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PLASMA PROCESSINGAPPARATUS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a divisional of U.S. application 
Ser. No. 12/056,665, filed Mar. 27, 2008, the entire content of 
which is incorporated herein by reference. U.S. application 
Ser. No. 12/056,665 is a non-provisional of U.S. Application 
Ser. No. 60/912,949, filed Apr. 20, 2007 and claims priority 
under 35 U.S.C. 119 to Japanese Application No. 2007 
084706 filed Mar. 28, 2007. 

FIELD OF THE INVENTION 

0002 The present invention relates to a technique for per 
forming a plasma processing on a target Substrate; and, more 
particularly, to a capacitively coupled plasma processing 
apparatus in which a focus ring is attached to an electrode for 
Supporting a Substrate. 

BACKGROUND OF THE INVENTION 

0003. In a single sheet capacitively coupled plasma pro 
cessing apparatus, a susceptor and a facing electrode (upper 
electrode) have diameters a little bit larger than that of a 
Substrate in order to improve in-plane uniformity of a density 
of plasma (especially, uniformity in a radial direction of a 
Substrate) applied to a surface of a substrate to be processed 
on a susceptor (generally, lower electrode) inside a chamber. 
In this case, if a peripheral portion of a top surface of the 
susceptor which is projected outwardly in the radial direction 
of the substrate is directly exposed to the plasma, the periph 
eral portion is damaged and deteriorated by ion bombardment 
from the plasma. Especially, in a plasma etching apparatus, 
since ions are accelerated to be introduced by using a DC 
Voltage or a self-bias Voltage generated in the Susceptor, an 
ion sputtering effect is increased. Therefore, the Susceptor is 
protected from the plasma by detachably attaching a ring 
shaped covering member, i.e., a so-called focus ring, so as to 
cover the peripheral portion of the top surface of the susceptor 
which is projected outwardly in the radial direction of the 
Substrate (see, e.g., Japanese Patent Laid-open Application 
No. 2000-36490). 
0004. The focus ring is made of a material that does not 
Substantially affect the plasma processing on the Substrate 
even if part of the material is scattered around by Sputtering. 
For example, Si, SiC., C (carbon) or the like is used in a plasma 
etching of an oxide film, and SiO is used in a plasma etching 
of polysilicon. 
0005. In the plasma processing apparatus, whenever the 
plasma processing is carried out, the focus ring sputters by the 
effect of the ion bombardment from the plasma, and the 
wastage thereof increases temporally. For that reason, the 
focus ring is considered as a consumable or a replaceable 
item. Since the focus ring is high-priced, a COC (cost of 
consumable) thereof deteriorates as a life span oran exchang 
ing cycle thereof is shortened. 
0006 Recently, a high frequency power used in the plasma 
processing increases due to improvement in processing per 
formance, processing time reduction or the like. Accordingly, 
the energy of plasma ions increases, and the wear rate of the 
focus ring increases. Especially, in a dual frequency applica 
tion type in which two high frequency powers are Superposed 
and applied to the Susceptor, a high-density plasma is gener 
ated by a higher frequency power and ions are attracted to the 
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Substrate by a lower frequency power Such that the energy of 
the ions bombarding the focus ring is further increased, 
resulting in a remarkable deterioration of the COC (Cost of 
Consumable) of the focus ring. 

