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(57) ABSTRACT 

A plasma processing apparatus having a focus ring, enables 
the efficiency of cooling of the focus ring to be greatly 
improved, while preventing an increase in cost thereof. The 
plasma processing apparatus is comprised of a Susceptor 
which has an electroStatic chuck and the focus ring. A wafer 
W to be Subjected to plasma processing is mounted on the 
electroStatic chuck. The focus ring has a dielectric material 
portion and a conductive material portion. The dielectric 
material portion forms a contact portion disposed in contact 
with the electroStatic chuck. The conductive material portion 
faces the electroStatic chuck with the dielectric material 
portion therebetween. 
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FIG. I. 
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PLASMA PROCESSINGAPPARATUS, FOCUS 
RING, AND SUSCEPTOR 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates to a plasma process 
ing apparatus, a focus ring, and a Susceptor. 
0003 2. Description of the Related Art 
0004 Widely known examples of plasma processing 
apparatuses include CVD apparatuses, etching apparatuses, 
ashing apparatuses and So on. Such a plasma processing 
apparatus has a plasma processing chamber in which is 
installed a Susceptor on which a wafer W, i.e. an object to be 
processed, is mounted. As shown in FIG. 16, the Susceptor 
is comprised of a disk-shaped electroStatic chuck 51 on 
which the wafer W is mounted, and a focus ring 52 that is 
made of only a conductive material or only a dielectric 
material and is disposed on an Outer peripheral edge of an 
upper Surface of the electroStatic chuck 51. 
0005. When carrying out plasma processing on a wafer 
W, the wafer W is mounted on the electrostatic chuck51, and 
then while maintaining the processing chamber at a prede 
termined degree of vacuum, in a State with the processing 
chamber filled with a processing gas, for example a pro 
cessing gas comprised of CFs, O and Ar, the wafer W is 
fixed onto the electrostatic chuck 51 using electroStatic 
attraction, and high-frequency electrical power is applied to 
the electroStatic chuck 51, thus producing a plasma from the 
processing gas in the processing chamber. The plasma is 
focused over the wafer W by the focus ring 52 on the 
electroStatic chuck 51, and hence predetermined plasma 
processing (e.g. dry etching (reactive ion etching: RIE) 
processing) is carried out on the wafer W. At this time, the 
temperature of the wafer W increases due to being Subjected 
to the dry etching processing, but the wafer W is cooled by 
a cooling mechanism built into the electroStatic chuck 51. In 
this cooling, a backside gas Such as helium gas having 
excellent heat transfer ability is made to flow from the upper 
Surface of the electrostatic chuck 51 toward the rear Surface 
of the wafer W, thus improving the heat transfer ability 
between the electrostatic chuck 51 and the wafer W, 
whereby the wafer W is cooled efficiently. 
0006. On the other hand, a gap of which a width is several 
microns exists between the upper Surface of the outer 
peripheral edge of the electroStatic chuck 51 and a rear 
Surface of the focus ring 52 due to undulations on the rear 
Surface of the focus ring 52 caused by Surface roughneSS 
thereof. When the processing chamber is put into a vacuum 
State by reducing the preSSure therein, this gap becomes in 
a vacuum State, and thus forms a vacuum thermal insulation 
layer; the heat transfer ability between the electrostatic 
chuck 51 and the focus ring 52 thus becomes low, and hence 
the focus ring 52 cannot be cooled efficiently as with the 
wafer W, and as a result the temperature of the focus ring 52 
rises more than the temperature of the wafer W. Due to this 
increase in the temperature of the focus ring 52, an outer 
peripheral portion of the wafer W becomes hotter than an 
inside portion thereof, and hence at the outer peripheral 
portion the etching characteristics become poor, i.e. the hole 
penetration property (the perpendicular degree of a hole 
formed by etching relative to a surface of the wafer W) 
deteriorates, the etching Selectivity drops and So on. 
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0007 Moreover, in recent years, there have been rapid 
advances in increasing the diameter of waferS W and in 
ultrafine processing, and hence it has become that a large 
number of devices are produced from a single wafer W. 
There are thus cases in which devices are also produced 
from the outer peripheral portion of a wafer W. It is thus 
necessary to prevent the temperature of the focus ring 52 
from increasing, thus preventing the etching characteristics 
at the outer peripheral portion of the wafer W from dete 
riorating. 
0008 To prevent the temperature of the focus ring 52 
from increasing, it is necessary to improve the heat transfer 
ability between the focus ring and the electroStatic chuck; as 
a Susceptor in which this heat transfer ability is improved, as 
shown in FIG. 17, there is known a susceptor 66 comprised 
of an electroStatic chuck 62 having coolant channels 61 built 
therein, a focus ring 63 disposed on an Outer peripheral edge 
of a wafer W mounting surface of the electrostatic chuck 62, 
a heat transfer medium 64 interposed between the electro 
Static chuck 62 and the focus ring 63, and a fixing jig 65 that 
presses and thus fixes the focus ring 63 against the electro 
Static chuck 62 (see Japanese Laid-open Patent Publication 
(Kokai) No. 2002-16126 (FIG. 1)). 
0009. According to the susceptor 66, the heat transfer 
medium 64 is deformed by a load applied thereto from the 
fixing jig 65 via the focus ring 63, and thus fills the gap 
between the electrostatic chuck 62 and the focus ring 63, and 
hence the degree of close contact between the electroStatic 
chuck 62 and the focus ring 63 is increased, whereby the 
heat transfer ability between the electrostatic chuck 62 and 
the focus ring 63 is improved. 
0010 Moreover, as an etching apparatus in which the 
temperature of the focus ring is prevented from increasing, 
as shown in FIG. 18, there is known an etching apparatus 75 
comprised of an electroStatic chuck 72 provided inside a 
reaction chamber 71, a focus ring 73 provided at a periphery 
of an upper portion of the electroStatic chuck 72, and cooling 
means (a cooling unit) 74 provided along a lower Surface of 
the focus ring 73, wherein the cooling unit 74 has a substrate 
74a that is made of a material having good thermal conduc 
tivity and is provided in close contact with the lower Surface 
of the focus ring 73, and a coolant pipe 74b that is provided 
inside the substrate 74a and through which a coolant is 
circulated (see Japanese Laid-open Patent Publication 
(Kokai) No. H11-330047 (FIG. 1)). 
0011 Moreover, as another etching apparatus, there is 
known an apparatus in which a backside gas Such as helium 
(He) gas having excellent heat transfer ability is made to 
flow from an upper Surface of an electrostatic chuck toward 
a rear Surface of a focus ring, thus diffusing the backside gas 
through a vacuum gap existing between the electroStatic 
chuck and the focus ring and hence filling this vacuum gap 
with the backside gas, whereby the heat transfer ability 
between the electrostatic chuck and the focus ring is 
improved. 

0012 Furthermore, to improve the heat transfer ability 
between a focus ring and an electroStatic chuck, the degree 
of close contact between the focus ring and the electroStatic 
chuck may be improved. To this purpose, there is known an 
etching apparatus having an electrode built into the electro 
Static chuck in a manner facing the focus ring. According to 
this apparatus, a Voltage is applied to the electrode, whereby 
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the electrode attracts the focus ring to the electroStatic chuck 
by electrostatic attraction, thus improving the degree of 
close contact between the focus ring and the electroStatic 
chuck. 

0013 However, with the susceptor 66 described above, in 
addition to the component parts of a conventional Susceptor, 
the heat transfer medium 64 and the fixing jig 65 are 
necessary, and hence the initial cost increases. Furthermore, 
the fixing jig 65 is exposed to the plasma, and hence is 
consumed as plasma processing is carried out repeatedly, 
resulting in regular maintenance becoming necessary. There 
is thus also a problem of the maintenance cost increasing. 
0.014) Moreover, the coolant channels 61 built into the 
electrostatic chuck 62 collect not only heat from the focus 
ring 63 but also heat from the fixing jig 65, and hence there 
is a problem that the efficiency of cooling of the focus ring 
63 cannot be improved as much as hoped. 
0.015 Moreover, with the etching apparatus 75 described 
above, again the cooling unit 74 is necessary, and hence the 
initial cost increases; furthermore, if the cooling unit 74 is 
exposed to the plasma, then the cooling unit 74 will be 
consumed as plasma processing is carried out repeatedly, 
resulting in regular maintenance becoming necessary, and 
hence there is also a problem of the maintenance cost 
increasing. 
0016 Furthermore, with the other etching apparatus, the 
Vacuum gap that exists between the electroStatic chuck and 
the focus ring has low thickness, and hence it is not possible 
to make the backside gas diffuse through the vacuum gap 
Sufficiently, and as a result the heat transfer ability between 
the electroStatic chuck and the focus ring cannot be 
improved sufficiently. There is thus a problem that the 
efficiency of cooling of the focus ring cannot be improved as 
much as hoped. 
0017 Moreover, in general, plasma processing is com 
prised of a plurality of Steps, and the magnitude of the 
high-frequency electrical power used to generate the plasma 
may be changed from Step to Step, and hence the temperature 
of the focus ring may change. However, the pressure of the 
backside gas and the Voltage applied to the electrode built 
into the electroStatic chuck are not changed from Step to Step 
but rather are constant throughout the plasma processing, 
and hence the heat transfer ability between the focus ring 
and the electroStatic chuck does not change. There is thus a 
problem that changes in the temperature of the focus ring 
caused by changes in the magnitude of the high-frequency 
electrical power cannot be Suppressed, and hence the effi 
ciency of cooling of the focus ring cannot be improved. 

SUMMARY OF THE INVENTION 

0.018. It is an object of the present invention to provide a 
plasma processing apparatus, a focus ring, and a Susceptor, 
which enable the efficiency of cooling of the focus ring to be 
greatly improved, while preventing an increase in cost. 
0019. To attain the above object, in a first aspect of the 
present invention, there is provided a plasma processing 
apparatus comprising, a Susceptor having an electroStatic 
chuck on which is mounted an object to be processed that is 
to be Subjected to plasma processing, and a focus ring 
having a contact portion disposed in contact with the elec 
troStatic chuck, wherein the focus ring has a dielectric 
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material portion that forms the contact portion, and a con 
ductive material portion that faces the electroStatic chuck 
with the dielectric material portion therebetween. 
0020. According to the first aspect of the present inven 
tion, the focus ring has a dielectric material portion that 
forms a contact portion disposed in contact with an electro 
Static chuck, and a conductive material portion that faces the 
electroStatic chuck with the dielectric material portion ther 
ebetween. As a result, when an object to be processed is 
Subjected to plasma processing, the amount of charge for 
generating electrostatic attraction between the electroStatic 
chuck and the focus ring can be made high, and thus the 
electroStatic attraction between the electrostatic chuck and 
the focus ring can be increased, and hence the degree of 
close contact between the electrostatic chuck and the focus 
ring can be increased, and thus the heat transfer ability 
between the electroStatic chuck and the focus ring can be 
improved. The efficiency of cooling of the focus ring can 
thus be greatly improved, while preventing an increase in the 
cost of the Susceptor. 
0021 Preferably, the dielectric material portion has a 
constant thickneSS in a radial direction of the focus ring. 
0022. According to this preferred form, the dielectric 
material portion has a constant thickneSS in a radial direction 
of the focus ring. As a result, the electrostatic attraction 
between the electroStatic chuck and the conductive material 
portion can be made constant and thus the degree of close 
contact between the electrostatic chuck and the focus ring 
can be made uniform. The focus ring can thus be cooled 
uniformly, and hence the occurrence of local deterioration of 
the etching characteristics can be prevented. 
0023 Preferably, the dielectric material portion is made 
of an oxide of a material constituting the conductive material 
portion. 

0024. According to this preferred form, the dielectric 
material portion is made of an oxide of a material consti 
tuting the conductive material portion. As a result, the 
dielectric material portion can be formed by Oxidizing the 
conductive material portion. The focus ring can thus be 
formed easily, and moreover the occurrence of gaps between 
the dielectric material portion and the conductive material 
portion can be reliably prevented. 

0025 Preferably, the material constituting the conductive 
material portion is Silicon. 
0026. According to this preferred form, the material 
constituting the conductive material portion is Silicon. AS a 
result, the material can be easily procured, and hence an 
increase in the cost of the Susceptor can be further prevented. 
0027 Preferably, the material constituting the dielectric 
material portion is Silicon dioxide. 
0028. According to this preferred form, the material 
constituting the dielectric material portion is Silicon dioxide. 
AS a result, the dielectric material portion can be formed 
easily, and hence an increase in the cost of the Susceptor can 
be reliably prevented. 

0029. To attain the above object, in a second aspect of the 
present invention, there is provided a focus ring having a 
contact portion to be disposed in contact with an electro 
Static chuck on which is mounted an object to be processed 



US 2004/026 1946 A1 

that is to be Subjected to plasma processing, the focus ring 
comprising, a dielectric material portion that forms the 
contact portion, and a conductive material portion that faces 
the electrostatic chuck with the dielectric material portion 
therebetween. 

