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CERAMIC SUBSTRATE FOR A 
SEMICONDUCTOR-PRODUCTION/INSPECTION 

DEVICE 

FIELD OF THE INVENTION 

0001. The present invention relates to a ceramic substrate 
for a Semiconductor-producing/examining device, used 
mainly in the Semiconductor industry, particularly to a 
ceramic Substrate which has a high breakdown voltage, is 
Superior in the capability of absorbing a Silicon wafer when 
used as an electrostatic chuck, and is also Superior in 
temperature-rising and temperature-falling property when 
used as a hot plate (ceramic heater) or a ceramic plate for a 
wafer prober. 

BACKGROUND ART 

0002 Semiconductors are very important products nec 
essary in various industries. A Semiconductor chip is pro 
duced, for example, by Slicing a Silicon monocrystal into a 
given thickness to produce a Silicon wafer, and then forming 
plural integrated circuits and the like on this Silicon wafer. 
0003. In the process for producing this semiconductor 
chip, a Silicon wafer put on an electroStatic chuck is Sub 
jected to various treatments Such as etching and CVD to 
form a conductor circuit, an element and the like. At this 
time, corrosive gas Such as gas for deposition or gas for 
etching is used; therefore, it is necessary to protect an 
electrostatic electrode layer from corrosion by the gas. Also, 
Since it is necessary to induce adsorption power, the elec 
troStatic electrode layer is usually coated with a ceramic 
dielectric film and the like. 

SUMMARY OF THE INVENTION 

0004. As this ceramic dielectric film, a nitride ceramic 
has been conventionally used. Hitherto, however, the dielec 
tric film has been formed by sintering without addition of an 
oxide and the like. Therefore, almost all of pores made 
inside the dielectric film interconnect with each other, and 
the number of open pores is also large. If Such pores are 
present and the Volume resistivity of the dielectric layer 
decreases at high temperature, electrons easily fly or jump 
over the air in the pores by application of a Voltage So that 
the So-called Spark is caused. Therefore, unless the pore 
diameter of the maximum pore is made Small, there remains 
a problem that the sufficient breakdown voltage of the 
ceramic dielectric film cannot be easily kept at a high level. 
0005 For example, JP Kokai Hei 5-8140 discloses an 
electroStatic chuck, using a nitride whose pore diameter is 
made very Small So that the pore diameter of the maximum 
pore is made to 5 um or less. 
0006. It has been found out that such a problem is caused 
in not only an electroStatic chuck but also a ceramic Sub 
Strate for a Semiconductor-producing/examining device, 
wherein a conductor is formed on a Surface of the ceramic 
Substrate or inside the ceramic Substrate. 

0007 As a result of eager investigation for solving the 
above-mentioned problem, the inventors have newly found 
out that by adding an oxide to a nitride ceramic and firing the 
resultant product, Sintering can be advanced So that inter 
connecting pores are not practically generated and indepen 
dent pores are formed, and that by incorporating the oxide 
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into boundaries between particles of the ceramic, a Sufficient 
breakdown Voltage at high temperature can be ensured even 
if the diameter of the pores is large. 
0008 That is, the present invention is a ceramic substrate 
for a Semiconductor-producing/examining device having a 
conductor formed on a Surface of the ceramic Substrate or 
inside the ceramic Substrate, 
0009 wherein: 
0010 the substrate is made of a non-oxide ceramic con 
taining oxygen; and 

0011 the pore diameter of the maximum pore thereof is 
50 um or less. 
0012. The non-oxide ceramic is preferably a nitride 
ceramic or a carbide ceramic. 

0013 The ceramic Substrate preferably contains oxygen 
in an amount of 0.05 to 10% by weight. 
0014. The ceramic substrate preferably has a porosity of 
5% or less. 

0015 The ceramic Substrate is preferably used within the 
temperature range of 100 to 700 C. 
0016. The ceramic substrate preferably has a thickness of 
25 mm or less, and a diameter of 200 mm or more. 

0017. The ceramic substrate preferably has a plurality of 
through holes into which lifter pins for a semiconductor 
wafer will be inserted. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0018 FIG. 1 is a sectional view that schematically illus 
trates one example of an electrostatic chuck according to the 
present invention. 
0019 FIG. 2 is a sectional view taken along A-A line of 
the electrostatic chuck illustrated in FIG. 1. 

0020 FIG. 3 is a sectional view taken along B-B line of 
the electrostatic chuck illustrated in FIG. 1. 

0021 FIG. 4 is a sectional view that schematically illus 
trates one example of an electrostatic chuck according to the 
present invention. 
0022 FIG. 5 is a sectional view that schematically illus 
trates one example of an electrostatic chuck according to the 
present invention. 
0023 FIG. 6 is a sectional view that schematically illus 
trates one example of an electrostatic chuck according to the 
present invention. 

0024 FIGS. 7(a) to (d) are sectional views that schemati 
cally illustrate a part of a proceSS for producing an electro 
Static chuck according to the present invention. 

0025 FIG. 8 is a horizontal sectional view that sche 
matically illustrates a shape of an electrostatic electrode 
constituting an electroStatic chuck according to the present 
invention. 

0026 FIG. 9 is a horizontal sectional view that sche 
matically illustrates a shape of an electrostatic electrode 
constituting an electroStatic chuck according to the present 
invention. 
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0027 FIG. 10 is a sectional view that schematically 
illustrates the State that an electrostatic chuck according to 
the present invention is fitted into a Supporting case. 
0028 FIG. 11 is a sectional view that schematically 
illustrates a wafer prober according to the present invention. 
0029 FIG. 12 is a sectional view that schematically 
illustrates a guard electrode of the wafer prober according to 
the present invention. 
0030 FIG. 13 is a sectional view that schematically 
illustrates a hot plate according to the present invention. 

EXPLANATION OF SYMBOLS 

0031) 101, 201, 301, 401 electrostatic chuck 
0032) 1 ceramic substrate 
0033 2, 22, 32a, 32b chuck positive electrostatic 
layer 

0034) 3, 23, 33a, 33b chuck negative electrostatic 
layer 

0035 2a, 3a semicircular part 
0036) 2b, 3b comb-teeth-shaped part 
0037) 4 ceramic dielectric film 
0038 5 resistance heating element 
0039) 6, 18 external terminal pin 
0040) 7 metal wire 
0041) 8 Peltier device 
0042 9 silicon wafer 
0043) 11 bottomed hole 
0044) 12 through hole 
0.045 13, 14 blind hole 
0046) 15 resistance heating element 
0047 
0048) 
0049) 
0050 
0051) 
0052 
0053) 

150 metal layer 
16, 17 conductor-filled through hole 
41 Supporting case 
42 coolant outlet 

43 inhalation duct 

44 coolant inlet 

45 heat insulator 

DETAILED DISCLOSURE OF THE INVENTION 

0.054 The ceramic substrate for a semiconductor-produc 
ing/examining device of the present invention is a ceramic 
Substrate for a Semiconductor-producing/examining device 
having a conductor formed on a Surface of the ceramic 
Substrate or inside the ceramic Substrate, 
0055) 
0056 the substrate is made of a non-oxide ceramic con 
taining oxygen; and 
0057 the pore diameter of the maximum pore thereof is 
50 um or less. 

wherein: 
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0058. In the ceramic substrate of the present invention, 
pores are not present at all or, if pores are present, the pore 
diameter of the maximum pore thereof is 50 um or less. 
0059. In the case that no pores are present, the breakdown 
Voltage at high temperature is particularly high. Conversely, 
if pores are present, the fracture toughness value becomes 
high. Therefore, which design is Selected is decided under 
the consideration of required properties. 
0060. The reason why the fracture toughness value 
becomes high by the presence of the pores is unclear, but it 
is presumed that the development of cracks is Stopped by the 
pores. 

0061. In the ceramic substrate of the present invention, it 
is preferred to use: a nitride ceramic or a carbide ceramic, 
which are containing oxygen. By incorporating oxygen, 
Sintering can be advanced and interconnecting pores are not 
practically generated. Thus, independent pores are formed. 
Therefore, corrosive gas does not erode the conductor. 
Electrons do not easily fly or jump inside the pores in the 
case of the independent pores compared to the case of 
interconnecting pores. 

0062 Furthermore, by incorporating the oxide into the 
boundaries between particles of the ceramic, a Sufficient 
breakdown Voltage at high temperature can be ensured even 
if the pore diameter becomes large. 

0063. In the ceramic substrate of the present invention, it 
is necessary that the pore diameter of the maximum pore is 
50 um or less. If the pore diameter of the maximum pore is 
over 50 tim, high breakdown voltage property cannot be 
ensured at 100 to 700 C., particularly high temperatures of 
200° C. or higher. 

0064. The pore diameter of the maximum pore is desir 
ably 10 um or less. This is because a warp amount at 100 to 
700 C., particularly at 200 C. or higher, becomes Small. 

0065. The porosity and the pore diameter of the maxi 
mum pore are adjusted by pressing time, pressure and 
temperature at the time of Sintering. However, for nitride 
ceramics, they are adjusted by additives such as SiC and BN. 
Since SiC or BN obstructs sintering, pores can be intro 
duced. 

0066. At the measurement of the pore diameter of the 
maximum pore, 5 Samples are prepared. The Surfaces 
thereof are ground into mirror planes. With an electron 
microScope, ten points on the Surface are photographed with 
2000 to 5000 magnifications. The maximum pore diameters 
are Selected from the photos obtained by the photographing, 
and the average of the 50 shots is defined as the pore 
diameter of the maximum pore. 

0067. The ceramic substrate desirably contains oxygen in 
an amount of 0.05 to 10% by weight, and particularly 
desirably in an amount of 0.1 to 5% by weight. If the amount 
thereof is below 0.1% by weight, the sufficient breakdown 
Voltage may not be maintained. Conversely, if the amount is 
over 5% by weight, the high breakdown voltage property of 
the oxide at high temperature becomes poor So that the 
breakdown Voltage of the ceramic Substrate may drop, as 
well. If the oxygen amount is over 5% by weight, the 
thermal conductivity may drop So that the temperature-rising 
and temperature-falling property may becomes poor. 
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0068. In the ceramic substrate, the porosity thereof is 
desirably 5% or less. If the porosity is over 5%, the number 
of the pores increases and the pore diameter of the pores 
becomes too large. As a result, the pores interconnect easily 
with each other So that the breakdown Voltage drops. 

0069. The porosity is measured by Archimedes method. 
According to this method, a Sintered product is crushed into 
pieces, and the crushed pieces are put into an organic Solvent 
or mercury to measure the volume thereof. Then the true 
Specific gravity of the pieces is obtained from the weight and 
the measured Volume thereof, and the porosity is calculated 
from the true Specific gravity and apparent Specific gravity. 

