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(57) ABSTRACT 

A heater unit has excellent uniform heat properties in a wafer 
placement Surface, and is capable of rapid temperature 
increase and rapid cooling, also has high rigidity. A heating 
and cooling device that includes the heater unit is used as a 
manufacturing or inspection apparatus and is used for work 
with glass Substrates or semiconductor Substrates for flat 
panel displays. The heater comprises a first uniform heat plate 
having a placement Surface on which a substrate is placed, a 
second uniform heat plate for Supporting the first uniform 
heat plate, and at least one layer of a insulated resistance 
heating element provided between the first uniform heat plate 
and the second uniform heat plate. The first uniform heat plate 
and the second uniform heat plate have a differing thermal 
conductivity and differing Young's modulus. 
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HEATER UNIT, HEATING AND COOLING 
DEVICE, AND APPARATUS COMPRISING 

SAME 

BACKGROUND OF THE INVENTION 

0001 1. Technical Field 
0002 The present invention relates primarily to a heater 
unit used to heat a glass Substrate or a semiconductor Sub 
strate for a flat panel display, a heating and cooling device 
including this heater unit, and a manufacturing or inspection 
apparatus equipped with these devices; the present invention 
particularly relates to a heat treatment apparatus used in a 
photolithography step or a prober inspection step, or to a heat 
treatment apparatus used in the final inspection step of a 
semiconductor Substrate. 
0003 2. Related Background Art 
0004. Many apparatuses have been developed which can 
heat-treat an object to be heated when it is placed thereon, and 
there are heating and cooling devices composed of aluminum 
or another metal or a ceramic, for example, see Japanese 
Laid-open Patent Application No. 11-0403.30 and Japanese 
Laid-open Patent Application No. 2007-150294. 
0005 Among these apparatuses, a heater used in the 
manufacturing step or inspection step of a semiconductor 
apparatus or a flat panel display needs to have uniformity of 
temperature distribution (also referred to as uniform heat 
properties hereinbelow) particularly in the surface on which 
the object to be heated is placed. Specific examples of the 
aforementioned steps include heat-curing of a photosensitive 
resin, heat-firing of a low-dielectric insulating film Such as a 
low-K film, CVD film formation for forming wiring, an insu 
lating layer, or the like, etching, and other steps. Otherwise, to 
perform inspection at the desired temperature, the heater used 
to raise the temperature of the substrate must have the same 
characteristics. 
0006. In the production of these semiconductor appara 
tuses and flat panel displays, a goal is to reduce the price of the 
products by large-scale production by continuous operation, 
and because of this, there is demand for shortening the takt 
time with the manufacturing apparatuses and inspection 
apparatuses. To obtain a high throughput with one apparatus, 
the treatment time of the heat treatment step itself of the 
object being treated must of course be shortened, the object 
being maintained at a constant temperature and Subjected to a 
predetermined treatment, and what also must be shortened is 
the time needed to change the set temperature of the heater 
(temperature increasing time, cooling time) along with 
changes in the treatment conditions. 
0007 To resolve the problems described above, the inven 
tors have already invented a heater for manufacturing a semi 
conductor apparatus. This heater is configured so that a cool 
ing plate and a heater plate which have desired heat capacities 
can be separated from each other and brought in contact with 
each other. With this heater, during heating, the cooling plate 
is rapidly increased in temperature by being separated from 
the heater plate, and during cooling, the cooling plate is 
brought in contact with the heated heater plate, whereby the 
placement stand provided to the heater plate and the object to 
be heated placed on this placement stand can be rapidly 
cooled (see Japanese Laid-open Patent Application No. 2004 
0.14655). Thereby, it has been possible to shorten the required 
time of the entire production process. 
0008 FIG. 11 is a schematic cross-sectional view of the 
heater described above. Aheater 1 is configured from a heater 

Jun. 16, 2011 

plate 2 on which a Substrate is placed and heated, a cooling 
plate 3 for quickly cooling the heater plate 2, and a container 
4 composed of stainless steel or the like for shielding the heat 
of the heater plate 2 from being easily transferred to other 
production apparatuses. The heater plate 2 is Supported by a 
rod or other Support means (not shown) provided to the con 
tainer 4. The heater plate 2 is also provided with a side 
thermometer or another temperature sensor 5 for measuring 
the temperature of the heater. 
0009. The heater plate 2 can be configured, for example, 
from a placement stand 50 on which a semiconductor sub 
strate is placed, and heating element circuit 51 arranged in, 
e.g., a coiled configuration, and disposed on the underside of 
the placement stand 50. The heating element circuit 51 may 
be formed by tungsten metallization. The heating element 
circuit 51 is insulated by being coated by an electrical insu 
lating film (not shown). 
0010 FIG. 12 is an example showing the structure of the 
heater plate 2. Specifically, a heating element circuit 53 con 
figured from stainless steel or nickel chrome foil is sand 
wiched between insulating sheets 54 as necessary and is 
placed between a placement plate 52 and a press plate 55. The 
press plate 55 and the placement plate 52 are mechanically 
fixed in place using rivets, bolts and nuts, or other coupling 
means 56. Wiring (not shown) is connected to the heating 
element circuits 51, 53, and the heater plate 2 performs heat 
ing by a Supply of electricity via this wiring. 
0011 Referring again to FIG. 11, a refrigerant flow pas 
sage 3a is formed in the cooling plate 3, through which 
refrigerant is caused to flow for cooling purposes. Separating 
and bringing the cooling plate 3 and heater plate 2 together 
can be accomplished by driving the cooling plate 3 up and 
down by an air cylinder or another raising/lowering mecha 
nism (not shown), for example. During heating, the cooling 
plate 3 is driven downward and separated from the heater 
plate 2 as shown in FIG. 13A. During cooling, the cooling 
plate 3 is driven upward and brought in contact with the heater 
plate 2 as shown in FIG. 13B. 
(0012 Next, referring to FIGS. 13A and 13B, a description 
is given of the procedure for performing the heat treatment on 
the object to be heated using the heater 1. First, electricity is 
passed through the heating element circuit 51 of the heater 
plate 2, which has a low temperature in the state shown in 
FIG. 13A, and the heater plate 2 is increased in temperature. 
A wafer (semiconductor Substrate), a glass Substrate, or 
another object to be heated S is then placed on the placement 
stand 50, and the object to be heated S is heated. When the 
heat treatment, which is about 60 to 180 seconds, is ended, the 
object to be heated Sistaken off of the placement stand 50, the 
next object to be heated S is placed on the placement stand 50. 
and the same heat treatment is performed. 
0013. After the heat treatment described above has been 
repeated and a predetermined quantity of objects to be heated 
S have been heat treated, the temperature conditions are 
changed in order to perform a heat treatment for a process 
separate from the heat treatment described above. When the 
temperature condition changes are changes that cause the 
temperature to increase, the temperature may be changed 
merely by changing the energy Supply conditions in the State 
shown in FIG. 13A. When the changes cause the temperature 
to decrease, the energy Supply to the heating element circuit 
51 of the heater plate 2 is temporarily stopped, after which the 
raising/lowering mechanism (not shown) is used to bring the 
cooling plate 3 in contact with the heater plate 2 as shown in 
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FIG. 13B, and the heat of the heater plate 2 diffuses to the 
cooling plate 3. The temperature of the heater plate 2 and the 
object to be heated S can thereby be lowered rapidly. 
0014. At this time, cooling water or another refrigerant 
may be caused to flow through the refrigerant flow passage 
(not shown in FIG. 13) of the cooling plate 3. The heat 
transferred to the cooling plate 3 is expelled out of the heater 
system via this refrigerant, whereby heat can be effectively 
vented. After the temperature sensor 5 for controlling the 
heater has sensed that the set temperature has been approxi 
mately reached, the cooling plate 3 is separated from the 
heaterplate 2 and returned to the state shown in FIG. 13A, and 
an energy Supply to the heating element circuit 51 is started in 
order to maintain the set temperature. The throughput can be 
improved by changing the temperature conditions during 
cooling in a short amount of time in this manner. 

DISCLOSURE OF THE INVENTION 

Problems which the Invention is Intended to Solve 

0015. However, since recently there has been a demand for 
greater precision and improved throughput, there is also 
demand for faster temperature increasing rates and cooling 
rates while maintaining highly uniform heat properties in the 
placement surface of the heater plate. To achieve this, it is 
preferable that the heat capacity of the placement stand be 
reduced as much as possible, i.e., that the placement stand be 
reduced in weight and thinned. However, when the placement 
stand is formed from a metal plate, the metal has low rigidity; 
therefore, the metal bends when thinned and warps when 
increased in temperature, and it has not been possible to 
maintain satisfactory uniform heat properties. When the 
placement stand is formed from a ceramic plate, the ceramic 
has comparatively high rigidity and can therefore be made 
thinner, but when the ceramic is thinned it is difficult to ensure 
uniform heat properties, the ceramic readily cracks, and the 
ceramic has not withstood practical application. 
0016. The present invention was devised in view of prob 
lems such as those described above, and an object thereof is to 
increase the rates of temperature increase and temperature 
decrease without compromising the uniform heat properties 
in the placement Surface, or while maintaining more highly 
uniform heat properties than in conventional practice. By 
accomplishing this object, particularly in the process of 
manufacturing semiconductor apparatuses or flat panel dis 
plays, the heating process under Subsequent conditions can be 
carried out quickly after changes have been made to the 
temperature conditions so as to increase or reduce the tem 
perature. By achieving highly uniform heat properties in the 
placement Surface, it is possible to reduce discrepancies in the 
film thickness or line width during the photolithography step, 
for example, during the semiconductor manufacturing pro 
CCSS, 

0017. In other words, an object is to improve the produc 
tivity, performance, yield rate, and reliability of semiconduc 
tor apparatuses and flat panel display apparatuses manufac 
tured and inspected by this heat treatment step, by reducing 
temperature discrepancies in the placement Surface during 
the heat treatment step and shortening the time needed to 
increase the temperature and change the cooling temperature. 

Means Used to Solve the Above-Mentioned 
Problems 

0018 To achieve the objects described above, the heater 
unit provided by the present invention is a heater unit com 
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prising a first uniform heat plate having a placement Surface 
for placing a Substrate, a second uniform heat plate for Sup 
porting the first uniform heat plate, and at least one layer of a 
insulated resistance heating element provided between the 
first uniform heat plate and the second uniform heat plate; the 
first uniform heat plate of the heater unit having a first thermal 
conductivity K1 and a first Young's modulus Y1, and the 
second uniform heat plate of the heater unit have a second 
thermal conductivity K2 and a second Young's modulus Y2. 
where K1z K2 and Y1zY2. 

0019. Another embodiment of the present invention is a 
heater unit wherein the first uniform heat plate is formed of a 
metal, the second uniform heat plate is formed of a ceramic or 
a metal-ceramic composite material, the relationship between 
the thermal conductivity of each of the first uniform heat plate 
and the second uniform heat plate, is K1-K2, and the rela 
tionship between the Young's modulus of each of the first 
uniform heat plate and the second uniform heat plate is 
Y2Y1. 

0020. Another embodiment of the present invention is a 
heater unit wherein the total of the thicknesses of the first 
uniform heat plate and the second uniform heat plate is 40 or 
less of the diameter of the first uniform heat plate, the insu 
lated resistance heating element is integrally formed using a 
resistance heating element and a heat-resistant insulator, the 
heat-resistant insulator is a heat-resistant insulator whose 
primary constituent is polyimide or Teflon, or both, and the 
thickness of the insulated resistance heating element is 0.5 
mm or less. 

0021. Another embodiment of the present invention is a 
heater unit wherein the first uniform heat plate and the second 
uniform heat plate are both 1 mm or greater in thickness. 
0022. Another embodiment of the present invention is a 
heater unit where the second uniform heat plate has a Surface 
in contact with the insulated resistance heating element and 
the surface has a flatness that is 100 um or less. 
0023. Another embodiment of the present invention is a 
heater unit wherein the second uniform heat plate has a Sur 
face in contact with the insulated resistance heating element, 
the Surface includes an upwardly concave shape. 
0024. Another embodiment of the present invention is a 
heater unit wherein the first uniform heat plate and the second 
uniform heat plate are bonded together so that their opposing 
surfaces are movable relative to each other in substantially 
parallel directions, and one of the first uniform heat plate and 
the second uniform heat plate is formed of metal and is 
Subjected to processing providing flexibility on at least one 
side, while the other of the first uniform heat plate and the 
second uniform heat plate is formed of a ceramic or a metal 
ceramic composite material. 
0025. Another embodiment of the present invention is a 
heater unit wherein the one of the first uniform heat plate and 
the second uniform heat plate comprises a metal with a first 
thickness and the other of the first uniform heat plate and the 
second uniform heat plate comprises a ceramic or a metal 
ceramic composite material with a second thickness, the first 
thickness being equal to or less than the second thickness. 
0026. Another embodiment of the present invention is a 
heater unit wherein the second uniform heat plate includes a 
Surface in contact with the insulated resistance heating ele 
ment, the Surface having a flatness that is 100 um or less. 
0027. Another embodiment of the present invention is a 
heater unit wherein the second uniform heat plate includes a 
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Surface in contact with the insulated resistance heating ele 
ment, the Surface having an upwardly concave shape. 
0028. Another embodiment of the present invention is a 
heater unit wherein the bond allowing the relative movement 
is a bond achieved by vacuum-Suction means or a bond 
achieved by bonding means including a combination of 
screws and bearings. 
0029. Another embodiment of the present invention is a 
heater unit further comprising a vacuum-sealing member 
used as the vacuum-Suction means. 

0030. Another embodiment of the present invention is a 
heater unit wherein the vacuum-sealing member is disposed 
in an external peripheral vicinity of the first uniform heat plate 
and the second uniform heat plate. 
0031. Another embodiment of the present invention is a 
heating and cooling device comprising the heater unit of the 
previously described embodiments, and a mobile cooling 
plate provided underneath the heater unit. 
0032. Another embodiment of the present invention is a 
manufacturing or inspection apparatus for glass Substrates or 
semiconductor Substrates for flat panel displays, comprising 
the heater unit of the previously described embodiments. 
0033. Another embodiment of the present invention is a 
manufacturing or inspection apparatus for glass Substrates or 
semiconductor Substrates for flat panel displays, comprising 
the heating and cooling device of the previously described 
embodiments. 

Effect of the Intentioned 

0034. According to the present invention, the flatness of 
the placement stand does not change over time, and either 
uniform heat properties similar to conventional practice can 
be maintained, or more highly uniform heat properties than in 
conventional practice can be maintained. Furthermore, 
according to the present invention, changes in flatness during 
temperature increases and decreases can be Suppressed and 
the rate of temperature increases and decreases can be 
increased while the creation of particles is also Suppressed. 
0035. As a result, particularly in the steps of manufactur 
ing a semiconductor apparatus or a flat panel display appara 
tus, after temperature conditions have been changed so that 
the temperature increases or decreases, the heating process 
can be quickly carried out under different conditions. By 
achieving highly uniform heat properties in the placement 
Surface of the placement stand, it is possible to reduce dis 
crepancies in the film thickness or line width during, for 
example, the photolithography step of the semiconductor 
manufacturing process. Furthermore, in the inspection step, it 
is possible to consistently replicate fixed uniform heat prop 
erties and probing properties in the prober apparatus without 
varying the flatness of the placement Surface. 
0036. It is thereby possible to provide a heating and cool 
ing device which is highly reliably for a manufacturing appa 
ratus or inspection apparatus of a semiconductor Substrate or 
a glass Substrate for a flat panel display. That is, by stabilizing 
the temperature discrepancies in the placement Surface in the 
heat treatment step and shortening the time needed to change 
the temperature for temperature increases and cooling, it is 
possible to improve the productivity, performance, yield rate, 
and reliability of semiconductor apparatuses and flat panel 
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display apparatuses manufactured and inspected by this heat 
treatment step. In the present invention, manufacturing at low 
cost can also be achieved. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0037 FIG. 1 is a schematic sectional view showing the 
heating and cooling device according to the first embodiment 
of the present invention, which is accommodated in a con 
tainer, 
0038 FIG. 2 is a schematic sectional view showing the 
heating and cooling device according to the first embodiment 
of the present invention, which is accommodated in a con 
tainer, 
0039 FIG. 3A is a schematic view showing a state in 
which the mobile cooling plate in the heating and cooling 
device shown in FIG. 1 is separated from the heater unit; 
0040 FIG. 3B is a schematic view showing a state in 
which the mobile cooling plate in the heating and cooling 
device shown in FIG. 1 is in contact with the heater unit; 
0041 FIG. 4A is a schematic sectional view showing the 
heater unit according to the second embodiment of the 
present invention; 
0042 FIG. 4B is a schematic sectional view showing the 
heater unit according to the second embodiment of the 
present invention; 
0043 FIG. 4C is a schematic sectional view showing the 
heater unit according to the second embodiment of the 
present invention; 
0044 FIG. 4D is a schematic sectional view showing the 
heater unit according to the second embodiment of the 
present invention; 
0045 FIG. 5 is a schematic view showing a specific 
example of processing for providing flexibility in a metal 
uniform heat plate of the heater unit according to the second 
embodiment of the present invention; 
0046 FIG. 6 is a schematic sectional view showing 
another example of the heater unit according to the second 
embodiment of the present invention; 
0047 FIG. 7 is a schematic sectional view showing an 
example of an insulated resistance heating element of the 
heater unit according to the second embodiment of the 
present invention; 
0048 FIG. 8A is a schematic sectional view showing yet 
another example of the heater unit according to the second 
embodiment of the present invention; 
0049 FIG. 8B is a schematic sectional view showing yet 
another example of the heater unit according to the second 
embodiment of the present invention; 
0050 FIG. 9A is a schematic partial sectional view show 
ing a specific example of the vacuum-sealing member pro 
vided in the preferred manner to the heater unit according to 
the second embodiment of the present invention; 
0051 FIG.9B is a schematic partial sectional view show 
ing a specific example of the vacuum-sealing member pro 
vided in the preferred manner to the heater unit according to 
the second embodiment of the present invention; 
0.052 FIG.9C is a schematic partial sectional view show 
ing a specific example of the vacuum-sealing member pro 
vided in the preferred manner to the heater unit according to 
the second embodiment of the present invention; 
0053 FIG. 10 is a schematic sectional view showing a 
heating and cooling device comprising a mobile cooling plate 
and the heater unit of the second embodiment of the present 
invention, which is accommodated in a container; 
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0054 FIG. 11 is a schematic sectional view showing a 
conventional heater composed of a heater plate and a cooling 
plate; 
0055 FIG. 12 is a schematic sectional view showing 
another specific example of a conventional heater plate; 
0056 FIG. 13A is a schematic sectional view showing a 
state in which the heater plate and the cooling plate of the 
conventional heater are separated; and 
0057 FIG. 13B is a schematic sectional view showing a 
state in which the heater plate and the cooling plate of the 
conventional heater are in contact. 

