
BEATING APPARATUS  BACKGROUND OF THE INVENTION 1.
Field of the invention 10The present invention relates
to a heating apparatus, which is used for heating a
semiconductor wafer and the like. 2. Description of
the related art In a process of manufacturing a
semiconductor device, a heating 15 process is
performed to form an oxide film and the like on a
wafer by using a semiconductor manufacturing device. A
heating apparatus provided with a disk-shaped ceramic
base is an example of the heating apparatus used for
performing the wafer-heating process. The disk-shaped
ceramic base has a heating surface on which a wafer is
set, and has a resistance heating body 20 embedded
therein. The resistance heating body of the heating
apparatus, which is embedded inside the ceramic base,
heats the heating surface with an electric power
supplied to the resistance heating body. Such a
heating apparatus is required to heat the wafer so as
to maintain the wafer constantly at a predetermined
heating temperature. 25 The heating apparatus is also
required to heat uniformly within the surface of the
wafer. Thus, there has been known heating apparatuses
such as one in which a planar wiring of a resistance
heating body is modified, and one in which a bulk heat
sink is attached to a back surface of a difkshaped
ceramic base, as a temperature adjusting member. Such
bulk heat sink can rapidly 30 release the heat from
the ceramic base. Thus, a local temperature increase
wafer uniformly over the entire beaQng surface.
oppressed, therebyat Further, a heating apparatus is
known in w and the ceramic ham are Joined vrith an
adhesion layer composed of silicone mein. However,
silicone reek has a low heat reaktance, and thus
limits the temperature at which the heating epparatua
can 6 wed. Furthermore, this to a poor thermal
conductivity of eilicone resin, than is a limitation
in nnifannly heating and maintaining the wafer at the
heated temperature. In this regard, a heating
apparatus is loon in which the bulk heat 10 sink and
the ceramic base an Joined by a junction War tbnead by
a thermal compression bonding of aluminum alloy Glee
Japanese Patent Application Publication No. H
9-2494435),      However, even in such hasting
apparatus, ettfacient tudformity of the heating
temperature ia the heating inurfece of the ceramic
Ireee cannot always he obtained. The beating
uniformity (thermal uniformity) is deteriorated
particularly when the heat input to the resistance
heating body Is increased, or when the ceramic base is
composed of a material having low thermal
conductivity. Accordingly, unit:amity is also
detericsated in the surface temperature of the wafer
Sated by such heating apparatus. The So deterioration
in the Slinky of the temperature of the wafer surface
lowers the uniformity in a coating laud an etching
performed on the surface of the wafer. As a result, S
production yield of the semioanducter device is
reduced. SUMMARY 01 THE INVRNTION The invention
provides a heating apparatus as set out in claim I.
US-B-6538872 illustrates an electrostatic chuck having
an electrostatic member providing a surface on which a
wafer is supported and joined at its opposite face to
a base by a metal bond layer. The base contains a
heater. The 30 base is in turn connected by a metal
bond layer to a support. In one construction (Fig. 7c)
the support has a cavity within it which has a gas
inlet and gas outlet for supplying and removing a gas.
By varying the pressure of the gas in the cavity, the
amount of heat conducted from the chuck through the
support can be varied.        US 2005/0215073A
similarly shows a wafer supporting member. The wafer
support body is joined by adhesive to an insulating
resin body containing a heater. The insulating resin
body is connected by two adhesive layers to a
conductive base part which contains a passage for
circulation of cooling medium. Fig. I is a
cross-sectional view showing view showing an
embodiment according to a heating apparatus of the
present invention. 