0070 The ceramic substrate is desirably used within the 
temperature range of 100 to 700° C. Within such a tempera 
ture range, the breakdown Voltage drops. Thus, the Structure 
of the present invention is especially profitable. 

0071. In the ceramic substrate, its warp amount at 100 to 
700 C. is desirably small. This is because in the case that 
the ceramic Substrate is used as a heater or an electroStatic 
chuck, a Semiconductor wafer can be uniformly heated. In 
the case that the warp amount is large, the Semiconductor 
wafer does not adhere closely to a heating Surface of heater 
So that the Semiconductor wafer cannot be uniformly heated. 
In this case, if the Semiconductor wafer is heated in the 
manner that the Semiconductor wafer and the heating Surface 
are apart from each other, the distance between the Semi 
conductor wafer and the heating Surface becomes uneven So 
that the Semiconductor wafer cannot be uniformly heated. 

0.072 The warp amount in the case that the temperature 
of the ceramic substrate is raised up to 100 to 700° C. and 
then returned to ambient temperature (25 C.) (that is, the 
difference between the warp amounts before and after the 
temperature-rising) is desirably 7 um or less. 

0073. The ceramic substrate of the present invention can 
be used to produce/examine a Semiconductor, and can be 
used as an electrostatic chuck, a hot plate (ceramic heater), 
a ceramic plate for a wafer prober (which is referred to 
merely as a wafer prober, hereinafter), and the like. 

0.074 The thickness of the ceramic substrate of the 
present invention is desirably 50 mm or less, and particularly 
desirably 25 mm or less. If the thickness of the ceramic 
Substrate is over 25 mm, the thermal capacity of the ceramic 
Substrate becomes large. Particularly when a temperature 
controlling means is Set up to heat or cool the Substrate, 
temperature-following property may become poor due to the 
large thermal capacity. 

0075. This is also because: the problem about the warp 
resulting from the presence of the pores, which is to be 
Solved by the ceramic Substrate of the present invention, is 
not practically caused in thick ceramic Substrates having a 
thickness of more than 25 mm. Particularly, 5 mm or less is 
optimal. Incidentally, the thickneSS is desirably 1 mm or 
OC. 

0.076 The diameter of the ceramic Substrate of the 
present invention is desirably 200 mm or more. It is par 
ticularly desirable that the diameter is 12 inches (300 mm) 
or more. This is because Such Semiconductor wafers will 
become main currents of the next-generation Silicon wafers. 
This is also because a problem about warp at high tempera 
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ture ranges, which is to be Solved by the present invention, 
is not practically caused in the ceramic Substrate having a 
diameter of 200 mm or less. 

0077. The ceramic substrate desirably has a plurality of 
through holes into which lifter pins for a Semiconductor 
wafer will be inserted. With the presence of the through 
holes, Strain at the time of processing is released in the case 
that Young's modulus is lowered particularly at high tem 
perature. As a result, warp is easily generated. It can be 
considered that this is a structure for which the present 
invention exhibits the best advantageous effect. 
0078 Examples of the nitride ceramic constituting the 
ceramic Substrate of the present invention include metal 
nitride ceramics, Such as aluminum nitride, Silicon nitride, 
boron nitride and titanium nitride. 

0079. In the ceramic substrate of the present invention, it 
is desired that the ceramic Substrate contains a sintering aid. 
0080. The sintering aid that can be used may be an alkali 
metal oxide, an alkali earth metal oxide or a rare earth 
element oxide. Among these Sintering aids, CaO, Y2O, 
NaO, LiO and RbC) are particularly preferred. Alumina 
may be used. The content of these sintering aids is desirably 
from 0.1 to 20% by weight. 
0081. In the ceramic substrate of the present invention, 
the ceramic substrate desirably contains 5 to 5000 ppm of 
carbon. 

0082 The ceramic substrate can be blackened by incor 
porating carbon. Thus, when the Substrate is used as a heater, 
radiant heat can be Sufficiently used. 
0083 Carbon may be amorphous or crystalline. When 
amorphous carbon is used, a drop in the Volume resistivity 
at high temperature can be prevented. When crystalline 
carbon is used, a drop in the thermal conductivity at high 
temperature can be prevented. Therefore, crystalline carbon 
and amorphous carbon may be used together dependently on 
the purpose. The carbon content is preferably from 50 to 
2000 ppm. 
0084. When carbon is contained in the ceramic Substrate, 
carbon is preferably contained in the manner that its bright 
ness will be N6 or less as a value based on the rule of JIS 
Z8721. The ceramic having Such a brightness is Superior in 
radiant heat capacity and covering-up property. 
0085. The brightness N is defined as follows: the bright 
ness of ideal black is made to 0; that of ideal white is made 
to 10; respective colors are divided into 10 parts in the 
manner that the brightness of the respective colorS is rec 
ognized Stepwise between the brightness of black and that of 
white at equal intensity intervals, and the resultant parts are 
indicated by symbols NO to N10, respectively. 
0086 Actual brightness is measured by comparison with 
color chips corresponding to NO to N10. One place of 
decimals in this case is made to 0 or 5. 

0087. In the ceramic Substrate of the present invention, a 
Silicon wafer is put on a wafer-putting Surface of the ceramic 
Substrate in the State that they contact each other. Besides, 
the Silicon wafer may be Supported by lifter pins and the like 
and held in the State that a given interval is kept between the 
Silicon wafer and the ceramic Substrate, as illustrated in 
FIG. 13. 
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0088 FIG. 13 is a partially enlarged sectional view that 
Schematically illustrates a ceramic heater, which is an 
example of the ceramic Substrate of the present invention. 
0089. In FIG. 13, lifter pins 96 are inserted into through 
holes 95 to support a silicon wafer 99. By moving the lifter 
pins 96 up and down, it is possible to receive the silicon 
wafer 99 from a carrier machine, put the silicon wafer 99 on 
a ceramic Substrate 91, or heat the silicon wafer 99 in the 
state that the silicon wafer 99 is supported. Heating elements 
92 are formed on a bottom Surface 91a of the ceramic 
substrate 91, and metal covering layers 92a are deposited on 
the surface of the heating elements 92. A bottomed hole 94 
is also made. A thermocouple is inserted therein. 
0090 The silicon wafer 99 is heated on the side of a 
wafer-heating surface 91b. 

0.091 In the case that a ceramic substrate for a semicon 
ductor-producing/examining device of the present invention 
is used as a ceramic heater, a Semiconductor wafer and the 
heating-Surface can be kept away from each other. The 
separation distance therebetween is desirably 50 to 5000 
LiM. The present invention is particularly profitable for the 
case that Such separation is present. This is because the warp 
amount of the ceramic Substrate at high temperature is Small 
So that the distance between the Semiconductor wafer and 
the heating-Surface becomes uniform. 
0092. In the case that the ceramic substrate of the present 
invention is used as a hot plate (ceramic heater), the con 
ductor is a heating element, and may be a metal layer with 
the thickness of about 0.1 to 100 um or may be a heating 
wire. In the case that the ceramic Substrate is used as an 
electroStatic chuck, the conductor is an electrostatic elec 
trode, and an RF electrode or a heating element may be 
formed as a conductor: below the electrostatic electrode and 
inside the ceramic Substrate. In the case that the ceramic 
Substrate is used as a wafer prober, a chuck top conductor 
layer is formed as a conductor on the Surface and guard 
electrodes, and ground electrodes are formed as conductors 
inside. 

0093. The ceramic substrate of the present invention is 
desirably used at 100° C. or higher, optimally 200 C. or 
higher. 

0094. The following will describe the present invention, 
giving: an electroStatic chuck and a wafer prober, which 
have a function as a hot plate, as examples. 
0.095. In an electrostatic chuck according to the present 
invention, electroStatic electrodes are formed on a ceramic 
Substrate. A ceramic dielectric film covering the electroStatic 
electrodes is made of a non-Oxide ceramic, Such as a nitride 
ceramic or a carbide ceramic, containing oxygen. Its poros 
ity is 5% or less, and the pore diameter of its maximum pore 
is 50 um or less. Therefore, the pores in this dielectric film 
are composed of pores independently on each other. Accord 
ingly, it does not happen that gas and So on which cause a 
drop in the breakdown voltage penetrate through the ceramic 
dielectric film to corrode the electroStatic electrode and 
lower the breakdown voltage of the ceramic dielectric film 
even at high temperature. 

0096. By setting the thickness of the ceramic dielectric 
film to 50 to 5000 um, a sufficient breakdown voltage can be 
ensured without lowering chucking power. 
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0097 FIG. 1 is a vertical sectional view that schemati 
cally shows an electroStatic chuck which is an embodiment 
of the ceramic substrate of the present invention. FIG. 2 is 
a Sectional view taken on A-A line of the electroStatic chuck 
shown in FIG. 1. FIG. 3 is a sectional view taken along B-B 
line of the electrostatic chuck shown in FIG. 1. 

0098. In this electrostatic chuck 101, an electrostatic 
electrode layer composed of a chuck positive electroStatic 
layer 2 and a chuck negative electroStatic layer 3 is formed 
on the Surface of a ceramic Substrate 1 in a circular form as 
viewed from the above. A ceramic dielectric film 4 made of 
a nitride ceramic containing oxygen is formed to cover this 
electrostatic electrode layer. A silicon wafer 9 is pint on the 
electroStatic chuck 101 and is grounded. 
0099. As shown in FIG. 2, the chuck positive electro 
Static layer 2 is composed of a Semicircular part 2a and a 
comb-teeth-shaped part 2b. The chuck negative electroStatic 
layer 3 is also composed of a Semicircular part 3a and a 
comb-teeth-shaped part 3b. These chuck positive electro 
Static layer 2 and chuck negative electrostatic layer 3 are 
arranged opposite to each other So that the comb-teeth 
shaped parts 2b and 3b cross each other. The +side and the 
-Side of a direct power Source are connected to the chuck 
positive electrostatic layer 2 and chuck negative electroStatic 
layer 3, respectively. Thus, a direct current V is applied 
thereto. 

0100. In order to control the temperature of the silicon 
wafer 9, resistance heating elements 5 in the form of 
concentric circles as viewed from the above, as shown in 
FIG. 3, are set up inside the ceramic Substrate 1. External 
terminal pins 6 are connected and fixed to both ends of the 
resistance heating elements 5, and a voltage V is applied 
thereto. Bottomed holes 11 into which temperature-measur 
ing elements will be inserted and through holes 12 through 
which lifter pins (not illustrated) that support the silicon 
wafer 9 and move it up and down penetrate, are formed in 
the ceramic Substrate 1, as shown in FIG. 3 but not shown 
in FIGS. 1, 2. The resistance heating elements 5 may be 
formed on the bottom Surface of the ceramic Substrate. 

