tests conducted in advance. 
0067. To explain the plasma processing apparatus in 
further detail in reference to a Specific example, if the 
plasma intensity is high around the center, the capacitive 
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value at the impedance adjustment unit 6B corresponding to 
the central area is increased So as to raise the value of the 
impedance between the lower electrode 5 and the processing 
chamber 2 over the central area and the capacity values at 
the impedance adjustment units 6A and 6C corresponding to 
the peripheral areas are reduced So as to shift the plasma 
with the high intensity from the center toward the periphery. 
It is a prerequisite in Such an embodiment that the imped 
ance values at the individual impedance adjustment units 
6A, 6B and 6C be set so as to adjust the value of the 
impedance over the path extending along the direction in 
which the plasma becomes more uniform relative to the 
Substrate as described earlier, including the value of the 
impedance at the parallel connection circuit constituted with 
the impedance adjustment unit 6A, 6B and 6C to a level 
lower than the value of the impedance over the path extend 
ing from the upper electrode 3 and then through the plasma 
and along the wall of the processing chamber 2, through 
which the plasma density increases relative to the wall. The 
intensity of the plasma over the plane of the Substrate 10 can 
be fine-adjusted by adjusting the impedance values at the 
individual impedance adjustment units while Satisfying the 
prerequisite, which proves extremely effective for generat 
ing highly consistent plasma to process large size Substrates. 
Bearing in mind that it is difficult to Sustain plasma in a 
uniform State over the plane of a large Size Substrate with an 
area of 1 m or more, e.g., a rectangular Substrate used for 
a flat panel display, the inventor learned that the plasma 
consistency can be improved and any abnormal discharge 
that might otherwise occur locally can be prevented by 
fine-adjusting the plasma distribution. The Structure having 
a plurality of impedance adjustment units is particularly 
effective when the Sum of the high-frequency power is 
Significant at 10 kW or more, Since an abnormal discharge 
tends to occur readily under Such circumstances. 

0068. As shown in FIGS. 5A and 5B, the impedance 
adjustment units 6A, 6B and 6C are enclosed inside protec 
tive pipes 52A, 52B and 52C respectively, extending from 
the lower Surface of a Support portion 51 at positions 
corresponding to the positions PA, PB and PC mentioned 
earlier. Support plates 53, which are independent of one 
another, are each provided in correspondence to one of the 
protective pipes 52A to 52C and a bellows member 54 is 
provided between each Support plate 53 and the processing 
chamber 2 as has been described in reference to FIG. 1. 

0069. When dividing the lower electrode 5 into separate 
impedance adjustment areas, as described above, it does not 
need to be divided into three areas and instead, it may be 
halved both longitudinally and laterally to form four divided 
areas, for instance, and in Such a case, an impedance 
adjustment unit should be provided in correspondence to 
each of the four divided areas. 

0070. In this embodiment, too, adjustment values to be 
Selected for the individual impedance adjustment units 6A, 
6B and 6C should be stored in memory at the storage unit of 
the control unit 7 in correspondence to each type of pro 
cessing and the optimal impedance values should be set at 
the individual impedance adjustment units 6A, 6B and 6C in 
correspondence to a Selected processing type, as shown in 
FIG. 6. 

0071. In addition, instead of using a capacitive element 
Such as a variable-capacity capacitor or a fixed capacity 
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capacitor to constitute an impedance adjustment unit 6, a 
dielectric plate or the like that constitutes a capacitive 
component may be used as shown in FIGS. 7A to 7C. In the 
example presented in FIG. 7A, an impedance adjustment 
unit constituted with a dielectric plate 8 is detachably 
mounted between the lower electrode 5 and the bottom of 
the processing chamber 2. The capacitive value of the 
dielectric plate 8 is set to a level at which the prerequisite 
conditions with regard to the impedance value over the path 
are Satisfied mentioned earlier. 

0072. In the example presented in FIG. 7B, which cor 
responds to the example presented in FIG. 5A showing a 
plurality of impedance adjustment units 6A, 6B and 6C, the 
capacity at the dielectric plate over the central area (e.g., a 
rectangular area in a plan view) is varied from the capacity 
in the peripheral area (the angular ring-shaped area in a plan 
view), by using two different types of dielectric plates 8A 
and 8B. While the different capacities are achieved by using 
different materials and Sustaining a consistent thickness for 
the entire dielectric plate, different capacities may instead be 
achieved for the central area and the peripheral area by, for 
instance, increasing the thickness of the lower electrode 5 
over the central area and thus reducing the thickness of the 
dielectric plate 8 over the corresponding area in the example 
presented in FIG. 7C. 
0073 While the high-frequency power source 4 is con 
nected to the upper electrode 3 in the embodiment described 
above, the high-frequency power Source 4 may instead be 
connected to the lower electrode 5. In Such a case, the 
impedance adjustment unit 6 should be connected between 
the upper electrode 3 and an upper portion of the processing 
chamber 2, e.g., the upper Surface of the processing chamber 
2. While the impedance adjustment unit 6 may be disposed 
between the upper electrode 3 and the side wall of the 
processing chamber 2 under these circumstances, it is not 
desirable to dispose the impedance adjustment unit at a 
position lower than the upper electrode 3. FIG. 8 shows an 
apparatus of this type having three impedance adjustment 
units 6A to 6C. The three impedance adjustment units 6A to 
6C may be installed at positions corresponding to PA to PC 
in FIGS.5A and 5B, for instance. However, the number of 
impedance adjustment units 6 is not limited to three and the 
apparatus may include two impedance adjustment units 6 or 
four or more impedance adjustment units 6. In addition, the 
apparatus may include a single impedance adjustment unit 6 
instead of a plurality of impedance adjustment units. 
0074. By adopting the variation in which a plurality of 
impedance adjustment units are employed with the indi 
vidual impedance adjustment units connected on one side to 
the anode electrode at positions distanced from one another 
along the longish Side of the anode electrode and the 
impedance can be thus adjusted individually for each of the 
plurality of divided areas of the anode electrode defined 
along the plane of the Substrate, the plasma distribution can 
be adjusted more accurately compared to an impedance 
adjustment over a single area and, as a result, highly 
consistent plasma is achieved. For instance, as it becomes 
difficult to achieve a highly consistent plasma State within 
the plane when handling a large Substrate with an area of 1 
m or more, the plasma consistency can be improved and 
also an abnormal discharge that might otherwise occur 
locally can be prevented by fine-adjusting the plasma dis 
tribution. The Structure having a plurality of impedance 
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adjustment units is particularly effective when the Sum of the 
high-frequency power is significant at 10 kW or more since 
an abnormal discharge tends to occur readily under Such 
circumstances. 

