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PLASMA PROCESSINGAPPARATUS AND 
PLASMA PROCESSING METHOD 

TECHNICAL FIELD 

0001. The embodiments described herein pertain gener 
ally to a plasma process performed in microprocessing a 
target Substrate Such as a semiconductor wafer or the like, and 
particularly, to a capacitively coupled plasma processing 
apparatus and a plasma processing method. 

BACKGROUND ART 

0002. In a process such as etching, deposition, oxidation, 
and Sputtering in a manufacturing process of a semiconductor 
device or a FPD (Flat Panel Display), plasma has been widely 
used to carry out a sufficient reaction to a processing gas at a 
relatively low temperature. In Such plasma processes, a high 
frequency power (RF) or a microwave power has been used to 
electrically discharge or ionize a processing gas within a 
vacuum processing chamber. 
0003. In a capacitively coupled plasma processing appa 
ratus using a high frequency power (RF), an upper electrode 
and a lower electrode are arranged to be parallel with each 
other within a processing chamber, a target Substrate (a semi 
conductor wafer, a glass Substrate, or the like) is typically 
mounted on the lower electrode, and a high frequency power 
having a frequency (typically, about 13.56 MHz or more) 
Suitable for plasma generation is applied to the upper elec 
trode or the lower electrode. Due to a high frequency electric 
field generated between the two electrodes facing each other 
by applying the high frequency power, electrons are acceler 
ated, and due to ionization by collision between the electrons 
and a processing gas, plasma is generated. Further, due to a 
gas phase reaction or a surface reaction of radicals or ions in 
the plasma, a thin film is deposited on the Substrate, or a 
material of the substrate or a thin film on a surface of the 
substrate is etched. 
0004 Recently, as a technology of rapidly increasing per 
formance in a capacitively coupled plasma processing appa 
ratus, a technology of applying a negative DC (Direct Cur 
rent) Voltage to a facing electrode (typically, an upper 
electrode) that faces a Substrate with a processing space ther 
ebetween has attracted attention (Patent Document 1). This 
upper electrode DC power applying manner has at least one of 
the following effects: (1) the effect of enhancing sputtering at 
the upper electrode by increasing an absolute value of a 
self-bias voltage of the upper electrode; (2) the effect of 
reducing generated plasma by expanding a plasma sheath at 
the upper electrode; (3) the effect of irradiating electrons 
generated near the upper electrode to the target Substrate; (4) 
the effect of controlling a plasma potential; (5) the effect of 
increasing an electron density (plasma density); and (6) the 
effect of increasing a plasma density at a central portion 
thereof. 

REFERENCES 

0005 Patent Document 1: Japanese Patent Laid-open 
Publication No. 2006-270019 

DISCLOSURE OF THE INVENTION 

Problems to be Solved by the Invention 
0006. The upper electrode DC power applying manner as 
described above has often been used in a HARC (High Aspect 
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Ratio Contact) process. The HARC process is to form a 
narrow and deep contact hole or via hole in an oxide film 
(typically, a silicon oxide film) of an insulating layer by the 
plasma etching during a wiring forming process for manufac 
turing a LSI. In the HARC process, in order to form a fine hole 
of a high aspect ratio, an anisotropic profile of high precision 
and high selectivity with respect to a mask and an underlying 
film may be required, a fluorocarbon-based gas may be used 
as an etching gas, and a silicon-containing material Such as 
silicon or SiC may be used as a base material of an upper 
electrode. 
0007 According to the upper electrode DC power apply 
ing manner, based on the above-described effects (1) and (3), 
anisotropy and selectivity can be greatly improved. To be 
more specific, due to the effect (1), deposits (mainly, fluoro 
carbon polymerized film) Sputtered on a surface of the upper 
electrode are deposited on a surface of a resist mask, so that a 
Surface of the resist mask can be suppressed from being 
roughened. Further, silicon sputtered from the base material 
of the upper electrode reacts with fluorine radicals, so that a 
highly volatile reaction product (SiF) is produced and then 
exhausted. Therefore, it is possible to reduce fluorine that 
lowers anisotropy and selectivity (fluorine Scavenging 
effect). Furthermore, due to the effect (3), electrons of high 
energy are introduced to the resist mask on the Surface of the 
Substrate, so that a composition of a surface layer of the resist 
mask is modified and etching resistance (plasma resistance) is 
enhanced. 
0008. However, in the HARC process, if an absolute value 
of a negative DC voltage to be applied to the upper electrode 
in the upper electrode DC power applying manner is 
increased, Such microprocessing property (particularly, 
selectivity) is improved but a process uniformity (particu 
larly, etching rate in-plane uniformity) is deteriorated, which 
is a problem. 
0009. Further, due to the effect (4) of the upper electrode 
DC power applying manner, a plasma potential is controlled 
to be reduced. That is, as an absolute value of a negative DC 
Voltage to be applied to the upper electrode is increased in 
order to obtain any one of the other effects (1) to (3), (5), and 
(6) as desired, a plasma potential near a sidewall of the cham 
ber is decreased. Accordingly, the effect of removing deposits 
attached to the sidewall of the chamber by the sputtering 
through the ion irradiation is reduced. This is also a problem. 
0010. In order to solve the above-described problems of 
the conventional technologies, example embodiments pro 
vide a plasma processing apparatus and a plasma processing 
method capable of maintaining advantages of an upper elec 
trode DC power applying manner and removing disadvan 
tages of the upper electrode DC power applying manner. 

