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(57) ABSTRACT 

A plasma processing apparatus includes a plurality of radio 
frequency poWer supplies for supplying radio-frequency 
poWers having frequencies different from each other, a 
common feeding line for superposing radio-frequency poW 
ers supplied respectively from the plurality of radio-fre 
quency poWer supplies and feeding the superposed radio 
frequency poWer to a same radio-frequency electrode, a 
radio-frequency poWer extracting device for extracting 
radio-frequency poWers having predetermined frequencies 
from radio-frequency poWers fed via the feeding line, and a 
radio-frequency voltage detector for measuring voltages of 
the radio-frequency poWers having the predetermined fre 
quencies extracted by the radio-frequency poWer extracting 
device. 
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PLASMA PROCESSING APPARATUS AND 
PLASMA PROCESSING METHOD 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a plasma process 
ing apparatus in Which plasma is generated in a processing 
chamber and a substrate is processed therein, and a plasma 
processing method. 

[0003] 2. Description of the Related Art 

[0004] In substrate processing such as etching and ?lm 
formation in manufacturing processes of a semiconductor 
processing device, a liquid display device, or the like for 
example, processing using plasma is Widely performed. 

[0005] Usually, plasma processing is performed in a 
plasma processing apparatus. In this plasma processing 
apparatus, electrodes opposing each other vertically are 
provided in a processing chamber, in Which plasma is 
generated by supplying a radio-frequency poWer to one or 
both of the electrodes, and then plasma processing of a 
substrate is performed. 

[0006] In recent years, there has been developed a plasma 
processing technique to apply a superposed radio-frequency 
poWer to an electrode by supplying tWo or more radio 
frequency poWers having different frequencies to one elec 
trode. In Japanese Patent Application No. 2001-127045, 
there is disclosed a plasma processing technique using a 
superposed radio-frequency poWer by supplying tWo radio 
frequency poWers having different frequencies to an upper 
electrode, Where the upper electrode and a loWer electrode 
are arranged to oppose each other. 

[0007] In the plasma processing technique described in 
Japanese Patent Application Laid-open No. 2001-127045, a 
?rst radio-frequency poWer for exciting a processing gas 
into plasma is supplied to the upper electrode, and a second 
radio -frequency poWer having a frequency loWer than that of 
the ?rst radio-frequency poWer for draWing ions in the 
plasma into a substrate is supplied to the loWer electrode on 
Which the substrate is mounted. Further, a third radio 
frequency poWer having a frequency loWer than that of the 
?rst radio-frequency poWer and higher than that of the 
second radio-frequency poWer is supplied to the upper 
electrode and superposed on the ?rst radio-frequency poWer. 
Then phases, frequencies and outputs of the second radio 
frequency poWer and the third radio-frequency poWer are 
adjusted to uniformiZe the plasma, and thereby processing of 
the substrate is performed uniformly. 

SUMMARY OF THE INVENTION 

[0008] HoWever, When a substrate is processed using the 
plasma processing technique described in the above-de 
scribed Patent Document 1, respective peak-to-peak volt 
ages (Vpp) of the ?rst radio-frequency poWer and the third 
radio-frequency poWer supplied to the upper electrode are 
also superposed along With superposition of these radio 
frequency poWers. 

[0009] When a radio-frequency poWer supplied to an 
electrode has a single frequency, a process state of substrate 
processing can be easily determined by folloWing a behavior 
of a peak-to-peak voltage (Vpp) of the radio-frequency 
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poWer. For example, When an upper electrode and a loWer 
electrode are arranged to oppose each other, a radio-fre 
quency poWer having a single frequency for exciting a 
processing gas into plasma is supplied to the upper elec 
trode, and a radio-frequency poWer having a single fre 
quency for draWing ions in the plasma into a substrate is 
supplied to the loWer electrode, it is possible to determine 
that the plasma generated by the upper electrode became 
thin for some reason When a value of the peak-to-peak 
voltage (Vpp) of the radio-frequency poWer supplied to the 
loWer electrode becomes large. 