0101 When this electrostatic chuck 101 is caused to 
work, a direct Voltage V is applied to the chuck positive 
electroStatic layer 2 and the chuck negative electroStatic 
layer 3. In this way, the silicon wafer 9 is adsorbed and fixed 
to the chuck positive electroStatic layer 2 and the chuck 
negative electroStatic layer 3 through the ceramic dielectric 
film 4 by electrostatic action of these electrodes. The silicon 
wafer 9 is fixed onto the electrostatic chuck 101 in this way, 
and subsequently the silicon wafer 9 is subjected to various 
treatments such as CVD. 

0102) The electrostatic chuck according to the present 
invention has a structure as illustrated in FIGS. 1 to 3. The 
following will Successively describe the respective members 
of the above-mentioned electroStatic chuck and other 
embodiments of the electrostatic chuck according to the 
present invention in detail. 
0103) The ceramic dielectric film used in the electrostatic 
chuck according to the present invention preferably made of 
a nitride ceramic containing oxygen, and the pore diameter 
of its maximum pore is 50 um or leSS. Its thickneSS is 
preferably 50 to 1500 um, and its porosity is 5% or less. 
0104 Examples of the nitride ceramic include metal 
nitride ceramics, Such as aluminum nitride, Silicon nitride, 
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boron nitride and titanium nitride. Among these nitride 
ceramics, aluminum nitride is most preferred. This is 
because its breakdown voltage is high and its thermal 
conductivity is highest, that is, 180 W/m K. 

0105 The nitride ceramic contains oxygen. For this rea 
Son, the Sintering of the nitride ceramic advances easily. 
Thus, even if pores are contained therein, the pores become 
independent on each other. Therefore, the breakdown volt 
age is improved for the above-mentioned reason. 

0106 Usually, raw material powder of the nitride ceramic 
is heated in Oxygen or in the air, or the raw material powder 
of the nitride ceramic is mixed with a metal oxide and then 
the mixture is fired, in order to incorporate oxygen into the 
nitride ceramic. 

0107 Examples of the metal oxide include yttria (YO), 
alumina (AlO4), rubidium oxide (RbO), lithium oxide 
(Li2O), and calcium oxide (CaCO). 
0108. The added amount of these metal oxides is prefer 
ably 0.1 to 10 parts by weight per 100 parts by weight of the 
nitride ceramic. 

0109 The porosity of the ceramic dielectric film is desir 
ably 5% or less. It is also desirable that its thickness is 50 to 
5000 um and the pore diameter of its maximum pore is 50 
tim or less. 

0110) If the thickness of the ceramic dielectric film is 
below 50 lum, the film thickness is too thin to obtain 
Sufficient breakdown voltage. Thus, when a Silicon wafer is 
put on the film and is adsorbed thereon, the ceramic dielec 
tric film may undergo dielectric breakdown. On the other 
hand, if the thickness of the ceramic dielectric film is over 
5000 um, the distance between the silicon wafer and the 
electroStatic electrodes becomes large So that the capability 
of adsorbing the Silicon wafer becomes poor. The thickneSS 
of the ceramic dielectric film is more preferably 100 to 1500 
plm. 

0111. If the porosity is over 5%, the number of the pores 
increases and the pore diameter becomes too large. AS a 
result, the pores interconnect easily with each other. In the 
ceramic dielectric film having Such a structure, the break 
down Voltage drops. 

0112) If the pore diameter of the maximum pore is over 
50 um, the Sufficient breakdown Voltage cannot be main 
tained at high temperature even if the oxide is present in the 
boundaries between the particles. In the case that the pores 
are present, the porosity is more preferably 0.001 to 3% and 
the pore diameter of the maximum pore is more preferably 
0.1 to 10 tum. 

0113. The ceramic dielectric film desirably contains 50 to 
5000 ppm of carbon. This is because the electrode pattern set 
inside the electrostatic chuck can be hidden and high radiant 
heat can be obtained. As the volume resistivity is lower, the 
capability of adsorbing a Silicon wafer becomes high at low 
temperature. 

0114. The reason why in the electrostatic chuck of the 
present invention a considerable number of the pores may be 
present in the ceramic dielectric film is that the pores can 
cause an improvement in the fracture toughness value and 
the resistance to thermal impact. 
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0115 Examples of the electrostatic electrodes formed on 
the ceramic Substrate include a sintered body of a metal or 
a conductive ceramic, and a metal foil. AS the metal Sintered 
body, at least one Selected from tungsten and molybdenum 
is preferred. The metal foil is preferably made of the same 
material as the metal Sintered body. These metals are not 
relatively liable to be oxidized and have a sufficient con 
ductivity for electrodes. AS the conductive ceramic, at least 
one Selected from carbides of tungsten; and molybdenum 
can be used. 

0116 FIGS. 8,9 are horizontal sectional views, each of 
which Schematically shows an electroStatic electrode in 
another electrostatic chuck. In an electroStatic chuck 20 
shown in FIG. 8, a chuck positive electrostatic layer 22 and 
a chuck negative electroStatic layer 23 in a Semicircular form 
are formed inside a ceramic Substrate 1. In an electroStatic 
chuck shown in FIG. 9, chuck positive electrostatic layers 
32a and 32b and chuck negative electrostatic layers 33a and 
33b, each of which has a shape obtained by dividing a circle 
into 4 parts, are formed inside a ceramic Substrate 1. The two 
chuck positive electroStatic layerS 22a and 22b and the two 
chuck negative electrostatic layers 33a and 33b are formed 
to croSS, respectively. 
0117. In the case that an electrode having a form that an 
electrode in the shape of a circle or the like is divided is 
formed, the number of divided pieces is not particularly 
limited and may be 5 or more. Its shape is not limited to a 
fan-shape. 

0118. The ceramic Substrate used in the electrostatic 
chuck according to the present invention is preferably made 
of nitride ceramic, or carbide ceramic. 
0119) Examples of the nitride ceramic include aluminum 
nitride, Silicon nitride, boron nitride and titanium nitride. 
0120 Examples of the carbide ceramic include silicon 
carbide, boron carbide, titanium carbide, and tungsten car 
bide. 

0121 The ceramic dielectric film and the ceramic Sub 
Strate are desirably made of the same material. This is 
because the nitride ceramic has a high thermal conductivity 
and can Satisfactorily conduct heat generated in the resis 
tance heating elements. This is also because in the case that 
the ceramic dielectric film and the ceramic Substrate are 
made of the same material, the electrostatic chuck can easily 
be produced by laminating green sheets in the same manner 
and then firing the lamination under the same conditions. 
0122) Among the nitride ceramics, aluminum nitride is 
most preferred since its thermal conductivity is highest, that 
is, 180 W/m-K. 

0123 The ceramic Substrate desirably contains 50 to 
5000 ppm of carbon. This is because high radiant heat can 
be obtained. As the carbon, either of crystalline which can be 
detected by X-ray diffraction or amorphous which cannot be 
detected thereby may be used. Both of the crystalline and the 
amorphous may be used. 
0.124. In the electrostatic chuck according to the present 
invention, a temperature controlling means Such as a resis 
tance heating element is usually Set up, as illustrated in FIG. 
1. This is because it is necessary to conduct CVD treatment 
and So on while heating of the Silicon wafer put on the 
electroStatic chuck and So on, are performed. 
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0.125 The temperature controlling means may be a 
Peltier device (reference to FIG. 6) as well as the resistance 
heating element 5 illustrated in FIG. 3. The resistance 
heating element may be set up inside the ceramic Substrate 
or may be set up on the bottom Surface of the ceramic 
Substrate. In the case that the resistance heating element is 
Set up, an inlet for blowing a coolant, Such as air, as cooling 
means may be made in a Supporting case into which the 
electroStatic chuck is to be fitted. 

0126. A plurality of layers of the resistance heating 
elements may be set inside the ceramic Substrate. In this 
case, the patterns of the respective layerS may be formed to 
complement them mutually. The pattern, when being viewed 
from the heating Surface, is desirably formed on any one of 
the layers. For example, a structure having a Staggered 
arrangement is desirable. 

0127 Examples of the resistance heating element include 
a sintered body of a metal or a conductive ceramic, a metal 
foil; and a metal wire. AS the metal Sintered body, at least 
one Selected from tungsten and molybdenum is preferred. 
This is because these metals are not relatively liable to be 
oxidized and have a Sufficiently large resistivity to generate 
heat. 

0128. As the conductive ceramic, at least one selected 
from carbides of tungsten; and molybdenum may be used. 

0129. In the case that the resistance heating element is 
formed on the bottom surface of the ceramic substrate, it is 
desired to use, as the metal Sintered body, a noble metal 
(gold, Silver, palladium or platinum), or nickel. Specifically, 
Silver, Silver-palladium and the like may be used. 

0130. As the metal particles used in the metal sintered 
body, Spherical or Scaly particles, or a mixture of Spherical 
particles and Scaly particles can be used. 

0131) A metal oxide may be added to the metal sintered 
body. The metal oxide is used in order to let the ceramic 
Substrate closely adhere to particles of the metal. The reason 
why the adhesion between the ceramic Substrate and the 
metal particles is improved by the metal oxide is unclear, but 
would be as follows: an oxide film is slightly formed on the 
Surface of the metal particles and an oxide film is formed on 
the Surface of the ceramic Substrate in the case that the 
ceramic Substrate is made of a non-Oxide ceramic as well as 
an oxide ceramic. It can be therefore considered that these 
oxide films are sintered and integrated with each other, 
through the metal oxide, on the Surface of the ceramic 
Substrate So that the metal particles and the ceramic Substrate 
adhere closely to each other. 

0132 A preferred example of the metal oxide is at least 
one Selected from lead oxide, Zinc oxide, Silica, boron oxide 
(BO) alumina, yttria, and titania. These oxides make it 
possible to improve adhesiveness between the metal par 
ticles and the ceramic Substrate without increasing the 
resistivity of the resistance heating element too much. 

