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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 ?at 
panel displays. The heater comprises a ?rst uniform heat plate 
having a placement surface on Which a substrate is placed, a 
second uniform heat plate for supporting the ?rst uniform 
heat plate, and at least one layer of a insulated resistance 
heating element provided between the ?rst uniform heat plate 
and the second uniform heat plate. The ?rst 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 ?at 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 ?nal inspection step of a 
semiconductor substrate. 
[0003] 2. Related BackgroundArt 
[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. 11-040330 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 ?at 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. Speci?c examples of the 
aforementioned steps include heat-curing of a photosensitive 
resin, heat-?ring of a loW-dielectric insulating ?lm such as a 
lOW-K ?lm, CVD ?lm 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 ?at 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 con?gured 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 PatentApplication No. 2004 
014655). 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. A heater 1 is con?gured from a heater 
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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 con?gured, 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 con?guration, 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 ?lm (not shoWn). 
[0010] FIG. 12 is an example shoWing the structure of the 
heater plate 2. Speci?cally, a heating element circuit 53 con 
?gured 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 
?xed 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 ?oW pas 
sage 3a is formed in the cooling plate 3, through Which 
refrigerant is caused to How 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 S is taken 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 ?oW through the refrigerant ?oW 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 dif?cult 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 ?at 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 
?lm thickness or line Width during the photolithography step, 
for example, during the semiconductor manufacturing pro 
cess. 

[0017] In other Words, an object is to improve the produc 
tivity, performance, yield rate, and reliability of semiconduc 
tor apparatuses and ?at 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 ?rst uniform heat plate having a placement surface 
for placing a substrate, a second uniform heat plate for sup 
porting the ?rst uniform heat plate, and at least one layer of a 
insulated resistance heating element provided betWeen the 
?rst uniform heat plate and the second uniform heat plate; the 
?rst uniform heat plate of the heater unit having a ?rst thermal 
conductivity K1 and a ?rst 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 K1¢K2 and Y1 #Y2. 

[0019] Another embodiment of the present invention is a 
heater unit Wherein the ?rst 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 ?rst 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 ?rst 
uniform heat plate and the second uniform heat plate is 
Y2>Y1. 

[0020] Another embodiment of the present invention is a 
heater unit Wherein the total of the thicknesses of the ?rst 
uniform heat plate and the second uniform heat plate is 1A0 or 
less of the diameter of the ?rst 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 Te?on, 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 ?rst 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 ?atness that is 100 pm 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 ?rst 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 ?rst uniform heat plate and 
the second uniform heat plate is formed of metal and is 
subjected to processing providing ?exibility on at least one 
side, While the other of the ?rst 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 ?rst uniform heat plate and 
the second uniform heat plate comprises a metal With a ?rst 
thickness and the other of the ?rst uniform heat plate and the 
second uniform heat plate comprises a ceramic or a metal 
ceramic composite material With a second thickness, the ?rst 
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 ?atness that is 100 pm 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 ?rst 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 ?at 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 ?at panel displays, comprising 
the heating and cooling device of the previously described 
embodiments. 

Effect of the Intentioned 

[0034] According to the present invention, the ?atness 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 ?atness 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 ?at 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 ?lm 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 ?xed uniform heat prop 
erties and probing properties in the prober apparatus Without 
varying the ?atness 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 ?at 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 ?at 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 ?rst 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 ?rst 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 speci?c 
example of processing for providing ?exibility 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 speci?c 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 speci?c 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; 
[0052] FIG. 9C is a schematic partial sectional vieW shoW 
ing a speci?c 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 speci?c 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 ?rst uniform heat plate having a placement 
surface on Which a substrate is placed, a second uniform heat 
plate for supporting the ?rst uniform heat plate, and an insu 
lated resistance heating element made of at least one layer 
provided betWeen the ?rst uniform heat plate and the second 
uniform heat plate, Wherein the ?rst 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 ?at 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 ?rst embodiment of the present invention 
Will be described. 
[0062] The heater unit of the ?rst embodiment of the 
present invention is the heater unit characteriZed in that the 
?rst 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 ?rst 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 ?rst uniform heat plate and the second uniform 
heat plate, denoted as Y1 and Y2 respectively, is Y2>Y1. 
[0063] FIG. 1 relates to the ?rst 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 ?rst uniform 
heat plate 11, a second uniform heat plate 12 for supporting 
the ?rst uniform heat plate 11 from beloW, and an insulated 
resistance heating element 13 provided betWeen the ?rst uni 
form heat plate 11 and the second uniform heat plate 12. The 
?rst uniform heat plate 11 preferably has a circular plate 
shape, one side of Which comprises a Waferplacement surface 
1111 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 ?rst 
uniform heat plate 11. 
[0064] The ?rst 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 Te?on-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 ?nal prod 
ucts. The same surface treatment may of course also be per 
formed in the case of ceramics. 