DETAILED DESCRIPTION OF THE INVENTION 

0058. The heater unit of the present invention is a heater 
unit comprising a first uniform heat plate having a placement 
Surface on which a Substrate is placed, a second uniform heat 
plate for Supporting the first uniform heat plate, and an insu 
lated resistance heating element made of at least one layer 
provided between the first uniform heat plate and the second 
uniform heat plate, wherein the first uniform heat plate and 
the second uniform heat plate have different thermal conduc 
tivities and Young's moduli. 
0059. The heating and cooling device of the present inven 
tion comprises the heater unit of the present invention, and a 
mobile cooling plate provided underneath the heater unit. 
0060. The manufacturing or inspection device for a semi 
conductor Substrate or for a glass Substrate for a flat panel 
display of the present invention comprises the heater unit or 
the heating and cooling device of the present invention. Pre 
ferred embodiments of the present invention are described 
hereinbelow with reference to the drawings. 
0061 First, the first embodiment of the present invention 
will be described. 
0062. The heater unit of the first embodiment of the 
present invention is the heater unit characterized in that the 
first uniform heat plate is composed of metal, the second 
uniform heat plate is composed of a ceramic or a metal 
ceramic composite material, the relationship between the 
thermal conductivities of the first uniform heat plate and the 
second uniform heat plate, denoted as K1 and K2 respec 
tively, is K1-K2, and the relationship between the Young's 
moduli of the first uniform heat plate and the second uniform 
heat plate, denoted as Y1 and Y2 respectively, is Y2>Y1. 
0063 FIG. 1 relates to the first embodiment, and is a 
schematic sectional view of a heating and cooling device 1 
comprising a heater unit 10 on which a wafer is placed and 
heated, and a mobile cooling plate 20 provided at the bottom 
of the heater unit 10. The heater unit 10 has a first uniform 
heat plate 11, a second uniform heat plate 12 for Supporting 
the first uniform heat plate 11 from below, and an insulated 
resistance heating element 13 provided between the first uni 
form heat plate 11 and the second uniform heat plate 12. The 
first uniform heat plate 11 preferably has a circular plate 
shape, one side of which comprises a wafer placement Surface 
11a on which a wafer is placed. The shapes of the second 
uniform heat plate 12 and the insulated resistance heating 
element 13 are not particularly limited, but are preferably 
circular plate shapes having the same diameter as the first 
uniform heat plate 11. 
0064. The first uniform heat plate 11 is formed from a 
metal that is a material having high thermal conductivity in 
order to obtain highly uniform heat properties in the wafer 
placement Surface 11a. The type of metal is not particularly 
limited, but the thermal conductivity is preferably 100 W/mk 
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or greater. Possible examples of this metal include copper, 
aluminum, tungsten, molybdenum, alloys including these 
metals, and the like. 
0065. The second uniform heat plate 12 is formed from a 
ceramic or a metal-ceramic composite material that has a high 
Young's modulus in order to provide the entire heater unit 10 
with high rigidity. The type of ceramic is not particularly 
limited, but possible examples include silicon carbide, alu 
mina, aluminum nitride, silicon nitride, and the like. Possible 
examples of the metal-ceramic composite material include a 
composite of aluminum or silicon, and silicon carbide, alu 
minum nitride, or another ceramic. 
0066. When the uniform heat plate is made of metal or a 
metal-ceramic composite material, the Surface may be treated 
with a highly corrosion-resistant material Such as Ni or 
another comparatively hard metal, alumite, or another 
ceramic, or a Teflon-based or polyimide-based resin. In addi 
tion to durability being improved by Such a surface treatment, 
it is possible to prevent contamination or the occurrence of 
particles which would be a source of contamination in the 
semiconductor manufacturing apparatus or other final prod 
ucts. The same Surface treatment may of course also be per 
formed in the case of ceramics. 
0067. In the first embodiment of the present invention, 
with the combination of materials of the first uniform heat 
plate 11 and the second uniform heat plate 12 as described 
above, when the thermal conductivity of the first uniform heat 
plate 11 at room temperature is denoted as K1, the Young's 
modulus as Y1, the thermal conductivity of the second uni 
form heat plate 12 as K2, and the Young's modulus as Y2, they 
have the relationships K1>K2 and Y2>Y1. Thereby, the first 
uniform heat plate 11 can be given the role of increasing the 
uniform heat properties in the wafer placement Surface 11a. 
while the second uniform heat plate 12 can be given the role 
of increasing the rigidity of the entire heater unit 10, and as a 
result, it is possible to achieve with low cost a heater unit 10 
having both highly uniform heat properties and high rigidity. 
0068 That is, the first uniform heat plate 11 is formed 
from a metal of high thermal conductivity and the second 
uniform heat plate 12 is formed from a highly rigid ceramic or 
metal-ceramic composite material so as to satisfy the afore 
mentioned relationships between the two layer's thermal con 
ductivities and between the two layer's Young's moduli, and 
the insulated resistance heating element 13 also provided 
between these two plates, whereby the heat generated by the 
insulated resistance heating element 13 can be transferred to 
the first uniform heat plate 11 of high thermal conductivity 
and quickly diffused through the entire surface of the wafer 
placement Surface 11a. Highly uniform heat properties are 
thereby obtained in the wafer placement surface 11a. 
0069. Since the rigidity of the heater unit 10 can be settled 
by the second uniform heat plate 12, the first uniform heat 
plate 11 can be reduced in thickness. As a result, the heat 
capacity of the first uniform heat plate 11 can be reduced, and 
it is possible to rapidly increase or reduce the temperature of 
the wafer placed on the wafer placement surface 11a. Thus, 
rapid temperature increase is possible regardless of the heater 
unit 10 shown in FIG. 1 being highly rigid. This is particularly 
effective when the heater unit 10 is used in an inspection 
apparatus Such as a wafer prober which applies a strong 
perpendicular force to the wafer placement surface 11a. 
0070 The specific Young's modulus of the second uni 
form heat plate 12 is not particularly limited, but is preferably 
200 GPa or greater. This is because at 200 GPa or greater, the 
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deformation of the second uniform heat plate 12 can be 
reduced significantly, and the second uniform heat plate 12 
can thereby be made thinner and lighter. 
0071. As described above, the second uniform heat plate 
12 is characterized in having high rigidity and a lowerthermal 
conductivity than the first uniform heat plate 11, but the 
thermal conductivity of the second uniform heat plate 12 is 
preferably high to a certain extent. The reason for this is 
because the mobile cooling plate is provided at the bottom of 
the second uniform heat plate 12 as will be described herein 
after, and the heat of the heater unit 10 can therefore be 
transferred to the cooling plate without requiring much time. 
From this viewpoint, the material of the second uniform heat 
plate 12 is preferably silicon carbide, aluminum nitride, or 
silicon nitride in the case of a ceramic, and preferably a 
composite of aluminum or silicon and silicon carbide or alu 
minum nitride in the case of a metal-ceramic composite mate 
rial. 

0072 The second uniform heat plate 12 and the first uni 
form heat plate 11 which has the lower Young's modulus are 
bonded together by screws or the like as will be described 
hereinafter, and the first uniform heat plate 11 and the second 
uniform heat plate 12 are thereby firmly fixed together via the 
insulated resistance heating element 13. When heating and 
cooling are alternately repeated by the insulated resistance 
heating element 13 and the hereinafter-described mobile 
cooling plate 20 in this state, the surface of the first uniform 
heat plate 11 in contact with the insulated resistance heating 
element 13 conforms to the shape of the surface of the second 
uniform heat plate 12 in contact with the insulated resistance 
heating element 13, regardless of the insulated resistance 
heating element 13 being located in between the two plates. In 
other words, the surface of the former deforms along the 
shape of the surface of the latter. 
0073. As a result, if the surface of the second uniform heat 
plate 12 in contact with the insulated resistance heating ele 
ment 13 has poor flatness, the flatness of the surface of the first 
uniform heat plate 11 in contact with the insulated resistance 
heating element 13 is also worsened, and the effect of this 
causes the flatness of the wafer placement surface 11a of the 
first uniform heat plate 11 to worsen. Thereby, there is a risk 
of the uniform heat properties being reduced in the wafer 
placement surface 11a. To avoid such problems, the flatness 
of the surface of the second uniform heat plate 12 in contact 
with the insulated resistance heating element 13 is preferably 
100 um or less, and more preferably 50 um or less. Specifi 
cally, if the flatness exceeds 100 um, the flatness of the wafer 
placement Surface 11a gradually worsens, and there is a risk 
that the uniform heat properties in the wafer placement sur 
face 11a will decrease as well. 

0074. Even if the surface of the second uniform heat plate 
12 in contact with the insulated resistance heating element 13 
has a flatness of 100 um or less, the shape of this surface, 
rather than being upwardly convex, preferably concaves 
upward, i.e., preferably has a mortar-like shape wherein the 
substantial center of the surface is caved in. The reason for 
this is because if the surface of the second uniform heat plate 
12 in contact with the insulated resistance heating element 13 
concaves upward, the deformation of the first uniform heat 
plate II along this shape progresses Smoothly, and the effect of 
the decrease in uniform heat properties in the wafer place 
ment surface 11a cantherefore be reduced. The term “flatness 
of the surface” refers to the distance between two other flat 
surfaces parallel to each other on either sides of the first 
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Surface, wherein the two flat Surfaces are envisioned as having 
the shortest possible distance separating them from each 
other. 
0075. The first uniform heat plate 11 may have a hole, 
groove, or other concavity for fixing the placed wafer by 
suction in the side with the wafer placement surface 11a. This 
concavity is formed by common mechanical processing, and 
the first uniform heat plate 11 is therefore preferably a mate 
rial that is easily mechanically processed. This is another 
respect from which it is preferable that the first uniform heat 
plate 11 be a material having a lower Young's modulus than 
the second uniform heat plate 12. 
0076 A possible example of a preferred embodiment of 
the heater unit 10 which takes all this into account is a case in 
which copper or a copper alloy is used for the material of the 
first uniform heat plate 11, and SiC. AlN, Si SiC (a com 
posite of Si and Sic), or Al SiC (a composite of Al and SiC) 
is used for the material of the second uniform heat plate 12. 
When the intention is to make the heater unit 10 lighter, 
aluminum or an alloy thereof is preferably used for the mate 
rial of the first uniform heat plate 11, and SiC or Si SiC is 
preferably used for the material of the second uniform heat 
plate 12. 
0077. In the first embodiment of the present invention, the 
total (A1+A2) of the thickness of the first uniform heat plate 
11 (A1) and the thickness of the second uniform heat plate 12 
(A2) is preferably /40 of the diameter of the first uniform heat 
plate 11 (B) or less. If this value exceeds /40, the heat capacity 
of the entire heater unit 10 will be too large, and it will be 
difficult to rapidly increase the temperature or perform rapid 
cooling. The thickness of the first uniform heat plate 11 (A1) 
and the thickness of the second uniform heat plate 12 (A2) are 
both preferably 1 mm or greater. This is because if these 
thicknesses are any lower, there is a risk of the first uniform 
heat plate 11 or the second uniform heat plate 12 warping or 
cracking. 
0078. The resistance heating element 13a heats the wafer 
placed on the wafer placement surface 11a by Joule heat 
produced when electricity is Supplied to a conductor. This 
conductor is not limited, but microfabricated metal foil is 
preferably used. Examples of materials that can be used for 
the conductor include nickel, stainless steel, silver, tungsten, 
molybdenum, chrome, inconel, and alloys thereof. For 
example, a stainless steel or nickel chrome foil can beformed 
by etching so as to form a spiraling heating element circuit 
pattern, for example. Of these examples, stainless steel in 
particular is preferred. This is because a fine metal foil can be 
processed in a comparatively precise manner. In addition to 
being inexpensive, this foil is also preferred because, being 
resistant to oxidation, the foil can withstand use over 
extended periods even at high temperatures. Possible 
examples of the method for processing the fine metal foil 
include etching, laser processing, and the like. 
007.9 The insulated resistance heating element 13 of the 
present invention may have a structure in which a heat-resis 
tant insulator is integrally formed with a resistance heating 
element 13a. The heat-resistant insulator may be a heat-re 
sistant insulator whose primary constituent is polyimide or 
Teflon, or both. The thickness (C) of the insulated resistance 
heating element 13 having this integrated structure is prefer 
ably 0.5 mm or less. This is because if the thickness exceeds 
0.5 mm, there will be heat transfer resistance during cooling, 
and it will be difficult to perform rapid cooling. The lower 
limit of the thickness (C) of the insulated resistance heating 
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element 13 having this integrated structure is not particularly 
limited, but is commonly 0.02 mm or greater. This is because 
it is technically difficult to create a thin insulated resistance 
heating element 13 having a thickness of less than 0.02 mm, 
and it would not be cost-effective. 
0080 Insulation can be provided between the resistance 
heating element 13a and the first uniform heat plate 11, 
between the resistance heating element 13a and the second 
uniform heat plate 12, or between two resistance heating 
elements 13a, for example, by providing a sheet having elec 
trical insulating properties. When there are a plural number of 
layers of resistance heating elements 13a, their stacking order 
is not particularly limited, but the rate oftemperature increase 
can be changed from that of the case of one layer by stacking 
a plurality of layers and allowing them to be energized indi 
vidually. It is also possible to create a design which further 
improves uniform heat properties because local temperature 
control can be performed, for example, by combining heating 
element circuits having different patterns. 
0081 Flexible insulating sheets may be used between the 

first and second uniform heat plates 11, 12 and the resistance 
heating element 13a in order to satisfactorily diffuse the heat 
of the resistance heating element 13a. In this case, it is pref 
erable that a sheet having as high of athermal conductivity as 
possible be used for the insulating sheet. 
0082 For example, when two resistance heating elements 
13a are provided, the configuration is preferably as is shown 
in FIG. 7: insulating sheet 13b/resistance heating element 
13a/insulating sheet 13b/resistance heating element 13a/in 
sulating sheet 13b. Other options include having the resis 
tance heating element 13a in separable contact with the insu 
lating sheet 13b, adhering or fusing only one side of the 
resistance heating element 13a to the insulating sheet 13b. 
and adhering or fusing both sides of the resistance heating 
element 13a to the insulating sheet 13b. When at least one 
side is adhered or fused to the insulating sheet 13b, setting 
these layers between the first and second uniform heat plates 
11, 12 becomes easier. 
0083. In cases of a plurality of resistance heating elements 
13a, the resistance heating elements 13a can be adhered or 
fused together via an insulating sheet 13b, the insulating 
sheets 13b adjacent to the first and second uniform heat plates 
11, 12 can also be adhered or fused to the resistance heating 
elements 13a, and the resistance heating elements 13a and 
insulating sheets 13b can have an integrated structure. When 
a plurality of resistance heating elements 13a are integrated in 
an insulated State in this manner, setting the resistance heating 
elements 13a between the first and second uniform heat plates 
11, 12 becomes easier. The insulated resistance heating ele 
ment may be adhered or fused individually to the first uniform 
heat plate 11 and/or the second uniform heat plate 12. Setting 
becomes easier in this case as well. It is preferable that the 
thinner the insulating sheet 13b, the more the heat resistance 
can be reduced, as long as the thickness required in the elec 
trical insulating design of the resistance heating element 13a 
is satisfied. 

0084. The heater unit 10 is obtained by sandwiching and 
bonding this insulated resistance heating element 13 between 
the first uniform heat plate 11 and the second uniform heat 
plate 12. For this bonding, the first uniform heat plate 11 and 
the second uniform heat plate 12 are preferably fixed together 
using screws, clamps, or another mechanical bonding means, 
for example. The first uniform heat plate 11 and the insulated 
resistance heating element 13 can be adhered together, as can 
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the second uniform heat plate 12 and the insulated resistance 
heating element 13, by an adhesive or another adhesion 
means. Furthermore, a groove, hole, or other concavity for 
vacuum-Suction may be mechanically processed into the Sur 
face of the first uniform heat plate 11 on the side opposite the 
wafer placement surface 11a, and the first uniform heat plate 
11 and the insulated resistance heating element 13 may be 
vacuum-suctioned together. The adhesion between the first 
uniform heat plate 11 and the second uniform heat plate 12 via 
the insulated resistance heating element 13 is further 
improved by combining these bonding means, and the heat 
transfer rate can therefore be further improved. 
I0085 Although it is more difficult to mechanically pro 
cess than the first uniform heat plate 11, the surface of the 
second uniform heat plate 12 facing the insulated resistance 
heating element 13 may be provided with a groove, hole, or 
other concavity for vacuum-Suction, and the second uniform 
heat plate 12 and the insulated resistance heating element 13 
may be vacuum-Suctioned together. A plurality of integrated 
insulated resistance heating elements 13 may be stacked and 
sandwiched between the first uniform heat plate 11 and the 
second uniform heat plate 12. Thereby, the rate of tempera 
ture increase can be increased, and resistance heating ele 
ments having different metal foil patterns can be stacked to 
make more precise temperature control possible. FIG. 2 
shows an example in which two insulated resistance heating 
elements 13 are stacked. 
I0086. The wafer placement surface 11a of the first uniform 
heat plate 11 preferably has a surface roughness Ra of 0.5um 
or less. This is because if this value exceeds 0.5um, it will be 
difficult, during the probing of a semiconductor element 
which generates a large amount of heat, for the heat generated 
by the semiconductor element itself to be satisfactorily trans 
ferred to the first uniform heat plate 11, and there is a risk that 
the temperature of the semiconductor element will be too 
high, causing thermal fracture. It is more preferable that the 
surface roughness Rabe 0.02 um or less because heat can be 
radiated more efficiently. 
I0087. After the heater unit 10 has been assembled by 
bonding the first uniform heat plate 11 and the second uni 
form heat plate 12 together via the insulated resistance heat 
ing element 13, the entire heater unit 10 may beheat treated so 
as to have a heat history in a temperature range (e.g., room 
temperature to 300° C.) encompassing the temperature range 
in which the heater unit is actually used. This heat treatment 
of the heater unit 10 can be performed in a simple manner by 
causing the insulated resistance heating element 13 provided 
to the heater unit 10 to generate heat. 
I0088. Thus, by adding a heat history to the heater unit 10 
in advance, the metal uniform heat plate can be made to 
almost perfectly conform to the other uniform heat plate 
made of a ceramic or a metal-ceramic composite material, 
and the when the heater unit is Subsequently actually used, the 
flatness in the placement surface 11a of the first uniform heat 
plate 11 remains substantially unchanged. Consequently, a 
heater unit 10 of extremely high reliability can be created. 
I0089. It is preferable that the heater unit 10 be provided 
with a temperature sensor 40 as shown in FIG.1. It is thereby 
possible to control the temperature with a high degree of 
precision during the heating of the wafer. The method of 
installing the temperature sensor 40 is not particularly lim 
ited, but when a thermocouple is used, for example, a con 
cavity is preferably provided in the first uniform heat plate 11 
so that the distal end of the thermocouple reaches into the first 
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uniform heat plate 11 to a predetermined position, and it is 
preferable that through-holes be provided in the insulated 
resistance heating element 13 and the second uniform heat 
plate 12 at positions corresponding to the concavity and the 
temperature sensor 40 be passed through the through-holes. 
0090. There are also cases in which the heater unit 10 is 
provided with a bypass hole for allowing the cable of the 
temperature sensor to pass through, a through-hole for a lifter 
pin for lifting up the Substrate, a hole for allowing the passage 
of a cable for energizing the resistance heating element 13, 
and the like. In Such cases, airtightness can be ensured by 
providing O-rings or other vacuum-sealing members so as to 
encircle these holes. 

0091. The mobile cooling plate 20 is provided at the bot 
tom of the heater unit 10. This mobile cooling plate 20 sepa 
rates from the heater unit 10 as shown in FIG. 3A when the 
wafer is heated, and comes in contact with the heater unit 10 
as shown in FIG. 3B when the wafer is cooled. Rapid tem 
perature increase and rapid cooling of the heater unit 10 are 
thereby made possible, and throughput can be improved. 
0092. When the heater unit 10 is used in an inspection 
apparatus Such as a wafer prober, the mobile cooling plate 20 
is separated from the heater unit 10 during probing, whereby 
the pressure of the probe card can be entirely prevented from 
reaching the mobile cooling plate 20. Consequently, the 
mobile cooling plate 20 can have a simple and lightweight 
structure. An air cylinder or another raising/lowering means 
can be used as the method for driving the mobile cooling plate 
2O. 

0093. A soft member (not shown) having deforming capa 
bility, heat resistance, and a high thermal conductivity may be 
provided between the heater unit 10 and the mobile cooling 
plate 20. It is thereby possible to alleviate the problem with 
flatness or warpage in the opposing Surfaces of the heater unit 
10 and mobile cooling plate 20 as well as the resulting prob 
lem with heat transfer resistance. As a result, the original 
cooling capacity of the mobile cooling plate 20 can be 
achieved at its maximum limit, and the heater unit 10 can 
therefore be cooled more rapidly. 
0094 Possible examples that can be used for the material 
of this soft member include a silicon resin; epoxy, phenol, 
polyimide, or another heat-resistant resin; or BN, silica, AlN. 
or another filler dispersed in these resins in order to improve 
thermal conductivity. Alternatively, a foamed metal may be 
used. 