0133. The amount of the metal oxide is desirably 0.1 part 
or more by weight and is below 10 parts by weight per 100 
parts by weight of the metal particles. The use of the metal 
oxide within this range makes it possible to improve the 
adhesion between the metal particles and the ceramic Sub 
Strate without making the resistivity large. 
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0.134. When the total amount of the metal oxides is set to 
100 parts by weight, the weight ratio of lead oxide, Zinc 
oxide, Silica, boron oxide (BO), alumina, yttria and titania 
is as follows: lead oxide: 1 to 10, Silica: 1 to 30, boron oxide: 
5 to 50, zinc oxide: 20 to 70, alumina: 1 to 10, yttria: 1 to 
50 and titania: 1 to 50. The ratio is preferably adjusted within 
the Scope that the total amount of these oxides is not over 
100 parts by weight. This is because in these ranges it is 
possible to improve adhesiveness to the ceramic Substrate. 
0135) In the case that the resistance heating element is set 
up on the bottom Surface of the ceramic Substrate, the 
Surface of the resistance heating element 15 is desirably 
covered with a metal layer 150 (reference to FIG. 4). The 
resistance heating element 15 is a sintered body of the metal 
particles. Thus, when the resistance heating element 15 is 
exposed, it is easily oxidized. The oxidization causes a 
change in the resistivity. Thus, by covering the Surface with 
the metal layer 150, the oxidization can be prevented. 
0136. The thickness of the metal layer 150 is desirably 
0.1 to 10 um. In this range, it is possible to prevent the 
oxidization of the resistance heating element without chang 
ing the resistivity of the resistance heating element. 
0.137 The metal used for the covering is any non-oxidiz 
able metal. Specifically, at least one Selected from gold, 
Silver, palladium, platinum and nickel is preferred. Among 
these metals, nickel is more preferred. This is because of the 
following: the resistance heating element needs to have a 
terminal for connection to a power Source. This terminal is 
attached to the resistance heating element through Solder. 
Nickel prevents thermal diffusion of the solder. As the 
connecting terminal, a terminal pin made of Kovar can be 
used. 

0.138. In the case that the resistance heating element is 
inside the heater plate, the Surface of the resistance heating 
element is not oxidized. Therefore, no covering is necessary. 
In the case that the resistance heating element is inside the 
heater plate, apart of the Surface of the resistance heating 
element may be exposed. 
0.139. As the metal foil used as the resistance heating 
element, a resistance heating element patterned by the 
etching of a nickel foil or a stainless Steel foil and the like 
method is desirable. 

0140. The patterned metal foils may be put together with 
a resin film or the like. 

0141 Examples of the metal wire include a tungsten wire 
and a molybdenum wire. 
0142. In the case that the Peltier device is used as the 
temperature controlling means, both heating and cooling can 
be attained by changing the direction along which an electric 
current passes. Thus, this case is advantageous. 
0143. As shown in FIG. 6, the Peltier device 8 is formed 
by connecting p type and n type thermoelectric elements 81 
in Series and then jointing the resultant to a ceramic plate 82. 
0144. Examples of the Peltier device include silicon/ 
germanium, bismuth/antimony, and lead/tellurium materi 
als. 

0145 Examples of the electrostatic chuck according to 
the present invention include: the electrostatic chuck 101 
having a structure wherein the chuck positive electroStatic 
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layer 2 and the chuck negative electrostatic layer 3 are 
arranged between the ceramic Substrate 1 and the ceramic 
dielectric film 4 and the resistance heating elements 5 are Set 
up inside the ceramic substrate 1, as shown in FIG. 1; the 
electroStatic cluck 201 having a structure wherein the chuck 
positive electroStatic layer 2 and the chuck negative elec 
troStatic layer 3 are arranged between the ceramic Substrate 
1 and the ceramic dielectric film 4 and the resistance heating 
elements 15 are disposed on the bottom surface of the 
ceramic Substrate 1, as shown in FIG. 4; the electrostatic 
chuck 301 having a structure wherein the chuck positive 
electroStatic layer 2 and the chuck negative electroStatic 
layer 3 are arranged between the ceramic Substrate 1 and the 
ceramic dielectric film 4 and the metal wire 7, which is a 
resistance heating element, is embedded in the ceramic 
Substrate 1, as shown in FIG. 5; and the electrostatic chuck 
401 having a structure wherein the chuck positive electro 
Static layer 2 and the chuck negative electrostatic layer 3 are 
arranged between the ceramic Substrate 1 and the ceramic 
dielectric film 4 and the Peltier device 8 composed of the 
thermoelectric element 81 and the ceramic plate 82 is 
formed on the bottom Surface of the ceramic Substrate 1, as 
shown in FIG. 6. 

0146). As shown in FIGS. 1 to 6, in the electrostatic chuck 
according to the present invention the chuck positive elec 
troStatic layer 2 and the chuck negative electrostatic layer3 
are arranged between the ceramic Substrate 1 and the 
ceramic dielectric film 4 and the resistance heating element 
5 or the metal wire 7 is formed inside the ceramic Substrate 
1. Therefore, connecting units (conductor-filled through 
holes) 16,17 are necessary for connecting these to external 
terminal pins. The conductor-filled through holes 16,17 are 
made by filling therein with a high melting point metal Such 
as tungsten paste or molybdenum paste, or a conductive 
ceramic Such as tungsten carbide or molybdenum carbide. 
0147 The diameter of the connecting units (conductor 
filled through holes) 16, 17 is desirably from 0.1 to 10 mm. 
This is because disconnection can be prevented and further 
cracks or Strains can be prevented. 
0.148. The conductor-filled through holes are used as 
connecting pads to connect external terminal pins 6,18 
(reference to FIG. 7(d)). 
014.9 The connecting thereof is performed with solder or 
brazing material. AS the brazing material, brazing Silver, 
brazing palladium, brazing aluminum, or brazing gold is 
used. Brazing gold is desirably Au-Ni alloy. Au-Ni alloy 
is Superior in adhesiveness to tungsten. 
0150. The ratio of Au/Ni is desirably 81.5 to 82.5 (% by 
weight)/18.5 to 17.5 (% by weight)). 
0151. The thickness of the Au-Ni layer is desirably 
from 0.1 to 50 lum. This is because this range is a range 
Sufficient for keeping connection. If Au-Cu alloy is used at 
a high temperature of 500 to 1000 C. and at a high vacuum 
of 10 to 10 Pa, the Au-Cu alloy deteriorates. However, 
Au-Ni alloy does not cause Such a deterioration and is 
profitable. When the total amount of the Au-Ni alloy is 
regarded as 100 parts by weight, the amount of impurities 
therein is desirably below 1 part by weight. 
0152) If necessary, in the ceramic substrate of the present 
invention a thermocouple may be buried in the bottomed 
hole 11 in the ceramic Substrate 1. This is because the 
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thermocouple makes it possible to measure the temperature 
of the resistance heating element and, on the basis of the 
resultant data, Voltage or electric current is changed So that 
the temperature can be controlled. 
0153. The size of the connecting portion of metal wires of 
the thermocouple is desirably the same as the original 
diameter of the respective metal wires or larger, and is 
preferably 0.5 mm or less. Such a structure makes the 
thermal capacity of the connecting portion Small, and causes 
a temperature to be correctly and rapidly converted to a 
current value. For this reason, temperature controllability is 
improved so that the temperature distribution of the heated 
Surface of the Semiconductor wafer becomes Small. 

0154) Examples of the thermocouple include K, R, B, S, 
E, J and T type thermocouples, described in JIS-C-1602 
(1980). 
0155 FIG. 10 is a sectional view that schematically 
shows a Supporting case 41 into which the electroStatic 
chuck of the present invention, having a structure as 
described above, is fitted. 

0156 The electrostatic chuck 101 is fitted into the Sup 
porting case 41 through a heat insulator 45. Coolant outlets 
42 are formed in the Supporting case 11, and a coolant is 
blown from a coolant inlet 44 and goes outside from an 
inhalation duct 43 after passing through the coolant outlet 
42. By the act of this coolant, the electrostatic chuck 101 can 
be cooled. 

O157 The following will describe one example of the 
process for producing an electrostatic chuck according to the 
present invention by referring to sections shown in FIG. 7. 

0158 (1) First, ceramic powder of a nitride ceramic is 
mixed with a binder and a solvent to obtain a green sheet 50. 
0159. As the ceramic powder, there may be used, for 
example, aluminum nitride powder. If necessary, a sintering 
aid Such as yttria may be added. 

0160 One or several green sheets 50' laminated on the 
green sheet on which an electrostatic electrode layer printed 
units 51 that will be described later are formed are layers 
which will be a ceramic dielectric film 4; therefore, the 
sheets 50' are made to be sheets wherein oxide powder is 
mixed with nitride powder. 

0.161 Usually, the raw material of the ceramic dielectric 
film 4 and that of the ceramic substrate 1 are desirably the 
Same. This is because, in many cases, these are Sintered 
under the same condition Since these are sintered as one 
body. In the case that the raw materials are different, it is 
allowable that a ceramic Substrate is firstly produced, an 
electroStatic electrode layer is formed thereon and then a 
ceramic dielectric film is formed thereon. 

0162. As the binder, desirable is at least one selected from 
an acrylic binder, ethylcellulose, butylcellusolve, and poly 
vinyl alcohol. 

0163 As the solvent, desirable is at least one selected 
from C-terpineol and glycol. 

0164. A paste obtained by mixing these is formed into a 
sheet form by the doctor blade process. Thus, the green sheet 
50 is obtained. 
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0.165 If necessary, a through hole into which a lifter pin 
of a Silicon wafer is inserted, a concave portion in which the 
thermocouple is buried may be made in the green sheet 50. 
The through hole and concave portion can be made by 
punching and the like. 
0166 The thickness of the green sheet is preferably about 
from 0.1 to 5 mm. 

0167 Next, a conductor containing paste that will be 
electroStatic electrode layers and resistance heating elements 
is printed on the green sheet 50. 
0168 The printing is performed to obtain a desired aspect 
ratio, considering the Shrinkage ratio of the green sheet 50. 
In this way, electroStatic electrode layer printed units 51 and 
resistance heating element layer printed units 52 are 
obtained. 

0169. The printed units are formed by printing a conduc 
tor containing paste containing conductive ceramic or metal 
particles, and the like. 
0170 As the conductive ceramic particles contained in 
the conductor containing paste, carbide of tungsten; or 
molybdenum is optimal. This is because they are not prac 
tically oxidized and their thermal conductivity is not prac 
tically lowered. 
0171 As the metal particles, tungsten, molybdenum, 
platinum, nickel and the like can be used. 
0172 The average particle diameters of the conductive 
ceramic particles and the metal particles are preferably from 
0.1 to 5um. This is because the conductor containing paste 
can not be practically printed in either case that these 
particles are too large or too small. 
0173 AS Such a paste, the following conductor contain 
ing paste is optimal: a conductor containing paste prepared 
by mixing 85 to 97 parts by weight of the metal particles or 
the conductive ceramic particles; 1.5 to 10 parts by weight 
of at least one binder Selected from acrylic type, ethylcel 
lulose, butylcellusolve and polyvinyl alcohol; 1.5 to 10 parts 
by weight of at least one Solvent Selected from C-terpineol, 
glycol, ethyl alcohol, and butanol. 
0.174. A conductor containing paste is filled into the holes 
formed by punching, So as to obtain conductor-filled through 
hole printed units 53, 54. 
0175) Next, as shown in FIG. 7(a), the green sheet 50 
having the printed units 51, 52, 53 and 54 and the green sheet 
50' are made into a lamination. The reason why the green 
sheet 50' having no printed units is deposited, at the side 
where the resistance heating elements are formed, is that the 
following phenomenon is prevented: the end faces of the 
conductor-filled through holes are exposed and the end faces 
thereof are oxidized at the time of the Sintering on the 
formation of the resistance heating elements. If the Sintering 
on the formation of the resistance heating elements is 
performed in the State that the end faces of the conductor 
filled through holes are exposed, it is necessary to Sputter a 
metal which is not practically oxidized, Such as nickel. More 
preferably, the end faces may be covered with brazing gold 
of Au-Ni. 