[0067] In the ?rst embodiment of the present invention, 
With the combination of materials of the ?rst uniform heat 
plate 11 and the second uniform heat plate 12 as described 
above, When the thermal conductivity of the ?rst 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 theYoung’s modulus asY2, they 
have the relationships K1>K2 and Y2>Y1. Thereby, the ?rst 
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 ?rst 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 ?rst 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 ?rst uniform heat 
plate 11 can be reduced in thickness. As a result, the heat 
capacity of the ?rst 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 speci?c 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 signi?cantly, 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 loWer thermal 
conductivity than the ?rst 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 ?rst uni 
form heat plate 11 Which has the loWerYoung’s modulus are 
bonded together by screWs or the like as Will be described 
hereinafter, and the ?rst uniform heat plate 11 and the second 
uniform heat plate 12 are thereby ?rmly ?xed 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 ?rst 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 inbetWeen 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 ?atness, the ?atness of the surface of the ?rst 
uniform heat plate 11 in contact With the insulated resistance 
heating element 13 is also Worsened, and the effect of this 
causes the ?atness of the Wafer placement surface 11a of the 
?rst 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 ?atness 
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 pm or less. Speci? 
cally, if the ?atness exceeds 100 pm, the ?atness of the Wafer 
placement surface 11a gradually Worsens, and there is a risk 
that the uniform heat properties in the Wafer placement sur 
face 1111 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 ?atness 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 ?rst 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 1111 can therefore be reduced. The term “?atness 
of the surface” refers to the distance betWeen tWo other ?at 
surfaces parallel to each other on either sides of the ?rst 
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surface, Wherein the tWo ?at surfaces are envisioned as having 
the shortest possible distance separating them from each 
other. 
[0075] The ?rst uniform heat plate 11 may have a hole, 
groove, or other concavity for ?xing the placed Wafer by 
suction in the side With the Wafer placement surface 1111. This 
concavity is formed by common mechanical processing, and 
the ?rst 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 ?rst 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 
?rst uniform heat plate 11, and SiC, AlN, SiiSiC (a com 
posite of Si and Sic), orAliSiC (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 ?rst uniform heat plate 11, and SiC or SiiSiC is 
preferably used for the material of the second uniform heat 
plate 12. 
[0077] In the ?rst embodiment of the present invention, the 
total (A1+A2) of the thickness of the ?rst uniform heat plate 
11 (A1) and the thickness of the second uniform heat plate 12 
(A2) is preferably 1A0 of the diameter of the ?rst uniform heat 
plate 11 (B) or less. If this value exceeds 1/40, the heat capacity 
of the entire heater unit 10 Will be too large, and it Will be 
di?icult to rapidly increase the temperature or perform rapid 
cooling. The thickness of the ?rst 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 ?rst 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 1111 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 be formed 
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 ?ne 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 ?ne metal foil 
include etching, laser processing, and the like. 
[0079] 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 
Te?on, 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 dif?cult 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 dif?cult 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 ?rst 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 1311, their stacking order 
is not particularly limited, but the rate of temperature 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 
?rst 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 a thermal conductivity as 
possible be used for the insulating sheet. 
[0082] For example, When tWo resistance heating elements 
1311 are provided, the con?guration 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 ?rst and second uniform heat plates 
11, 12 becomes easier. 
[0083] In cases of a plurality of resistance heating elements 
1311, the resistance heating elements 1311 can be adhered or 
fused together via an insulating sheet 13b, the insulating 
sheets 13b adjacent to the ?rst 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 1311 are integrated in 
an insulated state in this manner, setting the resistance heating 
elements 1311 between the ?rst and second uniform heat plates 
11, 12 becomes easier. The insulated resistance heating ele 
ment may be adhered or fused individually to the ?rst 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 satis?ed. 