SUMMARY OF THE INVENTION 

0007. In view of the above, the present invention provides 
a plasma processing apparatus capable of effectively Sup 
pressing a consumption of a focus ring without Substantially 
affecting processes. 
0008. In accordance with a first aspect of the present 
invention, there is provided a plasma processing apparatus 
comprising: an evacuable processing chamber; a first elec 
trode for Supporting a target Substrate in the processing cham 
ber; a second electrode disposed to face the first electrode; a 
first high frequency power Supply unit for applying a first high 
frequency power having a first frequency to either the first 
electrode or the second electrode; a processing gas Supply 
unit for Supplying a processing gas to a processing space 
formed between the first electrode and the second electrode: 
a main dielectric member provided in a Substrate mounting 
portion on a main surface of the first electrode; a focus ring 
attached to the first electrode to cover a peripheral portion of 
the main surface of the first electrode positioned in an outer 
side of the Substrate mounting portion; and a peripheral 
dielectric member provided in the peripheral portion on the 
main surface of the first electrode so that an electrostatic 
capacitance per unit area applied between the first electrode 
and the focus ring is smaller than an electrostatic capacitance 
per unit area applied between the first electrode and the sub 
strate by the main dielectric member. 
0009. With such configuration, the peripheral dielectric 
member has a smaller electrostatic capacitance per unit area 
and a higher impedance than those of the main dielectric 
member. Therefore, in the case of a second high frequency, it 
is relatively difficult to pass through a propagation path of the 
peripheral dielectric member and the focus ring, and is rela 
tively easy to pass through a propagation path of the main 
dielectric member and the Substrate. As a consequence, the 
electric field in the ion sheath formed on the focus ring 
becomes relatively weak, thus decreasing the energy of ions 
bombarding the focus ring and Suppressing the consumption 
of the focus ring. 
0010. It is preferable that the peripheral dielectric member 
and the main dielectric member are made of a same material 
and integratedly formed. Further, the peripheral dielectric 
member may have a thickness greater than the thickness of 
the main dielectric member. The peripheral dielectric mem 
ber may be in a hollow shape and have therein a fluid dielec 
tric member of which volume is variable. 
0011. It is further preferable that the focus ring comprises 
a first ring-shaped member provided near an outer edge of the 
main dielectric member and a second ring-shaped member 
disposed near an outer peripheral Surface of the first ring 
shaped member. Furthermore, the first ring-shaped member 
may be disposed so that a gap formed between an outer edge 
of the substrate supported on the main dielectric member and 
an inner peripheral Surface of the second ring-shaped member 
is positioned above the first ring-shaped member. In this focus 
ring of the two-piece structure, when the first ring-shaped 
member and the second ring-shaped member have different 
wear rates, a ring-shaped member of which life span has 
reached its limit can be exclusively exchanged with a new 
OC. 
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0012. A conductor may be provided in the main dielectric 
member, and a DC voltage for generating an electrostatic 
attraction force to the substrate is applied to the conductor. 
Further, a second conductor may be provided in the peripheral 
dielectric member, and a DC voltage for generating an elec 
trostatic attraction force to the focus ring is applied to the 
second conductor. In this focus ring of the two-piece struc 
ture, a conductor for generating an electrostatic attraction 
force to the focus ring may be provided in the peripheral 
dielectric member to face the second-ring shaped member. 
0013. It is preferable that a first thermally conductive gas 
Supply unit for Supplying a thermally conductive inert gas is 
provided between the main dielectric member and the sub 
strate. Further, a second thermally conductive gas Supply unit 
for Supplying a thermally conductive inert gas may be pro 
vided between the peripheral dielectric member and the focus 
ring. 
0014. A second high frequency power Supply unit may 
apply to the first electrode a second high frequency power 
having a second frequency lower than the first frequency. In 
that case, as for the frequency (first frequency) of the first high 
frequency power, a frequency Suitable for plasma generation 
is selected. Also, as for the frequency (second frequency) of 
the second high frequency power, a frequency Suitable for ion 
attraction is selected. The effects of the embodiment of 
present invention are more apparent in the second high fre 
quency than in the first high frequency. Namely, it is difficult 
for the relatively low second frequency to pass through the 
propagation path of the peripheral dielectric member and the 
focus ring due to the high impedance thereof. Hence, the ion 
bombardment on the focus ring can be suppressed and, fur 
ther, the consumption of the focus ring can be effectively 
Suppressed. 
0015. In accordance with a second aspect of the present 
invention, there is provided a plasma processing apparatus 
comprising: an evacuable processing chamber, a first elec 
trode for Supporting a target Substrate in the processing cham 
ber; a second electrode disposed to face the first electrode; a 
first high frequency power Supply unit for applying a first high 
frequency power having a first frequency to either the first 
electrode or the second electrode; a processing gas Supply 
unit for Supplying a processing gas to a processing space 
formed between the first electrode and the second electrode: 
a main dielectric member provided in a Substrate mounting 
portion on a main surface of the first electrode; a focus ring 
attached to the first electrode to cover a peripheral portion of 
the main surface of the first electrode positioned at an outer 
side of the Substrate mounting portion; a peripheral insulating 
member provided at a peripheral portion on the main Surface 
of the first electrode contacted with the focus ring; and an 
electrostatic capacitance varying unit for varying an electro 
static capacitance of the peripheral insulating portion. 
0016. With such configuration, the ion sheath distribution 
or the plasma density distribution on the semiconductor wafer 
W and the focus ring 36 can be controlled at will by varying 
the electrostatic capacitance of the peripheral insulating 
member with the use of the electrostatic capacitance varying 
mechanism. 

0017. In accordance with a third aspect of the present 
invention, there is provided a plasma processing apparatus 
comprising: an evacuable processing chamber; a main lower 
electrode for Supporting a target Substrate in the processing 
chamber; a peripheral lower electrode extending in a ring 
shape to Surround an outer periphery of the main lower elec 
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trode, the peripheral lower electrode being electrically insu 
lated from the main lower electrode; a focus ring attached to 
cover a top surface of the peripheral lower electrode; an upper 
electrode disposed above the main lower electrode and the 
peripheral lower electrode to face thereto; a processing gas 
Supply unit for Supplying a processing gas to a processing 
space formed between the main lower electrode and the upper 
electrode; a first high frequency power Supply unit for apply 
ing a first high frequency power having a first frequency to the 
main lower electrode and the peripheral lower electrode; and 
a second high frequency power Supply unit for applying a 
second high frequency power having a second frequency 
lower than the first frequency to the main lower electrode. 
0018 With such configuration, the second high frequency 
power having a relatively low frequency is applied to the main 
lower electrode without being applied to the peripheral lower 
electrode. Therefore, the ions are attracted from the plasma to 
the substrate on the main lower electrode and, also, the focus 
ring on the peripheral lower electrode can be prevented from 
the ion bombardment. Meanwhile, the first high frequency 
power having a relatively high frequency is divided and trans 
mitted toward the processing space via the propagation path 
of the main lower electrode and that of the peripheral lower 
electrode and, then, the processing gas is plasma-excited 
above the focus ring as well as above the substrate. Since the 
plasma is generated above the focus ring as well as above the 
substrate, the characteristics of the plasma density distribu 
tion on the semiconductor wafer W are improved. 
0019. In accordance with the above-described configura 
tion and operation of the plasma processing apparatus of the 
present invention, the consumption of the focus ring can be 
Suppressed without Substantially affecting the processes. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0020. The objects and features of the present invention 
will become apparent from the following description of 
embodiments, given in conjunction with the accompanying 
drawings, in which: 
0021 FIG. 1 is a vertical cross sectional view showing a 
configuration of a plasma etching apparatus in accordance 
with an embodiment of the present invention; 
0022 FIG. 2 illustrates a partial enlarged cross sectional 
view of principal parts (structures in a vicinity of a focus ring) 
of the embodiment of the present invention: 
0023 FIG. 3 provides a partial enlarged cross sectional 
view of modifications of the principal parts of the embodi 
ment of the present invention; 
0024 FIG. 4 presents a partial enlarged cross sectional 
view of a configuration of principal parts of a model used for 
verifying effects of the present invention; 
0025 FIG. 5 represents a partial enlarged cross sectional 
view of a configuration of principal parts of an additional 
model used for verifying the effects of the present invention; 
0026 FIG. 6 offers a graph showing a relationship 
between a high frequency power and a heat input to the focus 
ring that is obtained as a result of the verification; 
0027 FIG. 7 shows a partial enlarged cross sectional view 
depicting a configuration of principal parts of an application 
example in the embodiment of the present invention; 
0028 FIG. 8 illustrates a partial enlarged cross sectional 
view describing a configuration of principal parts of another 
application example in the embodiment of the present inven 
tion; 
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0029 FIG. 9A depicts a partial enlarged cross sectional 
view for explaining effects of the configuration of FIG. 8: 
0030 FIG.9B describes a partial enlarged cross sectional 
view for explaining the effects of the configuration of FIG. 8: 
0031 FIG. 10 shows a partial enlarged cross sectional 
view illustrating a configuration of principal parts of an appli 
cation example in the embodiment of the present invention; 
0032 FIG. 11 provides a partial enlarged cross sectional 
view depicting a configuration of principal parts of an appli 
cation example in the embodiment of the present invention; 
0033 FIG. 12 offers apartial enlarged cross sectional view 
describing a configuration of principal parts of an application 
example in the embodiment of the present invention; 
0034 FIG. 13 presents a partial enlarged cross sectional 
view showing a configuration of principal parts of an appli 
cation example in the embodiment of the present invention; 
0035 FIG. 14 represents a partial enlarged cross sectional 
view illustrating a configuration of principal parts of an appli 
cation example in the embodiment of the present invention; 
and 
0036 FIG. 15 sets forth a partial enlarged cross sectional 
view representing a configuration of principal parts of an 
application example in the embodiment of the present inven 
tion. 