Second Embodiment 

0075. The second embodiment of the present invention is 
adopted in an upper electrode/lower electrode two-fre 
quency type plasma processing apparatus having a high 
frequency power Source 4 disposed in conjunction with the 
upper electrode 3 and a high-frequency power Source 100 
disposed in conjunction with the lower electrode 5, as shown 
in FIG. 9. In this plasma processing apparatus, a conductive 
passage 101 is wired inside the protective pipe 52B located 
on the lower side in the structure shown in FIG. 5A, a 
matching box 102 is disposed at the lower end of the 
protective pipe 52B, a matching circuit 103 connected to the 
conductive passage 101 is housed inside the matching box 
102 and the high-frequency power source 100 is connected 
to the matching circuit 103. The bottom portion of the 
matching box 102 extends as an outer layer portion 105, 
which constitutes a coaxial cable 104 together with a con 
ductive passage 106 and the outer layer portion 105 is 
grounded. 
0.076 The matching circuits 41 and 103 in this example 
respectively constitute a first matching circuit and a Second 
matching circuit. The high-frequency power Sources 4 and 
100 respectively constitute a first high-frequency power 
Source and a Second high-frequency power Source, and the 
first high-frequency power Source 4 located on the upper 
Side outputs, for instance, 10 kW high-frequency power with 
a frequency of 10 MHz to 30 MHz, whereas the second 
high-frequency power source 100 located on the lower side 
outputs, for instance, 3 kW high-frequency power with a 
frequency of 2 MHz to 6 MHz. The high-frequency power 
output from the first high-frequency power Source 4 acti 
Vates the proceSS gas, whereas the power output from the 
Second high-frequency power Source 100 attracts the ions in 
the plasma toward the substrate 10. It is to be noted that the 
matching boxes 42 and 102 respectively constitute a 
grounded casing for the first matching circuit and a 
grounded casing for the Second matching circuit in the 
embodiment. Although not shown in FIG. 9, a high pass 
filter is disposed between the upper electrode 3 and the 
matching circuit 41 and a low pass filter is disposed between 
the lower electrode 5 and the matching circuit 103 so as to 
ensure that the high-frequency component of the high 
frequency power Source 4 does not enter the high-frequency 
power source 100 and the high-frequency component of the 
high-frequency power Source 100 does not enter the high 
frequency power Source 4. In this example, the lower 
electrode 5 constitutes an anode electrode in relation to the 
first high-frequency power Source 4, and the upper electrode 
3 constitutes an anode electrode in relation to the Second 
high-frequency power source 100. 
0077. A plurality of impedance adjustment units 9A and 
9C are disposed between the upper electrode 3 and the 
matching box 42, and the impedance adjustment units 9A 
and 9C are connected to an upper portion, e.g., the ceiling, 
of the processing chamber 2 via the matching box 42. While 
the illustration includes two impedance adjustment units 9A 
and 9C on the upper Side and two impedance adjustment 
units 6A and 6C on the lower Side, three or more impedance 
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adjustment units may be provided on each side or a single 
impedance adjustment unit may be provided on each Side. In 
addition, the matching box 42 constitutes the grounded 
casing for the first matching circuit 41, which allows the 
high-frequency current from the first high-frequency power 
Source 4 to return to the high-frequency power Source 4 
through the top portion of the processing chamber 2, and the 
matching box 102 constitutes the grounded casing for the 
second matching circuit 103, which allows the high-fre 
quency current from the Second high-frequency power 
Source 100 to return to the high-frequency power source 100 
from the bottom portion of the processing chamber 2. 
0078. The lower impedance adjustment units 6A and 6C 
constitute a first impedance adjustment units in conjunction 
with which a filter for allowing the high-frequency compo 
nent corresponding to the high-frequency band of the first 
high-frequency power Source 4 alone to pass through is 
provided. The upper impedance adjustment units 9A and 9C 
constitute Second impedance adjustment units in conjunc 
tion with which a filter for allowing the high-frequency 
component corresponding to the high-frequency band of the 
Second high-frequency power Source 100 alone to pass 
through is provided. Namely, the high-frequency current 
from the first high-frequency power Source 4 flows through 
a path extending from the high-frequency power Source 4 to 
the ground Sequentially via the matching circuit 41, the 
upper electrode 3, the plasma, the lower electrode 5, the 
impedance adjustment units 6A and 6C, the processing 
chamber 2, the matching box 42 and the outer layer portion 
43 of the coaxial cable 44, whereas the high-frequency 
current from the second high-frequency power source 100 
flows through a path extending from the high-frequency 
power source 100 to the ground sequentially via the match 
ing circuit 103, the lower electrode 5, the plasma, the upper 
electrode 3, the impedance adjustment units 9A and 9C, the 
processing chamber 2, the matching box 102 and the outer 
layer portion 105 of the coaxial cable 104. 
0079 The first impedance adjustment units 6A and 6B 
adjust the value of the impedance at the high-frequency of 
the first high-frequency power Source 4 over the path 
extending from the upper electrode 3 to the matching box 42 
(the grounded casing of the first matching circuit) via the 
plasma, the lower electrode 5 and the wall of the processing 
chamber 2 along the direction in which the plasma becomes 
more uniform relative to the Substrate, to a level lower than 
the value of the impedance at the high frequency of the first 
high-frequency power Source 4 over the path extending from 
the upper electrode 3 to the matching box 42 via the plasma 
and the wall of the processing chamber 2 along the direction 
in which the plasma density increaseS relative to the wall. 
While the impedance in the path extending along the direc 
tion in which the plasma becomes more uniform relative to 
the Substrate should be ideally reduced by ascertaining the 
values of the electrical current flowing from the first high 
frequency power Source 4 through the path extending along 
the direction in which the plasma becomes more uniform 
relative to the Substrate in correspondence to varying imped 
ance values and Selecting an impedance value corresponding 
to the maximum current value, i.e., by Setting a value that 
will minimize the impedance in the path extending along the 
direction in which the plasma becomes more uniform rela 
tive to the Substrate, it should be insured in a practical 
application that a value corresponding to a current value 
within a 2% range with respect to the maximum current 
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value or at least within a 10% range with respect to the 
maximum current value is Set. The value of the current in the 
path extending along the direction in which the plasma 
becomes more uniform relative to the Substrate may be 
determined as the Sum of the current values provided by, for 
instance, ammeters connected to the impedance adjustment 
units 6A and 6C. 