0.030. According to the second aspect of the present 
invention, the focus ring has a dielectric material portion that 
forms a contact portion to be disposed in contact with an 
electroStatic chuck, and a conductive material portion that 
faces the electroStatic chuck with the dielectric material 
portion therebetween. As a result, when an object to be 
processed is Subjected to plasma processing, the amount of 
charge for generating electroStatic attraction between the 
electroStatic chuck and the focus ring can be made high, and 
thus the electroStatic attraction between the electroStatic 
chuck and the focus ring can be increased, and hence the 
degree of close contact between the electroStatic chuck and 
the focus ring can be increased, and thus the heat transfer 
ability between the electrostatic chuck and the focus ring can 
be improved. The efficiency of cooling of the focus ring can 
thus be greatly improved, while preventing an increase in the 
cost of the Susceptor. 
0.031) To attain the above object, in a third aspect of the 
present invention, there is provided a Susceptor comprising, 
an electrostatic chuck on which is mounted an object to be 
processed that is to be Subjected to plasma processing, and 
a focus ring having a contact portion disposed in contact 
with the electroStatic chuck, wherein the focus ring has a 
dielectric material portion that forms the contact portion, 
and a conductive material portion that faces the electroStatic 
chuck with the dielectric material portion therebetween. 
0032. According to the third aspect of the present inven 
tion, the focus ring has a dielectric material portion that 
forms a contact portion disposed in contact with an electro 
Static chuck, and a conductive material portion that faces the 
electroStatic chuck with the dielectric material portion ther 
ebetween. As a result, when an object to be processed is 
Subjected to plasma processing, the amount of charge for 
generating electroStatic attraction between the electroStatic 
chuck and the focus ring can be made high, and thus the 
electroStatic attraction between the electrostatic chuck and 
the focus ring can be increased, and hence the degree of 
close contact between the electroStatic chuck and the focus 
ring can be increased, and thus the heat transfer ability 
between the electrostatic chuck and the focus ring can be 
improved. The efficiency of cooling of the focus ring can 
thus be greatly improved, while preventing an increase in the 
cost of the Susceptor. 
0033) To attain the above object, in a fourth aspect of the 
present invention, there is provided a plasma processing 
apparatus comprising, a Susceptor having an electroStatic 
chuck on which is mounted an object to be processed that is 
to be Subjected to plasma processing, and a focus ring 
having a contact Surface disposed in contact with the elec 
troStatic chuck around a periphery of the object to be 
processed, and heat eXchange means provided at the contact 
Surface, for carrying out heat eXchange with the focus ring. 
0034. According to the fourth aspect of the present inven 
tion, the plasma processing apparatus has heat eXchange 
means at a contact Surface between the electroStatic chuck 
and the focus ring. As a result, a cooling unit is not required 
between the electroStatic chuck and the focus ring, and 
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moreover the heat transfer ability between the electrostatic 
chuck and the focus ring can be improved Sufficiently, 
whereby the efficiency of cooling of the focus ring can be 
greatly improved, while preventing an increase in cost. 
0035) Preferably, the heat exchange means comprises a 
groove provided in the contact Surface and filled with a heat 
transfer medium. 

0036). According to this preferred form, the heat 
eXchange means comprises a groove provided in the contact 
Surface and filled with a heat transfer medium. As a result, 
the heat transfer medium can be made to diffuse reliably 
between the electroStatic chuck and the focus ring, and 
hence the efficiency of cooling of the focus ring can be 
greatly improved. 

0037 More preferably, the heat transfer medium is a 
Galden fluid. 

0038 According to this preferred form, the heat transfer 
medium is a Galden fluid. As a result, the heat transfer 
medium can be easily procured, and hence an increase in 
cost can be reliably prevented. 

0039 More preferably, the groove is formed in the focus 
ring. 

0040 According to this preferred form, the groove is 
formed in the focus ring. As a result, the area of contact 
between the focus ring and the heat transfer medium can be 
increased, and moreover the rigidity of the focus ring can be 
Suitably reduced, whereby the focus ring can be deformed to 
follow the shape of the electrostatic chuck, whereby the 
degree of close contact between the electroStatic chuck and 
the focus ring can be improved. As a result, the efficiency of 
cooling of the focus ring can be improved yet more greatly. 

0041 Alternatively, the groove is formed in the electro 
Static chuck. 

0042. According to this preferred form, the groove is 
alternatively formed in the electroStatic chuck. As a result, 
there is no need to form a groove in the focus ring, whereby 
the initial cost of the focus ring can be reduced, and hence 
an increase in cost can be prevented. 
0043 More preferably, the groove has a depth of not less 
than 0.1 mm. 

0044 According to this preferred form, the groove has a 
depth of not leSS than 0.1 mm. As a result, the conductance 
can be made large (the flow resistance for the heat transfer 
medium can be decreased), and hence the heat transfer 
medium can be filled into the groove rapidly., whereby the 
efficiency of cooling of the focus ring can be improved 
markedly. 

0045 More preferably, the groove has corners thereof 
rounded off. 

0046 According to this preferred form, corners of the 
groove are rounded off. As a result, the occurrence of cracks 
in the groove can be prevented, and hence the durability of 
the focus ring can be improved, whereby an increase in the 
maintenance cost can be prevented. 
0047 More preferably, the groove comprises at least one 
groove having an annular shape concentric with the focus 
ring. 



US 2004/026 1946 A1 

0.048. According to this preferred form, the groove com 
prises at least one groove having an annular shape concen 
tric with the focus ring. As a result, the heat transfer medium 
can be made to diffuse uniformly over the contact Surface 
between the focus ring and the electroStatic chuck, and 
hence the focus ring can be cooled uniformly. 
0049 Preferably, the heat exchange means comprises 
cooling means for cooling the focus ring. 
0050. According to this preferred form, the focus ring is 
cooled. As a result, a deposit generated during the etching 
treatment will become attached to the focus ring, and can 
thus be prevented from becoming attached to the object to be 
processed. The occurrence of particle contamination due to 
Such deposit detaching from the object to be processed when 
the object to be processed is moved can thus be prevented. 
0051) Advantageously, the heat exchange means com 
prises a Supply path that Supplies a heat transfer gas to the 
contact Surface, the plasma processing apparatus further 
comprising a controller that controls a preSSure of the heat 
transfer gas Supplied from the heat eXchange means, and 
wherein the plasma processing comprises a plurality of 
Steps, and the controller changes the pressure of the heat 
transfer gas Supplied in accordance with each of the Steps. 
0.052 According to this preferred form, the controller 
advantageously changes the pressure of the heat transfer gas 
Supplied in accordance with each of the Steps of the plasma 
processing. As a result, even if a high-frequency Voltage for 
plasma generation is changed from Step to Step, the heat 
transfer ability between the focus ring and the electroStatic 
chuck can be changed in accordance with the change in the 
high-frequency Voltage, and hence the cooling of the focus 
ring can be carried out Stably. The occurrence of local 
deterioration of the etching characteristics of the object to be 
processed can thus be prevented. 
0.053 Advantageously, the plasma processing apparatus 
further comprises an electrode built into the electroStatic 
chuck in a manner facing the focus ring, and a controller that 
controls a Voltage applied to the electrode, wherein the 
electrode attracts the focus ring to the electrostatic chuck by 
electroStatic attraction, the plasma processing comprises a 
plurality of Steps, and the controller changes the Voltage 
applied to the electrode in accordance with each of the StepS. 
0.054 According to this preferred form, the controller 
advantageously changes the Voltage applied to an electrode 
built into the electroStatic chuck in accordance with each of 
the Steps of the plasma processing. As a result, even if a 
high-frequency Voltage for plasma generation is changed 
from Step to Step, the heat transfer ability between the focus 
ring and the electroStatic chuck can be changed in accor 
dance with the change in the high-frequency Voltage, and 
hence the cooling of the focus ring can be carried out Stably. 
The occurrence of local deterioration of the etching charac 
teristics of the object to be processed can thus be prevented. 
0.055 More preferably, the heat exchange means reduces 
a temperature of the focus ring to at least 20K below a 
temperature of the electroStatic chuck. 
0056 According to this preferred form, the temperature 
of the focus ring is reduced to at least 20K below the 
temperature of the electrostatic chuck. As a result, the 
deposit can be attached to the focus ring reliably. 
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0057 Still more preferably, the heat exchange means 
reduces the temperature of the focus ring to not more than 
O° C. 

0058 According to this preferred form, the temperature 
of the focus ring is reduced to not more than 0° C. As a 
result, the deposit can be attached to the focus ring yet more 
reliably. 
0059 Advantageously, the heat exchange means com 
prises heating means for heating the focus ring. 
0060 According to this preferred form, the focus ring is 
advantageously heated. As a result, attached deposit can be 
removed. The focus ring replacement cycle can thus be 
lengthened, and hence the maintenance cost can be reduced. 
0061 Alternatively, the focus ring further comprises sec 
ond heating means for heating the focus ring. 
0062 According to this preferred form, the focus ring 
alternatively comprises Second heating means for heating 
the focus ring. As a result, the Structure of the heat eXchange 
means can be simplified, and hence the initial cost of the 
apparatus can be reduced. 
0063 Alternatively, the focus ring is exposed to a clean 
ing gas. 

0064. According to this preferred form, the focus ring 
may be exposed to a cleaning gas. As a result, deposit 
attached to the focus ring can be easily removed. 
0065. Alternatively, the focus ring is exposed to a plasma. 
0066 According to this preferred form, the focus ring 
may be exposed to the plasma. As a result, deposit attached 
to the focus ring can be removed during the plasma pro 
cessing. The deposit can thus be removed without reducing 
the efficiency of the plasma processing. 
0067. Alternatively, the heat exchange means comprises 
a Peltier device. 

0068 According to this preferred form, the heat 
eXchange means alternatively comprises a Peltier device. AS 
a result, a heat transfer medium is not required. The Structure 
of the heat eXchange means can thus be simplified, and 
hence the initial cost of the apparatus can be reduced. 
0069. To attain the above object, in a fifth aspect of the 
present invention, there is provided a focus ring having a 
contact Surface to be disposed in contact with an electro 
Static chuck on which is mounted an object to be processed 
that is to be Subjected to plasma processing, around a 
periphery of the object to be processed, the focus ring 
comprising, heat eXchange means provided at the contact 
Surface, for carrying out heat eXchange with the focus ring. 
0070 According to the fifth aspect of the present inven 
tion, the focus ring has heat eXchange means at a contact 
Surface between the electroStatic chuck and the focus ring. 
AS a result, a cooling unit is not required between the 
electroStatic chuck and the focus ring, and moreover the heat 
transfer ability between the electrostatic chuck and the focus 
ring can be improved sufficiently, whereby the efficiency of 
cooling of the focus ring can be greatly improved, while 
preventing an increase in cost. 
0071 To attain the above object, in a sixth aspect of the 
present invention, there is provided a Susceptor comprising, 
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an electrostatic chuck on which is mounted an object to be 
processed that is to be Subjected to plasma processing, a 
focus ring having a contact Surface disposed in contact with 
the electroStatic chuck around a periphery of the object to be 
processed, and heat eXchange means provided at the contact 
Surface, for carrying out heat eXchange with the focus ring. 
0.072 According to the sixth aspect of the present inven 
tion, the Susceptor has heat eXchange means at a contact 
Surface between the electrostatic chuck and the focus ring. 
AS a result, a cooling unit is not required between the 
electroStatic chuck and the focus ring, and moreover the heat 
transfer ability between the electrostatic chuck and the focus 
ring can be improved Sufficiently, whereby the efficiency of 
cooling of the focus ring can be greatly improved, while 
preventing an increase in cost. 

