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(57) ABSTRACT 

It is an object of the present invention to provide a ceramic 
substrate for a semiconductor producing/examining device 
Which has high fracture toughness value, excellent thermal 
shock resistivity, high thermal conductivity and an excellent 
temperature rising and falling properties, and is preferable as 
a hot plate, an electrostatic chuck, a Wafer prober and the 
like. A ceramic substrate, for a semiconductor producing/ 
examining device, having a conductor formed inside thereof 
or on the surface thereof of the present invention is the 
ceramic substrate, Wherein said ceramic substrate has been 
sintered such that a fractured section thereof exhibits inter 
granular fracture. 
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CERAMIC SUBSTRATE FOR A SEMICONDUCTOR 
PRODUCING/EXAMINING DEVICE 

TECHNICAL FIELD 

[0001] The present invention relates to a ceramic substrate 
for a semiconductor producing/examining device Which is 
used mainly in semiconductor industries. Particularly, the 
invention relates to the ceramic substrate Which has high 
fracture toughness value, and excellent adsorbing ability of 
a semiconductor Wafer in case that the substrate is used for 
an electrostatic chuck, and has an excellent temperature 
rising and falling properties in case that the substrate is used 
as a hot plate (a heater). 

BACKGROUND ART 

[0002] Asemiconductor is an extremely important product 
Which is required in various industries, and after an a 
semiconductor chip is produced in such a manner that a 
silicon single crystal is sliced into a predetermined thickness 
and a silicon Wafer is produced, a plurality of semiconductor 
circuits and the like are formed on the silicon Wafer. 

[0003] At the step of producing this semiconductor chip, 
the silicon Wafer placed on an electrostatic chuck is sub 
jected to various processes such as CVD so that semicon 
ductor circuits, elements and the like are formed. At this 
time, since corrosive gas is used as deposition gas, etching 
gas and the like, it is necessary to protect an electrostatic 
electrode layer from corrosion due to the gas. Moreover, 
since it is necessary to cause an adsorbing poWer, the 
electrostatic electrode layer is normally covered With a 
ceramic dielectric ?lm and the like. 

[0004] As this ceramic dielectric ?lm, a nitride ceramic 
has been conventionally used. For instance, JP Kokai Hei 
5-8140 discloses an electrostatic chuck Which uses nitride 
such as aluminum nitride and the like. Moreover, JP Kokai 
Hei 9-48668 discloses carbon-containing aluminum nitride 
having Al-O-N structure. 

SUMMARY OF THE INVENTION 

[0005] HoWever, these electrostatic chucks using the 
ceramics have a problem that their fracture toughness value 
is loW and they are easily cracked by thermal shock and the 
like. 

[0006] Further, it is found that such a problem is seen not 
only in the electrostatic chucks but also in a ceramic 
substrate for a semiconductor producing/examining device 
Which have a conductor formed on the surface thereof or 
inside thereof. 

[0007] The inventors of the present invention earnestly 
studied means for solving the above problem, and found out 
that setting a ?ring condition, or processing a sintered body 
after a ?ring process such that intergranular fracture appears 
in a fractured section, Works. More speci?cally, the inven 
tors found out that: by adding a small amount of boron, 
sodium, calcium, silicon and the like to raW material poWder 
and then ?re the poWder; or by annealing the sintered body, 
the sintered body, in Which intergranular fracture (grain 
boundary fracture) appears in its fractured face, can be 
obtained. Thus, the inventors completed the present inven 
tion. 
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[0008] Namely, the present invention is a ceramic sub 
strate, for a semiconductor producing/examining device, 
having a conductor inside thereof or on the surface thereof, 

[0009] Wherein the ceramic substrate has been sin 
tered such that a fractured section thereof exhibits 
intergranular fracture. 

[0010] Further, in the ceramic substrate for a semiconduc 
tor producing/examining device of the present invention, it 
is desirable that an average diameter of ceramic grains of the 
fractured section is 0.5 to 10 pm. 

[0011] Further, in the ceramic substrate for a semiconduc 
tor producing/examining device of the present invention, it 
is preferable that an impurity element is locally distributed 
in boundaries of ceramic grains of said fractured section. 

[0012] In addition, it is preferable that thermal conductiv 
ity of said ceramic substrate is 100 W/m~K or more. 

[0013] In addition, in the ceramic substrate for a semicon 
ductor producing/examining device of the present invention, 
it is preferable that said ceramic substrate is constituted such 
that: 

[0014] an impurity-existent area Where an impurity 
element is locally distributed in triple points of 
crystal grains, and 

[0015] an impurity element-nonexistent area Where 
an impurity is not locally distributed in the triple 
points of the crystal grains, 

[0016] coexist therein. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] FIG. 1 is a plain vieW schematically shoWing one 
example of a ceramic heater using a ceramic substrate for a 
semiconductor producing/examining device of the present 
invention. 

[0018] FIG. 2 is a partially enlarged sectional vieW of the 
ceramic heater shoWn in FIG. 1. 

[0019] FIG. 3 is a sectional vieW schematically shoWing 
one example of an electrostatic chuck using a ceramic 
substrate for a semiconductor producing/examining device 
of the present invention. 