Means for Solving the Problems 
0011. In one example embodiment, a plasma processing 
apparatus includes a processing chamber allowed to be 
vacuum exhausted; a first electrode that is provided within the 
processing chamber and configured to mount and Support 
thereon a target Substrate; a second electrode that is provided 
to be parallel with the first electrode with a preset gap within 
the processing chamber, a processing gas Supply unit config 
ured to Supply a predetermined processing gas into a process 
ing space between the first electrode and the second electrode 
within the processing chamber, a first high frequency power 
Supply configured to apply a first high frequency power hav 
inga frequency for electrically discharging the processing gas 
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and generating plasma to the first electrode; an AC power 
Supply configured to apply a low frequency or a high fre 
quency AC power having a frequency, which an ion in the 
plasma is allowed to follow, to the second electrode; and a 
blocking capacitor connected between the AC power Supply 
and the second electrode. 
0012. In the above-described configuration, if the AC 
power is applied to the second electrode from the AC power 
Supply via the blocking capacitor during a plasma process, a 
negative DC voltage, i.e. a self-bias Voltage, is generated in 
the second electrode and the self-bias voltage is overlapped 
with an AC Voltage (instantaneous value). That is, an electric 
potential of the second electrode is cyclically changed since 
the self-bias voltage is overlapped with the AC voltage level 
(instantaneous value). Thus, ion energy of ions, which fol 
lows a frequency of the AC power and incident to the upper 
electrode from the plasma, is proportional to a depth (absolute 
value) in a direction of a negative electric potential of the 
second electrode and is cyclically changed. Therefore, during 
each cycle, when the AC Voltage level has the minimum 
value, the ion energy has the maximum value, whereas when 
the AC Voltage level has the maximum value, the ion energy 
has the minimum value. In this case, as for an ion energy 
distribution, since a lot of ions are incident to the electrode at 
a time range (near the maximum or minimum level) in which 
a Voltage change over time is Small, a lot of ions are distrib 
uted near the maximum ion energy level or the minimum ion 
energy level. 
0013 Further, if the frequency of the AC power applied to 
the second electrode is higher than an ion plasma frequency, 
a follow-up property of the ions is decreased. Further, as the 
frequency of the AC power is increased, a width of an energy 
band in the ion energy distribution is narrowed. That is, a 
deviation of the ion energy is decreased and the ion energy is 
distributed almost near a central value corresponding to the 
self-bias Voltage. Thus, the maximum value of the ion energy 
is decreased. 
0014 Typically, there is a relationship of SYoE,' 
between ion energy (E.) and a sputtering yield (SY). There 
fore, the Sputtering yield largely depends on the magnitude 
(maximum value) of the ion energy rather than the number of 
incident ions. In this regard, even if amplitudes or absolute 
values of a power Supply Voltage applied to the second elec 
trode are the same, since the maximum ion energy of ions 
incident to the second electrode is remarkably high in the 
manner (upper electrode AC power applying manner) of the 
example embodiment as compared with the conventional 
upper electrode DC power applying manner, the AC power 
applying manner of the example embodiment can improve 
the sputtering yield at the second electrode with more effi 
ciency. 
0015. Furthermore, according to the upper electrode AC 
power applying manner of the example embodiment, in a half 
cycle where the AC voltage level has a positive value, an 
electric potential of the second electrode is higher than the 
self-bias Voltage, so that the plasma potential is increased 
accordingly. Therefore, the plasma potential near the sidewall 
of the chamber is increased in a time-average manner. Thus, 
the Sputtering effect of removing deposits attached to the 
sidewall of the chamber can be improved, and the deposits on 
the sidewall of the chamber can be efficiently removed. 
0016. In another example embodiment, a plasma etching 
method of forming a hole of a high aspect ratio in a silicon 
oxide film on a target Substrate includes mounting and Sup 
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porting the target Substrate on a first electrode within a pro 
cessing chamber in which the first electrode is provided to be 
parallel with a second electrode with a preset gap; vacuum 
exhausting an inside of the processing chamber to a preset 
pressure; generating plasma of a fluorocarbon-based etching 
gas in a processing space between the first electrode and the 
second electrode by Supplying the etching gas into the pro 
cessing space and applying a first high frequency power to the 
first electrode; and applying a low frequency AC power or a 
high frequency AC power having a frequency, which anion in 
the plasma is allowed to follow, to the second electrode via a 
blocking capacitor. 
0017. According to the plasma etching method of the 
example embodiment, since the above-described upper elec 
trode AC power applying manner is used, it is possible to 
improve in-plane uniformity in etching rates while obtaining 
mask selectivity equivalent to that of the conventional upper 
electrode DC power applying manner. 

Effect of the Invention 

0018. In accordance with the example embodiment, with 
the above-described configuration and operation, it is pos 
sible to maintain advantages of a conventional upper elec 
trode DC power applying manner and also possible to remove 
disadvantages of the upper electrode DC power applying 
a. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0019 FIG. 1 is a longitudinal cross sectional view show 
ing a configuration of a capacitively coupled plasma etching 
apparatus in accordance with an example embodiment. 
0020 FIG. 2 shows a potential distribution between both 
electrodes and anion energy distribution of ions incident to an 
upper electrode in an upper electrode AC power applying 
manner in accordance of the example embodiment. 
0021 FIG. 3 shows a potential distribution between both 
electrodes and anion energy distribution of ions incident to an 
upper electrode in an upper electrode DC power applying 
manner in accordance of a comparative example. 
0022 FIG. 4 shows a correlation between ion energy and 
a sputtering yield. 
0023 FIG. 5A shows a wafer in-plane distribution of etch 
ing rates of a silicon oxide film obtained from a HARC 
process experiment to which the upper electrode AC power 
applying manner is applied. 
0024 FIG. 5B shows a wafer in-plane distribution of etch 
ing rates of a photoresist obtained from the HARC process 
experiment to which the upper electrode AC power applying 
manner is applied. 
0025 FIG. 6A shows a wafer in-plane distribution of etch 
ing rates of a silicon oxide film obtained from a HARC 
process experiment to which the upper electrode DC power 
applying manner is applied. 
0026 FIG. 6B shows a wafer in-plane distribution of etch 
ing rates of a photoresist obtained from the HARC process 
experiment to which the upper electrode DC power applying 
manner is applied. 
0027 FIG. 7 is a plot diagram showing correlations 
between mask selectivity and etching rate in-plane unifor 
mity in the upper electrode AC power applying manner and 
the upper electrode DC power applying manner. 
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0028 FIG. 8 shows etching profiles (SEM images) 
obtained from a HARC process experiment in accordance 
with an experimental example. 
0029 FIG.9 shows correlations between mask selectivity 
and a bowing amount in the upper electrode AC power apply 
ing manner and the upper electrode DC power applying man 

. 

0030 FIG. 10A and FIG. 10B are diagrams for explaining 
a BEOL process in accordance with an experimental 
example. 
0031 FIG. 11 shows cross sectional views (SEM images) 
of patterns obtained from a first experiment of the BEOL 
process in accordance with the experimental example and 
measurement values of measurement items. 
0032 FIG. 12 shows cross sectional views (SEM images) 
of patterns obtained from a second experiment of the BEOL 
process in accordance with the experimental example and 
measurement values of measurement items. 
0033 FIG. 13 is a plot diagram showing correlations 
between atop CD and a low-k damage amount obtained from 
a result of the first experiment. 
0034 FIG. 14 is a plot diagram showing correlations 
between atop CD and a low-k damage amount obtained from 
a result of the second experiment. 
0035 FIG. 15 shows correlations (N lower electrode 
V, characteristics) between an electron density (N) within a 
processing space and a self-bias Voltage (V) generated at a 
lower electrode in the upper electrode DC power applying 

C. 