0073. The above and other objects, features, and advan 
tages of the invention will become more apparent from the 
following detailed description taken in conjunction with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.074 FIG. 1 is a schematic sectional view showing the 
construction of a plasma processing apparatus in which can 
be used a Susceptor according to a first embodiment of the 
present invention; 

0075 FIG. 2 is a schematic sectional view showing the 
construction of the susceptor according to the first embodi 
ment 

0.076 FIG. 3 is a schematic sectional view showing the 
construction of a Susceptor according to a variation of the 
first embodiment 

0.077 FIG. 4 is a schematic sectional view showing the 
construction of a Susceptor according to another variation of 
the first embodiment; 

0078 FIG. 5 is a schematic sectional view showing the 
construction of a Susceptor according to a Second embodi 
ment of the present invention; 
007.9 FIG. 6 is a schematic sectional view showing the 
construction of a Susceptor according to a third embodiment 
of the present invention; 
0080 FIGS. 7A and 7B are schematic views showing the 
construction of a heat transfer gas introduction groove 
appearing in FIG. 6; Specifically: 

0.081 FIG. 7A is a view showing a focus ring as viewed 
from a contact Surface thereof, and 

0082 FIG. 7B is a sectional view taken along line III-III 
in FIG. 7A, 
0083 FIGS. 8A and 8B are sequence diagrams showing 
changes in He pressure and F/R chuck Voltage during 
continuous dry etching processing; 

0084 FIG. 9 is a schematic sectional view showing the 
construction of a Susceptor according to a fourth embodi 
ment of the present invention; 
0085 FIG. 10 is a schematic sectional view showing the 
construction of a heating member that heats a focus ring, and 
the heated focus ring; 
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0086 FIG. 11 is a schematic sectional view showing the 
construction of a Susceptor having a Peltier device provided 
therein; 

0087 FIG. 12 is a schematic sectional view showing the 
construction of a plasma processing apparatus in which can 
be used a Susceptor according to a fifth embodiment of the 
present invention; 

0088 FIG. 13 is a schematic sectional view showing the 
construction of essential parts of the plasma processing 
apparatus shown in FIG. 12; 
0089 FIG. 14 is a graph showing changes in an etching 
State with changes in a focus ring gap width G.; 
0090 FIG. 15 is a graph showing changes in an etching 
State with changes in a focus ring gap width G.; 

0091 FIG. 16 is a schematic sectional view showing the 
construction of a conventional Susceptor used in a plasma 
processing apparatus; 

0092 FIG. 17 is a schematic sectional view showing the 
construction of a conventional Susceptor in which the heat 
transfer ability between a focus ring and an electroStatic 
chuck are improved; and 

0093 FIG. 18 is a schematic sectional view showing the 
construction of a conventional etching apparatus. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0094. The present invention will now be described in 
detail with reference to the drawings showing preferred 
embodiments thereof. 

0095 FIG. 1 is a schematic sectional view showing the 
construction of a plasma processing apparatus in which can 
be used the Susceptor according to a first embodiment of the 
present invention. 

0096. In FIG. 1, the plasma processing apparatus, which 
is constructed as an RIE type plasma processing apparatus, 
has a cylindrical chamber 10 that is made of a metal, for 
example aluminum or StainleSS Steel, and is grounded for 
safety; the chamber 10 has provided therein a disk-shaped 
lower electrode 11 on which a wafer W is mounted as an 
object to be processed. The lower electrode 11 is made, for 
example, of aluminum, and is Supported via an insulating 
cylindrical holding member 12 by a cylindrical holding 
portion 13 that extends perpendicularly upwards from a base 
of the chamber 10. 

0097. An exhaust path 14 is formed between a side wall 
of the chamber 10 and the cylindrical holding portion 13; an 
annular baffle plate 15 is provided at an inlet of the exhaust 
path 14 or in the exhaust path 14, and an exhaust port 16 is 
provided in a bottom portion of the exhaust path 14, and an 
exhauster 18 is connected to the exhaust port 16 via an 
exhaust pipe 17. Here, the exhauster 18 has a vacuum pump, 
and reduces the preSSure of a processing Space in the 
chamber 10 down to a predetermined degree of vacuum. 
Moreover, the exhaust pipe 17 has an automatic preSSure 
control valve (hereinafter referred to as the "APC"), (not 
shown), which is a variable butterfly valve, and this APC 
automatically controls the pressure inside the chamber 10. 
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Furthermore, a gate valve 20 that opens and closes a wafer 
W conveying in/out port 19 is installed on a side wall of the 
chamber 10. 

0098. A high-frequency power source 21 for plasma 
production and RIE is electrically connected to the lower 
electrode 11 via a matching unit 22 and a power-feeding rod 
23. The high-frequency power Source 21 applies high 
frequency electrical power at a predetermined high fre 
quency, for example 60 MHz, to the lower electrode 11. 
Moreover, a shower head 24 is provided, as an upper 
electrode at a ground potential, described later, in a ceiling 
portion of the chamber 10. A high-frequency voltage from 
the high-frequency power Source 21 is thus applied between 
the lower electrode 11 and the shower head 24. 

0099. An electrostatic chuck 25 that attracts the wafer W 
thereto through electroStatic attraction is provided on an 
upper surface of the lower electrode 11. The electrostatic 
chuck 25 is comprised of a disk-shaped central portion 25a, 
and an annular outer peripheral portion 25b, the central 
portion 25a projects out (upward in FIG. 1) relative to the 
outer peripheral portion 25b. Moreover, the central portion 
25a is constructed by sandwiching an electrode plate 25c 
comprised of a conductive film between a pair of dielectric 
films, and the outer peripheral portion 25b is constructed by 
Sandwiching an electrode plate 25d comprised of a conduc 
tive film between a pair of dielectric films; furthermore, a 
DC power Source 26 is electrically connected to the elec 
trode plate 25c via a Switch 27, and a DC power source 28 
is electrically connected to the electrode plate 25d via a 
Switch 29. The electrostatic chuck 25 attracts and holds the 
wafer W through a Johnsen-Rahbek force or a Coulomb 
force due to the DC voltage from the DC power source 26. 
0100. A focus ring 30 that annularly surrounds the central 
portion 25a of the electrostatic chuck 25 is mounted on an 
upper Surface of the outer peripheral portion 25b of the 
electrostatic chuck 25. The lower electrode 11, the electro 
static chuck 25 and the focus ring 30 together constitute a 
Susceptor. 
0101 Moreover, inside the lower electrode 11 is provided 
an annular coolant chamber 31 that, for example, extends in 
a circumferential direction. A coolant, for example cooling 
water, at a predetermined temperature is Supplied into the 
coolant chamber 31 from a chiller unit 32 and circulated via 
piping 33 and 34, and the processing temperature of the 
wafer W on the electrostatic chuck 25 is controlled through 
the temperature of this coolant. Furthermore, a heat transfer 
gas, for example He gas, from a heat transfer gas Supply unit 
35 is Supplied into a gap between an upper Surface of the 
electrostatic chuck 25 and a rear Surface of the wafer W via 
a gas Supply line 36, thus improving heat transfer ability 
between the wafer W and the electrostatic chuck 25. 

0102) The shower head 24 in the ceiling portion has a 
lower Surface electrode plate 37 having a large number of 
gas vents 37a therein, and an electrode support 38 that 
detachably supports the electrode plate 37. Moreover, a 
buffer chamber 39 is provided inside the electrode support 
38, and gas Supply piping 41 from a processing gas Supply 
unit 40 is connected to a gas introduction port 38a of the 
buffer chamber 39. Moreover, a magnet 42 that extends 
annularly or concentrically is disposed around the chamber 
10. 

0103) The component elements of the plasma processing 
apparatus, for example the exhauster 18, the high-frequency 
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power source 21, the Switches 27 and 29 for the electrostatic 
chuck 25, the chiller unit 32, the heat transfer gas Supply unit 
35, the processing gas Supply unit 40 and So on, are 
connected to a controller 43 that controls the operation of 
these component elements. 
0104 Inside the chamber 10 of the plasma processing 
apparatus, a horizontal magnetic field oriented in one direc 
tion is formed by the magnet 42, and moreover an RF 
(radio-frequency, i.e. high-frequency) electric field is 
formed in a perpendicular direction by the high-frequency 
voltage applied between the lower electrode 11 and the 
shower head 24; as a result, magnetron discharge occurs via 
the processing gas in the chamber 10, and hence a high 
density plasma is produced from the processing gas in the 
vicinity of the surface of the lower electrode 11. 
0105. With this plasma processing apparatus, during dry 
etching processing, first the gate valve 20 is opened, and the 
wafer W to be processed is conveyed into the chamber 10, 
and mounted on the electrostatic chuck 25. A processing gas 
(e.g. a mixed gas comprised of CFs gas, O2 gas and Argas 
with a predetermined flow rate ratio therebetween) is intro 
duced at a predetermined amount of flow and a predeter 
mined flow rate from the processing gas Supply unit 40 into 
the chamber 10, and the pressure inside the chamber 10 is set 
to a predetermined value using the exhauster 18 and So on. 
Furthermore, high-frequency electrical power is Supplied to 
the lower electrode 11 from the high-frequency power 
Source 21, and a DC voltage is applied to the electrode plate 
25c of the electrostatic chuck 25 from the DC power source 
26, thus attracting the wafer W to the electrostatic chuck 25. 
The processing gas discharged from the shower head 24 is 
made into a plasma as described above, and a Surface of the 
wafer W is etched by radicals, ions or the like produced 
through this plasma. 
0106 With this plasma processing apparatus, by applying 
a high frequency in a frequency range (at least 50 MHz) 
much higher than conventionally (generally not more than 
27 MHz) to the lower electrode 11, the processing gas is 
dissociated into a desirable State. The dissociated processing 
gas is made into a plasma, and hence a high-density plasma 
can be formed even at a low pressure. With Such a high 
density plasma, oxidation and nitriding processing can be 
carried out with little damage to the wafer W, and thus the 
high-density plasma greatly contributes to realization of 
high performance and low power consumption of Semicon 
ductor devices. Specifically, it is possible to prevent break 
age and contamination of the wafer W due to high energy 
particles in the plasma, and metallic atoms emitted, for 
example, from inner walls of the processing chamber, which 
is caused by collision by the high energy particles, and hence 
the plasma processing can be applied to a gate formation 
Step which requires formation of high quality insulation 
films. Therefore, the plasma processing apparatus according 
to the present embodiment can Solve technical problems 
which may arise with development of ultrafine processing 
for the wafer W. 

0107 FIG. 2 is a schematic sectional view showing the 
construction of the Susceptor according to the first embodi 
ment. 

0108. The Susceptor according to the first embodiment 
can be used in a plasma processing apparatus in which a film 
to be etched of the wafer W is an oxide film. 
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0109) As shown in FIG. 2 and as described above, the 
Susceptor according to the first embodiment is comprised of 
a lower electrode 11, the electrostatic chuck 25, which is 
disposed on the upper Surface of the lower electrode 11, and 
the focus ring 30, which is mounted on the upper surface of 
the outer peripheral portion 25b of the electrostatic chuck 
25. 

0110. The lower electrode 11 has the coolant chamber 31 
therein, the electrostatic chuck 25 has the electrode plate 25c 
inside the central portion 25a thereof and has the electrode 
plate 25d inside the outer peripheral portion 25b thereof, and 
the focus ring 30 has a dielectric material portion 30a that 
forms a contact portion disposed in contact with the outer 
peripheral portion 25b, and a conductive material portion 
30b that faces the outer peripheral portion 25b with the 
dielectric material portion 30a therebetween. 

0111 Here, because the film to be etched of the wafer W 
is an oxide film, a part of the focus ring 30 that will be 
exposed to the plasma is preferably made of Silicon (Si), and 
hence the conductive material portion 30b is made of silicon, 
and the dielectric material portion 30a is made of silicon 
dioxide (SiO), which is an oxide of silicon. 
0112) When subjecting the wafer W to dry etching pro 
cessing, high-frequency electrical power is Supplied to the 
lower electrode 11 by the high-frequency power Source 21 to 
produce a plasma, and a high Voltage is applied to the 
electrode plate 25c from the DC power source 26 to attract 
the wafer W to the central portion 25a by electrostatic 
attraction, and a high Voltage is applied to the electrode plate 
25d from the DC power source 28 to attract the focus ring 
30 to the outer peripheral portion 25b by electrostatic 
attraction. The high Voltages applied to the electrode plates 
25c and 25d are controlled by the controller-43. When the 
plasma is produced, with the conventional focus ring made 
of only a conductive material, the whole of the focus ring 
becomes at a negative potential as with the plasma, but 
because nothing exists to block the flow of charge between 
the focus ring and the electroStatic chuck, the negative 
charge on the focus ring flows out to the electroStatic chuck 
via the contact Surface between the focus ring and the 
electroStatic chuck. The charge that gives rise to the elec 
troStatic attraction between the focus ring and the electro 
static chuck is thus reduced. On the other hand, with the 
focus ring 30 according to the first embodiment of the 
present invention, the conductive material portion 30b 
becomes at a negative potential as with the plasma, and 
hence a positive charge is induced in the dielectric material 
portion 30a at the interface of the dielectric material portion 
30a with the conductive material portion 30b, and thus a 
negative charge arises through dielectric polarization in the 
dielectric material portion 30a at the interface of the dielec 
tric material portion 30a with the electrostatic chuck 25. 
Moreover, in the case that a Surface portion of the electro 
Static chuck 25 is made of a dielectric material, a positive 
charge will arise through dielectric polarization in the Sur 
face portion of the electrostatic chuck 25 at the interface of 
the surface portion of the electrostatic chuck 25 with the 
dielectric material portion 30a. The electrostatic attraction 
between the electrostatic chuck 25 and the focus ring 30 can 
be increased through the action of these charges. 

0113 At this time, the voltage applied to the electrode 
plate 25d by the DC power source 28 is determined by the 
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Specific resistance of the dielectric material portion 30a. 
Specifically, if the Specific resistance is at least 1013 C2, then 
the electrostatic attraction generated by the charge induced 
in the conductive material portion 30b will be a Coulomb 
force, and hence the applied Voltage will be approximately 
1.5 to 4.0 kV, whereas if the specific resistance is less than 
1013 C2, then the above electrostatic attraction will be a 
Johnsen-Rahbek force, and hence the applied Voltage will be 
approximately 0 to 1.0 kV. 