[0020] FIG. 4 is a sectional vieW taken along line A-A of 
the electrostatic chuck shoWn in FIG. 3. 

[0021] FIG. 5 is a sectional vieW schematically shoWing 
one example of an electrostatic chuck using a ceramic 
substrate for a semiconductor producing/examining device 
of the present invention. 

[0022] FIG. 6 is a sectional vieW schematically shoWing 
one example of an electrostatic chuck using a ceramic 
substrate for a semiconductor producing/examining device 
of the present invention. 

[0023] FIG. 7 is a sectional vieW schematically shoWing 
one example of an electrostatic chuck using a ceramic 
substrate for a semiconductor producing/examining device 
of the present invention. 

[0024] FIGS. 8(a) to are sectional vieWs schematically 
shoWing a part of the steps of producing the electrostatic 
chuck shoWn in FIG. 5. 



US 2004/0207072 A1 

[0025] FIG. 9 is a horizontal sectional vieW schematically 
showing a shape of an electrostatic electrode constituting the 
electrostatic chuck of the present invention. 

[0026] FIG. 10 is a horiZontal sectional vieW schemati 
cally shoWing a shape of an electrostatic electrode consti 
tuting the electrostatic chuck of the present invention. 

[0027] FIG. 11 is a sectional vieW schematically shoWing 
a state that the electrostatic chuck of the present invention is 
?tted into a supporting case. 

[0028] FIG. 12 is a sectional vieW schematically shoWing 
a Wafer prober using the ceramic substrate for a semicon 
ductor producing/examining device of the present invention. 

[0029] FIG. 13 is a sectional vieW schematically shoWing 
a guard electrode of the Wafer prober shoWn in FIG. 12. 

[0030] FIG. 14 is a SEM photogragh shoWing a fractured 
section of the ceramic substrate constituting the electrostatic 
chuck according to an example 1. 

[0031] FIG. 15 is a SEM photogragh shoWing a fractured 
section of the ceramic substrate constituting the electrostatic 
chuck according to a comparative example 1. 

[0032] FIG. 16 is a mapping image of a part of the ceramic 
substrate of the present invention. 

[0033] FIG. 17 is an electron microscope photograph of a 
part of the ceramic substrate of the present invention. 

[0034] FIG. 18 is an electron microscope photograph of a 
part of the ceramic substrate of the present invention. 

[0035] FIG. 19 is an electron microscope photograph of a 
part of the ceramic substrate of the present invention. 

[0036] Explanation of Symbols 

[0037] 1, 11, 63 ceramic substrate 

[0038] 2, 22, 32a, 32b chuck positive electrostatic layer 

[0039] 3, 23, 33a, 33b chuck negative electrostatic layer 

[0040] 2a, 3a semicircular arc part 

[0041] 2b, 3b comb teeth-shaped part 

[0042] 4 ceramic dielectric ?lm 

[0043] 5, 12, 25, 61 resistance heating element 

[0044] 6, 13, 18 external terminal 

[0045] 7 metal Wire 

[0046] 8 Peltier device 

[0047] 9 silicon Wafer 

[0048] 
[0049] 
[0050] 
[0051] 
[0052] 
[0053] 
[0054] 
[0055] 
[0056] 

10 ceramic heater 

14 bottomed hole 

15 through hole 

16, 17, 19 conductor ?lled through hole 

20, 30, 101, 201, 301, 401 electrostatic chuck 

25a metal covering layer 

35, 36 blind hole 

41 supporting case 

42 coolant outlet 
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[0057] 43 inhalation duct 

[0058] 44 coolant inlet 

[0059] 45 heat insulating material 

[0060] 62 chuck top conductor layer 

[0061] 65 guard electrode 

[0062] 66 ground electrode 

[0063] 66a electrode non-formed area 

[0064] 67 groove 

[0065] 68 air suction hole 

[0066] 501 Wafer prober 

DETAILED DISCLOSURE OF THE INVENTION 

[0067] The present invention is a ceramic substrate, for a 
semiconductor producing/examining device, having a con 
ductor formed inside thereof or on the surface thereof, 

[0068] Wherein said ceramic substrate has been sin 
tered such that a fractured section thereof exhibits 
intergranular fracture. 

[0069] Namely, the ceramic substrate for a semiconductor 
producing/examining device of the present invention has its 
feature in that an element (for example, boron, sodium, 
calcium, silicon and oxygen, or an impurity element such as 
rare earth elements for a sintering aid) other than elements 
Which is constituting nitride ceramic, carbide ceramic and 
oxide ceramic is locally distributed in ceramic grain bound 
aries. 

[0070] Here, the local distribution can be con?rmed by 
checking a peak of ?uorescent X ray or a mapping image 
(reference to FIG. 16), and intensity of the ?uorescent X ray 
appears more strongly in the boundaries than inside of 
crystal. 
[0071] In FIG. 16, “BEI” is an electron microscope pho 
tograph, “Al” is an aluminum-existent area, “Y” is an 
yttrium-existent area, “Si”is a silicon-existent area, “N” is a 
nitrogen-existent area and “O” is an oxygen-existent area. 

[0072] In this electron microscope photograph, grain 
boundary triple points are observed to shine in White., and it 
is understood that they are Y, O and Si, based on the mapping 
image of FIG. 16. 