0036 FIG. 16 shows correlations (N lower electrode 
V, characteristics) between an electron density (N) within a 
processing space and a self-bias Voltage (V) generated at a 
lower electrode in the upper electrode AC power applying 
a. 

0037 FIG. 17 is a plot diagram showing correlations 
between an upper electrode applying Voltage or power and a 
plasma potential obtained from an experiment in accordance 
with an experimental example. 
0038 FIG. 18 shows experimental results (SEM images) 
of an Arf resist modifying process in the upper electrode AC 
power applying manner and the upper electrode DC power 
applying manner. 

MODE FOR CARRYING OUT THE INVENTION 

0039 Hereinafter, example embodiments will be 
explained with reference to the accompanying drawings. 
0040 (Configuration of Plasma Processing Apparatus) 
0041 FIG. 1 shows a configuration of a plasma processing 
apparatus in accordance with an example embodiment. The 
plasma processing apparatus is configured as a capacitively 
coupled (parallel plate type) plasma etching apparatus, in 
which dual high frequency powers are applied to a lower 
electrode. Further, the plasma processing apparatus includes 
a cylindrical vacuum chamber (processing chamber) 10 made 
of for example, aluminum of which a Surface is alumite 
treated (anodically oxidized). The chamber 10 is grounded. 
0042. At a bottom portion of the chamber 10, a cylindrical 
Susceptor Supporting member 14 is provided via an insulating 
plate 12 Such as ceramic, and a susceptor 16 made of for 
example, aluminum is provided on the Susceptor Supporting 
member 14. The susceptor 16 constitutes a lower electrode, 
and a target Substrate Such as a semiconductor wafer W is 
mounted thereon. 
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0043. On an upper surface of the susceptor 16, there is 
provided an electrostatic chuck 18 configured to hold the 
semiconductor wafer W. This electrostatic chuck18 includes 
an electrode 20 made of a conductive film to be interposed 
between a pair of insulating layers or insulating sheets. The 
electrode 20 is electrically connected to a DC power supply 
22. The semiconductor wafer W can be held on the electro 
static chuck 18 by an electrostatic attracting force caused by 
a DC voltage from the DC power supply 22. Around the 
electrostatic chuck 18 on the upper surface of the susceptor 
16, there is provided a focus ring 24 made of for example, 
silicon and configured to improve etching uniformity. At side 
Surfaces of the Susceptor 16 and the Susceptor Supporting 
member 14, a cylindrical inner wall member 25 made of, for 
example, quartz is provided. 
0044) Within the susceptor supporting member 14, there is 
formed a coolant path 26 extending, for example, along a 
circumference thereof. Through this coolant path 26, a cool 
ant Such as cooling water having a certain temperature is 
circulated and Supplied from an external chiller unit (not 
illustrated) through lines 27a and 27b. A process temperature 
of the semiconductor wafer W on the susceptor 16 is con 
trolled according to a temperature of the coolant. A heat 
transfer gas such as a He gas is Supplied between an upper 
surface of the electrostatic chuck 18 and a rear surface of the 
semiconductor wafer W from a heat transfer gas Supply 
device (not illustrated) through a gas Supply line 28. 
0045. The susceptor 16 is electrically connected to first 
and second high frequency power supplies 30 and 32 via 
matching units 34 and 36, blocking capacitors 38 and 40, and 
power Supply rods 42 and 44, respectively. Further, although 
the power Supply rods 42 and 44 are separately illustrated in 
FIG. 1, the power supply rods 42 and 44 may be a common or 
same power Supply rod. The first high frequency power Sup 
ply 30 is configured to output a high frequency power RF for 
plasma generation having a constant frequency of for 
example, about 40 MHz, which mainly contributes to plasma 
generation. Meanwhile, the second high frequency power 
Supply 32 outputs a high frequency power RF, for ion attrac 
tion having a constant frequency of for example, about 13 
MHz, which mainly contributes to ion attraction to the semi 
conductor wafer W on the susceptor 16. 
0046. Above the susceptor 16, there is provided an upper 
electrode 46 facing the susceptor 16 to be parallel with each 
other. This upper electrode 46 includes an electrode plate 48 
made of a silicon-containing material. Such as Si, SiC., or the 
like, and an electrode Supporting body 50 made of a conduc 
tive material, for example, aluminum of which a Surface is 
alumite treated. Multiple gas discharge holes 48a are formed 
in the electrode plate 48, and the electrode supporting body 50 
is configured to detachably support the electrode plate 48. 
Further, the upper electrode 46 in an electrically floated state 
is provided at the chamber 10 via a ring-shaped insulator 52. 
A plasma generation space or a processing space (PS) is 
formed between the upper electrode 46 and the susceptor 16. 
The ring-shaped insulator 52 is made of for example, alu 
mina (Al2O) and provided to airtightly seal a gap between an 
outer peripheral surface of the upper electrode 46 and a side 
wall of the chamber 10, and also physically supports the 
upper electrode 34. 
0047. The electrode supporting body 50 includes a gas 
buffer room 54 therein, and includes multiple gas vent holes 
50a communicating with the gas discharge holes 48a of the 
electrode plate 48 from a lower surface of the gas buffer room 
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54. The gas buffer room 54 is connected to a processing gas 
Supply source 58 via a gas Supply line 56. At the gas Supply 
line 56, a mass flow controller (MFC) 60 and an opening/ 
closing valve 62 are provided. After a certain processing gas 
(etching gas) is introduced into the gas buffer room 54 from 
the processing gas Supply source 58, the processing gas is 
discharged in a shower shape into the processing space PS 
through the gas discharge holes 48a of the electrode plate 48 
toward the semiconductor wafer W on the susceptor 16. As 
Such, the upper electrode 34 serves as a shower head config 
ured to Supply the processing gas into the processing space 
PS. 