0114 Moreover, the thickness of the dielectric material 
portion 30a is constant in the radial direction of the focus 
ring 30; the greater the thickness of the dielectric material 
portion 30a, the worse the heat transfer ability between the 
electroStatic chuck 25 and the conductive material portion 
30b, and hence it is preferable for this thickness to be low. 
However, in the present first embodiment, the film to be 
etched of the wafer W is an oxide film, and hence the 
dielectric material portion 30a, which is made of silicon 
dioxide, will be consumed as the plasma processing is 
carried out repeatedly. It is thus necessary for the thickness 
of the dielectric material portion 30a to be at least the 
thickness that will be consumed during one maintenance 
cycle. 

0115 According to the susceptor of the first embodiment, 
the focus ring 30 is comprised of a dielectric material portion 
30a that forms a contact portion disposed in contact with the 
outer peripheral portion 25b, and a conductive material 
portion 30b that faces the outer peripheral portion 25b of the 
electrostatic chuck 25 with the dielectric material portion 
30a therebetween. As a result, when the wafer W is Sub 
jected to the dry etching processing, flow of charge from the 
dielectric material portion 30a of the focus ring 30 to the 
electroStatic chuck 25 via the contact portion can be blocked, 
and hence the loSS of charge that gives rise to the electro 
Static attraction can be Suppressed compared with the con 
ventional focus ring; the electroStatic attraction between the 
electrostatic chuck 25 and the focus ring 30 can thus be 
increased, and hence the degree of close contact between the 
electrostatic chuck 25 and the focus ring 30 can be 
increased, and thus the heat transfer ability between the 
electrostatic chuck 25 and the focus ring 30 can be 
improved. As a result, the efficiency of cooling of the focus 
ring 30 can be greatly improved, while preventing an 
increase in the cost of the Susceptor. Moreover, the thickness 
of the dielectric material portion 30a is constant in the radial 
direction of the focus ring 30, and hence the electrostatic 
attraction between the electrostatic chuck 25 and the focus 
ring 30 can be made constant and thus the degree of close 
contact between the electrostatic chuck 25 and the focus ring 
30 can be made uniform; the focus ring 30 can thus be 
cooled uniformly, and hence the occurrence of local dete 
rioration of the etching characteristics can be prevented. 
0116 Furthermore, the material constituting the conduc 
tive material portion 30b is Silicon, and hence procuring the 
material is easy, and thus an increase in the cost of the 
Susceptor can be further prevented. Furthermore, the mate 
rial constituting the dielectric material portion 30a is Silicon 
dioxide, and hence the dielectric material portion 30a can 
easily be formed by Sputtering or the like, and thus an 
increase in the cost of the Susceptor can be reliably pre 
vented; moreover, with a dielectric material portion 30a 
formed by Sputtering, the Surface of the contact portion with 
the focus ring 30 can be made Smooth, and hence the degree 
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of close contact between the electrostatic chuck 25 and the 
focus ring 30 can be further improved. 
0117. According to the susceptor according to the first 
embodiment described above, the thickness of the dielectric 
material portion 30a is constant in the radial direction of the 
focus ring 30; however, the dielectric material portion 30a 
may be constructed Such that the thickness thereof increases 
from the inside of the focus ring 30 outward as shown in 
FIG.3, or may be constructed Such that the thickness thereof 
increases from the outside of the focus ring 30 inward as 
shown in FIG. 4. 

0118 Moreover, the dielectric material portion 30a may 
be constructed Such that the dielectric constant thereof 
increases from the inside of the focus ring 30 outward, or 
may be constructed Such that the dielectric constant thereof 
increases from the outside of the focus ring 30 inward. 
0119) Next, a susceptor according to a second embodi 
ment of the present invention will be described in detail. 
0120) The susceptor according to the second embodiment 
has basically the same construction and operation as in the 
first embodiment described above, and hence description of 
aspects of the construction and operation that overlap with 
the first embodiment will be omitted, and in the following 
only aspects of the construction and operation that differ to 
the first embodiment will be described. 

0121 FIG. 5 is a schematic sectional view showing the 
construction of the Susceptor according to the Second 
embodiment. 

0122) The susceptor according to the second embodiment 
can be used in a plasma processing apparatus in which a film 
to be etched of the wafer W is a polysilicon film. 
0123. As shown in FIG. 5, according to the susceptor of 
the Second embodiment, the focus ring 30 is comprised of a 
dielectric material portion 30c that forms a contact portion 
disposed in contact with the outer peripheral portion 25b of 
the electrostatic chuck 25, a conductive material portion 30d 
that faces the outer peripheral portion 25b with the dielectric 
material portion 30c therebetween, and another dielectric 
material portion 30e that is disposed on the conductive 
material portion 30d. 

0.124. The lower electrode 11 and the electrostatic chuck 
25 are identical in construction with the first embodiment. 

0125 Here, because the film to be etched of the wafer W 
is a polysilicon film, a part of the focus ring 30 that will be 
exposed to the plasma is preferably made of a material other 
than Silicon, and hence the other dielectric material portion 
30e is made of silicon dioxide. Moreover, the dielectric 
material portion 30c is also made of silicon dioxide, and the 
conductive material portion 30d is made of silicon; part of 
the conductive material portion 30d is exposed to and 
contacts the plasma. 
0.126 When subjecting the wafer W to dry etching pro 
cessing, the DC power Source 28 applies a high Voltage to 
the electrode plate 25d. When the plasma is produced, the 
conductive material portion 30d disposed in contact with the 
plasma becomes at a negative potential as with the plasma, 
and hence a positive charge is induced in the dielectric 
material portion 30c at the interface of the dielectric material 
portion 30c with the conductive material portion 30d, and 
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thus a negative charge arises through dielectric polarization 
in the dielectric material portion 30c at the interface of the 
dielectric material portion 30c with the electrostatic chuck 
25. Moreover, in the case that a surface portion of the 
electroStatic chuck 25 is made of a dielectric material, a 
positive charge will arise through dielectric polarization in 
the surface portion of the electrostatic chuck 25 at the 
interface of the surface portion of the electrostatic chuck 25 
with the dielectric material portion 30c. The electrostatic 
attraction between the electrostatic chuck 25 and the focus 
ring 30 can be increased through the action of these charges. 

0127 Here, with the conventional focus ring made of 
only a dielectric material, assuming that the electrode plate 
25d and the plasma are two electrodes of a capacitor, even 
if it is considered that charge will be accumulated in the 
dielectric material (focus ring) interposed between the two 
electrodes, because the thickness of the dielectric material is 
too great, the capacitance of the capacitor will be insuffi 
cient, i.e. it will not be possible to accumulate a large amount 
of charge for generating electroStatic attraction. On the other 
hand, with the focus ring 30 according to the Second 
embodiment of the present invention, assuming that the 
electrode plate 25d and the conductive material portion 30d 
are two electrodes of a capacitor, the dielectric material 
interposed between the two electrodes is the dielectric 
material portion 30c, which is sufficiently thin compared 
with the conventional focus ring, and hence the capacitance 
of the capacitor can be made large, i.e. a large amount of 
charge for generating electrostatic attraction can be accu 
mulated. 

0128. The thicknesses of the dielectric material portion 
30c and the conductive material portion 30d are constant in 
the radial direction of the focus ring 30, and it is preferable 
for each of these thicknesses to be low. However, in the 
present second embodiment, the film to be etched of the 
wafer W is a polysilicon film, and hence the conductive 
material portion 30d, which is made of silicon, will be 
consumed as the plasma processing is carried out repeatedly. 
It is thus necessary for the thickness of the conductive 
material portion 30d to be at least the thickness that will be 
consumed during one maintenance cycle. 
0129. According to the Susceptor of the second embodi 
ment, the focus ring 30 has a dielectric material portion 30c 
that forms a contact portion disposed in contact with the 
outer peripheral portion 25b of the electrostatic chuck 25, 
and a conductive material portion 30d that faces the outer 
peripheral portion 25b with the dielectric material portion 
30c therebetween. As a result, when the wafer W is Sub 
jected to the dry etching processing, the amount of charge 
for generating electroStatic attraction can be made high, and 
thus the electroStatic attraction between the electroStatic 
chuck 25 and the focus ring 30 can be increased, and hence 
the degree of close contact between the electrostatic chuck 
25 and the focus ring 30 can be increased, and thus the heat 
transfer ability between the electrostatic chuck 25 and the 
focus ring 30 can be improved. As a result, the efficiency of 
cooling of the focus ring 30 can be greatly improved, while 
preventing an increase in the cost of the Susceptor. 

0.130 Here, according to the susceptor of the second 
embodiment, the thickness of the dielectric material portion 
30c is constant in the radial direction of the focus ring 30; 
however, as with the Susceptor according to the first embodi 
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ment described earlier, the dielectric material portion 30c 
may be constructed Such that the thickness thereof increases 
from the inside of the focus ring 30 outward or from the 
outside of the focus ring 30 inward, and moreover the 
dielectric material portion 30c may be constructed such that 
the dielectric constant thereof increases from the inside of 
the focus ring 30 outward or from the outside of the focus 
ring 30 inward. 
0131 According to each of the susceptors of the first and 
Second embodiments described above, Silicon is used as the 
material constituting the conductive material portion, but 
any material that will become negatively charged upon 
contacting the plasma may be used as the material consti 
tuting the conductive material portion, for example alumi 
num (Al), a Semiconductor, or the like may be used. As a 
result, the charge induced in the conductive material portion 
can be further increased, and hence the degree of close 
contact between the electrostatic chuck 25 and the focus ring 
30 can be further increased, and thus the heat transfer ability 
between the electrostatic chuck 25 and the focus ring 30 can 
be further improved. 

0132) Moreover, according to each of the susceptors of 
the first and Second embodiments described above, Silicon 
dioxide is used as the material constituting the dielectric 
material portion(s), but any insulating material (especially a 
material having a high dielectric constant) may be used as 
the material constituting the dielectric material portion(s), 
for example silicon nitride (SiN), alumite, or the like may be 
used. Here, if an oxide of the material constituting the 
conductive material portion is used as the material consti 
tuting the dielectric material portion(s), then the dielectric 
material portion(s) can be formed by oxidizing the conduc 
tive material portion. The focus ring 30 can thus be formed 
easily, and moreover the occurrence of gaps between the 
dielectric material portion(s) and the conductive material 
portion can be prevented, and hence the charge induced in 
the conductive material portion can be further increased. 
0.133 Moreover, the method of forming the dielectric 
material portion(s) is not limited to Sputtering, but rather 
CVD, dipping and So on may be used as appropriate in 
accordance with the material. 

0134 Moreover, according to each of the susceptors of 
the first and second embodiments described above, the 
electrostatic chuck 25 and the dielectric material portion 30a 
or 30c contact one another directly, but a heat-resistant 
elastic member made of conductive silicone rubber or the 
like may be interposed between the electrostatic chuck 25 
and the dielectric material portion 30a or 30c, whereby the 
heat transfer ability between the electrostatic chuck 25 and 
the focus ring 30 can be further improved. Moreover, helium 
gas may be filled between the electrostatic chuck 25 and the 
dielectric material portion 30a or 30c as a backside gas, 
whereby again the heat transfer ability can be further 
improved. 

0135) Next, a susceptor according to a third embodiment 
of the present invention will be described in detail. 
0.136 The susceptor according to the third embodiment 
has basically the same construction and operation as in the 
first embodiment described earlier, and hence description of 
aspects of the construction and operation that overlap with 
the first embodiment will be omitted, and in the following 
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only aspects of the construction and operation that differ to 
the first embodiment will be described. 

0.137 According to the susceptor of the third embodi 
ment, as will be described below, the heat transfer gas (heat 
transfer medium), for example He gas, from the heat transfer 
gas Supply unit 35 is Supplied via a gas Supply line 46 into 
a gap between an upper Surface of the central portion 25a of 
the electrostatic chuck 25 and a rear Surface of the wafer W. 
a gap between an upper Surface of the outer peripheral 
portion 25b of the electrostatic chuck 25 and a rear surface 
of the focus ring 30, and a gap between the lower electrode 
11 and the electrostatic chuck 25, thus improving the heat 
transfer ability between the wafer W and the electrostatic 
chuck 25, between the focus ring 30 and the electrostatic 
chuck 25, and between the electrostatic chuck 25 and the 
lower electrode 11. 

0.138 FIG. 6 is a schematic sectional view showing the 
construction of the Susceptor according to the third embodi 
ment. 

0.139. As shown in FIG. 6, as with the susceptor accord 
ing to the first embodiment, the Susceptor according to the 
third embodiment is comprised of a lower electrode 11, an 
electroStatic chuck 25 disposed on an upper Surface of the 
lower electrode 11, and a focus ring 30 mounted on an upper 
surface of an outer peripheral portion 25b of the electrostatic 
chuck 25. 