0095. The material of the mobile cooling plate 20 is not 
particularly restricted, and aluminum, copper, or an alloy 
thereof is preferred. This is because these metals have com 
paratively high thermal conductivity and cantherefore absorb 
the heat of the heater unit 10 rapidly. Stainless steel, a mag 
nesium alloy, nickel, or another metal material may also be 
used. Furthermore, in order to provide oxidation resistance to 
the mobile cooling plate 20, a metal film having oxidation 
resistance, such as nickel, gold, or silver may beformed using 
plating, spraying, or another method. 
0096. A ceramic may also be used as the material of the 
mobile cooling plate 20. In this case, the material is not 
particularly limited, but aluminum nitride or silicon carbide is 
preferred. This is because these materials have comparatively 
high thermal conductivities and can therefore quickly absorb 
the heat of the heater unit 10. Alternatively, silicon nitride or 
aluminum oxynitride may be used. This is because these 
materials have high mechanical strength and excellent dura 
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bility. Furthermore, comparatively inexpensive alumina, 
cordelite, Steatite, and other oxide ceramics may be used. 
0097. Since the material of the mobile cooling plate 20 can 
be selected from various options as described above, the 
material can be selected according to its application. Of these 
examples, aluminum treated with alumite and copper plated 
with nickel are preferred for the excellent oxidation resis 
tance, high thermal conductivity, and comparatively low 
price. 
0098. A refrigerant can also be flowed to the mobile cool 
ing plate 20. For example, referring to FIG. 10, an example of 
aheating and cooling device is shownina Schematic sectional 
view, the device comprising the cooling plate 20 below the 
heater unit 10 (i.e., below the second uniform heat plate 12). 
A refrigerant flow passage 20a is formed in the cooling plate 
20, and cooling water or another refrigerant can be flowed 
through this passage. The cooling plate 20 can be driven up 
and down by a raising/lowering mechanism (not shown) com 
posed of an air cylinder or the like, and can be brought in 
contact with/separated from the heater unit 10. 
0099. Since the heat transmitted from the heater unit 10 
can thereby be quickly expelled out of the system, the system 
can be cooled more rapidly. The type of refrigerant is not 
limited, but water, Fluorinert, or another refrigerant is pre 
ferred, and water is more preferred when taking its high 
specific heat or price into account. 
0100. The mobile cooling plate 20 of FIG. 7 is cooled 
directly by the refrigerant flowing through the refrigerant 
passage, but another option is to not form a refrigerant pas 
sage in the cooling plate 20 and to perform cooling indirectly 
using a cooling module. In this case, the cooling plate 20 is 
cooled by coming in contact with a cooling module provided 
at the bottom of the cooling plate 20 when the cooling plate 20 
is separated from the heater unit 10 and lowered. That is, a 
refrigerant passage is formed in the cooling module and 
refrigerant is flowed through this passage, whereby the cool 
ing plate 20 can be indirectly cooled to a predetermined 
temperature. 
0101. A mobile cooling plate 20 having a structure 
through which refrigerant flows is formed by preparing two 
copper (oxygen-free copper) plates, for example, and 
mechanically processing a flow passage through which water 
flows in one of the copperplates. In this copperplate, the other 
copperplate and a stainless steel pipe for letting refrigerant in 
and out are bonded together by soldering. To improve the 
corrosion resistance and oxidation resistance of the two 
bonded copper plates, the copper plates can be prepared by 
forming nickel plating over their entire Surfaces. 
0102 Alternatively, as another structure for allowing the 
flow of refrigerant, a pipe allowing the flow of refrigerant may 
be installed in an aluminum plate, a copper plate, or another 
cooling plate. In this case, the cooling efficiency can be fur 
ther improved by forming a counterbore groove having a 
shape similar to the cross-sectional shape of the pipe in the 
cooling plate and firmly adhering the pipe into the groove. To 
improve adhesion, a resin, ceramic, or another material hav 
ing high thermal conductivity may be provided between the 
pipe and the cooling plate. 
0103) The heater unit 10 and the mobile cooling plate 20 
are preferably accommodated in a container 30 composed of 
stainless steel or the like for shielding the heat of the heater 
unit 10 from easily transferring to other production appara 
tuses (FIG. 1, for example). In this case, the cooling plate 20 
and the container 30 are provided with through-holes for 
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passing through a Support rod for Supporting the heater unit 
10, power Supply wiring, and a temperature sensor. 
0104. In the first embodiment of the present invention, a 
support member (not shown) is preferably provided in order 
to ensure that the heat produced in the heater unit 10 is not 
transferred to components located below the heating and 
cooling device 1. The shape of this support member is not 
particularly restricted, but the support member is preferably 
not in direct contact with the insulated resistance heating 
element 13. For example, a structure is preferred in which the 
bottom surface of the second uniform heat plate 12 is directly 
Supported by a plurality of Support columns arranged in a 
radial pattern. In this case, depending on the shape of the 
mobile cooling plate 20, a through-hole or a recess must be 
formed in the cooling plate 20 so that the cooling plate 20 
does not physically interfere with the support member. The 
shape and number of Support members are not particularly 
limited. 
0105. The thermal conductivity of the support member is 
preferably lower than the thermal conductivity of the second 
uniform heat plate 12, i.e., the value of K2 previously 
described. This impedes the heat of the heater unit 10 from 
being transferred to the components located below the Sup 
port member, and it is therefore possible to prevent heat from 
being transferred to the components of the drive system used 
in the positional alignment of the wafer which is a component 
located at the bottom, for example. As a result, thermal expan 
sion of the components of this drive system can be prevented, 
and reductions in the positional alignment precision of the 
wafer or the like can be prevented. 
0106 The heating and cooling device 1 having the heater 
unit 10 and the mobile cooling plate 20 is preferably accom 
modated in the container 30 as shown in FIG. 1. Since the 
lower portion of the heater unit 10 and the cooling plate 20 can 
thereby be covered, the lower portion of the heater unit 10 and 
the cooling plate 20 can therefore be separated from the 
atmosphere of the chamber in which the heating and cooling 
device 1 is installed. Consequently, various adverse effects on 
the highly uniform heat properties, the rapid temperature 
increasing, and the rapid cooling of the heater unit 10 can be 
Suppressed. 
0107 The heating and cooling device comprising the 
heater unit of the first embodiment of the present invention is 
capable of rapid temperature increases and rapid cooling and 
has high rigidity in addition to having highly uniform heat 
properties in the wafer placement surface, and it is therefore 
possible to manufacture high-quality semiconductor ele 
ments with high throughput by installing the heating and 
cooling device in a semiconductor manufacturing apparatus 
or a semiconductor element inspection apparatus. 
0108. The second embodiment of the present invention is 
described hereinbelow. 
0109. In the heater unit of the second embodiment of the 
present invention, the first uniform heat plate and the second 
uniform heat plate are bonded together so as to be capable of 
moving relative to each other in Substantially parallel direc 
tions in relation to their mutually opposing Surfaces, and 
between the first uniform heat plate and the second uniform 
heat plate, one is composed of a metal and Subjected to 
processing intended to provide flexibility to at least one side, 
while the other is composed of a ceramic or a metal-ceramic 
composite material. 
0110 FIGS. 4A through 4D show schematic cross-sec 
tions of the heater unit 10 of the second embodiment. This 
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heater unit 10 comprises a first uniform heat plate 11 having 
a placement Surface 11a on which a semiconductor Substrate 
or a glass Substrate is placed, and a second uniform heat plate 
12 for supporting the first uniform heat plate 11 from below. 
An insulated resistance heating element 13 made of at least 
one layer is provided between the first uniform heat plate 11 
and the second uniform heat plate 12. An example in which an 
insulated resistance heating element 13 made of two layers is 
provided is shown as one example in FIGS. 4A through D. In 
each of the two layers of the insulated resistance heating 
element 13, a resistance heating element 13a is insulated by 
an insulating sheet 13b. 
0111. The material used in the uniform heat plate on which 
the Substrate is placed is preferably a material having high 
thermal conductivity. The reason for this is because the higher 
the thermal conductivity, the higher uniform heat properties 
can be maintained even if the uniform heat plate is thinned, 
and the heat capacity of the uniform heat plate can therefore 
be kept Small to increase the rate of temperature increase. In 
view of this, the uniform heat plate is preferably formed from 
only a metal having high thermal conductivity, but since 
metals have low Young's moduli, they warp readily when 
formed thin, they warp readily depending on heat history Such 
as temperature raising and lowering, and it has not been 
possible to thin the uniform heat plate. 
0112 Because of this, in the second embodiment of the 
present invention, the first uniform heat plate 11 and the 
second uniform heat plate 12 as used as uniform heat plates, 
wherein one is formed from a metal material while the other 
is formed from a ceramic or a metal-ceramic composite mate 
rial. It is thereby possible for these materials to exhibit their 
special functions, and excellent uniform heat plates can there 
fore be obtained which have the advantages of both materials. 
In other words, in the first embodiment previously described, 
the materials of the first uniform heat plate 11 and the second 
uniform heat plate 12 were a metal and a ceramic or a metal 
ceramic composite material, respectively, whereas in 
Embodiment 2, the materials may be the above combination 
used in the first embodiment as well as may be a ceramic or a 
metal-ceramic composite material for the first uniform heat 
plate 11 and a metal for the second uniform heat plate 12. 
0113. Since the metal is characterized by its high thermal 
conductivity in particular, the function of uniform heat prop 
erties obtained thereby can be exhibited in one of the uniform 
heat plates. Since the ceramic or metal-ceramic composite 
material is characterized by its high rigidity and low thermal 
expansion, the function of maintaining flatness during tem 
perature increasing and decreasing obtained thereby can be 
exhibited in the other uniform heat plate. These two uniform 
heat plates are bonded together via the insulated resistance 
heating element, whereby it is possible to simultaneously 
achieve the various characteristics that cannot be achieved 
with one uniform heat plate alone, i.e., highly uniform heat 
properties, a high degree of flatness which does not readily 
change even during temperature increases and decreases, and 
fast temperature increasing and decreasing properties due to 
thinning. 
0114 For example, the first uniform heat plate 11 which 
has the placement surface 11a may be formed from a metal, 
and the second uniform heat plate 12 may be formed from a 
ceramic or a metal-ceramic composite material, as shown in 
FIGS. 4A and B; or the first uniform heat plate 11 may be 
formed from a ceramic or a metal-ceramic composite mate 
rial while the second uniform heat plate 12 is formed from a 
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metal as shown in FIGS. 4C and D. In FIGS. 4A through D. 
the processing for providing flexibility as will be described 
hereinafter is performed either on the opposing surfaces of the 
first uniform heat plate 11 and the second uniform heat plate 
12 or on the sides opposite these Surfaces. 
0115 Forming the first uniform heat plate 11 having the 
placement Surface 11a from a metal has an advantage in that 
it is easy to perform processes on the first uniform heat plate 
11 itself. Such as vacuous groove processing for Suctioning 
the substrate usually formed on the placement surface 11a, 
for example. Forming the first uniform heat plate 11 from a 
ceramic or a metal-ceramic composite material has an advan 
tage in that the first uniform heat plate 11 has high rigidity, 
therefore there is little deformation from processing and high 
precision processing is easier. 
0116. In either case, the first uniform heat plate 11 and the 
second uniform heat plate 12 are preferably formed from 
materials having high thermal conductivities. The reason for 
this is because, as previously described, the higher the ther 
mal conductivity, the thinner the uniform heat plate can be 
made. Particularly, the uniform heat plates preferably have 
thermal conductivities of 150 W/mK or greater. It is more 
preferably 200W/mK or greater when the uniform heat plate 
is made of metal. Possible examples of metals that satisfy this 
condition include Cu, Al, and alloys containing these metals. 
0117. A uniform heat plate made from a ceramic or a 
metal-ceramic composite material preferably has a Young's 
modulus of 200 GPa or greater. This is because the higher the 
Young's modulus, the more the uniform heat plate can be 
thinned. Possible examples of the ceramic include AIN. SiC. 
alumina, silicon nitride, and composites of these ceramics. 
Possible examples of the metal-ceramic composite material 
include composites of Si, Al, or another metal, and silicon 
carbide, MN, or another ceramic. It is preferable to use a 
composite of Si and silicon carbide, a composite of Al and 
silicon carbide, a composite of Si,Al, and silicon carbide, or 
a composite containing these composites. This is because 
these materials have high thermal conductivities and high 
Young's moduli. 
0118 When the uniform heat plates are made of metal or 
a metal-ceramic composite material, they may be surface 
treated with Nior another comparatively hard metal, alumite 
or another ceramic, or a Teflon-based or polyimide-based 
resin or another highly corrosion-resistant material. In addi 
tion to improving durability, Such a surface treatment can 
prevent the occurrence of contaminants or particles that 
would be sources of contamination in the semiconductor 
apparatus or other final product. The same Surface treatment 
may of course also be performed in the case of a ceramic. 
0119) Next, the flexibility provided to the uniform heat 
plates in the second embodiment is described. 
0120. The uniform heat plate made of metal is subjected to 
processing for providing flexibility to at least one side. The 
uniform heat plate made of metal thereby readily conforms to 
the other highly rigid uniform heat plate which is made of a 
ceramic or a metal-ceramic composite material. That is, even 
if the metal uniform heat plate undergoes a severe change in 
temperature, this metal uniform heat plate can elastically 
deform so as to constantly conform to the opposing Surface of 
the other opposing uniform heat plate. It is apparent that this 
results in particularly preferable effects for a heater unit for 
heating substrate such as the one described hereinbelow. 
0121 That is, by subjecting the metal uniform heat plate to 
processing for providing flexibility and enabling this uniform 
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heat plate to readily conform to the other highly rigid uniform 
heat plate, warping can be suppressed even if the metal uni 
form heat plate is thinned, flatness does not worsen during 
temperature increasing and decreasing, and the uniform heat 
properties consequently do not worsen. Since the metal has 
high thermal conductivity, the uniform heat properties are not 
compromised even if the metal is low in thickness. Conse 
quently, since the metal can be reduced in thickness, the heat 
capacity is low, and fast temperature increasing and decreas 
ing is possible. 
0.122 The processing for providing flexibility to the metal 
uniform heat plate can involve forming concavities N in Such 
forms as notches, recesses, hollows, scratches, incisions, bot 
tomed holes, and through-holes, as shown in FIG.5. There are 
no particular restrictions on the depths of these concavities N 
or on the widths, lengths, shapes, or other features of the 
concavities N when the concavities N are viewed from a 
direction perpendicular to the placement Surface of the uni 
form heat plate, and any desired processing can be used which 
can provide flexibility. 
I0123 Nor are there any particular limits on the number 
(density) of concavities N per unit surface area of the place 
ment Surface, the density distribution, the spaces between 
adjacent concavities, or other factors, which are preferably 
optimized to an extent which yields the flexibility needed in 
order to make the uniform heat plate readily conform to the 
other uniform heat plate. Among these processing examples, 
recesses in particular are preferred. The reason for this is 
because sufficient flexibility can be provided by processing a 
Small number of recesses, and the processing can also be 
performed inexpensively. The processing of Such recesses 
can be performed by mechanical cutting, for example. 
0.124. The concavities N for providing flexibility may be 
provided to one side alone of the metal uniform heat plate as 
in FIGS. 4A and 4B in which the first uniform heat plate 11 is 
made of metal or FIGS. 4C and 4D in which the second 
uniform heat plate 12 is made of metal, or the concavities N 
may be provided to both sides of the metal uniform heat plate 
as in FIG. 6 in which the first uniform heat plate 11 is made of 
metal. When the concavities N are provided to both sides of 
the uniform heat plate, concavities N for providing flexibility 
to the side facing the other uniform heat plate can be used as 
grooves for vacuum-Suction, described hereinafter. 
0.125 Furthermore, if the metal uniform heat plate pro 
vided with concavities Non both sides is the first uniform heat 
plate 11, concavities N for providing flexibility in the side 
with the placement Surface 11a can also be used as grooves 
for Suctioning the Substrate as previously described. 
0.126 Furthermore, the metal uniform heat plate is prefer 
ably appropriately heat treated at a temperature equal to or 
greater than the temperature needed to anneal the metal. For 
example, when Cu is used for the metal uniform heat plate, 
the temperature needed to anneal Cu is approximately 380° 
C., and a heat treatment is therefore preferably performed for 
keeping the Cu uniform heat plate at 400 to 450° C. for 15 
minutes to 8 hours. The metal uniform heat plate thereby 
conforms to the other uniform heat plate made of a ceramic or 
a metal-ceramic composite material even more readily. 
I0127. The thickness of the metal uniform heat plate in the 
second embodiment is preferably equal to or less than the 
thickness of the uniform heat plate made of a ceramic or a 
metal-ceramic composite material. This is because thinning 
the metal uniform heat plate as much as possible makes this 
uniform heat plate conform more readily to the plate surface 
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of the uniform heat plate made of a rigid ceramic or a metal 
ceramic composite material. The uniform heat plate made of 
a ceramic or a metal-ceramic composite material is preferably 
thick enough to ensure rigidity. 
0128. Due to the thickness of the metal uniform heat plate 
being equal to or less than the thickness of the uniform heat 
plate made of a ceramic or a metal-ceramic composite mate 
rial, the metal uniform heat plate conforms more readily to the 
plate surface of the uniform heat plate made of a rigid ceramic 
or a metal-ceramic composite material. Consequently, the 
highly uniform heat properties and the excellent flatness can 
be maintained, the total thickness of the heater unit can be 
reduced, the total heat capacity can be suppressed, and the 
temperature can therefore be increased and decreased 
quickly. 
0129. The insulated resistance heating element 13, the 
resistance heating element 13a, the insulating sheet 13b, the 
temperature sensor 40, the Support member, the container 
(30), the bypass hole for allowing passage of the cable of the 
temperature sensor provided to the heater unit 10, the 
through-hole for the lifter pin for lifting up the substrate, and 
hole for allowing passage of the cable for energizing the 
insulated resistance heating element 13, the soft member, and 
other components can be the same as those described in the 
first embodiment. 

0130. In the second embodiment of the present invention, 
the first uniform heat plate 11 and the second uniform heat 
plate 12 facing each other via the insulated resistance heating 
element 13 are bonded together so as to be capable of moving 
relative to each other in substantially parallel directions in 
relation to their opposing Surfaces, whereby the one uniform 
heat plate made of metal can conform to the other uniform 
heat plate made of a ceramic or a metal-ceramic composite 
material even when the temperature changes. Possible 
examples of the method for bonding these uniform heat plates 
together in a manner that allows them to move relative to each 
other in substantially parallel directions relative to their 
opposing Surfaces include a method of bonding using 
vacuum-Suction means, and bonding method that uses bond 
ing means combining screws and bearings. 
0131 To specifically describe the method of bonding 
using vacuum-Suction means, a groove or another concavity 
is formed in the surface of the first uniform heat plate 11 
facing the insulated resistance heating element 13, and fur 
thermore, through-holes running into the space formed by 
this concavity are formed in the insulated resistance heating 
element 13 and the second uniform heat plate 12. The insu 
lated resistance heating element 13 and the first uniform heat 
plate 11 can be vacuum-Suctioned together by vacuuming this 
space via the through-holes by a vacuum pump or other 
vacuum-creating means. The vacuum Suction between the 
second uniform heat plate 12 and the insulated resistance 
heating element 13 can also be accomplished by vacuuming 
via the groove or other concavity and through-hole formed in 
the second uniform heat plate 12. 
0132) To specifically describe the bonding method that 
uses bonding means combining screws and bearings, a screw 
hole 11b is formed in the surface of the first uniform heat plate 
11 that faces the insulated resistance heating element 13 as 
shown in FIG. 8A, for example, and through-holes are formed 
in positions corresponding to the screw hole 11b in the second 
uniform heat plate 12 and the insulated resistance heating 
element 13. The first uniform heat plate 11 and the second 
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uniform heat plate 12 are then mechanically bonded together 
using a screw 14 threaded into the screw hole 11b of the first 
uniform heat plate 11. 
0.133 Bearing grooves 14a are provided in the bearing 
surface of the head of the screw 14, and bearing balls 15 are 
held in these bearing grooves 14a. The head of the screw 14 is 
thereby able to move in the direction of the surface of the 
second uniform heat plate 12 that is parallel to the bearing 
surface. The bearing structure is not limited to this structure: 
bearing grooves 12a may be provided in locations in the 
second uniform heat plate 12 that face the bearing surface of 
the head of the screw 14, while the bearing balls 15 are held in 
these bearing grooves 12a as shown in FIG. 8B, for example. 
0.134. In the vacuum suction method or the method of 
bonding using a method combining screws and bearings such 
as those described above, the first uniform heat plate 11 and 
the insulated resistance heating element 13 can be made to 
slide against each other in their bordering Surfaces. The sec 
ond uniform heat plate 12 and the insulated resistance heating 
element 13 can also be made to slide against each other in 
their bordering surfaces. In the case of two or more insulated 
resistance heating elements 13, the heat elements insulating 
each other can be made to slide in their bordering Surfaces. As 
a result, the difference in thermal expansion between the first 
uniform heat plate 11 and the second uniform heat plate 12 
can be absorbed. Warping due to the difference in thermal 
expansion between these components during temperature 
increasing or decreasing is thus Suppressed, whereby satis 
factory uniform heat properties in the placement surface can 
be ensured. 
I0135) In the second embodiment of the present invention 
as previously described, since the metal uniform heat plate is 
Subjected to processing for providing flexibility, the metal 
uniform heat plate more readily conforms to the uniform heat 
plate made of a ceramic or a metal-ceramic composite mate 
rial. Consequently, warping caused by the difference in ther 
mal expansion between the first uniform heat plate 11 and the 
second uniform heat plate 12 can be reliably Suppressed, and 
satisfactory uniform heat properties in the placement Surface 
can be ensured. 