Fig. 2 is an explanatory drawing showing in eitampla
of a heating inciucling the heating apparatus of the
embodiment of the present tascarnioN OF          An
embodiment of a heating appixitua of the prawat
invention will 16 be described below with Siren t
accompe      Fig. 1 ie a aosreectianal view showing
anembodiment according to the heating apparatus of the
prevent invention. In the drawinips deem-bed slew,
each component is depicted at a diatomite.' ratio Mina
from that the actual beating apparatus to fatilibda
understanding of each    ponent of the heating
apparatue. Accordingly, the dimensional ratio of the
heating apparatus according to the present invention
is not lbnit.d to ant shown lath. dravringe.      A
betting apparatus 10 of the present embodiment shown
in Fig. 1 has a di shapedantic base 11. The ceramic
base 11 is =unposed of, *a example, aloreine
(AlsOklesed ceramic or aluminum nitride (Alt)ibased
ceramic.       Oa one of a plater surface of the
dielrehaped ceramic base 11, such as a wafer (not
shown) used as a semiconductor abetment, which is an
object to be heated is set. Here, the planer entirety
serves as a heating surface ha for heating the wafer.
In the ceramic base 11, a resistance hiding body  12
is embedded, proximal to a back surface lib opposite
to the heating surface 1.1.a.      A heater terminal
13 connected to the resistance heating body 12 is
inserted from the back surface lib of the ceramic
base. The resistance 5 heating body 12 generates heat
when an electric power is supplied thereto from an
external power source (not shown) connected to the
heater terminal 13. The generated heat is then
transferred through the ceramic base 11 from the
resistance heating body 12 to the heating surface ha
of the ceramic base 11. Thus, the wafer set on the
heating surface ha can be heated. 10 A temperature
adjusting member 21 is fixedly fastened to the ceramic
base 11 while facing the back surface lib of the
ceramic base 11. In the example shown in the figure, a
ring-shaped. fixture 23 is provided proximal to the
circumferential portion of the ceramic base 11. The
fixture 23 is formed in a shape having a cutout that
engages with a flange in the 15 circumferential
portion of the ceramic base 11. Here, the cutout
indicates the inner circumference of the fixture 23.
The fixture 23 also has a bolt hole penetrating in the
thickness direction thereof. A bolt 24 is inserted
through the bolt hole. The bolt 2418 screw-connected
to a screw hole formed in the temperature adjusting
member 21 to fixedly fasten the ceramic base 11 to 20
the temperature adjusting member 21. As described
below in detail, an air gap 31 is provided between the
ceramic base 11 and the temperature adjusting member
21. The temperature adjusting member 21 is composed of
a metallic material such as a bulk aluminum having a
good thermal conductivity, which 25 can transfer the
heat of the ceramic base 11 so as to keep the
temperature of the heated ceramic base 11 constant. In
order to improve a heat releasing effect of the
temperature adjusting member 21A, a fluid flow hole
21a through which a cooling medium can pass is formed
in the temperature adjusting member 21. Further, in
the temperature adjusting member 21, a 30 terminal
hole 21b to which the heater terminal 13 can be
inserted is formed.  In addition, a tubular. shaped
insulation member 22A is provided in contact with the
inner wall of the terminal hole 21b, so as to insulate
the heater terminal 13 inserted on the inner
circumferential side of the insulation member 22A from
the temperature adjusting member 21 composed of a 5
metallic material.      In the heating apparatus 10 of
the present embodiment, a heat conductive member 14 is
disposed between the heating surface ha of the ceramic
base 11 and the resistance heating body 12 embedded in
the ceramic base it In the present embodiment shown in
the figure, the heat 10 conductive member has a thin
plate shape having approximately the same planar shape
and diameter as those of the heating surface ha, and
is set almost parallel to the heating surface ha. The
heat conductive member 14 has a higher thermal
conductivity than the ceramic base 11. The heating
apparatus 10 provided with the heat conductive member
15 14 as described above can achieve the following
effects. When the resistance heating body 12 is
supplied with an electric power and thereby generates
heat, a part of the generated heat is transferred
towards the heating surface ha of the ceramic base 11.