DETAILED DESCRIPTION OF THE 
EMBODIMENT 

0037 Hereinafter, embodiments of the present invention 
will be described with reference to FIGS. 1 to 15 which form 
a part hereof. 
0038 FIG. 1 is a vertical cross sectional view showing a 
configuration of a plasma etching apparatus in accordance 
with an embodiment of the present invention. This plasma 
etching apparatus is constructed as a capacitively coupled 
cathode couple plasma etching apparatus, and includes a 
cylindrical chamber (processing chamber) 10 made of a metal 
such as aluminum, stainless steel or the like. The chamber 10 
is frame grounded. 
0039. A circular plate-shaped susceptor 12 serving as a 
lower electrode for mounting thereon a target Substrate, e.g., 
a semiconductor wafer W, is horizontally arranged in the 
chamber 10. The susceptor 12 has a main body or a base 12a 
made of, e.g., aluminum, and a conductive RF plate 12b fixed 
to a bottom surface of the base 12a. Further, the susceptor 12 
is Supported by a cylindrical insulating Supporting portion 14 
extending vertically upward from a bottom of the chamber 10. 
A ring-shaped exhaust passage 18 is formed between an inner 
wall of the chamber 10 and a cylindrical conductive support 
ing portion 16 extending vertically upward from the bottom 
of the chamber 10 around a cylindrical outer surface of the 
cylindrical Supporting portion 14. 
0040. Moreover, a gas exhaust port 20 is provided at the 
end of the exhaust passage 18. A gas exhaust unit 24 is 
connected to the gas exhaust port 20 via a gas exhaust line 22. 
The gas exhaust unit 24 has a vacuum pump such as a turbo 
molecular pump or the like, so that a processing space in the 
chamber 10 can be depressurized to a required vacuum level. 
Attached to a sidewall of the chamber 10 is a gate valve 26 for 
opening and closing a loading/unloading port of a semicon 
ductor wafer W. 
0041. A first and a second high frequency power supply 30 
and 28 are electrically connected to the susceptor 12 via a 
matching unit 32 and a power supply rod 34. Here, the first 
high frequency power Supply 30 outputs a first high frequency 
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power having a predetermined frequency, e.g., 40 MHz, for 
generating a plasma. Meanwhile, the second high frequency 
power Supply 28 outputs a second high frequency power 
having a predetermined frequency, e.g., 2 MHZ, for attracting 
ions to the semiconductor wafer W on the susceptor 12. The 
matching unit 32 has therein a first matching device for 
matching an impedance between the first high frequency 
power Supply 30 and a load (mainly, an electrode, a plasma 
and a chamber) and a second matching device for matching an 
impedance between the second high frequency power Supply 
28 and the load. 

0042. The susceptor 12 has a diameter a little bit larger 
than that of the semiconductor wafer W. A main surface, i.e., 
a top Surface, of the Susceptor 12 is divided into two regions 
including a central region, i.e., a wafer mounting portion, 
having Substantially the same shape (circular shape) or Sub 
stantially the same size as that of the wafer W and a ring 
shaped peripheral region extending outward from an outer 
periphery of the wafer mounting portion. The semiconductor 
wafer Was an object to be processed is mounted on the wafer 
mounting portion, and a focus ring 36 having an inner diam 
eter slightly larger than the diameter of the semiconductor 
wafer W is attached to the ring-shaped peripheral region. 
Preferably, the focus ring 36 is made of a material, e.g., Si, 
SiC, C, SiO, or the like, depending on an etching target 
material of the semiconductor wafer W, and can have a con 
ventional shape. 
0043. An electrostatic chuck 38 for attracting and holding 
the wafer is provided on the wafer mounting portion of the top 
surface of the susceptor 12. The electrostatic chuck 38 is 
formed by embedding a sheet-shaped or a mesh-shaped con 
ductor 38b in a film-shaped or a plate-shaped dielectric mem 
ber 38a, and is integratedly secured to or formed with the base 
12a of the susceptor 12. In addition, a DC power supply 40 
installed outside the chamber 10 is electrically connected to 
the conductor 38b via wiring and a switch 43. The semicon 
ductor wafer W can be attracted and held on the electrostatic 
chuck 38 by Coulomb force generated by a DC voltage 
applied from the DC power supply 40. 
0044) The peripheral region on the top surface of the sus 
ceptor 12 is provided with a ring-shaped peripheral dielectric 
member 42 being in direct contact with a bottom surface of 
the focus ring 36. The peripheral dielectric member 42 is also 
integratedly secured to or formed with the base 12a of the 
Susceptor 12. In the illustrated example, a sheet-shaped or a 
mesh-shaped conductor 44 is embedded in the peripheral 
dielectric member 42, and is also electrically connected to the 
DC power supply 40. By applying the DC voltage from the 
DC power supply 40 to the conductor 44, the focus ring 36 can 
be attracted and held on the conductor 44 by Coulomb force. 
Namely, the peripheral dielectric member 42 and the conduc 
tor 44 form a peripheral electrostatic chuck 45 for attracting 
and holding the focus ring 36. 
0045. A ring-shaped coolant reservoir 46 extending in, 
e.g., a circumferential direction, is provided inside the Sus 
ceptor 12. A coolant, e.g., cooling water, maintained at a 
predetermined temperature is Supplied from a chiller unit (not 
shown) to the coolant reservoir 46 via lines 48 and 50 so as to 
be circulated therein. A temperature of the semiconductor 
wafer W on the electrostatic chuck 38 and that of the focus 
ring 36 on the peripheral electrostatic chuck 45 can be con 
trolled by the temperature of the coolant. In general, in order 
to increase the accuracy in controlling the temperatures of the 
wafer and the focus ring, a thermally conductive gas, e.g., He 
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gas, is Supplied from a thermally conductive gas Supply unit 
(not shown) between a main electrostatic chuck 38 and the 
semiconductor wafer W and between a peripheral electro 
static chuck 45 and the focus ring 36 via a gas supply line 52 
and a gas channel 54 in the Susceptor 12. 
0046. A shower head 56 facing the susceptor 12 in parallel 

