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(57) ABSTRACT 

A heater function and an electrostatic chuck function are 
incorporated in a ceramic plate for placing a Wafer, and the 
ceramic plate is ?xed to a cooling jacket With ceramic bolts 
having a low coefficient of thermal conductivity With an 
intervening heat insulating member. In order to transmit heat 
input in the Wafer to the Water-cooling jacket With high 
repeatability, a heat-conducting member having elasticity in 
the vertical direction is sandwiched betWeen the ceramic 
plate and the cooling jacket. The degradation of temperature 
distribution of Wafers due to the radiant heat radiation from 
the sidewall of the ceramic plate to the chamber can be 
minimized by covering the circumference of the ceramic 
plate With a radiation insulator. 
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fig. 1 
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Fig. 2 
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Fig. 3 
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Fig. 6 
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Fig. 8 
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Fig. 9 
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Fig. 11 

WAFER TEMPERATURE (°C) 
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WAFER PROCESSING APPARATUS, WAFER 
STAGE, AND WAFER PROCESSING METHOD 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a technique for 
manufacturing a semiconductor. More speci?cally, the 
present invention relates to an apparatus for processing 
Wafers at a high temperature, and to a Wafer stage provided 
in the apparatus. 

[0003] 2. Description of the Related Art 

[0004] Examples of KnoWn Technique 

[0005] Japanese 
11 -87245 

Patent Application Laid-open No. 

[0006] Ruthenium, the oxides thereof, and platinum are 
promising candidates for materials used in the capacitor 
electrode of next-generation semiconductor devices for the 
compatibility or the like With capacitor insulating ?lms of 
high dielectric constant. Zirconium oxide, hafnium oxide, 
and the like have been studied as a material for a gate 
insulating ?lm substituting silicon oxide; and PZT (a com 
pound of platinum, Zirconium, and titanium), BST (a com 
pound of barium, strontium, and titanium) have also been 
studied as a capacitor ?lm. For future semiconductor 
devices, the use of various types of novel materials is 
studied. These novel materials are thermally and chemically 
stable, and since the volatility of these materials is extremely 
loW, they are often called nonvolatile materials. 

[0007] In etching these nonvolatile materials, it is essential 
to maintain the temperature of Wafers in process high. 
Although the temperature of Wafers in conventional etching 
apparatus is generally as loW as —50° C. to about 100° C., 
nonvolatile materials are too stable to be etched in this range 
of temperature. Nonvolatile materials must be processed at 
a temperature as high as 200° C. to 500° C. 

[0008] Therefore, a processing apparatus that can process 
Wafers at a high temperature has recently been required. In 
order to realiZe such a processing apparatus, there is required 
a Wafer stage that can not only heat Wafers to a high 
temperature, but also control temperature With good 
response Without degrading the temperature distribution of 
Wafers even if heat is inputted from plasma. 

[0009] A method for controlling the temperature of Wafers 
in process is disclosed in Japanese Patent Application Laid 
open No. 11-87245. In this example, a substrate holder for 
supporting Wafers is fabricated by bonding a plurality of 
blocks consisting of same or different metals including 
heating blocks having built-in heaters for heating Wafers 
With high heat conduction and high air-tightness using 
diffusion bonding. 

[0010] In the disclosure of Japanese Patent Application 
Laid-open No. 11-87245, since the electrostatic attraction 
block for supporting Wafers is integrated With the heat 
conducting block, the heating block, and the cooling block 
by diffusion bonding, temperature difference betWeen blocks 
is small, and the temperature is easy to control; hoWever, 
there are problems in that When the usable life of the 
electrostatic attraction block is expired and the block must 
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be replaced, the entire substrate holder must be replaced 
resulting in much labor and high costs. 

[0011] In addition, since heat from the heater is directly 
transmitted to the cooling block, there is a problem that a 
large electric poWer must be inputted to the heater in 
operation particularly at a high temperature. 

[0012] Furthermore, since the dissipation of heat due to 
radiation that affects the temperature distribution of Wafers 
in process is not taken into consideration, the temperature 
distribution of Wafers tends to degrade, and in the embodi 
ments, a method for supplying electric poWer independently 
to the center and the circumference of the heater for improv 
ing the temperature distribution of Wafers is disclosed. 
HoWever, there is a problem of increase in costs in this case. 

