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(57) ABSTRACT 

An object of the present invention is to provide a hot plate 
Which is superior in thermal conductivity, is superior in 
temperature-rising/dropping property, particularly in tem 
perature-dropping property, and has high cooling thermal 
ef?ciency at the time of cooling. The hot plate of the present 
invention is a hot plate comprising: a ceramic substrate; and 
a resistance heating element formed on the surface of said 
ceramic substrate or inside said ceramic substrate, Wherein 
said ceramic substrate has a leakage quantity of 10'7 Pa~m3/ 
sec (He) or less by measurement With a helium leakage 
detector. 





US 2005/0258164 A1 Patent Application Publication Nov. 24, 2005 Sheet 2 0f 5 

F i g. 3 

Q: NM M ii LFJ iii NYE 

jih: 



Patent Application Publication Nov. 24, 2005 Sheet 3 0f 5 US 2005/0258164 A1 

Fig.4 



Patent Application Publication Nov. 24, 2005 Sheet 4 0f 5 US 2005/0258164 A1 

i . 
R. m [ 



Patent Application Publication Nov. 24, 2005 Sheet 5 0f 5 US 2005/0258164 A1 

Fig.6 

L if 50 
L 45' 

> __ ._ ,__ __ __ 50 

I I! I! ‘I J 
280 220 , ZéO 

(b) 

5,. H... 
N 21~-_._.H._. 

28 ) 

(c) 

28 



US 2005/0258164 A1 

HOT PLATE 

TECHNICAL FIELD 

[0001] The present invention relates to a hot plate Which 
is used mainly in the semiconductor industry and has 
superior temperature-rising/dropping property. 

BACKGROUND ART 

[0002] Hitherto, a heater, a Wafer prober and the like 
Wherein a base material made of metal such as stainless steel 
or aluminum alloy is used has been used in semiconductor 
producing/examining devices and so on, eXamples of Which 
include an etching device and a chemical vapor deposition 
device. 

[0003] HoWever, such a heater made of metal has the 
following problems. 
[0004] First, the thickness of the heater plate has to be as 
thick as about 15 mm since the heater is made of metal. 
Because in a thin metal plate a bend, a strain and so on are 
generated on the basis of thermal expansion resulting from 
heating so that a silicon Wafer put on the metal plate is 
damaged or inclined. HoWever, if the thickness of the heater 
plate is made thick, a problem that the heater becomes heavy 
and bulky arises. 

[0005] The temperature of a face for heating an object to 
be heated such as a silicon Wafer (referred to as a heating 
face hereinafter) is controlled by changing the voltage or 
current amount applied to resistance heating elements. HoW 
ever, since the metal plate is thick, the temperature of the 
heater plate does not folloW the change in the voltage or 
current amount promptly. Thus, a problem that the tempera 
ture is not easily controlled is caused. 

[0006] Thus, JP Kokai Hei 11-40330 suggests a ceramic 
substrate (hot plate) Wherein a nitride ceramic or a carbide 
ceramic, Which has a high thermal conductivity and a great 
strength, is used as a substrate and resistance heating ele 
ments formed by sintering metal particles are set up on the 
surface of a plate made of this ceramic. 

[0007] The hot plate having such a structure is usually put 
into a supporting case. At the time of cooling after heating 
is performed, a coolant is caused to flow into the supporting 
case in order to make cooling rate high. In this Way, the 
ceramic substrate is rapidly cooled. 

SUMMARY OF THE INVENTION 

[0008] Although the hot plates using these ceramics are 
superior to heaters made of metals in temperature-rising/ 
dropping property, performance required for temperature 
dropping property at the time of cooling With a coolant and 
the like is not sufficiently satis?ed. 

[0009] The inventors made eager investigations in order to 
solve the above-mentioned problems. As a result, the inven 
tors have found the folloWing: the reason Why the tempera 
ture-dropping property of such a hot plate is insufficient is 
that, because of insufficient sinterability, a cooling gas is 
released to the outside through the sintered body at the time 
of cooling so that cooling thermal efficiency deteriorates; 
and thus the above-mentioned problems can be solved by 
adjusting the degree of the sintering in such a manner that 
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the sintered body has a leakage quantity of 10'7 Pa~m3/sec 
(He) or less by measurement With a helium leakage detector. 

[0010] Speci?cally, the inventors have found that, by: 
?rstly oXidiZing the surface of raW material particles of a 
nitride ceramic and the like; adding an oXide thereto; and 
successively performing a sintering step under pressure and 
the like step, the leakage quantity thereof can be made as 
small as 10-7 Pa~m3/sec (He) or less by measurement With a 
helium leakage detector. 

[0011] Furthermore, the inventors have also found that, in 
this case, the helium leakage quantity and breakdoWn volt 
age at the time of raising temperature have a correlation. 
Thus, the present invention has been made. 

[0012] That is, the present invention is a hot plate com 
prising: a ceramic substrate; and a resistance heating ele 
ment formed on the surface of the ceramic substrate or inside 
the ceramic substrate, Wherein the ceramic substrate has a 
leakage quantity of 10-7 Pa-m3/sec (He) or less by measure 
ment With a helium leakage detector. 

[0013] In the hot plate of the present invention, the leakage 
quantity thereof is 10'7 Pa-m3/sec (He) or less by measure 
ment With a helium leakage detector. When the leakage 
quantity is in such a degree, the ceramic substrate mentioned 
above is sufficiently densely sintered. Thus, the ceramic 
substrate can give a thermal conductivity of 150 W/m-k or 
more. Therefore, the ceramic substrate mentioned above has 
excellent temperature-rising/dropping property. Addition 
ally, at the time of cooling, a gas as a coolant does not 
permeate the ceramic substrate; therefore, the ceramic sub 
strate has high cooling thermal efficiency and particularly 
has superior temperature-dropping property. 

[0014] Since the above-mentioned ceramic substrate is 
superior in mechanical property, no Warp is generated in the 
ceramic substrate and the ceramic substrate is also superior 
in breakdoWn voltage and Young’s modules at a high 
temperature. 

[0015] In the case of measuring the above-mentioned 
leakage quantity, the same sample as the above-mentioned 
ceramic substrate is prepared to have a diameter of 30 mm, 
an area of 706.5 mm2 and a thickness of 1 mm, and set in a 
helium leakage detector. Thereafter, the leakage quantity of 
the above-mentioned ceramic substrate can be measured by 
measuring a How amount of helium passing through the 
above-mentioned sample. 

[0016] The helium leakage detector measures the partial 
pressure of helium at the time of leakage but does not 
measure the absolute value of the gas flow amount. The 
helium partial pressure values of the samples of Which the 
leakage quantities are knoWn are measured in advance, and 
unknoWn leakage quantity is calculated by simple propor 
tional calculation on the basis of the helium partial pressure 
detected at the measurement. The detailed measurement 
principle of the helium leakage detector is described in a 
monthly journal, “Semiconductor World 1992, November, p. 
112 to 115”. 

[0017] That is, if the above-mentioned ceramic substrate is 
sufficiently densely sintered, the above-mentioned leakage 
quantity is a considerably small value. On the other hand, if 
the sinterability of the above-mentioned ceramic substrate is 
insufficient, the above-mentioned leakage quantity becomes 
a large value. 
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[0018] In the present invention, for example, by conduct 
ing the process of: oxidizing the surface of particles of a 
non-oxide ceramic such as a nitride ceramic at ?rst; succes 
sively adding an oxide thereto; and carrying out sintering 
under pressure, a sintered body in Which an oxide layer of 
the nitride ceramic and the like is integrated With the added 
oxide is formed. Such a sintered body has an extremely 
small leakage quantity of 10'7 Pa~m3/sec (He) or less in the 
measurement With the helium leakage detector. 