0048. Further, within the electrode supporting body 50, 
there is also formed a path (not illustrated) through which a 
coolant Such as cooling water flows. The entire upper elec 
trode 46, particularly, the electrode plate 48 are controlled to 
have a certain temperature by the coolant Supplied from the 
external chiller unit. In order to further stabilize the tempera 
ture control with respect to the upper electrode 46, a heater 
(not illustrated) made of, for example, a resistance heating 
element may be provided within the electrode Supporting 
body 50 or on an upper surface of the electrode supporting 
body 50. 
0049. This capacitively coupled plasma processing appa 
ratus further includes an AC power supply 64 at an outside of 
the chamber 10. An output terminal of the AC power supply 
64 is electrically connected to the upper electrode 46 via a 
matching unit 66, a blocking capacitor 68, and a DC power 
supply line or power supply rod 70. The AC power supply 64 
is configured to output an AC power, and a power, a Voltage 
peak value, or an effective value thereof is variable. The AC 
power has a frequency f, which ions in the plasma can follow, 
i.e., the AC power has a low frequency or a high frequency, 
which is lower than an ion plasma frequency. 
0050. Further, at an appropriate portion facing the pro 
cessing space PS within the chamber 10, Such as near a top 
portion of the inner wall member 25 or at an outer side in a 
radial direction of the upper electrode 46, a ring-shaped DC 
ground part (not illustrated) made of a conductive member 
such as Si, SiC, or the like is provided. This DC ground part 
is constantly grounded via a ground line (not illustrated). 
When the AC power is applied to the upper electrode 46 from 
the AC power supply 64 via the blocking capacitor 68 during 
plasma etching, a direct electric current flows between the 
upper electrode 46 where a self-bias Voltage is generated and 
the DC ground part via plasma. 
0051. An annular space between the susceptor 16 and the 
Susceptor Supporting member 14 and the sidewall of the 
chamber 10 is formed as an exhaust space, and at a bottom 
portion of the exhaust space, an exhaust opening 72 of the 
chamber 10 is formed. This exhaust opening 72 is connected 
to an exhaust device 76 via an exhaust line 74. The exhaust 
device 76 includes a vacuum pump such as a turbo molecular 
pump or the like, and the inside of the chamber 10, particu 
larly, the processing space PS can be depressurized to a 
desired vacuum level. Further, at the sidewall of the chamber 
10, there is provided a gate valve 80 configured to open and 
close a loading/unloading opening 78 for the semiconductor 
wafer W. 
0052 A control unit 82 includes a microcomputer, and is 
configured to control an operation of each component in the 
apparatus and particularly, the high frequency power Supplies 
30 and 32, the AC power supply 64, the matching units 34,36. 
and 66, the MFC 60, the opening/closing valve 62, the 
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exhaust device 76, and the like, and also the whole operation 
(sequence) of the apparatus according to Software (program) 
and recipe information stored in an external memory or an 
internal memory. 
0053. In order to performan etching process in this capaci 
tively coupled plasma etching apparatus, the gate valve 80 is 
opened first, and the semiconductor wafer Was a target to be 
processed is loaded into the chamber 10 and mounted on the 
electrostatic chuck 18. Then, a processing gas, i.e. an etching 
gas (typically, a mixed gas) is introduced from the processing 
gas supply source 58 into the chamber 10 at a certain flow rate 
with a flow rate ratio, and the chamber 10 is evacuated to have 
a preset pressure value by the exhaust device 76. Further, a 
first high frequency power of a certain frequency (about 40 
MHz) and a second high frequency power of a certain fre 
quency (about 13 MHz) from the first and second high fre 
quency power Supplies 30 and 32, respectively, are over 
lapped with each other and applied to the susceptor 16 with 
preset powers. Furthermore, a DC voltage is applied to the 
electrode 20 of the electrostatic chuck 18 from the DC power 
supply 22 to hold the semiconductor wafer W on the electro 
static chuck 18. The etching gas discharged from the shower 
head of the upper electrode 46 is electrically discharged under 
a high-frequency electric field between the both electrodes 46 
and 16. So that plasma is generated within the processing 
space PS. A target film on a main Surface of the semiconduc 
tor wafer W is etched with radicals or ions in the plasma. 
0054 Since the capacitively coupled plasma etching appa 
ratus applies the first high frequency power having a rela 
tively high frequency Suitable for plasma generation to the 
Susceptor 12, the plasma can be in a desirable dissociation 
state with high density, so that high-density plasma can be 
generated under a lower pressure. At the same time, the sec 
ond high frequency power having a relatively low frequency 
Suitable for ion attraction is applied to the Susceptor 12, so 
that an anisotropic etching process can be performed on the 
target film on the semiconductor wafer W. 
0055 (Basic Operation of Upper Electrode AC Power 
Applying Manner in Example Embodiment) 
0056. The capacitively coupled plasma etching apparatus 
employs a lower electrode dual high frequency power apply 
ing structure in which dual high frequency powers RF and 
RF for plasma generation and ion attraction, respectively, are 
applied to the lower electrode (susceptor) 16. Further, the 
capacitively coupled plasma etching apparatus has a configu 
ration and a function for an upper electrode AC power apply 
ing manner in which the AC power is applied to the upper 
electrode 46 via the blocking capacitor 68 from the AC power 
Supply 64. Herein, the AC power has a frequency, which ions 
in the plasma can follow, i.e., the AC power has a frequency f 
lower than an ion plasma frequency. Further, the AC power 
Supply 64 can vary a power, a Voltage peak value, or an 
effective value thereof. Further, the ion plasma frequency f. 
is determined by the following Equation (1). 

0057 Herein, e denotes the electric charge of the electron, 
in denotes a plasma density, e denotes a dielectric constant 
in a vacuum, and m, denotes an ion mass. 
0.058 By way of example, in the case of Ar ions, if a 
plasma density n is 1x10 cm, the ion plasma frequency fi 
is about 1 MHz. If n is 4x10 cm, f, is about 2 MHz. If n, 3 pi 
is 1x10' cm. f. is about 3 MHz. 3 pi 
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0059 FIG. 2 shows a potential distribution between the 
upper electrode 46 and the lower electrode (susceptor) 16, 
and an ion energy distribution of ions incident to the upper 
electrode 46 in the capacitively coupled plasma etching appa 
ratus. When an AC power is applied from the AC power 
Supply 64 to the upper electrode 46 via the blocking capacitor 
68 during an etching process, a negative DC voltage, i.e. a 
self-bias Voltage V is generated at the upper electrode 46, 
and the self-bias Voltage V is overlapped with an AC voltage 
(instantaneous value). Herein, since the frequency fof the AC 
power is lower than the ion plasma frequency f. and an 
electron temperature near the upper electrode 46 is low, the 
self-bias Voltage V has a value close to the AC voltage peak 
value. As such, an electric potential of the upper electrode 46 
is cyclically changed since the self-bias Voltage V is over 
lapped with the Voltage level (instantaneous value). 
0060 Meanwhile, ions of positive electric charges in the 
plasma are accelerated by an electric field within a sheath 
according to the electric potential of the upper electrode 46 
and incident to the upper electrode 46. Energy of the ions 
incident to the upper electrode 46 is proportional to a depth 
(absolute value) in a direction of a negative electric potential 
of the upper electrode 46 and is cyclically changed. There 
fore, during each cycle, when the AC voltage level has the 
minimum value, the ion energy has the maximum value, 
whereas when the AC voltage level has the maximum value, 
the ion energy has the minimum value. In this case, as for an 
ion energy distribution IED, since a lot of ions are incident to 
the electrode in a time range (near the maximum or minimum 
level) in which a Voltage change over time is Small, a lot of 
ions are distributed near the maximum ion energy level or the 
minimum ion energy level. According to the upper electrode 
AC power applying manner of the example embodiment, 
whenever the AC voltage level has the minimum value during 
each cycle, a lot of ions having the maximum ion energy 
corresponding to the maximum negative electric potential as 
the Sum of the self-bias Voltage V and the AC Voltage peak 
value are incident to the upper electrode 46. 
0061 Further, if the frequency fof the AC power is higher 
than the ion plasma frequency f. a follow-up property of the 
ions is decreased. Further, as the frequency fof the AC power 
is increased, a width of an energy band in the ion energy 
distribution IED is narrowed as shown in FIG. 2. That is, a 
deviation of the ion energy is decreased and the ion energy is 
distributed almost near a central value corresponding to the 
self-bias Voltage V. Thus, the maximum value of the ion 
energy is decreased. 
0062 FIG. 3 shows a potential distribution when a nega 