is provided at a ceiling portion of the chamber 10, and serves 
also as an upper electrode of a ground potential. Moreover, 
the shower head 56 has an electrode plate 58 facing the 
susceptor 12 and an electrode support 60 for attachably/de 
tachably supporting the electrode plate 58 from its backside 
(upside). A gas chamber 62 is provided in the electrode Sup 
port 60, and a plurality of gas discharge openings 61 extend 
ing from the gas chamber 62 to the Susceptor 12 is formed in 
the electrode support 60 and the electrode plate 58. A space 
formed between the electrode plate 58 and the susceptor 12 
becomes a plasma generation space or a processing space. A 
gas Supply line 66 from a processing gas Supply unit 64 is 
connected to a gas inlet port 62a provided at an upper portion 
of the gas chamber 62. The electrode plate 58 is made of, e.g., 
Si or SiC., and the electrode support 60 is made of, e.g., 
alumite treated aluminum. 
0047 A control unit (not shown) including, e.g., a micro 
computer, independently controls each unit in the plasma 
etching apparatus, Such as the gas exhaust unit 24, the high 
frequency power supplies 28 and 30, the switch 43 of the DC 
power supply 40, the chiller unit (not shown), the thermally 
conductive gas Supply unit (not shown), the processing gas 
Supply unit 64 and the like, and also controls an entire opera 
tion (sequence) of the apparatus. 
0.048. In the plasma processing apparatus, in order to per 
form the etching, the semiconductor wafer W to be processed 
is loaded into the chamber 10 while opening the gate valve 26 
and then mounted on the electrostatic chuck 38. Next, an 
etching gas (generally, a gaseous mixture) is introduced into 
the chamber 10 at a predetermined flow rate and flow rate 
ratio from the processing gas Supply unit 64, and a pressure 
inside the chamber 10 is set to be at a predetermined level by 
using the gas exhaust unit 24. Then, the first and the second 
high frequency power supply 30 and 28 are turned on to 
thereby output the first high frequency (40 MHz) and the 
second high frequency (2 MHZ) at respective specific power 
levels. These frequencies are applied to the susceptor 12 via 
the matching unit 32 and the power supply rod 34. 
0049. Thereafter, the switch 43 is turned on, and the ther 
mally conductive gas (He gas) is confined by electrostatic 
attraction force in a contact interface between the main elec 
trostatic chuck 38 and the semiconductor wafer W and that 
between the peripheral electrostatic chuck 45 and the focus 
ring 36. The etching gas discharged through the shower head 
56 is converted into a plasma between both electrodes 12 and 
56 by a high frequency discharge, and the main Surface of the 
semiconductor wafer W is etched by radicals or ions gener 
ated in the plasma. 
0050. In this capacitively coupled plasma etching appara 