[0010] On the other hand, in the plasma processing tech 
nique described in the above-described Patent Document 1, 
peak-to-peak voltages (V pp) of a plurality of radio-fre 
quency poWers are superposed as described above, and a 
peak-to-peak voltage (Vpp) of a radio-frequency poWer 
having a speci?c frequency Which has useful information is 
mixed With a peak-to-peak voltage (Vpp) of a radio-fre 
quency poWer having another frequency, thereby making it 
dif?cult to be used as an index for process determination for 
substrate processing. 

[0011] The present invention is made in vieW of the 
above-described problems, and an object thereof is to pro 
vide a plasma processing apparatus and a plasma processing 
method capable of determining a process state of substrate 
processing from a behavior of a peak-to-peak voltage (V pp) 
of a radio-frequency poWer having an appropriate frequency 
even When tWo or more radio-frequency poWers having 
different frequencies are superposed and supplied to an 
electrode arranged in a processing chamber. 

[0012] To solve the above-described problems, according 
to the present invention, there is provided a plasma process 
ing apparatus having radio-frequency electrodes opposing 
each other vertically in a processing chamber, in Which a 
radio-frequency poWer is supplied to at least one of the 
radio-frequency electrodes to thereby generate in the pro 
cessing chamber plasma With Which a substrate is processed, 
the apparatus having a plurality of radio-frequency poWer 
supplies for supplying radio-frequency poWers having fre 
quencies different from each other, a common feeding line 
for feeding radio-frequency poWers supplied respectively 
from the plurality of radio-frequency poWer supplies to a 
same radio-frequency electrode, a radio-frequency poWer 
extracting device for extracting radio-frequency poWers 
having predetermined frequencies from radio-frequency 
poWers fed via the feeding line, and a radio-frequency 
detector for measuring at least one or more of a voltage, a 
current and a phase of the radio-frequency poWers having 
the predetermined frequencies extracted by the radio-fre 
quency poWer extracting device. 

[0013] In the above-described plasma processing appara 
tus, the radio-frequency detector may be a radio-frequency 
voltage detector for measuring voltages of the radio-fre 
quency poWers having the predetermined frequencies. 

[0014] In the above-described plasma processing appara 
tus, the predetermined frequencies may be frequencies of the 
radio-frequency poWers supplied respectively by the plural 
ity of radio-frequency poWer supplies. 

[0015] In the above-described plasma processing appara 
tus, the radio-frequency poWer extracting device may have 
at least one of a band-pass ?lter, a loW-pass ?lter and a 
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high-pass ?lter Which pass only the radio-frequency powers 
having the predetermined frequencies. 

[0016] In the above-described plasma processing appara 
tus, the radio-frequency poWer extracting device may have 
a radio-frequency poWer decomposing device for decom 
posing a radio-frequency poWer fed via the feeding line into 
the radio-frequency poWers having the predetermined fre 
quencies. 

[0017] In the above-described plasma processing appara 
tus, the plurality of radio-frequency poWer supplies may 
have matching devices respectively betWeen the plurality of 
radio-frequency poWer supplies and the feeding line. 

[0018] The above-described plasma processing apparatus 
may further include a direct-current voltage extracting 
device for extracting a direct-current voltage from a radio 
frequency poWer fed via the feeding line, and a direct 
current voltage detector for measuring the direct-current 
voltage extracted by the direct-current voltage extracting 
device. 

[0019] The above-described plasma processing apparatus 
may further include a computer for correcting voltages of 
the radio-frequency poWers having the predetermined fre 
quencies measured by the radio-frequency voltage detector 
based on impedance information Which are retained in 
advance or obtained, and calculating voltages of the radio 
frequency poWers having the predetermined frequencies at 
the radio-frequency electrode. 