0140 Here, the gas supply line 46 has a wafer section line 
46a that opens out at the upper Surface of the central portion 
25a, and a focus ring Section line 46b that opens out at two 
places in the upper Surface of the outer peripheral portion 
25b; the two openings of the focus ring section line 46b are 
disposed in the upper Surface of the outer peripheral portion 
25b symmetrically such that the center of the central portion 
25a is midway between the two openings (see FIG. 7A). 
0141 The wafer section line 46a has a PCV (pressure 
control valve) 80 and an opening/closing valve 81; the PCV 
80 and the opening/closing valve 81 are connected to the 
controller 43, which controls the operation of the PCV 80 
and the opening/closing valve 81. The PCV 80 controls the 
preSSure of the He gas Supplied onto the rear Surface of the 
wafer W from the wafer section line 46a, and the opening/ 
closing valve 81 closes off the wafer section line 46a from 
the heat transfer gas Supply unit 35 in response to a com 
mand from the controller 43. 

0142. The focus ring section line 46b also has a PCV 82 
and an opening/closing valve 83; the PCV 82 and the 
opening/closing Valve 83 are connected to the controller 43, 
which controls the operation of the PCV 82 and the opening/ 
closing valve 83. The PCV 82 controls the pressure of the He 
gas Supplied into a heat transfer gas introduction groove 44, 
described below, by the focus ring section line 46b, and the 
opening/closing valve 83 closes off the focus ring Section 
line 46b from the heat transfer gas Supply unit 35 in response 
to a command from the controller 43. 

0.143 Moreover, the focus ring section line 46b has a 
chamber release system 84 between the openings of the 
focus ring Section line 46b and the opening/closing valve 83. 
The chamber release system 84 is comprised of two lines 
85a and 85b. The lines 85a and 85b are each communicated 
at one end thereof with the focus ring section line 46b, and 
are connected at the other end thereof to one another to form 
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a single line, which is communicated with the interior of the 
chamber 10. The line 85a has an opening/closing valve 86, 
and the line 85b has an opening/closing valve 87 and a 
constriction 88. The opening/closing valves 86 and 87 are 
connected to the controller 43, which controls the operation 
of the opening/closing valves 86 and 87. 

0144) Furthermore, the wafer section line 46a may also 
have a System similar to the chamber release System 84, as 
shown in FIG. 6. 

0145. It is preferable that a plurality of wafer section lines 
46a are provided, each opening in the upper Surface of the 
central portion 25a in a manner facing a central portion and 
a peripheral portion of the rear surface of the wafer W, 
whereby the temperature of the wafer W can be appropri 
ately controlled. 
0146 Moreover, the focus ring 30 has a heat transfer gas 
introduction groove 44 formed in a contact Surface (contact 
portion) thereof disposed in contact with the outer peripheral 
portion 25b, the material of the focus ring 30 is selected as 
appropriate in accordance with the type of the film to be 
etched of the wafer W, for example silicon (Si) can be used 
in the case that the film to be etched of the wafer W is an 
oxide film, and Silicon dioxide (SiO2) can be used in the case 
that the film to be etched of the wafer W is a polysilicon film. 
Silicon nitride (SiN), alumite-treated aluminum (Al), silicon 
carbide (SiC), and So on can also be used. 
0147 FIGS. 7A and 7B are schematic views showing the 
construction of the heat transfer gas introduction groove 44 
appearing in FIG. 6; specifically, FIG. 7A is a view showing 
the focus ring 30 as viewed from the contact Surface, and 
FIG. 7B is a sectional view taken along line III-III in FIG. 
7A. 

0148. As shown in FIGS. 7A and 7B, the heat transfer 
gas introduction groove 44 has formed in the contact Surface 
an inner introduction groove 44a that has an annular shape 
concentric with the focus ring 30, an outer introduction 
groove 44b that has an annular shape concentric with the 
focus ring 30 and is disposed So as to Surround the inner 
introduction groove 44a, and radial introduction grooves 
44c that join the inner introduction groove 44a and the outer 
introduction groove 44b together, the diameter of the outer 
introduction groove 44b is approximately equal to the dis 
tance between the two openings of the focus ring Section line 
46b in the upper surface of the outer peripheral portion 25b. 
0149. In general, the center of the focus ring 30 coincides 
with the center of the central portion 25a of the electrostatic 
chuck 25, and hence when the focus ring 30 is mounted on 
the upper Surface of the Outer peripheral portion 25b, the 
openings of the focus ring Section line 46b face the outer 
introduction groove 44b, whereby He gas supplied from the 
openings of the focus ring Section line 46b is filled into the 
heat transfer gas introduction groove 44. 

0150 Moreover, the inner introduction groove 44a, the 
outer introduction groove 44b and the radial introduction 
grooves 44c have a Substantially rectangular cross-sectional 
shape, a width of, for example, 1 mm, and a depth of 0.1 to 
11.0 mm, preferably at least 0.5 mm, and moreover have 
corners thereof rounded off. 

0151. Next, a description will be given of changing of the 
Supply preSSure of He gas into the heat transfer gas intro 
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duction groove 44 (hereinafter referred to as the “He pres 
Sure'), and the high voltage applied to the electrode plate 
25d to attract the focus ring 30 to the outer peripheral portion 
25b of the electrostatic chuck 25 (hereinafter referred to as 
the “F/R chuck Voltage') during dry etching processing. 
0152 FIGS. 8A and 8B are sequence diagrams showing 
changes in the He pressure and the F/R chuck Voltage during 
continuous dry etching processing. 
0153. In FIGS. 8A and 8B, the continuous dry etching 
processing is comprised of a PCV Zero point adjusting 
sequence in which adjustment of the Zero point of the PCV 
82 is carried out, a leakage checking Sequence in which 
leakage of the He gas Supplied into the heat transfer gas 
introduction groove 44 is checked for, a conveying-in 
sequence in which a wafer W is conveyed into the chamber 
10, a processing sequence in which the wafer W that has 
been conveyed in is Subjected to dry etching, a conveying 
out sequence in which the wafer W that has been subjected 
to the dry etching is conveyed out from the chamber 10, and 
a lower electrode decharging Sequence in which the lower 
electrode 11, which has become charged during the dry 
etching, is decharged; the continuous dry etching processing 
is carried out through a Suitable combination of these 
Sequences. 

0154) First, N gas is introduced into the chamber 10 (N. 
purge on), and the APC is opened and the exhauster 18 is 
operated, thus reducing the pressure inside the chamber 10. 
0.155) Next, in the PCV Zero point adjusting sequence, the 
PCV 82 is closed, thus closing off the focus ring section line 
46b from the heat transfer gas supply unit 35, and the 
opening/closing valves 83, 86 and 87 are opened. The focus 
ring section line 46b is thus evacuated by the exhauster 18 
via the chamber release system 84. The evacuation is 
continued for a predetermined time period, and then the 
adjustment of the Zero point of the PCV 82 is carried out 
based on the preSSure inside the focus ring Section line 46b 
(PCV Zero point adjustment on). By carrying out such 
adjustment of the Zero point of the PCV 82 at the start of the 
continuous dry etching processing, the He preSSure can be 
controlled accurately in the Subsequent Sequences. More 
over, when reducing the preSSure inside the chamber 10, by 
evacuating the focus ring Section line 46b, a preSSure dif 
ference between the interior of the chamber 10 and the 
interior of the heat transfer gas introduction groove 44 can 
be eliminated. As a result, the focus ring 30 can be prevented 
from Separating away due to Such a pressure difference. 
0156 Next, in the leakage checking sequence, the APC is 
closed, thus raising the preSSure inside the chamber 10 
controlled by the APC (hereinafter referred to as the “APC 
controlled pressure”), whereby the APC-controlled pressure 
is set to an F/R chuck attraction pressure, which is the 
preSSure inside the chamber 10 when checking for leakage. 
When the APC-controlled pressure is rising, once the APC 
controlled pressure reaches 6.65x10 Pa (500 torr), a high 
voltage is applied to the electrode plate 25d, whereby the 
F/R chuck voltage is set to an F/R chuck provisional 
attraction Voltage for provisional attraction, and then after 
the lapse of 2.5 Seconds, the F/R chuck Voltage is set to an 
F/R chuck attraction Voltage for main attraction. The reason 
that the application of the high Voltage to the electrode plate 
25d is not commenced until the APC-controlled pressure has 
reached 6.65x10" Pa is that when the pressure inside the 
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chamber 10 is low, the focus ring 30 will not be attracted to 
the electrostatic chuck 25 even if a high Voltage is applied 
to the electrode plate 25d. 
O157. He gas is then supplied into the heat transfer gas 
introduction groove 44 from the focus ring section line 46b, 
and once the He preSSure has reached an F/R leakage 
checking pressure, the PCV 82 is closed (the He pressure is 
put into an “off” state), and after a predetermined time period 
has passed, the pressure inside the focus ring Section line 
46b is measured, and it is determined whether or not the 
measured preSSure is within a predetermined range. Note 
that the leakage checking may alternatively be carried out 
not by measuring the pressure inside the focus ring Section 
line 46b, but rather by measuring the gas flow rate inside the 
focus ring Section line 46b. 
0158 If the measured pressure is within the predeter 
mined range, then next, in the conveying-in Sequence, the 
APC is opened, and at the same time the F/R chuck voltage 
is Set to a conveying-in time F/R chuck Voltage, and the He 
preSSure is set to a conveying-in time F/R cooling pressure. 
Once the He pressure is stable, a wafer W is conveyed into 
the chamber 10, and is mounted on and attracted to the 
electroStatic chuck 25, and the introduction of N gas into 
the chamber 10 is suspended (N. purge off). 
0159. Next, in the processing sequence, the APC is 
closed, thus raising the APC-controlled pressure to a pro 
cessing pressure, which is the pressure inside the chamber 
10 required for the dry etching, and the dry etching is 
commenced, and then in accordance with the respective 
Steps in a recipe for the dry etching, the He pressure is, for 
example, changed to a step-1 F/R cooling pressure, a step-2 
F/R cooling pressure and So on, and at the same time the F/R 
chuck Voltage is, for example, changed to a step-1 F/R chuck 
Voltage, a step-2. F/R chuck Voltage and So on. The values of 
the step-1 F/R cooling pressure and the step-1 F/R chuck 
Voltage and So on are Set in advance Such that the tempera 
ture of the focus ring 30 will remain constant even when the 
high-frequency Voltage applied to the lower electrode 11 and 
the high Voltage applied to the electrode plate 25c are 
changed from Step to Step. According to the plasma pro 
cessing apparatus according to the present third embodi 
ment, the Step-n F/R cooling pressure and the Step-n F/R 
chuck Voltage can each be set for 24 steps. 
0160. After the dry etching has been completed, in the 
conveying-out Sequence, the APC is opened, the F/R chuck 
Voltage is Set to a conveying-out time F/R chuck Voltage, 
and, as in the PCV Zero point adjusting Sequence described 
above, the PCV 82 is closed, and the opening/closing valves 
83, 86 and 87 are opened, and adjustment of the Zero point 
of the PCV 82 is carried out (PCV Zero point adjustment on). 
After that, N gas is introduced into the chamber 10 (N. 
purgeon), and the He pressure is set to a conveying-out time 
F/R cooling pressure, and the wafer W that has been 
Subjected to the dry etching is conveyed out from the 
chamber 10. 

0.161. After the wafer W has been conveyed out, in the 
lower electrode decharging Sequence, the APC is closed, 
thus Setting the APC-controlled pressure to the processing 
preSSure, and decharging of the lower electrode 11 is carried 
out. Then, in the following conveying-in Sequence, the APC 
is opened, and the F/R chuck Voltage is Set to the conveying 
in time F/R chuck Voltage, the He pressure is Set to the 
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conveying-in time F/R cooling preSSure, and the introduc 
tion of N gas into the chamber 10 is Suspended (N. purge 
off). The next wafer W (i.e. a second wafer W) is then 
conveyed into the chamber 10, and is mounted on and 
attracted to the electrostatic chuck 25. 

0162 Next, the processing sequence and the conveying 
out Sequence are carried out as described above, and after 
the second wafer W has been subjected to the dry etching 
and has been conveyed out, the lower electrode decharging 
Sequence is carried out as described above. 
0163 The above conveying-in sequence, processing 
Sequence, conveying-out Sequence and lower electrode 
decharging Sequence are carried out repeatedly in accor 
dance with the number of wafers W in one lot, for example 
25. 

0164. The reason for not setting the F/R chuck voltage 
and the He preSSure to Zero but rather carrying out cooling 
of the focus ring 30 during the conveying-out Sequence and 
the conveying-in Sequence is to prepare for the dry etching 
of the next wafer W, i.e. to completely remove the heat from 
the focus ring 30, and thus make the dry etching conditions 
uniform for all of the wafers W. 

0165 Moreover, adjustment of the Zero point of the PCV 
82 is always carried out in every conveying-in Sequence, i.e. 
adjustment of the Zero point of the PCV 82 is always carried 
out for every processing Sequence. As a result, the He 
pressure can be controlled accurately in every processing 
Sequence. 