0176) (2) Next, as shown in FIG. 7(b), the lamination is 
heated and pressed to Sinter the green sheets and the con 
ductor containing paste. 
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0177. The heating temperature at the time of the sintering 
is preferably from 1000 to 2000 C. and the pressure is 
preferably from 100 to 200 kg/cm'. The heating and the 
pressing are performed in the atmosphere of inert gas. AS the 
inert gas, argon, nitrogen and the like can be used. In this 
Sintering Step, conductor-filled through holes 16, 17, the 
chuck positive electrostatic layer 2, the chuck negative 
electroStatic layer 3, the resistance heating elements 5 and So 
on are formed. 

0.178 (3) Next, as shown in FIG. 7(c), blind holes 13,14 
for connecting external terminal pins are made. 
0179. It is desirable that a part of inner walls of the blind 
holes 13.14 is made conductive and the conductive inner 
walls are connected to the chuck positive electroStatic layer 
2, the chuck negative electroStatic layer 3, the resistance 
heating elements 5 and So on. 
0180 (4) Finally, as shown in FIG. 7(d), external termi 
nals 6,18 are fitted into the blind holes 13,14 through brazing 
gold. If necessary, a bottomed hole 11 may be made So that 
a thermocouple may be buried therein. 
0181 AS solder, an alloy such as silver-lead, lead-tin-or 
bismuth-tin can be used. The thickness of the solder layer is 
desirably from 0.1 to 50 lum. This is because this range is a 
range Sufficient for maintaining the connection based on the 
Solder. 

0182. In the above-description, the electrostatic chuck 
101 (reference to FIG. 1) is given as an example. In the case 
that the electrostatic chuck 201 (reference to FIG. 4) is 
produced, it is advisable to: produce a ceramic plate having 
an electrostatic electrode layer first; then print a conductor 
containing paste on the bottom Surface of this ceramic plate 
and Sinter the resultant to form the resistance heating ele 
ments 15; and then form the metal layer 150 by electroless 
plating. and the like. 
0183 In the case that the electrostatic chuck 301 (refer 
ence to FIG. 5) is produced, it is advisable that: firstly, a 
metal foil or a metal wire is embedded as electroStatic 
electrodes or resistance heating elements, in ceramic pow 
der; and then the resultant is Sintered. 

0184. In the case that the electrostatic chuck 401 (refer 
ence to FIG. 6) is produced, it is advisable that: firstly a 
ceramic plate having an electrostatic electrode layer is 
produced; and then a Peltier device is jointed to the ceramic 
plate through a flame sprayed metal layer. 
0185. The above-mentioned ceramic substrate functions 
as a wafer prober in the following case that: 

0186 conductors are arranged: on the surface of the 
ceramic SubStrate of the present invention; and inside 
the ceramic Substrate, and the inside conductor is at 
least one of a guard electrode or a ground electrode. 

0187 FIG. 11 is a sectional view that schematically 
shows one embodiment of the wafer prober according to the 
present invention. FIG. 12 is a Sectional view taken along 
A-A line in the wafer prober shown in FIG. 11. 
0188 In this wafer prober 601, grooves 67, in the form of 
concentric circles as viewed from the above, are formed on 
the Surface of a disc-form ceramic Substrate 63. Moreover, 
Suction holes 68 for Sucking a Silicon wafer are formed in a 
part of the grooves 67. A chuck top conductor layer 62 for 
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connecting electrodes of the Silicon wafer is formed, in a 
circular form, in the greater part of the ceramic plate 63 
including the grooves 67. 
0189 On the other hand, heating elements 69 as shown in 
FIG. 3, in the form of concentric circles as viewed from the 
above, are disposed on the bottom Surface of the ceramic 
substrate 63 to control the temperature of the silicon wafer. 
External terminal pins (not illustrated) are connected and 
fixed to both ends of the heating element 69. 
0190. Inside the ceramic substrate 63, a guard electrode 
65 and a ground electrode 66 (reference to FIG. 7), in the 
form of a lattice as viewed from the above, are disposed to 
remove Stray capacitors and noise. The material of the guard 
electrode 65 and the ground electrode 66 may be the same 
as that of the electroStatic electrode. 

0191 The thickness of the chuck top conductor layer 62 
is desirably from 1 to 20 lum. If the thickness is below 1 um, 
its resistance is too high to function as an electrode. On the 
other hand, if the thickness is over 20 um, the layer exfo 
liates easily by StreSS that the conductor has. 
0.192 As the chuck top conductor layer 62, there can be 
used, for example, at least one metal Selected from high 
melting point metals Such as copper, titanium, chromium, 
nickel, noble metals (gold, Silver, platinum and So on), 
tungsten and molybdenum. 
0193 According to the wafer prober having such a struc 
ture, a continuity test can be performed by putting a silicon 
wafer on which integrated circuits are formed, pushing a 
probe card having tester pins against the Silicon wafer, and 
applying a Voltage thereto while heating and cooling the 
wafer. 

0194 In the case that a wafer prober is produced, for 
example, a ceramic Substrate wherein resistance heating 
elements are embedded is firstly produced in the same 
manner as in the case of the electroStatic chuck. Thereafter, 
grooves are made on the Surface of the ceramic Substrate and 
Subsequently the Surface on which the grooves are formed is 
Subjected to Sputtering, plating and So on, to form a metal 
layer. 

BEST MODES FOR CARRYING OUT THE 
INVENTION 

0.195 The present invention will be described in more 
detailed hereinafter. 

EXAMPLE 1 AND COMPARATIVE EXAMPLE 1. 

Production of an Electrostatic Chuck (Reference to 
FIG. 1) 

0196) (1) The following paste was used to conduct for 
mation by a doctor blade method to obtain a green sheet of 
0.47 mm in thickness: a paste obtained by mixing 100 parts 
by weight of aluminum nitride powder (made by Tokuyama 
Corp. average particle diameter: 1.1 um) fired at 500° C. for 
0, 1 or 7 hours in the air, 4 parts by weight of yttria (average 
particle diameter: 0.4 um), 11.5 parts by weight of an acrylic 
binder, 0.5 part by weight of a dispersant and 53 parts by 
weight of mixed alcohols of 1-butanol and ethanol. 
0197) (2) Next, this green sheet was dried at 80° C. for 5 
hours, and Subsequently the following holes were made by 
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punching: holes of 1.8 mm, 3.0 mm and 5.0 mm in diameter 
which would be through holes through which semiconductor 
wafer lifter pins would be inserted; and holes which would 
be conductor-filled through holes for connecting external 
terminals. 

0198 (3) The following were mixed to prepare a con 
ductor containing paste A: 100 parts by weight of tungsten 
carbide particles having an average particle diameter of 1 
lum, 3.0 parts by weight of an acrylic binder, 3.5 parts by 
weight of C-terpineol Solvent, and 0.3 part by weight of a 
dispersant. 

0199 The following were mixed to prepare a conductor 
containing paste B: 100 parts by weight of tungsten particles 
having an average particle diameter of 3 um, 1.9 parts by 
weight of an acrylic binder, 3.7 parts by weight of C-terpi 
neol Solvent, and 0.2 part by weight of a dispersant. 

0200. This conductor containing paste A was printed on 
the green sheet by Screen printing to form a conductor 
containing paste layer. The pattern of the printing was made 
into a concentric pattern. Furthermore, conductor containing 
paste layerS having an electroStatic electrode pattern shown 
in FIG. 2 were formed on other green sheets. 

0201 Moreover, the conductor containing paste B was 
filled into the through holes for the conductor-filled through 
holes for connecting external terminal. 

0202) Thirty four green sheets 50' on which no conductor 
containing paste A was printed were Stacked on the upper 
side (heating surface) of the green sheet 50 that had been 
Subjected to the above-mentioned processing, and the same 
thirteen green sheets 50' were stacked on the lower side of 
the green sheet 50. The green sheet 50 on which the 
conductor containing paste layer having the electroStatic 
electrode pattern was printed was Stacked thereon. Further 
more, two green sheets 50' on which no tungsten paste was 
printed were Stacked thereon. The resultant was pressed at 
the temperature of 130° C. and a pressure of 80 kg/cm° to 
form a lamination (FIG. 7(a)). 
0203 (4) Next, the resultant lamination was degreased at 
600 C. in the atmosphere of nitrogen gas for 5 hours and 
hot-pressed at a temperature of 1890 C. and a pressure of 
0 to 150 kg/cm (the detail thereof is shown in Table 1) for 
3 hours to obtain an aluminum nitride plate of 3 mm in 
thickness. This was cut off into a disk of 230 mm in diameter 
to prepare a plate made of aluminum nitride and having 
therein resistance heating elements 5 having a thickness of 
6 um and a width of 10 mm, a chuck positive electroStatic 
layer 2 having a thickness of 10 um, and a chuck negative 
electrostatic layer 3 having a thickness of 10 um (FIG.7(b)). 
0204 (5) Next, the plate obtained in the (4) was ground 
with a diamond grindstone. Subsequently a mask was put 
thereon, and bottomed holes (diameter: 1.2 mm, and depth: 
2.0 mm) for thermocouples were made on the surface by 
blast treatment with SiC and the like. 

0205 (6) Furthermore, portions where the conductor 
filled through holes were made were hollowed out to make 
blind holes 13.14 (FIG. 7(c)). Brazing gold made of Ni-Au 
was heated and allowed to reflow at 700° C. to connect 
external terminals 6,18 made of Kovar to the blind holes 
13,14 (FIG. 7(d)). 
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0206. About the connection of the external terminals, a 
Structure wherein a Support of tungsten Supports at three 
points, is desirable. This is because the reliability of the 
connection can be kept. 
0207 (7) Next, thermocouples for controlling tempera 
ture were buried in the bottomed holes to finish the produc 
tion of an electroStatic chuck having the resistance heating 
elements. 

0208. The porosity, the pore diameter, the breakdown 
Voltage, the fracture toughness value, the adsorption power, 
the temperature-rising property and the warp amount of the 
thus-produced electrostatic chuck having the resistance 
heating element were measured by the methods which will 
be described later. 

0209 The results are shown in Tables 1, 2. Depending on 
the length of the time when the nitride aluminum powder 
was being fired, the oxygen amounts contained in the 
ceramic Substrates were different, and the values thereof are 
shown in Table 1. According to the measurement of the 
thermal conductivity by a laser flash method, it was 180 to 
200 W/m-K. 