tive DC voltage V is applied to the upper electrode 46 by a 
DC power supply 84 and an ion energy distribution of ions 
incident to the upper electrode 46 according to the conven 
tional upper electrode DC power applying manner as a com 
parative example of the upper electrode AC power applying 
manner. In this case, an ion energy distribution IED has a 
profile in which energy of all incidentions are included in an 
energy band of a very narrow width corresponding to the DC 
Voltage V. Therefore, during a plasma process, ions that are 
normally included in a uniform narrow energy band are inci 
dent to the upper electrode 46 at a substantially uniform rate. 
0063 Typically, there is a relationship of SYoE,' 
between ion energy (E.) and a sputtering yield (SY). There 
fore, as shown in FIG. 4, the Sputtering yield largely depends 
on the magnitude (maximum value) of the ion energy rather 
than the number of incidentions. In this regard, evenifampli 
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tudes or absolute values of a power Supply Voltage applied to 
the upper electrode 46 are the same, since ions having higher 
energy are incident to the upper electrode 46 in the upper 
electrode AC power applying manner of the example embodi 
ment as compared with the upper electrode DC power apply 
ing manner, the upper electrode AC power applying manner 
of the example embodiment can improve a sputtering yield at 
the upper electrode 46 with more efficiency. 
0064. Further, according to the upper electrode DC power 
applying manner, since an electric potential of the upper 
electrode 46 is maintained to the negative DC voltage V, a 
plasma potential is decrease to be low. In this regard, accord 
ing to the upper electrode AC power applying manner of the 
example embodiment, in a half cycle where an AC Voltage 
level has a positive value, the potential of the upper electrode 
46 is higher than the self-bias Voltage V, so that a plasma 
potential is increased accordingly. In particular, near the AC 
Voltage level having the maximum value, a plasma potential 
near the sidewall of the chamber is increased to a consider 
ably high value. 
0065. As such, according to the upper electrode AC power 
applying manner of the example embodiment, as compared 
with the upper electrode DC power applying manner, a 
plasma potential near the sidewall of the chamber 10 is con 
siderably high in a time-average manner and ion energy of 
ions incident to the sidewall of the chamber 10 from the 
plasma is remarkably increased. Thus, the Sputtering effect of 
removing deposits attached to the chamber sidewall can be 
improved, and the deposits on the chamber sidewall can be 
efficiently removed. Therefore, reproducibility of the process 
and mass productivity of the apparatus can be improved. 
0.066 (Experimental Example Regarding HARC Process) 
0067. The present inventors conducts an experiment for 
comparing the upper electrode AC power applying manner of 
the example embodiment and the conventional upper elec 
trode DC power applying manner in a HARC process by 
using a plasma etching apparatus (FIG. 1) of the present 
example embodiment. In FIG. 5A and FIG. 5B, wafer in 
plane distributions of etching rates (E/R) of a silicon oxide 
film (etching target film) and a photoresist (mask) are shown 
as experimental results of the upper electrode AC power 
applying manner, respectively. In FIG. 6A and FIG. 6B, wafer 
in-plane distributions of etching rates (E/R) of a silicon oxide 
film and a photoresist are shown as experimental results of the 
upper electrode DC power applying manner, respectively. 
Principal process conditions of the HARC process experi 
ment are as follows. 
0068 Resist: ArF resist for acrylate base 
0069 Processing gas: CF/CF/Ar/O about 20/about 
35/about 500/about 36 ScCm 
0070 Pressure within chamber: about 20 mTorr 
0071 Temperature: Upper electrode/chamber sidewall/ 
lower electrode=about 60/about 60/about 40° C. 
(0072 High frequency power: about 40 MHz/about 13 
MHZ=about 1000/about 4500 W 
(0073 AC power frequency: AC=about 380 kHz 
(0074 AC power: AC=about 0 W, about 250 W, about 500 
W, about 1000 W 
(0075 DC voltage: V about 0 V, about -150 V, about 
-300 V, about -450 V, about -600 V 
(0076. As shown in FIG. 5B and FIG. 6B, the upper elec 
trode AC power applying manner and the upper electrode DC 
power applying manner are not much different in etching rate 
distribution of the photoresist (PR), and each has a low and 
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flat profile. That is, to enhance plasma resistance of the pho 
toresist (PR), in the HARC process, the upper electrode AC 
power applying manner Sufficiently has the above-described 
effects (1) and (3), and the upper electrode DC power apply 
ing manner also has the above-described effects (1) and (3) to 
be equivalent to those of the upper electrode AC power apply 
ing manner. 
0077. However, as shown in FIG. 5A and FIG. 6A, the 
profiles of the both manners are clearly different in etching 
rate distribution of the silicon oxide film (SiO2). That is, in the 
profile of the upper electrode DC power applying manner, as 
an absolute value of a DC voltage V is increased, a differ 
ence between an etching rate at a central portion of the wafer 
and an etching rate at an edge portion of the wafer is 
increased, and an etching rate at the central portion of the 
wafer becomes remarkably increased. In short, as an applica 
tion Voltage (absolute value) is increased in the upper elec 
trode DC power applying manner, in-plane uniformity in 
etching rates of SiO is deteriorated. In this regard, in the 
profile of the upper electrode AC power applying manner, as 
the AC power is increased, a difference between an etching 
rate at a central portion of the wafer and an etching rate at an 
edge portion of the wafer is increased, but an etching rate at 
the central portion of the wafer does not become remarkably 
high as compared with the upper electrode DC power apply 
ing manner. That is, in-plane uniformity in etching rates of 
SiO is improved. 
0078. As such, a difference in in-plane uniformity in etch 
ingrates of SiO2 in the HARC process of the upper electrode 
DC power applying manner and the upper electrode AC 
power applying manner may be caused by a difference in the 
effect (6). That is, it is deemed that in the upper electrode DC 
power applying manner, by increasing an absolute value of 
the DC voltage V, the effect (6) is unwillingly strengthened, 
whereas in the upper electrode AC power applying manner, 
even if the AC power is increased, the effect (6) is not as 
strong as that of the upper electrode DC power applying 
a. 