tus, by applying to the Susceptor 12 the first high frequency 
power of a relatively high frequency, e.g., 40 MHz, suitable 
for plasma generation, a plasma is highly densified in a desir 
able dissociated State so that a high-density plasma can be 
generated even at a low pressure. Also, by applying to the 
Susceptor 12 the second high frequency power of a relatively 
low frequency, e.g., 2 MHZ, Suitable for ion attraction, it is 
possible to perform an anisotropic etching having high selec 
tivity to the semiconductor wafer W on the susceptor 12. 
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0051. Hereinafter, configurations and operations of fea 
tures of the plasma etching apparatus of this embodiment will 
be described in detail. 
0.052 FIG.2 provides an enlarged view of structures in the 
vicinity of the focus ring 36 on the top surface of the susceptor 
12. As illustrated in FIG. 2, the dielectric member 42 of the 
peripheral electrostatic chuck 45 has a much thicker thickness 
than that of the dielectric member 38a of the main electro 
static chuck 38. Here, both of the dielectric members 42 and 
38a may be made of different members or a same material, 
e.g., alumina (Al2O). In the above example, the top surface 
of the semiconductor wafer W mounted on the main electro 
static chuck 38 is substantially on a same plane as the top 
surface of the focus ring 36, so that the peripheral electrostatic 
chuck 45 is located at a much lower position than the main 
electrostatic chuck 38. When the main electrostatic chuck 38 
is formed by a thermal spraying method, it can be integratedly 
formed with the peripheral electrostatic chuck 45 or together 
therewith. 
0053 Due to the difference in the structure (especially, 
thickness) of the dielectric members 42 and 38a, an electro 
static capacitance per unit area provided between the Suscep 
tor 12 and the focus ring 36 by the peripheral dielectric 
member 42 is relatively smaller than that provided between 
the susceptor 12 and the semiconductor wafer W by the main 
dielectric member 38a. Accordingly, an impedance provided 
by the peripheral dielectric member 42 is higher than an 
impedance provided by the main dielectric member 38a with 
respect to the high frequencies (40 MHz and 2 MHz) supplied 
from the first and the second high frequency power supply 30 
and 28. Especially, it should be noted that a higher impedance 
is provided by the peripheral dielectric member 42 than by the 
main dielectric member 38a with respect to the second high 
frequency (2 MHZ) that is relatively low. 
0054 While the etching process is performed, the first 
high frequency (40 MHz) and the second high frequency (2 
MHz) supplied from the high frequency power supplies 30 
and 28 are Supplied to an upper space via the Susceptor 12, the 
electrostatic chucks 38 and 45, the semiconductor wafer W 
and the focus ring 36 and, then, the etching gas is plasma 
excited. Here, the generation of electron-ion pairs (ioniza 
tion) in the plasma processing space is dominantly affected by 
the first high frequency (40 MHz), and the formation of an 
electric field by the attraction of accelerated ions to the sus 
ceptor 12 is dominantly affected by the second high fre 
quency (2 MHz). 
0055 Thus, during the etching process, the plasma is gen 
erated above the focus ring 36 as well as above the semicon 
ductor wafer W. Accordingly, the ions are attracted to the 
focus ring 36 as well as to the semiconductor wafer W. 
0056. In this plasma etching apparatus, the peripheral 
dielectric member 42 has a smaller electrostatic capacitance 
per unit area and a higher impedance than that of the main 
dielectric member 38a. Therefore, in the case of the second 
high frequency (2 MHZ) that is relatively low between the two 
high frequencies, it is relatively difficult to pass through a 
propagation path of the peripheral dielectric member 42 and 
the focus ring 36, and is relatively easy to pass through a 
propagation path of the main dielectric member 38a and the 
semiconductor wafer W. 
0057. As a consequence, the electric field in the ion sheath 
formed on the focus ring 36 becomes relatively weak, thereby 
decreasing the energy of ions bombarding the focus ring 36 
and Suppressing the consumption of the focus ring 36. On the 
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contrary, the electric field formed on the semiconductor wafer 
W becomes relatively strong, so that the etching rate and the 
Verticality (anisotropy) of the etching process are improved. 
Further, even in the case of the first high frequency (40 MHz), 
it is relatively more difficult to pass through the propagation 
path of the peripheral dielectric member 42 than to pass 
through the propagation path of the main dielectric member 
38a. However, the impedance of the first frequency (40MHz) 
is Smaller than that of the second high frequency by a factor of 
/20, so that it is not as difficult as for the first high frequency 
to pass therethrough in comparison to the case of the second 
high frequency. 
0058. By providing a conductor 44 in the peripheral 
dielectric member 42, the peripheral electrostatic chuck 45 
can attract and hold the focus ring 36 by the Coulomb force 
and, also, thermal coupling between the Susceptor 12 cooled 
by a coolant gas and the focus ring 35 can be increased as 
much as possible. Besides, there can be employed a configu 
ration illustrated in FIG. 3 in which a thermally conductive 
sheet 68 made of, e.g., a silicon rubber sheet or the like, is 
inserted to a contact interface between the peripheral dielec 
tric member 42 and the susceptor 12 and that between the 
peripheral dielectric member 42 and the focus ring 36 without 
providing the conductive material 44 in the peripheral dielec 
tric member 42. 
0059. As set forth above, in the plasma etching apparatus 
of this embodiment, the heat input to the focus ring 36 can 
become smaller as a thickness of the peripheral dielectric 
member 42 becomes thicker and an electrostatic capacitance 
between the susceptor 12 and the focus ring 36 becomes 
Smaller. 
0060 FIGS. 4 to 6 present examples for verifying the 
effects of the present invention in the case of varying the 
electrostatic capacitance between the Susceptor 12 and the 
focus ring 36. These examples represent two cases in which 
the focus ring 36 is installed above the susceptor 12 with a 
distance of about 0.8 mm therebetween as shown in FIG. 4 
and in which the focus ring 36 is tightly adhered to the 
susceptor 12 (gap=0 mm) as shown in FIG. 5. In each of the 
above two cases, there is measured a relationship between the 
heat input to the focus ring 36 and the power of the second 
high frequency (2 MHz) which dominantly affects the attrac 
tion of ions. The measurement results are shown in FIG. 6. 
Here, the heat input to the focus ring 36 is obtained from the 
temperature increasing rate, and is in proportion to the sput 
tering energy or the Sputtering amount. Moreover, a thickness 
of the main electrostatic chuck 38 is about 0.6 mm. 
0061 Referring to the measured data shown in FIG. 6, it is 
clear that when the focus ring 36 is lifted by about 0.8 mm 
(FIG.4), the heat input to the focus ring 36 is reduced to about 
2/3 of that measured when the focus ring 36 is not lifted at all 
(FIG.5). Thus, it is estimated that the sputtering amount in the 
focus ring 36 is reduced to about 2/3 and, further, it is expected 
that the life span of the focus ring 36 is extended about 1.5 
times. 
0062. In the example of FIG. 4, in order to support the 
lifted focus ring 36, spacers made of glass (not shown) which 
have a height of about 0.8 mm are inserted between the focus 
ring 36 and the Susceptor 12, the spacers being spaced from 
each other at predetermined intervals (e.g., 120° C.) in a 
circumferential direction. 
0063. Meanwhile, in the example of FIG.4, a gap space 70 
formed between the focus ring 36 and the susceptor 12 is in 
vacuum of a dielectric constant of 1. If the gap space 70 is 
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filled with the peripheral dielectric member 42, e.g., wherein 
a dielectric constant of the peripheral dielectric member 42 is 
9 (alumina), then the electrostatic capacitance equivalent to 
that of the gap space 70 can be obtained by choosing a thick 
ness of the peripheral dielectric member 42 to be 7.2 mm (0.8 
mmx9). Namely, in case the main electrostatic chuck 38 and 
the peripheral dielectric member are made of a same alumina 
material, by making the thickness of the peripheral dielectric 
member 42 12 times thicker than that of the main electrostatic 
chuck 38 (7.2 mm/0.6 mm), the electrostatic capacitance 
equivalent to that of the example shown in FIG. 4 can be 
obtained. 
0064. The life span of the focus ring 36 can be greatly 
extended by making the thickness of the peripheral dielectric 
member 42 as thick as possible, preferably at least 10 times 
thicker than that of the main electrostatic chuck 38. However, 
if the thickness of the peripheral dielectric member 42 
increases excessively, it is difficult for the first high frequency 
(40 MHZ) to pass therethrough. Accordingly, the generation 
of the plasma in the space above the focus ring 36 becomes 
weakened and, further, the plasma density distribution on the 
semiconductor wafer W is adversely affected. Thus, the thick 
ness of the peripheral dielectric member 42 should not be 
increased indefinitely, and is preferably set to be no more than 
20 times that of the main electrostatic chuck 38. 
0065 Hereinafter, application examples of the plasma 
etching apparatus in accordance with the embodiment of the 
present invention will be described with reference to FIGS. 7 
to 13. 