EXAMPLE 2 AND COMPARATIVE EXAMPLE 2 

Production of an Electrostatic Chuck (Reference to 
FIG. 4) 

0210 (1) The following paste was used to conduct for 
mation by a doctor blade method to obtain a green sheet of 
0.47 mm in thickness: a paste obtained by mixing 100 parts 
by weight of aluminum nitride powder (made by Tokuyama 
Corp., average particle diameter: 1.1 um) fired at 500° C. for 
0, 1 or 7 hours in the air, 4 parts by weight of yttria (average 
particle diameter: 0.4 um), 11.5 parts by weight of an acrylic 
binder, 5.5 part by weight of a dispersant 0, 3 or 5% by 
weight (the detail thereof is shown in Table 3) of BN, and 53 
parts by weight of mixed alcohols of 1-butanol and ethanol. 
0211 (2) Next, this green sheet was dried at 80° C. for 5 
hours, and Subsequently the following portions were made 
by punching: portions which would be through holes of 1.8 
mm, 3.0 mm and 5.0 mm in diameter, through which 
Semiconductor wafer lifter pins would be inserted; and 
portions which would be conductor-filled through holes for 
connecting external terminals. 
0212 (3) The following were mixed to prepare a con 
ductor containing paste A: 100 parts by weight of tungsten 
carbide particles having an average particle diameter of 1 
lum, 3.0 parts by weight of an acrylic binder, 3.5 parts by 
weight of C-terpineol Solvent, and 0.3 part by weight of a 
dispersant. 

0213 The following were mixed to prepare a conductor 
containing paste B: 100 parts by weight of tungsten particles 
having an average particle diameter of 3 um, 1.9 parts by 
weight of an acrylic binder, 3.7 parts by weight of C-terpi 
neol Solvent, and 0.2 part by weight of a dispersant. 
0214) This conductor containing paste A was printed on 
the green sheet by Screen printing to form a conductor 
containing paste layer of an electroStatic electrode pattern 
having a shape shown in FIG. 9. 
0215 Moreover, the conductor containing paste B was 
filled into the through holes for the conductor-filled through 
holes for connecting external terminals. 
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0216 A green sheet on which no conductor containing 
paste A was printed were stacked on the upper Side (heating 
Surface) of the green sheet that had been Subjected to the 
above-mentioned processing, and the Same 48 green sheets 
were Stacked on the lower Side of the green sheet. The 
resultant was pressed at the temperature of 130 C. and a 
pressure of 80 kg/cm to form a lamination. 
0217 (4) Next, the resultant lamination was degreased at 
600 C. in the atmosphere of nitrogen gas for 5 hours and 
hot-pressed at the temperature of 1890 C. and a pressure of 
0 to 150 kg/cm (the detail thereof is shown in Table 3) for 
3 hours to obtain an aluminum nitride plate of 3 mm in 
thickness. This was cut off into a disk of 230 mm in diameter 
to prepare a plate made of aluminum nitride and having 
therein chuck positive electroStatic layerS 32a, b having a 
thickness of 15 tim, and chuck negative electrostatic layers 
33a,b having a thickness of 15 um (reference to FIG. 9). 
0218 (5) A mask was put onto the plate obtained in the 
(4), and concave portions (not illustrated) for thermocouples 
were made in the surface by blasting treatment with SiC and 
the like. 

0219 (6) Next: resistance heating elements 15 were 
printed on the Surface (bottom Surface) opposite to the 
wafer-putting Surface. A conductor containing paste was 
used for the printing. The used conductor containing paste 
was Solvest PS603D made by Tokuriki Kagaku Kenkyu 
Zyo, which is used to form through holes in printed circuit 
boards. 

0220. This conductor containing paste was a silver/lead 
paste, and contained 7.5 parts by weight of metal oxides 
consisting of lead oxide, Zinc oxide, Silica, boron oxide and 
alumina (the weight ratio thereof was 5/55/10/25/5) per 100 
parts by weight of Silver. 
0221) The shape of the silver was scaly and had an 
average particle diameter of 4.5 lim. 
0222 (7) The plate on which the conductor containing 
paste was printed was heated and fired at 780 C. to sinter 
Silver and lead in the conductor containing paste and further 
bake them onto the ceramic Substrate. The heater plate was 
immersed in a bath for electroless nickel plating consisting 
of an aqueous Solution containing 30 g/L of nickel Sulfate, 
30g/L of boric acid, 30 g/L of ammonium chloride, and 60 
g/L of a Rochelle salt, to precipitate a nickel layer 150 
having a thickness of 1 um and a boron content of 1% or leSS 
by weight on the surface of the sintered body 15 of silver. 
Thereafter, the plate was annealed at 120° C. for 3 hours. 
0223) The resistance heating elements made of the sin 
tered silver had a thickness of 5 um, a width of 2.4 mm and 
a area resistivity of 7.7 m2/ 
0224 (8) Next, blind holes for causing the conductor 
filled through holes 16 to be exposed were made in the 
ceramic Substrate. Brazing gold made of Ni-Au (Au: 
81.5% by weight, Ni: 18.4% by weight, impurities: 0.1% by 
weight) was heated and allowed to reflow at 970° C. to 
connect external terminal pins made of Kovar to the blind 
holes. External terminal pins made of Kovar were formed on 
the resistance heating element through a Solder (tin 9/lead 1). 
0225 (9) Next, thermocouples for controlling tempera 
ture were buried in the concave portions to obtain an 
electrostatic chuck 201. 
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0226. The porosity, the pore diameter, the breakdown 
Voltage, the fracture toughness value, the adsorption power, 
the temperature-rising property and the warp amount of the 
thus-produced electrostatic chuck having the resistance 
heating element were measured by the methods which will 
be described later. The results are shown in Tables 3.4 shown 
below. Depending on the length of the time when the nitride 
aluminum powder was being fired, the oxygen amounts 
contained in the ceramic Substrates were different, and the 
values thereof are shown in Table 3. 

0227 (10) Next, this electrostatic chuck 201 was fitted 
into a Supporting case 41 having a Sectional shape shown in 
FIG. 10 and made of stainless steel through a heat insulator 
45 made of ceramic fiber (made by Ibiden Co., Ltd., trade 
name: Ibiwool) This Supporting case 41 had coolant outlets 
42 to make it possible to adjust the temperature of the 
electrostatic chuck 201. 

0228. An electric current was passed through the resis 
tance heating elements 15 of the electrostatic chuck 201 
fitted into this Supporting case 41 to raise the temperature 
thereof. Thus, a coolant was caused to flow through the 
Supporting case to control the temperature of the electro 
static chuck 201. The temperature was allowed to be con 
trolled very satisfactorily. 

EXAMPLE 3 AND COMPARATIVE EXAMPLE 3 

Production of an Electrostatic Chuck 301 
(Reference to FIG. 5) 

0229 (1) A tungsten foil having a thickness of 10 um was 
punched out to form two electrodes having a shape illus 
trated in FIG. 8. 

0230. The two electrodes and a tungsten wire, together 
with 100 parts by weight of nitride aluminum powder (made 
by Tokuyama Corp., average particle diameter: 1.1 um) fired 
at 500 C. for 0, 1 or 7 hours in the air, 4 parts by weight of 
yttria (average particle diameter: 0.4 um), and 0, 1.5, 3.5 or 
15% by weight of alumina, were put into a mold, and then 
the mixture was hot-pressed at a temperature of 1890 C. 
and a pressure of 0 to 150 kg/cm (the detail thereof is shown 
in Table 5) for 3 hours in nitrogen gas, So as to obtain a 
nitride aluminum plate having a thickness of 3 mm. This was 
cut off into a disk having a diameter of 230 mm, So as to 
prepare a plate. At this time, the thickness of the electroStatic 
electrode layer was 10 um. 

0231 (2) This plate was subjected to the steps (5) to (7) 
in Example 1, So as to obtain an electroStatic chuck 301. 

0232 The porosity, the pore diameter, the breakdown 
Voltage, the fracture toughness value, the adsorption power, 
the temperature-rising property and the warp amount of the 
thus-produced electrostatic chuck having the resistance 
heating element were measured by the following methods. 
The results are shown in Tables 5,6. 

0233. Depending on the length of the time when the 
nitride aluminum powder was being fired, the oxygen 
amounts contained in the ceramic Substrates were different, 
and the values thereof are shown in Table 5. 
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0234 Evaluation Method 
0235 (1) Oxygen Amount 
0236 Asample sintered under the same conditions as for 
the Sintered bodies according to each Example was pulver 
ized in a tungsten mortar, and then 0.01 g of the resultant 
was collected and oxygen amount was measured under 
conditions of a sample-heating temperature of 2200 C. and 
a heating time of 30 Seconds by means of an oxygen/ 
nitrogen determinator (TC-136model, made by LECO com 
pany). 
0237 (2) Measurement of the Porosity of a Ceramic 
Dielectric Film 

0238 A ceramic dielectric film was cut off and the 
porosity thereof was measured by Archimedes method. 
Specifically, the cut-off Sample was crushed into pieces, and 
the pieces were put into an organic Solvent or mercury to 
measure the Volume thereof. Furthermore, the true Specific 
gravity was measured from the beforehand-measured weight 
of the powder and the measured Volume, to calculate the 
porosity from this true Specific gravity and the apparent 
Specific gravity. 
0239 (3) Measurement of the Pore Diameter of a 
Ceramic Dielectric Film 

0240 An electrostatic chuck was cut in the longitudinal 
direction at Several points. About pores in the cut area, the 
length thereof was measured with a microscope. When the 
lengths of lateral and longitudinal directions thereof were 
different, the maximum value thereof was selected. 
0241 (4) Evaluation of the Breakdown Voltage of a 
Ceramic Dielectric Film 

0242 A metal electrode was put on each electrostatic 
chuck produced in Examples 1 to 3 and Comparative 
Examples 1 to 3, and then a Voltage was applied between the 
electroStatic electrode layer and the electrode. In this way, 
the Voltage at which dielectric breakdown was caused was 
measured. 

0243 (5) Fracture Toughness Value 
0244 An indentator of a Vickers hardness meter (MVK 
D model, made by Akashi Seisakusyo company) was 
pressed onto the Surface, and then the length of the generated 
crack was measured. This was Substituted in the following 
calculating equation. 

Fracture toughness value=0.026xE''x0.5xPxaxC. 
3/2 

0245 E represents a Young's modulus (3.18x10'-Pa), P 
represents a pressing load (98 N), a represents a half (m) of 
the length of diagonal line of the indentation, and C repre 
Sents a half (m) of the average length of the crack. 
0246 (6) Adsorption Power 
0247 A load cell (Autograph, AGS-50A, made by Shi 
madzu Corp.) was used to make a measurement. 
0248 (7) Temperature-Rising Property 
0249. A time necessary for raising the temperature up to 
450 C. was measured. 