0080. The second impedance adjustment units 9A and 9C 
adjust the value of the impedance at the high-frequency of 
the second high-frequency power source 100 over the path 
extending from the lower electrode 5 to the matching box 
102 via the plasma, the upper electrode 3 and the wall of the 
processing chamber 2 along the direction in which the 
plasma becomes more uniform relative to the Substrate to a 
level lower than the value of the impedance at the high 
frequency of the Second high-frequency power Source 100 
over the path extending from the lower electrode 5 to the 
matching box 102 via the plasma and the wall of the 
processing chamber 2 along the direction in which the 
plasma density increases relative to the wall. While the 
impedance in the path extending along the direction in 
which the plasma becomes more uniform relative to the 
Substrate should be ideally reduced by ascertaining the 
values of the electrical current flowing from the Second 
high-frequency power Source 100 through the path extend 
ing along the direction in which the plasma becomes more 
uniform relative to the Substrate in correspondence to vary 
ing impedance values and Selecting an impedance value 
corresponding to the maximum current value, it should be 
ensured in a practical application that a value corresponding 
to a current value within a 2% range with respect to the 
maximum value or at least a 10% range with respect to the 
maximum current value is Set. 

Third Embodiment 

0081. The third embodiment of the present invention is 
adopted in a lower electrode two-frequency type plasma 
processing apparatus having a first high-frequency power 
Source 4 and a Second high-frequency power Source 100 
both provided in conjunction with the lower electrode 5, as 
shown in FIG. 10. In this plasma processing apparatus, the 
protective pipe 45 is connected via an insulating layer 50 to 
the lower side of the lower electrode 5, the lower end of the 
protective pipe 45 passes through the bottom Surface of the 
processing chamber 2 and a matching box 42 is connected 
to the lower end of the protective pipe 45. Two matching 
circuits 41 and 103 are disposed inside the matching box 42, 
with the matching circuits 41 and 103 individually con 
nected on one end thereof to the lower electrode 5 respec 
tively via conductive passages 46 and 101 disposed inside 
the protective pipe 45 and the first high-frequency power 
Source 4 and the Second high-frequency power Source 100 
respectively connected to the other ends of the matching 
circuits 41 and 103. Reference numerals 44 and 104 indicate 
the coaxial cables described earlier. The frequencies and the 
power levels of the high-frequency power output from the 
first high-frequency power Source 4 and the Second high 
frequency power Source 100 are equal to those in the 
embodiment shown in FIG. 9. 

0082) A plurality of first impedance adjustment units, 
e.g., three impedance adjustment units 6A to 6C, and a 
plurality of Second impedance adjustment units, e.g., three 
impedance adjustment units 9A to 9C, are individually 
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connected on one end thereof to the upper electrode 3, and 
the ends of the impedance adjustment units 6A to 6C and 9A 
to 9C on the other Side are connected to an upper portion, 
e.g., the ceiling, of the processing chamber 2 via a conduc 
tive cover member 56 covering the opening 30 of the 
processing chamber 2. Instead of providing three first 
impedance adjustment units and three Second impedance 
adjustment units, a first impedance adjustment unit consti 
tuted with a single impedance adjustment unit and a Second 
impedance adjustment unit constituted with a single imped 
ance adjustment unit may be used, or the number of imped 
ance adjustment units included in the first and Second 
impedance adjustment units may be two or four or more. In 
this example, too, a filter for allowing only the high 
frequency component corresponding to the high-frequency 
band of the first high-frequency power Source 4 to pass 
through is provided in conjunction with the first impedance 
adjustment units 6A to 6C. In addition, a filter for allowing 
only the high-frequency component corresponding to the 
high-frequency band of the Second high-frequency power 
Source 100 to pass through is provided in conjunction with 
the second impedance adjustment units 9A to 9C. 
0083. In addition, the matching box 42 is used both as the 
grounded casing for the first matching circuit, which allows 
the high-frequency current from the first high-frequency 
power Source 4 to return to the high-frequency power Source 
4 through the bottom of the processing chamber 2, and the 
grounded casing for the Second matching circuit, which 
allows the high-frequency current from the second high 
frequency power Source 100 to return to the high-frequency 
power source 100 through the bottom of the processing 
chamber 2. 