[0020] Further, according to the present invention, there is 
provided a plasma processing method in Which a radio 
frequency poWer is supplied to at least one of radio-fre 
quency electrodes provided in a processing chamber and 
opposing each other vertically, to thereby generate in the 
processing chamber plasma With Which a substrate is pro 
cessed, the method including feeding using a common 
feeding line a plurality of radio-frequency poWers having 
frequencies different from each other to a same radio 
frequency electrode, extracting radio-frequency poWers hav 
ing predetermined frequencies, Which are ones among the 
frequencies, from radio-frequency poWers fed via the feed 
ing line and measuring voltages thereof, and correcting the 
measured voltages using predetermined impedance informa 
tion and calculating voltages of the radio-frequency poWers 
having the predetermined frequencies at the same radio 
frequency electrode. 

[0021] In the above-described plasma processing method, 
When the radio-frequency poWers having the predetermined 
frequencies are extracted, at least one of a band-pass ?lter, 
a loW-pass ?lter and a high-pass ?lter Which pass only the 
radio-frequency poWers having the predetermined frequen 
cies may be used for extraction. 

[0022] In the above-described plasma processing method, 
When the radio-frequency poWers having the predetermined 
frequencies are extracted, a radio-frequency poWer fed via 
the feeding line may be decomposed to the radio-frequency 
poWers having the predetermined frequencies and extracted. 

[0023] In the above-described plasma processing method, 
a direct-current voltage may be extracted from a radio 
frequency poWer fed via the feeding line and the voltage 
may be measured. 
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[0024] According to the present invention, it is possible to 
use a peak-to-peak voltage (Vpp) of a radio-frequency 
poWer having an appropriate frequency as an index to 
determine a process state of substrate processing from a 
behavior of the peak-to-peak voltage even When tWo or more 
radio-frequency poWers having different frequencies are 
superposed and supplied to an electrode arranged in a 
processing chamber, and thus operation of the plasma pro 
cessing apparatus can be stabiliZed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] FIG. 1 is a structure diagram of a plasma etching 
apparatus 1 as a plasma processing apparatus according to a 
?rst embodiment of the present invention: 

[0026] FIG. 2 is a structure diagram of a plasma etching 
apparatus 1 as a plasma processing apparatus according to a 
second embodiment of the present invention; and 

[0027] FIG. 3 is a structure diagram of a plasma etching 
apparatus 1 as a plasma processing apparatus according to a 
third embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0028] Hereinafter, preferred embodiments of the present 
invention Will be described With reference to the draWings. 
Note that in this speci?cation and draWings, elements having 
substantially the same functions and structures are desig 
nated the same reference numerals, and thereby duplicating 
explanations are omitted. 

[0029] FIG. 1 is a structure diagram of a plasma etching 
apparatus 1 as a plasma processing apparatus according to 
an embodiment of the present invention. As shoWn in FIG. 
1, the plasma etching apparatus 1 has a processing chamber 
2 in a substantially cylindrical shape for example. Inside the 
processing chamber 2, a processing space K is formed. Wall 
portions A2 of the processing chamber 2 are grounded for 
protection. In the processing chamber 2, an upper electrode 
5 and a loWer electrode 6 as radio-frequency electrodes are 
arranged to oppose each other. The upper electrode 5 and the 
loWer electrode 6 are both in a substantially disc shape and 
formed of a conductive material. BetWeen the upper elec 
trode 5 and the Wall portions A2, an insulator A1 is inter 
posed. The loWer electrode 6 combines the role of a mount 
ing table for a substrate W. In the processing space K, a 
processing gas is supplied via a gas supply path 10 and the 
upper electrode 5 Which also has a function as a shoWer 
head. Further, the processing gas in the processing space K 
is exhausted via a gas exhaust path 11. 

[0030] To the upper electrode 5, a radio-frequency poWer 
supply 16 is connected electrically via a matching device 15. 
The radio-frequency poWer supply 16 can supply a radio 
frequency poWer having a frequency of 60 MHZ for example 
to the upper electrode 5. The matching device 15 can control 
an impedance related to a fundamental Wave, a harmonic or 
the like of a radio-frequency poWer for example. 