0.136. After the heater unit 10 has been assembled by 
bonding the first uniform heat plate 11 and the second uni 
form heat plate 12 together via the insulated resistance heat 
ing element 13, the entire heater unit 10 may beheat treated so 
as to have a heat history in a temperature range (e.g., room 
temperature to 300° C.) encompassing the temperature range 
in which the heater unit is actually used. This heat treatment 
of the heater unit 10 can be performed in a simple manner by 
causing the insulated resistance heating element 13 provided 
to the heater unit 10 to generate heat. 
0.137 Thus, by adding a heat history to the heater unit 10 
in advance, the metal uniform heat plate can be made to 
almost perfectly conform to the other uniform heat plate 
made of a ceramic or a metal-ceramic composite material, 
and the when the heater unit is Subsequently actually used, the 
flatness in the placement surface 11a of the first uniform heat 
plate 11 remains substantially unchanged. Consequently, a 
heater unit 10 of extremely high reliability can be created. 
0.138. Thus, in the heater unit 10 of the second embodi 
ment of the present invention described above, one of the two 
uniform heat plates is made of metal Subjected to processing 
for providing flexibility and this metal plate is also subjected 
to annealing as necessary, while the other uniform heat plate 
is made of a ceramic or a metal-ceramic composite material. 
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In addition to these two uniform heat plates being made to 
face each other via the insulated resistance heating element 
13, the heater unit is also characterized in that the two uniform 
heat plates are bonded together so as to be capable of moving 
relative to each other in substantially parallel directions rela 
tive to their opposing Surfaces. 
0.139. It is thereby possible to provide a heater unit having 
uniform heat properties, stability of flatness, and fast 
increases and decreases in temperature, which were not 
attainable in conventional heater units composed of metal 
plates alone or heater units composed of ceramics or metal 
ceramic composite materials alone. 
0140. After these two uniform heat plates are bonded 
together via the insulated resistance heating element, it is also 
possible to further improve the uniform heat properties and 
the stability of flatness by heat treating the entire integrated 
heater unit as necessary. 
0141 That is, in cases in conventional practice in which 
heat resistance is reduced between the placement stand for 
placing a semiconductor wafer or another substrate and the 
cooling plate for cooling this placement stand, for example, 
methods for securely fixing these two components together 
across nearly their entire opposing Surfaces have been used, 
these methods using either an adhesive or screws or other 
bonding means. However, with these methods, there have 
been instances of bimetal-derived warping during increases 
and decreases in temperature, as a result of the difference in 
thermal expansion between the placement stand and the cool 
ing plate. As a result, there have been instances in which the 
flatness maintained at room temperature worsens and the 
uniform heat properties of the Substrate placed on the place 
ment Surface worsen severely. 
0142. As a countermeasure to this, in the heater unit of the 
second embodiment of the present invention, performing a 
process or treatment which makes one uniform heat plate 
conform readily to the other uniform heat plate as previously 
described makes it possible to continually keep the flatness of 
the placement surface Substantially constant, not only at room 
temperature but during temperature increases and decreases 
as well. The bonding of the two uniform heat plates via the 
insulated resistance heating element is not limited to the 
above-described vacuum Suction, the method combining 
screws and bearings, or adhesion or fusion using the flexible 
insulating sheet described above. Any desired bonding means 
can be used if the bonding allows the one uniform heat plate 
to deform so as to conform to the other uniform heat plate 
when the temperature of the heater unit is increased or 
decreased. 
0143. When heating and cooling are alternately repeated 
by the insulated resistance heating element 13 and the mobile 
cooling plate 20 described hereinafter in a state in which the 
first uniform heat plate 11 and the second uniform heat plate 
12 are bonded together via the insulated resistance heating 
element 13, the surface of the first uniform heat plate 11 in 
contact with the insulated resistance heating element 13 con 
forms to the shape of the surface of the second uniform heat 
plate 12 in contact with the insulated resistance heating ele 
ment 13 regardless of the insulated resistance heating element 
13 being located between the two sheets, as previously 
described. In other words, the surface of the former deforms 
along the surface of the latter. 
0144. As a result, if the surface of the second uniform heat 
plate 12 in contact with the insulated resistance heating ele 
ment 13 has poor flatness, the flatness of the surface of the first 
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uniform heat plate 11 in contact with the insulated resistance 
heating element 13 is also worsened, and the effect of this 
causes the flatness of the placement surface 11a of the first 
uniform heat plate 11 to worsen. Thereby, there is a risk of the 
uniform heat properties being reduced in the placement Sur 
face 11a. To avoid such problems, the flatness of the surface 
of the second uniform heat plate 12 in contact with the insu 
lated resistance heating element 13 is preferably 100 um or 
less, and more preferably 50 m or less. Specifically, if the 
flatness exceeds 100 um, the flatness of the placement surface 
11a gradually worsens, and there is a risk that the uniform 
heat properties in the placement Surface 11a will decrease as 
well. 

0145 Even if the surface of the second uniform heat plate 
12 in contact with the insulated resistance heating element 13 
has a flatness of 100 um or less, the shape of this surface, 
rather than being upwardly convex, preferably concaves 
upward, i.e., preferably has a mortar-like shape wherein the 
substantial center of the surface is caved in. The reason for 
this is because if the surface of the second uniform heat plate 
12 in contact with the insulated resistance heating element 13 
concaves upward, the deformation of the first uniform heat 
plate 11 along this shape progresses Smoothly, and the effect 
of the decrease in uniform heat properties in the placement 
surface 11a can therefore be reduced. The term “flatness of 
the surface” refers to the distance between two other flat 
surfaces parallel to each other on either sides of the first 
Surface, wherein the two flat Surfaces are envisioned as having 
the shortest possible distance separating them from each 
other. 

0146 In the heater unit 10 of the second embodiment of 
the present invention, when the first uniform heat plate 11 and 
the second uniform heat plate 12 are bonded together by 
vacuum Suction as previously described, a vacuum-sealing 
member is preferably included in order to strengthen the 
vacuum suction. This vacuum-sealing member is preferred 
because the adherence can be improved by providing the 
vacuum-sealing member around the external peripheries of 
both the first uniform heat plate 11 and the second uniform 
heat plate 12. 
0147 For example, a possible specific example of a struc 
ture comprising a vacuum-sealing member is a structure in 
which a vacuum-sealing member is formed by an annular 
elastic member 16a, and this elastic member 16a is provided 
in a portion facing flanges provided in the external peripheries 
of both the first and second uniform heat plates 11, 12, as 
shown in FIG.9A. The airtightness of the space formed from 
the first uniform heat plate 11 and the second uniform heat 
plate 12 facing each other can thereby be further improved. 
0148 Alternatively, an annular elastic member 16b may 
be provided around the external peripheral surfaces of the first 
uniform heat plate 11 and the second uniform heat plate 12 so 
as to encircle the external edges of the opposing sides of the 
first uniform heat plate 11 and the second uniform heat plate 
12, as shown in FIG.9B. In the cases of both elastic members 
16a, 16b, their inside diameters are preferably smaller than 
the outside diameters of the first uniform heat plate 11 and the 
second uniform heat plate 12 when no stress is being applied 
to the annular elastic members 16a, 16b. The airtightness 
between the elastic members 16a, 16b and the first and second 
uniform heat plates 11, 12 can thereby be increased before 
Vacuuming. 
0149. As yet another specific example, the external 
peripheries of the opposing Surfaces of the first uniform heat 
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plate 11 and the second uniform heat plate 12 can have 
grooves processed therein which face each other across the 
entire peripheries as shown in FIG. 9C, and an O-ring or 
another seal member 16c can be fitted into these grooves to 
increase the airtightness of the space formed when the uni 
form heat plates face each other. In this case, an airtight seal 
is easily formed by fastening the center vicinities of the first 
and second uniform heat plates 11, 12 together by a screw or 
another bonding means. 
0150. As in the first embodiment, a heating and cooling 
device can be created by providing a cooling plate as neces 
sary underneath the heater unit 10 of the second embodiment. 
The cooling plate can be the same mobile cooling plate 
described in the first embodiment. 

0151. As described above, in the heater unit of the second 
embodiment, which has a structure in which a metal uniform 
heat plate and a uniform heat plate made of a ceramic or a 
metal-ceramic composite material are bonded together via an 
insulated resistance heating element so as to be capable of 
moving relative to each other in directions Substantially par 
allel to their opposing Surfaces, the metal uniform heat plate 
is Subjected to processing for providing flexibility, and a heat 
treatment is performed as necessary on the metal uniform 
heat plate prior to bonding or on the heater unit after it has 
been integrated. As a result, the metal uniform heat plate 
readily conforms to the uniform heat plate made of a ceramic 
or a metal-ceramic composite material, and, consequently, a 
state of adherence can constantly be maintained between 
these two uniform heat plates across almost their entire 
opposing Surfaces, even when the temperature is repeatedly 
increased and decreased by the resistance heating element or 
the cooling plate. 
0152 Thereby, compared with conventional examples in 
which methods for securely fixing two members of different 
materials together using an adhesive or the like with the 
intention of reducing heat resistance, heating and cooling can 
be performed quickly without increasing heat resistance, and 
it is possible to reduce the bimetal-induced warping resulting 
from the difference in thermal expansion between the top and 
bottom uniform heat plates, even in conditions of severe 
temperature changes during rapid heating or rapid cooling. As 
a result, highly uniform heat properties can be constantly 
maintained in the Substrate placed on the placement Surface. 
0153. The third embodiment of the present invention is 
achieved by combining the characteristics of the first embodi 
ment and the second embodiment. For example, the third 
embodiment of the present invention uses the first uniform 
heat plate and the second uniform heat plate used in the first 
embodiment (i.e., the first uniform heat plate which has the 
placement Surface for placing the Substrate, and the second 
uniform heat plate which supports the first uniform heat plate, 
wherein the thermal conductivities of the first uniform heat 
plate and second uniform heat plate, denoted as K1 and K2 
respectively have the relationship K1-K2, and the Young's 
moduli of the first uniform heat plate and second uniform heat 
plate, denoted as Y1 and Y2 respectively, have the relation 
ship Y2>Y1), and the first uniform heat plate and second 
uniform heat plate are bonded together so as to be capable of 
moving relative to each other in directions Substantially par 
allel to their opposing Surfaces. 
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0154 According to the third embodiment, one of either the 
first uniform heat plate and the second uniform heat plate may 
be made from metal and Subjected to processing for providing 
flexibility to at least one side, while the other may be made 
from a ceramic or a metal-ceramic composite material. 
0155 According to the third embodiment, among the first 
uniform heat plate and the second uniform heat plate, the 
thickness of the one made of metal may be equal to or less 
than the thickness of the other made of a ceramic or a metal 
ceramic composite material. 
0156. In the second uniform heat plate, the shape of the 
Surface in contact with the insulated resistance heating ele 
ment may be upwardly concave. 
0157. The bond allowing for relative movement may be a 
bond accomplished by vacuum-Suction means or a bond 
accomplished by bonding means combining screws and bear 
ings. 
0158. A vacuum-sealing member used for the vacuum 
Suction means may also be provided. 
0159. The vacuum-sealing member may be disposed in 
the vicinity of the external peripheries of the first uniform heat 
plate and the second uniform heat plate. 
0160 The insulated resistance heating element is formed 
by integrating a resistance heating element and a heat-resis 
tant insulator, and the heat-resistant insulator may be a heat 
resistant insulator whose primary constituent is polyimide or 
Teflon, or both. 
0.161. In the third embodiment, the insulated resistance 
heating element 13, the resistance heating element 13a, the 
insulating sheet 13b, the temperature sensor 40, the support 
member, the container (30), the bypass hole for allowing 
passage of the cable of the temperature sensor provided to the 
heater unit 10, the through-hole for the lifter pin for lifting up 
the Substrate, and hole for allowing passage of the cable for 
energizing the insulated resistance heating element 13, the 
Soft member, and other components can be the same as those 
described in the first embodiment. 

(0162. With the heater unit of the first through third 
embodiments described above, manufacturing or inspection 
apparatus for semiconductor Substrates or glass Substrates for 
flat panel displays including the heater unit can be manufac 
tured. Manufacturing or inspection devices can also be manu 
factured for semiconductor Substrates or glass Substrates for 
flat panel displays which include aheating and cooling device 
comprising the heater unit and the mobile cooling plate of the 
first through third embodiments. 
0163 These manufacturing and inspection apparatuses 
are capable of performing heating and cooling quickly with 
out increasing heat resistance, and of reducing the bimetal 
induced warping resulting from the difference in thermal 
expansion between the top and bottom uniform heat plates, 
even in conditions of severe temperature changes during rapid 
heating or rapid cooling. As a result, highly uniform heat 
properties can be constantly maintained in the Substrate 
placed on the placement Surface. 
0164. The heater unit of the present invention, the heating 
and cooling device including this heater unit, and the inspec 
tion apparatus or manufacturing apparatus comprising these 
were described above based on embodiments, but the present 
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invention is not limited to these embodiments, and it should 
be understood that various modifications are possible within 
a range that does not deviate from the scope of the present 
invention. That is, the technological scope of the present 
invention encompasses the scope of the claims and equivalent 
items. 

WORKING EXAMPLES 

0.165. The first embodiment of the present invention is 
shown hereinbelow in Working Examples (1)-1 through (1)- 
11. 

Working Example (1)-1 

0166 A heater unit 10 of Sample 1 was prepared, com 
posed of the first uniform heat plate 11, the second uniform 
heat plate 12, and the insulated resistance heating element 13 
shown in FIG. 1. A plate-shaped member made of copper, 2 
mm in thickness (A1) and 340 mm in diameter (B), was used 
for the first uniform heat plate 11. A plate-shaped member 
made of a Si-SiC composite, 2 mm in thickness (A2) and 
340 mm in diameter, was used for the second uniform heat 
plate 12. A plating of Ni was formed over the surface of the 
copper plate-shaped member. Furthermore, the flatness of the 
side of the first uniform heat plate 11 with the wafer place 

First Uniform 

Heat Plate 

thickness 

A1 diameter B 

Sample material (mm) (mm) 

1 Cu 2 340 

2 Cu 3 340 

3 Cu 4 340 

**4 Cu 5 340 

5 Cu 1 340 

**6 Cu O.S 340 

7 Cu 5 340 

** 8 Cu 5.5 340 

(Note): 
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ment surface 11a was finished to 50m, and the flatness of the 
surface of the second uniform heat plate 12 in contact with the 
insulated resistance heating element 13 was finished to 30 
lm. 
0167. In the insulated resistance heating element 13, a 
microfabricated metal foil composed of stainless steel was 
integrated with polyimide (PI). The thickness (C) was 0.15 
mm. The insulated resistance heating element 13 was secured 
using screws while held between the first uniform heat plate 
11 and the second uniform heat plate 12. The heater unit 10 of 
Sample 1 was thereby obtained. Heater units 10 of Samples 2 
through 8 were prepared in the same manner, but the thick 
nesses of the first uniform heat plate 11 and the second uni 
form heat plate 12 were varied in these cases. 
0168 A mobile cooling plate 20 was placed at the bottom 
of the heater unit 10 in each of Samples 1 through 8. 
0169. The mobile cooling plate 20 was formed by 
mechanically processing a flow passage for flowing water as 
a refrigerant through each of two copperplates having 10 mm 
in thickness and 340 mm in diameter, bonding the two plates 
together by soldering, and attaching refrigerant passageways 
to their side surfaces. Nickel platings were formed on the 
Surfaces in order to ensure heat resistance. The configurations 
of the heater units 10 of these Samples 1 through 8 are shown 
in Table 1 below. 

TABLE 1 

Second Uniform Resistance Heating 

Heat Plate Element 

thickness thickness 

A2 type of C A1 + A2 (A1+A2)/B 

material (mm) insulator (Lm) (mm) (—) 

Si-SiC 2 single P 50 4 85 = 0.012 

ayer 

Si-SiC 3 single P 50 6 fS7 = 0.018 

ayer 

Si-SiC 4 single P 50 8 f43 = 0.024 

ayer 

Si-SiC 5 single P 50 10 34 = 0.029 

ayer 

Si-SiC 5 single P 50 6 fS7 = 0.018 

ayer 

Si-SiC 5.5 single P 50 6 fS7 = 0.018 

ayer 

Si-SiC 1 single P 50 6 fS7 = 0.018 

ayer 

Si-SiC O.S single P 50 6 fS7 = 0.018 

ayer 

Samples marked with ** in the tables are reference examples. 
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(0170. In the heater units 10 of Samples 1 through 8 of 
Table 1, power was supplied to the insulated resistance heat 
ing elements 13 while the mobile cooling plates 20 were 
separated, heating the elements from room temperature to 
150° C., after which the power supply to the insulated resis 
tance heating elements 13 was stopped, and the mobile cool 
ing plates 20 with water flowing through were brought in 
contact with the heater units 10, cooling them. The uniform 
heat properties of the wafer placement surfaces 11a, which 
had been heated to 150° C., were measured. The times 
required to raise the temperature from 100° C. to 150° C. and 
the times required to cool from 150° C. to 100° C. were 
measured. Furthermore, the changes in the flatness of the 
wafer placement Surfaces 11a after temperature increase and 
cooling were measured. The results are shown in Table 2 
below. The circle symbol indicates that predetermined con 
ditions shown in the table were satisfied, and the symbol x 
indicates that these conditions were not satisfied. As for the 
manufacturing cost, the circle symbol indicates the manufac 
turing cost lower than that for a conventional heater unit 
consisting of one metal layer, and symbol X indicates the 
manufacturing cost higher than the same. 

14 
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0171 As can be seen from Table 2, satisfactory results for 
uniform heat properties, temperature increase rate, cooling 
rate, change in flatness, and manufacturing cost were 
achieved for the heater units 10 of Samples 1 to 3, 5, and 7. In 
Sample 4, in which the total (A1+A2) of the thickness (A1) of 
the first uniform heat plate 11 and the thickness (A2) of the 
second uniform heat plate 12 exceeded /40 of the diameter (B) 
of the first uniform heat plate 11, the temperature increase rate 
and cooling rate were time-consuming. In Sample 6, in which 
the thickness (A1) of the first uniform heat plate 11 was less 
than 1 mm, the first uniform heat plate 11 was severely 
warped and measurement could not be continued. In Sample 
8, in which the thickness (A2) of the second uniform heat 
plate 12 was less than 1 mm, the second uniform heat plate 12 
cracked and measurement could therefore not be continued. 

Working Examples (1)-2 
(0172. Other than AIN being used for the material of the 
second uniform heat plate 12 instead of the Si SiC compos 
ite, heater units 10 of Samples 9 through 16 shown in Table 3 
below were prepared in the same manner as Working 
Example (1)-1. 

TABLE 2 

Uniform 100 -> 150° C. 150 -> 100° C. Change In Flatness 
Heat Temperature Cooling After Temperature 

Properties is Increase Increase Increasef Manufacturing 
Sample 0.5° C. Rates 100 sec Rates 50 sec Cooling s 50 m Cost 

1 C3 C3 C3 C3 C3 

2 C3 C3 C3 C3 C3 

3 C3 C3 C3 C3 C3 

** 4 C3 X X C3 C3 

5 C3 C3 C3 C3 C3 

** 6 SeWere X X X X 

warping 
7 C3 C3 C3 C3 C3 

** 8 cracking, X X X X 
breakage 

(Note): 
Samples marked with ** in the tables are reference examples. 