0066. In the application example of FIG. 7, the focus ring 
36 is divided in a radial direction into two pieces, i.e., an inner 
focus ring 36A and an outer focus ring 36B. To be more 
specific, the inner focus ring 36A is positioned near an outer 
edge of the main electrostatic chuck 38, and the outer focus 
ring 36B is positioned near an outer peripheral surface of the 
inner focus ring 36A. Further, the inner focus ring 36A is 
disposed so that the gap 70 formed between the outer edge of 
the semiconductor wafer W held on the main electrostatic 
chuck 38 and an inner peripheral surface of the outer focus 
ring 36B can be positioned on the inner focus ring 36A. 
Moreover, a gap 74 between the inner focus ring 36A and the 
outer focus ring 36B has a labyrinthian structure. 
0067. In general, the focus ring is consumed from the top, 
and especially an inner peripheral portion thereof adjacent to 
the outer edge of the target Substrate is consumed first due to 
the strong ion sputtering. In the two-piece structure of FIG. 7, 
the inner focus ring 36A is consumed faster than the outer 
focus ring 36B. Here, the focus rings 36A and 36B are indi 
vidual members and thus can be separately exchanged. When 
the life span of the inner focus ring 36A reaches its limit, only 
the inner focus ring 36A is exchanged with a new one, and the 
outer focus ring 36B can be used continuously. 
0068. Further, even if the ions are applied to the gap 74 
formed between the inner focus ring 36A and the outer focus 
ring 36B, the ions bombard only the wall of the labyrinth, so 
that the ions do not reach the peripheral electrostatic chuck 45 
or the peripheral dielectric member 42. 
0069. Moreover, in the peripheral electrostatic chuck 45, 
since the outer focus ring 36B presses downward the inner 
focus ring 36A through the contact surfaces of the labyrin 
thian structure, the conductor 44 may be provided only in the 
area to be positioned directly under the outer focus ring 36B. 
0070. In the application example of FIG. 8, the focus ring 
36 can be separated upward from the Susceptor 12 and, also, 
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a height position thereof can be variably adjusted. A through 
hole 72 perpendicular to the susceptor 12 is formed directly 
under the focus ring 36. A leading end of a supporting rod 75 
movable through the through hole 72 is coupled to a bottom 
surface of the focus ring 36. A base end of the supporting rod 
75 is coupled to or supported by an actuator 76 installed 
outside the chamber 10. The height position of the focus ring 
36 can be adjusted at will by a vertical movement of the 
supporting rod 75 by the actuator 76. The through hole 72 is 
provided with a seal member 78 such as an O-ring or the like. 
In the aforementioned example, the focus ring 36 is divided 
into two pieces, i.e., the inner focus ring 36A and the outer 
focus ring 36B, and the height position of the outer focus ring 
36B is variable. 
(0071. The through hole 72, the supporting rod 75 and the 
actuator 76 are provided at a plurality of locations (e.g., three 
locations) while being spaced from each other at predeter 
mined intervals in a circumferential direction. 
0072. In the above configuration, a vacuum gap 80 formed 
between the focus ring 36B and the susceptor 12 serves as an 
insulating portion for providing an electrostatic capacitance. 
Although a gap width (thickness) of the vacuum gap 80 is 
Small, the electrostatic capacitance can be greatly reduced 
because of a very Small dielectric constant of the vacuum gap 
80. 
0073. Further, by positioning the top surface of the focus 
ring 36B slightly higher than the main surface (top surface) of 
the semiconductor wafer Wattracted and held on the main 
electrostatic chuck 38, a sheath-bulk plasma interface 82 of 
an ion sheath formed along the semiconductor wafer W and 
the focus ring 36A and 36B can be formed as a horizontal 
Surface having no stepped portion, as shown in FIG. 9A. 
Accordingly, a direction of an electric field vector in the ion 
sheath, i.e., an ion attracting direction, can be perpendicular 
to the semiconductor wafer W and the focus ring 36B. When 
the ions are attracted in the perpendicular direction near a 
boundary between the semiconductor W and the focus ring 
36B, it is possible to realize the verticality of the etching 
process in a vicinity of the edge portion of the semiconductor 
wafer W. and also possible to effectively suppress the effects 
of ion bombardment on the main surface of the wafer. 