[0031] To the loWer electrode 6, a radio-frequency poWer 
supply 21 for supplying a radio-frequency poWer having a 
frequency of 2 MHZ for example via a matching device 20 
is connected electrically. Further, to a feeding point 25 
located betWeen the loWer electrode 6 and the matching 
device 20, a radio-frequency poWer supply 31 for supplying 
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a radio-frequency power having a frequency of 13 MHZ for 
example via a matching device 30 is connected electrically. 
Accordingly, the radio-frequency power supplied from the 
radio-frequency poWer supply 21 and the radio-frequency 
poWer supplied from the radio-frequency poWer supply 31 
are superposed With each other on a common feeding line 35 
from the feeding point 25 to the loWer electrode 6, and the 
superposed radio-frequency poWer is fed to the loWer elec 
trode 6. The matching devices 20, 30 can control an imped 
ance With respect to a fundamental Wave, a harmonic, or the 
like of a radio-frequency poWer for example. 

[0032] To a measurement point 40 on the feeding line 35, 
a radio-frequency voltage detector 42 as a radio-frequency 
detector is connected via a loW-pass ?lter 41 as a radio 
frequency poWer extracting device Which passes only a 
radio-frequency poWer having a frequency loWer than a 
predetermined threshold frequency. Also, to the measure 
ment point 40, a radio-frequency voltage detector 46 is 
connected via a high-pass ?lter 45 as a radio-frequency 
poWer extracting device Which passes only a radio-fre 
quency poWer having a frequency higher than a predeter 
mined threshold frequency. The radio-frequency voltage 
detectors 42, 46 are connected to the measurement point 40 
in parallel With each other. To the radio-frequency voltage 
detectors 42, 46, a computer 50, Which Will be described 
later, for analyZing voltages measured by the radio-fre 
quency voltage detectors 42, 46 is connected. 

[0033] The threshold frequencies of the loW-pass ?lter 41 
and the high-pass ?lter 45 are both set to a value larger than 
the frequency of 2 MHZ of the radio-frequency poWer 
supplied by the radio-frequency poWer supply 21 and loWer 
than the frequency of 13 MHZ of the radio-frequency poWer 
supplied by the radio-frequency poWer supply 31. Thus, 
using the loW-pass ?lter 41, a radio-frequency poWer having 
a frequency of 2 MHZ Which is the same as the radio 
frequency poWer supplied by the radio-frequency poWer 
supply 21 can be extracted from the superposed radio 
frequency poWer, and a voltage thereof can be measured by 
the radio-frequency voltage detector 42. Also, using the 
high-pass ?lter 45, a radio-frequency poWer having a fre 
quency of 13 MHZ Which is the same as the radio-frequency 
poWer supplied by the radio-frequency poWer supply 31 can 
be extracted from the superposed radio-frequency poWer, 
and a voltage thereof can be measured by the radio-fre 
quency voltage detector 46. 

[0034] The computer 50 is connector to the matching 
devices 20, 30. Thus the computer 50 can obtain values of 
variable capacitors in the matching devices 20, 30 as imped 
ance information. Also, the computer 50 retains in advance 
impedance information related to a ?rst radio-frequency 
system 55 constituted of the radio-frequency poWer supply 
21, the loWer electrode 6, and so on and impedance infor 
mation related to a second radio-frequency system 56 con 
stituted of the radio-frequency poWer supply 31, the loWer 
electrode 6, and so on. These impedance information include 
an impedance value of the loWer electrode 6, and so on. The 
computer 50 can calculate an impedance value of the ?rst 
radio-frequency system 55 and an impedance value of the 
second radio-frequency system 56 respectively based on the 
impedance information Which is retained in advance or 
obtained as described above. 

[0035] Further, the computer 50 can correct the voltage 
measured by the radio-frequency voltage detector 42 based 
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on the calculated impedance value of the ?rst radio-fre 
quency system 55, and calculate the voltage of the radio 
frequency poWer having a frequency of 2 MHZ in the loWer 
electrode 6. Similarly, the computer 50 can correct the 
voltage measured by the radio-frequency voltage detector 46 
based on the calculated impedance value of the second 
radio-frequency system 56, and calculate the voltage of the 
radio-frequency poWer having a frequency of 13 MHZ in the 
loWer electrode 6. To the computer 50, there are connected 
a display 60 displaying values of the radio-frequency poWers 
having frequencies of 2 MHZ, 13 MHZ in the loWer electrode 
6 calculated in this manner, a recording device 61 for 
recording the values and a higher system 62 for performing 
analysis and the like. 