[0013] Therefore, the object of the present invention is to 
provided a Wafer stage and a Wafer processing apparatus that 
can maintain the temperature distribution of Wafers uniform 
Within a Wide temperature range betWeen 200° C. and about 
500° C., and can prevent the temperature elevation of Wafers 
by removing heat input to the Wafers When treated With 
plasma. 

SUMMARY OF THE INVENTION 

[0014] The above object can be achieved by incorporating 
a heater function and an electrostatic chuck function in a 
ceramic plate for placing a Wafer, and ?xing the ceramic 
plate to a cooling jacket With ceramic bolts having a loW 
coef?cient of thermal conductivity With an intervening heat 
insulating member; sandWiching a heat-conducting member 
having elasticity in the vertical direction betWeen the 
ceramic plate and the cooling jacket, in order to transmit 
heat input in the Wafer to the Water-cooling jacket With high 
repeatability; and covering the circumference of the ceramic 
plate With a radiation insulator in order to minimiZe the 
degradation of temperature distribution of Wafers due to the 
radiant heat transmission from the sideWall of the ceramic 
plate to the chamber. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] FIG. 1 is a sectional vieW shoWing a Wafer pro 
cessing apparatus according to Embodiment 1 of the present 
invention; 
[0016] FIG. 2 is a sectional vieW shoWing a Wafer stage 
according to Embodiment 1 of the present invention; 

[0017] FIG. 3 is a diagram shoWing a model of heat 
balance according to the embodiment of the present inven 
tion; 
[0018] FIG. 4 is a table shoWing the heat balance of 
Embodiment 1 of the present invention; 

[0019] FIG. 5 is a table shoWing the heat balance of 
Embodiment 1 of the present invention When a black paint 
is applied to the surface of the cooling jacket; 

[0020] FIG. 6 is a sectional vieW shoWing Embodiment 2 
of the present invention; 

[0021] FIG. 7 is a perspective vieW shoWing the cooling 
jacket of Embodiment 2 of the present invention; 

[0022] FIG. 8 is a perspective vieW shoWing the heat 
conducting member of Embodiment 2 of the present inven 
tion; 
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[0023] FIG. 9 is a sectional vieW showing the heat 
conducting member of Embodiment 2 of the present inven 
tion; 
[0024] FIG. 10 is a table showing the heat balance of 
Embodiment 2 of the present invention; 

[0025] FIG. 11 is a graph shoWing the temperature dis 
tribution of Wafers according to Embodiment 2 of the 
present invention; 

[0026] FIG. 12 is a perspective vieW shoWing the cooling 
jacket according to Embodiment 3 of the present invention; 
and 

[0027] FIG. 13 is a table shoWing the heat balance of 
Embodiment 3 of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0028] The embodiments of the present invention Will be 
described beloW referring to the draWings. 

[0029] FIGS. 1 and 2 shoW Embodiment 1 of the present 
invention. FIG. 1 is a sectional vieW of a Wafer stage of the 
present invention actually applied to a plasma treatment 
apparatus; and FIG. 2 is an enlarged sectional vieW of the 
Wafer stage of the present invention. 

[0030] As illustrated in FIG. 1, an etching gas 11 is 
introduced into a vacuum chamber 9, and the pressure in the 
chamber is maintained at an adequate pressure by control 
ling the opening of a valve 12 installed upstream the 
turbo-molecular pump 13. Above the vacuum chamber is 
placed an alumina bell jar 10, and around the bell jar 10 is 
install a coil 7. By connecting the coil 7 to a radio frequency 
(RF) poWer source 8, and impressing an RF voltage (e.g., 
13.56 MHZ) across the coil 7, inductively coupled plasma 6 
is generated. Aplurality of fans 27 are installed around the 
bell jar 10 to maintain the temperature of the bell jar 10 
constant (about 70° C. to 120° C.). When a Wafer 1 is 
exposed to the plasma, etching is performed. During etch 
ing, the Wafer 1 is placed on the Wafer stage 2, and the 
temperature of the Wafer 1 is controlled. 

[0031] In order to impress a bias voltage to the Wafer, a RF 
poWer source 5 is connected to the Wafer stage 2. A DC 
poWer source 22 is connected to the poWer supply line 19 of 
the RF voltage to impart an electrostatic chuck function to 
the Wafer stage 2. In FIG. 1, reference numeral 3 denotes a 
How rate controller for controlling the How rate of the 
etching gas, 4 denotes a gate valve that opens When the 
Wafer is conveyed, enabling the forWard-backWard move 
ment of a conveying arm (not shoWn). 