0250 (8) Warp Amount 
0251 The temperature of a sample was raised up to 450 
C. and a load of 150 kg/cm was applied thereto. Thereafter, 
the sample was cooled to 25 C. and then a shape-measuring 
device (Nanoway, made by Kyocera Corp.) was used to 
measure the warp amount. 
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TABLE 1. TABLE 1-continued 

Oxygen Maximum pore 
(% Pressure diameter Oxygen Maximum pore 

2 by weight) (kgf/cm) Porosity (%) (um) (% Pressure diameter 

Example 1 1.6 150 O.OS O1 by weight) (kgf/cm) Porosity (%) (um) 
1.6 1OO O.1 1.1 
1.6 8O 1.1 2.2 
1.6 70 2.1 5.0 <0.05 O 6.1 60 
1.6 50 3.3 1O 
1.6 O 4.1 45 6 150 1.1 1. 

1.6 150 Below the limit Not observed 
Comparative <0.05 1OO 1.O 1. 
Example 1 1.6 O 4.2 55 

0252) 

TABLE 2 

Fracture Adsorption Temperature 
Breakdown voltage toughness power rising Warp 

(kV?mm) value 450° C. property amount 

25° C. 200° C. 450° C. (MPam'/2) (kg/cm) (seconds) (um) 

Example 1 15 1O 5 3.5 O 45 1. 
15 1O 5 3.6 .1 46 1. 
14 9 4 3.8 O.9 45 2 
14 9 3 3.5 O 45 2 
13 8 3 3.6 O.8 45 2 

12 5 1. 3.6 O.9 SO 7 
2O 15 1O 3.0 .2 40 O 

Comparative 2 1. 0.5 3.5 Dielectric 45 1. 
Example 1 breakdown 

2 O.8 0.4 3.5 Dielectric 8O 8 
breakdown 

2 0.5 O1 3.5 Dielectric 8O 8 
breakdown 

15 7 O.9 3.6 Dielectric 8O 1. 
breakdown 

0253) 

TABLE 3 

BN amount (% Oxygen (% by Pressure Maximum pore 
by weight) weight) (kgf/cm) Porosity (%) diameter (um) 

Example 2 3 1.6 150 O.O3 O1 

3 1.6 1OO O. 1.1 

3 1.6 8O 1.2 2.2 

3 1.6 70 2. 4.9 

3 1.6 50 3.2 9 

O 1.6 O 4.3 48 

O 1.6 150 Below the limit Not observed 

Comparative 3 <0.05 1OO 1. 1.O 

Example 2 5 1.6 O 4. 55 

3 <0.05 O 6.2 60 

3 6 150 1. 1.1 
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0254) 

TABLE 4 

Fracture Temperature 
Breakdown voltage toughness Adsorption rising Warp 

KV mm value power 450° C. property amount 

25° C. 200° C. 450° C. (MPam 1/2) (kg/cm) (seconds) (um) 
Example 2 16 1O 5 3.6 1.O 45 1. 

15 1O 5 3.5 1.1 46 1. 
14 9 4 3.7 O.9 45 2 
13 9 3 3.5 1.O 45 2 
13 8 3 3.5 O.8 45 2 
11 5 1. 3.5 O.9 50 7 
2O 15 1O 3.0 1.2 40 O 

Comparative 2 1. 0.5 3.5 Dielectric 45 1. 
Example 2 breakdown 

2 O.8 0.4 3.5 Dielectric 8O 8 
breakdown 

2 0.5 O.1 3.5 Dielectric 8O 8 
breakdown 

15 7 O.9 3.6 Dielectric 8O 1. 
breakdown 

0255 

TABLE 5 

Maximum pore 
Alumina (% Pressure Porosity diameter 
by weight) Oxygen (% by weight) (kgf/cm) (%) (um) 

Example 3 1.5 O.7 150 O.O3 O1 
1.5 O.7 1OO O.1 1.1 
1.5 O.7 8O 1.2 2.2 
1.5 O.7 70 2.1 4.9 
1.5 O.7 50 3.2 1O 
1.5 O.7 O 4.3 48 

Comparative O <0.05 150 1.1 1.O 
Example 3 3.5 1.6 O 4.1 55 

O <0.05 O 6.2 60 
15 6 150 1.1 1.1 

0256) 

TABLE 

Fracture Temperature 
Breakdown toughness Adsorption rising Warp 

voltage (kV/mm value power 450° C. property amount 

25° C. 200° C. 450° C. (MPam'/2) (kg/cm) (seconds) (um) 
Example 3 16 1O 5 3.6 1.O 55 1. 

15 1O 5 3.5 1.1 50 1. 
14 9 4 3.7 O.9 53 2 
13 9 3 3.5 1.O 55 2 
13 8 3 3.5 O.8 51 2 
11 5 1. 3.5 O.9 55 7 

Comparative 2 1. 0.4 3.5 Dielectric 45 1. 
Example 3 breakdown 

2 O.7 O.3 3.5 Dielectric 8O 8 
breakdown 

2 0.5 O.1 3.5 Dielectric 8O 8 
breakdown 

15 7 O.9 3.6 Dielectric 8O 1. 
breakdown 
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0257 AS is clear from the above-described Tables 1 to 6, 
in the electroStatic chuckS according to Examples 1 to 3, the 
breakdown voltage of the ceramic dielectric films is as good 
as 11 to 20 kV/mm at ambient temperature and 1 to 10 
kV/mm even at 450° C. In the cases having pores, a fracture 
toughness value of 3.5 MPam' or more can be ensured. By 
Setting the pore diameter of the maximum pore to 50 um or 
less, the warp amount at high temperature can be made 
Small. In the cases having no pores, the breakdown voltage 
becomes very high and the warp can be Substantially com 
pletely lost. 

EXAMPLE 4 

Production of an Electrostatic Chuck 401 
(Reference to FIG. 6) 

0258 The steps (1) to (5) (with the condition in the first 
line in Table 3) in Example 2 were carried out and then 
nickel was thermally Sprayed onto the bottom Surface. 
Thereafter, a lead/tellurium type Peltier device was jointed 
thereto, So as to obtain an electroStatic chuck 401. 
0259. The thus-produced electrostatic chuck was Superior 
in temperature-falling property. Thus, when the chuck was 
cooled by means of the Peltier device, the temperature fell 
from 450° C. to 100° C. in 3 minutes. 

EXAMPLE 5 

Production of a Wafer Prober 601 (Reference to 
FIG. 11) 

0260 (1) The following paste was used to conduct for 
mation by a doctor blade method to obtain a green sheet of 
0.47 mm in thickness: a paste obtained by mixing 1000 parts 
by weight of aluminum nitride powder (made by Tokuyama 
Corp., average particle diameter: 1.1 um) fired at 500° C. for 
1 hour in the air, 40 parts by weight of yttria (average 
particle diameter: 0.4 um), 10 parts by weight of SiC and 
530 parts by weight of mixed alcohols of 1-butanol and 
ethanol. 

0261) (2) Next, this green sheet was dried at 80° C. for 5 
hours, and Subsequently through holes for conductor-filled 
through holes for connecting external terminals pins to 
heating elements were made by punching. 
0262 (3) The following were mixed to prepare a con 
ductor containing paste A: 100 parts by weight of tungsten 
carbide particles having an average particle diameter of 1 
lum, 3.0 parts by weight of an acrylic binder, 3.5 parts by 
weight of C-terpineol Solvent, and 0.3 part by weight of a 
dispersant. 

0263. The following were mixed to prepare a conductor 
containing paste B: 100 parts by weight of tungsten particles 
having an average particle diameter of 3 um, 1.9 parts by 
weight of an acrylic binder, 3.7 parts by weight of C-terpi 
neol Solvent, and 0.2 part by-weight of a dispersant. 
0264. Next, a printed unit for a guard electrode and a 
printed unit for a ground electrode in a lattice form were 
printed on the green sheet by Screen printing using this 
conductor containing paste A. 
0265 Moreover, the conductor containing paste B was 
filled into the through holes for the conductor-filled through 
holes for connecting external terminal pins. 
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0266 Fifty green sheets on which the paste was printed 
and no paste was printed were Stacked. The resultant was 
pressed at the temperature of 130 C. and a pressure of 80 
kg/cm to form a lamination. 
0267 (4) Next, this lamination was degreased at 600° C. 
in the atmosphere of nitrogen gas for 5 hours and hot 
pressed at a temperature of 1890 C. and a pressure of 150 
kg/cm for 3 hours to obtain a aluminum nitride plate of 3 
mm in thickness. The resultant plate was cut off into a disk 
of 300 mm in diameter to prepare a ceramic plate. About the 
size of the conductor-filled through holes 660, their diameter 
was 0.2 mm and their depth was 0.2 mm. 

0268. The thickness of the guard electrode 65 and the 
ground electrode 66 was 10 lum. The position where the 
guard electrode 65 was formed was 1 mm apart from the 
wafer-putting Surface. The position where the ground elec 
trode 66 was formed was 1.2 mm apart from the wafer 
putting Surface. The length of one Side of each non-conduc 
tor forming area 66a in the guard electrode 65 and the 
ground electrode 66 was 0.5 mm. 

0269 (5) Next, the plate obtained in the (4) was ground 
with a diamond grindstone. Subsequently a mask was put 
thereon, and concaves for thermocouples and grooves 67 
(width: 0.5 mm, and depth: 0.5 mm) for adsorbing a wafer 
were made in the surface by blast treatment with SiC and the 
like. 

0270 (6) Furthermore, a layer for forming heating ele 
ments 69 was printed on the surface opposite to the wafer 
putting Surface. A conductor containing paste was used for 
the printing. The used conductor containing paste was 
Solvest PS603D made by Tokuriki Kagaku Kenkyu-Zyo, 
which is used to form through holes in printed circuit boards. 
This paste was a Silver/lead paste, and contained 7.5 parts by 
weight of metal oxides comprising lead oxide, Zinc oxide, 
Silica, boron oxide and alumina (the weight ratio thereof was 
5/55/10/25/5) per 100 parts by weight of silver. 
0271 The shape of the silver was scaly and had an 
average particle diameter of 4.5 lim. 

0272 (7) The heater plate on which the conductor con 
taining paste was printed was heated and fired at 780 C. to 
Sinter Silver and lead in the conductor containing paste and 
further bake them onto the ceramic Substrate 63. The heater 
plate was immersed in a bath for electroless nickel plating 
consisting of an aqueous Solution containing 30g/L of nickel 
sulfate, 30 g/L of boric acid, 30 g/L of ammonium chloride, 
and 60 g/L of a Rochelle Salt, to precipitate a nickel layer 
(not illustrated) having a thickness of 1 um and a boron 
content of 1% or less by weight on the surface of the sintered 
body 69 of silver. Thereafter, the heater plate was annealed 
at 120° C. for 3 hours. 