[0036] Next, using the plasma etching apparatus 1 con 
structed as above, a plasma etching method for a substrate 
W as an example of a plasma processing method according 
to an embodiment of the present invention Will be explained. 

[0037] First, the substrate W is carried into the processing 
chamber 2 and mounted on the loWer electrode 6. Exhaus 
tion is performed through the exhaust path 11, the inside of 
the processing chamber 2 is decompressed, and a predeter 
mined processing gas is supplied to the processing chamber 
2 via the upper electrode 5 from the gas supply path 10. 

[0038] Next, the radio-frequency poWer supply 16 sup 
plies to the upper electrode 5 a radio-frequency poWer 
having a frequency of 60 MHZ for generating plasma. Thus 
the processing gas in the processing space K is excited into 
plasma. Next, the radio-frequency poWer supply 21 of the 
?rst radio-frequency system 55 supplies to the loWer elec 
trode 6 a radio-frequency poWer having a frequency of 2 
MHZ and ions in the generated plasma are draWn into the 
substrate W, and thereby a surface ?lm of the substrate W is 
etched. Further, the radio-frequency poWer supply 31 of the 
second radio-frequency system 56 supplies to the loWer 
electrode 6 a radio-frequency poWer having a frequency of 
13 MHZ, and as a result, a superposed radio-frequency 
poWer in Which the radio-frequency poWer having a fre 
quency of 2 MHZ and the radio-frequency poWer having a 
frequency of 13 MHZ are superposed is supplied to the loWer 
electrode 6 via the feeding line 35. Note that there is an 
advantage that spreading of energy of the ions entering the 
substrate W is aligned by supplying the radio-frequency 
poWer having a frequency of 13 MHZ by the radio-frequency 
poWer supply 31 of the second radio-frequency system 56. 

[0039] When the surface ?lm of the substrate W is etched 
as described above, a voltage of the superposed radio 
frequency poWer supplied to the loWer electrode 6 is mea 
sured by the radio-frequency voltage detector 42 connected 
via the loW-pass ?lter 41 and the radio-frequency voltage 
detector 46 connected via the high-pass ?lter 45, respec 
tively. From the superposed radio-frequency poWer passed 
through the loW-pass ?lter 41, only the radio-frequency 
poWer having a frequency of 2 MHZ is extracted, and a 
voltage Vl thereof is measured. From the superposed radio 
frequency poWer passed through the high-pass ?lter 45, only 
the radio-frequency poWer having a frequency of 13 MHZ is 
extracted, and a voltage V2 thereof is measured. 

[0040] The measured voltages V1, V2 are inputted to the 
computer 50. In the computer 50, respective values of the 
variable capacitors in the connected matching devices 20, 30 
are obtained, and based on impedance information and so on 
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of the lower electrode 6 retained in advance, impedances of 
the ?rst radio-frequency system 55 and the second radio 
frequency system 56 are calculated in advance. Then, in the 
computer 50, the measured values of the voltages V1, V2 are 
corrected respectively based on the calculated impedances 
of the ?rst radio-frequency system 55 and the second 
radio-frequency system 56, and the voltages V10, V20 of the 
radio-frequency poWers having frequencies of 2 MHZ, l3 
MHZ in the loWer electrode 6 are calculated respectively. 
The calculated voltages V10, V20 are inputted to the display 
60 and displayed thereon so that an operator can monitor 
behaviors of them. Thus, the operator can comprehend the 
progress of the process of the substrate W from the behav 
iors (for example respective peak-to-peak voltages Vpp or 
the like) of the voltages V10, V20 displayed for example, and 
detect abnormality of the process immediately. 

[0041] Also, the calculated voltages V10, V20 are inputted 
to the recording device 61 and recorded therein. Further, the 
calculated voltages V10, V20 are inputted to the higher 
system 62, and in this higher system 62, respective peak 
to-peak voltages Vpp are calculated. Based on changes in 
the calculated peak-to-peak voltages Vpp, analysis of a 
process state is performed such as Whether the plasma 
etching processing of the substrate W is in a normal state or 
not. 