[0032] In Embodiment 1, in the state Where a cooling 
jacket 14 and a ceramic plate 15 are installed to form a 
layered structure, the above-described space is constituted 
by a gap 37 formed on the surface of the cooling jacket 14 
facing the ceramic plate 15. In order to adjust the distance 
betWeen the cooling jacket 14 and the ceramic plate 15, 
spacers 23 made of Zirconia is sandWiched betWeen them, 
and ?xed With bolts 36 made of Zirconia. Since the distance 
of the space constituted by the gap 37 must be adjusted 
accurately in order to adjust the temperature of the Wafer 
stage 2 in good response, or to reproduce it accurately, the 
shape of the spacers 23, Which affect the distance, is impor 
tant. 
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[0033] The protruded portion of the cooling jacket 14 
formed around a hole linked to a through hole 29 (described 
later), formed in the center portion of the cooling jacket 14 
in the state combined With the ceramic plate 15, contacts the 
loWer surface of the ceramic plate 15; and in the circum 
ferential portion of the cooling jacket 14, the spacers 23 
contact the upper surface of the cooling jacket 14 and the 
loWer surface of the ceramic plate 15. A seal member is 
provided on the protruded portion to maintain the hole 
linked to a through hole 29 airtight from the gap 37. In the 
space constituted by the gap 37, a communicating path (not 
shoWn) for communicating With the space in the vacuum 
chamber 9 so that the space is maintained at a high degree 
of vacuum When the vacuum chamber 9 is evacuated and 
maintained at a high degree of vacuum. Thus, the excessive 
heat transmission betWeen the cooling jacket 14 and the 
ceramic plate 15 through the ?uid in the space can be 
prevented. Also, ventilation can be performed through a 
ventilation means directly linked to the space produced by 
the gap 37. If a large quantity of heat conduction is required, 
a heat-conducting ?uid can be ?oWed in this space as 
required. 

[0034] The reason Why Zirconia is used as the material of 
the bolts 36 for ?xing the ceramic plate 15 is that the 
coef?cient of thermal conductivity is as loW as about 3 
W/mK, has a high fracture toughness, and excels in 
mechanical strength. Therefore, the quantity of heat escaped 
to the cooling jacket 14 through the bolts 64 can be mini 
miZed, and the local degradation of temperature distribution 
of Wafers can be prevented. HoWever, the material of the 
bolts 64 is not limited to Zirconia, but other ceramic bolts or 
metal bolts may be used as long as they can achieve the 
required [text missing or illegible when fi|ed]perform 
the material of the ceramic plate 15 is aluminum nitride, 
Which has a large coef?cient of thermal conductivity, and a 
heater 16 is embedded therein. Therefore, the ceramic plate 
15 can be heated by inputting electric poWer to the heater 16. 
The reason Why the ceramic plate 15 is composed of 
aluminum nitride is that since aluminum nitride has a large 
coef?cient of thermal conductivity, little temperature differ 
ence is produced on the surface, and the degradation of 
temperature distribution of Wafers can be prevented. HoW 
ever, the material of the ceramic plate 15 is not limited to 
aluminum nitride, but other materials may also be used. 

[0035] An internal electrode 17 that imparts an electro 
static chuck function and supplies an RF bias voltage to the 
Wafer stage 2 is embedded above the heater 16 in the 
ceramic plate 15. When a DC voltage is impressed to the 
internal electrode 17, a potential difference is generated 
betWeen the internal electrode 17 and the Wafer 1 (the Wafer 
1 is exposed to plasma, and has a potential Which is 
substantially ground potential), an electric charge is stored 
betWeen the internal electrode 17 and the back of the Wafer 
1, and the Wafer 1 is attracted and ?xed to the ceramic plate 
15. In addition to the DC voltage, an RF voltage for 
inputting bias poWer to the Wager 1 is impressed to the 
internal electrode 17. The RF poWer source 5 in FIG. 1 plays 
this role. As the electric circuit, a DC poWer source 22 for 
the electrostatic chuck is connected to the poWer supply line 
19 through the coil 21. In Embodiment 1, What is equivalent 
to the poWer supply line is a holloW shaft 20 installed in the 
support member. Since a bias voltage can be impressed to 
the Wafer 1 When an RF voltage is impressed to the internal 
electrode 17, ions in the plasma can be draWn, and effects 
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such as the increase of the etching rate and the improvement 
of the shape after etching can be expected. 