[0073] In addition, desirably, the ceramic substrate is 
constituted such that: an impurity-existent area (reference to 
FIG. 17) Where an impurity element is locally distributed on 
the triple points of the crystal grain, and an impurity 
element-nonexistent area (reference to FIG. 18) Where an 
impurity is not locally distributed on the triple points of the 
crystal grains, coexist therein. In FIG. 17, the triple points 
of the grain boundaries shine in White, and area shining in 
White is the impurity-existent area. Here, a portion Which 
shines in White does not exist on an upper-right portion of 
FIG. 17, and this is the impurity element-nonexistent area. 

[0074] It is desirable that a ratio of the impurity-existent 
area Where the impurity element is locally distributed on the 
triple points of the crystal grains to the impurity element 
nonexistent area Where the impurity is not locally distributed 
on the triple points of the crystal grains is 10/90 to 90/10 in 
an area ratio of a section. 
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[0075] In such a morphology in Which the impurity 
existent area and the impurity element-nonexistent area 
coexist, a fracture toughness value becomes larger, and 
thermal conductivity is larger. This is because expansion of 
a crack is suppressed. This is also because ceramic grains 
come in contact With each other in grain boundaries other 
than the triple points, since impurities are locally distributed 
on the triple points, and thus making the thermal conduc 
tivity thereof high. 

[0076] In addition, it is desirable that a percentage of the 
impurity-existent area becomes larger toWards the center of 
the ceramic substrate. This is particularly because high 
thermal conductivity in a vicinity of the surface and electric 
insulating property in a direction of thickness of the ceramic 
substrate can be secured simultaneously. 

[0077] The ceramic substrate having such a morphology 
can be produced by the folloWing producing method. 

[0078] Namely, normally in the production of the ceramic 
substrate, hot press is carried out by using a carbon jig 
(reference to examples 1 to 13). In this case, the impurity 
existent area exists uniformly on the Whole substrate (ref 
erence to FIG. 19). On the contrary, When ceramic green 
sheets Which do not include a sintering aid are laminated on 
both upper and loWer sides of a formed body Which is not yet 
sintered, the impurities are alloWed to be absorbed by the 
ceramic green sheets at the time of sintering so that the 
sintered body, Wherein the impurity-existent area Where an 
impurity element is locally distributed on the triple points of 
the crystal grains and the impurity element-nonexistent area 
Where the impurity is not locally distributed on the triple 
points of the crystal grains coexist, can be produced. Inci 
dentally, in case that the ceramic substrate is produced by 
such a method, since a quantity of the impurities is small at 
a portion Which comes in contact With the green sheets, a 
percentage of the impurity-existent area becomes relatively 
larger toWards the center of the ceramic substrate. 

[0079] In addition, in the ceramic substrate, it is ?ne if the 
intergranular fracture may appear in most portions of the 
fractured section, and it is not necessary that the intergranu 
lar fracture appears on the Whole fractured section. 

[0080] Since the above ceramic substrate is sintered so 
that the intergranular fracture appears in its fractured sec 
tion, in case that fracture occurs, a generated crack is 
extended While Winding along the boundaries of the grains. 
Therefore, the extension of a crack is suppressed, and the 
fracture toughness value is improved. As a result, the 
ceramic substrate has excellent thermal shock resistance. 
Moreover, in a ceramic substrate Which has gone through the 
annealing treatment and the like, the impurities are removed 
from the crystal grains and are segregated in the grain 
boundaries. Hence, a degree of purity rises, and the thermal 
conductivity of the Whole ceramic substrate becomes excel 
lent. 

[0081] As mentioned above, in order to sinter the ceramic 
substrate such that the intergranular fracture appears in the 
fractured section, it is desirable that a slight quantity of an 
impurity element or their compound and the like is added to 
raW material poWder, and this poWder is used to form a 
formed body and carry out the ?ring. 

[0082] In case that the impurity element or their com 
pound (hereinafter, simply referred to as impurities) is added 
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to the raW material poWder, it is desirable that an addition 
amount of the impurities is adjusted to 0.05 to 500 ppm (in 
Weight). 

[0083] Further, it is desirable that the produced ceramic 
substrate is subjected to the annealing treatment at 1400 to 
2000° C. 

[0084] When the impurities are added to the raW material 
poWder; or the substrate undergoes the annealing treatment 
in such a manner, impurities such as boron (boron nitride), 
O, Na, Ca and Si are inclined to be segregated, and bonding 
of the grains becomes relatively Weak. 

[0085] In addition, as mentioned above, When the ceramic 
substrate is subjected to the annealing treatment and the like, 
the impurities are removed from the crystal grains and 
segregated to the grain boundaries so that the crystal grains 
do not include the impurities and has high crystallinity. 

[0086] When a force is applied to the sintered body having 
such a structure, a crack is extended in the structure along 
the grain boundaries Where the bonding force is Weak, and 
the fracture toughness value becomes high. Moreover, in the 
ceramic substrate Which Was subjected to the annealing 
treatment and the like, the thermal conductivity becomes 
high due to the high crystallinity of the grains. HoWever, 
When an addition amount of the impurities is increased, the 
sinter itself does not proceeds and a pore tends to remain so 
that mechanical characteristics and electrical characteristics 
are deteriorated, and this is not preferable. 