[0084] The heater unit 10 is obtained by sandWiching and 
bonding this insulated resistance heating element 13 betWeen 
the ?rst uniform heat plate 11 and the second uniform heat 
plate 12. For this bonding, the ?rst uniform heat plate 11 and 
the second uniform heat plate 12 are preferably ?xed together 
using screWs, clamps, or another mechanical bonding means, 
for example. The ?rst 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 ?rst uniform heat plate 11 on the side opposite the 
Wafer placement surface 11a, and the ?rst uniform heat plate 
11 and the insulated resistance heating element 13 may be 
vacuum-suctioned together. The adhesion betWeen the ?rst 
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. 
[0085] Although it is more dif?cult to mechanically pro 
cess than the ?rst 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 ?rst 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. 

[0086] The Waferplacement surface 11a of the ?rst uniform 
heat plate 11 preferably has a surface roughness Ra of 0.5 pm 
or less. This is because if this value exceeds 0.5 um, it Will be 
dif?cult, 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 ?rst uniform heat plate 1 1, 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 Ra be 0.02 pm or less because heat can be 
radiated more e?iciently. 
[0087] After the heater unit 10 has been assembled by 
bonding the ?rst 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 1 0 may be heat treated so 
as to have a heat history in a temperature range (e.g., room 
temperature to 3000 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. 

[0088] 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 
?atness in the placement surface 11a of the ?rst uniform heat 
plate 11 remains substantially unchanged. Consequently, a 
heater unit 10 of extremely high reliability can be created. 
[0089] 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 ?rst uniform heat plate 11 
so that the distal end of the thermocouple reaches into the ?rst 
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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 
20. 

[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 
?atness 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 ?ller 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 can therefore 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 ?lm having oxidation 
resistance, such as nickel, gold, or silver may be formed 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 ?oWed to the mobile cool 
ing plate 20. For example, referring to FIG. 10, an example of 
a heating and cooling device is shoWn in a 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 ?oW passage 20a is formed in the cooling plate 
20, and cooling Water or another refrigerant can be ?oWed 
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 
speci?c heat or price into account. 
[0100] The mobile cooling plate 20 of FIG. 7 is cooled 
directly by the refrigerant ?oWing 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 ?oWed 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 ?oWs is formed by preparing tWo 
copper (oxygen-free copper) plates, for example, and 
mechanically processing a How passage through Which Water 
?oWs in one of the copper plates. In this copper plate, the other 
copper plate 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 
How of refri gerant, a pipe alloWing the How of refrigerant may 
be installed in an aluminum plate, a copper plate, or another 
cooling plate. In this case, the cooling ef?ciency 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 ?rmly 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 ?rst 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 
loWerportion 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 ?rst 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 ?rst 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 ?rst uniform heat plate and the second uniform 
heat plate, one is composed of a metal and subjected to 
processing intended to provide ?exibility 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 ?rst uniform heat plate 11 having 
a placement surface 1111 on Which a semiconductor substrate 
or a glass substrate is placed, and a second uniform heat plate 
12 for supporting the ?rst uniform heat plate 11 from beloW. 
An insulated resistance heating element 13 made of at least 
one layer is provided betWeen the ?rst 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. 
[01 1 1] 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 ?rst 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 ?rst embodiment previously described, 
the materials of the ?rst 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 ?rst embodiment as Well as may be a ceramic or a 
metal-ceramic composite material for the ?rst 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 ?atness 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 ?atness 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 ?rst uniform heat plate 11 Which 
has the placement surface 1111 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 ?rst 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 




























