The heat which reaches the heat conductive member 14
in the process of transfer to the heating surface ha
is not only 20 transferred from the heat conductive
member 14 to the heating surface Da, but also
diffusively transferred in the planar directions
inside the heat conductive member 14. This diffusive
transfer of the heat makes it possible to even out the
heat amount directed to the heating surface ha in the
planar directions of the heat conductive member 14. As
a result, the heat directed 25 to the heating surface
11a is also evened out in the planar directions of the
heating surface lit. Thus, the uniformity of the
temperature (thermal uniformity) on the heating
surface 1.1a is improved.         The above-described
effect is particularly advantageous when the man:de
base 11 is composed of a ceramic containing alumina as
a main 30 component.The thermal conductivity of
alumina is as low as  approximately 30W/m -IL
Accordingly, when the heat conductive member 14 is not
provided, only a small amount of the heat generated
from the resistance heating body 12 is diffusively
transferred in the planar directions inside the
ceramic base 11. Consequently, the thermal uniformity
may not 



5 be sufficient. On the contraty, the heating
apparatus of the present invention can dramatically
improve the thermal uniformity by containing the heat
conductive member 14, even when the ceramic base 11 is
composed of a ceramic containing alumina as a main
component. The thermal uniformity caused by including
the heat conductive 10 member 14 is improved since the
heat conductive member is disposed proximal to the
heating surface 11a, and between the heating surface
ha of the ceramic base 11 and the resistance heating
body 12. This improvement effectively contributes to
the improvement in the overall thermal uniformity.
Accordingly, the thermal uniformity of the heating
apparatus 10 according to 15 this embodiment can be
far superior to the heating apparatus of the prior
art, which simply includes the temperature adjusting
member 21 on the back surface 111 of the ceramic base
11. A semiconductor wafer to be heated by the heating
apparatus 10 has a large influence on the production
yield of the semiconductor device. Even a small
variation in the temperature on the 20 surface of the
wafer largely influences the production yield of the
semiconductor device. Accordingly, this improvement in
the thermal uniformity leads to a dramatic improvement
in the production yield of the semiconductor device. A
material having a higher thermal conductivity than the
ceramic 25 base 11 is suitable for the heat conductive
member 14. The higher the thermal conductivity is, the
more preferable it is. For example, when the ceramic
base 11 is composed of alumina (thermal conductivity:
about 30W/m ilt), the heat conductive member 14 is
preferably composed of aluminum or aluminum alloy
(thermal conductivity: about 280W/m it). The 30 heat
conductive member 14 is not limited to aluminum or
aluminum alloy  but may otherwise be composed of
indium, indium alloy, or another metallic material
having a good thermal conductivity Furthermore, not
only metallic material but also aluminum nitride
(thermal conductivity: about 150W/m Ic) which is a
ceramic having a high thermal conductivity may be 5
used.      The heat conductive member 14 needs to have
a certain thickness to sufficiently diffuse the heat
in its planar directions. For example, a thickness of
about 0.5 ram to 5.0 mm is preferable. If the
thickness of the heat conductive member 14 is smaller
than about 0.5 mm, a diffusion of the heat in its
planar directions is insufficient and the effect
caused by containing the heat conductive member 14 is
reduced. If the thickness of the heat conductive
member 14 is larger than about 5.0 mm, the effect of
containing the heat conductive member 14 is saturated.
The thickness of about 0.5 mm to 5.0 mm of the heat
conductive member 14 is significantly 15 different
from a thickness of a metal electrode sometimes
embedded between a heating surface and a resistance
heating body in a conventional heating apparatus.
Examples of the metal electrode include: an electrode
for generating electrostatic force on the heating
surface ha, and a high frequency electrode for
generating plasma proximal to the heating surface 20
1.1.a. The thickness of the electrode of a
conventional heating apparatus hardly allows for
improvement in the thermal uniformity desired in the
present invention. The ceramic base 11 is not limited
to the ceramic containing alumina as a main component
and may be one composed of ceramic containing 25
yttrium oxide as a main component. In this case, the
heat conductive member may be composed of a metallic
material having a higher thermal conductivity than
yttrium oxide, such as aluminum, aluminum alloy,
indium, and indium alloy. The ceramic base 11 may also
be composed of ceramic containing aluminum nitride as
a main component. A ceramic base 30 composed of
aluminum nitride has a volume resistivity suitable for
generating an electrostatic force using Johnson
-Rahbeck force. In this case, the heat conductive
member may be composed of a metallic material having a
higher thermal conductivity than aluminum nitride,
such as aluminum and aluminum alloy. 5The heat
conductive member 14 has approximately the same plane
shape and size as those of the heating surface ha of
the ceramic base 11. This gives an advantage in that
the uniformity of the heating temperature (thermal
uniformity) is improved on the heating surface 11a.