[0087] As the impurities, for example, boron, sodium, 
calcium, silicon and oxygen are desirable. Particularly as 
boron compound, BN is used. 

[0088] An average particle diameter of the ceramic raW 
material poWder is preferably about 0.1 to 1 pm. This is 
because the poWder is easily sintered. This is also because, 
When the average particle diameter exceeds 1 pm, an aver 
age diameter of the sintered ceramic grains easily exceeds 
10 pm. 

[0089] In addition, particularly in the present invention, it 
is desirable that the ceramic grains observed in the fractured 
section (the grains in the fractured section are secondary 
grains Where the sinter proceeds, and their diameter is 
completely different from the diameter of the raW material 
particles) have an average diameter of 0.5 to 10 pm. The 
average diameter Was measured in such a manner that: ?ve 
samples are prepared, 10 portions in each sample are pho 
tographed by an electron microscope, the maximum diam 
eter and the minimum diameter of each grain are averaged 
so as to obtain a grain diameter, and an average of the grain 
diameters in the image is calculated to obtain an average 
grain diameter of one image. Further, an average of the 
average grain diameters in the 50 images is obtained to have 
the average diameter. When the average diameter is large, 
the fracture toughness value and the bending strength 
become loW, and When the average diameter is small, the 
thermal conductivity is loWered. It is presumed that the 
thermal conductivity drops because barriers of the grain 
boundaries become large. The range of the average diameter 
of 0.5 to 10 pm can satisfy both the mechanical strength such 
as the fracture toughness value and bending strength and the 
like, and the thermal conductivity. Further, the average 
diameter is optimally 1 to 5 pm. 
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[0090] In the present invention, Whether the fractured 
section exhibits the intergranular fracture or not is deter 
mined on the basis of electron microscope photograghs 
taken at a magni?cation of 2000 to 5000 times. When 
fracture occurs at the grain boundaries, the fractured section 
looks complicated and the con?guration of grains is 
observed on the surface, the fracture is regarded as the 
intergranular fracture. On the other hand, When fracture 
occurs inside grains and the fractured section is relatively 
?at, the fracture is regarded as the intragranular fracture. 

[0091] It is desirable that the ceramic substrate for a 
semiconductor producing/examining device of the present 
invention is used at 150° C. or more, and most preferably is 
used at 200° C. or more. 

[0092] In addition, in the ceramic substrate, it is desirable 
that a pore diameter of the maximum pore is 50 pm or less 
and the porosity is 5% or less. Moreover, in case that no pore 
exists or the pore exists in the ceramic substrate, it is 
desirable that the diameter of the maximum pore is 50 pm or 
less. 

[0093] When no pore exists, a breakdown voltage 
becomes particularly high at high temperature, and on the 
contrary, When a certain number of pores exist, the fracture 
toughness value becomes higher. For this reason, as to Which 
design is selected depends on required properties. 

[0094] The reason for the fracture toughness value becom 
ing higher due to the existence of pores is not clear, but it is 
presumed that the groWth of a crack is stopped also by pores. 

[0095] In the present invention, the diameter of the maxi 
mum pore is desirably 50 pm or less because When the pore 
diameter exceeds 50 pm, it is difficult to secure the high 
breakdoWn voltage properties at high temperature, particu 
larly at 100° C. or more. 

[0096] It is desirable that the diameter of the maximum 
pore is 10 pm or less. This is because a Warp amount at 200° 
C. or more becomes small. 

[0097] The porosity or the pore diameter of the maximum 
pose is adjusted by changing the pressuriZing duration, the 
applied pressure, the temperature during the sintering pro 
cess or an additive such as SiC, BN and the like. As 
mentioned above, SiC or BN serves to generate pores 
because these compounds inhibit sintering. 

[0098] The measurement of the pore diameter of the 
maximum pore is performed by the steps of: preparing ?ve 
samples and mirror-grinding the surface thereof; photo 
graphing the surface of each sample at ten sites by an 
electron microscope at the magni?cation rate of 2000 times 
to 5000 times; selecting the maximum pore diameter from 
each photograph; and regarding the average of the maximum 
pore diameter of the 50 shots as the pore diameter of the 
maximum pore. 

[0099] The abovementioned porosity is preferably mea 
sured by the Archimedes’ method. This method includes the 
steps of: pulveriZing the sintered body to obtain the speci?c 
gravity thereof; and calculating the porosity from the 
obtained true speci?c gravity and the apparent speci?c 
gravity. 

[0100] It is desirable that the diameter of the ceramic 
substrate is 200 mm or more. It is especially preferable that 
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the diameter of the ceramic substrate is 12 inches (300 mm) 
or more because this larger siZe Will be a main stream in the 
semiconductor Wafer of the next generation. 

[0101] It is desirable that a thickness of the ceramic 
substrate is 50 mm or less, and particularly 25 mm or less is 
desirable. 

[0102] When the thickness of the ceramic substrate 
exceeds 25 mm, heat capacity of the ceramic substrate 
occasionally becomes so large that the temperature folloW 
ing property thereof deteriorates due to the large heat 
capacity, especially When the ceramic substrate is heated or 
cooled by a temperature controlling means. 