0084. The high-frequency current from the first high 
frequency power Source 4 flows through the path extending 
from the high-frequency power Source 4 to the matching box 
42 Sequentially via the matching circuit 41, the lower 
electrode 5, the plasma, the upper electrode 3, the first 
impedance adjustment units 6A to 6C and the processing 
chamber 2, whereas the high-frequency current from the 
second high-frequency power source 100 flows through the 
path extending from the high-frequency power Source 100 to 
the matching box 42 Sequentially via the matching circuit 
103, the lower electrode 5, the plasma, the upper electrode 
3, the second impedance adjustment units 9A to 9C and the 
processing chamber 2. 
0085. The first impedance adjustment units 6A to 6C 
adjust the value of the impedance at the high frequency of 
the first high-frequency power Source 4 over the path 
extending from the lower electrode 5 to the matching box 42 
via the plasma, the upper electrode 3 and the wall of the 
processing chamber 2 along the direction in which the 
plasma becomes more uniform relative to the Substrate to a 
level lower than the value of the impedance at the high 
frequency of the first high-frequency power Source 4 over 
the path extending from the lower electrode 5 to the match 
ing box 42 via the plasma and the wall of the processing 
chamber 2 along the direction in which the plasma density 
increases relative to the wall. While the impedance in the 
path extending along the direction in which the plasma 
becomes more uniform relative to the Substrate should be 
ideally reduced by ascertaining the values of the electrical 
current flowing from the first high-frequency power Source 
4 through the path extending along the direction in which the 
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plasma becomes more uniform relative to the Substrate in 
correspondence to varying impedance values and Selecting 
an impedance value corresponding to the maximum current 
value, i.e., by Setting a value that will minimize the imped 
ance in the path extending along the direction in which the 
plasma becomes more uniform relative to the Substrate, it 
should be insured in a practical application that a value 
corresponding to a current value within a 2% range with 
respect to the maximum current value or at least within a 
10% range with respect to the maximum current value is Set. 
0.086 The second impedance adjustment units 9A to 9C 
adjust the value of the impedance at the high frequency of 
the second high-frequency power source 100 over the path 
extending from the lower electrode 5 to the matching box 42 
via the plasma, the upper electrode 3 and the wall of the 
processing chamber 2 along the direction in which the 
plasma becomes more uniform relative to the Substrate to a 
level lower than the value of the impedance at the high 
frequency of the Second high-frequency power Source 100 
over the path extending from the lower electrode 5 to the 
matching box 42 via the plasma and the wall of processing 
chamber 2 along the direction in which the plasma density 
increases relative to the wall. While the impedance in the 
path extending along the direction in which the plasma 
becomes more uniform relative to the Substrate should be 
ideally reduced by ascertaining the values of the electrical 
current flowing from the Second high-frequency power 
Source 100 through the path extending along the direction in 
which the plasma becomes more uniform relative to the 
Substrate in correspondence to varying impedance values 
and Selecting an impedance value corresponding to the 
maximum current value, it should be ensured in a practical 
application that a value corresponding to a current value 
within a 2% range with respect to the maximum value or at 
least a 10% range with respect to the maximum current value 
is Set. 

0087. It is to be noted that the impedance adjustment 
units achieved in the embodiments shown in FIGS. 8 
through 10 may each be constituted with a dielectric 
material containing a capacitive component as shown in 
FIGS. 7A through 7C in reference to which an explanation 
has already been provided. In addition, the data correlating 
individual plasma processing types with Specific adjustment 
values to be set at the impedance adjustment units may be 
prepared So as to automatically adjust the impedance adjust 
ment units in correspondence to a given plasma processing 
type, as shown in FIG. 4. 
0088 FIG. 11 presents an example of a layout that may 
be adopted when providing a plurality of impedance adjust 
ment units. In this example, impedance adjustment units are 
disposed at positions corresponding to five points which 
include four points P1 to P4 at the four corners and a point 
P5 at the center of the rectangular substrate 10 (over areas 
in which those five points are projected). 
0089. The optimal distance between the upper electrode 
3 and the lower electrode 5 and the optimal processing 
preSSure to be assumed in an apparatus having the high 
frequency power Source 4 connected to the upper electrode 
3, as shown in FIGS. 1, 5A and 9 are respectively 50 mm 
to 300 mm and 13 Pa to 27 Pa (100 mTorr to 200 mTorr). 
In an apparatus having the high-frequency power Source 4 
connected to the lower electrode 5, as shown in FIGS. 8 and 
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10, on the other hand, it is desirable to set the distance 
between the electrodes to a value within a range of 200 mm 
to 700 mm and the processing pressure to a level within a 
range of 0.7 Pa to 13 Pa (5 mTorr to 100 mTorr). 
0090) (Tests) 
0091 Next, tests conducted to verify the advantages of 
the embodiments of the present invention are described. 
0092) (Test 1) 
0.093 A Test Method 
0094) A plane parallel plasma processing apparatus Such 
as that shown in FIG. 5A, having four impedance adjust 
ment areas defined at the lower electrode (the lower elec 
trode in FIG. 5A includes three divided areas) was used as 
a test apparatus. Four impedance adjustment units (6A to 
6D) each constituted by connecting in Series an inductor 63 
and a variable-capacity capacitor 61 were connected in 
parallel to one another, as shown in FIG. 12. It is to be noted 
that the capacitive component indicated as CO in FIG. 12 
corresponds to the capacity of the dielectric member 
between the lower electrode and the processing chamber. 
0095 The trimmers of the variable-capacity capacitors 
were adjusted to various positions So as to Set the impedance 
at the impedance adjustment units were Set to different 
values. The State of the plasma generated in the processing 
chamber was visually observed, the current flowing through 
the conductive path extending between the impedance 
adjustment units and the processing chamber (the current 
flowing to the lower electrode) was detected and the Voltage 
at the upper electrode was measured at each impedance 
Setting. The plasma was generated with the distance between 
the upper electrode and the lower electrode Set to 60 mm, a 
mixed gas containing SF6 gas, HCl gas and He gas was used 
as the plasma generating gas, the frequency and the level of 
the power output from the high-frequency power Source Set 
to 13.56 MHz and 7.5 kW and the pressure set to 20 Pa (150 
mTorr). 
0096). B Test Results 
0097 FIG. 13 shows the relationships among the vari 
able-capacity capacitor trimmer position, the capacity at the 
capacitor, the impedance at the capacitor, the impedance 
value Z (L-C) at the impedance adjustment unit, the value of 
the total impedance including CO between the lower elec 
trode and the processing chamber, the value of the current 
(lower current) flowing to the lower electrode, the value of 
the Voltage (upper Voltage) at the upper electrode and the 
visually observed plasma state. The visually observed 
plasma State was evaluated by using the following criterion; 
highly consistent light emission (O), fairly good consistency 
in light emission (O), slightly poor consistency in light 
emission (A) and poor consistency in light emission (X). In 
addition, the lower current value and the upper Voltage value 
in FIG. 13 are graphed respectively in FIGS. 14 and 15. 
The unit of the capacitive value is pF, the unit of the 
impedance at the capacitor and the impedance value is S2 and 
the units of the current value and the Voltage value are 
respectively A and V. 