[0019] In addition, When the formed body before the 
sintering is pressed as uniformly as possible by cool isostatic 
press (CIP), the sintering advances more uniformly and the 
sintering density is made higher. Thus, the leakage quantity 
becomes far smaller. The pressure upon the CIP is preferably 
from 50 to 500 MPa (0.5 to 5 t/cm2). 

[0020] The leakage quantity is preferably from 1x10‘8 to 
1x10“12 Pa-m3/sec (He) by measurement With the helium 
leakage detector. This is because thermal conductivity at 
high temperature can be ensured and further cooling thermal 
ef?ciency becomes high at the time of cooling. 

[0021] Incidentally, although aluminum nitride sintered 
bodies Wherein a small amount of ALON crystal phase 
exists are disclosed in JP Kokai Hei 9-48668, JP Kokai Hei 
9-48669, and JP Kokai Hei 10-72260 and so on, no metal 
oxide is added therein and they are manufactured by reduc 
tive nitrogenation method. Therefore, no oxygen exists on 
the surface and the sinterability is inferior. As shoWn in the 
comparative example, a relatively high leakage quantity of 
about 10'6 Pa~m3/sec (He) is generated. In JP Kokai Hei 
7-153820, although yttria is added, the surface of aluminum 
nitride raW material poWder is not ?red in advance. Thus, as 
is also clear from the comparative example, the sinterability 
thereof is inferior, and a relatively large leakage quantity 
such as about 10-6 Pa-m3/sec (He) is generated. In addition, 
in JP Kokai Hei 10-279359, ?ring is performed under loW 
temperature and atmospheric pressure, thus the leakage 
quantity becomes high as Well. In JP Kokai Hei 10-158002 
discloses an AlN substrate used for a substrate on Which a 
semiconductor is mounted but not for a semiconductor 
producing/examining device, unlike the present invention. 
Furthermore, in JP Kokai Hei 10-167859, since the amount 
of yttria is as small as 0.2% by Weight and sinterability is 
insuf?cient, the leakage quantity becomes high. 
[0022] As described above, any conventional technique 
has not yet realiZed a semiconductor producing/examining 
device using a sintered body Whose helium leakage quantity 
can be adjusted to 1x10‘7 Pa-m3/sec (He) or less just like the 
one in the present invention. 

[0023] Theses citations neither describe nor suggest any 
isotropic press such as cool isostatic press (CIP). Thus, the 
helium leakage quantity thereof has not yet been reduced. 

[0024] The oxide to be added is preferably an oxide of an 
element Which constitutes a nitride ceramic and the like. 
This is because the oxide is the same material as the surface 
oxide layer of the nitride ceramic and is very easily sintered 
together. In order to oxidiZe the surface of the nitride 
ceramic, it is desired to heat the nitride ceramic at 500 to 
1000° C. in oxygen or the air for 0.5 to 3 hours. 

[0025] The average particle diameter of the nitride 
ceramic poWder used in the sintering is preferably from 
about 0.1 to 5 pm. This is because the poWder is easily 
sintered. 
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[0026] Furthermore, it is desired that the ceramic poWder 
contains 0.05 to 50 ppm (by Weight) of Si and 0.05 to 80 
ppm (by Weight) of S. This is because these Would cause the 
oxidiZed ?lm on the surface of the nitride ceramic to be 
combined With the added oxide. 

[0027] Other ?ring conditions Will be described in detail in 
a later-described process for manufacturing a hot plate. 

[0028] The ceramic substrate obtained by using the above 
mentioned process to perform sintering desirably contains 
0.05 to 10% by Weight of oxygen. If the amount is less than 
0.05% by Weight, the sintering does not advance so that 
fracture is caused in the grain boundary and the thermal 
conductivity drops. On the other hand, if the oxygen amount 
is more than 10% by Weight, the oxygen is unevenly 
precipitated in the grain boundary so that fracture is caused 
at the grain boundary. Thus, the thermal conductivity drops 
so that the temperature-rising/dropping property deterio 
rates. 

[0029] In the present invention, it is desired that the 
ceramic substrate constituting the hot plate comprises a 
nitride ceramic containing oxygen and further the pore 
diameter of the maximum pore is 50 pm or less. The porosity 
thereof is desirably 5% or less. It is also desirable that no 
pores are present in the ceramic substrate mentioned above 
or, if present, the pore diameter of the maximum pore is 50 
pm or less. 

[0030] If no pores are present, breakdoWn voltage is 
especially high at high temperature. Conversely, if pores are 
present, fracture toughness becomes high. Thus, Which is 
designed depends on required properties. 

[0031] The reason Why fracture toughness becomes high 
on the basis of the presence of pores is unclear, but it is 
presumed that the reason is based on stop of development of 
cracks by the pores. 

[0032] The reasons Why the pore diameter of the maxi 
mum pore is desirably 50 pm or less in the present invention 
are as folloWs: if the pore diameter is over 50 pm, it is 
dif?cult to keep high breakdoWn voltage property at high 
temperature, particularly at 200° C. or higher; and gas is 
easily released at the time of cooling, so that cooling thermal 
ef?ciency deteriorates. 

[0033] The pore diameter of the maximum pore is desir 
ably 10 pm or less. This is because the amount of Warp 
becomes small at 200° C. or higher. 

[0034] The porosity and the pore diameter of the maxi 
mum pore are adjusted by pressing time, pressure and 
temperature at the time of sintering, or additives such as SiC 
and EN. Since SiC or BN obstructs sintering, pores can be 
produced. 

[0035] When the pore diameter of the maximum pore is 
measured, 5 samples are prepared. The surfaces thereof are 
ground into mirror planes. With an electron microscope, ten 
points on the surface are photographed With 2000-5000 
magni?cations. The maximum pore diameter is selected 
from the each photograph obtained by the photographing, 
and the average of the 50 shoots is de?ned as the pore 
diameter of the maximum pore. 

[0036] The porosity is measured by Archimedes’ method. 
This is a method of crushing a sintered body to pieces, 
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putting the pieces into an organic solvent or mercury to 
measure the volume thereof, then, obtaining the true speci?c 
gravity of the pieces from the Weight and the volume 
thereof, and calculating the porosity from the true speci?c 
gravity and apparent speci?c gravity. 

[0037] The diameter of the ceramic substrate constituting 
the hot plate of the present invention is desirably 200 mm or 
more. It is especially desirable that the diameter is 12 inches 
(300 mm) or more. This is because semiconductor Wafers 
having such a diameter become main currents of the next 
generation semiconductor Wafers. This is also because the 
problem about the Warp to be solved by the present invention 
is not easily caused in the ceramic substrate having a 
diameter of 200 mm or less. 

[0038] The thickness of the above-mentioned ceramic 
substrate is desirably 50 mm or less, especially desirably 25 
mm or less. 

[0039] This is because: if the thickness of the ceramic 
substrate is over 25 mm, the thermal capacity of the ceramic 
substrate may be too large; and particularly When a tem 
perature-controlling means is set up to heat or cool the 
substrate, temperature folloWing character may drop on the 
basis of the large thermal capacity. 

[0040] This is also because the problem about the Warp of 
the ceramic substrate is not easily caused in the ceramic 
substrate having a large thickness, such as a thickness over 
25 mm. 

[0041] The thickness of the ceramic substrate is optimally 
5 mm or less. The thickness of the ceramic substrate is 
desirably 1 mm or more. 

[0042] The ceramic substrate of the present invention is 
used at 150° C. or higher, desirably 200° C. or higher. 

[0043] The material of the ceramic substrate constituting 
the hot plate of the present invention is not especially 
limited. HoWever, nitride ceramics and carbide ceramics are 
preferred. Examples of the nitride ceramics mentioned 
above include metal nitride ceramics such as aluminum 
nitride, silicon nitride, boron nitride, titanium nitride and the 
like. 

[0044] Examples of the carbide ceramics mentioned above 
include such as silicon carbide, titanium carbide, tantalum 
carbide, tungsten carbide, Zirconium carbide and the like. 