[0103] It is optimal that the thickness of the ceramic 
substrate exceeds particularly 1.5 mm and is 5 mm or less. 

[0104] The ceramic material constituting the ceramic sub 
strate is not particularly limited, and for example, nitride 
ceramic, carbide ceramic, oxide ceramic and the like are 
used. 

[0105] As the nitride ceramic, a metal nitride ceramic, 
such as aluminum nitride, silicon nitride or boron nitride and 
the like is used. 

[0106] In addition, as the carbide ceramic, a metal carbide 
ceramic such as silicon carbide, Zirconium carbide, tantalum 
carbide or tungsten carbide and the like is used. 

[0107] As the oxide ceramic, a metal oxide ceramic such 
as alumina, Zirconia, cordierite or mullite and the like is 
used. 

[0108] These ceramics may be used individually, or as a 
combination of tWo or more kinds of them. 

[0109] Among these ceramics, the nitride ceramic and the 
oxide ceramic are preferable. 

[0110] Furthermore, in the nitride ceramic, the aluminum 
nitride is the most suitable. This is because the thermal 
conductivity is 180 W/m~K, namely, the highest. 

[0111] It is desirable that the ceramic substrate includes 
0.05 to 10 Weight % of oxygen. By segregating oxygen in 
the grain boundaries, the fracture toughness value can be 
improved. 

[0112] When the content of oxygen is less than 0.05 
Weight %, the sintering does not proceed and the porosity 
becomes high, and the thermal conductivity drops. To the 
contrary, When the content of oxygen exceeds 10 Weight %, 
an amount of oxygen in the grain boundaries becomes too 
large, and thus the thermal conductivity drops and the 
temperature rising and falling property drops. 

[0113] In order to incorporate oxygen into the ceramic 
substrate, a metal oxide is mixed in the raW material poWder 
and then ?ring is carried out. 

[0114] As the metal oxide, oxide of rare earth elements 
such as Y, La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, 
Tm, Yb and Lu can be used, among them YZO3 and Er2O3 
are the most suitable. It is considered that these impurities 
stay in the grain boundaries and serve to discharge impuri 
ties from the crystal to the grain boundaries so that it 
becomes possible that the impurities can be locally distrib 
uted in the grain boundaries. For this reason, intergranular 
fracture appears in the fractured section. 
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[0115] It is preferable that the content of the metal oxide 
is 0.5 to 20 Weight %. 

[0116] Here, the publication of JP Kokai Hei 10-158002 
discloses aluminum nitride sintered body in Which SrO or 
CaO, and oxide of rare earth elements are added. However, 
in this application, the aluminum nitride sintered body is 
?red at 1650° C. Which is relatively loW temperature, and 
thus it is dif?cult to distribute the impurities locally in the 
grain boundaries, and thus the thermal conductivity thereof 
is loW compared to the present invention. Also, a material 
With a large particle diameter is used therein and When the 
material is ?red sloWly for 3 hours at loW temperature of 
1650° C., large grains With a diameter of more than 10 pm 
are observed in the section thereof. 

[0117] Further, this publication relates to a substrate for 
mounting a semiconductor, and does not describe nor sug 
gest that a conductor layer is provided on a surface or inside 
thereof, unlike the present invention. Thus, it is noted here 
that this publication does not affect the patentability of the 
invention. 

[0118] In addition, JP Kokai Hei 10-279359 discloses a 
ceramic Which is obtained by ?ring oxide of rare earth metal 
and silicon nitride, but the ?ring is carried out for 3 hours at 
1600° C. and this temperature is too loW to distribute the 
impurities locally in the grain boundaries sufficiently, and 
thus the thermal conductivity cannot be improved. More 
over, since the ceramic is ?red at loW temperature so that 
grains groW sloWly, thus a grain diameter exceeds 10 pm. 
Moreover, hardness and toughness value thereof is loWered 
therein, namely, this is designed based on an idea Which is 
completely opposite to the idea of obtaining high toughness 
value in the present invention. Therefore, it is noted that this 
reference does not affect the patentability of the present 
invention. 

[0119] Furthermore, the publication of JP Kokai 7-153820 
discloses an aluminum nitride containing yttria and having 
thermal conductivity of 100 W/m~K or more, but does not 
describe a particle diameter of a raW material and a diameter 
of sintered ceramic grains and negatives the addition of 
impurities, and also does not refer to the annealing. There 
fore, this publication does not affect the patentability of the 
present invention. 

[0120] It is desirable that the ceramic substrate contains 
carbon in an amount of 5 to 5000 ppm in the present 
invention. 

[0121] By incorporating carbon, the ceramic substrate can 
be blackened so that the radiation heat can be fully utiliZed 
When the ceramic substrate is used as a heater. 

[0122] The carbon may be of amorphous or crystalline. In 
case that amorphous carbon is used, volume resistivity can 
be prevented from dropping at high temperature. In case that 
the crystalline carbon is used, thermal conductivity can be 
prevented from dropping at high temperature. Accordingly, 
both crystalline carbon and amorphous carbon may be used 
together depending on the purpose. The content of carbon is 
preferably in a range of 50 to 2000 ppm. 