0098. As the test results indicate, the lower current 
peaked at 79 A and the best plasma state was achieved at 79 
A. The plasma state with the lower current at 78 A was 
evaluated to be fairly good and the plasma State with the 
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lower current at 72 A was evaluated to be slightly poor. In 
addition, the plasma State at 66 A or lower was very poor. 
Accordingly, the impedance value should be adjusted So as 
to substantially maximize the lower current. With the mea 
Suring error and the like taken into consideration, it is 
desirable to ensure that the lower current is within a 10% 
range with respect to the maximum value and it is even more 
desirable to assure a lower current within a 2% range with 
respect to the maximum value. When the lower current value 
is Substantially maximized, the upper Voltage value, too, is 
Substantially maximized, which means that the value of the 
impedance between the lower electrode and the processing 
chamber is substantially minimized. In other words, when 
the lower current value is Substantially maximized, the level 
of the current flowing from the upper electrode to the wall 
of the processing chamber via the plasma is Substantially at 
the minimum level and, under Such circumstances, the 
plasma consistency is improved without an electrical dis 
charge occurring between the upper electrode and the wall 
of the processing chamber. 
0099) (Test 2) 
01.00) A Test Method 
0101. A two-frequency type plane parallel plasma pro 
cessing apparatus Such as that shown in FIG. 9, having an 
upper high-frequency power Source 4 and a lower high 
frequency power Source 100, was used as a test apparatus to 
etch a Silicon film formed at the Surface of a rectangular 
Substrate with an area of 2000 mmx2200 mm. The process 
ing was executed under the following conditions. 

0102 Process gas: SF6 gas, HCl gas and He gas 
0.103 frequency and level of power output from upper 
high-frequency 

0104 power source: 13.56 MHz and 20 kW 
0105 frequency and level of power output from lower 
high-frequency 

0106 power source: 3.2 MHZ and 4 kW 
01.07 processing pressure: 20 Pa (150 mTorr) 

0108. In addition, five impedance adjustment units were 
provided in conjunction with the high-frequency component 
from the high-frequency power Source 4 of the upper Side at 
positions corresponding to the four corners and the center of 
the rectangular Substrate and likewise, five impedance 
adjustment units were provided in conjunction with the 
high-frequency component from the high-frequency power 
Source 100 of the lower side at positions corresponding to 
the four corners and the center of the rectangular Substrate. 
Each impedance adjustment unit was constituted by con 
necting in Series a variable-capacity capacitor and an induc 
tor, as shown in FIG. 3D. With an ammeter serially inserted 
at each impedance adjustment unit, an adjustment point at 
which the value of the current (the sum of the current values 
detected with the individual ammeters) running toward the 
lower electrode was at its lowest was determined. Then, the 
average of the etching rates at numerous positions Set within 
the plane of the Substrate Surface and the etching rate 
consistency within the plane at the adjustment point were 
ascertained. In addition, the etching rate average and the 
etching rate consistency within the plane were investigated 
in a similar manner by processing the Substrate under 
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conditions identical to the processing conditions detailed 
above but without providing the impedance adjustment 
units, by Setting the power applied to the lower electrode to 
0 and by dispensing with the high-frequency power Source 
of the lower side. 

0109) B Test Results 
0110. The results of the test are presented in FIG. 16. As 
the test results indicate, the etching rate was improved by 
connecting a high-frequency power Source to the lower 
electrode as well as to the upper electrode, over the etching 
rate of the System having high-frequency power Source 
connected to the upper electrode alone. While the etching 
rate consistency within the plane is compromised in the 
upper electrode/lower electrode two-frequency System, the 
etching rate consistency within the plane can Still be 
improved by adjusting the impedance with the impedance 
adjustment units So as to minimize the value of the current 
flowing to the lower electrode. 
0111. The operations of the individual units in the plasma 
processing apparatus achieved in each of the embodiments 
described above are related with one another and thus they 
may be considered to be steps in an operational Sequence. 
But assuming Such a perspective, the present invention can 
be embodied as a plasma processing method. 
0112 While the invention has been particularly shown 
and described with respect to preferred embodiments thereof 
by referring to the attached drawings, the present invention 
is not limited to these examples and it will be understood by 
those skilled in the art that various changes in form and 
detail may be made therein without departing from the Spirit, 
Scope and teaching of the invention. 

What is claimed is: 
1. A plasma processing apparatus for processing a Sub 

Strate with plasma generated from a process gas by Supply 
ing high-frequency power into a processing chamber, com 
prising: 

a cathode electrode and an anode electrode facing oppo 
Site each other on an upper Side and a lower Side inside 
the processing chamber and insulated from the pro 
cessing chamber; 

a high-frequency power Source having one end thereof 
connected to the cathode electrode Via a matching 
circuit, and 

an impedance adjustment unit having one end thereof 
connected to the anode electrode and another end 
thereof connected to the processing chamber and con 
taining a capacitive component, wherein: 

the Substrate is placed on either the cathode electrode or 
the anode electrode that is located on the lower Side; 
and 

the impedance adjustment unit adjusts a value of imped 
ance occurred in a path extending from the cathode 
electrode to a grounded casing of the matching circuit 
via the plasma, the anode electrode and a wall of the 
processing chamber to a level lower than a value of 
impedance occurred in a path extending from the 
cathode electrode to the grounded casing of the match 
ing circuit via the plasma and the wall of the processing 
chamber. 
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2. The plasma processing apparatus according to claim 1, 
wherein: 

the impedance adjustment unit adjusts the value of the 
impedance occurred in the path extending from the 
cathode electrode to the grounded casing of the match 
ing circuit via the plasma, the anode electrode and the 
wall of the processing chamber So as to minimize. 

3. The plasma processing apparatus according to claim 1, 
wherein: 

the impedance adjustment unit Sets the value of the 
impedance occurred in the path extending from the 
cathode electrode to the grounded casing of the match 
ing circuit via the plasma, the anode electrode and the 
wall of the processing chamber So as to flow a current 
to the anode electrode within a range of 10% of a 
maximum value of the current flowing to the anode 
electrode by adjusting the value of the impedance by 
controlling the current flowing to the anode electrode. 

4. The plasma processing apparatus according to claim 1, 
wherein: 

the impedance adjustment unit is constituted So as to be 
eneble to vary the value of the impedance. 

5. The plasma processing apparatus according to claim 1, 
further comprising: 

a control unit memorizing impedance adjustment data 
related to various plasma processing types, reading out 
the impedance adjustment data corresponding to a 
plasma processing type Selected from the various 
plasma processing types and outputting a control Signal 
for adjusting the value of the impedance to the imped 
ance adjustment unit based on the impedance adjust 
ment data. 