[0045] As the above-mentioned ceramic material, an oxide 
ceramic may be used. Examples of the oxide ceramic 
mentioned above include metal oxide ceramics such as 
alumina, Zirconia, cordierite, mullite and the like. 

[0046] Aluminum nitride is particularly preferred among 
these nitride ceramics since its thermal conductivity is 
highest, that is, 180 W/m-K. 

[0047] In the present invention, it is desired that the 
ceramic substrate contains an oxide. 

[0048] As the oxide mentioned above, for example, an 
alkali metal oxide, an alkali earth metal oxide or a rare earth 
oxide can be used. Among these sintering aids, CaO, Y2O3, 
Na2O, Li2O and Rb2O are particularly preferred. Alumina or 
silica may be used. The content thereof is desirably from 0.5 
to 20% by Weight. If the content is less than 0.5% by Weight, 
the leakage quantity may not be made to 10-7 Pa-m3/sec 
(He) or less. 
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[0049] The added oxide is optimally silica in the case of 
silicon nitride. 

[0050] In the present invention, the ceramic substrate 
preferably contains 5 to 5000 ppm of carbon. The ceramic 
substrate can be blackened by incorporating carbon. This is 
because, When the substrate is used as a heater, radiant heat 
can be sufficiently used. 

[0051] 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 
use. The carbon content is preferably from 50 to 2000 ppm. 

[0052] When carbon is incorporated into the ceramic 
substrate mentioned above, carbon is preferably incorpo 
rated in the manner that its brightness Will be N4 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 
shielding property. 

[0053] 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 N0 to N10, respectively. 

[0054] Actual brightness is measured by comparison With 
color chips corresponding to N0 to N10. One place of 
decimals in this case is made to 0 or 5. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0055] FIG. 1 is a bottom vieW schematically illustrating 
an example of a hot plate of the present invention Wherein 
resistance heating elements are formed on the bottom face 
thereof. 

[0056] FIG. 2 is a partially-enlarged sectional vieW sche 
matically illustrating a part of the hot plate illustrated in 
FIG. 1. 

[0057] FIG. 3 is a sectional vieW schematically illustrat 
ing a supporting case for arranging the hot plate illustrated 
in FIG. 1. 

[0058] FIG. 4 is a partially-enlarged sectional vieW sche 
matically illustrating an example of a hot plate of the present 
invention having resistance heating elements formed inside 
thereof. 

[0059] FIGS. 5(a) to are sectional vieWs schematically 
illustrating parts of the process for manufacturing a hot plate 
of the present invention Wherein resistance heating elements 
are formed on the bottom face thereof. 

[0060] FIGS. 6(a) to are sectional vieWs schematically 
illustrating parts of the process for manufacturing a hot plate 
of the present invention having resistance heating elements 
formed inside thereof. 

DESCRIPTION OF REFERENCE NUMBERS 

[0061] 9 silicon Wafer 

[0062] 10, 20 hot plate 
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[0063] 11, 21 ceramic substrate 

[0064] 12, 22 resistance heating element 

[0065] 13, 23 external terminal 

[0066] 14 bottomed hole 

[0067] 15 through hole 

[0068] 16 lifter pins 

[0069] 18 thermocouple 

[0070] 25 through hole 

[0071] 27 blind hole 

[0072] 28 conductor-?lled through hole 

[0073] 30 supporting case 

[0074] 30a coolant outlet 

[0075] 32 guide pipe 

[0076] 35 heat insulator 

[0077] 37 pressing metal member 

[0078] 38 bolt 

[0079] 39 coolant inlet pipe 

[0080] 130 solder paste layer 

[0081] 170 socket 

DISCLOSURE OF THE INVENTION 

[0082] The hot plate of the present invention is a hot plate 
comprising: a ceramic substrate; and a resistance heating 
element formed on the surface of the ceramic substrate or 
inside the ceramic substrate, Wherein the ceramic substrate 
has a leakage quantity of 10'7 Pa-m3/sec (He) or less by 
measurement With a helium leakage detector. 

[0083] FIG. 1 is a bottom vieW schematically illustrating 
an example of the hot plate of the present invention, and 
FIG. 2 is a partially-enlarged sectional vieW schematically 
illustrating a part of the hot plate illustrated in FIG. 1. In this 
hot plate, resistance heating elements are formed on the 
bottom face of a ceramic substrate. 

[0084] As illustrated in FIG. 1, the ceramic substrate 11 is 
formed in a disc form. Plural resistance heating elements 12 
having the form of concentric circles-like are made on a 
bottom face 11b of the ceramic substrate 11. About these 
resistance heating elements 12, tWo concentric circles near 
to each other are combined to produce one line as a circuit. 
These circuits are designed to be combined With each other 
to make the temperature in a heating face 11a even. 

[0085] As illustrated in FIG. 2, a metal covering layer 12a 
is formed on the resistance heating elements 12 to prevent 
them from being oxidiZed. External terminals 13 are jointed 
to both ends thereof With solder and the like (not illustrated). 
Sockets 170 having Wiring are ?tted to the external terminals 
13, so as to attain connection to a poWer source. 

[0086] In the ceramic substrate 11, bottomed holes 14 for 
inserting temperature-measuring elements 18 are made, and 
the temperature-measuring elements 18 such as thermo 
couples are embedded in the bottomed holes 14. Moreover, 
through holes 15 for penetrating lifter pins 16 through are 
made in portions near the center thereof. 
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[0087] The lifter pins 16, on Which a silicon Wafer 9 can 
be put, can be moved up and doWn. In this Way, the silicon 
Wafer 9 can be delivered to a non-illustrated carrier machine 
or the silicon Wafer 9 can be received from the carrier 
machine. Additionally, the silicon Wafer 9 can be put on the 
heating face 11a of the ceramic substrate 11 and be heated, 
or the silicon Wafer 9 can be supported in the state that the 
Wafer 9 is 50 to 2000 pm apart from the heating face 11a and 
be heated. 

[0088] It is alloWable to make through holes or concave 
portions in the ceramic substrate 11, insert supporting pins 
Whose tips are in a pointed end form or semicircular form 
into the through holes or the concave portions, ?x the 
supporting pins in the state that the pins are slightly pro 
jected from the ceramic substrate 11, and support the silicon 
Wafer 9 by the supporting pins, thereby heating the silicon 
Wafer in the state that the silicon Wafer is 50 to 2000 pm 
apart from the heating face 11a. 

[0089] FIG. 3 is a sectional vieW schematically illustrat 
ing a supporting case 30 for arranging the hot plate (ceramic 
substrate) having the above-mentioned structure. 

[0090] The ceramic substrate 11 is ?tted through a heat 
insulator 35 to the upper portion of the supporting case 30, 
and is ?xed thereto With bolts 38 and pressing metal mem 
bers 37. In portions Where through holes 15 of the ceramic 
substrate 11 are made, guide pipes 32 are made so as to be 
interconnected With the through holes. 

[0091] Furthermore, coolant outlets 30a are made in this 
supporting case 31. A coolant is bloWn from coolant inlet 
pipe 39 thereto, passed through the coolant outlets 30a, and 
discharged to the outside. By the effect of this coolant, the 
ceramic substrate 11 can be cooled. 

[0092] Accordingly, an electric current is sent to the hot 
plate to raise the temperature of the hot plate 10 up to a given 
temperature. Thereafter, the coolant is bloWn from the 
coolant inlet pipes 39 so as to cool the ceramic substrate 11. 
In the hot plate of the present invention, the leakage quantity 
thereof is as small as 10'7 Pa-m3/sec (He) or less by 
measurement With a helium leakage detector; therefore, the 
ceramic substrate 11 can be effectively cooled. 

[0093] FIG. 4 is a partially-enlarged sectional vieW sche 
matically illustrating another example of the hot plate of the 
present invention. In this hot plate, resistance heating ele 
ments are formed inside a ceramic substrate. 