0079. In the HARC process experiment, a correlation F, 
between mask selectivity and in-plane uniformity in etching 
rates of SiO in the upper electrode AC power applying man 
ner is obtained from etching characteristics of an oxide film as 
shown in FIG. 5A and etching characteristics of a resist as 
shown in FIG. 5B by using the AC power as a parameter. 
Further, a correlation F, between mask selectivity and in 
plane uniformity in etching rates of SiO in the upper elec 
trode DC power applying manner is obtained from etching 
characteristics of an oxide film as shown in FIG. 6A and 
etching characteristics of a resist as shown in FIG. 6B by 
using the Voltage value (absolute value) of the DC voltage V. 
as a parameter. FIG. 7 provides a plot diagram comparatively 
showing the correlations Fc and F.C. 
0080. As shown in the plasma etching apparatus in the 
present example embodiment, when two high frequency 
powers RF and RF for plasma generation and ion attraction, 
respectively, are applied to the lower electrode (susceptor) 16, 
the high frequency powers RF and RF serve as a principal 
control knob (first control knob), so that etching rate charac 
teristics can be controlled. Meanwhile, as for selectivity, each 
of a voltage value (absolute value) of the DC voltage V in 
the upper electrode DC power applying manner and the AC 
power (or a voltage peak value, an effective value of the AC 
power or the like) in the upper electrode AC power applying 
manner may serve as a control knob (second control knob). 
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Herein, in order to optimize the etching rate characteristics 
and selectivity at the same time, desirably, the first control 
knob may be as independent as possible of the second control 
knob. Therefore, when mask selectivity is changed by using 
the second control knob, even if the etching rate characteristic 
(for example, in-plane uniformity) is affected and changed by 
Such a change, desirably, a variation may be as Small as 
possible. In terms of independence between the first control 
knob and the second control knob, it can be seen that the upper 
electrode AC power applying manner is better than the upper 
electrode DC power applying manner as shown in FIG. 7. 
I0081. In the HARC process experiment, etching profiles 
are also analyzed. FIG. 8 shows SEM images used for mea 
suring etching profiles. FIG. 9 shows correlations between 
mask selectivity and a bowing amount by comparing the 
upper electrode AC power applying manner with the upper 
electrode DC power applying manner. The bowing amount 
refers to a difference between the maximum diameter (bow 
ing CD) and the uppermost diameter (top CD) within a fine 
hole formed in a silicon oxide film. As the bowing amount is 
decreased, a vertical process profile is improved. 
I0082. As shown in FIG. 8, in the upper electrode DC 
power applying manner, as the absolute value of the DC 
Voltage V is increased, both the mask selectivity and the 
bowing amount are improved. Further, in the upper electrode 
AC power applying manner, as the AC power is increased, 
both the mask selectivity and the bowing amount are 
improved. However, as shown in FIG. 9, when the bowing 
amounts are the same, the upper electrode AC power applying 
manner obtains higher mask selectivity than the upper elec 
trode DC power applying manner. That is, to obtain both of an 
etching profile and mask selectivity, the upper electrode AC 
power applying manner is better than the upper electrode DC 
power applying manner. 
I0083 (Example Regarding BEOL Process) 
I0084. The present inventors conducts two experiments for 
comparing the upper electrode AC power applying manner of 
the example embodiments and the conventional upper elec 
trode DC power applying mannerina BEOL process by using 
a plasma etching apparatus (FIG. 1) of the present example 
embodiment. The BEOL process is a technology of forming 
a relatively shallow via hole in an interlayer insulating film by 
plasma etching in a wiring forming process for manufactur 
ing a LSI. Recently, an organic low-k film has been widely 
used as an interlayer insulating film of a target object. 
I0085. In the BEOL process experiments, as shown in FIG. 
10A and FIG. 10B, a semiconductor wafer W formed by 
stacking a SiC film 90 as an underlying layer or an etching 
stop layer, two organic low-k films 92 and 94 as an etching 
target material, a TEOS film 96 as a hard mask, and a photo 
resist 98 as an uppermost pattern mask in sequence from the 
bottom is used as a target Substrate. As the organic low-kfilms 
92 and 94, a SiOC-based organic film containing Si, O.C., and 
His used. Further, as shown in FIG. 10A, prior to the experi 
ments, a hole 100 is formed in advance to a depth in the 
middle of the TEOS film 96 by plasma etching in a pre 
process. Further, as shown in FIG. 10B, the etching hole 100 
is formed to be close to the bottom of the underlying low-k 
film 92 by the first and second experiments. 
I0086. In this kind of BEOL process, it is important not to 
damage an organic low-k film which is apt to be physically 
and chemically damaged. For this reason, damage amounts of 
the organic low-k films 92 and 94 are included in the mea 
surement items of the first and second experiments. When a 
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SiOC-based organic film is damaged by plasma etching, a 
composition of the damaged portion is changed to SiO and the 
damaged portion is dissolved by a HF solution. Therefore, 
after the etching, a semiconductor wafer of the sample is 
immersed in the HF solution for about 30 seconds, and an 
amount of inner walls cut from the organic low-k films 92 and 
94 (increase amount of bowing CD) within the etching hole 
100 is measured as a low-k damage amount. 
0087. In the first experiment, the first and second high 
frequency powers RF and RF to be applied to the lower 
electrode (susceptor) 16 are set to be about 630 W and about 
160 W, respectively. In the second experiment, the electron 
density (Ne) and the self-bias voltage (V) (lower electrode 
V.) of the lower electrode (susceptor) 16 are set to be about 
4x10" cm and about 300 V, respectively. The other process 
conditions are the same in the first and second experiments as 
follows. 
0088 Processing gas: CF/Ar/N/O. about 30/about 
1200/about 70/about 17 Scom 
0089. Pressure within chamber: about 80 mTorr 
0090 Temperature: Upper electrode/chamber sidewall/ 
lower electrode=about 60/about 60/about 60° C. 
0091 AC power frequency: AC=about 380 kHz 
0092 AC power: AC=about 0 W, about 250 W, about 500 
W 
0093 DC voltage: Vabout 0 V, about -300 V, about 
-700 V 
0094 FIG. 11 shows cross sectional views (SEM images) 
of patterns obtained from the first experiment of the BEOL 
process and measurement values of measurement items. As 
shown in FIG. 11, a top CD is decreased and a low-k damage 
amount is increased as the absolute value of the DC voltage 
V is increased in the upper electrode DC power applying 
manner and as the AC power is increased in the upper elec 
trode AC power applying manner. In particular, in a high 
Voltage (high power) range, this tendency is stronger in the 
upper electrode AC power applying manner than in the upper 
electrode DC power applying manner. 
0095. However, the low-k damage amount allowable in 