[0042] According to the above embodiment, When the 
superposed radio-frequency poWer in Which the tWo radio 
frequency poWers having different frequencies of 2 MHZ, l3 
MHZ are superposed is supplied to the loWer electrode 6, the 
radio-frequency poWers having respective frequencies of 2 
MHZ, l3 MHZ are extracted by passing through the loW-pass 
?lter 41 and the high-pass ?lter 45, and then the voltages of 
the respective extracted radio-frequency poWers are mea 
sured. Thus, behaviors of the peak-to-peak voltages Vpp of 
the respective radio-frequency poWers can be compre 
hended, and the process state of the substrate processing can 
be determined properly. Particularly, With the computer 50 
arranged to calculate impedances of the respective radio 
frequency systems 55, 56, make correction based on these 
impedances, and calculate voltages of the respective radio 
frequency poWers in the loWer electrode 6, the process of the 
plasma processing apparatus can be comprehended more 
accurately. Therefore, operation of the plasma processing 
apparatus can be stabiliZed. 

[0043] As a second embodiment of the present invention, 
as shoWn in FIG. 2, to the measurement point 40 on the 
feeding line 35, a direct-current voltage detector 66 may be 
connected via a loW-pass ?lter 65 as a direct-current voltage 
extracting device Which eliminates radio-frequency compo 
nents and passes only a direct-current voltage in parallel to 
the radio-frequency voltage detectors 42, 46. Further, the 
direct-current voltage detector 66 is connected to the com 
puter 50. 

[0044] According to the second embodiment as above, a 
direct-current voltage can be extracted using the loW-pass 
?lter 65 from the superposed radio-frequency poWer sup 
plied to the loWer electrode 6 by the radio-frequency poWer 
supplies 21, 31, and a direct-current bias voltage Vdc in the 
loWer electrode 6 can be measured. A behavior of this 
direct-current bias voltage Vdc can be folloWed. For 
example, after a measured value of the direct-current bias 
voltage Vdc is inputted to the computer 50 and necessary 
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processing is performed thereon, the value can be inputted 
to the display 60 and displayed thereon, inputted to the 
recording device 61 and recorded therein, or inputted to the 
higher system 62 and analyZed. Thus, the process of the 
plasma processing apparatus can be comprehended more 
accurately, and operation of the plasma processing apparatus 
can be stabiliZed further. Note that also in the second 
embodiment, the effect obtained in the ?rst embodiment, 
Which is explained using FIG. 1, can be obtained similarly. 

[0045] As a third embodiment of the present invention, as 
shoWn in FIG. 3, instead of the loW-pass ?lter 41 and the 
high-pass ?lter 45 shoWn in FIG. 1, a radio-frequency poWer 
decomposing device 70 may be connected to the measure 
ment point 40 on the feeding line 35 as a radio-frequency 
poWer extracting device. The radio-frequency poWer decom 
posing device 70 can decompose the superposed radio 
frequency poWer to obtain values of respective components 
of the radio-frequency poWers having frequencies of 2 MHZ, 
l3 MHZ. After obtaining respective voltages from the 
respective decomposed radio-frequency poWers, the radio 
frequency poWer decomposing device 70 is con?gured to 
input the voltages to each of the connected display 60, the 
recording device 61 and the higher system 62 Which are 
connected. Thus, displaying on the display 60, recording in 
the recording device 61, or analyZing in the higher system 62 
can be performed. In this embodiment, peak-to-peak volt 
ages and so on of the respective radio-frequency poWers are 
obtained by the radio-frequency poWer decomposing device 
70. Note that the higher system 62 may be arranged to obtain 
the peak-to-peak voltages and so on of the obtained respec 
tive radio-frequency poWers. 