[0036] The reference numeral 55 denotes a sheathed ther 
mocouple for measuring the temperature of the ceramic 
plate 15. Athrough hole 54 is formed in a part of the cooling 
jacket 14, and a dent 53 is formed on the back of the ceramic 
plate 15 corresponding to the location of the through hole 
54. The sheathed thermocouple 55 is inserted so that the end 
of the sheathed thermocouple 55 contacts the bottom of the 
dent 53. Since the measured temperature changes if the 
contacting condition of the end of the sheathed thermo 
couple 55 changes, a ?ange 56 is installed on the thermo 
couple, a coil spring 57 is inserted in the ?ange 56, and the 
entire sheathed thermocouple 55 is ?xed to the cooling 
jacket 14 With a holding member 58. Therefore, even if the 
installing condition of the ceramic plate 15 is someWhat 
changed, the contacting pressure of the end of the sheathed 
thermocouple 55 and ceramic plate 15 is maintained sub 
stantially constant, and a method for measuring temperature 
With high repeatability can be provided. Based on the 
temperature information, electric poWer to be supplied to the 
heater 16[text missing or illegible when filed]is con 
trolled poWer is supplied to the heater 16 through a through 
hole 39 formed in the cooling jacket 14. A socket 41 
electrically connected to the heater 16 is built in the ceramic 
plate 15, and an electric plug 42 connected to an external 
poWer source is provided to meet the socket 41. Although 
only one electric connecting portion to the heater 16 is 
described in Embodiment 1, since a connector of the oppo 
site polarity is required, there are actually tWo electric 
connecting portions. 
[0037] The reference numeral 38 denotes a radiation insu 
lator for reducing the dissipation of heat from the circum 
ference of the ceramic plate 15, and the surface of the 
radiation insulator is chromium-plated. When the radiation 
insulator is provided, radiant heat escaping to the internal 
Wall of the vacuum chamber is reduced to a half or less, and 
the degradation of temperature distribution in the surface of 
the Wafer stage 2 can be prevented. 

[0038] In order to transmit heat inputted to the Wafer in 
process effectively to the Wafer stage 2, and to improve the 
controllability of the temperature of Wafers, a heat-conduct 
ing gas such as helium gas must be introduced betWeen the 
back of the Wafer and the ceramic plate 15. In Embodiment 
1, the heat-conducting gas is supplied through a holloW shaft 
built in the supporting member for impressing an RF voltage 
and a DC voltage to the internal electrode 17. In other Words, 
helium gas is introduced to the back of the Wafer 1 through 
the through hole 29 formed in the center of the ceramic plate 
15. 

[0039] Channels 46 for circulating the cooling medium are 
formed inside the cooling jacket 14. In Embodiment 1, 
cooling Water prepared in the clean room is used as the 
cooling medium. The cooling Water is fed to and discharged 
from the channel 46 through ?exible pipes 30. The ?exible 
pipes 30 are used because the entire Wafer stage 2 moves up 
and doWn as described later. In FIG. 2, only the feeding side 
of the cooling Water is shoWn, and the return side is omitted. 
Although Water is used as the cooling medium in Embodi 
ment 1, the cooling medium is not limited to Water. For 
example, chloro?uorocarbon-based cooling medium, such 
as FluorinertTM and Galden, can also be used. HoWever, the 
use of Water is advantageous in that heat transfer quantity 
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betWeen Water and the ceramic plate 15 can be large When 
the pressure betWeen gaps is identical, because the heat 
transfer coefficient With the portion for circulating the cool 
ing medium (cooling jacket 14 in Embodiment 1) is large. In 
other Words, the pressure for securing the same heat transfer 
quantity may be loW. This moderates the requirements for 
sealing helium, and becomes signi?cantly advantageous in 
designing the apparatus. 

[0040] Wafers are conveyed by ascending and descending 
the Wafer stage 2 by the expansion and contraction of a 
belloWs 35, and by lifting the Wafers With a pusher pin 32. 