this kind of BEOL process is about 5 nm or less. Therefore, 
the both manners use a low Voltage (low power) range. By 
way of example, in the upper electrode DC power applying 
manner, if the V is about -300 V, the low-k damage amount 
is about 4 nm. In this case, the etching depth is about 160 nm, 
the top CD is about 47 nm, and the bowing CD is about 49 nm. 
Meanwhile, in the upper electrode AC power applying man 
ner, if the AC power is about 250 W, the low-kdamage amount 
is about 5 nm. In this case, the etching depth is about 150 nm, 
the top CD is about 46 nm, and the bowing CD is about 46 nm. 
As such, according to the experimental results of the first 
experiment, it can be seen that in the BEOL process using an 
organic low-k film as an etching target film, there is no Sub 
stantial difference between the upper electrode AC power 
applying manner of the example embodiment and the con 
ventional upper electrode DC power applying manner. 
0096 FIG. 12 shows cross sectional views (SEM images) 
of patterns obtained from the second experiment of the BEOL 
process and measurement values of measurement items. Even 
in the second experiment, as shown in FIG. 12, the top CD is 
decreased and the low-k damage amount is increased as the 
absolute value of the DC voltage V is increased in the upper 
electrode DC power applying manner and as the AC power is 
increased in the upper electrode AC power applying manner. 
Interms of the low Voltage range (low power range) where the 
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low-k damage amount becomes a tolerance (about 5 nm or 
less), in the upper electrode DC power applying manner, if the 
V is about -300 V at which the low-k damage amount is 
about 2 nm, the etching depth is about 155 nm, the top CD is 
about 51 nm, and the bowing CD is about 51 nm. Meanwhile, 
in the upper electrode AC power applying manner, if the AC 
power is about 250 Wat which the low-k damage amount is 
about 5 nm, the etching depth is about 150 nm, the top CD is 
about 46 nm, and the bowing CD is about 46 mm. As such, it 
can be seen that even in the second experiment, there is no 
substantial difference between the upper electrode AC power 
applying manner of the example embodiment and the con 
ventional upper electrode DC power applying manner. 
(0097 FIG. 13 and FIG. 14 respectively show correlations 
(plot diagrams) between the top CD and the low-k damage 
amount obtained from the results of the first and second 
experiments. It can be seen from these correlations that in a 
range where the low-k damage amount becomes a tolerance 
(about 5 nm or less), there is no substantial difference in the 
top CD between the upper electrode AC power applying 
manner of the example embodiment and the conventional 
upper electrode DC power applying manner. Further, a case of 
the AC power-0W in the upper electrode AC power applying 
manner corresponds to a case of the DC voltage V-0 V in 
the upper electrode DC power applying manner. 

Other Experimental Examples 

0098. The present inventors conduct other plasma etching 
experiments with the upper electrode DC power applying 
manner and the upper electrode AC power applying manner 
under the same process conditions as those of the first experi 
ment of the BEOL process using the first and second high 
frequency powers RF and RF as parameters (RF, 
RF, about 200, about 400, about 800 W). Then, based on 
experimental results thereof, as shown in FIG. 15 and FIG. 
16, correlations, i.e. N. lower electrode V, characteristics, 
between an electron density (plasma density) (N) within the 
processing space (PS) and a self-bias Voltage (V) (lower 
electrode V.) generated at the lower electrode 16 are 
obtained. 
I0099. According to comparison between the N lower 
electrode V, characteristics (FIG. 15) of the upper electrode 
DC power applying manner and the N lower electrode V, 
characteristics (FIG. 16) of the upper electrode AC power 
applying manner, it can be seen that the upper electrode AC 
power applying manner can expand a process margin to a 
lower electrode N lower electrode V, range. Further, the 
lower electrode N lower electrode V, range is suitable for, 
for example, a process of etching an insulating thin film of a 
MRAM (Magnetroresistive Random Access Memory) at a 
low speed. 
0100 Further, the present inventors conduct other plasma 
etching experiments under the same process conditions as 
those of first experiment of the BEOL process except that the 
AC power is variable from about 0W to about 100 W, about 
125 W, about 250 W, and about 500 W in the upper electrode 
AC power applying manner and the absolute value of the DC 
voltage V is variable from about 0 V to about 150 V and 
about 300 V in the upper electrode DC power applying man 
ner. During each experiment, a plasma potential near the 
sidewall of the chamber 10 is measured for each parameter. 
0101 FIG. 17 shows experimental results thereof. As 
shown in FIG. 17, it is found that according to the upper 
electrode DC power applying manner, as the absolute value of 
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the DC voltage V is increased, the plasma potential near the 
chamber sidewall is decreased, whereas according to the 
upper electrode AC power applying manner, as the AC power 
is increased, the plasma potential near the chamber sidewall is 
increased. This is because according to the upper electrode 
DC power applying manner, the electric potential of the upper 
electrode 46 is set to be the negative DC voltage V and a 
plasma potential is decreased, as described above. Mean 
while, according to the upper electrode AC power applying 
manner, in a half cycle where the AC voltage level has a 
positive value, the electric potential of the upper electrode 46 
is higher than the self-bias Voltage V. So that the plasma 
potential is increased accordingly. Therefore, the plasma 
potential near the chamber sidewall is increased in a time 
average manner. 
0102 The present inventors conduct an experiment for 
comparing the upper electrode AC power applying manner of 
the example embodiment and the conventional upper elec 
trode DC power applying manner in terms of the effect of 
modifying (reforming) an ArF resistas an etching mask under 
plasma. Principal process conditions of the experiment are as 
follows. 
(0103 Processing gas: H/Ar—about 100/about 800 sccm 
0104 Pressure within chamber: about 50 mTorr 
0105 Temperature: Upper electrode/chamber sidewall/ 
lower electrode=about 60/about 60/about 30° C. 
0106 High frequency power: about 40 MHz/about 13 
MHZ=about 300/about 0 W 
01.07 AC power frequency: AC=about 380 kHz 
0108 AC power: AC=about 0 W, about 250 W, about 500 
W 
0109 DC voltage: Vabout 0 V, about -300 V, about 
-700 V 
0110 Processing time: about 30 seconds 
0111 FIG. 18 provides SEM images showing experimen 