[0046] According to the third embodiment of the present 
invention, the superposed radio-frequency poWer in Which 
radio-frequency poWers supplied by the radio-frequency 
poWer supplies 21, 31 are superposed can be decomposed by 
the radio-frequency poWer decomposing device 70, and in 
the radio-frequency poWer decomposing device 70 subse 
quently, the peak-to-peak voltages and so on can be obtained 
from the voltages of the respective radio-frequency poWers. 
Thus, the structure of the apparatus can be simpli?ed. Note 
that also in the third embodiment, the effect obtained in the 
?rst embodiment, Which is explained With FIG. 1, can be 
obtained similarly. 

[0047] As above, the preferred embodiments of the 
present invention have been explained With reference to the 
attached draWings, but the present invention is not limited to 
such examples. It is clear that a person skilled in the art can 
devise various variation examples and modi?cation 
examples Within the scope of technical ideas described in the 
claims, and it is understood that such changes and modi? 
cations also belong to the technical scope of the present 
invention as a matter of course. 

[0048] In the above-described embodiments, there is 
explained the case Where the single loW-pass ?lter 41 and the 
single high-pass ?lter 45 are used as the radio-frequency 
poWer extracting device, but a plurality of loW-pass ?lters 
and a plurality of high-pass ?lters may be used as the 
radio-frequency poWer extracting device. Also, these ?lters 
may be combined, or another ?lter such as a band-pass ?lter 
may be used. 

[0049] In the above-described embodiments, there is 
explained the case Where the radio-frequency electrode to 
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which the superposed radio-frequency power in which a 
plurality of radio-frequency powers are superposed is sup 
plied is the lower electrode 6, but the radio-frequency 
electrode to which the superposed radio-frequency power is 
supplied may be the upper electrode 5, or may be both the 
upper electrode 5 and the lower electrode 6. Also, the 
apparatus may be constructed such that a radio-frequency 
power for generating plasma and a radio-frequency power 
for drawing ions are superposed for the lower electrode 6, 
and a radio-frequency power is not applied to the upper 
electrode 5. 

[0050] In the above-described embodiments, there is 
explained the case where two radio-frequency powers hav 
ing different frequencies are supplied to the lower electrode 
6 as a radio-frequency electrode, but there may be three or 
more radio-frequency powers supplied to the radio-fre 
quency electrode. 

[0051] In the above-described embodiments, there is 
explained the case where the frequency of the radio-fre 
quency power supplied to the upper electrode 5 is 60 MHZ, 
and the frequencies of the radio-frequency powers supplied 
to the lower electrode 6 are 2 MHZ and 13 MHZ, but the 
frequency of a radio-frequency power supplied to each 
radio-frequency electrode may be any frequency. 

[0052] In the above-described embodiments, there is 
explained the case where devices connected to the computer 
50 or the radio-frequency power decomposing device 70 so 
as to process values of voltages of respective radio-fre 
quency powers having respective frequencies or direct 
current voltages obtained from the superposed radio-fre 
quency power are the display 60, the recording device 61 
and the higher system 62, but devices for processing values 
of voltages of respective radio-frequency powers or direct 
current voltages may be only a part of these devices or may 
be another device. 

[0053] In the above-described embodiments, there is 
explained the case where the radio-frequency voltage detec 
tor with an intervention of the radio-frequency power 
extracting device is used as a radio-frequency detector to 
detect a radio-frequency voltage, but there may be adopted 
a form in which a detector for detecting respective radio 
frequency current and/or phase is used as a radio-frequency 
detector to ?nally comprehend plasma in a plasma process 
ing apparatus. 

[0054] In the above-described embodiments, there is 
explained the case where the superposed radio-frequency 
power is actually decomposed using the radio-frequency 
power decomposing device 70 to obtain respective radio 
frequency powers, but the respective radio-frequency pow 
ers may be obtained by analysis without actually decom 
posing the superposed radio-frequency power in the radio 
frequency power decomposing device 70. 

[0055] The present invention is useful for plasma process 
ing equipment for a substrate for example, and particularly 
useful for plasma etching equipment for plasma etching a 
substrate. 