[0094] Although not shoWn, in the same Way as in the hot 
plate illustrated in FIG. 1, the ceramic substrate 21 is formed 
in a disc form, and the resistance heating elements 22 are 
formed inside the ceramic substrate 21 to have the same 
pattern as illustrated in FIG. 1, that is, a pattern having a 
concentric circles-like shape, Wherein double concentric 
circles near to each other are made up to one circuit. 

[0095] Conductor-?lled through holes 28 are made just 
under end portions of the resistance heating elements 22. 
Moreover, blind holes 27 for making the conductor-?lled 
through holes 28 exposed are made in a bottom face 21b, and 
external terminals 23 are inserted to the blind holes 27. They 
are jointed to each other With a braZing material and the like 

(not illustrated). 
[0096] In the same Way as in the hot plate illustrated in 
FIG. 1, for example, sockets having conductive Wires are 
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?tted to the external terminals 23. This situation is not 
illustrated in FIG. 3. The conductive Wires are connected to 
a poWer source and so on. 

[0097] In the ceramic substrate 21 constituting this hot 
plate, the leakage quantity thereof is as small as 10'7 
Pa~m3/sec (He) or less by measurement With a helium 
leakage detector; therefore, the ceramic substrate 21 is 
sufficiently densely sintered. For this reason, When this hot 
plate is ?tted to the supporting case 30 as illustrated in FIG. 
3 and then temperature-rising/dropping operation of the 
ceramic substrate is performed, temperature-rising/dropping 
can be promptly attained. 

[0098] Inside the ceramic substrate constituting the hot 
plate of the present invention, the resistance heating ele 
ments composed of plural layers may be set. In this case, the 
patterns of the respective layers may be formed to comple 
ment themselves mutually. The pattern, When being vieWed 
from the top of the heating face, is desirably formed on any 
of the layers. For example, a structure having a staggered 
arrangement is desirable. 

[0099] Examples of the resistance heating element include 
a sintered body of a metal or an electrically conductive 
ceramic; a metal foil; a metal Wire and the like. 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 resistance value to generate heat. 

[0100] As the electrically conductive ceramic, at least one 
selected from carbides of tungsten and molybdenum may be 
used. 

[0101] In the case that the resistance heating element is 
formed on the bottom face 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. 

[0102] As the metal particles used in the metal sintered 
body mentioned above, spherical or scaly particles, or a 
mixture of spherical particles and scaly particles can be 
used. 

[0103] When the resistance heating element is formed on 
the surface of the ceramic substrate, a metal oxide may be 
added to the metal and the resultant is sintered. The metal 
oxide mentioned above is used in order to adhere the 
ceramic substrate closely to particles of the metal. The 
reason Why the adhesion betWeen the ceramic substrate and 
the metal particles is improved by the metal oxide men 
tioned above is unclear, but 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. Thus, 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. 

[0104] Apreferred example of the above-mentioned 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 
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the metal particles and the ceramic substrate Without 
increasing the resistance value of the resistance heating 
element too much. 

[0105] The amount of the above-mentioned metal oxide is 
desirably 0.1 part by Weight or more 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 substrate Without making the resistance value too 
large. 

[0106] 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 these ranges especially 
improve adhesiveness to the ceramic substrate. 

[0107] In the case that the resistance heating element is set 
up on the bottom face of the ceramic substrate, the surface 
of the resistance heating element 12 is desirably covered 
With a metal layer 12a (reference to FIG. 2). The resistance 
heating element 12 is a sintered body of the metal particles. 
Thus, When the resistance heating element is exposed, it is 
easily oxidiZed. The oxidiZation causes a change in the 
resistance value. Thus, by covering the surface With the 
metal layer 12a, the oxidiZation can be prevented. 

[0108] The thickness of the metal layer 12a is desirably 
0.1 to 100 pm. This range is a range making it possible to 
prevent the oxidiZation of the resistance heating element 
Without changing the resistance value of the resistance 
heating element too much. 

[0109] The metal used for the covering is any non-oxidiZ 
able metal. Speci?cally, at least one or more selected from 
gold, silver, palladium, platinum and nickel is preferred. 
Among these metals, nickel is more preferred. The resis 
tance heating element needs to have a terminal for connec 
tion 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, 
an external terminal made of Kovar can be used. 

[0110] In the case that the resistance heating element is 
formed inside the ceramic substrate, 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, a part of the surface of the 
resistance heating element may be exposed. 

[0111] As the resistance heating element, a metal foil or a 
metal Wire may be used. As the metal foil mentioned above, 
a resistance heating element patterned by the etching of a 
nickel foil or a stainless steel foil and the like method is 
desirable. The patterned metal foils may be put together With 
a resin ?lm and the like. Examples of the metal Wire include 
a tungsten Wire, a molybdenum Wire and the like. 

[0112] Temperature-controlling means may be a Peltier 
device as Well as the resistance heating elements 12. In the 
case that the Peltier device is used as the temperature control 
element, both of heating and cooling can be attained by 
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changing the direction along Which an electric current 
passes. Thus, this case is advantageous. 

[0113] The Peltier device is formed by connecting p type 
and n type thermoelectric elements in series and then 
jointing the resultant to a ceramic plate and the like. 

[0114] Examples of the Peltier device include silicon/ 
germanium type, bismuth/ antimony type, and lead/tellurium 
type materials. 

[0115] If necessary, in the present invention a thermo 
couple may be buried in a bottomed hole in the ceramic 
substrate. This is because the thermocouple makes it pos 
sible 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. 

[0116] It is preferable that the siZe of the connecting 
portion of metal Wires of the thermocouple is the same as the 
strand diameter of the respective metal Wires or more, and 
is 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 speedy converted to a 
current value. For this reason, temperature control ability is 
improved so that the temperature distribution of the heated 
surface of the Wafer becomes small. 

[0117] Examples of the thermocouple mentioned above 
include K, R, B, S, E, J and T type thermocouples, described 
in JIS-C-1602 (1980). 

[0118] The folloWing Will describe a process for manu 
facturing the hot plate of the present invention. 

[0119] FIGS. 5(a) to are sectional vieWs schematically 
illustrating a process for manufacturing a hot plate having 
resistance heating elements on the bottom face of a ceramic 
substrate. 

[0120] (1) Step of Manufacturing the Ceramic Substrate 

[0121] Ceramic poWder of the above-mentioned alumi 
num nitride and the like are blended With, based on the 
necessity, a sintering aid such as yttria, a binder and so on 
to prepare a slurry. Thereafter, this slurry is made into a 
granular form by spray-drying and the like. The granule is 
put into a mold and pressed to be formed into a plate form 
and the like form. Thus, a raW formed body (green) is 
formed. When the slurry is prepared, amorphous or crystal 
line carbon may be added. 

[0122] Next, this formed body is heated and ?red to be 
sintered. In this Way, a plate formed body made of the 
ceramic is manufactured. Thereafter, the plate formed body 
is Worked into a given shape to manufacture a ceramic 
substrate 11. The formed body may have such a shape that 
the body can be used as it is after the ?ring. In addition, by 
using cool isostatic press (CIP) to compress the formed 
body, sintering advances uniformly so that the sintering 
density can be improved. As the pressure upon the CIP, a 
pressure of 50 to 500 MPa (0.5 to 5 t/cm2) is preferred (FIG. 
5(a)). By heating and ?ring the formed body While pressur 
iZing the body, the ceramic substrate 11 having no pores can 
be manufactured. The heating and the ?ring should be 
performed at the sintering temperature or higher. For a 
nitride ceramic, the temperature is from 1000 to 2500° C. 
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[0123] Next, the folloWing portions are made in the 
ceramic substrate 11 if necessary: through holes for inserting 
supporting pins supporting a silicon Wafer; through holes 15 
for inserting lifter pins carrying the silicon Wafer; bottomed 
holes 14 for embedding temperature-measuring elements 
such as thermocouples; and so on. 