However, the plane shape and size of the heat
conductive member 14 are not limited to the 10 above.
Any material can be served as the heat conductive
member 14, as long as the heat conductive member 14
has a plane shape and size that allow the thermal
uniformity to be improved and is disposed between the
heating surface ha and the resistance heating body 12
inside the ceramic base 11. The resistance heating
body 12 is composed of a metallic material 15 having a
high melting point, such as Nb (niobium), Pt
(platinum), W (tungsten), and Mo(molybdenum), or the
carbide (exclusive of platinum) thereof Such
resistance heating body 12 may be formed in a planar
shape by applying raw material paste containing the
foregoing metallic material, or may be a coil
resistance heating body. 20When considering the
preferable size and shape of the heat conductive
member 14, it is preferable that the ceramic base 11
is divided into two portions including an upper
portion on which a substrate (wafer) is set, and a
lower portiuon which faces the temperature adjusting
member. Further, it is preferable that the heat
conductive member 14 is disposed 



25 between the upper portion and the lower portion so
that the ceramic base 11 has a three-layer structure.
The heating apparatus of the present embodiment shown
in Fig. 1 has this preferable threeslayer structure.
The heating apparatus according to the present
invention, however, is not limited to the three-layer
structure. The heat conductive member 14 may be 80
embedded in the ceramic base 11, for example.       A
structure can be formed in a manner that the upper
portion and lower portion of the ceramic base 11
divided into two portions in the vertical direction
are joined by thermal compression bonding (TCB) with
the heat conductive member 14 interposed therebetween.
In the three-layers 5 structure, the heat conductive
member is formed by the thermal compression bonding.
Thereby, the upper and lower portions of the ceramic
base 11 can be fixedly fastened to each other without
including an air gap over the joint surface. As a
result, the heat conductive member 14 has an excellent
heat conducting effect without any adverse effect on
the entire strength of the 10 ceramic base 11 and.
When the ceramic base 11 is divided into the upper
portion and the lower portions, a difference of
thermal expansion coefficients between the upper and
lower portions of the ceramic base II is preferably
0.2X 101 or less. The difference between thermal
expansion coefficients of more than 0.2 X 101 16
causes a warpage of the ceramic base 11, which may
require a work for flattening the warpage.      The
upper portion of the ceramic base 11 preferably has a
volume resistivity of IX 108 to 1 X 101212 cm, or I X
1018S1 .cm or more in the use temperature. The volume
resistivity of lx 108 to 1X 10121:1 -cm is preferable
20 for generating the electrostatic force using
Johnson-Rahbeck force on the heating surface ha. The
volume resistivity of 1 X 10142 vm or more provides a
high insulation and thereby preferable for generating
the electrostatic force using Coulomb force. The
volume resistivity ranging from more than 1 x 1012Q tm
to less than 1 x 101812 r.m cannot generate the 25
electrostatic .force satisfactorily and reduces a
wafer removal response after adsorbing and retaining a
wafer. The volume resistivity less than I x 108L2 um
increases a leak current and has an adverse effect on
the wafer, which may result in a reduction in the
yield.          The lower portion of the ceramic base
preferably has a volume 30 resistivity of I X 108a vm
or more in the use temperature. The volume
resistivity of less than lx 10812 tm causes a leak
current in the lower portion, which may result in an
insulation failure. The heating apparatus 10 of the
present embodiment is provided with the heat
conductive member 14 disposed in parallel to and
proximal to 5 the heating surface ha of the ceramic
base 11. Accordingly, the heat conductive member 14
can be used as a high frequency electrode. More
specifacally, the heating apparatus having the ceramic
base 11 includes a heating apparatus embedding a
disk-shaped high frequency electrode capable of
applying a high frequency proximal to the heating
surface, 10 thereby able to generate plasma in a space
proximal to an object to be heated and set on the
heating surface. Such high frequency electrode is
generally composed of a conductive member to which a
high frequency electric power can be supplied.