[0123] In case that the ceramic substrate of the ?rst aspect 
of the present invention contains carbon therein, it is pref 
erable that carbon is added so that the brightness of the 
aluminum nitride sintered body is N4 or less When evaluated 
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as the value according to the de?nition of JIS Z 8721. The 
aluminum nitride sintered body having such brightness 
exhibits excellent heat radiation and excellently conceals the 
conductors and the like embedded therein. 

[0124] Herein, the brightness N is de?ned as folloWs: the 
brightness 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. 

[0125] 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. 

[0126] The present invention is the ceramic substrate for a 
semiconductor producing/examining device, and speci?c 
examples of the devices include an electrostatic chuck, a hot 
plate (a ceramic heater) and a Wafer prober and the like. 

[0127] In case that a conductor formed in the ceramic 
substrate is a resistance heating element, it can be used as a 
ceramic heater (a hot plate). 

[0128] FIG. 1 is a plain vieW schematically shoWing one 
example of the ceramic heater as one embodiment of the 
ceramic substrate according to the ceramic substrate for a 
semiconductor producing/examining device of the present 
invention. FIG. 2 is a partially enlarged sectional vieW 
shoWing a part of the ceramic heater shoWn in FIG. 1. 

[0129] A ceramic substrate 11 is formed into a disc shape, 
and a resistance heating element 12 as a temperature control 
means is formed into a concentric circles-like pattern inside 
the ceramic substrate 11. Moreover, the resistance heating 
element 12 is constituted so that, each of a pair of tWo 
adjacent concentric circles are connected, as a set of circuit, 
to form one line; and an external terminal 13 as the input/ 
output terminal is connected to each end portion of the 
circuit through a conductor ?lled through hole 19. 

[0130] In addition, as shoWn in FIG. 2, a through hole 15 
is provided on the ceramic substrate 11, and a supporting pin 
26 is inserted through the through hole 15 so as to support 
a silicon Wafer 9. When the supporting pins 2.6 are moved 
in vertical direction, the silicon Wafer 9 can be received from 
a carrier, the silicon Wafer 9 can be put on a Wafer treating 
face 11a of the ceramic substrate 11 so as to be heated, the 
silicon Wafer 9 can be supported in a state that it is distanced 
from the Wafer treating face 11a With an interval of about 50 
to 2000 pm so as to be heated. 

[0131] In addition, a bottomed hole 14 for inserting a 
temperature measuring element such as thermocouples is 
provided on a bottom face 11b of the ceramic substrate 11. 
When the resistance heating element 12 is energiZed, the 
ceramic substrate 11 is heated, and as a result, an object to 
be heated such as a silicon Wafer and the like can be heated. 

[0132] As for the ceramic substrate 11 constituting the 
ceramic heater 10, since a fractured section shoWs a state of 
intergranular fracture and has a high fracture toughness 
value, its thermal shock resistance is excellent. Moreover, in 
the ceramic substrate 11 Which has gone through the anneal 
ing treatment and the like, impurities are segregated in the 
grain boundaries and, thus on the contrary, a purity of grain 
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crystal becomes high. For this reason, the thermal conduc 
tivity thereof becomes 100 W/m~K or more, namely it is 
excellent. 

[0133] In case that resistance heating element is provided 
inside the ceramic substrate, an opening for bloWing a 
coolant such as air and the like as a cooling means may be 
provided in a supporting case into Which the ceramic sub 
strate is ?tted. In case that the resistance heating element is 
provided inside the ceramic substrate, plural layers of them 
may be provided. 

[0134] In this case, it is preferable that the patterns at 
respective layers are formed so that the patterns complement 
each other, Whereby any portion of the heating face is 
covered by one of these patterns or layers Without leaving 
any uncovered portion When vieWed from the heating face 
side. For example, a structure having a staggered arrange 
ment may be used. 

[0135] It is desirable that the resistance heating element 
comprises a noble metal (gold, silver, platinum, palladium) 
a metal such as lead, tungsten, molybdenum and nickel and 
the like, or conductive ceramic such as carbide of: tungsten; 
and molybdenum and the like. This is because of the 
folloWings: a resistance value can be made to be high by 
using them; their thickness can be made thicker in order to 
prevent disconnection and the like; they are less likely to be 
oxidiZed; and also their thermal conductivity is less likely to 
drop. They may be used solely, or tWo or more kinds of them 
together. 
[0136] In addition, since the temperature of the Whole 
ceramic substrate should be made even, it is preferable that 
the resistance heating element has a concentric circles-like 
pattern shoWn in FIG. 1, or the shape of a combination of 
the concentric circles-like pattern and Winding lines pattern. 
Moreover, it is desirable that a thickness of the resistance 
heating element is 1 to 50 pm, and its Width is 5 to 20 mm. 

[0137] By changing the thickness and Width of the resis 
tance heating element, their resistance value thereof can be 
changed. But the above ranges are the most practical. The 
resistance value of the resistance heating element become 
larger as the thickness become thinner, and Width become 
narroWer. 

