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(57) ABSTRACT 

The present invention provides a ceramic substrate Which 
can keep a suf?ciently large breakdown voltage even if the 
pore diameter of its maximum pore is 50 pm or less to be 
larger than that of conventional ceramic substrates, can give 
a large fracture toughness value because of the presence of 
pores, can resist thermal impact, and can give a small Warp 
amount at high temperature. The ceramic substrate 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, Wherein: the substrate is made of a non-oxide 
ceramic containing oxygen; and the pore diameter of the 
maximum pore thereof is 50 pm or less. 
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CERAMIC SUBSTRATE FORA 
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 ?lm and the like. 

SUMMARY OF THE INVENTION 

[0004] As this ceramic dielectric ?lm, a nitride ceramic 
has been conventionally used. Hitherto, hoWever, the dielec 
tric ?lm has been formed by sintering Without addition of an 
oXide and the like. Therefore, almost all of pores made 
inside the dielectric ?lm 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 ?y 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 suf?cient breakdoWn voltage of the 
ceramic dielectric ?lm 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 pm 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 ?ring 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 suf?cient 
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 pm 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 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 ?tted 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 ?lm 

[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 

[0045] 13, 14 blind hole 

[0046] 15 resistance heating element 

[0047] 
[0048] 
[0049] 
[0050] 
[0051] 
[0052] 
[0053] 

150 metal layer 

16, 17 conductor-?lled through hole 

41 supporting case 

42 coolant outlet 

43 inhalation duct 

44 coolant inlet 

45 heat insulator 

DETAILED DISCLOSURE OF THE INVENTION 

[0054] 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 pm 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 pm 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 ?y 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 suf?cient 
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 pm or less. If the pore diameter of the maximum pore is 
over 50 pm, 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 pm 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 magni?cations. The maximum pore diameters 
are selected from the photos obtained by the photographing, 
and the average of the 50 shots is de?ned 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 suf?cient 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 
speci?c gravity of the pieces is obtained from the Weight and 
the measured volume thereof, and the porosity is calculated 
from the true speci?c gravity and apparent speci?c 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 pro?table. 

[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. 

[0072] 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 pm 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. 

[0074] 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 
more. 

[0076] 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, Y2O3, 
NaZO, Li2O and Rb2O 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 suf?ciently 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 
Z 8721. The ceramic having such a brightness is superior in 
radiant heat capacity and covering-up property. 

[0085] The brightness N is de?ned 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. Abottomed 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. 

[0091] 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 
pM. The present invention is particularly pro?table 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 pm 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. 

[0095] In an electrostatic chuck according to the present 
invention, electrostatic electrodes are formed on a ceramic 
substrate. Aceramic dielectric ?lm 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 pm or less. Therefore, the pores in this dielectric ?lm 
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 ?lm to corrode the electrostatic electrode and 
loWer the breakdoWn voltage of the ceramic dielectric ?lm 
even at high temperature. 

[0096] By setting the thickness of the ceramic dielectric 
?lm to 50 to 5000 pm, 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 ?lm 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 V2 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 ?xed to both ends of the 
resistance heating elements 5, and a voltage V1 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 V2 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 ?xed 
to the chuck positive electrostatic layer 2 and the chuck 
negative electrostatic layer 3 through the ceramic dielectric 
?lm 4 by electrostatic action of these electrodes. The silicon 
Wafer 9 is ?xed 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 ?lm 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 pm or less. Its thickness is 
preferably 50 to 1500 pm, 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 ?red, in order to incorporate oxygen into the 
nitride ceramic. 

[0107] Examples of the metal oxide include yttria (Y2O3), 
alumina (A1203), rubidium oxide (RbZO), lithium oxide 
(LiZO), and calcium oxide (CaCO3). 

[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 ?lm is desir 
ably 5% or less. It is also desirable that its thickness is 50 to 
5000 pm and the pore diameter of its maximum pore is 50 
pm or less. 

[0110] If the thickness of the ceramic dielectric ?lm is 
beloW 50 pm, the ?lm thickness is too thin to obtain 
sufficient breakdoWn voltage. Thus, When a silicon Wafer is 
put on the ?lm and is adsorbed thereon, the ceramic dielec 
tric ?lm may undergo dielectric breakdoWn. On the other 
hand, if the thickness of the ceramic dielectric ?lm is over 
5000 pm, 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 ?lm is more preferably 100 to 1500 
pm. 

[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 ?lm having such a structure, the break 
doWn voltage drops. 

[0112] If the pore diameter of the maximum pore is over 
50 pm, the suf?cient 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 pm. 

[0113] The ceramic dielectric ?lm 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 ?lm 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 suf?cient 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 ?lm 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 ?lm 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 ?ring 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. 