[0124] (2) Step of Printing a Conductor Containing Paste 
on the Ceramic Substrate 

[0125] A conductor containing paste is generally a ?uid 
comprising metal particles, a resin and a solvent, and has a 
high viscosity. This conductor containing paste is printed in 
portions Where resistance heating elements are to be 
arranged by screen printing and the like, to form a conductor 
containing paste layer. Since it is necessary that the resis 
tance heating elements make the temperature of the Whole of 
the ceramic substrate even, it is preferable that the conductor 
containing paste is made into the form of concentric circles 
like, or is printed into a pattern Wherein a concentric 
circles-like form and a bending line form are combined With 
each other. 

[0126] The conductor containing paste layer is preferably 
formed in such a manner that a section of the resistance 
heating elements 12 subjected to the ?ring Will be rectan 
gular and ?at. 

[0127] (3) Firing of the Conductor Containing Paste 

[0128] The conductor containing paste layer printed on the 
bottom face of the ceramic substrate 11 is heated or ?red to 
remove the resin and the solvent and sinter the metal 
particles. Thus, the metal particles are baked onto the bottom 
face of the ceramic substrate 11 to form the resistance 
heating elements 12 (FIG. 5(b)). The heating and ?ring 
temperature is preferably from 500 to 1000° C. 

[0129] If the above-mentioned oxide is added to the con 
ductor containing paste, the metal particles, the ceramic 
substrate and the metal oxide are sintered to be integrated 
With each other. Thus, the adhesiveness betWeen the resis 
tance heating elements and the ceramic substrate is 
improved. 
[0130] (4) Step of Forming a Metal Covering Layer 

[0131] Next, a metal covering layer 12a is deposited on 
the surface of the resistance heating elements 12 (reference 
to FIG. 5(a)). The metal covering layer 12a can be formed 
by electroplating, electroless plating, sputtering and the like. 
From the vieWpoint of mass-productivity, electroless plating 
is optimal. 

[0132] (5) Fitting of Terminals and so on 

[0133] External terminals 13 for connection to a poWer 
source are ?tted up, through a solder paste layer 130, to ends 
of the circuits of the resistance heating elements 12 (FIG. 

Thereafter, temperature-measuring elements 18 such 
as thermocouples are embedded in the bottomed holes 14, 
and the holes are sealed With a heat-resistant resin such as 
polyimide and the like. For example, sockets having con 
ductive Wires and so on are ?tted to the external terminals 13 
so that the sockets can be put on and taken off. This situation 
is not illustrated. 

[0134] (6) Thereafter, the ceramic substrate having these 
resistance heating elements 12 is ?tted to, for example, a 
supporting case having a cylindrical shape, and the lead 
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Wires extending from the sockets are connected to a power 
source. In this Way, the manufacture of a hot plate is ?nished. 

[0135] An electrostatic chuck can be manufactured by 
setting an electrostatic electrode inside the ceramic substrate 
When the above-mentioned hot plate is manufactured. A 
Wafer prober can be manufactured by depositing a chuck top 
conductor layer on the heating face and then setting guard 
electrodes and ground electrodes inside the ceramic sub 
strate. 

[0136] In the case that the electrode is set inside the 
ceramic substrate, it is advisable that metal foil and the like 
is embedded in the ceramic substrate. In the case that the 
conductor layer is formed on the surface of the ceramic 
substrate, sputtering or plating may be used. These may be 
used together. 

[0137] The folloWing Will describe a process for manu 
facturing a hot plate having resistance heating elements 
inside the ceramic substrate of the present invention. 

[0138] FIGS. 6(a) to are sectional vieWs schematically 
illustrating the manufacturing process of the above-men 
tioned hot plate. 

[0139] (1) Step of Forming Green Sheets 

[0140] First, poWder of a nitride ceramic is mixed With a 
binder, a solvent and so on, to prepare a paste. This is used 
to form a green sheet. 

[0141] As the above-mentioned ceramic poWder, alumi 
num nitride, and the like can be used. If necessary, a 
sintering aid such as yttria may be added. When the green 
sheet is formed, crystalline or amorphous carbon may be 
added. 

[0142] As the binder, desirable is at least one selected from 
an acrylic binder, ethylcellulose, butylcellosolve, and poly 
vinyl alcohol. 

[0143] As the solvent, desirable is at least one selected 
from ot-terpineol and glycol. 

[0144] A paste obtained by mixing these is formed into a 
sheet form by doctor blade process, to form a green sheet 50. 

[0145] The thickness of the green sheet 50 is preferably 
from 0.1 to 5 mm. 

[0146] Next, the folloWing are made in the resultant green 
sheet if necessary: portions for through holes for inserting 
supporting pins supporting a silicon Wafer; portions for 
through holes 25 for inserting lifter pins carrying the silicon 
Wafer; portions for bottomed holes 24 for embedding tem 
perature-measuring elements such as thermocouples; por 
tions for embedding conductor-?lled through holes 28 for 
connecting the resistance heating elements to external ter 
minals; and so on. After a green sheet lamination that Will be 
described later is formed, the above-mentioned processing 
may be performed. 

[0147] (2) Step of Printing a Conductor Containing Paste 
on the Green Sheet 

[0148] A metal paste or a conductor containing paste 
containing an electrically conductive ceramic is printed on 
the green sheet 50, to form a conductor containing paste 
layer 220. The conductor containing paste is ?lled into the 

Nov. 24, 2005 

portion Which Will be the conductor-?lled through holes 28, 
so as to prepare a ?lled layer 280. 

[0149] This conductor containing paste contains metal 
particles or electrically conductive ceramic particles. 

[0150] The average particle diameter of tungsten particles 
or molybdenum particles, Which are the metal particles, is 
preferably from 0.1 to 5 pm. If the average particle is beloW 
0.1 pm or over 5 pm, the conductor containing paste is not 
easily printed. 

[0151] Such a conductor containing paste may be a com 
position (paste) obtained by mixing, for example, 85 to 87 
parts by Weight of the metal particles or the electrically 
conductive ceramic particles; 1.5 to 10 parts by Weight of at 
least one binder selected from acrylic binders, ethylcellu 
lose, butylcellosolve and polyvinyl alcohol; and 1.5 to 10 
parts by Weight of at least one solvent selected from ot-ter 
pineol and glycol. 

[0152] (3) Step of Laminating the Green Sheets 

[0153] Green sheets 50 on Which the conductor containing 
paste produced in the above-mentioned step (1) is not 
printed are laminated on the upper and loWer sides of the 
green sheet 50 on Which the conductor containing paste 
produced in the above-mentioned step (2) is printed (FIG. 
6(a)). 
[0154] At this time, the number of the green sheets lami 
nated on the upper side is made larger than that of the green 
sheets laminated on the loWer side to cause the position 
Where the resistance heating elements 22 are formed to be 
prejudiced toWard the bottom face. 

[0155] Speci?cally, the number of the green sheets lami 
nated on the upper side is preferably from 20 to 50, and that 
of the green sheets laminated on the loWer side is preferably 
from 5 to 20. 

[0156] (4) Step of Firing the Green Sheet Lamination 

[0157] The green sheet lamination is heated and pressed 
and further the lamination is pre-sintered at 300 to 1000° C. 
Thereafter, cool isostatic press (CIP) is used to compress the 
lamination. In this Way, dispersion in the thermal conduc 
tivity, resulting from difference in the sintering density, can 
be reduced. The pressure upon the CIP is preferably from 50 
to 500 MPa (0.5 to 5 t/cm2). As described above, the green 
sheets 50 and the conductor containing paste inside it are 
sintered to manufacture a ceramic substrate 21. 

[0158] The heating temperature is preferably from 1000 to 
2000° C., and the pressing pressure is preferably from 10 to 
20 MPa. The heating is performed in the atmosphere of an 
inert gas. As the inert gas, for example, argon or nitrogen can 
be used. 