[0041] When a Wafer is processed by thus impressing a 
bias voltage, the temperature of the Wafer is elevated by the 
heat inputted from plasma. Although temperature rise may 
not arise problems if the quantity of the heat input is small, 
normally, etching may be poorly performed unless the 
temperature of Wafers is Well controlled in the manufactur 
ing process of semiconductors. Therefore, in order to main 
tain Wafer temperature high, the ceramic plate 15 must be 
heated With the heater When there is no heat input, and When 
processing is started and heat is inputted from plasma, 
electric poWer supplied to the heater must be loWered to 
adjust the Wafer temperature. As the method for this, heat 
exchange is performed betWeen the ceramic plate 15 and the 
cooling jacket 14 by radiant heat transmission in Embodi 
ment 1. The heat balance of Embodiment 1, Which is the 
basis of the concept of Embodiment 1, Will be described 
beloW referring to FIG. 3. 

[0042] In FIG. 3, the reference numeral 15 denotes the 
output of the heater; 31 denotes the radiant heat transmission 
to the cooling jacket 14; and 33 denotes the radiant heat 
transmission to the bell jar facing the Wafer stage 2. 
Although heat conduction through Zirconia bolts for ?xing 
the Wafer stage 2 to the cooling jacket 14 is present, it can 
be ignored in Embodiment 1 because of a loW heat transfer 
coef?cient, so explanation thereof is omitted. Heat input 
from plasma during processing is denoted by reference 
numeral 34. First, in order to maintain the temperature of the 
Wafer at as high as 200° C. to 500° C., the Wafer stage 2 must 
be heated to 200° C. to 500° C. In this case, Equation (1) 
must be satis?ed in a steady state. 

Heater output=Radiant heat transmission to the cooling 
jacket+Radiant heat transmission to the bell jar (1) 

[0043] On the other hand, When there is heat input to the 
Wafer stage during plasma treatment, Equation (2) must be 
met in order to maintain the temperature of the Wafer stage 
constant. 

Heater output+Heat input from plasma=Radiant heat 
transmission to the cooling jacket+Radiant heat trans 
mission to the bell jar (2) 

[0044] The temperature of the Wafer stage 2 can be main 
tained constant if the apparatus is operated by the heater 
output of (1) before starting processing and the heater output 
is loWered by the heat input from plasma after starting 
processing. In other Words, if the heat input from plasma is 
the same or more than the radiant heat transmission to the 
cooling jacket and the bell jar, the temperature of the Wafer 
elevates even if the poWer to the heater is 0 W, and the 
apparatus is out of control. FIG. 4 shoWs the results of 
calculation of the heat balance of Embodiment 1. From FIG. 
4, it is knoWn that When the apparatus is operated at 400° C., 
since the heater output Without heat input from plasma is 501 
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W, the allowable heat input from plasma is 501 W. In the 
cases of 300° C. and 200° C., since the quantity of radiant 
heat transmission reduces, the allowable heat input from 
plasma is 246 W and 101 W, respectively. 

[0045] Therefore, according to Embodiment 1, since the 
Wafer stage 2 is ?xed to the cooling jacket 14 using Zirconia 
bolts, and heat is transmitted to and from the cooling jacket 
and the bell jar by radiant heat transmission, a Wafer stage 
2 is provided that can realiZe uniform temperature distribu 
tion Within a Wide temperature range of as high as 200° C. 
to 400° C. With a simple structure, if the heat input to the 
Wafer is 101 W or beloW. 

[0046] Next, a method for further controllably increasing 
the heat input to Wafers than the above-described example 
Will be described. In Embodiment 1, the material of the 
cooling jacket is stainless steel, and the surface facing the 
ceramic plate is simply a cut surface. The emissivity of the 
surface is 0.3. The emissivity can be measured using a direct 
method Wherein a sample is heated and the emissivity is 
measured, or an indirect method Wherein the emissivity is 
calculated based on the spectral re?ectance obtained from 
re?ection spectrum measured by FTIR. When a black paint 
is applied onto the surface for increasing the emissivity and 
the radiant heat transmission to the cooling jacket, the 
radiant heat transmission of the ceramic plate can be 
increased. FIG. 5 shoWs the heat balance When the radiation 
factor is 0.9. From FIG. 5, it is knoWn that When the 
temperature of the ceramic plate is 400° C., 300° C., and 
200° C., the electric poWer that can be supplied increases to 
818 W, 403 W, and 157 W, respectively. 