6. The plasma processing apparatus according to claim 1, 
wherein: 

the impedance adjustment unit is constituted with a 
dielectric member having the capacitive component 
and be located between the anode electrode and the 
processing chamber. 

7. The plasma processing apparatus according to claim 1, 
wherein: 

a plurality of impedance adjustment units are provided 
and the plurality of the impedance adjustment units are 
individually connected on one end thereof to the anode 
electrode at positions distanced from one another along 
the longish Side of the anode electrode. 

8. A plasma processing apparatus for processing a Sub 
Strate with plasma generated from a process gas by Supply 
ing high-frequency power into a processing chamber, com 
prising: 

an upper electrode and a lower electrode facing opposite 
each other on an upper Side and a lower Side inside the 
processing chamber and insulated from the processing 
chamber; 

a first high-frequency power Source having one end 
thereof connected to the upper electrode Via a first 
matching circuit and Supplying the high-frequency 
power within a range of 10 MHz to 30 MHz: 

a Second high-frequency power Source having one end 
thereof connected to the lower electrode via a Second 
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matching circuit and Supplying the high-frequency 
power within a range of 2 MHZ to 6 MHz; 

a first impedance adjustment unit having one end thereof 
connected to the lower electrode and another end 
thereof connected to the processing chamber and con 
taining a capacitive component; and 

a Second impedance adjustment unit having one end 
thereof connected to the upper electrode and another 
end thereof connected to the processing chamber and 
containing a capacitive component, wherein: 

the Substrate is placed on the lower electrode, 
the first impedance adjustment unit adjusts a value of 

impedance occurred in a path extending from the upper 
electrode to a grounded casing of the first matching 
circuit via the plasma, the lower electrode and a wall of 
the processing chamber by the high-frequency power of 
the first high-frequency power Source to a level lower 
than a value of impedance occurred in a path extending 
from the upper electrode to the grounded casing of the 
first matching circuit via the plasma and the wall of the 
processing chamber by the high-frequency power of the 
first high-frequency power Source; and 

the Second impedance adjustment unit adjusts a value of 
impedance occurred in a path extending from the lower 
electrode to a grounded casing of the Second matching 
circuit via the plasma, the upper electrode and the wall 
of the processing chamber by the high-frequency power 
of the Second high-frequency power Source to a level 
lower than a value of impedance occurred in a path 
extending from the lower electrode to the grounded 
casing of the Second matching circuit via the plasma 
and the wall of the processing chamber by the high 
frequency power of the Second high-frequency power 
SOCC. 

9. The plasma processing apparatus according to claim 8, 
wherein: 

the first impedance adjustment unit adjusts the value of 
the impedance occurred in the path extending from the 
upper electrode to the grounded casing of the first 
matching circuit via the plasma, the lower electrode 
and the wall of the processing chamber by the high 
frequency power of the first high-frequency power 
Source So as to minimize; and 

the Second impedance adjustment unit adjusts the value of 
the impedance occurred in the path extending from the 
lower electrode to the grounded casing of the Second 
matching circuit via the plasma, the upper electrode 
and the wall of the processing chamber by the high 
frequency power of the Second high-frequency power 
Source So as to minimize. 

10. The plasma processing apparatus according to claim 
8, wherein: 

the first impedance adjustment unit Sets the value of the 
impedance So as to flow a current to the lower electrode 
within a range of 10% of a maximum value of the 
current flowing to the lower electrode by adjusting the 
value of the impedance by controlling the current of the 
frequency of the first high-frequency power Source; and 

the Second impedance adjustment unit Sets the value of 
the impedance So as to flow a current to the upper 
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electrode within a range of 10% of a maximum value 
of the current flowing to the upper electrode by adjust 
ing the value of the impedance by controlling the 
current of the frequency of the Second high-frequency 
power. 

11. The plasma processing apparatus according to claim 8, 
wherein: 

the first impedance adjustment unit and the Second imped 
ance adjustment unit are constituted So as to be enable 
to vary the value of the impedance corresponding to the 
frequency of the first high-frequency power Source and 
the value of the impedance corresponding to the fre 
quency of the Second high-frequency power Source 
respectively. 

12. The plasma processing apparatus according to claim 
8, further comprising: 

a control unit memorizing impedance adjustment data for 
the first impedance adjustment unit and impedance 
adjustment data for the Second impedance adjustment 
unit related to various plasma processing types, reading 
out the impedance adjustment data for the first imped 
ance adjustment unit and the impedance adjustment 
data for the Second impedance adjustment unit corre 
sponding to a plasma processing type Selected from the 
Various plasma processing types and outputting a con 
trol Signal for adjusting the value of the impedance to 
the first impedance adjustment unit and the Second 
impedance adjustment unit based on the impedance 
adjustment data for the first impedance adjustment unit 
and the impedance adjustment data for the Second 
impedance adjustment unit. 

13. The plasma processing apparatus according to claim 
8, wherein: 

the first impedance adjustment unit is constituted with a 
dielectric member having the capacitive component 
and be located between the lower electrode and the 
processing chamber, and 

the Second impedance adjustment unit is constituted with 
a dielectric member having the capacitive component 
and be located between the upper electrode and the 
processing chamber. 

14. The plasma processing apparatus according to claim 
8, wherein: 

a plurality of first impedance adjustment units are pro 
Vided and the plurality of the first impedance adjust 
ment units are individually connected on one end 
thereof to the lower electrode at positions distanced 
from one another along the longish Side of the lower 
electrode; and 

a plurality of Second impedance adjustment units are 
provided and the plurality of the Second impedance 
adjustment units are individually connected on one end 
thereof to the upper electrode at positions distanced 
from one another along the longish Side of the upper 
electrode. 
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15. A plasma processing apparatus for processing a Sub 
Strate with plasma generated from a process gas by Supply 
ing high-frequency power into a processing chamber, com 
prising: 

an upper electrode and a lower electrode facing opposite 
each other on an upper side and a lower Side inside the 
processing chamber and insulated from the processing 
chamber; 

a first high-frequency power Source having one end 
thereof connected to the lower electrode via a first 
matching circuit and Supplying the high-frequency 
power within a range of 10 MHz to 30 MHz: 