[0159] Through holes 25 for penetrating lifters pins 
through and bottomed holes 24 for inserting temperature 
measuring elements, are made in the resultant ceramic 
substrate 21 (FIG. 6(b)), and subsequently blind holes 27 for 
making conductor-?lled through holes 28 exposed are made 
(FIG. 6(a)). The through holes 25, the bottomed holes 24 
and the blind holes 27 can be made by drilling or blast 
treatment such as sandblast. 

[0160] Next, braZing gold and the like is used to connect 
external terminals 23 to the conductor-?lled through holes 
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exposed from the blind holes 27 (FIG. Furthermore, 
for example, sockets having conductive Wires, Which are not 
illustrated, are ?tted to the external terminals 23 so that the 
sockets can be put on and taken off. 

[0161] The heating temperature is suitably from 90 to 450° 
C. in the case of treatment With solder. The heating tem 
perature is suitably from 900 to 1100° C. in the case of 
treatment With brazing material. Furthermore, thermo 
couples and the like as the temperature-measuring elements 
are sealed With a heat-resistant resin to manufacture a hot 
plate. 
[0162] (5) Thereafter, the ceramic substrate 21 having 
therein the resistance heating elements 22 in this Way is 
?tted to a supporting case having a cylindrical shape, and 
then the lead Wires extending from the sockets are connected 
to a poWer source, to ?nish the manufacture of the hot plate. 

[0163] In the above-mentioned hot plate, various opera 
tions can be performed While a silicon Wafer and the like is 
being heated or cooled, after the silicon Wafer and the like 
is put thereon or after the silicon Wafer and the like is held 
by supporting pins. 
[0164] An electrostatic chuck can be manufactured by 
setting an electrostatic electrode inside the ceramic substrate 
When the above-mentioned hot plate is manufactured. A 
Wafer prober can be manufactured by depositing a chuck top 
conductor layer on the heating face and then setting guard 
electrodes and ground electrodes inside the ceramic sub 
strate. 

[0165] In the case that the electrode is set inside the 
ceramic substrate, it is advisable that a conductor containing 
paste layer is formed on the surface of the green sheet in the 
same manner as in the case of forming the resistance heating 
elements. In the case that the conductor containing paste is 
formed on the surface of the ceramic substrate, sputtering or 
plating may be used. These may be used together. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

[0166] The present invention Will be described in more 
detail hereinafter. 

EXAMPLES 1 TO 7 

Manufacture of Hot Plates (Reference to FIG. 6) 

[0167] (1) The folloWing paste Was used to conduct for 
mation by a doctor blade method to obtain a green sheet 0.47 
mm in thickness: a paste obtained by mixing 1000 parts by 
Weight of aluminum nitride poWder (made by Tokuyama 
Corp., average particle diameter: 0.6 pm) ?red at 500° C. in 
the air for 1 hour, 40 parts by Weight of yttria (average 
particle diameter: 0.4 pm), 115 parts by Weight of an acrylic 
binder, 5 parts by Weight of a dispersant and 530 parts by 
Weight of alcohols composed of 1-butanol and ethanol. 

[0168] (2) Next, this green sheet Was dried at 80° C. for 5 
hours, and subsequently portions for conductor-?lled 
through holes for connection to external terminals 1.8 mm, 
3.0 mm and 5.0 mm in diameter Were made by punching. 

[0169] (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 
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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. 
[0170] 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. 

[0171] This conductor containing paste A Was printed on 
the green sheet 50 by screen printing to form a conductor 
containing paste layer 220 for resistance heating elements 
22. The printed pattern Was a concentric circles-like pattern 
as illustrated in FIG. 1. The Width of the conductor con 
taining paste Was set to 10 mm, and the thickness thereof 
Was set to 12 pm. The conductor containing paste B Was 
?lled into the portions Which Was to be conductor-?lled 
through holes, so as to make a ?lled layer 280. 

[0172] Thirty seven green sheets 50 on Which no tungsten 
paste Was printed Were stacked on the upper side (heating 
face) of the green sheet 50 that had been subjected to the 
above-mentioned processing, and the same thirteen green 
sheets Were stacked on the loWer side of the green sheet 50. 
The resultant Was pressed at 130° C. and a pressure of 8 MPa 
(80 kg/cm2) to form a lamination (FIG. 6(a)). 

[0173] (4) Next, the resultant lamination Was degreased at 
600° C. in the atmosphere of nitrogen gas for 5 hours and 
then compressed at a pressure of 300 MPa (3 t/cm2) by 
means of a cool isostatic press (CIP) made by Kobe Steel 
Ltd. Next, the lamination Was hot-pressed at 1890° C. and a 
pressure of 0 to 20 MPa (0 to 200 kgf/cm2) as shoWn in Table 
1, for 3 hours to obtain an aluminum nitride plate 3 mm in 
thickness. This Was cut off into a disc 230 mm in diameter 
to prepare a ceramic substrate 21 having therein the resis 
tance heating elements 22 having a thickness of 6 pm and a 
Width of 10 mm (aspect ratio: 1666) and conductor-?lled 
through holes 28 (FIG. 6(b)). 

[0174] (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) 24 for thermocouples Were made in the surface by 
blast treatment With SiC and the like. 

[0175] (6) Furthermore, portions Where the conductor 
?lled through holes Were made Were holloWed out to make 
blind holes 27 (FIG. 6(c)). BraZing gold made of Ni—Au 
Was heated and re?oWed at 700° C. to connect external 
terminals 23 made of Kovar to the blind holes 27 (FIG. 

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. 

[0176] (7) Next, thermocouples for controlling tempera 
ture Were buried in the bottomed holes, Which is not illus 
trated, to ?nish the manufacture of a hot plate having the 
resistance heating elements 22. 

[0177] (8) Next, this hot plate Was ?tted, through a heat 
insulator 35 made of a ?uorine resin reinforced With glass 
?ber, into a supporting case 30 having the shape illustrated 
in FIG. 3 and made of stainless steel. 

[0178] After the manufacture of the hot plate, the leakage 
quantity, the thermal conductivity, the oxygen content and so 
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on of the ceramic substrate Were measured by the method 
described later. This hot plate Was ?tted to the supporting 
case and then an electric current Was sent thereto. The 
temperature thereof Was raised to 300° C., and subsequently 
a coolant Was introduced into the supporting case to cool the 
hot plate. The time required for the temperature-rising and 
the temperature-dropping Were measured. The results are 
shoWn in Table 1 described later. 

EXAMPLE 8 

Manufacture of a Hot Plate (Reference to FIG. 5) 

[0179] (1) Acomposition made of 1000 parts by Weight of 
aluminum nitride poWder (made by Tokuyama Corp., aver 
age particle diameter: 0.6 pm) ?red at 500° C. in the air for 
1 hour, 40 parts by Weight of yttria (Y2O3, average particle 
diameter: 0.4 pm), 115 parts by Weight of an acrylic binder 
and an alcohol Was subjected to spray-drying to make 
granular poWder. 

[0180] (2) Next, this granular poWder Was put into a mold 
and formed into a ?at plate form to obtain a formed body 
(green). Acool isostatic press (CIP) made of Kobe Steel Ltd. 
Was used to compress this formed body at 300 MPa (3 t/cm2) 
Thereafter, the surface thereof Was ground. 

[0181] (3) The raW formed body subjected to the above 
mentioned Working processing Was hot-pressed at 1800° C. 
and a pressure of 20 MPa to obtain a nitride aluminum 
sintered body having a thickness of 3 mm. 

[0182] Next, this plate Was cut out into a disc having a 
diameter of 230 mm to prepare a plate (ceramic substrate 11) 
made of the ceramic (FIG. 5(a)). 

[0183] Next, this plate Was subjected to drilling, so as to 
make through holes 15 for inserting lifter pins of a silicon 
Wafer, and bottomed holes 14 for inserting temperature 
measuring elements 18. 