TABLE 3 

First Uniform Second Uniform Resistance Heating 
Heat Plate Heat Plate Element 

thickness diameter thickness type of thickness A1 + A2 (A1+A2)/B 
Sample material A1 (mm) B (mm) material A2 (mm) insulator C (Lm) (mm) (—) 

9 Cu 2 340 AIN 2 single 150 4 185 = 0.012 
PI layer 

10 Cu 3 340 AIN 3 single 150 6 1 S7 = 0.018 
PI layer 

11 Cu 4 340 AIN 4 single 150 8 1f43 = 0.024 
PI layer 

** 12 Cu 5 340 AIN 5 single 150 10 134 = 0.029 
PI layer 

13 Cu 1 340 AIN 5 single 150 6 1 S7 = 0.018 
PI layer 

** 14 Cu O.S 340 AIN 5.5 single 150 6 1 S7 = 0.018 
PI layer 

15 Cu 5 340 AIN 1 single 150 6 1 S7 = 0.018 
PI layer 
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TABLE 3-continued 

First Uniform Second Uniform 

15 
Jun. 16, 2011 

Resistance Heating 
Heat Plate Heat Plate Element 

thickness diameter thickness type of thickness A1 + A2 (A1+A2)/B 
Sample material A1 (mm) B (mm) material A2 (mm) insulator C (Lm) (mm) (—) 

** 16 Cu 5.5 340 AIN O.S single 150 6 1 S7 = 0.018 
PI layer 

(Note): 
Samples marked with ** in the tables are reference examples. 

(0173. In the heater units 10 of Samples 9 through 16 of 0.174. It is clear from Table 4 that the same results as those 
Table 3, mobile cooling plates 20 were placed at the bottom in 
the same manner as in Working Example (1)-1, and tempera 
ture increasing and cooling were performed to measure uni 
form heat properties and the like in the same manner as in 
Working Example (1)-1. The results are shown in Table 4 
below. The circle symbol indicates that predetermined con 
ditions shown in the table were satisfied, and the symbol x 
indicates that these conditions were not satisfied. 

of Working Example (1)-1 were achieved even through AlN 
was used as the material of the second uniform heat plate 12. 

Working Example (1)-3 
(0175 Other than SiC being used for the material of the 
second uniform heat plate 12 instead of the Si SiC compos 
ite, heater units 10 of Samples 17 through 24 shown in Table 
5 below were prepared in the same manner as Working 
Example (1)-1. 

TABLE 4 

Uniform 100 -> 150° C. 150 -> 100° C. Change In Flatness 
Heat Temperature Cooling After Temperature 

Properties is Increase Increase Increasef Manufacturing 
Sample 0.5° C. Rates 100 sec Rates 50 sec Cooling s 50 m Cost 

9 C3 C3 C3 C3 C3 

10 C3 C3 C3 C3 C3 

11 C3 C3 C3 C3 C3 

** 12 C3 X X C3 C3 

13 C3 C3 C3 C3 C3 

** 14 SeWere X X X X 

warping 
15 C3 C3 C3 C3 C3 

** 16 cracking, X X X X 
breakage 

(Note): 
Samples marked with ** in the tables are reference examples. 

TABLE 5 

First Uniform Second Uniform Resistance Heating 
Heat Plate Heat Plate Element 

thickness diameter thickness type of thickness A1 + A2 (A1+A2)/B 
Sample material A1 (mm) B (mm) material A2 (mm) insulator C (Lm) (mm) (—) 

17 Cu 2 340 SC 2 single 150 4 185 = 0.012 
PI layer 

18 Cu 3 340 SC 3 single 150 6 1 S7 = 0.018 
PI layer 

19 Cu 4 340 SC 4 single 150 8 1f43 = 0.024 
PI layer 

** 20 Cu 5 340 SC 5 single 150 10 134 = 0.029 
PI layer 
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TABLE 5-continued 

First Uniform Second Uniform 

Jun. 16, 2011 

Resistance Heating 
Heat Plate Heat Plate Element 

thickness diameter thickness type of thickness A1 + A2 (A1+A2)/B 
Sample material A1 (mm) B (mm) material A2 (mm) insulator C (Lm) (mm) (—) 

21 Cu 1 340 SC 5 single 150 6 1 S7 = 0.018 
PI layer 

8:22 Cu O.S 340 SC 5.5 single 150 6 1 S7 = 0.018 
PI layer 

23 Cu 5 340 SC 1 single 150 6 1 S7 = 0.018 
PI layer 

** 24 Cu 5.5 340 SC O.S single 150 6 1 S7 = 0.018 
PI layer 

(Note): 
Samples marked with ** in the tables are reference examples. 

(0176). In the heater units 10 of Samples 17 through 24 of 0177. It is clear from Table 6 that the same results as those 
Table 5, mobile cooling plates 20 were placed at the bottom in 
the same manner as in Working Example (1)-1, and tempera 
ture increasing and cooling were performed to measure uni 
form heat properties and the like in the same manner as in 
Working Example (1)-1. The results are shown in Table 6 
below. The circle symbol indicates that predetermined con 
ditions shown in the table were satisfied, and the symbol x 
indicates that these conditions were not satisfied. 

TABLE 6 

Uniform 100 -> 150° C. 150 -> 100° C. Change In Flatness 
Heat Temperature Cooling After Temperature 

Properties is Increase Increase Increasef 
Sample 0.5° C. Rates 100 sec Rates 50 sec Cooling s 50 m 

17 C3 C3 C3 C3 

18 C3 C3 C3 C3 

19 C3 C3 C3 C3 

** 20 C3 X X C3 

21 C3 C3 C3 C3 

** 22 SeWere X X X 

warping 
23 C3 C3 C3 C3 

** 24 cracking, X X X 
breakage 

(Note): 
Samples marked with ** in the tables are reference examples. 

First Uniform 
Heat Plate 

thickness diameter 
Sample material A1 (mm) B (mm) 

25 Cu 2 340 

of Working Example (1)-1 were achieved even through SiC 
was used as the material of the second uniform heat plate 12. 

Working Example (1)-4 
0178. Other than an Al SiC composite being used for the 
material of the second uniform heat plate 12 instead of the 
Si SiC composite, heater units 10 of Samples 25 through 32 
shown in Table 7 below were prepared in the same manner as 
Working Example (1)-1. 

Manufacturing 
Cost 

TABLE 7 

Second Uniform Resistance Heating 
Heat Plate Element 

thickness type of thickness A1 + A2 (A1+A2)/B 
material A2 (mm) insulator C (Lm) (mm) (—) 

Al-SiC 2 single 150 4 185 = 0.012 
PI layer 
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TABLE 7-continued 

First Uniform Second Uniform 

Jun. 16, 2011 

Resistance Heating 
Heat Plate Heat Plate Element 

thickness diameter thickness type of thickness A1 +A2 (A1+A2)/B 
Sample material A1 (mm) B (mm) material A2 (mm) insulator C (Lm) (mm) (—) 

26 Cu 3 340 Al-SiC 3 single 150 6 1.57 = 0.018 
PI layer 

27 Cu 4 340 Al-SiC 4 single 150 8 1f43 = 0.024 
PI layer 

** 28 Cu 5 340 Al-SiC 5 single 150 10 134 = 0.029 
PI layer 

29 Cu 1 340 Al-SiC 5 single 150 6 1.57 = 0.018 
PI layer 

**30 Cu O.S 340 Al-SiC 5.5 single 150 6 1.57 = 0.018 
PI layer 

31 Cu 5 340 Al-SiC 1 single 150 6 1.57 = 0.018 
PI layer 

:32 Cu 5.5 340 Al-SiC O.S single 150 6 1.57 = 0.018 
PI layer 

(Note): 
Samples marked with ** in the tables are reference examples. 

(0179. In the heater units 10 of Samples 25 through 32 of 0180. It is clear from Table 8 that the same results as those 
Table 7, mobile cooling plates 20 were placed at the bottom in 
the same manner as in Working Example (1)-1, and tempera 
ture increasing and cooling were performed to measure uni 
form heat properties and the like in the same manner as in 
Working Example (1)-1. The results are shown in Table 8 
below. The circle symbol indicates that predetermined con 
ditions shown in the table were satisfied, and the symbol x 
indicates that these conditions were not satisfied. 

of Working Example (1)-1 were achieved even through an 
Al-SiC composite was used as the material of the second 
uniform heat plate 12. 

Working Example (1)-5 
0181 Other than a A1 being used for the material of the 

first uniform heat plate 11 instead of Cu and an alumite 
treatment being performed instead of the Ni plating, heater 
units 10 of Samples 33 through 40 shown in Table 9 below 
were prepared in the same manner as Working Example (1)-1. 

TABLE 8 

Uniform 100 -> 150° C. 150 -> 100° C. Change In Flatness 
Heat Temperature Cooling After Temperature 

Properties is Increase Increase Increasef Manufacturing 

Sample 0.5° C. Rates 100 sec Rates 50 sec Cooling s 50 m Cost 

25 C3 C3 C3 C3 C3 

26 C3 C3 C3 C3 C3 

27 C3 C3 C3 C3 C3 

** 28 C3 X X C3 C3 

29 C3 C3 C3 C3 C3 

** 30 SeWere X X X X 

warping 
31 C3 C3 C3 C3 C3 

: 32 cracking, X X X X 

breakage 

(Note): 

Samples marked with ** in the tables are reference examples. 
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TABLE 9 

First Uniform Second Uniform Resistance Heating 
Heat Plate Heat Plate Element 

thickness diameter thickness type of thickness A1 + A2 (A1+A2)/B 
Sample material A1 (mm) B (mm) material A2 (mm) insulator C (Lm) (mm) (—) 

33 Al 2 340 Si-SiC 2 single 150 4 185 = 0.012 
PI layer 

34 Al 3 340 Si-SiC 3 single 150 6 1 S7 = 0.018 
PI layer 

35 Al 4 340 Si-SiC 4 single 150 8 1f43 = 0.024 
PI layer 

**36 Al 5 340 Si-SiC 5 single 150 10 134 = 0.029 
PI layer 

37 Al 1 340 Si-SiC 5 single 150 6 1 S7 = 0.018 
PI layer 

**38 Al O.S 340 Si-SiC 5.5 single 150 6 1 S7 = 0.018 
PI layer 

39 Al 5 340 Si-SiC 1 single 150 6 1 S7 = 0.018 
PI layer 

* $40 Al 5.5 340 Si-SiC O.S single 150 6 1 S7 = 0.018 
PI layer 

(Note): 
Samples marked with ** in the tables are reference examples. 

0182. In the heater units 10 of Samples 33 through 40 of 0183. It is clear from Table 10that the same results as those 
Table 9, mobile cooling plates 20 were placed at the bottom in 
the same manner as in Working Example (1)-1, and tempera 
ture increasing and cooling were performed to measure uni 
form heat properties and the like in the same manner as in 
Working Example (1)-1. The results are shown in Table 10 
below. The circle symbol indicates that predetermined con 
ditions shown in the table were satisfied, and the symbol x 
indicates that these conditions were not satisfied. 

of Working Example (1)-1 were achieved even through Al 
treated with alumite was used as the material of the first 
uniform heat plate 11. 

Working Example (1)-6 
0.184 Other than Albeing used for the material of the first 
uniform heat plate 11 instead of Cu, an alumite treatment 
being performed instead of the Niplating, and AlN being used 
for the material of the second uniform heat plate 12 instead of 
an Si SiC composite, heater units 10 of Samples 41 through 

TABLE 10 

Uniform 100 -> 150° C. 150 -> 100° C. Change In Flatness 
Heat Temperature Cooling After Temperature 

Properties is Increase Increase Increasef Manufacturing 
Sample 0.5° C. Rates 100 sec Rates 50 sec Cooling s 50 m Cost 

33 C3 C3 C3 C3 C3 

34 C3 C3 C3 C3 C3 

35 C3 C3 C3 C3 C3 

** 36 C3 X X C3 C3 

37 C3 C3 C3 C3 C3 

** 38 SeWere X X X X 

warping 
39 C3 C3 C3 C3 C3 

* * 40 cracking, X X X X 

breakage 

(Note): 
Samples marked with ** in the tables are reference examples. 
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48 shown in Table 11 below were prepared in the same man 
ner as Working Example (1)-1. 

Jun. 16, 2011 

TABLE 11 

First Uniform Second Uniform Resistance Heating 
Heat Plate Heat Plate Element 

thickness diameter thickness type of thickness A1 + A2 (A1+A2)/B 
Sample material A1 (mm) B (mm) material A2 (mm) insulator C (Lm) (mm) (—) 

41 Al 2 340 AIN 2 single PI 150 4 185 = 0.012 
ayer 

42 Al 3 340 AIN 3 single PI 150 6 1 S7 = 0.018 
ayer 

43 Al 4 340 AIN 4 single PI 150 8 1f43 = 0.024 
ayer 

**44 Al 5 340 AIN 5 single PI 150 10 134 = 0.029 
ayer 

45 Al 1 340 AIN 5 single PI 150 6 1 S7 = 0.018 
ayer 

**46 Al O.S 340 AIN 5.5 single PI 150 6 1 S7 = 0.018 
ayer 

47 Al 5 340 AIN 1 single PI 150 6 1 S7 = 0.018 
ayer 

**48 Al 5.5 340 AIN O.S single PI 150 6 1 S7 = 0.018 
ayer 

(Note): 
Samples marked with ** in the tables are reference examples. 

0185. In the heater units 10 of Samples 41 through 48 of 0186. It is clear from Table 12that the same results as those 
Table 11, mobile cooling plates 20 were placed at the bottom 
in the same manner as in Working Example (1)-1, and tem 
perature increasing and cooling were performed to measure 
uniform heat properties and the like in the same manner as in 
Working Example (1)-1. The results are shown in Table 12 
below. The circle symbol indicates that predetermined con 
ditions shown in the table were satisfied, and the symbol x 
indicates that these conditions were not satisfied. 

of Working Example (1)-1 were achieved even through Al 
treated with alumite was used as the material of the first 
uniform heat plate 11 and AlN was used as the material of the 
second uniform heat plate 12. 

Working Example (1)-7 
0187. Other than Albeing used for the material of the first 
uniform heat plate 11 instead of Cu, an alumite treatment 

TABLE 12 

Uniform 100 -> 150° C. 150 -> 100° C. Change In Flatness 
Heat Temperature Cooling After Temperature 

Properties is Increase Increase Increasef Manufacturing 

Sample 0.5° C. Rates 100 sec Rates 50 sec Cooling s 50 m Cost 

41 C3 C3 C3 C3 C3 

42 C3 C3 C3 C3 C3 

43 C3 C3 C3 C3 C3 

** 44 C3 X X C3 C3 

45 C3 C3 C3 C3 C3 

** 46 SeWere X X X X 

warping 
47 C3 C3 C3 C3 C3 

** 48 cracking, X X X X 

breakage 

(Note): 

Samples marked with ** in the tables are reference examples. 
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being performed instead of the Niplating, and SiC being used 
for the material of the second uniform heat plate 12 instead of 
an Si SiC composite, heater units 10 of Samples 49 through 
56 shown in Table 13 below were prepared in the same man 
ner as Working Example (1)-1. 

Jun. 16, 2011 

(0189 It is clear from Table 14that the same results as those 
of Working Example (1)-1 were achieved even through Al 
treated with alumite was used as the material of the first 
uniform heat plate 11 and SiC was used as the material of the 
second uniform heat plate 12. 

TABLE 13 

First Uniform Second Uniform Resistance Heating 
Heat Plate Heat Plate Element 

thickness diameter thickness type of thickness A1 + A2 (A1+A2)/B 
Sample material A1 (mm) B (mm) material A2 (mm) insulator C (Lm) (mm) (—) 

49 Al 2 340 SC 2 single 150 4 185 = 0.012 
PI layer 

50 Al 3 340 SC 3 single 150 6 1 S7 = 0.018 
PI layer 

51 Al 4 340 SC 4 single 150 8 1f43 = 0.024 
PI layer 

* * 52 Al 5 340 SC 5 single 150 10 134 = 0.029 
PI layer 

53 Al 1 340 SC 5 single 150 6 1 S7 = 0.018 
PI layer 

**54 Al O.S 340 SC 5.5 single 150 6 1 S7 = 0.018 
PI layer 

55 Al 5 340 SC 1 single 150 6 1 S7 = 0.018 
PI layer 

**56 Al 5.5 340 SC O.S single 150 6 1 S7 = 0.018 
PI layer 

(Note): 
Samples marked with ** in the tables are reference examples. 

0188 In the heater units 10 of Samples 49 through 56 of Working Example (1)-8 
Table 13, mobile cooling plates 20 were placed at the bottom 
in the same manner as in Working Example (1)-1, and tem- (0190. Other than Albeing used for the material of the first 
perature increasing and cooling were performed to measure 
uniform heat properties and the like in the same manner as in 
Working Example (1)-1. The results are shown in Table 14 
below. The circle symbol indicates that predetermined con 
ditions shown in the table were satisfied, and the symbol x 
indicates that these conditions were not satisfied. 

uniform heat plate 11 instead of Cu, an alumite treatment 
being performed instead of the Ni plating, and an Al-SiC 
composite being used for the material of the second uniform 
heat plate 12 instead ofan Si SiC composite, heater units 10 
of Samples 57 through 64 shown in Table 15 below were 
prepared in the same manner as Working Example (1)-1. 

TABLE 1.4 

Uniform 100 -> 150° C. 150 -> 100° C. Change In Flatness 
Heat Temperature Cooling After Temperature 

Properties is Increase Increase Increasef Manufacturing 
Sample 0.5° C. Rate is 100 Sec. Rate s SOSec Cooling s 50 m Cost 

49 C3 C3 C3 C3 C3 

50 C3 C3 C3 C3 C3 

51 C3 C3 C3 C3 C3 

** 52 C3 X X C3 C3 

53 C3 C3 C3 C3 C3 

** 54 SeWere X X X X 

warping 
55 C3 C3 C3 C3 C3 

** 56 cracking, X X X X 
breakage 

(Note): 
Samples marked with ** in the tables are reference examples. 
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TABLE 1.5 

First Uniform Second Uniform Resistance Heating 
Heat Plate Heat Plate Element 

thickness diameter thickness type of thickness A1 +A2 (A1+A2)/B 
Sample material A1 (mm) B (mm) material A2 (mm) insulator C (Lm) (mm) (—) 

57 Al 2 340 Al-SiC 2 single PI 150 4 185 = 0.012 
ayer 

58 Al 3 340 Al-SiC 3 single PI 150 6 1.57 = 0.018 
ayer 

59 Al 4 340 Al-SiC 4 single PI 150 8 1f43 = 0.024 
ayer 

** 60 Al 5 340 Al-SiC 5 single PI 150 10 134 = 0.029 
ayer 

61 Al 1 340 Al-SiC 5 single PI 150 6 1.57 = 0.018 
ayer 

* $62 Al O.S 340 Al-SiC 5.5 single PI 150 6 1.57 = 0.018 
ayer 

63 Al 5 340 Al-SiC 1 single PI 150 6 1.57 = 0.018 
ayer 

** 64 Al 5.5 340 Al-SiC O.S single PI 150 6 1.57 = 0.018 
ayer 

(Note): 
Samples marked with ** in the tables are reference examples. 

(0191). In the heater units 10 of Samples 57 through 64 of 
Table 15, mobile cooling plates 20 were placed at the bottom 
in the same manner as in Working Example (1)-1, and tem 
perature increasing and cooling were performed to measure 
uniform heat properties and the like in the same manner as in 
Working Example (1)-1. The results are shown in Table 16 
below. The circle symbol indicates that predetermined con 
ditions shown in the table were satisfied, and the symbol x 
indicates that these conditions were not satisfied. 

TABLE 16 

Uniform 100 -> 150° C. 150 -> 100° C. Change In Flatness 
Heat Temperature Cooling After Temperature 

Properties is Increase Increase Increasef 
Sample 0.5° C. Rates 100 sec Rates 50 sec Cooling s 50 m 

57 C3 C3 C3 C3 

58 C3 C3 C3 C3 

59 C3 C3 C3 C3 

** 60 C3 X X C3 

61 C3 C3 C3 C3 

** 62 SeWere X X X 

warping 
63 C3 C3 C3 C3 

** 64 cracking, X X X 
breakage 

(Note): 
Samples marked with ** in the tables are reference examples. 

0192 It is clear from Table 16that the same results as those 
of Working Example (1)-1 were achieved even through Al 
treated with alumite was used as the material of the first 
uniform heat plate 11 and an Al-SiC composite was used as 
the material of the second uniform heat plate 12. 