What is claimed is: 
1. A plasma processing apparatus having radio-frequency 

electrodes opposing each other vertically in a processing 
chamber, in which a radio-frequency power is supplied to at 
least one of the radio-frequency electrodes to thereby gen 
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erate in the processing chamber plasma with which a sub 
strate is processed, the apparatus comprising: 

a plurality of radio-frequency power supplies for supply 
ing radio-frequency powers having frequencies differ 
ent from each other; 

a common feeding line for feeding radio-frequency pow 
ers supplied respectively from said plurality of radio 
frequency power supplies to a same radio-frequency 
electrode; 

a radio-frequency power extracting device for extracting 
radio -frequency powers having predetermined frequen 
cies from radio-frequency powers fed via said feeding 
line; and 

a radio-frequency detector for measuring at least one or 
more of a voltage, a current and a phase of the 
radio-frequency powers having the predetermined fre 
quencies extracted by said radio-frequency power 
extracting device. 

2. The plasma processing apparatus according to claim 1, 

wherein said radio-frequency detector is a radio-fre 
quency voltage detector for measuring voltages of the 
radio-frequency powers having the predetermined fre 
quencies. 

3. The plasma processing apparatus according to claim 1, 

wherein the predetermined frequencies are frequencies of 
the radio-frequency powers supplied respectively by 
said plurality of radio-frequency power supplies. 

4. The plasma processing apparatus according to claim 1, 

wherein said radio -frequency power extracting device has 
at least one of a band-pass ?lter, a low-pass ?lter and 
a high-pass ?lter which pass only the radio-frequency 
powers having the predetermined frequencies. 

5. The plasma processing apparatus according to claim 1, 

wherein said radio -frequency power extracting device has 
a radio-frequency power decomposing device for 
decomposing a radio-frequency power fed via said 
feeding line into the radio-frequency powers having the 
predetermined frequencies. 

6. The plasma processing apparatus according to claim 1, 

wherein said plurality of radio-frequency power supplies 
have matching devices respectively between said plu 
rality of radio-frequency power supplies and said feed 
ing line. 

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

a direct-current voltage extracting device for extracting a 
direct-current voltage from a radio-frequency power 
fed via said feeding line; and 

a direct-current voltage detector for measuring the direct 
current voltage extracted by said direct-current voltage 
extracting device. 

8. The plasma processing apparatus according to claim 2, 
further comprising a computer for correcting voltages of the 
radio-frequency powers having the predetermined frequen 
cies measured by said radio-frequency voltage detector 
based on impedance information which are retained in 
advance or obtained, and calculating voltages of the radio 
frequency powers having the predetermined frequencies at 
said radio-frequency electrode. 
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9. A plasma processing method in Which a radio-fre 
quency power is supplied to at least one of radio-frequency 
electrodes provided in a processing chamber and opposing 
each other vertically, to thereby generate in the processing 
chamber plasma With Which a substrate is processed, the 
method comprising: 

feeding using a common feeding line a plurality of 
radio-frequency poWers having frequencies different 
from each other to a same radio-frequency electrode; 

extracting radio-frequency poWers having predetermined 
frequencies, Which are ones among the frequencies, 
from radio-frequency poWers fed via the feeding line 
and measuring voltages thereof; and 

correcting the measured voltages using predetermined 
impedance information and calculating voltages of the 
radio-frequency poWers having the predetermined fre 
quencies at the same radio-frequency electrode. 
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10. The plasma processing method according to claim 9, 

Wherein When the radio-frequency poWers having the 
predetermined frequencies are extracted, at least one of 
a band-pass ?lter, a loW-pass ?lter and a high-pass ?lter 
Which pass only the radio-frequency poWers having the 
predetermined frequencies is used for extraction. 

11. The plasma processing method according to claim 9, 

Wherein When the radio-frequency poWers having the 
predetermined frequencies are extracted, a radio-fre 
quency poWer fed via the feeding line is decomposed to 
the radio-frequency poWers having the predetermined 
frequencies and extracted. 

12. The plasma processing method according to claim 9, 

Wherein a direct-current voltage is extracted from a radio 
frequency poWer fed via the feeding line and the 
voltage may be measured. 

* * * * * 