[0184] (4) Aconductor containing paste Was printed on the 
bottom face of the sintered body obtained in the item (3) by 
screen printing. The printed pattern Was a pattern of con 
centric circles-like as shoWn in FIG. 1. 

[0185] The conductor containing paste Was Solvest 
PS603D made by Tokuriki Kagaku Kenkyu-Zyo, Which is 
used to form plated-through holes in printed circuit boards. 

[0186] This conductor containing paste Was a silver-lead 
paste and contained 7.5 parts by Weight of oxides made of 
lead oxide (5% by Weight), Zinc oxide (55% by Weight), 
silica (10% by Weight), boron oxide (25% by Weight) and 
alumina (5% by Weight) per 100 parts by Weight of silver. 
The silver particles had an average particle diameter of 4.5 
pm, and Were scaly. 

[0187] (5) Next, the sintered body 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 bake them onto the sintered body. Thus, resistance 
heating elements 12 Were formed (FIG. 5(b)). The silver 
lead resistance heating elements 12 had a thickness of 5 pm, 
a Width of 2.4 mm and a area resistivity of 7.7 mQ/III. 

[0188] (6) The sintered body formed in the item (5) Was 
immersed into an electroless nickel plating bath comprising 
an aqueous solution containing 80 g/L of nickel sulfate, 24 
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g/L of sodium hypophosphite, 12 g/L of sodium acetate, 8 
g/L of boric acid, and 6 g/L of ammonium chloride to 
precipitate a metal covering layer (nickel layer) 12a having 
a thickness of 1 pm on the surface of the silver-lead 
resistance heating elements 12 (FIG. 5(c)). 

[0189] (7) A silver-lead solder paste (made by Tanaka 
Noble Metals) Was printed, by screen printing, on portions 
to Which external terminals 13 for ensuring connection to a 
poWer source Were attached, to form a solder layer. 

[0190] Next, the external terminals 13 made of Kovar 
Were put on the solder layer and heated and re?oWed at 420° 
C. to attach one end of the external terminals 17, through the 
solder layer 130, onto the surface of the resistance heating 
elements 12 (FIG. 

[0191] (8) Next, this hot plate Was ?tted, through a heat 
insulator 35 made of ceramic ?ber (trade name: IbiWool, 
made by Ibiden Co., Ltd.), into a supporting case 30 having 
the shape illustrated in FIG. 3 and made of stainless steel. 

[0192] After the manufacture of the hot plate, the leakage 
quantity, the thermal conductivity, the oxygen content and so 
on of the ceramic substrate Were measured by the method 
described later. This hot plate Was ?tted to the supporting 
case and then an electric current Was sent thereto. The 
temperature thereof Was raised to 300° C., and subsequently 
a coolant Was introduced into the supporting case to cool the 
hot plate. The time required for the temperature-rising and 
the temperature-dropping Were measured. The results are 
shoWn in Table 1 described later. 

EXAMPLE 9 

[0193] The folloWing paste Was used to conduct formation 
by a doctor blade method to obtain green sheets 0.50 mm in 
thickness: a paste obtained by mixing 100 parts by Weight of 
silicone nitride poWder (made by Tokuyama Corp., average 
particle diameter: 0.6 pm) ?red at 500° C. in the air for 1 
hour, 40 parts by Weight of yttria (average particle diameter: 
0.4 pm), 20 parts by Weight of alumina, 40 parts by Weight 
of silica, 11.5 parts by Weight of an acrylic binder, 0.5 part 
by Weight of a dispersant and 53 parts by Weight of alcohols 
composed of 1-butanol and ethanol. 

[0194] The green sheets Were used to produce a lamination 
in the same Way as in Example 1. The lamination Was 
degreased at 600° C. and then compressed at a pressure of 
300 MPa (3 t/cm2) by means of a cool isostatic press (CIP) 
made by Kobe Steel Ltd. Next, the same Way as in Example 
1 Was performed except that ?ring conditions Were made as 
folloWs: a temperature of 1900° C. and a pressure of 20 MPa 
(200 kg/cm2). In this Way, a hot plate Was manufactured. The 
hot plate Was set into a supporting case 30. 

[0195] After the manufacture of the hot plate, the leakage 
quantity, the thermal conductivity, the oxygen content and so 
on of the ceramic substrate Were measured by the method 
described later. This hot plate Was ?tted to the supporting 
case and then an electric current Was sent thereto. The 
temperature thereof Was raised to 300° C., and subsequently 
a coolant Was introduced into the supporting case to cool the 
hot plate. The time required for the temperature-rising and 
the temperature-dropping Were measured. The results are 
shoWn in Table 1 described later. 
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EXAMPLE 10 

[0196] The same Way as in Example 1 Was performed 
except that press at 30 MPa (300 kgf/cm2) Was performed, 
so as to manufacture a hot plate. The hot plate Was set into 
a supporting case 30. 

[0197] After the manufacture of the hot plate, the leakage 
quantity, the thermal conductivity, the oxygen content and so 
on of the ceramic substrate Were measured by the method 
described later. This hot plate Was ?tted to the supporting 
case and then an electric current Was sent thereto. The 

temperature thereof Was raised to 300° C., and subsequently 
a coolant Was introduced into the supporting case to cool the 
hot plate. The time required for the temperature-rising and 
the temperature-dropping Were measured. The results are 
shoWn in Table 1 described later. 

COMPARATIVE EXAMPLE 1 

Manufacture of a Hot Plate 

[0198] The folloWing paste Was used to conduct formation 
by a doctor blade method to obtain green sheets 0.47 mm in 
thickness: a paste obtained by mixing 1000 parts by Weight 
of aluminum nitride poWder (made by Tokuyama Corp., 
average particle diameter: 1.1 pm), 40 parts by Weight of 
yttria (average particle diameter: 0.4 pm), 115 parts by 
Weight of an acrylic binder, 5 parts by Weight of a dispersant 
and 530 parts by Weight of alcohols composed of 1-butanol 
and ethanol. Except this formation process, the same Way as 
in Example 1 Was performed to manufacture a hot plate. The 
hot plate Was set into a supporting case. 

[0199] After the manufacture of the hot plate, the leakage 
quantity, the thermal conductivity, the oxygen content and so 
on of the ceramic substrate Were measured by the method 
described later. This hot plate Was ?tted to the supporting 
case and then an electric current Was sent thereto. The 

temperature thereof Was raised to 300° C., and subsequently 
a coolant Was introduced into the supporting case to cool the 
hot plate. The time required for the temperature-rising and 
the temperature-dropping Were measured. The results are 
shoWn in Table 1 described later. 

COMPARATIVE EXAMPLE 2 

Manufacture of a Hot Plate 

[0200] The folloWing paste Was used to conduct formation 
by a doctor blade method to obtain green sheets 0.47 mm in 
thickness: a paste obtained by mixing 1000 parts by Weight 
of aluminum nitride poWder (made by Tokuyama Corp., 
average particle diameter: 1.1 pm), 115 parts by Weight of an 
acrylic binder, 5 parts by Weight of a dispersant and 530 
parts by Weight of alcohols composed of 1-butanol and 
ethanol. Except this formation process, the same Way as in 
Example 1 Was performed to manufacture a hot plate. The 
hot plate Was set into a supporting case. 

[0201] After the manufacture of the hot plate, the leakage 
quantity, the thermal conductivity, the oxygen content and so 
on of the ceramic substrate Were measured by the method 
described later. This hot plate Was ?tted to the supporting 
case and then an electric current Was sent thereto. The 

temperature thereof Was raised to 300° C., and subsequently 
a coolant Was introduced into the supporting case to cool the 
hot plate. The time required for the temperature-rising and 
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the temperature-dropping Were measured. The results are 
shoWn in Table 1 described later. 