tal results of the ArF resist modifying process. As shown in 
FIG. 18, in the case of using the upper electrode DC power 
applying manner, a thickness of a modification layer is about 
16.7 nm, about 21.4 nm, and about 40.8 nm when V is about 
0 V, about -300 V, and about -700 V, respectively. Mean 
while, in the case of using the upper electrode AC power 
applying manner, a thickness of a modification layer is about 
16.7 nm, about 26.6 mm, and about 50.6 nm when the AC 
power is about 0 W, about 250 W, and about 500 W, respec 
tively. As such, it can be seen that the thickness of the modi 
fication layer is increased as the absolute value of the DC 
Voltage V is increased in the upper electrode DC power 
applying manner and as the AC power is increased in the 
upper electrode AC power applying manner, and the both 
manners are not much different in the increasing rate thereof. 
0112. As described above, the upper electrode AC power 
applying manner of the example embodiment can maintain 
advantages of the conventional upper electrode DC power 
applying manner interms of, for example, a BEOL process or 
the effect of modifying a Arf resist and can also remove 
disadvantages of the upper electrode DC power applying 
manner in terms of, for example, a HARC process. 
0113 Although the example embodiment has been 
explained above, the present embodiment is not limited 
thereto and can be changed and modified in various ways 
within a scope of the technical conception. 
0114. By way of example, a value (about 380 kHz) of the 
frequency fof the AC power in the experimental example is an 
example, and a certain value of the frequency f which ions can 
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follow may be used for the frequency of the AC power. There 
fore, as the frequency fof the AC power may be higher than 
about 380 kHz in the above-described example embodiment 
or may use a frequency band to about 13 MHz, which is 
considered as a limit to a frequency which ions can typically 
follow (a frequency which can apply energy to ions in a 
different view). 
0115 Further, in the above-described example embodi 
ment, the matching unit 66 is used in order to apply the AC 
power outputted from the AC power supply 64 to the upper 
electrode 46 at the maximum power transmission efficiency, 
but the matching unit 66 may be omitted. Furthermore, the 
second high frequency power RF may not be applied to the 
lower electrode (Susceptor) 16, i.e. the high frequency power 
Supply 32, the matching unit 40, and the blocking capacitor 40 
may be omitted. Besides, the showerhead configuration in the 
upper electrode 46 may be randomly changed. 
0116. The example embodiment is not limited to the 
capacitively coupled plasma etching apparatus and can be 
applied to a capacitively coupled plasma processing appara 
tus that performs a certain plasma process Such as plasma 
CVD, plasma ALD, plasma oxidation, plasma nitrification, 
sputtering, and the like. The target Substrate in the example 
embodiment is not limited to the semiconductor wafer, and a 
flat panel display, organic EL, various Substrates for Solarcell, 
or a photo mask, a CD Substrate, a print Substrate, and the like 
may be used. 

EXPLANATION OF REFERENCE NUMERALS 

0.117) 10: Chamber 
0118 16: Susceptor (lower electrode) 
0119 30: High frequency power supply (for plasma 
generation) 

0120 32: High frequency power supply (for ion attrac 
tion) 

0121 46: Upper electrode 
0.122 58: Processing gas 
0123 64: AC power supply 
0.124 68: Blocking capacitor 
0.125 82: Control unit 
1. A plasma processing apparatus comprising: 
a processing chamber allowed to be vacuum exhausted; 
a first electrode that is provided within the processing 

chamber and configured to mount and Support thereon a 
target Substrate; 

a second electrode that is provided to be parallel with the 
first electrode with a preset gap within the processing 
chamber; 

a processing gas Supply unit configured to Supply a prede 
termined processing gas into a processing space 
between the first electrode and the second electrode 
within the processing chamber, 

a first high frequency power Supply configured to apply a 
first high frequency power having a frequency for elec 
trically discharging the processing gas and generating 
plasma to the first electrode: 

an AC power Supply configured to apply a low frequency or 
a high frequency AC power having a frequency, which 
an ion in the plasma is allowed to follow, to the second 
electrode; and 

a blocking capacitor connected between the AC power 
Supply and the second electrode. 
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2. The plasma processing apparatus of claim 1, 
wherein the frequency of the AC power is lower than anion 

plasma frequency of the ion. 
3. The plasma processing apparatus of claim 1, further 

comprising: 
a second high frequency power Supply configured to apply 

a second high frequency power having a frequency for 
ion attraction to the first electrode. 

4. The plasma processing apparatus of claim 3, 
wherein the frequency of the first high frequency power is 

equal to or larger than about 40 MHz, and the frequency 
of the second high frequency power is equal to or Smaller 
than about 13 MHz and is higher than an ion plasma 
frequency of the ion. 

5. A plasma etching method of forming a hole of a high 
aspect ratio in a silicon oxide film on a target Substrate, the 
plasma etching method comprising: 

mounting and Supporting the target Substrate on a first 
electrode within a processing chamber in which the first 
electrode is provided to be parallel with a second elec 
trode with a preset gap; 
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vacuum exhausting an inside of the processing chamber to 
a preset pressure; 

generating plasma of a fluorocarbon-based etching gas in a 
processing space between the first electrode and the 
second electrode by Supplying the etching gas into the 
processing space and applying a first high frequency 
power to the first electrode; and 

applyingalow frequency AC power or a high frequency AC 
power having a frequency, which an ion in the plasma is 
allowed to follow, to the second electrode via a blocking 
capacitor. 

6. The plasma etching method of claim 5, 
wherein a second high frequency power having a fre 

quency for ion attraction is applied to the first electrode. 
7. The plasma etching method of claim 5, 
wherein the etching gas contains a fluorocarbon gas, an 

argon gas, and an oxygen gas. 
8. The plasma etching method of claim 5, 
wherein a base material of the second electrode contains 

silicon. 