[0047] Other than this method, a method Wherein the 
surface of the cooling jacket is made irregular to enlarge the 
surface area; or if the material of the cooling jacket is 
aluminum, a method Wherein the surface is converted to 
black alumite can be considered. HoWever, What is impor 
tant is to increase the emissivity of the surface of the cooling 
jacket, and the means for this does not limit the scope of the 
present invention. 

[0048] FIG. 6 shoWs Embodiment 2 of the present inven 
tion. 

[0049] In the structure of Embodiment 2, a ring-shaped 
heat-conducting member 24 using Inconel is sandWiched 
betWeen a ceramic plate and a cooling jacket, so that the 
temperature of the Wafer 1 can be controlled even if the 
quantity of heat inputted to the Wafer 1 is larger than the 
quantity of heat in Embodiment 1. The cooling jacket is 
provided With a groove 25 for aligning the heat-conducting 
member 24 as illustrated in FIG. 7. FIG. 8 shoWs a 
perspective vieW of the heat-conducting member 24, and 
FIG. 9 shoWs a sectional vieW thereof. 

[0050] When the vertical direction of FIGS. 8 and 9 is 
made the height direction, the heat-conducting member 24 
of Embodiment 2 has a larger height than the height of the 
spacer 23. Thereby, the upper end of the heat-conducting 
member 24 contacts the ceramic plate 15, and the loWer end 
thereof contacts the cooling jacket 14 With the ceramic plate 
15 and the cooling jacket 14 attached thereto. Furthermore, 
the heat-conducting member 24 has an elastic portion that 
can expand or contract, and When the ceramic plate 15 and 
the cooling jacket 14 are attached or detached, the expanding 
or contracting force of the elastic portion pushes the upper 

Mar. 11, 2004 

and loWer end against the ceramic plate 15 and the cooling 
jacket 14 to enhance contracting, and loWers the resistance 
of heat conduction. This elastic portion is connected so as to 
enhance heat conduction to the end portions, and especially 
in Embodiment 2, it is integrally constituted using the same 
material. 

[0051] The elastic portion is bent or curved in the direction 
that the plate having the thickness that can exert elasticity 
intersects the expanding or contracting direction. By such a 
constitution, both ends of the heat-conducting member con 
tact the ceramic plate and the cooling jacket With high 
repeatability When the ceramic plate ?tted to the groove of 
the cooling jacket is ?xed to the cooling jacket. 

[0052] Although the cross-sectional shape of the heat 
conducting member has a W-shape as illustrated in FIG. 9, 
the cross-sectional shape of a U-shape or a C-shape can also 
be considered. What is important is that the heat-conducting 
member has elasticity in the height (thickness) direction. 
Since the purpose of the heat-conducting member is to 
control the quantity of heat conduction from the ceramic 
plate to the cooling jacket, the preferable properties of the 
material is that it has heat resistance, can easily have more 
reduced thickness, and has an ensured elasticity in the 
thickness direction after its thickness reduced, the heat 
resistance of the heat-conducting member after processing 
realiZes the expected quantity of heat conduction, and the 
costs are loW. Although Inconel is used in Embodiment 2 as 
the material to meet these requirements, a stainless steel is 
also considered as a candidate. 

[0053] The elasticity secures the repeatability of the con 
tacting of the both ends of the heat-conducting member, and 
the thermal resistance is determined by the length in the 
thickness direction and the thickness. HoWever, these should 
be determined by experiments for actual applications. The 
estimated values of the heat-conducting member of Embodi 
ment 2 by calculation are: the coef?cient of thermal con 
ductivity of Inconel is 12 W/mK, the thickness is 0.3 mm, 
the length in the thickness direction is 16 mm, the diameter 
is 210 mm, and the thermal resistance is 6.7 W. The 
thermal resistance actually evaluated is 6.4 W, Which 
substantially agrees With the calculated value. This shoWs 
that the contacting thermal resistance is as small as can be 
ignored due to the elasticity of the heat-conducting member, 
and if the thickness, length, and the like are controlled, 
substantially desired thermal resistance can be realiZed. 

[0054] FIG. 10 shoWs the heat balance of Embodiment 2 
Whereto a heat-conducting member of a thermal conduc 
tance of 0.3 W/K is applied. From FIG. 10, it is knoWn that 
When the temperature of the ceramic plate is 400° C., 300° 
C., and 200° C., the electric poWer that can be supplied 
increases to 921 W, 477 W, and 202 W, respectively. 