0166. After the lower electrode decharging sequence has 
been carried out for the final time in the lot, the APC is 
opened, and the F/R chuck Voltage is set to the conveying-in 
time F/R chuck Voltage, and the He pressure is set to the 
conveying-in time F/R cooling pressure; then, after a pre 
determined time period has passed, the PCV 82 is closed, 
and the opening/closing valves 83, 86 and 87 are opened, 
thus carrying out evacuation of the focus ring Section line 
46b. After the He gas has been removed from the focus ring 
Section line 46b, the He preSSure is once again Set to the 
conveying-in time F/R cooling pressure, and furthermore the 
F/R chuck Voltage is Set to Zero, thus releasing the electro 
static attraction of the focus ring 30 onto the electrostatic 
chuck 25. 

0167. It should be noted that the rises and falls in the 
graphs of the F/R chuck Voltage and the He pressure in the 
sequence diagrams of FIGS. 8A and 8B merely show where 
the values of the F/R chuck voltage and the He pressure 
change, and do not show the magnitudes of the values. 
0168 According to the sequence of FIGS. 8A and 8B, 
the set values of the F/R chuck voltage and the He pressure 
are changed for the conveying-in Sequence, the processing 
Sequence and the conveying-out Sequence, and in particular 
are changed for each Step of the processing Sequence, and 
hence the cooling of the focus ring 30 can be carried out 
Stably. The occurrence of local deterioration of the etching 
characteristics of the wafer W can thus be prevented. 
0169. According to the susceptor of the third embodi 
ment, the focus ring 30 has a heat transfer gas introduction 
groove 44 formed in the contact Surface thereof disposed in 
contact with the outer peripheral portion 25b of the electro 
static chuck 25, and when the focus ring 30 has been 
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mounted on the upper Surface of the outer peripheral portion 
25b, the openings of the focus ring section line 46b face the 
heat transfer gas introduction groove 44, and hence He gas 
from the focus ring section line 46b is filled into the heat 
transfer gas introduction groove 44; consequently, a cooling 
unit is not required between the electroStatic chuck 25 and 
the focus ring 30, and moreover the He gas can be made to 
diffuse reliably between the electrostatic chuck 25 and the 
focus ring 30, and furthermore the area of contact between 
the focus ring 30 and the He gas can be increased. The heat 
transfer ability between the electrostatic chuck 25 and the 
focus ring 30 can thus be improved sufficiently, whereby the 
efficiency of cooling of the focus ring 30 can be greatly 
improved, while preventing an increase in the cost of the 
plasma processing apparatus. Moreover, the heat transfer 
gas introduction groove 44 causes a Suitable reduction in the 
rigidity of the focus ring 30, whereby the focus ring 30 can 
be deformed to follow the shape of the electrostatic chuck 
25, whereby the degree of close contact between the elec 
trostatic chuck 25 and the focus ring 30 can be improved. As 
a result, the efficiency of cooling of the focus ring 30 can be 
improved yet more greatly. 
0170 Moreover, the depth of the heat transfer gas intro 
duction groove 44 is at least 0.1 mm, and hence the 
conductance can be made large, and thus the He gas can be 
filled into the heat transfer gas introduction groove 44 
rapidly, whereby the efficiency of cooling of the focus ring 
30 can be improved markedly. 
0171 Furthermore, corners of the heat transfer gas intro 
duction groove 44 are rounded off, and hence the occurrence 
of cracks in the heat transfer gas introduction groove 44 can 
be prevented, and thus the durability of the focus ring 30 can 
be improved, whereby an increase in the maintenance cost 
can be prevented. 
0172 Moreover, the heat transfer gas introduction groove 
44 has formed in the contact Surface an inner introduction 
groove 44a that has an annular shape concentric with the 
focus ring 30, an outer introduction groove 44b that has an 
annular shape concentric with the focus ring 30 and is 
disposed So as to Surround the inner introduction groove 
44a, and radial introduction grooves 44c that join the inner 
introduction groove 44a and the outer introduction groove 
44b together; as a result, the He gas can be made to diffuse 
uniformly between the electrostatic chuck 25 and the focus 
ring 30 (i.e. over the contact Surface), and hence the focus 
ring 30 can be cooled uniformly. 
0173 According to the susceptor of the third embodiment 
described above, the heat transfer gas introduction groove 
44 has two annular Sections in the contact Surface; however, 
the Structure of the heat transfer gas introduction groove 44 
is not limited to this, and may be changed as appropriate in 
accordance with the Size and rigidity of the focus ring 30, 
having, for example, a single annular Section, or three or 
more annular Sections. 

0.174 Moreover, the heat transfer gas introduction groove 
44 need not have the radial introduction grooves 44c; in the 
case that the heat transfer gas introduction groove 44 does 
not have radial introduction grooves 44c, openings of the gas 
Supply line 46 facing the inner introduction groove 44a are 
preferably disposed in the upper Surface of the outer periph 
eral portion 25b. 
0175 Moreover, the number of openings of the focus ring 
section line 46b is not limited to being two, but rather 
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openings of the focus ring Section line 46b may be disposed 
in three or more places in the upper Surface of the outer 
peripheral portion 25b. 
0176) Next, a susceptor according to a fourth embodi 
ment of the present invention will be described in detail. 
0177. The susceptor according to the fourth embodiment 
has basically the same construction and operation as in the 
third embodiment described above, and hence description of 
aspects of the construction and operation that overlap with 
the third embodiment will be omitted, and in the following 
only aspects of the construction and operation that differ to 
the third embodiment will be described. 

0.178 FIG. 9 is a schematic sectional view showing the 
construction of the Susceptor according to the fourth 
embodiment. 

0179. As shown in FIG. 9, the susceptor according to the 
fourth embodiment is again comprised of a lower electrode 
11, an electroStatic chuck 25 disposed on an upper Surface of 
the lower electrode 11, and a focus ring 30 mounted on an 
upper Surface of an Outer peripheral portion 25b of the 
electrostatic chuck 25. 

0180 Here, the electrostatic chuck 25 has a heat transfer 
gas introduction groove 45 formed in the upper Surface of 
the outer peripheral portion 25b, the heat transfer gas 
introduction groove 45 has formed in the upper Surface of 
the outer peripheral portion 25b an inner introduction groove 
45a that has an annular shape concentric with the central 
portion 25a, an outer introduction groove 45b that has an 
annular shape concentric with the central portion 25a and is 
disposed So as to Surround the inner introduction groove 
45a, and radial introduction grooves (not shown) that join 
the inner introduction groove 45a and the outer introduction 
groove 45b together; a focus ring Section line 46b of a gas 
supply line 46 is joined to the outer introduction groove 45b. 
AS a result, He gas Supplied from the openings of the focus 
ring Section line 46b is filled into the heat transfer gas 
introduction groove 45. 
0181. In general, the center of the focus ring 30 coincides 
with the center of the central portion 25a of the electrostatic 
chuck 25, and hence when the focus ring 30 is mounted on 
the upper Surface of the outer peripheral portion 25b, the 
inner introduction groove 45a and the outer introduction 
groove 45b are disposed concentrically with the focus ring 
30. 

0182 Moreover, the inner introduction groove 45a, the 
outer introduction groove 45b and the radial introduction 
grooves have a Substantially rectangular cross-sectional 
shape, a width of, for example, 1 mm, and a depth of 0.1 to 
11.0 mm, preferably at least 0.5 mm, and moreover have 
corners thereof rounded off. 

0183 According to the susceptor of the fourth embodi 
ment, the electrostatic chuck 25 has a heat transfer gas 
introduction groove 45 formed in the upper surface of the 
outer peripheral portion 25b, and the focus ring Section line 
46b of the gas supply line 46 is joined to the outer intro 
duction groove 45b and thus Supplies. He gas into the heat 
transfer gas introduction groove 45; consequently, a cooling 
unit is not required between the electroStatic chuck 25 and 
the focus ring 30, and the need to form a heat transfer gas 
introduction groove in the focus ring 30 can be eliminated, 
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and moreover the He gas can be made to diffuse reliably 
between the electrostatic chuck 25 and the focus ring 30. The 
heat transfer ability between the electrostatic chuck 25 and 
the focus ring 30 can thus be improved sufficiently, whereby 
the efficiency of cooling of the focus ring 30 can be greatly 
improved, while reducing the initial cost of the plasma 
processing apparatus. 

0184 Moreover, the heat transfer gas introduction groove 
45 has formed in the upper surface of the outer peripheral 
portion 25b an inner introduction groove 45a that has an 
annular shape concentric with the central portion 25a, an 
outer introduction groove 45b that has an annular shape 
concentric with the central portion 25a and is disposed So as 
to Surround the inner introduction groove 45a, and radial 
introduction grooves that join the inner introduction groove 
45a and the outer introduction groove 45b together; as a 
result, the He gas can be made to diffuse uniformly over the 
upper Surface of the outer peripheral portion 25b, which is 
the contact surface between the outer peripheral portion 25b 
and the focus ring 30, and hence the focus ring 30 can be 
cooled uniformly. 

0185. According to the susceptor of the fourth embodi 
ment described above, the heat transfer gas introduction 
groove 45 has two annular Sections in the upper Surface of 
the outer peripheral portion 25b; however, the structure of 
the heat transfer gas introduction groove 45 is not limited to 
this, and may be changed as appropriate in accordance with 
the size of the focus ring 30, having, for example, a single 
annular Section, or three or more annular Sections. 

0186 Moreover, according to the Susceptors of the third 
and fourth embodiments described above, only one of the 
focus ring 30 and the electrostatic chuck 25 has a heat 
transfer gas introduction groove, but the focus ring 30 and 
the electroStatic chuck 25 may each have a heat transfer gas 
introduction groove, whereby the efficiency of cooling of the 
focus ring 30 can be further improved. 
0187. In dry etching processing, out of radicals generated 
from the processing gas, depositable radicals that will attach 
to objects tend to attach to low-temperature objects. With the 
conventional plasma processing apparatus, in the dry etch 
ing processing, the temperature of the wafer W rises only to 
approximately 80 C. due to the cooling action of a cooling 
mechanism built into the lower electrode or the like. On the 
other hand, the temperature of the focus ring rises to 
approximately 200 to 400 C. due to colliding radicals. 
Depositable radicals thus tend to attach to the wafer W, and 
in particular readily attach to a rear Surface of a portion of 
the wafer W that projects out from the electrostatic chuck, 
i.e. a wafer beveled portion. 
0188 Depositable radicals attached to the wafer beveled 
portion may detach from the wafer W when the wafer W is 
taken out from the plasma processing apparatus after the dry 
etching processing has been carried out on the wafer W. The 
detached depositable radicals will remain inside the plasma 
processing apparatus, and during the next and Subsequent 
times the dry etching processing is carried out, will be flung 
around by the flow of the N2 gas. The flung around depos 
itable radicals may become attached to the Surface of a wafer 
W, thus causing particle contamination. 
0189 To prevent the occurrence of Such particle contami 
nation, it is preferable to make it Such that depositable 
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radicals are not attached to the wafer beveled portion. AS a 
method of preventing attachment of depositable radicals to 
the wafer beveled portion, one can envisage, for example, 
making O gas or He gas flow between the focus ring and the 
electroStatic chuck, thus generating a gas flow in the vicinity 
of the surface of the wafer beveled portion. However, the gas 
flow will also Sweep away etching radicals, and hence it will 
not be possible to maintain the uniformity of the etching at 
an edge part of the wafer W. 
0190. On the other hand, with the susceptors according to 
the third and fourth embodiments described above, by filling 
a coolant Such as a Galden fluid into the heat transfer gas 
introduction groove 44 or 45, the focus ring 30 is cooled, and 
hence depositable radicals are forcibly attached to the focus 
ring 30. AS a result, the depositable radicals can be prevented 
from becoming attached to the wafer beveled portion, and 
hence the occurrence of particle contamination can be 
prevented. There are no particular limitations on the type of 
the coolant filled into the heat transfer gas introduction 
groove 44 or 45 to cool the focus ring 30, but Galden fluids 
are readily procurable, and hence if a Galden fluid is used, 
then the running cost for the plasma processing apparatus 
can be reliably kept down. 
0191) When cooling the focus ring 30, it is preferable to 
reduce the temperature of the focus ring 30 to at least 20K 
below the temperature of the electrostatic chuck 25. Even 
during the dry etching processing, the temperature of the 
electrostatic chuck 25 is maintained at approximately 20° C. 
by the coolant chamber 31 inside the lower electrode 11. 
Upon reducing the temperature of the focus ring 30 to at 
least 20K below the temperature of the electrostatic chuck 
25, the temperature of the focus ring 30 will thus be reduced 
to not more than 0° C. As a result, depositable radicals can 
be reliably attached to the focus ring 30. 
0.192 In the case that depositable radicals have become 
attached in a large amount to the focus ring 30, it will be 
necessary to replace the focus ring 30, but frequent replace 
ment of the focus ring 30 will result in an increase in the 
maintenance cost for the plasma processing apparatus, and 
hence it is necessary to make it Such that depositable radicals 
are not attached to the focus ring 30 in a large amount. It is 
thus preferable to remove depositable radicals that have 
become attached to the focus ring 30. 
0193 With the susceptors according to the third and 
fourth embodiments described above, the focus ring 30 is 
thus heated by filling a high-temperature medium into the 
heat transfer gas introduction groove 44 or 45. The depos 
itable radicals are Sublimed by the high temperature, and 
hence by heating the focus ring 30, the attached depositable 
radicals can be removed. As a result, the focus ring 30 
replacement cycle can be lengthened, and hence the main 
tenance cost for the plasma processing apparatus can be kept 
down. 