a Second high-frequency power Source having one end 
thereof connected to the lower electrode Via a Second 
matching circuit and Supplying the high-frequency 
power within a range of 2 MHZ to 6 MHz; and 

a first impedance adjustment unit and a Second impedance 
adjustment unit having one end thereof connected to 
the upper electrode and another end thereof connected 
to the processing chamber and containing a capacitive 
component respectively, wherein: 

the Substrate is placed on the lower electrode, 
the first impedance adjustment unit adjusts a value of 

impedance occurred in a path extending from the lower 
electrode to a grounded casing of the first matching 
circuit via the plasma, the upper electrode and a wall of 
the processing chamber by the high-frequency power of 
the first high-frequency power Source to a level lower 
than a value of impedance occurred in a path extending 
from the lower electrode to the grounded casing of the 
first matching circuit via the plasma and the wall of the 
processing chamber by the high-frequency power of the 
first high-frequency power Source; and 

the Second impedance adjustment unit adjusts a value of 
impedance occurred in a path extending from the lower 
electrode to a grounded casing of the Second matching 
circuit via the plasma, the upper electrode and the wall 
of the processing chamber by the high-frequency power 
of the Second high-frequency power Source to a level 
lower than a value of impedance occurred in a path 
extending from the lower electrode to the grounded 
casing of the Second matching circuit via the plasma 
and the wall of the processing chamber by the high 
frequency power of the Second high-frequency power 
SOCC. 

16. The plasma processing apparatus according to claim 
15, wherein: 

the first impedance adjustment unit adjusts the value of 
the impedance occurred in the path extending from the 
lower electrode to the grounded casing of the first 
matching circuit via the plasma, the upper electrode 
and the wall of the processing chamber by the high 
frequency power of the first high-frequency power 
Source So as to minimize; and 

the Second impedance adjustment unit adjusts the value of 
the impedance occurred in the path extending from the 
lower electrode to the grounded casing of the Second 
matching circuit via the plasma, the upper electrode 
and the wall of the processing chamber by the high 
frequency power of the Second high-frequency power 
Source So as to minimize. 



US 2005/0241769 A1 

17. The plasma processing apparatus according to claim 
15, wherein: 

the first impedance adjustment unit Sets the value of the 
impedance So as to flow a current to the upper electrode 
within a range of 10% of a maximum value of the 
current flowing to the upper electrode by adjusting the 
value of the impedance by controlling the current of the 
frequency of the first high-frequency power Source; and 

the Second impedance adjustment unit Sets the value of 
the impedance So as to flow a current to the upper 
electrode within a range of 10% of a maximum value 
of the current flowing to the upper electrode by adjust 
ing the value of the impedance by controlling the 
current of the frequency of the Second high-frequency 
power Source. 

18. The plasma processing apparatus according to claim 
15, wherein: 

the first impedance adjustment unit and the Second imped 
ance adjustment unit are constituted So as to be enable 
to vary the value of the impedance corresponding to the 
frequency of the first high-frequency power Source and 
the value of the impedance corresponding to the fre 
quency of the Second high-frequency power Source 
respectively. 

19. The plasma processing apparatus according to claim 
15, further comprising: 

a control unit memorizing impedance adjustment data for 
the first impedance adjustment unit and impedance 
adjustment data for the Second impedance adjustment 
unit related to various plasma processing types, reading 
out the impedance adjustment data for the first imped 
ance adjustment unit and the impedance adjustment 
data for the Second impedance adjustment unit corre 
sponding to a plasma processing type Selected from the 
various plasma processing types, outputting a control 
Signal for adjusting the value of the impedance to the 
first impedance adjustment unit and outputting a con 
trol Signal for adjusting the value of the impedance to 
the Second impedance adjustment unit. 

20. The plasma processing apparatus according to claim 
15, wherein: 

the first impedance adjustment unit is constituted with a 
dielectric member having the capacitive component 
and be located between the upper electrode and the 
processing chamber, and 

the Second impedance adjustment unit is constituted with 
a dielectric member having the capacitive component 
and be located between the upper electrode and the 
processing chamber. 

21. The plasma processing apparatus according to claim 
15, wherein: 

a plurality of first impedance adjustment units are pro 
Vided and the plurality of the first impedance adjust 
ment units are individually connected on one end 
thereof to the lower electrode at positions distanced 
from one another along the longish Side of the lower 
electrode; and 

a plurality of Second impedance adjustment units are 
provided and the plurality of the Second impedance 
adjustment units are individually connected on one end 

14 
Nov. 3, 2005 

thereof to the lower electrode at positions distanced 
from one another along the longish Side of the lower 
electrode. 

22. The plasma processing apparatus according to claim 
1, wherein: 

an area of the Substrate is equal to or greater than 1 m. 
23. The plasma processing apparatus according to claim 

8, wherein: 
an area of the Substrate is equal to or greater than 1 m. 
24. The plasma processing apparatus according to claim 

15, wherein: 

an area of the Substrate is equal to or greater than 1 m. 
25. The plasma processing apparatus according to claim 

22, wherein: 
a Sum of the high-frequency power used in the plasma 

processing apparatus is equal to or greater than 10 kW. 
26. The plasma processing apparatus according to claim 

23, wherein: 
a Sum of the high-frequency power used in the plasma 

processing apparatus is equal to or greater than 10 kW. 
27. The plasma processing apparatus according to claim 

24, wherein: 
a Sum of the high-frequency power used in the plasma 

processing apparatus is equal to or greater than 10 kW. 
28. The plasma processing apparatus according to claim 

1, wherein: 
the cathode electrode and the anode electrode respectively 

constitute an upper electrode and a lower electrode, 
the frequency of the high-frequency power Source is 

within a range of 10 MHz to 30 MHz: 
an area of the Substrate is equal to or greater than 1 m; 
a distance between the upper electrode and the lower 

electrode is within a range of 50 mm to 300 mm; 
a processing pressure is Set at a value within a range of 13 

Pa to 27 Pa; and 
the Substrate is etched by using a proceSS gas containing 

halogen. 
29. The plasma processing apparatus according to claim 

1, wherein: 

the cathode electrode and the anode electrode respectively 
constitute a lower electrode and an upper electrode, 

the frequency of the high-frequency power Source is 
within a range of 10 MHz to 30 MHz: 

an area of the Substrate is equal to or greater than 1 m; 
a distance between the upper electrode and the lower 

electrode is within a range of 200 mm to 700 mm; 
a processing pressure is Set at a value within a range of 0.7 

Pa to 13 Pa; and 
the Substrate is etched by using a proceSS gas containing 

halogen. 
30. The plasma processing apparatus according to claim 

8, wherein: 

an area of the Substrate is equal to or greater than 1 m; 
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the first high-frequency power Source is connected to the 
upper electrode, 

a distance between the upper electrode and the lower 
electrode is within a range of 50 mm to 300 mm; 

a processing preSSure is Set at a value within a range of 13 
Pa to 27 Pa; and 

the Substrate is etched by using a proceSS gas containing 
halogen. 