[0055] Therefore, according to Embodiment 2, since a 
heat-conducting member is sandWiched betWeen the 
ceramic plate and the cooling jacket, if the heat input is 202 
W or less, a uniform temperature distribution can be realiZed 
Within a Wide temperature range as high as betWeen 200° C. 
and 500° C. by the simple structure as in Embodiment 1. 

[0056] Although the heat-conducting member of Embodi 
ment 2 is ring-shaped, and is disposed coaxially With the 
center axis of the cooling jacket, and this is because the 
distribution of heat transfer is made axisymmetric, the 
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present invention is not limited to this structure. For 
example, a plurality of small ring-shaped heat-conducting 
members maybe arranged. What is important is that the 
heat-conducting member has elasticity in the thickness 
direction, and the thermal resistance is controlled. When the 
heat-conducting member is disposed in the vicinity of the 
circumference as Embodiment 2, since the Wraparound of 
the reaction products or gases that can deposit is reduced, 
and the effects such as decrease in the number of cleaning 
and the elongation of usable life can be expected. 

[0057] FIG. 11 shoWs the results of measurement of 
temperature distribution on the surface of the Wafer When 
the Wafer is held using the Wafer processing apparatus of 
Embodiment 2. The temperature of the Wafer is measured 
using a thermocouple manufactured by SensArray Japan 
Corporation buried in the Wafer. From FIG. 11, it is knoWn 
that substantially uniform temperature distribution of Within 
17° C. from the mean temperature of the Wafer from 283° C. 
to 414° C. can be realiZed. 

[0058] FIG. 12 shoWs the surface of the cooling jacket of 
Embodiment 3 of the present invention. In Embodiment 3, 
a groove 26 is added inside the groove 25 in order to 
introduce tWo heat-conducting members of Embodiment 2. 
This example is an effective means for further improving the 
heat conduction capacity of the heat-conducting member 
When the heat input to the Wafer is larger than the heat input 
of Embodiment 2. FIG. 13 shoWs the heat balance When the 
thickness and the shape of the heat-conducting member are 
revieWed, tWo heat-conducting members are used, and the 
thermal conductance is made 1 W/K. From FIG. 13, it is 
knoWn that When the temperature of the ceramic plate is 
400° C., 300° C., and 200° C., the electric poWer that can be 
supplied increases to 1168 W, 652 W, and 307 W, respec 
tively. 
[0059] Although the surface of the heat-conducting mem 
ber is not specially treated in the above embodiments, if the 
surface is plated by a soft metal such as nickel and gold, the 
repeatability of contacting of the ceramic plate With the 
cooling jacket Will further be improved. 

[0060] Although the case Where the temperature of the bell 
jar facing the Wafer stage is controlled to 70° C. to 120° C. 
is described in the embodiments of the present invention, the 
temperature control is not alWays necessary. When the 
temperature control is not performed, the structure of the 
processing apparatus can be simpli?ed, and the effect of cost 
reduction can be expected. HoWever, in such a case, the 
temperature of the bell jar elevates With increase in the 
number of processed Wafers, the effect of exhaust heat by 
radiation to the bell jar reduces, and the above-described 
controllable Wafer bias poWer loWers. Also, there is a 
problem of change in etching properties due to change in 
depositing state under the conditions Where reaction prod 
ucts deposit on the internal Wall of the bell jar, and Whether 
temperature control is performed or not should be deter 
mined by the users of the apparatus. 

[0061] Although the electrostatic chuck for ?xing Wafers 
is a chuck having a monopolar internal electrode, knoWn as 
a monopole system, the present invention is not limited 
thereto. The electrostatic chuck may have tWo independent 
internal electrodes, knoWn as a bipolar system. Although this 
system has disadvantages that the structure is complicated 
because of the need of tWo internal electrodes, and tWo 
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poWer sources are required, it can attract Wafers Without 
plasma, and since the cooling gas can be introduced to the 
back of the Wafers before starting plasma treatment, this 
system has the advantage of excelling in temperature con 
trollability. 
[0062] Although the plasma source of the processing 
apparatus in the embodiments of the present invention is 
induction-coupling plasma, the present invention is not 
limited thereto. For example, a plasma source may be of the 
parallel plate system, the UHF-band electromagnetic radia 
tion discharge system or the microWave system, or the 
plasma system using the VHF band of several ten to about 
300 megahertZ. Other than these, for example, a magnetron 
type plasma treatment apparatus using magnetic ?elds may 
also be used. The adoption of plasma source among these 
should be selected according to the properties of the material 
to be actually treated. 