[0124] 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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[0125] 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 ?tted. 

[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 suf?ciently 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. Speci?cally, 
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 ?lm is slightly formed on the 
surface of the metal particles and an oxide ?lm 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 ?lms 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 
(B203) 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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[0134] 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 (B203), 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 pm. 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. 

[0137] The metal used for the covering is any non-oxidiZ 
able metal. Speci?cally, 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. 

[0138] 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. 

[0139] 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 ?lm 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 ?lm 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 ?lm 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 ?lm 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 ?lm 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 layer 3 
are arranged betWeen the ceramic substrate 1 and the 
ceramic dielectric ?lm 4 and the resistance heating element 
5 or the metal Wire 7 is formed inside the ceramic substrate 
1. Therefore, connecting units (conductor-?lled through 
holes) 16,17 are necessary for connecting these to eXternal 
terminal pins. The conductor-?lled through holes 16,17 are 
made by ?lling 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 
?lled 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. 

[0148] The conductor-?lled through holes are used as 
connecting pads to connect external terminal pins 6,18 
(reference to FIG. 

[0149] 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 pm. 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 10'6 to 10'5 Pa, the Au—Cu alloy deteriorates. HoWever, 
Au—Ni alloy does not cause such a deterioration and is 
pro?table. 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 ?tted. 

[0156] The electrostatic chuck 101 is ?tted 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. 

[0157] 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 ?lm 4; therefore, the 
sheets 50‘ are made to be sheets Wherein oXide poWder is 
miXed With nitride poWder. 

[0161] Usually, the raW material of the ceramic dielectric 
?lm 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 ?rstly produced, an 
electrostatic electrode layer is formed thereon and then a 
ceramic dielectric ?lm 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 ot-terpineol and glycol. 

[0164] Apaste 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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[0165] 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 5 pm. 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 ot-terpineol, 
glycol, ethyl alcohol, and butanol. 

[0174] A conductor containing paste is ?lled into the holes 
formed by punching, so as to obtain conductor-?lled 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-?lled 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 
?lled 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/cml. 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-?lled 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. 

[0178] (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(a), external termi 
nals 6,18 are ?tted 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 pm. This is because this range is a 
range suf?cient 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 ?rst; 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: ?rstly, 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: ?rstly a 
ceramic plate having an electrostatic electrode layer is 
produced; and then a Peltier device is jointed to the ceramic 
plate through a ?ame 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 
?xed 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 pm. If the thickness is beloW 1 pm, 
its resistance is too high to function as an electrode. On the 
other hand, if the thickness is over 20 pm, the layer exfo 
liates easily by stress that the conductor has. 

[0192] 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 ?rstly 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 

[0195] 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 pm) ?red at 500° C. for 
0, 1 or 7 hours in the air, 4 parts by Weight of yttria (average 
particle diameter: 0.4 pm), 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-?lled 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 
pm, 3.0 parts by Weight of an acrylic binder, 3.5 parts by 
Weight of ot-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 pm, 1.9 parts by 
Weight of an acrylic binder, 3.7 parts by Weight of ot-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 
?lled into the through holes for the conductor-?lled 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/cm2 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/cm2 (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 pm and a Width of 10 mm, a chuck positive electrostatic 
layer 2 having a thickness of 10 pm, and a chuck negative 
electrostatic layer 3 having a thickness of 10 pm (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 
?lled 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 re?oW at 700° C. to connect 
external terminals 6,18 made of Kovar to the blind holes 
13,14 (FIG. 



US 2004/0134899 A1 

[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 ?nish 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 ?red, 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 ?ash method, it Was 180 to 
200 W/mK. 

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 pm) ?red at 500° C. for 
0, 1 or 7 hours in the air, 4 parts by Weight of yttria (average 
particle diameter: 0.4 pm), 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-?lled 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 
pm, 3.0 parts by Weight of an acrylic binder, 3.5 parts by 
Weight of ot-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 pm, 1.9 parts by 
Weight of an acrylic binder, 3.7 parts by Weight of ot-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 
?lled into the through holes for the conductor-?lled through 
holes for connecting external terminals. 
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[0216] A green sheet on Which no conductor containing 
paste AWas 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/cm2 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/cm2 (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 pm, and chuck negative electrostatic layers 
33a,b having a thickness of 15 pm (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 pm. 

[0222] (7) The plate on Which the conductor containing 
paste Was printed Was heated and ?red 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, 
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 150 
having a thickness of 1 pm 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 pm, a Width of 2.4 mm and 
a area resistivity of 7.7 mQ/III. 

[0224] (8) Next, blind holes for causing the conductor 
?lled 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 re?oW 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. 
