Accordingly, in the heating apparatus 10 of the
present embodiment, the heat conductive member 14 can
be used as the high 15 frequency electrode when the
heat conductive member 14 is composed of the
conductive member such as a metallic material. In the
heating apparatus 10 of the present embodiment shown
in Fig. 1, the heat conductive member 14 also serves
as the high frequency electrode. Therefore, a hole 113
is formed on the back surface 111, of the ceramic base
11 so as to reach the heat 20 conductive member 14,
and to enable a high frequency electrode terminal 15
to be inserted and be connected to the heat conductive
member 14. In  addition, in the temperature adjusting
member 21, a terminal hole 21b is formed on the
extended line of the hole 11c. A tube -shaped
insulation member 22B is provided in contact with the
inner wall of the terminal hole 26 21b, and to
insulate the high frequency electrode terminal 15
inserted on the inner circumferential aide of the
insulation member 22B, from the temperature adjusting
member 21 composed of a metallic materiaL The high
frequency electrode terminal 15 is connected to the
heat conductive member 14, through the terminal hole
21b of the temperature adjusting 



80 member 21 and the hole lie of the ceramic base 11.
The heat conductive  member 14 becomes usable as the
high frequency electrode by supplying a high frequency
electric power from outside, through the high
frequency electrode terminal 15. As a result, the
heating apparatus 10 does not need to have a separate
high frequency electrode. Note that if the heat 5
conductive member is composed of a metallic material,
the heat conductive member is in some cases corroded
by the generated high frequency plasma. 'lb prevent
the corrosion of the heat conductive member, it is
only necessary to protect a side surface of the heat
conductive member by means of an anti-corrosion
material. For example, the heat condnctive Member. an
be 10 protected by providing a film or ring made of
anti-corrosive ceramic and anti-corrosive resin. A
specific method of forming an anticorrosive material
includes, for example, the use of a sprayed film made
of alumina ceramic, yttrium aluminum garnet, Atria
ceramic and the like, a heat' shrinkablering made of
fluorine resin, or the like. 15The heating apparatus
10 of the present embodiment may be provided with an
electrostatic chuck to retain a wafer set on the
heating surface ha of the ceramic base 11 by using the
electrostatic have. Comprising the electrostatic chuck
allows the heating apparatus to adsorb and retain a
wafer during heating of the wafer. For this reason,
the heating 20 apparatus 10 of the present embodiment
is provided with an electrostatic electrode 16
embedded in a position proximal to the heating surface
ha in the ceramic base U. A hole lid is formed on the
back surface lib of the ceramic base 11 so as to reach
the electrostatic electrode 16, thereby enabling an
electrostatic electrode terminal 17 to be inserted and
be connected to the 25 electrostatic electrode 16. In
addition, in the temperature adjusting member 21, a
terminal hole 21c is formed on the extended line of
the hole 11d. A tubular-shaped insulation member 22C
is provided in contact with the inner wall of the
terminal hole 21c. The insulation member 220 is
provided to insulate the electrostatic electrode
terminal 17, which is inserted on the 30 inner
circumferential side of the insulation member 22C,
from the  temperature adjusting member 21, whisk is
composed of a metallic material. Here, an insulation
material such as a resin adhesive agent may be applied
in a clearance between the insulation member and each
of the holes 21a to 21c, in order to eliminate the
clearance while increasing the bonding 5 strength and
the dielectric breakdown strength. When a voltage is
applied from outside to the electrostatic electrode 16
through the electrostatic electrode terminal 17, the
region between the electrostatic electrode 16 and the
heating surface ha is polarized to become a dielectric
layer. Thus, the electrostatic force is generatedion
the heating surface ha. The electrostatic 10 force can
be used to adsorb and retain the wafer. When at least
the region between the electrostatic electrode 16 and
the heating surface ha of the ceramic base 11 is
composed of alwnina, a powerful electrostatic force by
use of Coulomb force can be generated, since alumina
has appropriate electric resistivity. An electrostatic
force by Coulomb force does not require a slight 15
amount of current on the heating surface Ile as in the
case of the electrostatic force by Johnson-Rahbeck
force.       The electrostatic electrode 16 preferably
contains tungsten carbide (WC) and 10% or more of
alumina. When the electrostatic electrode 16 contains
tungsten carbide as a main component, an extremely
small amount 20 of the component of the electrostatic
electrode 16 is diffused in alumina. As a result, the
volume resistivity of alumina proximal to the
electrostatic electrode 16 can be increased. This
increase leads to an improvement in the insulation
property when a high voltage is applied, and to an
improvement in the removal property of the adsorbed
substrate in association with high 25 resistance of
the dielectric layer. Additionally, when the
electrostatic electrode 16 contains 10% or more of
alumina, the contact property of the electrostatic
electrode 16 is improved. The upper limit of the
amount of alumina contained in the electrostatic
electrode 16 is preferably about 50% by weight or less
from the point of view of reducing the electric
resistance of So the electrostatic electrode 16.