[0138] When the resistance heating element is provided 
inside, a distance betWeen the heating face and the resistance 
heating element becomes shorter, and thus evenness of the 
temperature on the surface becomes Worse. For this reason, 
it is necessary to Widen the Width of the resistance heating 
element. Also, since the resistance heating element is pro 
vided inside the ceramic substrate, there is no necessity of 
taking the adhesion to the ceramic substrate into consider 
ation. 

[0139] Shape of section of the resistance heating element 
may be rectangular, elliptic, spindle-shaped, or semicylin 
drical. The section is desirably ?at. This is because; if the 
section is ?at, heat is likely to be radiated toWard the heating 
face, so that the amount of heat transmitted to the heating 
face can be made large. Thus, temperature distribution in the 
heating face is not easily formed. The shape of the resistance 
heating element may be a spiral shape. 

[0140] When the resistance heating element is formed 
inside the ceramic substrate, it is desirable that they are 
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formed in a domain extending up to 50% in the direction of 
thickness from the bottom face. This is because the tem 
perature-distribution on the heating face is eliminated, and 
the semiconductor Wafer can be heated evenly. 

[0141] In order to form the resistance heating element on 
the bottom face or the inside of the ceramic substrate for a 
semiconductor device of the present invention, it is prefer 
able that conductor containing paste comprising metal or 
conductive ceramic is used. 

[0142] Namely, in case that the resistance heating element 
is formed on the bottom face of the ceramic substrate, 
normally, after the ?ring is carried out and the ceramic 
substrate is produced, the conductor containing paste layer 
is formed on the surface thereof and the ceramic substrate is 
?red so that the resistance heating element is formed. 

[0143] On the other hand, as shoWn in FIGS. 1,2, in case 
that the resistance heating element 12 is formed inside the 
ceramic substrate 11, after the conductor containing paste 
layer is formed on a green sheet, the green sheet is heated 
and pressuriZed With another green sheet so as to be inte 
grated together to produce a green sheet lamination. There 
after, the lamination is ?red so that the resistance heating 
element can be formed inside the ceramic substrate. 

[0144] The abovementioned conductor containing paste is 
not particularly limited, but it is preferable that it includes 
metal particles or conductive ceramic particles in order to 
secure electrical conductivity, and includes resin, solvent, 
thickener and the like. 

[0145] Examples of materials of the metal particles and 
the conductive ceramic particles are mentioned above. It is 
preferable that a particle diameter of the metal particle or the 
conductive ceramic particles is 0.1 to 100 pm. When the 
particle diameter is less than 0.1 pm, namely, too ?ne, the 
particles are easily oxidiZed. MeanWhile, When the particle 
diameter exceeds 100 pm, the particles are less likely to be 
sintered, and the resistance value becomes large. 

[0146] Shape of the metal particles may be of spherical or 
scaly. In case that these metal particles are used, mixture of 
the spherical and scaly particles may be used. 

[0147] In case that the metal particles are the scaly par 
ticles or the mixture of the spherical and scaly particles, 
metal oxide betWeen the metal particles can be easily 
retained, and the close contact betWeen the resistance heat 
ing element and the ceramic substrate is ensured, and the 
resistance value can be large. For these reasons, they are 
advantageous. 

[0148] As the resin to be used in the conductor containing 
paste, an acrylic resin, an epoxy resin, a phenol resin and the 
like is used. Moreover, as the solvent, isopropyl alcohol and 
the like is used. As the thickener, cellulose and the like is 
used. 

[0149] When the conductor containing paste for the resis 
tance heating element is formed on the surface of the 
ceramic substrate, it is preferable that metal oxide as Well as 
the above-mentioned metal particles are added into the 
conductor containing paste, and the metal particles and the 
metal oxide are sintered. By thus sintering the metal oxide 
together With the metal particles, the ceramic substrate and 
the metal particles can be adhered more closely. 
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[0150] The reason for the improvement in the adhesion 
With the ceramic substrate due to the mixing of the metal 
oxide is not clear. HoWever, it is considered that the surfaces 
of the metal particles and the surface of the ceramic substrate 
composed of non-oxide are slightly oxidiZed so that oxide 
?lms are formed thereon, and the oxide ?lms are sintered to 
be integrated With one another through the metal oxide, and 
the metal particles and ceramic adhere to each other. More 
over, in case that the ceramic constituting the ceramic 
substrate is an oxide, since the surface is naturally composed 
of an oxide, the conductor layer having excellent adhesion 
is formed. 

[0151] As the abovementioned metal oxide, at least one 
kind Which is selected from a group consisting of lead oxide, 
Zinc oxide, silica, boron oxide (B203), alumina, yttria and 
titania is preferable. 

[0152] This is because these oxide can improve the adhe 
sion betWeen the metal particles and the ceramic substrate 
Without increasing the resistance value of the resistance 
heating element too much. 

[0153] The proportion of lead oxide, Zinc oxide, silica, 
boron oxide (B203), alumina, yttria and titania are prefer 
ably 1 to 10 parts by Weight for lead oxide, 1 to 30 parts by 
Weight for silica, 5 to 50 parts by Weight for boron oxide, 20 
to 70 parts by Weight for Zinc oxide, 1 to 10 parts by Weight 
for alumina, 1 to 50 parts by Weight for yttria and 1 to 50 
parts by Weight for titania, With respect to the Whole Weight 
of the metal oxides expressed as 100 parts by Weight. It is 
preferable that the contents of the metal oxides are adjusted 
in the manner that the total sum of the metal oxides does not 
exceed 100 parts by Weight, because these metal oxides can 
especially improve adhesion to the ceramic substrate When 
being used in such a range. 