Working Example (1)-1 

0193 For the sake of reference, heating and cooling 
devices were prepared as Samples 65 through 67 shown in 
Table 17 below. Specifically, the heating and cooling device 
of Sample 65 was prepared in the same manner as Sample 2 

of Working Example (1)-1, other than AlN being used as the 
material of the first uniform heat plate 11 and copper being 
used as the material of the second uniform heat plate 12. In the 
heating and cooling device of Sample 66, AlN was used as the 
material of the first uniform heat plate 11, the thickness (A1) 
of which was 6 mm, and a second uniform heat plate 12 was 
not provided. For the resistance heating element, a heating 
element circuit was formed with a tungsten paste by Screen 
printing on the bottom side of the first uniform heat plate 11, 

Manufacturing 
Cost 

i.e., on the side opposite the wafer placement Surface 11a, and 
the circuit was sintered, after which a glass paste for ensuring 
insulation was coated over and sintered on the Surface of the 
heating element so that the thickness of the total of the insu 
lator and the heating element was 150 um. In the heating and 
cooling device of Sample 67, copper was used as the material 
of the first uniform heat plate 11, the thickness (A1) of which 
was 6 mm, and a second uniform heat plate 12 was not 
provided. The insulated resistance heating element 13, which 
had a thickness (C) of 0.15 mm after being integrated with 
polyimide, was attached by adhesion to the bottom surface of 
the first uniform heat plate 11. 
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TABLE 17 

First Uniform Second Uniform Resistance Heating 
Heat Plate Heat Plate Element 

thickness diameter thickness formation of thickness A1 +A2 (A1+A2)/B 
Sample material A1 (mm) B (mm) material A2 (mm) insulator C (Lm) (mm) (—) 

* $65 AIN 3 340 Cu 3 PI 150 6 1.57 = 0.018 
Sandwich 

** 66 AIN 6 340 Printed 150 6 1.57 = 0.018 
**67 Cu 6 340 PI 150 6 1.57 = 0.018 

adhesion 

(Note): 
Samples marked with ** in the tables are reference examples. 

0194 In the heating and cooling devices of Samples 65 Working Example (1)-9 
through 67 shown in Table 17, mobile cooling plates 20 were 
placed at the bottom in the same manner as in Working (0196. Heater units 10 were prepared for Samples 68 
Example (1)-1, and temperature increasing and cooling were 
performed to measure uniform heat properties and the like in 
the same manner as in Working Example (1)-1. The results are 
shown in Table 18 below. The circle symbol indicates that 
predetermined conditions shown in the table were satisfied, 
and the symbol x indicates that these conditions were not 
satisfied. 

TABLE 18 

Uniform 100 -> 150° C. 150 -> 100° C. Change In Flatness 
Heat Temperature Cooling After Temperature 

Properties is Increase Increase Increasef 
Sample 0.5° C. Rates 100 sec Rates 50 sec Cooling s 50 m 

** 65 X C3 C3 C3 

** 66 X C3 C3 C3 

** 67 C3 X X X 

(Note): 
Samples marked with ** in the tables are reference examples. 

0.195 As can be seen from Table 18, in both of the heating 
and cooling devices of Samples 65 and 66, the uniform heat 
properties at 150° C. exceeded 0.5°C. The heating and cool 
ing device of Sample 66 also had a high manufacturing cost 
because a step for screen printing the resistance heating ele 
ment was required. The heating and cooling device of Sample 
67 required time for the temperature increase rate and the 
cooling rate, and the flatness after temperature increasing and 
cooling had changed more than 50 um from the flatness prior 
to temperature increasing and cooling. 

through 71 shown in Table 19 below. 
(0197) That is, for the heater unit 10 of Sample 68, two 
layers of integrated and insulated resistance heating elements 
13 were stacked so as to have the structure shown in FIG. 2, 
but the heater unit was otherwise prepared in the same manner 
as Sample 2 of Working Example (1)-1. For the heater unit 10 
of Sample 69, an insulated resistance heating element 13 

Manufacturing 
Cost 

integrated using Teflon and having a thickness (C) of 0.25 mm 
was used, otherwise the heater unit was prepared in the same 
manner as Sample 2 of Working Example (1)-1. For the heater 
unit 10 of Sample 70, two layers of the insulated resistance 
heating element 13 used in Sample 69 were stacked, other 
wise the heater unit was the same as Sample 69. For the heater 
unit 10 of Sample 71, an insulated resistance heating element 
13 integrated using mica and having a thickness (C) of 1 mm 
was used, otherwise the heater unit was prepared in the same 
manner as Sample 2 of Working Example (1)-1. 

TABLE 19 

First Uniform Second Uniform Resistance Heating 
Heat Plate Heat Plate Element 

thickness diameter thickness type of thickness A1 + A2 (A1+A2)/B 
Sample material A1 (mm) B (mm) material A2 (mm) insulator C (Lm) (mm) (—) 

68 Cu 3 340 Si-SiC 3 PI 300 6 1 S7 = 0.018 
laminate 

69 Cu 3 340 Si-SiC 3 Single 250 6 1 S7 = 0.018 

Teflon 
layer 
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TABLE 19-continued 

Second Uniform 
Heat Plate 

First Uniform 
Heat Plate 

thickness 
A1 (mm) 

diameter 
B (mm) 

thickness type of 
material A2 (mm) insulator Sample material 

70 Cu 3 340 Si-SiC 3 Teflon 
laminate 

: 871 Cu 3 340 Si-SiC 3 Mica 

(Note): 
Samples marked with ** in the tables are reference examples. 

(0198 In the heater units 10 of Samples 68 through 71 
shown in Table 19, mobile cooling plates 20 were placed at 
the bottom in the same manner as in Working Example (1)-1, 
and temperature increasing and cooling were performed to 
measure uniform heat properties and the like in the same 
manner as in Working Example (1)-1. The results are shown 
in Table 20 below. The circle symbol indicates that predeter 
mined conditions shown in the table were satisfied, and the 
symbol X indicates that these conditions were not satisfied. 

TABLE 20 

100 - 150° C. 
Temperature 

Increase 
Rates 100 sec 

Uniform 
Heat 

Properties is 
0.5° C. 

Cooling 
Increase 

Rates 50 sec 
Increasef 

Sample 

68 
69 
70 

(Note): 
Samples marked with ** in the tables are reference examples. 

0199 As can be seen from Table 20, satisfactory results 
were achieved in the heater units 10 of Samples 68 through 
70, similar to Samples 1 through 3, 5, ap 7 of Workin 
Example (1)-1, but with the heater unit 10 of Sample 71 whic 
used a resistance heating element integrated using mica, the 
uniform heat EFSF exceeded 0.5° C. and the temperature 
increase rate and cooling rate were time-consuming. 

Working Example (1)-10 
0200. Other than the flatness being varied in the surface of 
the second uniform heat plate 12 in contact with the insulated 
resistance heating element 13, heater units 10 of Samples 72 
through 85 were prepared in the same manner as Sample 1 of 
Working Ef (1)-1. In the heater units 10 of Samples 72 

thickness 

Cooling s 50 m 

Jun. 16, 2011 
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Resistance Heating 
Element 

500 6 1 S7 = 0.018 

1OOO 6 1 S7 = 0.018 

150 -> 100° C. Change In Flatness 
After Temperature 

Manufacturing 
Cost 

through 85, mobile cooling plates 20 were placed at the 
bottom similar to Working Example (1)-1, and a heat cycle 
consisting of temperature increasing and cooling similar to 
Working Example (1)-1 was repeated 1000 times. To deter 
mine the effects the heat cycle had on the flatness and uniform 
heat properties of the wafer placement surface 11a, the flat 
ness and uniform heat properties of the wafer placement 
Surface 11a were measured after the heat cycle was com 
pleted 1 time, 100 times, 200 times, 300 times, 500 times, and 
1000 times. The results are shown in Table 21 below. The 
circle symbol indicates that predetermined conditions shown 
in the table were satisfied, and the symbol x indicates that 
these conditions were not satisfied. 

TABLE 21 

Flatness After After After After After After 
IIl 1 Time 100 Times 200 Times 300 Times 500 Times 1000 Times 

first Second uniform uniform uniform uniform uniform uniform 
Spe- uniform uniform flat- heat flat- heat flat- heat flat- heat flat- heat flat- heat 
ci- heat heat ness properties ness properties ness properties ness properties ness properties ness properties Evalua 
men plate plate Im so.5°C. Im a 0.5°C. Im a 0.5° C. Lim so.5° C. Lim so.5° C. Lim so.5° C. tion 

72 50 8 51 C3 51 C3 53 C3 52 C3 53 C3 52 C3 excel 

lent 
73 50 15 52 C3 55 C3 56 C3 55 C3 57 C3 56 C3 excel 

lent 
74 50 26 52 C3 57 C3 59 C3 58 C3 60 C3 61 C3 excel 

lent 



US 2011/O 139399 A1 
24 

Jun. 16, 2011 

TABLE 21-continued 

Flatness After After After After After After 
IIl 1 Time 100 Times 200 Times 300 Times 500 Times 1000 Times 

first Second uniform uniform uniform uniform uniform uniform 
Spe- uniform uniform flat- heat flat- heat flat- heat flat- heat flat- heat flat- heat 
ci- heat heat ness properties ness properties ness properties ness properties ness properties ness properties Evalua 
lel plate plate um s.0.5° C. Lim s().5°C. Im s0.5° C. Lim s0.5°C. Im a 0.5°C. Im a 0.5° C. tion 

75 50 34 52 C3 60 C3 62 C3 64 C3 63 C3 64 C3 excel 
lent 

76 50 40 53 C3 62 C3 64 C3 65 C3 67 C3 66 C3 excel 
lent 

77 50 48 53 C3 63 C3 65 C3 66 C3 67 C3 66 C3 excel 
lent 

78 50 55 53 C3 70 C3 78 C3 85 C3 88 C3 90 C3 good 
79 50 61 S4 C3 75 C3 85 C3 90 C3 94 C3 96 C3 good 
8O 50 72 55 C3 76 C3 87 C3 92 C3 96 C3 97 C3 good 
81 50 8O 55 C3 75 C3 87 C3 93 C3 97 C3 97 C3 good 
82 50 98 56 C3 76 C3 88 C3 95 C3 99 C3 99 C3 good 
83 50 111 65 C3 98 C3 113 X 121 X 126 X 129 X poor 
84 50 135 66 C3 109 X 126 X 135 X 141 X 144 X poor 
85 50 159 69 C3 125 X 145 X 155 X 162 X 166 X poor 

0201 As can be seen from Table 21, in Samples 83 the heat history of the heat cycle were successfully sup 
through 85 in which the flatness exceeded 100 um in the 
surface of the second uniform heat plate 12 in contact with the 
insulated resistance heating element 13, the flatness of the 
wafer placement Surface 11a was poor as were the uniform 
heat properties, and the predetermined uniform heat property 
conditions were not successfully satisfied. In Samples 72 
through 82 in which the flatness was 100 um or less in the 
surface of the second uniform heat plate 12 in contact with the 
insulated resistance heating element 13, the predetermined 
uniform heat property conditions were Successfully satisfied 
even after repeating the heat cycle 1000 times. In Samples 72 
through 77 in which the flatness was 50 Lum or less in the 
surface of the second uniform heat plate 12 in contact with the 
insulated resistance heating element 13, it can be seen that the 
changes in flatness of the wafer placement Surface 11a due to 

pressed, and excellent reliability was demonstrated. 
Working Example (1)-11 

0202 Other than the surface of the second uniform heat 
plate 12 in contact with the insulated resistance heating ele 
ment 13 being given an upwardly concave or upwardly con 
vex shape and the flatness thereof being 40 um, heater units 10 
of Samples 86 and 87 were prepared in the same manner as 
Sample 1 of Working Example (1)-1. For the heater units 10 
of Samples 86 and 87, the heat cycle was repeated 1000 times 
and the flatness and uniform heat properties of the wafer 
placement Surface 11a were determined in the same manner 
as Working Example (1)-10. The results are shown in Table 22 
below. The circle symbol indicates that predetermined con 
ditions shown in the table were satisfied, and the symbol x 
indicates that these conditions were not satisfied. 

TABLE 22 

Flatness After After After After After After 

In 1 Time 100 Times 200 Times 300 Times 500 Times 1000 Times 

first Second uniform uniform uniform uniform uniform uniform 

Spe- uniform uniform flat- heat flat- heat flat- heat flat- heat flat- heat flat- heat 
ci- heat heat ness properties ness properties ness properties ness properties ness properties ness properties Evalua 
men plate plate Im so.5°C. Im a 0.5°C. Im a 0.5° C. Lim so.5° C. Lim so.5° C. Lim so.5° C. tion 

86 50 40 53 C3 62 C3 64 C3 65 C3 67 C3 66 C3 excel 

Up- lent 
wardly 
COC8We 

87 50 40 53 C3 66 C3 68 C3 70 C3 74 C3 78 C3 excel 

Up- lent 
wardly 
COWeX 
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0203 As can be seen from Table 22, changes in flatness of 
the wafer placement surface 11a due to the heat history of the 
heat cycle were Successfully suppressed and excellent reli 
ability was demonstrated in the heater units 10 of Samples 86 
and 87, but the change inflatness was smaller in Sample 86 in 
which the surface of the second uniform heat plate 12 in 
contact with the insulated resistance heating element 13 had 
an upwardly concave shape, than in Sample 87 in which the 
shape was upwardly convex. 
0204 Working Examples (2)-1A through (2)-6B, which 
pertain to the second embodiment of the present invention, 
are shown hereinbelow. 

Working Example (2)-1A 

0205 The heater unit 10 shown in FIG. 4A was prepared 
as a working example relating to the second embodiment of 
the present invention. The material of the first uniform heat 
plate 11 was selected from between the metals Cu and Al, and 
the material of the second uniform heat plate 12 was selected 
from among the ceramics or metal-ceramic composite mate 
rials AlN. SiC. SiSiC, and AlSiC, resulting in various com 
binations of materials. 
0206 Processing for substrate suction was performed in 
the placement surface 11a of the first uniform heat plate 11, 
notches for flexibility were formed by cutting in the opposite 
surface of the placement surface 11a, the flatness was finished 
to 50 um, and an Niplating was formed. A temperature sensor 
40 for monitoring temperature was embedded in the first 
uniform heat plate 11. The second uniform heat plate 12 was 
Subjected to processing in order to avoid the temperature 
sensor 40 or the power Supply wiring, and the flatness was 
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heat plate 12 were secured by being screwed together only in 
the center. A tube connected to a vacuum pump was attached 
to a hole for vacuuming formed in advance in the second 
uniform heat plate 12, and the first uniform heat plate 11 and 
the second uniform heat plate 12 were bonded together by 
vacuum-Suction means for vacuum Suctioning the space 
between the first uniform heat plate 11 and the second uni 
form heat plate 12. 
0208 Thus, heater units 10 were prepared for Samples 1A 
through 8A shown in Table 23 below. For all of these samples, 
the change inflatness of the placement Surface 11a and rate of 
temperature increase were measured when the Surface had 
been heated from room temperature to 200° C., both when 
only one of the two resistance heating elements 13a was 
supplied with power and heated (1.25 kW) and when both the 
elements were supplied with power and heated (2.5 kW). The 
temperature distribution was measured by a wafer thermom 
eter, which was a temperature measuring resistance element 
embedded in the wafer. The measurement results and their 
evaluations are shown in Table 23 below. The term “determi 
nation' in the following tables (Tables 23 through 43) refers 
to predetermined conditions of the change inflatness being 10 
um or less, the temperature increase rate at 1.25 kW being 480 
seconds or less (21.9°C./min or greater), the temperature 
increase rate at 2.5 kW being 240 seconds or less (43.8° 
C./min or greater), and the temperature distribution being 
0.5°C. or less; wherein the circle symbol indicates that these 
conditions were satisfied and the symbolx indicates that these 
conditions were not satisfied. In the column “overall deter 
mination” in the table, the circle symbol indicates that all of 
these conditions were satisfied, and the symbol X indicates 
that not all of the conditions were satisfied. 

TABLE 23 

First Uniform Heat 

Plate Second Uniform RT -e 200 C. RT -> 200° C. Rate of Temperature 200° C. Temperature 
Heat Plate Change in Flatness Increase (Seconds) Distribution Overall 

Specimen material thickness (mm) In determination 1.25 kW 2.5 kW determination o C. determination Determination 

1A CuAIN 3.3 s10 C3 380 190 C3 s:0.5 C3 C3 

2A CuSiC 3.3 s10 C3 380 190 C3 s:0.5 C3 C3 

3A CuSiSiC 3.3 s10 C3 380 190 C3 s:0.5 C3 C3 

4A CuAISC 3.3 s10 C3 380 190 C3 s:0.5 C3 C3 

SA AAIN 3.3 s10 C3 327 163 C3 s:0.5 C3 C3 

6A ASIC 3.3 s10 C3 327 163 C3 s:0.5 C3 C3 

7A ASiSiC 3.3 s10 C3 327 163 C3 s:0.5 C3 C3 

8A AASIC 3.3 s10 C3 327 163 C3 s:0.5 C3 C3 

finished to 50 lum. The first uniform heat plate 11 and the Working Example (2)-1B 
second uniform heat plate 12 had diameters of 330 mm and 
thicknesses of 3 mm. 0209 Bonding means combining screws and bearings 
0207 SUS foils were formed on heating element circuits 
for the resistance heating elements 13a, a plurality of poly 
imide sheets were prepared as the insulating sheet 13b, and 
these were stacked as shown in FIG. 7. Power supply wires 
were connected individually to the two stacked resistance 
heating elements 13a and were enabled to supply electricity 
individually. The insulated resistance heating element 13 
obtained in this manner was sandwiched between the first 
uniform heat plate 11 and the second uniform heat plate 12, 
and the first uniform heat plate 11 and the second uniform 

such as is shown in FIG. 8A were used instead of the vacuum 
Suction means, and the first uniform heat plate 11 and the 
second uniform heat plate 12 were bonded together uniformly 
in six locations, otherwise the heater units 10 of Samples 1B 
through 8B shown in Table 24 below were created in the same 
manner as Working Example (2)-1A. These samples were 
heated in the same manner as in Working Example (2)-1A, 
and the change inflatness and temperature increase rate of the 
placement Surfaces 11a were measured. The measurement 
results and their evaluations are shown in Table 24 below. 
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TABLE 24 

First Uniform Heat 
Plate Second Uniform RT -e 200° C. RT -> 200° C. Rate of Temperature 200° C. Temperature 

Heat Plate Change in Flatness Increase (Seconds Distribution Overall 

Specimen material thickness (mm) lm determination 1.25 kW 2.5 kW determination o C. determination Determination 

1B CuAIN 3.3 s10 C3 380 190 C3 s:0.5 C3 C3 
2B CuSiC 3.3 s10 C3 380 190 C3 s:0.5 C3 C3 
3B CuSiSiC 3.3 s10 C3 380 190 C3 s:0.5 C3 C3 
4B CuAISC 3.3 s10 C3 380 190 C3 s:0.5 C3 C3 
5B AAIN 3.3 s10 C3 327 163 C3 s:0.5 C3 C3 
6B ASIC 3.3 s10 C3 327 163 C3 s:0.5 C3 C3 
7B ASiSiC 3.3 s10 C3 327 163 C3 s:0.5 C3 C3 
8B AASIC 3.3 s10 C3 327 163 C3 s:0.5 C3 C3 

Working Example (2)-2A uniform heat plate 12 on the substrate side was subjected to 
0210. The material of the first uniform heat plate 11 was notching for flexibility as well as processing for avoiding the 
selected from among the ceramics or metal-ceramic compos 
ite materials AlN, SiC. SiSiC, and AlSiO, and the material of 
the second uniform heat plate 12 was selected from between 
the metals Cu and Al, resulting in various combinations of 
materials. The placement surface 11a of the first uniform heat 
plate 11 was subjected to processing for Substrate Suction, and 
the flatness was finished to 50 lum. The surface of the second 

temperature sensor 40 and the power Supply wiring, the flat 
ness was finished to 50 um, and an Ni plating was formed. 
Otherwise, Samples 9A through 16A were prepared in the 
same manner as in Working Example (2)-1A, and the same 
measurements were taken. 