0273. The heating elements made of the sintered silver 
had a thickness of 5 um, a width of 2.4 mm and a area 
resistivity of 7.7 mS2/ 

0274 (8) By sputtering, a titanium layer, a molybdenum 
layer and a nickel layer were Successively formed on the 
surface in which the grooves 67 were made. The used 
machine for the sputtering was SV-4540 made by ULVAC 
Japan, Ltd. About conditions for the Sputtering, air preSSure 
was 0.6 Pa, temperature was 100° C. and electric power was 
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200 W. Sputtering time was within the range of 30 seconds 
to 1 minute, and was adjusted dependently on the respective 
metals. 

0275. About the thickness of the resultant films, an image 
from a fluorescent X-ray analyzer demonstrated that the 
thickness of the titanium layer was 0.3 um, that of the 
molybdenum layer was 2 um and that of the nickel layer was 
1 lim. 
0276 (9) The plate obtained in the item (8) was immersed 
in a bath for electroles 3 nickel plating consisting of an 
aqueous Solution containing 30 g/L of nickel Sulfate, 30 g/L 
of boric acid, 30 g/L of ammonium chloride, and 60 g/L of 
a Rochelle Salt to precipitate a nickel layer having a thick 
ness of 7 um and a boron content of 1% or less by weight 
on the Surface of the metal layer made by the Sputtering. 
Thereafter, the resultant ceramic Substrate was annealed at 
120° C. for 3 hours. 

0277 No electric current was allowed to pass on the 
Surface of the heating elements, and the Surface was not 
coated with any electroplating nickel. 
0278. The plate was immersed in an electroless gold 
plating Solution containing 2 g/L of-potassium gold cyanide, 
75 g/L of ammonium chloride, 50 g/L of sodium citrate, and 
10 g/L of sodium hypophosphite at 93 C. for 1 minute to 
form a gold plating layer, 1 um in thickneSS on the nickel 
plating layer. 

0279 (10) Air Suction holes 68 reaching the back surface 
from the grooves 6,7 were made by drilling, and then blind 
holes (not illustrated) for exposing the conductor-filled 
through holes 660 were made. Brazing gold made of 
Ni-Au alloy (Au: 81.5% by weight, Ni: 18.4% by weight, TABLE 7 
and impurities: 0.1% by weight) was heated and allowed to d Oxygen (% Pressure Maximum pore 
reflow at 970° C. to connect external terminal pins made of by weight) (kgf/cm) Porosity (%) diameter (um) 
Kovar to the blind holes. Then, external terminal pins made 
of Kovar were fitted through a solder (tin: 90% by weight, Example 6 O.3 2OO O.05 O1 
and lead: 10% by weight) on the heating elements. O.3 150 O.12 1.1 O.3 130 1.3 2.3 

0280 (11) Next, thermocouples for controlling tempera- g 16 g .1 
ture were buried in the concaves to obtain a wafer prober 0.3 O 4.5 44 
heater 601. O.3 2OO Below the limit Not observed 

0281. In the thus-obtained ceramic Substrate, the pore EAye s: is: 2. s 
diameter of its maximum pore was 2 um, and its porosity <0.05 O 6.2 63 
was 1%. The temperature of the ceramic Substrate was raised 6 2OO 1.2 1. 
to 200 C. Even if 200V was applied thereto, no dielectric 
break down was caused. Its warp amount was 1 um or less, 
which was good. 0286) 

TABLE 8 

Fracture Temperature 
Breakdown toughness Adsorption rising Warp 

voltage (kV?mm) value power 450° C. property amount 

25° C. 200° C. 450° C. (MPam/2) (kg/cm) (seconds) (um) 

Example 6 1O 5 O.1 4.5 1.O 45 1. 
1O 5 O.1 4.0 1.O 46 1. 
9 4 O.1 4.8 O.8 45 2 
9 4 O.08 4.5 1.O 45 2 
8 3 O.08 4.6 O.8 45 2 
7 O.1 0.08 4.6 O.9 50 7 
15 1O 5 4.0 1.2 40 O 

15 
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EXAMPLE 6 AND COMPARATIVE EXAMPLE 4 

0282. The following paste was used to conduct formation 
by a doctor blade method to obtain a green sheet of 0.5 mm 
in thickness: a paste obtained by mixing 100 parts by weight 
of silicon carbide powder (made by Yakushima Denko Co., 
Ltd., average particle diameter: 1.1 um) fired at 500 C. for 
0, 1 or 7 hours in the air, 4 parts by weight of carbon, 11.5 
parts by weight of an acrylic binder, 0.5 part by weight of a 
dispersant and 53 parts by weight of mixed alcohols of 
1-butanol and ethanol. 

0283) The same procedure as in the steps (2) to (7) in 
Example 1 was performed to produce an electrostatic chuck. 

0284. A glass paste was applied onto portions which will 
be contacting the conductor containing paste. 

0285) The porosity, the pore diameter, the breakdown 
Voltage, the fracture toughness value, the adsorption power, 
the temperature-rising property and the warp amount of the 
thus-produced electrostatic chuck having the resistance 
heating element were measured in the same way as in 
Example 1. The results are shown in Tables 7,8. Depending 
on the length of the time when the nitride aluminum powder 
was being fired, the oxygen amounts contained in the 
ceramic Substrates were different, and the values thereof are 
shown in Table 7. The breakdown voltage was measured 
between the wafer-putting Surface and the electroStatic elec 
trode. 
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TABLE 8-continued 

Fracture 
Breakdown toughness Adsorption 

voltage (kV/mm value power 450° C. 

25° C. 200° C. 450° C. (MPam'/2) (kg/cm) 
Comparative O.O1 O.O1 O.O1 4.5 Dielectric 
Example 4 breakdown 

O.O1 O.O1 O.O1 4.5 Dielectric 
breakdown 

O.O1 O.O1 O.O1 4.5 Dielectric 
breakdown 

1O 2 0.5 4.6 Dielectric 
breakdown 

0287 AS is clear form Tables 7.8, in the electrostatic 
chuck according to Example 6, the breakdown voltage of its 
ceramic dielectric film was good. About the fracture tough 
ness value thereof, 4.0 MPam' or more can be ensured. 
Furthermore, by Setting the pore diameter of its maximum 
pore to 50 um or less, the warp amount at high temperature 
can be made Small. 

EXAMPLE 7 AND COMPARATIVE EXAMPLE 5 

0288 Concave portions were made on the surface of the 
electroStatic chucks of Example 1 and Comparative 
Example 1 by drilling. Supporting pins made of alumina, for 
Supporting a Silicon wafer, were formed in the concave 
portions. The distance between the silicon wafer and the 
above-mentioned surface was set to 100 lum. They were 
named as Example 7 and Comparative Example 7. 

0289 Next, no voltage was applied onto the electrostatic 
electrodes, and an electric current was passed through only 
the resistance heating element to raise the temperature of the 
silicon wafer up to 400° C. A difference in the temperature 
of the Surface of the Silicon wafer was measured. 

0290. As a result, in the case that the warp amount of the 
ceramic Substrate was 1 or 0 tim, the difference in the Surface 
temperature of the silicon wafer was 3 C., but in the case 
that the warp amount was 8 um, the difference in the Surface 
temperature of the silicon wafer was as much as 10° C. and 
this case was poor in the uniformity of the temperature of the 
Silicon wafer. 

0291 (Test Example) 
0292 AS in Comparative Example 1, aluminum nitride 
power was Sintered, without being fired in the air, under a 
normal pressure So as to produce an electroStatic chuck 
having a thickness of 30 mm. Also, aluminum nitride power 
was Sintered, without being fired in the air, under a normal 
preSSure Sodas to produce an electroStatic chuck having a 
diameter of 150 mm. In both of the chucks, their warp 
amounts were 1 um or less even if the temperatures thereof 
were raise to 450° C. 

0293 Namely, in the ceramic substrates having a thick 
ness over 25 mm and having a diameter below 200 mm, the 
problem of warp was not originally caused. An electroStatic 
chuck wherein no through holes were made was produced. 
The warp amount thereof was 1 um or leSS. after the 
temperature was raised to 450° C. 

Temperature 
rising Warp 

property amount 

(seconds) (um) 
45 1. 

8O 8 

8O 8 

8O 1. 

0294 AS described above, it can be considered that the 
present invention is particularly advantageous for the 
ceramic Substrate for a Semiconductor-producing/examining 
device, having a thickness of 25 mm or leSS and a diameter 
of 200 um or more and having through holes. 

Industrial Applicability 
0295 AS described above, in the ceramic substrate of the 
present invention, the ceramic Substrate is made of a non 
oxide ceramic containing oxygen. Thus, even if the pore 
diameter of its maximum pore is 50 um or less, which is 
larger than that of conventional ceramic Substrates, a Suffi 
ciently large breakdown voltage can be kept. Also, Since the 
ceramic Substrate has pores, the fracture toughness value 
thereof can be made large. As a result, the ceramic Substrate 
can resist thermal impact. Furthermore, the warp amount 
thereof at high temperature can also be made Small. 

1. A ceramic Substrate for a Semiconductor-producing/ 
examining device having a conductor formed on a Surface of 
the ceramic Substrate or inside the ceramic Substrate, 

wherein: 

Said Substrate is made of a non-oxide ceramic containing 
OXygen; and 

the pore diameter of the maximum pore thereof is 50 um 
or less. 

2. The ceramic Substrate for the Semiconductor-produc 
ing/examining device according to claim 1, 

wherein Said non-Oxide ceramic is a nitride ceramic. 
3. The ceramic Substrate for the Semiconductor-produc 

ing/examining device according to claim 1, 
wherein Said non-Oxide ceramic is a carbide ceramic. 
4. The ceramic Substrate for the Semiconductor-produc 

ing/examining device according to any of claims 1 to 3, 

wherein Said ceramic Substrate contains Oxygen in an 
amount of 0.05 to 10% by weight. 

5. The ceramic substrate for the semiconductor-produc 
ing/examining device according to any of claims 1 to 4, 

wherein Said ceramic Substrate has a porosity of 5% or 
less. 

6. The ceramic Substrate for the Semiconductor-produc 
ing/examining device according to any of claims 1 to 5, 

wherein Said ceramic SubStrate is used within the tem 
perature range of 100 to 700° C. 
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7. The ceramic substrate for the semiconductor-produc 
ing/examining device according to any of claims 1 to 6, 

wherein Said ceramic Substrate has a thickness of 25 mm 
or less, and a diameter of 200 mm or more. 

8. The ceramic substrate for the semiconductor-produc 
ing/examining device according to any of claims 1 to 7, 
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wherein Said ceramic Substrate has a plurality of through 
holes into which lifter pins for a semiconductor wafer 
will be inserted. 