0074. Meanwhile, if the top surface of the semiconductor 
wafer W and the top surface of the focus ring 36B have the 
same height (being on the same plane) as shown in FIG.9B, 
a stepped portion or an inclination is formed on the sheath 
bulk plasma interface 82 above the boundary between the 
semiconductor wafer W and the focus ring 36B. As a result, 
the number of ions slantingly bombarding the vicinity of the 
edge portion of the semiconductor wafer W increases. 
0075. The ion sheath formed directly above the focus ring 
36B is thinner than that formed directly above the semicon 
ductor wafer W. This is because the propagation of the high 
frequency is suppressed in the focus ring 36B side in the 
present invention and, thus, the electron current is reduced. 
0076. In the application example of FIG.10, the peripheral 
dielectric member 42 provided between the focus ring 36 and 
the Susceptor 12 is formed as a hollow ring, and stores therein 
dielectric liquid Q of a high dielectric constant, such as 
Galden, Fluorinert or the like whose volume can be varied. 
More specifically, in order to vary the volume of the liquid Q 
in the peripheral dielectric member 42, the dielectric liquid Q 
is stored and preserved in a tank 84 installed outside the 
chamber 10, and the tank 84 and the hollow ring-shaped 
peripheral dielectric member 42 are connected through a 
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communication pipe 86 and a band pipe 88. Since the liquid 
Q in the tank 84 flows to the hollow ring-shaped dielectric 
member 42 via the communication pipe 86, the height of a 
liquid surface in the tank 84 is directly related with that in the 
hollow ring-shaped peripheral dielectric member 42. There 
fore, by adjusting the height position of the tank 84, it is 
possible to vary the height of the liquid surface in the hollow 
ring-shaped peripheral dielectric member 42 and further the 
volume of the conductive liquid Q. 
0077 Moreover, by varying the volume of the liquid Q in 
the peripheral dielectric member 42, the electrostatic capaci 
tance of the entire peripheral dielectric member 42 can be 
varied. A conductor used as an electrostatic chuck (not 
shown) may be provided, e.g., on an inner upper wall of the 
peripheral dielectric member 42. 
0078. In the application example of FIG. 11, a mechanism 
for varying an electrostatic capacitance hardwarely or 
mechanically is provided between the focus ring 36 and the 
susceptor 12. To be more specific, a ring-shaped recess 90 is 
formed in an outer peripheral portion on the main Surface of 
the Susceptor 12 and, also, a ring-shaped conductor 94 is 
disposed above the recess 90 separated from susceptor 12 
with a gap 92. Further, the peripheral dielectric member 42 
and the focus ring 36 are deposited on the conductor 94 in that 
order. 
0079 Moreover, a ring-shaped or a circular arc-shaped 
variable capacity coupling member 96 is provided at an outer 
side (in a radial direction) of the ring-shaped recess 90 and the 
ring-shaped conductor 94 so that it can be vertically shifted. 
By adjusting the height position of the variable capacity cou 
pling member 96, it is possible to vary a facing area between 
the variable capacity coupling member 96 and the ring 
shaped conductor 94, and further to vary the electrostatic 
capacitance between the recess 90 of the susceptor 12 and the 
focus ring 36. 
0080. Although it is not illustrated, there can be employed 
a configuration that a conventional variable capacitor is elec 
trically connected between the susceptor 12 and the focus 
ring 36, instead of providing the electrostatic capacitance 
varying mechanism using the dielectric liquid Q whose Vol 
ume can be varied or the hardwarely variable capacity cou 
pling member 96. 
I0081. By varying the electrostatic capacitance between 
the focus ring 36 and the susceptor 12 by using the above 
electrostatic capacitance varying mechanism or the variable 
capacitor, it is possible to control the ion sheath distribution or 
the plasma density distribution on the semiconductor wafer 
W and the focus ring 36 at will. 
I0082 FIGS. 12 and 13 present application examples 
related to the Susceptor structure. In these application 
examples, the Susceptor 12 is divided into two pieces, i.e., a 
circular plate-shaped main Susceptor 12A having Substan 
tially the same diameteras that of the main electrostatic chuck 
38 and a peripheral Susceptor 12B extending in a ring shape to 
surround an outer periphery of the main susceptor 12A while 
being electrically insulated from the main Susceptor 12A. 
I0083 FIG. 12 shows a configuration that the peripheral 
susceptor 12B, the peripheral dielectric member 42, the 
peripheral electrostatic chuck 45 and the focus ring 36 are 
stacked on top of one another on an RF plate 12b in that order. 
I0084 FIG. 13 depicts a configuration in which a ring 
shaped peripheral dielectric member 100 is inserted between 
the RF plate 12b and the peripheral susceptor 12B. In this 
case, the electrostatic capacitance of the lower peripheral 
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dielectric member 100 is electrically connected in series with 
that of the upper peripheral dielectric member 42 and the 
combined capacitance of the series capacitor circuit becomes 
the entire electrostatic capacitance. 
I0085. The susceptor structure shown in FIG. 12 or 13 can 
also be used in the application examples of FIGS. 14 and 15. 
In these application examples, the first high frequency (40 
MHz) that is relatively high is applied to the main susceptor 
12A and the peripheral susceptor 12B, and the second high 
frequency (2 MHZ) that is relatively low is applied only to the 
main Susceptor 12A. To be more specific, in the configuration 
of FIG. 14, an output of the first high frequency power supply 
30 is applied to the main susceptor 12A via the matching unit 
32 and also to the peripheral susceptor 12B via a matching 
unit 102. Here, the matching unit 102 controls an impedance 
of the first high frequency power supply 30 and that of the 
load side (the peripheral susceptor 12B, the peripheral elec 
trostatic chuck 45, the focus ring 36, the plasma, the chamber 
10 and the like). 
I0086 Moreover, in the configuration of FIG. 15, an output 
terminal of the matching unit 32 is electrically connected to 
the main Susceptor 12A and also to the peripheral Susceptor 
12B via a filter 104. Preferably, the filter 104 is a band pass 
filter or a high pass filter for passing the first high frequency 
(40 MHz) while blocking the second high frequency (2 
MHz). A thickness of the peripheral dielectric member 42 
need not be so thick and may be as small as that of the 
dielectric member 38a of the main electrostatic chuck 38. 
0087. In the configuration that the second high frequency 
(2 MHz) is applied only to the main susceptor 12A without 
being applied to the peripheral Susceptor 12B, a strong elec 
tric field for attracting ions can be formed only on the main 
Susceptor 12A, but Substantially not on the peripheral Suscep 
tor 12B. Therefore, the anisotropic etching can be performed 
on the semiconductor wafer W by attracting ions from the 
plasma, and the ion bombardment on the focus ring 36 can be 
greatly suppressed or reduced. 
I0088. Meanwhile, the first high frequency (40 MHz) is 
divided and transmitted toward the processing space via a 
path of the main susceptor 12A side and that of the peripheral 
Susceptor 12B side and, then, the etching gas is plasma 
excited above the focus ring 36 as well as above the semicon 
ductor wafer W. Since the plasma is generated above the focus 
ring 36 as well as above the semiconductor wafer W, the 
characteristics of the plasma density distribution on the semi 
conductor wafer W can be improved. 
0089. While the invention has been shown and described 
with respect to the embodiments, it will be understood by 
those skilled in the art that various changes and modifications 
may be made without departing from the scope of the inven 
tion. 
0090. For example, the plasma etching apparatus of the 
aforementioned embodiment employs a lower side dual fre 
quency application type in which the first high frequency (40 
MHz) and the second high frequency (2 MHz) are applied to 
the susceptor 12. The respective frequencies of the first and 
the second high frequency power used in the above embodi 
ment are only examples, and a frequency can be selected at 
will depending on processes. In general, the frequency of the 
first high frequency power for contributing to plasma genera 
tion is greater than or equal to 13.56 MHz, and that of the 
second high frequency power for contributing to attractions 
to the Substrate or the upper electrode is Smaller than or equal 
to 13.56MHz. Besides, the present invention is not limited to 
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the lower side dual frequency application type, and can also 
be applied to a lower side single frequency application type in 
which a single appropriate frequency is applied to the Suscep 
tor 12, an upper/lower side dual frequency application type in 
which two different frequencies are applied to the susceptor 
12 and the upper electrode 56, respectively, or the like. 
0091. Further, the present invention is not limited to the 
plasma etching, and can also be applied to other plasma 
processing, e.g., plasma CVD, plasma oxidation, plasma 
nitrification, sputtering or the like. Moreover, the target Sub 
strate of the present invention is not limited to the semicon 
ductor wafer, and can be selected from various substrates for 
flat panel displays, a photomask, a CD Substrate, a printed 
circuit board and the like. 
What is claimed is: 
1. A plasma processing apparatus comprising: 
an evacuable processing chamber, 
a first electrode for Supporting a target Substrate in the 