0211. The measurement results and their evaluations are 
shown in Table 25 below. 

TABLE 25 

First Uniform Heat 
Plate Second Uniform RT -e 200 C. RT -> 200° C. Rate of Temperature 200° C. Temperature 

Heat Plate Change in Flatness Increase (Seconds Distribution Overall 

Specimen material thickness (mm) In determination 1.25 kW 2.5 kW determination o C. determination Determination 

9A AINCu 3.3 s10 C3 380 190 C3 s:0.5 C3 C3 
10A SiCfCu 3.3 s10 C3 380 190 C3 s:0.5 C3 C3 
11A SiSiCCu 3.3 s10 C3 380 190 C3 s:0.5 C3 C3 
12A AlSiCfCu 3.3 s10 C3 380 190 C3 s:0.5 C3 C3 
13A AINA 3.3 s10 C3 327 163 C3 s:0.5 C3 C3 
14A SiCAI 3.3 s10 C3 327 163 C3 s:0.5 C3 C3 
15A SiSiCAI 3.3 s10 C3 327 163 C3 s:0.5 C3 C3 
16A AlSiCAI 3.3 s10 C3 327 163 C3 s:0.5 C3 C3 

Working Example (2)-2B 
0212 Bonding means combining screws and bearings 
such as is shown in FIG. 8A were used instead of the vacuum 
Suction means, and the first uniform heat plate 11 and the 
second uniform heat plate 12 were bonded together uniformly 
in six locations, otherwise the heater units 10 of Samples 9B 
through 16B shown in Table 26 below were created in the 
same manner as Working Example (2)-2A. These samples 
were heated in the same manner as in Working Example 
(2)-1A, and the change in flatness and temperature increase 
rate of the placement Surfaces 11a were measured. The mea 
surement results and their evaluations are shown in Table 26 
below. 

TABLE 26 

First Uniform Heat RT - 200° C. 
Plate Second Uniform RT -e 200 C. Rate of Temperature 200° C. Temperature 

Heat Plate Change in Flatness - Increase (Seconds) - Distribution Overall 

Specimen material thickness (mm) In determination 1.25 kW 2.5 kW determination o C. determination Determination 

9B AINCu 3.3 s10 C3 380 190 C3 s:0.5 C3 C3 

1 OB SiCfCu 3.3 s10 C3 380 190 C3 s:0.5 C3 C3 
11B SiSiCCu 3.3 s10 C3 380 190 C3 s:0.5 C3 C3 
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TABLE 26-continued 

First Uniform Heat RT -e 200 C. 
Plate Second Uniform RT -e 200° C. Rate of Temperature 200° C. Temperature 

Heat Plate Change in Flatness Increase (Seconds Distribution Overall 

Specimen material thickness (mm) lm determination 1.25 kW 2.5 kW determination o C. determination Determination 

12B AlSiCCu 3.3 s10 C3 380 190 C3 s:0.5 C3 C3 
13B AINA 3.3 s10 C3 327 163 C3 s:0.5 C3 C3 
14B SiCAI 3.3 s10 C3 327 163 C3 s:0.5 C3 C3 
1SB SiSiCAI 3.3 s10 C3 327 163 C3 s:0.5 C3 C3 
16B AlSiCAI 3.3 s10 C3 327 163 C3 s:0.5 C3 C3 

Comparative Example (2)-1A in conventional practice, only the first uniform heat plate 11 
0213. The first uniform heat plate 11 and the second uni- being used with a thickness of 6 mm, the material being Cu, 
form heat plate 12 were both Cu, both Al, or both AlN. 
otherwise the Samples 17A through 19A were created in the 
same manner as Working Example (2)-1A, and the same 
measurements as Working Example (2)-1A were taken. For 
the sake of further comparison, Samples 20 through 22 were 
prepared in the same manner as in Working Example (2)-1A, 
other than the second uniform heat plate 12 not being used as 

Al, or AlN, and a heating element insulated with polyimide 
being attached and integrated with a heat-resistant adhesive to 
the surface of the first uniform heat plate 11 on the side 
opposite the placement Surface 11a; and the same measure 
ments as Working Example (2)-1A were taken. The measure 
ment results and their evaluations are shown in Table 27 
below. 

TABLE 27 

First Uniform Heat RT -> 200 C. Rate 
Plate Second Uniform RT -e 200 C. of Temperature 200° C. Temperature 

Heat Plate Change in Flatness Increase (Seconds Distribution Overall 

Specimen material thickness (mm) In determination 1.25 kW 2.5 kW determination o C. determination Determination 

17A Cuf Cu 3.3 30 X 494 247 X O6 X X 
18A Al Al 3.3 40 X 327 163 C3 0.7 X X 
19A AINAIN 3.3 s10 C3 327 163 C3 O.9 X X 
2O Cuf— 6— 60 X 494 247 X O6 X X 
21 Alf— 6— 8O X 327 163 C3 0.7 X X 
22 AIN- 6— s10 C3 327 163 C3 O.9 X X 

Comparative Example (2)-1B 
0214 Bonding means combining screws and bearings 
such as is shown in FIG. 8A were used instead of the vacuum 
Suction means, and the first uniform heat plate 11 and the 
second uniform heat plate 12 were bonded together uniformly 
in six locations, otherwise the heater units 10 of Samples 17B 
through 19B shown in Table 28 below were created in the 
same manner as the Samples 17A through 19A of Compara 
tive Example (2)-1A. These samples were heated in the same 
manner as in Comparative Example (2)-1A, and the change in 
flatness and temperature increase rate of the placement Sur 
faces 11a were measured. The measurement results and their 
evaluations are shown in Table 28 below. 

TABLE 28 

First Uniform Heat RT - 200° C. 
Plate Second Uniform RT -e 200 C. Rate of Temperature 200° C. Temperature 

Heat Plate Change in Flatness Increase (Seconds) Distribution Overall 

Specimen material thickness (mm) In determination 1.25 kW 2.5 kW determination o C. determination Determination 

17B Cuf Cu 3.3 30 X 494 247 X O6 X X 

18B Al Al 3.3 40 X 327 163 C3 0.7 X X 

19B AINAIN 3.3 s10 C3 327 163 C3 O.9 X X 
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0215. As can be seen from the results of Tables 27 and 28, 
since the thinned uniform heat plate of metal has low rigidity, 
warping during the temperature increase was extensive in the 
cases of vacuum Suctioning two plates as well as of course the 
cases of only one conventional metal plate in which a second 
uniform heat plate was not used, and Sufficient uniform heat 
properties were not achieved. 
0216 Furthermore, the temperature increase rate was also 
slow in the case of Cubecause of the large heat capacity. 
0217. It is clear from the results of Tables 23, 24, 25, and 
26 that between the first uniform heat plate 11 and the second 
uniform heat plate 12, by using a metal for one, using a 
ceramic or a metal-ceramic composite material for the other, 
and bonding these two uniform heat plates together by 
vacuum-Suction means or by bonding means combining 
screws and bearings via the insulated resistance heating ele 
ment 13 made of insulated layers, the change in flatness can 
be minimized, uniform heat properties can be ensured, and a 
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high rate of temperature increase can be achieved. It is also 
clear that by staking two resistance heating elements 13a, the 
power can be increased to twice the usual power of one 
resistance heating element 13a, and the temperature can be 
increased at twice the rate. 

Reference Example (2)-2 
0218. The first uniform heat plate 11 and the second uni 
form heat plate 12 were not bonded by vacuum suction means 
or by bonding means combining screws and bearings, but 
were fixed together by common screws in multiple locations, 
otherwise Samples 23 through 38 were prepared in the same 
manner as Working Example (2)-1A. These were heated from 
room temperature to 200°C. in the same manner as Working 
Example (2)-1A, and the change in flatness and temperature 
increase rate of the placement Surfaces 11 a were measured. 
The measurement results and their evaluations are shown in 
Table 29 below. 

TABLE 29 

First Uniform 

Heat Plate? 

Second Uniform RT - 200° C. 

Heat Plate Change in 200° C. Temperature 

thickness Flatness Distribution Overall 

Specimen material (mm) lm determination C. determination Determination 

23 CuAIN 3.3 O2 X > X X 

24 CuSiC 3.3 10 X > X X 

25 CuSiSiC 3.3 15 X > X X 

26 CuAISiC 3.3 93 X O.9 X X 

27 AAIN 3.3 56 X > X X 

28 AlSiO 3.3 68 X > X X 

29 ASiSiC 3.3 76 X > X X 

30 AASIC 3.3 42 X > X X 

31 AINCu 3.3 OO X > X X 

32 SiCfCu 3.3 O8 X > X X 

33 SiSiCCu 3.3 13 X > X X 

34 AlSiCCu 3.3 91 X O.9 X X 

35 AINA 3.3 53 X > X X 

36 SiCAI 3.3 65 X > X X 

37 SiSiCAI 3.3 72 X > X X 

38 AlSiCAI 3.3 39 X > X X 



US 2011/O 139399 A1 
29 

0219. It is clear from Table 29 that in the heater units in 
which the first uniform heat plate 11 and the second uniform 
heat plate 12 were fixed by using multiple common conven 
tional screws, there was a large change in flatness during 
temperature increasing and satisfactory uniform heating was 
not achieved at 200° C. 

Reference Example (2)-3A 
0220 Processing for flexibility was not performed on the 

first uniform heat plate 11, otherwise the heater units of 
Samples 39A through 54A were prepared in the same manner 
as in Working Example (2)-1A, the heater units were heated 
from room temperature to 200° C. in the same manner as 
Working Example (2)-1A, and the change in flatness and 
temperature increase rate of the placement Surfaces 11 a were 
measured. The measurement results and their evaluations are 
shown in Table 30 below. 

Jun. 16, 2011 

TABLE 30 

First Uniform 
Heat Plate? 

Second Uniform RT -e 200 C. 
Heat Plate Change in 200° C. Temperature 

thickness Flatness Distribution Overall 

Specimen material (mm) Lim determination C. determination Determination 

39A Cu/AIN 3.3 49 X O.8 X X 
40A CuSiC 3.3 52 X O.9 X X 
41A CuSiSiC 3.3 55 X O.9 X X 
42A CuAISC 3.3 44 X O.8 X X 
43A. AAIN 3.3 74 X O.9 X X 
44A ASIC 3.3 8O X O.9 X X 
45A ASiSiC 3.3 84 X O.9 X X 
46A. AASIC 3.3 68 X O.9 X X 
47A ANCu 3.3 48 X O.8 X X 
48A SiCCu 3.3 51 X O.9 X X 
49A. SiSiCfCu 3.3 S4 X O.9 X X 
50A ASICCu 3.3 43 X O.8 X X 
51A AINA 3.3 73 X O.9 X X 
52A SiCAI 3.3 79 X O.9 X X 
53A SiSiCAI 3.3 82 X O.9 X X 
54A AISCAI 3.3 66 X O.9 X X 

Reference Example (2)-3B 

0221 Bonding means combining screws and bearings 
such as is shown in FIG. 8A were used instead of the vacuum 
Suction means, and the first uniform heat plate 11 and the 
second uniform heat plate 12 were bonded together uniformly 
in six locations, otherwise the heater units of Samples 39B 

through 54B shown in Table 31 below were created in the 
same manner as in Reference Example (2)-3A. These 
samples were heated in the same manner as in Comparative 
Example (2)-1A, and the change in flatness and temperature 
increase rate of the placement Surfaces 11 a were measured. 
The measurement results and their evaluations are shown in 
Table 31 below. 

TABLE 31 

First Uniform 
Heat Plate? 

Second Uniform RT -e 200 C. 
Heat Plate Change in 200° C. Temperature 

thickness Flatness Distribution Overall 

Specimen material (mm) Lim determination C. determination Determination 

39B CiAIN 3.3 49 X O.8 X X 
40B CuSiC 3.3 52 X O.9 X X 
41B CuSiSiC 3.3 55 X O.9 X X 
42B CuAlSiO 3.3 44 X O.8 X X 
43B ALAIN 3.3 74 X O.9 X X 
44B AlSiC 3.3 8O X O.9 X X 



US 2011/O 139399 A1 

TABLE 31-continued 

First Uniform 

30 
Jun. 16, 2011 

Heat Plate? 
Second Uniform RT - 2009 C. 

Heat Plate Change in 200° C. Temperature 

thickness Flatness Distribution Overall 

Specimen material (mm) lm determination C. determination Determination 

4SB ASiSiC 3.3 84 X O.9 X X 
46B AASIC 3.3 68 X O.9 X X 
47B AINCu 3.3 48 X O.8 X X 
48B SiCCu 3.3 51 X O.9 X X 
49B SiSiCfCu 3.3 S4 X O.9 X X 
SOB AlSiCCu 3.3 43 X O.8 X X 
51B AINA 3.3 73 X O.9 X X 
52B SiCAI 3.3 79 X O.9 X X 
53B SiSiCAI 3.3 82 X O.9 X X 
54B AlSiCAI 3.3 66 X O.9 X X 

0222. It is clear from Tables 30 and 31 that when process 
ing for flexibility is not performed, the change in flatness 
during temperature increasing is greater and the uniform heat 
properties during temperature increasing are not as good as 
when this processing is performed. 

Working Example (2)-3A 
0223. Other than the thickness of the first uniform heat 
plate 11 being 2 mm and the thickness of the second uniform 
heat plate 12 being 4 mm, the heater units of Samples 55A 
through 62A were prepared in the same manner as in Working 
Example (2)-1A, and the same measurements as Working 
Example (2)-1A were taken. The measurement results and 
their evaluations are shown in Table 32 below. 

TABLE 32 

First Uniform 

Heat Plate? 

Second Uniform RT -e 200 C. RT -e 2009 C. 

Heat Plate Change in Rate of Temperature 200° C. Temperature 

thickness Flatness Increase (Seconds) Distribution Overall 

Specimen material (mm) Im determination 1.25 kW 2.5 kW determination C. determination Determination 

SSA CuAIN 2.f4 s10 C3 342 171 C3 s:0.5 C3 C3 

56A CuSiC 2.f4 s10 C3 342 171 C3 s:0.5 C3 C3 

57A CuSiSiC 2.f4 s10 C3 342 171 C3 s:0.5 C3 C3 

S8A CuAISC 2.f4 s10 C3 342 171 C3 s:0.5 C3 C3 

59A ALAIN 2.f4 s10 C3 294 147 C3 s:0.5 C3 C3 

60A AlSiO 2.f4 s10 C3 294 147 C3 s:0.5 C3 C3 

61A ASiSiC 2.f4 s10 C3 294 147 C3 s:0.5 C3 C3 

62A AASIC 2.f4 s10 C3 294 147 C3 s:0.5 C3 C3 

Working Example (2)-3B through 62B shown in Table 33 below were created in the 
same manner as in Working Example (2)-3A. 

0224 Bonding means combining screws and bearings 0225. These samples were heated in the same manner as in 
such as is shown in FIG. 8A were used instead of the vacuum 
Suction means, and the first uniform heat plate 11 and the 
second uniform heat plate 12 were bonded together uniformly 
in six locations, otherwise the heater units 10 of Samples 55B 

Working Example (2)-1A, and the change in flatness and 
temperature increase rate of the placement Surfaces 11a were 
measured. The measurement results and their evaluations are 
shown in Table 33 below. 
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TABLE 33 

First Uniform 
Heat Plate? 

Second Uniform RT -e 200 C. RT -e 2009 C. 
Heat Plate Change in Rate of Temperature 200° C. Temperature 

thickness Flatness Increase (Seconds Distribution Overall 

Specimen material (mm) Im determination 1.25 kW 2.5 kW determination C. determination Determination 

55B CuAIN 2.f4 s10 C3 342 171 C3 s:0.5 C3 C3 
S6B CuSiC 2.f4 s10 C3 342 171 C3 s:0.5 C3 C3 
57B CuSiSiC 2.f4 s10 C3 342 171 C3 s:0.5 C3 C3 
S8B CuAISC 2.f4 s10 C3 342 171 C3 s:0.5 C3 C3 
59B AAIN 2.f4 s10 C3 294 147 C3 s:0.5 C3 C3 
6OB ASIC 2.f4 s10 C3 294 147 C3 s:0.5 C3 C3 
61B ASiSiC 2.f4 s10 C3 294 147 C3 s:0.5 C3 C3 
62B AASIC 2.f4 s10 C3 294 147 C3 s:0.5 C3 C3 

Working Example (2)-4A 
0226. Other than the thickness of the first uniform heat 
plate 11 being 4 mm and the thickness of the second uniform 
heat plate 12 being 2 mm, the heater units of Samples 63A 
through 70A were prepared in the same manner as in Working 
Example (2)-2A, and the same measurements as Working 
Example (2)-1A were taken. The measurement results and 
their evaluations are shown in Table 34 below. 

TABLE 34 

First Uniform 
Heat Plate? 

Second Uniform RT -e 200 C. RT -e 2009 C. 
Heat Plate Change in Rate of Temperature 200° C. Temperature 

thickness Flatness Increase (Seconds Distribution Overall 

Specimen material (mm) Im determination 1.25 kW 2.5 kW determination C. determination Determination 

63A ANCu 4.2 s10 C3 342 171 C3 s:0.5 C3 C3 
64A SiCCu 4.2 s10 C3 342 171 C3 s:0.5 C3 C3 
65A SiSiCfCu 4.2 s10 C3 342 171 C3 s:0.5 C3 C3 
66A AlSiCCu 4.2 s10 C3 342 171 C3 s:0.5 C3 C3 
67A ANA 4.2 s10 C3 294 147 C3 s:0.5 C3 C3 
68A SiCAI 4.2 s10 C3 294 147 C3 s:0.5 C3 C3 
69A SiSiCAI 4.2 s10 C3 294 147 C3 s:0.5 C3 C3 
70A AISCAI 4.2 s10 C3 294 147 C3 s:0.5 C3 C3 

Working Example (2)-4B through 70B shown in Table 35 below were created in the 
same manner as in Working Example (2)-4A. 

0227 Bonding means combining screws and bearings 0228. These samples were heated in the same manner as in 
such as is shown in FIG. 8A were used instead of the vacuum 
Suction means, and the first uniform heat plate 11 and the 
second uniform heat plate 12 were bonded together uniformly 
in six locations, otherwise the heater units 10 of Samples 63B 

First Uniform 
Heat Plate? 

Second Uniform RT -e 200° C. 
Heat Plate Change in 

thickness Flatness 

Specimen material (mm) Lim determination 

63B AINCu 4.2 s10 C3 
64B SiCCu 4.2 s10 C3 
65B SSCC 4.2 s10 C3 
66B AlSiCCu 4.2 s10 C3 

Working Example (2)-1A, and the change in flatness and 
temperature increase rate of the placement Surfaces 11a were 
measured. The measurement results and their evaluations are 
shown in Table 35 below. 

TABLE 35 

RT -e 200 C. 
Rate of Temperature 200° C. Temperature 

Increase (Seconds Distribution Overall 

1.25 kW 2.5 kW determination C. determination Determination 

342 171 C3 s:0.5 C3 C3 

342 171 C3 s:0.5 C3 C3 
342 171 C3 s:0.5 C3 C3 
342 171 C3 s:0.5 C3 C3 
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TABLE 35-continued 

First Uniform 
Heat Plate? 

Second Uniform RT -e 200 C. RT -e 2009 C. 
Heat Plate Change in Rate of Temperature 200° C. Temperature 

thickness Flatness Increase (Seconds Distribution Overall 

Specimen material (mm) Im determination 1.25 kW 2.5 kW determination C. determination Determination 

67B AINA 4.2 s10 C3 294 147 C3 s:0.5 C3 C3 
68B SiCAI 4.2 s10 C3 294 147 C3 s:0.5 C3 C3 
69B SiSiCAI 4.2 s10 C3 294 147 C3 s:0.5 C3 C3 
7OB AlSiCAI 4.2 s10 C3 294 147 C3 s:0.5 C3 C3 

Reference Example (2)-4C 
0229. For the sake of reference the heater unit of Sample 
71 was prepared by reversing the thicknesses of the first 
uniform heat plate 11 and the second uniform heat plate 12 of 
Sample 55A in Working Example (2)-3A, and the same mea 
Surements were taken. The measurement results and their 
evaluations are shown in Table 36 below. 

TABLE 36 

First Uniform 
Heat Plate? 

Second Uniform RT -e 200 C. RT -e 200 C. 
Heat Plate Change in Rate of Temperature 200° C. Temperature 

thickness Flatness Increase (Seconds Distribution Overall 

Specimen material (mm) um determination 1.25 kW 2.5 kW determination C. determination Determination 

71 CuAIN 4.2 50 X 547 274 X s:0.5 C3 X 

0230. When the results of Tables 32, 33, 34, and 35 are uniform heat plate 12 as in FIG. 9A, a heater unit was pre 
compared to those of Tables 23, 24, 25, and 26, it is clear that 
making the metal less thick than the ceramic or the metal 
ceramic composite material speeds up the temperature 
increase rate. When the metal is thicker than the ceramic as in 
the reference example shown in Table 36, the time showing 
the temperature increase rate is longer and the ceramic is too 
thin, which makes it impossible to maintain flatness. In other 
words, it is clear that thickening the ceramic and thinning the 
metal makes warping and other problems less likely and 
increases reliability. 