0194 The method of heating the focus ring is not limited 
to filling with a high-temperature heat transfer medium. For 
example, the focus ring may be heated by a heating member 
(second heating means) that covers an outer peripheral 
Surface of the focus ring. 
0.195 FIG. 10 is a schematic sectional view showing the 
construction of a heating member that heats a focus ring, and 
the heated focus ring. 
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0196) In FIG. 10, the outside radius of the focus ring 48 
is set to be smaller than that of the focus ring 30 described 
earlier, and an upper Surface of the focus ring 48 is made to 
be stepped Such that an Outer peripheral Side of the upper 
surface is lowered. The heating member 47 is an annular 
member having an inverted L-shaped croSS Section; an inner 
peripheral Surface of the heating member 47 covers the outer 
peripheral Surface of the focus ring 48, and moreover a 
projecting portion of the L shape loosely fits into the Stepped 
portion of the upper Surface of the focus ring 48. The heating 
member 47 is made of silicon (Si), silicon carbide (SiC), 
silicon dioxide (SiO) or the like, for which the temperature 
readily rises upon being Subjected to collision by radicals. 
0197) A plasma is generated inside the plasma processing 
apparatus, whereby radicals are caused to collide with the 
heating member 47, thus raising the temperature of the 
heating member 47. The heated heating member 47 transfers 
its heat to the focus ring 48, thus heating the focus ring 48. 
0198 By using the heating member 47, the necessity of 
filling a high-temperature medium into the heat transfer gas 
introduction groove 44 or 45 can be eliminated, and hence 
the Structures of the heat transfer gas introduction groove 44 
or 45, the gas Supply line 46 and the heat transfer gas Supply 
unit 35 can be simplified. 
0199 The removal of depositable radicals may be real 
ized not only by heating the focus ring, but also by another 
method. 

0200 For example, depositable radicals may be removed 
by making a cleaning gas flow into the plasma processing 
apparatus. Specifically, a plasma is generated from a clean 
ing gas comprised of O, NF, SF, CF or the like, and 
hence radicals thus generated are caused to collide with the 
depositable radicals attached to the focus ring, thus Scatter 
ing the depositable radicals, whereby the depositable radi 
cals can easily be removed from the focus ring. 
0201 Moreover, the depositable radicals may be 
removed by, for example, exposing the focus ring to the 
plasma generated during the dry etching processing. Spe 
cifically, radicals generated from the processing gas are 
caused to collide with the depositable radicals attached to 
the focus ring. As a result, the deposit attached to the focus 
ring 30 can be removed during the continuous dry etching 
processing. The deposit can thus be removed without reduc 
ing the efficiency of the dry etching processing of the wafers 
W. 

0202) The methods of cooling and heating the focus ring 
are not limited to methods using a heat transfer medium as 
described above. For example, as shown in FIG. 11, instead 
of the heat transfer gas introduction groove 44 or 45, a 
Peltier device 49 may be provided at the contact surface 
between the focus ring 30 and the electrostatic chuck 25. 
With the Peltier device 49, heating or cooling can easily be 
carried out using a DC current, and hence a heat transfer 
medium is not required. The Structure of the heat eXchange 
mechanism can thus be Simplified, and hence the initial cost 
for the plasma processing apparatus can be reduced. The 
Peltier device 49 may be provided on either the focus ring 
30 or the electrostatic chuck 25. 

0203 Furthermore, as methods of heating the focus ring, 
in addition to the methods described above, heating using 
irradiation from a lamp, or heating using heat generation by 
a resistor may be used. 
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0204. There are no limitations on the combination of the 
methods of heating and cooling the focus ring described 
above; these methods can be used combined as appropriate. 
0205 According to the Susceptors of the first to fourth 
embodiments, the electrostatic chuck 25 is disk-shaped, and 
the focus ring 30 is annular in shape, but the shapes of the 
electrostatic chuck 25 and the focus ring 30 are not limited 
to these shapes, for example, in the case that the objects to 
be processed are LCDS or the like, in accordance with the 
shape of the LCDs, the electrostatic chuck 25 may have a 
Square plate shape, and the focus ring 30 may have a Square 
frame shape. 
0206 Next, a susceptor according to a fifth embodiment 
of the present invention will be described in detail. 
0207 FIG. 12 is a schematic sectional view showing the 
construction of a plasma processing apparatus in which can 
be used the Susceptor according to the fifth embodiment. 

0208. In FIG. 12, a vacuum chamber 101 that forms a 
processing vessel is made, for example, of aluminum or the 
like, and is formed in a cylindrical shape. 

0209. The vacuum chamber 101 has provided therein an 
susceptor 102 for mounting a wafer W, and this susceptor 
102 also acts as a lower electrode. Moreover, a shower head 
103 that also acts as an upper electrode is provided in a 
ceiling portion of the vacuum chamber 101; the Susceptor 
102 and the shower head 103 together constitute a pair of 
parallel plate electrodes. 

0210. A gas diffusion cavity 104 is provided above the 
shower head 103, and moreover a large number of small 
holes 105 are provided in the shower head 103, which are 
positioned below the gas diffusion cavity 104. Moreover, the 
shower head 103 is constructed such that a predetermined 
processing gas (etching gas) Supplied from a processing gas 
supply system 106 diffuses through the gas diffusion cavity 
104, and is supplied from the small holes 105 in the form of 
a shower toward the wafer W. In the present embodiment, 
the shower head 103 is made to be at a ground potential, but 
a construction may be adopted in which a high-frequency 
power source is connected to the shower head 103, and 
high-frequency Voltages are applied to both the Susceptor 
102 and the shower head 103. 

0211) A high-frequency power source 108 is connected to 
the susceptor 102 via a matching unit 107, and high 
frequency electrical power at a predetermined high fre 
quency (e.g. a frequency of from approximately several 
hundred kHz to approximately one hundred MHz) is Sup 
plied to the susceptor 102. 

0212 Moreover, an electrostatic chuck 109 for attracting 
and holding the wafer W is provided on a wafer W mounting 
surface of the susceptor 102. The electrostatic chuck 109 has 
a construction in which an electrostatic chuck electrode 
109b is provided in an insulating layer 109a, and a DC 
power Source 110 is connected to the electroStatic chuck 
electrode 109b. Furthermore, a focus ring 111 is provided on 
an upper Surface of the Susceptor 102 So as to Surround the 
wafer W. 

0213 The focus ring 111 is constructed such as to have an 
annular shape overall, but as shown in FIG. 12 and also in 
more detail in FIG. 13, is comprised of a lower member 
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111a that is mounted on the Susceptor 102, and an upper 
member 111b that is disposed above the lower member 111a. 
0214. The lower member 111a and the upper member 
111b are each made of, for example, Silicon or the like, and 
constructed in an annular shape. Moreover, a gap 111c is 
formed between the lower member 111a and the upper 
member 111b, and as shown by arrows in FIG. 13, the gap 
111c acts as a flow path for the processing gas. 
0215 Aplurality of pin insertion holes 113 (in the present 
embodiment, a total of three at 120 intervals along a 
circumferential direction) are provided in the lower member 
111a, and a pin 114 is inserted into each of the pin insertion 
holes 113. Moreover, fixing holes 115 are provided in the 
upper member 111b in correspondence with the pins 114, 
and the upper member 111b is supported on the pins 114 in 
a State in which a tip portion of each pin 114 is inserted into 
the corresponding fixing hole 115. The upper member 111b 
is thus Substantially mounted on the pins 114, and hence the 
structure is such that the upper member 111b can be 
detached from the lower member 111a by being lifted up, 
whereby it is possible to replace only the upper member 
111b. 

0216) Moreover, the pins 114 are detachable from the 
lower member 111a, and by replacing the pins 114 with ones 
of a different length, the width of the gap 111c between the 
lower member 111a and the upper member 111b (the gap 
width G shown in FIG. 13) can be changed. 
0217 Reference numeral 116 in FIG. 13 represents a 
positioning pin for positioning the focus ring 111 in a 
predetermined position on the Susceptor 102, a total of two 
Such positioning pins 116 are provided Separated from one 
another by 180 in the circumferential direction on the 
susceptor 102. Moreover, positioning holes 117 and 118 are 
provided in the lower member 111a and the upper member 
111b respectively in correspondence with the positioning 
pins 116. 
0218 Moreover, a coolant flow path for coolant circula 
tion, not shown, is formed in the susceptor 102, whereby the 
temperature of the susceptor 102 can be controlled to a 
predetermined temperature. Moreover, a gas Supply mecha 
nism, not shown, that Supplies a cooling gas, for example 
helium gas, between the Susceptor 102 and a rear Surface of 
the wafer W is provided, and through this cooling gas, heat 
exchange between the susceptor 102 and the wafer W is 
promoted, and hence the temperature of the wafer W can be 
controlled to a predetermined temperature. 
0219. As shown in FIG. 12, an exhaust port 120 is 
provided in a base of the vacuum chamber 101, and an 
exhaust System 121 comprised of a vacuum pump or the like 
is connected to the exhaust port 120. 
0220 Moreover, an exhaust ring 122 formed in an annu 
lar shape is provided around the Susceptor 102 in a manner 
extending substantially parallel with the wafer W mounting 
Surface. Exhaust paths comprised of a large number of holes 
are formed in the exhaust ring 122, and by carrying out 
evacuation using the exhaust System 121 via these exhaust 
paths, a uniform processing gas flow is formed around the 
susceptor 102. Moreover, the exhaust ring 122 is electrically 
connected to a ground potential, and hence a plasma formed 
in a processing Space between the Susceptor 102 and the 
shower head 103 is prevented from leaking out into a Space 
below the exhaust ring 122. 
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0221) Moreover, a magnetic field-forming mechanism 
123 is provided around the vacuum chamber 101, whereby 
a desired magnetic field can be formed in the processing 
Space inside the vacuum chamber 101. A rotating mecha 
nism 124 is provided for the magnetic field-forming mecha 
nism 123, whereby the magnetic field inside the vacuum 
chamber 101 can be rotated by rotating the magnetic field 
forming mechanism 123 around the vacuum chamber 101. 
0222 Next, a description will be given of plasma etching 
processing carried out using the plasma etching apparatus 
constructed as described above. 

0223 First, a gate valve, not shown, provided in a con 
veying in/out port, not shown, of the vacuum chamber 101 
is opened, and a wafer W is conveyed into the vacuum 
chamber 101 using a conveyance mechanism or the like, and 
mounted on the susceptor 102. The wafer W mounted on the 
Susceptor 102 is then attracted and held by applying a 
predetermined DC voltage from the DC power source 110 to 
the electrostatic chuck electrode 109b of the electrostatic 
chuck 109 

0224) Next, the conveyance mechanism is withdrawn 
from the vacuum chamber 101, the gate valve is closed, and 
the interior of the vacuum chamber 101 is exhausted using 
the vacuum pump or the like of the exhaust System 121. 
Once the interior of the vacuum chamber 101 has reached a 
predetermined degree of vacuum, a predetermined process 
ing gas for etching processing is introduced into the vacuum 
chamber 101 from the processing gas supply system 106 via 
the gas diffusion cavity 104 and the small holes 105, and the 
interior of the vacuum chamber 101 is maintained at a 
predetermined pressure, for example approximately 1 Pa to 
1OO Pa. 

0225. In this state, high-frequency electrical power at a 
predetermined frequency is Supplied to the Susceptor 102 
from the high-frequency power source 108. Through the 
high-frequency electrical power being applied to the Sus 
ceptor 102, a high-frequency electric field is formed in the 
processing space between the shower head 103 and the 
Susceptor 102. Moreover, a predetermined magnetic field is 
formed by the magnetic field-forming mechanism 123 in the 
processing space. As a result, a predetermined plasma is 
generated from the processing gas Supplied into the proceSS 
ing Space, and hence a predetermined film on the wafer W 
is etched by this plasma. 
0226. At this time, the processing gas Supplied onto the 
Surface of the wafer W from the Small holes 105 of the 
shower head 103 flows from a central portion of the surface 
of the wafer W toward a peripheral portion thereof, passes 
from the periphery of the wafer W through the gap 111c 
between the lower member 111a and the upper member 111b 
of the focus ring 111, and then flows downward and is thus 
exhausted. This flow of the processing gas is formed uni 
formly around the wafer W. 