The electrostatic electrode 16 can be printed in the
form of a planar shape such as a mesh, a comb, and a
spiral pattern by use of a print paste which contains
a powder mixture of a predetermined amount of alumina
and. tungsten carbide, for example. The heating
apparatus 10 of the present 5 embodiment shown in Fig.
1 is an example of a bipolar type of the electrostatic
electrode 16. However, the electrostatic electrode 16
is not limited to the bipolar type, and may be of a
monopolar type, or of a multitolar type. When the
ceramic base 11 is divided into the upper and lower 10
portion with the heat conductive member 14 interposed
therebetween to form a three-layer structure, and when
the heating apparatus includes an electrostatic chuck,
it is prefere.ble that the electrostatic electrode 16
is included in the upper portion of the ceramic base
11 and the resistance heating body 12 is included in
the lower portion of the ceramic base 11. 



15 Since the electrostatic electrode 16 is embedded in
a position proximal to the heating surface ha of the
ceramic base 11, the electrostatic electrode 16 is
provided in the upper portion of the ceramic base. On
the other hand, the heat conductive member 14 is
provided in the lower portion of the ceramic base 11,
since the heat conductive member 14 is provided in
order to diffuse 20 and transfer the heat directed
from the resistance heating body 12 to the heating
surface ha of the ceramic base 11, in the planar
direction of the heat conductive member 14.      An
exemplar method of manufacturing the heating apparatus
10 of the present embodiment includes a process of
separately manufacturing the 26 upper and lower
portions of the ceramic base 11 divided in the
vertical direction thereof. Thereafter, the upper and
lower portions are joined by the thermal compression
bonding with the heat conductive member 14 interposed
therebetween.          The thermal compression bonding
can be carried out by using 80 aluminum as the heat
conductive member 14, for example, stacking the
previously manufactured upper and lower portions of
the ceramic base 11 with the aluminum heat conductive
member 14 interposed therebetween. Then, the portions
of the ceramic base 11 and the heat conductive member
14 are heated at a predetermined temperature while
being compressed in the 5 thickness direction. In
particular, it is recommended to set the predetermined
temperature to a temperature 5C to 15C lower than the
melting point of aluminum, the compressing pressure to
ranging from 10kg/cm2 or more to 100 kg/cra2 or less,
and the atmosphere to vacuum of llrFa or less, This
method allows for a uniform junction at a low 10
temperature, and thus the members can be joined
without Melting the aluminum. Consequently; the heat
conductive member 14 is not deformed, the ceramic base
is absolutely not deformed at this temperature, and a
ceramic base of a highly precise dimension can be
obtained. The aluminum can be previously stamped out
in an arbitrary shape from a sheet, and is not 15
melted during thermal compression bonding.
Accordingly, the aluminum can be joined without
interfering with through holes provided in the ceramic
base.        Furthermore, in manufacturing the ceramic
base 11, the upper and lower portions of the ceramic
base 11 used in the thermal compression 20 bonding can
be manufactured separately. This allows the upper and
lower portions of the ceramic base 11 to be
manufactured in different types of ceramic. For
example, the upper portion can be manufactured by
using a ceramic containing yttitia as a main
component, and the lower portion can be manufactured
by using a ceramic containing alumina as a main
component. 25  As shown in Fig. 1, the heating
apparatus 10 of the present embodiment is provided
with an air gap 81 provided between the ceramic base
11 in which the foregoing heat conductive member 14 is
disposed, and the temperature adjusting member 21 A
spacer 321s arranged in the air gap to ensure the air
gaps. This spacer 32 can be formed by, for example, 30
stamping out from a heat-resistant resin sheet.