processing chamber, 
a second electrode disposed to face the first electrode: 
a first high frequency power Supply unit for applying a first 

high frequency power having a first frequency to either 
the first electrode or the second electrode: 

a processing gas Supply unit for Supplying a processing gas 
to a processing space formed between the first electrode 
and the second electrode; 

a main dielectric member provided at a Substrate mounting 
portion on a main Surface of the first electrode; 

a focus ring attached to the first electrode to cover a periph 
eral portion of the main surface of the first electrode 
positioned in an outer side of the Substrate mounting 
portion; and 

a peripheral dielectric member provided in the peripheral 
portion of the main surface of the first electrode so that 
an electrostatic capacitance per unit area applied 
between the first electrode and the focus ring is smaller 
than an electrostatic capacitance per unit area applied 
between the first electrode and the substrate by the main 
dielectric member. 

2. The plasma processing apparatus of claim 1, wherein a 
first conductor is provided in the main dielectric member, and 
a DC voltage for generating an electrostatic attraction force to 
the substrate is applied to the first conductor. 

3. The plasma processing apparatus of claim 2, wherein a 
first thermally conductive gas Supply unit for Supplying a 
thermally conductive inert gas is provided between the main 
dielectric member and the substrate. 

4. The plasma processing apparatus of claim 1, wherein a 
second conductor is provided in the peripheral dielectric 
member, and a DC voltage for generating an electrostatic 
attraction force to the focus ring is applied to the second 
conductor. 

5. The plasma processing apparatus of claim 4, wherein a 
second thermally conductive gas Supply unit for Supplying a 
thermally conductive inert gas is provided between the 
peripheral dielectric member and the focus ring. 

6. The plasma processing apparatus of claim 1, wherein the 
peripheral dielectric member is formed in a hollow shape and 
has therein a fluid dielectric member of which volume is 
variable. 

7. The plasma processing apparatus of claim 1, wherein the 
peripheral dielectric member is made of a same material 
forming the main dielectric member. 
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8. The plasma processing apparatus of claim 1, wherein the 
peripheral dielectric member has a thickness greater than the 
thickness of the main dielectric member. 

9. The plasma processing apparatus of claim 1, wherein the 
peripheral dielectric member is integratedly formed with the 
main dielectric member. 

10. The plasma processing apparatus of claim 1, wherein 
the focus ring comprises a first ring-shaped member provided 
near an outer edge of the main dielectric member and a second 
ring-shaped member disposed near an outer peripheral Sur 
face of the first ring-shaped member. 

11. The plasma processing apparatus of claim 10, wherein 
the first ring-shaped member is disposed so that a gap formed 
between an outer edge of the Substrate Supported on the main 
dielectric member and an inner peripheral surface of the 
second ring-shaped member is positioned above the first ring 
shaped member. 

12. The plasma processing apparatus of claim 10, wherein 
a conductor for generating an electrostatic attraction force to 
the focus ring is provided in the peripheral dielectric member 
to face the second-ring shaped member. 

13. The plasma processing apparatus of claim 1, further 
comprising a second high frequency power Supply unit for 
applying to the first electrode a second high frequency power 
having a second frequency lower than the first frequency. 
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14. A plasma processing apparatus comprising: 
an evacuable processing chamber, 
a first electrode for Supporting a target Substrate in the 

processing chamber, 
a second electrode disposed to face the first electrode: 
a first high frequency power Supply unit for applying a first 

high frequency power having a first frequency to either 
the first electrode or the second electrode: 

a processing gas Supply unit for Supplying a processing gas 
to a processing space formed between the first electrode 
and the second electrode; 

a main dielectric member provided at a Substrate mounting 
portion on a main Surface of the first electrode; 

a focus ring attached to the first electrode to cover a periph 
eral portion of the main surface of the first electrode 
positioned in an outer side of the Substrate mounting 
portion; 

a peripheral insulating member provided in a peripheral 
portion on the main surface of the first electrode con 
tacted with the focus ring; and 

an electrostatic capacitance varying unit for varying an 
electrostatic capacitance of the peripheral insulating 
portion. 

15. The plasma processing apparatus of claim 14, wherein 
the electrostatic capacitance varying unit has a variable 
capacitor. 