0227 Here, if the focus ring did not have the gap 111c, 
then the processing gas Supplied onto the Surface of the 
wafer W would pass over the focus ring and flow out to the 
Surroundings. The flow of the processing gas would thus 
Stagnate at the peripheral portion of the wafer W, and hence 
the etching rate for the wafer W as a whole may drop, and 
moreover the etching rate at the peripheral portion of the 
wafer W may be different to the etching rate at the central 
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portion of the wafer W. In contrast with this, in the present 
embodiment, compared with the case that there is no gap 
111c, the flow of the processing gas at the peripheral portion 
of the wafer W can be made smooth, and hence the problems 
described above can be resolved, i.e. the etching rate for the 
wafer Was a whole can be improved, and the uniformity of 
the etching rate over the surface of the wafer W can be 
improved. 

0228 Moreover, in the above case that the processing gas 
passes over the focus ring and flows out to the Surroundings 
(i.e. the case that there is no gap 111c), the height of an upper 
Surface of the focus ring will drop as the focus ring is 
consumed, and hence the flow of the processing gas will 
gradually change in accordance with this. The residence 
time of the processing gas will thus change, and hence the 
State of the etching processing on the wafer W will change; 
it will thus become necessary to replace the focus ring at a 
time when the amount by which the focus ring has been 
consumed is still relatively low. 

0229. In contrast with this, in the present embodiment, 
the processing gas flows to the Surroundings via the gap 
111c, and hence the effect of changes in the height of the 
upper Surface of the focus ring due to being consumed on the 
State of processing of the wafer W can be Suppressed, and 
thus the maintenance timing, i.e. the time period until the 
focus ring is replaced, can be lengthened. 

0230. Furthermore, when such consumption has 
occurred, by replacing only the upper member 111b instead 
of the whole of the focus ring 111, the cost of the replace 
ment part can be reduced, and hence the running cost can be 
reduced. 

0231. After the predetermined plasma etching processing 
has been carried out as described above, the Supply of the 
high-frequency electrical power from the high-frequency 
power Source 108 is stopped, thus Stopping the etching 
processing, and then using a procedure opposite to that 
described earlier, the wafer W is conveyed out from the 
vacuum chamber 101. 

0232) The graphs in FIGS. 14 and 15 show changes in 
the etching State at each portion of a wafer W with changes 
in the gap width G of the gap 111c in the focus ring 111; in 
FIGS. 14 and 15, the axis of ordinate shows the etching rate 
(nm/min), and the axis of abscissa shows the distance (mm) 
from the center of the wafer. 

0233. The film to be etched was an SiN film, the etching 
gas used was CHF/CF/Ar/O at flow rates of 30, 75, 600 
and 15 Scem respectively, and the etching was carried out 
under conditions of a pressure of 23.3 Pa (175 mTorr), and 
a high-frequency electrical power of 1000 W (frequency: 
13.56 MHz). Moreover, FIG. 14 shows the case that the 
thickness of the upper member 111b of the focus ring 111 
was 1.5 mm, and FIG. 15 shows the case that the thickness 
of the upper member 111b of the focus ring 111 was 2.8 mm. 

0234. In both cases, the thickness of the lower member 
111a of the focus ring 111 was 1.5 mm. 

0235. As shown by these graphs, compared with the case 
that the gap width G of the gap 111c is Zero, as the gap width 
G is widened to 0.5 mm, 1.5 mm and then 2.5 mm, the 
etching rate for the wafer W as a whole increases. 
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0236 Moreover, as shown clearly in the graph in FIG. 14 
in particular, when the gap width G of the gap 111c is Zero, 
the etching rate at the peripheral portion of the wafer W 
becomes lower than the etching rate at the central portion of 
the wafer W, but upon widening the gap width G of the gap 
111c, the etching rate at the peripheral portion of the wafer 
W increases more than the etching rate at the central portion 
of the wafer W, and hence the uniformity of the etching rate 
over the surface of the wafer W can be improved. 

0237 Here, as mentioned above, FIG. 15 shows the case 
that the thickness of the upper member 111b is 2.8 mm, and 
FIG. 14 shows the case that the thickness of the upper 
member 111b is 1.5 mm; the results shown in FIG. 14 thus 
substantially show the results for the state that 1.3 mm of the 
upper member 111b has been consumed from the state 
shown in FIG. 15. As is clear from looking, for example, at 
the change in the etching state between FIGS. 15 and 14 for 
the case that the gap width G of the gap 111c is 2.5 mm, and 
this change for the case that the gap width G is Zero, the 
effect of consumption of the focus ring on the uniformity of 
the etching processing over the Surface of the wafer W can 
be reduced in the case that the gap width G is 2.5 mm 
compared with the case that the gap width G is Zero. The 
maintenance frequency, i.e. the frequency of replacing the 
focus ring, can thus be reduced in the case that the gap width 
G is 2.5 mm compared with the case that the gap width G 
is Zero. 

0238 If the gap width G is made to be narrower than 0.5 
mm, then the operation of the gap 111c as a processing gas 
flow path is impaired due to a drop in the conductance, and 
hence the marked difference in terms of operating effects 
described above disappears. It is thus preferable to make the 
gap width G at least 0.5 mm. 
0239). As described above, according to the present 
embodiment, by using the focus ring 111, the etching rate for 
the wafer W as a whole can be increased, and hence the 
throughput can be increased, and thus the productivity can 
be improved. 

0240 Moreover, with etching processing in which the 
etching rate at a peripheral portion of the wafer W becomes 
lower than the etching rate at a central portion of the wafer 
W if the gap width G is zero, by using the focus ring 111 
according to the present embodiment, and Suitably adjusting 
the gap width G, the etching rate at the peripheral portion of 
the wafer W can be increased more than the etching rate at 
the central portion of the wafer W, and hence the uniformity 
of the etching rate over the surface of the wafer W can be 
improved, and thus high-precision etching processing can be 
carried out. 

0241 Furthermore, according to the present embodiment, 
the frequency of maintenance Such as replacing the focus 
ring 111 can be reduced, and hence the uptime ratio for the 
apparatus can be improved, and thus the productivity can be 
improved; furthermore, when consumption of the focus ring 
111 has occurred, by replacing only the upper member 111b, 
i.e. only part of the focus ring 111, the running cost can be 
reduced. 

0242. In the embodiments described above, the present 
invention is applied to the etching of Semiconductor wafers, 
however, the present invention is not limited to this case, but 
rather can also be similarly applied in the case of carrying 
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out etching on other Substrates Such as glass Substrates for 
liquid crystal display apparatuses. 
0243 With the plasma processing apparatuses described 
above, the values of the focus ring cooling pressure and the 
focus ring chuck Voltage may be set in advance in accor 
dance with the thickness of the focus ring that will be 
consumed over time during one maintenance cycle. More 
over, the extent of consumption of the focus ring may be 
detected using detection means Such as an optical Sensor, 
and the detected values may be fed back into the Set values 
of the focus ring cooling pressure and the focus ring chuck 
Voltage, whereby the extent of consumption of the focus ring 
can be reflected in the processing recipe for the next time of 
carrying out processing. 
0244 Moreover, the present invention can be applied not 
only to etching apparatuses, but also to other plasma pro 
cessing apparatuses Such as CVD apparatuses and ashing 
apparatuSeS. 

What is claimed is: 
1. A plasma processing apparatus comprising: 

a Susceptor having an electroStatic chuck on which is 
mounted an object to be processed that is to be Sub 
jected to plasma processing, and a focus ring having a 
contact portion disposed in contact with Said electro 
Static chuck; 

wherein Said focus ring has a dielectric material portion 
that forms Said contact portion, and a conductive mate 
rial portion that faces Said electrostatic chuck with Said 
dielectric material portion therebetween. 

2. A plasma processing apparatus as claimed in claim 1, 
wherein Said dielectric material portion has a constant 
thickness in a radial direction of Said focus ring. 

3. A plasma processing apparatus as claimed in claim 1, 
wherein Said dielectric material portion is made of an oxide 
of a material constituting Said conductive material portion. 

4. A plasma processing apparatus as claimed in claim 1, 
wherein Said material constituting Said conductive material 
portion is Silicon. 

5. A plasma processing apparatus as claimed in claim 1, 
wherein Said material constituting Said dielectric material 
portion is Silicon dioxide. 

6. A focus ring having a contact portion to be disposed in 
contact with an electroStatic chuck on which is mounted an 
object to be processed that is to be Subjected to plasma 
processing, the focus ring comprising: 

a dielectric material portion that forms said contact por 
tion; and 

a conductive material portion that faces Said electroStatic 
chuck with Said dielectric material portion therebe 
tWeen. 

7. A Susceptor comprising: 

an electroStatic chuck on which is mounted an object to be 
processed that is to be Subjected to plasma processing; 
and 

a focus ring having a contact portion disposed in contact 
with Said electroStatic chuck, 

wherein Said focus ring has a dielectric material portion 
that forms Said contact portion, and a conductive mate 
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rial portion that faces Said electrostatic chuck with Said 
dielectric material portion therebetween. 

8. A plasma processing apparatus comprising: 

a Susceptor having an electroStatic chuck on which is 
mounted an object to be processed that is to be Sub 
jected to plasma processing, and a focus ring having a 
contact Surface disposed in contact with Said electro 
Static chuck around a periphery of the object to be 
processed; and 

heat eXchange means provided at Said contact Surface, for 
carrying out heat eXchange with Said focus ring. 

9. A plasma processing apparatus as claimed in claim 8, 
wherein Said heat eXchange means comprises a groove 
provided in Said contact Surface and filled with a heat 
transfer medium. 

10. A plasma processing apparatus as claimed in claim 9, 
wherein said heat transfer medium is a Galden fluid. 

11. A plasma processing apparatus as claimed in claim 9, 
wherein Said groove is formed in Said focus ring. 

12. A plasma processing apparatus as claimed in claim 9, 
wherein Said groove is formed in Said electroStatic chuck. 

13. A plasma processing apparatus as claimed in claim 9, 
wherein Said groove has a depth of not leSS than 0.1 mm. 

14. A plasma processing apparatus as claimed in claim 9, 
wherein Said groove has corners thereof rounded off. 

15. A plasma processing apparatus as claimed in claim 9, 
wherein Said groove comprises at least one groove having an 
annular shape concentric with Said focus ring. 

16. A plasma processing apparatus as claimed in claim 8, 
wherein Said heat eXchange means comprises cooling means 
for cooling Said focus ring. 

17. A plasma processing apparatus as claimed in claim 16, 
wherein Said heat eXchange means comprises a Supply path 
that Supplies a heat transfer gas to Said contact Surface, the 
plasma processing apparatus further comprising a controller 
that controls a preSSure of the heat transfer gas Supplied from 
Said heat eXchange means, and wherein the plasma proceSS 
ing comprises a plurality of Steps, and Said controller 
changes the pressure of the heat transfer gas Supplied in 
accordance with each of the Steps. 

18. A plasma processing apparatus as claimed in claim 16, 
further comprising an electrode built into Said electroStatic 
chuck in a manner facing Said focus ring, and a controller 
that controls a Voltage applied to Said electrode, wherein Said 
electrode attracts said focus ring to Said electroStatic chuck 
by electrostatic attraction, the plasma processing comprises 
a plurality of Steps, and Said controller changes the Voltage 
applied to Said electrode in accordance with each of the 
StepS. 

19. A plasma processing apparatus as claimed in claim 16, 
wherein Said heat eXchange means reduces a temperature of 
Said focus ring to at least 20K below a temperature of Said 
electroStatic chuck. 

20. A plasma processing apparatus as claimed in claim 19, 
wherein Said heat eXchange means reduces the temperature 
of said focus ring to not more than 0° C. 

21. A plasma processing apparatus as claimed in claim 16, 
wherein Said heat eXchange means comprises heating means 
for heating Said focus ring. 
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22. A plasma processing apparatus as claimed in claim 16, 
wherein Said focus ring further comprises Second heating 
means for heating Said focus ring. 

23. A plasma processing apparatus as claimed in claim 16, 
wherein Said focus ring is exposed to a cleaning gas. 

24. A plasma processing apparatus as claimed in claim 16, 
wherein Said focus ring is exposed to a plasma. 

25. A plasma processing apparatus as claimed in claim 8, 
wherein Said heat eXchange means comprises a Peltier 
device. 

26. A focus ring having a contact Surface to be disposed 
in contact with an electroStatic chuck on which is mounted 
an object to be processed that is to be Subjected to plasma 
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processing, around a periphery of the object to be processed, 
the focus ring comprising: 

heat eXchange means provided at Said contact Surface, for 
carrying out heat eXchange with Said focus ring. 

27. A Susceptor comprising: 
an electroStatic chuck on which is mounted an object to be 

processed that is to be Subjected to plasma processing; 
a focus ring having a contact Surface disposed in contact 

with Said electroStatic chuck around a periphery of the 
object to be processed; and 

heat eXchange means provided at Said contact Surface, for 
carrying out heat eXchange with Said focus ring. 

k k k k k 