[0154] It is preferable that an addition amount of the metal 
oxide to the metal particles is 0.1 Weight % or more and less 
than 10 Weight %. Moreover, it is preferable that area 
resistivity When the resistance heating element is formed by 
using the conductor containing paste having such a structure 
is 1 to 45 mQ/III. 

[0155] When the area resistivity exceeds 45 mQ/III, a 
calori?c value becomes so large With respect to an applied 
voltage amount that the calori?c value is hard to be con 
trolled in the ceramic substrate for a semiconductor device 
having the resistance heating element provide on the surface 
thereof. Incidentally, When the addition amount of the metal 
oxide is more than 10 Weight %, the area resistivity exceeds 
50 mQ/III and the calori?c value becomes too large, thus the 
temperature thereof is dif?cult to be controlled, and the 
evenness of the temperature distribution deteriorates. 

[0156] In case that the resistance heating element is 
formed on the surface of the ceramic substrate, it is prefer 
able that a metal covering layer is formed on the surface of 
the resistance heating element. This is because the change of 
resistance value due to oxidation of the metal sintered body 
can be prevented. It is preferable that a thickness of the metal 
covering layer to be formed is 0.1 to 10 pm. 

[0157] The metal to be used When the metal covering layer 
is formed is not limited as long as it is non-oxidiZable metal. 
More speci?cally, for example, gold, silver, palladium, 
platinum, nickel and the like is used. These may be used 
solely or tWo kinds of them may be combined. The nickel is 
preferable among them. 
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[0158] In case that the resistance heating element is 
formed inside the ceramic substrate, since the surfaces of the 
resistance heating element is not oxidiZed, thus covering is 
not necessary. 

[0159] In case that the conductor formed inside the 
ceramic substrate is an electrostatic electrode layer, the 
ceramic substrate can be used as an electrostatic chuck. In 
this case, an RF electrode and the resistance heating element 
may be formed under the electrostatic electrode as conduc 
tors inside the ceramic substrate. 

[0160] FIG. 3 is a longitudinal sectional vieW schemati 
cally shoWing the electrostatic chuck according to one 
embodiment of the present invention. FIG. 4 is a sectional 
vieW taken along line A-A of the electrostatic chuck in FIG. 
3. 

[0161] In this electrostatic chuck 101, an electrostatic 
electrode layer, Which is composed of a chuck positive 
electrostatic layer 2 and a chuck negative electrostatic layer 
3, is embedded inside the disc-shaped ceramic substrate 1. A 
thin ceramic layer 4 (hereinafter, referred to as a ceramic 
dielectric ?lm) is formed on the electrostatic electrode layer. 
Moreover, the silicon Wafer 9 is put on the electrostatic 
chuck 101 and grounded. 

[0162] As shoWn in FIG. 4, the chuck positive electro 
static layer 2 is composed of a semicircular arc part 2a and 
a comb teeth-shaped part 2b, and the chuck negative elec 
trostatic layer 3 is also composed of a semicircular arc part 
3a and a comb teeth-shaped part 3b. The chuck positive 
electrostatic layer 2 and the chuck negative electrostatic 
layer 3 are arranged so as to face each other in a state that 
the comb teeth-shaped sections 2b and 3b cross each other. 
The chuck positive electrostatic layer 2 and the chuck 
negative electrostatic layer 3 are connected to a + side and 
a — side of DC poWer source respectively so that a DC 

voltage V2 is applied thereto. 

[0163] In addition, in order to control the temperature of 
the silicon Wafer 9, the resistance heating element 5 having 
a concentric circles-like pattern as vieWed from the above, 
as shoWn in FIG. 1 is provided inside the ceramic substrate 
1. External terminals are connected and ?xed to both ends of 
the resistance heating element 5 so that a voltage V1 is 
applied thereto. Also, not shoWn in FIGS. 3 and 4, but a 
bottomed hole for inserting temperature measuring element 
therein and a through hole for inserting a supporting pin (not 
shoWn) supporting and moving the silicon Wafer 9 in vertical 
direction therein are formed in the ceramic substrate 1 as 
shoWn in FIGS. 1 and 2. Incidentally, the resistance heating 
element may be formed on the bottom face of the ceramic 
substrate. 

[0164] When this electrostatic chuck 101 functions, a DC 
voltage V2 is applied to the chuck positive electrostatic layer 
2 and the chuck negative electrostatic layer 3. As a result, the 
silicon Wafer 9 is adsorbed and ?xed to the electrodes 
through the ceramic dielectric ?lm 4 by electrostatic action 
of the chuck positive electrostatic layer 2 and the chuck 
negative electrostatic layer 3. After the silicon Wafer 9 is 
?xed onto the electrostatic chuck 101 in such a manner, the 
silicon Wafer 9 is subjected to various processes such as 
CVD and the like. 

[0165] In the ceramic substrate 11 constituting the elec 
trostatic chuck 101, since the fractured section shoWs the 






