COMPARATIVE EXAMPLE 3 

[0202] The same Way as in Example 7 Was performed 
except that the amount of yttria Was set to 0.2 part by Weight, 
so as to manufacture a hot plate. The hot plate Was set into 
a supporting case. 

[0203] After the manufacture of the hot plate, the leakage 
quantity, the thermal conductivity, the oxygen content and so 
on of the ceramic substrate Were measured by the method 
described later. This hot plate Was ?tted to the supporting 
case and then an electric current Was sent thereto. The 

temperature thereof Was raised to 300° C., and subsequently 
a coolant Was introduced into the supporting case to cool the 
hot plate. The time required for the temperature-rising and 
the temperature-dropping Were measured. The results are 
shoWn in Table 1 described later. 

COMPARATIVE EXAMPLE 4 

[0204] The same Way as in Example 1 Was performed 
except that the ?ring temperature Was set to 1600° C. and no 
press Was performed, so as to manufacture a hot plate. The 
hot plate Was set into a supporting case. 

[0205] After the manufacture of the hot plate, the leakage 
quantity, the thermal conductivity, the oxygen content and so 
on of the ceramic substrate Were measured by the method 
described later. This hot plate Was ?tted to the supporting 
case and then an electric current Was sent thereto. The 

temperature thereof Was raised to 300° C., and subsequently 
a coolant Was introduced into the supporting case to cool the 
hot plate. The time required for the temperature-rising and 
the temperature-dropping Were measured. The results are 
shoWn in Table 1 described later. 

[0206] Evaluation Method 

[0207] (1) Thermal Conductivity 

[0208] a. An Equipment to be Employed 

[0209] Rigaku-laser ?ash thermal constant measure 
ment equipment LF/TCM-FASS 10B 

[0210] b. Testing Conditions 

[0211] temperature: 25° C., 450° C. 

[0212] ambient condition: vacuum 

[0213] c. Measurement Method 

[0214] The temperature detection in speci?c heat mea 
surement Was carried out by using a thermocouple (Platinel) 
bounded to the back face of each sample by a silver paste. 

[0215] Normal-temperature speci?c heat measurement 
Was carried out by further adhering a light receiving plate 
(glassy carbon) to the upper face of each sample by silicon 
grease and the speci?c heat (Cp) of each sample Was 
calculated according to the folloWing calculation equation 

(1)1 
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AQ l (1) 
CP = {E — CPac' Wac — CPsc ' WS.G}W 

[0216] represents the input energy, AT represents the satu 
ration value of the temperature rise of each sample, CpG_c 
represents the speci?c heat of the glassy carbon, WG_c 
represents the Weight of the glassy carbon, Cps_G represents 
the speci?c heat of the silicon grease, WS_G represents the 
Weight of the silicon grease, and W represents the Weight of 
each sample. 
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table is a value obtained by dividing this voltage by the 
thickness of the ceramic substrate. The application of the 
voltage and the measurement of the voltage at Which the 
dielectric breakdoWn Was caused Were performed by means 
of DCC-30K3T made by Nichicon Co. 

[0223] (5) Temperature-Rising/Dropping Time 

[0224] A time taken until the temperature of each sample 
Was raised up to 300° C. and a time taken until the 

temperature Was dropped from 300° C. to 100° C. Were 
measured. The temperature-dropping Was carried out by 
bloWing air against the sample at 0.1 m3/minute. 

TABLE 1 

thermal time required time required 
oxygen leakage conductivity for the for the breakdown 
(% by pressure quantity WZmK temperature- temperature- voltage 

Weight) (kgf/cm2) (Pa - mz/sec) 25° C. 450° C. rising(min) dropping(min) (kV/mm) 

example 1 1.6 150 1 x 10’9 175 87 7 9 10 
example 2 1.6 100 3 x 10’9 175 87 7 9 10 
example 3 1.6 80 5 x 10’9 170 85 7 9 10 
example 4 1.6 70 8 x 10’9 170 85 7 9 10 
example 5 1.6 50 8 x 10’9 170 85 7 9 10 
example 6 1.6 0 8 x 10’8 160 80 8 10 5 
example 7 1.6 200 1 X 10*10 180 90 6 s 15 
example 8 1.6 204 1 x 10’10 180 90 6 8 15 
example 9 2.5 200 2 x 10’10 — — 8 10 15 

example 10 1.6 300 8 x 10’13 170 50 8 9 15 
comparative 1.6 150 8 x 10’6 140 40 15 20 0.8 
example 1 
comparative <0.05 150 1 x 10’6 140 40 15 20 0.9 
example 2 
comparative <0.05 200 5 x 10’6 140 40 15 20 0 9 
example 3 
comparative 1.6 0 5 x 10’6 140 40 15 20 0 8 
example 4 

[0217] (2) Oxygen Content 

[0218] Samples sintered in the same conditions as those 
for the sintered bodies of Examples and Comparative 
Examples Were pulveriZed in a tungsten mortar and 0.01 g 
of each pulveriZed sample Was measured by the measure 
ment using an oxygen/nitrogen determinator (TC-136 model 
manufacture by LECO. Co.) under the folloWing conditions: 
a heating temperature of 2200° C. and a heating time of 30 
seconds. 

[0219] (3) Leakage Quantity 

[0220] Using samples (area: 706.5 mm2, thickness: 1 mm) 
sintered in the same conditions as those for the sintered 
bodies of Examples and Comparative Examples, the leakage 
quantity Was measured by means of a general-purpose type 
helium leakage detector (MSE-11AU/T P model manufac 
tured by ShimadZu Co.). 

[0221] (4) BreakdoWn Voltage 

[0222] An aluminum foil Was closely adhered to the 
heating face of each sample, and the temperature of the 
sample Was raised to 250° C. Avoltage Was applied betWeen 
the external aluminum foil and the back face of the ceramic 
substrate. Voltage at Which dielectric breakdoWn Was caused 
Was measured. BreakdoWn voltage shoWn in the folloWing 

[0225] As is evident from the results shoWn in Table 1, in 
the ceramic substrates constituting the hot plates according 
to Examples 1 to 10, all of the helium leakage quantities 
measured With a helium leakage detector Were 10'7 Pa~m3/ 
sec (He) or less and the thermal conductivities thereof Were 
also high. Therefore, the temperature-rising/dropping prop 
erties thereof Were good. Particularly at the time of cooling, 
the temperatures of the hot plates dropped to 100° C. in a 
short time. The breakdoWn voltages thereof Were also high. 

[0226] On the other hand, in the ceramic substrates con 
stituting the hot plates of Comparative Examples 1 to 4, all 
of the helium leakage quantities thereof Were over 10'7 
Pa-m3/sec (He). Therefore, the thermal conductivities 
thereof Were small and the temperature-rising/dropping 
properties thereof Were not very good. In particular, At the 
time of the temperature-dropping, relatively large time Was 
required. All of these hot plates had poorer values compared 
to Examples 1 to 10. The breakdoWn voltages thereof Were 
also markedly poor. 

[0227] As described above, the hot plate of the present 
invention is sintered to have a leakage quantity of 10'7 
Pa-m3/sec (He) or less according to measurement With a 
helium leakage detector; therefore, the hot plate is superior 
in temperature-rising property, particularly in temperature 
dropping property. 
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INDUSTRIAL APPLICABILITY 1. A hot plate comprising: a ceramic substrate; and a 

[0228] AS described above the hot plate of the present resistance heating element formed on the surface of said 
invention is Sintered to haw’: a 16 akage quantity of 104 ceramic substrate or inside said ceramic substrates 

Pa'm3/SeC (He) or 1655 according to measurement With a Wherein said ceramic substrate has a leakage quantity of 
helium leakage detector; therefore, the hot plate is superior 10-7 Pa~m3/sec (He) or less by measurement with a 
in thermal conductivity and is superior in temperature- helium leakage detector. 
rising/dropping property, particularly temperature-dropping 
property. * * * * * 