Working Example (2)-5 
0231. Other than flanges being processed into the external 
peripheries of the first uniform heat plate 11 and the second 

First Uniform 
Heat Plate? 

Second Uniform RT -e 200° C. 
Heat Plate Change in 

thickness Flatness 

Specimen material (mm) Lim determination 

72 CuAIN 3.3 s10 C3 
73 CuSiC 3.3 s10 C3 
74 CuSiSiC 3.3 s10 C3 
75 CuAISC 3.3 s10 C3 
76 AAIN 3.3 s10 C3 

pared in the same manner as in Working Example (2)-1A, and 
an annular band made of heat-resistant rubber having an 
inside diameter of 300 mm was placed and hermetically 
sealed in the portion facing the flanges of the first uniform 
heat plate 11 and the second uniform heat plate 12 so as to 
cover the external peripheral side surfaces of the first uniform 
heat plate 11 and the second uniform heat plate 12. The 
periphery around the lifter pin, the temperature sensor 40, and 
the power Supply wiring feed-out section was hermetically 
sealed with an O-ring made of a heat-resistant resin. The same 
measurements as those of Working Example (2)-1A were 
taken of Samples 72-87 obtained in this manner. The mea 
surement results and their evaluations are shown in Table 37 
below. 

TABLE 37 

RT -e 200 C. 
Rate of Temperature 200° C. Temperature 

Increase (Seconds Distribution Overall 

1.25 kW 2.5 kW determination C. determination Determination 

342 171 C3 s:0.5 C3 C3 
342 171 C3 s:0.5 C3 C3 
342 171 C3 s:0.5 C3 C3 

342 171 C3 s:0.5 C3 C3 

26S 132 C3 s:0.5 C3 C3 
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TABLE 37-continued 

First Uniform 
Heat Plate? 

Second Uniform RT -e 200 C. RT -e 2009 C. 
Heat Plate Change in Rate of Temperature 200° C. Temperature 

thickness Flatness Increase (Seconds Distribution Overall 

Specimen material (mm) Im determination 1.25 kW 2.5 kW determination C. determination Determination 

77 ASIC 3.3 s10 C3 26S 132 C3 s:0.5 C3 C3 
78 ASiSiC 3.3 s10 C3 26S 132 C3 s:0.5 C3 C3 
79 AASIC 3.3 s10 C3 26S 132 C3 s:0.5 C3 C3 
8O AINCu 3.3 s10 C3 342 171 C3 s:0.5 C3 C3 
81 SiCCu 3.3 s10 C3 342 171 C3 s:0.5 C3 C3 
82 SiSiCfCu 3.3 s10 C3 342 171 C3 s:0.5 C3 C3 
83 AlSiCCu 3.3 s10 C3 342 171 C3 s:0.5 C3 C3 
84 AINA 3.3 s10 C3 26S 132 C3 s:0.5 C3 C3 
85 SiCAI 3.3 s10 C3 26S 132 C3 s:0.5 C3 C3 
86 SiSiCAI 3.3 s10 C3 26S 132 C3 s:0.5 C3 C3 
87 AlSiCAI 3.3 s10 C3 26S 132 C3 s:0.5 C3 C3 

0232. It is clear from Table 37that creating an airtight seal cooling water were formed in the ends of the flow passage. A 
in the external peripheries of the first uniform heat plate 11 
and the second uniform heat plate 12 can increase airtight 
ness, improve adherence between the uniform heat plates 11, 
12 and the insulated resistance heating element 13, and 
increase the rate of temperature increase. 

Working Example (2)-6A 

0233. To prepare the heater shown in FIG. 10, first, a 
mobile cooling plate 20 was prepared using an aluminum 
alloy plate. A through-hole for allowing passage of the power 
Supply wiring, the temperature sensor, and a rod for Support 
ing the heater unit 10 was formed by mechanical processing 
in this cooling plate 20. Furthermore, mechanical processing 
was performed so that the flatness was 200 um in the surface 
on the side in contact with the heater unit. A soft silicon sheet 
0.5 mm in thickness was provided on the Surface in contact 
with the heater unit so that uniform contact was achieved 
throughout the entire surface rather than only partial contact. 
0234. Furthermore, a phosphorus deoxidized copper pipe 
6 mm in outside diameter and 4 mm in inside diameter was 
formed by bending as the flow passage capable of flowing 
refrigerant. A counterbore was provided in the surface of the 
cooling plate 20 on the side opposite the Surface in contact 
with the heater unit 10, the copper pipe was fitted into this 
counterbore, a thermally conductive resin was embedded in 
the space formed thereby, and heat was efficiently transmit 
ted. An inlet and an outlet for Supplying and discharging 

stopper plate for Supporting the flow passage was fixed in 
place by Screwing, and the cooling plate 20 having a flow 
passage in its interior was completed. This cooling plate 20 
was capable of being moved up and down and brought in 
contact with/separated from the heater unit 10 by a raising/ 
lowering mechanism composed of an air cylinder. 
0235 Next, a container 30 was prepared from stainless 
steel. The side walls of the container 30 had heights of 30 mm 
on the inside surfaces, an inside diameter of 337 mm, and 
thicknesses of 1.5 mm, and the bottom Surface had a thickness 
of 3 mm. In the bottom surface was formed an opening for 
fastening the power Supply wiring, the temperature sensor, 
and a Support rod for Supporting the heater unit 10 in the 
container. The samples prepared in Working Example (2)-5, 
Working Example (2)-3A, and Working Example (2)-4A pre 
viously described were attached to the support rods of each of 
the containers 30, and the mobile cooling plates 20 were 
assembled with the raising/lowering mechanisms, complet 
ing the heaters. In the resulting heaters, the mobile cooling 
plates 20 were pressed against the heater units 10 whose 
temperatures had been raised and stabilized at 200° C., caus 
ing the heater units to cool rapidly, and the changes inflatness 
and cooling rates at 150°C. were measured. The term “deter 
mination' for the cooling rate, the circle symbol indicates a 
time for cooling from 200°C. to 150° C. being 60 seconds or 
less, and the symbol X indicates a time exceeding 60 seconds 
for the same. The measurement results and their evaluations 
are shown in Tables 38, 39, and 40 below. 

TABLE 38 

2OO C. - 150° C. 200° C. Temperature 

First Uniform 
Heat Plate? 

Second Uniform 200° C. - 150° C. 
Heat Plate Change in 

thickness Flatness Distribution Overall Rate of Cooling 

Specimen material (mm) lm determination seconds determination C. determination Determination 

72 CuAIN 3.3 s10 C3 30 C3 s:0.5 C3 C3 
73 CuSiC 3.3 s10 C3 30 C3 s:0.5 C3 C3 

74 CuSiSiC 3.3 s10 C3 30 C3 s:0.5 C3 C3 
75 CuAISC 3.3 s10 C3 30 C3 s:0.5 C3 C3 
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Specimen 

76 
77 
78 
79 
8O 
81 
82 
83 
84 
85 
86 
87 

Specimen 

SSA 
56A 
57A 
S8A 
59A 
60A 
61A 
62A 

Specimen 

0236 

First Uniform 
Heat Plate? 

Second Uniform 
Heat Plate 

thickness 

material (mm) 

AAIN 3.3 
ASIC 3.3 
ASiSiC 3.3 
AASIC 3.3 
AINCu 3.3 
SiCCu 3.3 
SiSiCfCu 3.3 
AlSiCCu 3.3 
AINA 3.3 
SiCAI 3.3 
SiSiCAI 3.3 
AlSiCAI 3.3 

First Uniform 
Heat Plate? 

Second Uniform 
Heat Plate 

thickness 

material (mm) 

CuAIN 2.f4 
CuSiC 2.f4 
CuSiSiC 2.f4 
CuAISC 2.f4 
AAIN 2.f4 
ASIC 2.f4 
ASiSiC 2.f4 
AASIC 2.f4 

First Uniform 
Heat Plate? 

Second Uniform 
Heat Plate 

thickness 

material (mm) 

AINCu 4.2 
SiCCu 4.2 
SiSiCfCu 4.2 
AlSiCCu 4.2 
AINA 4.2 
SiCAI 4.2 
SiSiCAI 4.2 
AlSiCAI 4.2 
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Change in 200° C. - 150° C. 200° C. Temperature 

Flatness Rate of Cooling Distribution Overall 

Lim determination seconds determination C. determination Determination 

s10 C3 26 C3 s:0.5 C3 C3 

s10 C3 26 C3 s:0.5 C3 C3 

s10 C3 26 C3 s:0.5 C3 C3 

s10 C3 26 C3 s:0.5 C3 C3 

s10 C3 31 C3 s:0.5 C3 C3 

s10 C3 31 C3 s:0.5 C3 C3 

s10 C3 31 C3 s:0.5 C3 C3 

s10 C3 31 C3 s:0.5 C3 C3 

s10 C3 26 C3 s:0.5 C3 C3 

s10 C3 26 C3 s:0.5 C3 C3 

s10 C3 26 C3 s:0.5 C3 C3 

s10 C3 26 C3 s:0.5 C3 C3 

TABLE 39 

2OO C. - 150° C. 
Change in 200° C. - 150° C. 200° C. Temperature 

Flatness Rate of Cooling Distribution Overall 

Lim determination seconds determination C. determination Determination 

s10 C3 29 C3 s:0.5 C3 C3 

s10 C3 29 C3 s:0.5 C3 C3 

s10 C3 29 C3 s:0.5 C3 C3 

s10 C3 29 C3 s:0.5 C3 C3 

s10 C3 25 C3 s:0.5 C3 C3 

s10 C3 25 C3 s:0.5 C3 C3 

s10 C3 25 C3 s:0.5 C3 C3 

s10 C3 25 C3 s:0.5 C3 C3 

TABLE 40 

2OO C. - 150° C. 
Change in 200° C. - 150° C. 200° C. Temperature 

Flatness Rate of Cooling Distribution Overall 

Lim determination seconds determination C. determination Determination 

s10 C3 30 C3 s:0.5 C3 C3 

s10 C3 30 C3 s:0.5 C3 C3 

s10 C3 30 C3 s:0.5 C3 C3 

s10 C3 30 C3 s:0.5 C3 C3 

s10 C3 26 C3 s:0.5 C3 C3 

s10 C3 26 C3 s:0.5 C3 C3 

s10 C3 26 C3 s:0.5 C3 C3 

s10 C3 26 C3 s:0.5 C3 C3 

Working Example (2)-6B 
The samples prepared in Working Example (2)-3B 

and Working Example (2)-4B previously described were 
attached instead of the samples prepared in Working Example 
(2)-3A and Working Example (2)-4A, otherwise the heaters 

shown in FIG. 10 were prepared in the same manner as in 
Working Example (2)-6A. The change inflatness and cooling 
rate at 150° C. were measured in these heaters in the same 
manner as in Working Example (2)-6A. The measurement 
results and their evaluations are shown in Tables 41 and 42 
below. 
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TABLE 41 

First Uniform 
Heat Plate? 

Second Uniform 2OO C. - 150° C. 
Heat Plate Change in 200° C. - 150° C. 200° C. Temperature 

thickness Flatness Rate of Cooling Distribution Overall 

Specimen material (mm) Lim determination seconds determination C. determination Determination 

55B CuAIN 2.f4 s10 C3 29 C3 s:0.5 C3 C3 
S6B CuSiC 2.f4 s10 C3 29 C3 s:0.5 C3 C3 
57B CuSiSiC 2.f4 s10 C3 29 C3 s:0.5 C3 C3 
S8B CuAISC 2.f4 s10 C3 29 C3 s:0.5 C3 C3 
59B AAIN 2.f4 s10 C3 25 C3 s:0.5 C3 C3 
6OB ASIC 2.f4 s10 C3 25 C3 s:0.5 C3 C3 
61B ASiSiC 2.f4 s10 C3 25 C3 s:0.5 C3 C3 
62B AASIC 2.f4 s10 C3 25 C3 s:0.5 C3 C3 

TABLE 42 

First Uniform 
Heat Plate? 

Second Uniform 2OO C. - 150° C. 
Heat Plate Change in 200° C. - 150° C. 200° C. Temperature 

thickness Flatness Rate of Cooling Distribution Overall 

Specimen material (mm) Lim determination seconds determination C. determination Determination 

63B AINCu 4.2 s10 C3 30 C3 s:0.5 C3 C3 
64B SCCu 42 s10 C 30 C s0.5 C C 
6SB SiSiCfCu 4.2 s10 C3 30 C3 s:0.5 C3 C3 
66B AlSiCCu 4.2 s10 C3 30 C3 s:0.5 C3 C3 
67B AINA 4.2 s10 C3 26 C3 s:0.5 C3 C3 
68B SiCAI 4.2 s10 C3 26 C3 s:0.5 C3 C3 
69B SiSiCAI 4.2 s10 C3 26 C3 s:0.5 C3 C3 
7OB AlSiCAI 4.2 s10 C3 26 C3 s:0.5 C3 C3 

Reference Example (2)-4 samples prepared in Reference Example (2)-2, and the heat 
ers were evaluated in the same manner as in Working 

0237 For the sake of reference, heaters were completed in Example (2)-6A. The measurement results and their evalua 
the same manner as in Working Example (2)-6A using the tions are shown in Table 43 below. 

TABLE 43 

First Uniform 
Heat Plate? 

Second Uniform 2OO C. - 150° C. 
Heat Plate Change in 2OO C. - 150° C. 

thickness Flatness Rate of Cooling Overall 

Specimen material (mm) Lim determination seconds determination Determination 

23 CuAIN 3.3 57 X 39 C3 X 

24 CuSiC 3.3 61 X 39 C3 X 

25 CuSiSiC 3.3 64 X 39 C3 X 

26 CuAISiC 3.3 52 X 39 C3 X 

27 AAIN 3.3 87 X 34 C3 X 

28 AlSiO 3.3 94 X 34 C3 X 

29 ASiSiC 3.3 98 X 34 C3 X 

30 AASIC 3.3 79 X 34 C3 X 

31 AINCu 3.3 56 X 40 C3 X 

32 SiCfCu 3.3 60 X 40 C3 X 

33 SiSiCCu 3.3 63 X 40 C3 X 

34 AlSiCCu 3.3 51 X 40 C3 X 

35 AINA 3.3 85 X 34 C3 X 
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TABLE 43-continued 

First Uniform 
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Overall 

Heat Plate? 
Second Uniform 200° C. - 150° C. 

Heat Plate Change in 200° C. - 150° C. 

thickness Flatness Rate of Cooling 

Specimen material (mm) lm determination seconds 

36 SiCAI 3.3 92 X 34 
37 SiSiCAI 3.3 96 X 34 
38 AlSiCAI 3.3 77 X 34 

0238. It is clear from Tables 38,39, 41, 40, 42, and 43 that 
compared to common conventional multi-point Screwing 
methods, the change in flatness during cooling can be kept 
smaller and the uniform heat properties can be increased with 
the second embodiment of the present invention. It is also 
clear that heat resistance is reduced by the force of adherence 
caused by the vacuum-Suction means or the bonding means 
combining screws and bearings. 

KEY 

0239 1 Heating and cooling device 
0240 10 Heater unit 
0241 11 First uniform heat plate 
0242) 11a Wafer placement surface 
0243 12 Second uniform heat plate 
0244 13 Insulated resistance heating element\ 
0245 13a Metal foil 
0246 13b Heat-resistant insulator 
0247 14 Screw 
0248 15 Bearing ball 
0249 16a, b, c Elastic members 
(0250 20 Mobile cooling plate 
0251 30 Container 
0252) 40 Temperature sensor 
(0253 N. Concavity 
(0254) S Object to be heated 
What is claimed is: 
1. A heater unit comprising: 
a first uniform heat plate having a placement Surface for 

placing a substrate; 
a second uniform heat plate for Supporting the first uniform 

heat plate; and 
at least one layer of an insulated resistance heating element 

provided between the first uniform heat plate and the 
second uniform heat plate; 

the first uniform heat plate of the heater unit having a first 
thermal conductivity K1 and a firstYoung's modulus Y1, 
and the second uniform heat plate of the heater unit have 
a second thermal conductivity K2 and a second Young's 
modulus Y2, where K1zK2 and Y1zY2. 

2. The heater unit according to claim 1, wherein 
the first uniform heat plate is formed of a metal, the second 

uniform heat plate is formed of a ceramic or a metal 
ceramic composite material, the relationship between 
the thermal conductivity of each of the first uniform heat 
plate and the second uniform heat plate is K1-K2, and 
the relationship between the Young's modulus of each of 
the first uniform heat plate and the second uniform heat 
plate is Y2Y1. 

determination Determination 

X 

X 

X 

3. The heater unit according to claim 2, wherein 
the total of the thicknesses of the first uniform heat plate 

and the second uniform heat plate is /40 or less of the 
diameter of the first uniform heat plate, the insulated 
resistance heating element is integrally formed using a 
resistance heating element and a heat-resistant insulator, 
the heat-resistant insulator is a heat-resistant insulator 
whose primary constituent is polyimide or Teflon, or 
both, and the thickness of the insulated resistance heat 
ing element is 0.5 mm or less. 

4. The heater unit according to claim 2, wherein 
the first uniform heat plate and the second uniform heat 

plate are each 1 mm or greater in thickness. 
5. The heater unit according to claim 2, wherein 
the second uniform heat plate has a Surface in contact with 

the insulated resistance heating element and the Surface 
has a flatness that is 100 um or less. 

6. The heater unit according to claim 2, wherein 
the second uniform heat plate has a Surface in contact with 

the insulated resistance heating element, the Surface 
includes an upwardly concave shape. 

7. The heater unit according to claim 1, wherein 
the first uniform heat plate and the second uniform heat 

plate are bonded together so that their opposing Surfaces 
are movable relative to each other in substantially par 
allel directions, and one of the first uniform heat plate 
and the second uniform heat plate is formed of metal and 
is subjected to processing providing flexibility on at least 
one side, while the other of the first uniform heat plate 
and the second uniform heat plate is formed of a ceramic 
or a metal-ceramic composite material. 

8. The heater unit according to claim 7, wherein 
the one of the first uniform heat plate and the second 

uniform heat plate comprises a metal with a first thick 
ness and the other of the first uniform heat plate and the 
second uniform heat plate comprises a ceramic or a 
metal-ceramic composite material with a second thick 
ness, the first thickness being equal to or less than the 
second thickness. 

9. The heater unit according to claim 7, wherein 
the second uniform heat plate includes a Surface in contact 

with the insulated resistance heating element, the Sur 
face having a flatness that is 100 um or less. 

10. The heater unit according to claim 7, wherein 
the second uniform heat plate includes a Surface in contact 

with the insulated resistance heating element, the Sur 
face having an upwardly concave shape. 

11. The heater unit according to claim 7, wherein 
the first uniform heat plate and the second uniform heat 

plate are bonded together by vacuum-Suction means. 
12. The heater unit according to claim 11, further compris 

ing 
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a vacuum-sealing device used as the vacuum-Suction 
CaS. 

13. The heater unit according to claim 12, wherein 
the vacuum-sealing device is disposed adjacent to an exter 

nal peripheral section of the first uniform heat plate and 
the second uniform heat plate. 

14. The heater unit according to claim 7, wherein 
the first uniform heat plate and the second uniform heat 

plate are bonded together by a combination of Screws 
and bearings. 

15. Aheating and cooling device comprising the heater unit 
according to claim 1, and a mobile cooling plate disposed 
underneath the heater unit. 
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16. A manufacturing apparatus for glass Substrates or semi 
conductor Substrates for flat panel displays, comprising the 
heater unit according to claim 1. 

17. An inspection apparatus for glass Substrates or semi 
conductor Substrates for flat panel displays, comprising the 
heater unit according to claim 1. 

18. A manufacturing apparatus for glass Substrates or semi 
conductor Substrates for flat panel displays, comprising the 
heating and cooling device according to claim 15. 

19. An inspection apparatus for glass Substrates or semi 
conductor Substrates for flat panel displays, comprising the 
heating and cooling device according to claim 15. 

c c c c c 