[0063] According to the present invention, as described 
above, the temperature distribution of Wafers can be main 
tained uniform Within a Wide range from 200° C. to a high 
temperature such as 500° C., and the temperature variation 
can be minimiZed even during processing. Therefore, non 
volatile materials, Which cannot be etched by normal pro 
cesses, can be subjected to etching treatment. 

What is claimed is: 
1. A Wafer stage for supporting semiconductor Wafers 

comprising an internal electrode for impressing a direct 
current voltage and a radio-frequency voltage and a ceramic 
plate incorporating a heater Wiring ?xed With bolts to a 
cooling jacket Whose inside is cooled With a cooling 
medium, Wherein said ceramic plate is vacuum-insulated 
from said cooling jacket, and heat transfer betWeen said 
ceramic plate and said cooling jacket is performed by radiant 
heat transmission. 

2. A Wafer stage for supporting semiconductor Wafers 
comprising an internal electrode for impressing a direct 
current voltage and a radio-frequency voltage and a ceramic 
plate incorporating a heater Wiring ?xed With bolts to a 
cooling jacket Whose inside is cooled With a cooling 
medium, Wherein a heat-conducting member having elas 
ticity in the vertical direction is inserted betWeen said 
ceramic plate and said cooling jacket so that both ends of 
said heat-conducting member contact said ceramic plate and 
said cooling jacket, and heat transfer betWeen said ceramic 
plate and said cooling jacket is performed by radiant heat 
transmission and the heat conduction of said heat-conduct 
ing member. 

3. AWafer processing apparatus for the plasma treatment 
of semiconductor Wafers having a Wafer stage for supporting 
semiconductor Wafers comprising an internal electrode for 
impressing a direct-current voltage and a radio-frequency 
voltage and a ceramic plate incorporating a heater Wiring 
?xed With bolts to a cooling jacket Whose inside is cooled 
With a cooling medium, Wherein said ceramic plate is 
vacuum-insulated from said cooling jacket, the temperature 
of the member of said Wafer processing apparatus facing 
said ceramic plate is controlled With a temperature control 
means, and said ceramic plate is cooled by heat transfer by 
radiant heat transmission to said cooling jacket and said 
member. 

4. AWafer processing apparatus for the plasma treatment 
of semiconductor Wafers having a Wafer stage for supporting 
semiconductor Wafers comprising an internal electrode for 
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impressing a direct-current voltage and a radio-frequency 
voltage and a ceramic plate incorporating a heater Wiring 
?xed With bolts to a cooling jacket Whose inside is cooled 
With a cooling medium, Wherein a heat-conducting member 
having elasticity in the vertical direction is inserted betWeen 
said ceramic plate and said cooling jacket so that both ends 
of said heat-conducting member contact said ceramic plate 
and said cooling jacket, the temperature of the member of 
said Wafer processing apparatus facing said ceramic plate is 
controlled With a temperature control means, and said 
ceramic plate is cooled by radiant heat transmission and heat 
conduction to said cooling jacket and heat transfer by radiant 
heat transmission to said member. 

5. AWafer stage or a Wafer processing apparatus accord 
ing to claims 1 to 4, Wherein at least three heat insulating 
members of a constant height are inserted betWeen said 
ceramic plate and said cooling jacket. 

6. AWafer processing method Wherein the temperature of 
said ceramic plate according to claims 1 to 4 is controlled by 
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controlling at least one of electric poWer supplied to said 
heater, the temperature of said member, the temperature of 
said cooling medium, or the flow rate of said cooling 
medium. 

7. The Wafer stage or Wafer processing apparatus accord 
ing to claims 1 to 4, Wherein a black paint is applied onto the 
surface of said cooling jacket. 

8. The Wafer stage or Wafer processing apparatus accord 
ing to claims 1 to 4, Wherein an irregularity is formed on 
onto the surface of said cooling jacket. 

9. The Wafer stage or Wafer processing apparatus accord 
ing to claims 2 or 4, Wherein the material of said heat 
conducting member is a stainless steel or Inconel. 

10. The Wafer stage or Wafer processing apparatus accord 
ing to claims 2 or 4, Wherein the number of said heat 
conducting member can be adjusted. 