31. The plasma processing apparatus according to claim 
15, wherein: 

an area of the Substrate is equal to or greater than 1 m; 
the first high-frequency power Source is connected to the 

lower electrode, 
a distance between the upper electrode and the lower 

electrode is within a range of 200 mm to 700 mm; 
a processing pressure is Set at a value within a range of 0.7 

Pa to 13 Pa; and 
the Substrate is etched by using a proceSS gas containing 

halogen. 
32. A plasma processing method for processing a Sub 

Strate with plasma generated from a process gas by Supply 
ing high-frequency power into a processing chamber, 
wherein: 

disposing a cathode electrode and an anode electrode So 
as to face opposite each other on an upper Side and a 
lower Side inside the processing chamber and insulating 
the cathode electrode and the anode electrode from the 
processing chamber, 

connecting a high-frequency power Source to one end of 
the cathode electrode via a matching circuit; 

placing the Substrate on either the cathode electrode or the 
anode electrode that is located on the lower Side; 

disposing an impedance adjustment unit containing a 
capacitive component with one end thereof connected 
to the anode electrode and another end thereof con 
nected to the processing chamber; and 

adjusting a value of impedance occurred in a path extend 
ing from the cathode electrode to a grounded casing of 
the matching circuit via the plasma, the anode electrode 
and a wall of the processing chamber to a level lower 
than a value of impedance occurred in a path extending 
from the cathode electrode to the grounded casing of 
the matching circuit via the plasma and the wall of the 
processing chamber by the impedance adjustment unit. 

33. A plasma processing method for processing a Sub 
Strate with plasma generated from a process gas by Supply 
ing high-frequency power into a processing chamber, 
wherein: 

disposing an upper electrode and a lower electrode So as 
to face opposite each other on an upper Side and a lower 
Side inside the processing chamber and insulating the 
upper electrode and the lower electrode from the pro 
cessing chamber; 

connecting a first high-frequency power Source for Sup 
plying the high-frequency power within a range of 10 
MHz to 30 MHz to one end of the upper electrode via 
a first matching circuit; 
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connecting a Second high-frequency power Source for 
Supplying the high-frequency power within a range of 
2 MHZ to 6 MHz to one end of the lower electrode via 
a Second matching circuit and; 

placing the Substrate on the lower electrode, 

disposing a first impedance adjustment unit containing a 
capacitive component with one end thereof connected 
to the lower electrode and another end thereof con 
nected to the processing chamber; 

disposing a Second impedance adjustment unit containing 
a capacitive component with one end thereof connected 
to the upper electrode and another end thereof con 
nected to the processing chamber; and 

adjusting a value of impedance occurred in a path extend 
ing from the upper electrode to a grounded casing of the 
first matching circuit via the plasma, the lower elec 
trode and a wall of the processing chamber by the 
high-frequency power of the first high-frequency 
power Source to a level lower than a value of imped 
ance occurred in a path extending from the upper 
electrode to the grounded casing of the first matching 
circuit via the plasma and the wall of the processing 
chamber by the first impedance adjustment unit; and 

adjusting a value of impedance occurred in a path extend 
ing from the lower electrode to a grounded casing of the 
Second matching circuit via the plasma, the upper 
electrode and a wall of the processing chamber by the 
high-frequency power of the Second high-frequency 
power Source to a level lower than a value of imped 
ance occurred in a path extending from the lower 
electrode to the grounded casing of the Second match 
ing circuit via the plasma and the wall of the processing 
chamber by the Second impedance adjustment unit. 

34. A plasma processing method for processing a Sub 
Strate with plasma generated from a process gas by Supply 
ing high-frequency power into a processing chamber, 
wherein: 

disposing an upper electrode and a lower electrode So as 
to face opposite each other on an upper Side and a lower 
Side inside the processing chamber and insulating the 
upper electrode and the lower the electrode from the 
processing chamber, 

connecting a first high-frequency power Source for Sup 
plying the high-frequency power within a range of 10 
MHZ to 30 MHZ to one end of the lower electrode via 
a first matching circuit; 

connecting a Second high-frequency power Source for 
Supplying the high-frequency power within a range of 
2 MHZ to 6 MHz to one end of the lower electrode via 
a Second matching circuit and; 

placing the Substrate on the lower electrode, 
disposing a first impedance adjustment unit containing a 

capacitive component with one end thereof connected 
to the upper electrode and another end thereof con 
nected to the processing chamber; 
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disposing a Second impedance adjustment unit containing 
a capacitive component with one end thereof connected 
to the upper electrode and another end thereof con 
nected to the processing chamber; and 

adjusting a value of impedance occurred in a path extend 
ing from the lower electrode to a grounded casing of the 
first matching circuit via the plasma, the upper elec 
trode and a wall of the processing chamber by the 
high-frequency power of the first high-frequency 
power Source to a level lower than a value of imped 
ance occurred in a path extending from the lower 
electrode to the grounded casing of the first matching 
circuit via the plasma and the wall of the processing 
chamber by the first impedance adjustment unit; and 
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adjusting a value of impedance occurred in a path extend 
ing from the lower electrode to a grounded casing of the 
Second matching circuit via the plasma, the upper 
electrode and a wall of the processing chamber by the 
high-frequency power of the Second high-frequency 
power Source to a level lower than a value of imped 
ance occurred in a path extending from the lower 
electrode to the grounded casing of the Second match 
ing circuit via the plasma and the wall of the processing 
chamber by the Second impedance adjustment unit. 