However, it is not essential  to provide the spacer
32. For example, the air gap 31 can otherwise be
formed by forming regions having large surface
roughness or protrusions, on at least one of the back
surface of the ceramic base 11 and the surface of the
temperature adjusting member 21which faces the ceramic
base 11. 5 A gas introduction hole 25 is formed in the
thickness direction thereof so that a gas can be
introduced to the air gap 31 from outside in a manner
that its pressure can be controlled. The gas
introduction hole 25 is a gas introduction path
penetrating the temperature adjusting member 21, and
communicates with the air gap 31. An o-ring 83 serving
as a sealing 10 member is fixed at the end portion Of
the air gap to prevent the gas introduced to the air
gap 81 from leaking. The air gap 31 is tightly sealed
by the orring 33. A gas introduction apparatus is
connected to the gas introduction hole 25. By using
Fig. 2, an example of the gas introduction apparatus
will 15 be described. A gas introduction apparatus 40
of the present embodiment shown in Fig. 2 includes a
gas supply source 41, and conducts the gas
accommodated in the gas supply source to the air gap
31. In the example shown in Fig. 2, the gas supply
source 41 includes a first gas supply source 414, a
second gas supply source 41B and a third gas supply
source 410 20 which accommodate different types of
gases. A switching valve 42 is attached to each of the
first gas supply source 414, the second gas supply
source 41B and the third gas supply source 410, so
that the gas supplied from the gas supply source 41
can be selected or mixed. A pressure control valve 43
and a pressure sensor 44 are provided on the way of a
tubular path 25 directed from the switching valve 42
to the gas introduction hole 25. Furthermore, a
pressure controller 45 to which a signal from the
pressure sensor 44 is inputted and which outputs a
pressure control signal to the pressure control valve
43 is provided. The gas introduction apparatus 40
shown in Fig. 2 is merely an example, and as long as
the system can 



30 introduce a gas to the air gap 81 in a manner that
its pressure can be  controlled, the system is not
limited to this configuration.      The heating
apparatus of the present embodiment has the tightly
sealed air gap 31 between the ceramic base 11 and the
temperature adjusting member 21. The gas introduction
apparatus 40 is connected to 5 the air gap 31 through
the gas introduction hole 25. The gas can be
introduced from the gas supply source 41 of the gas
introduction apparatus  40 in a manner that its
pressure can be controlled. The pressure of the gas
introduced to the air gap 31 can be controlled by the
pressure control valve 48, the pressure sensor 44 and
the pressure controller 45. 10A thermal conductivity
of the gas such as helium varies depending on the
applied pressure. More specifically, higher pressure
increases the thermal conductivity Accordingly the
amount of heat transferred from the ceramic base 11 to
the temperature adjusting member 21. can be controlled
by introducing a gas into the air gap 81 between the
ceramic base 11 and the 15 temperature adjusting
member 21, and controlling the pressure of the gas.
Consequently the heating apparatus 10 of the present
embodiment can control the temperature of the wafer
over a wider temperature range, while maintaining an
excellent thermal tmiformity The effect achieved by
introducing the gas and controlling its 20 pressure in
the above-described manner can be lead to an
achievement of a higher level of the thermal
uniformity compared to the conventional heating
apparatus. More specifically; in a conventional
heating apparatus in which the ceramic base 11 and the
temperature adjusting member 21 are adhesively fixed
to each other with an adhesive, the amount of the heat
25 transferred from the ceramic base 11 to the
temperature adjusting member 21 differs significantly
between when a wafer is heated at a relatively low
temperature and when a wafer is heated at a high
temperature, since the thermal conductivity of an
adhesive is inherent to the adhesive. As a result, the
electric power supplied to the resistance heating body
embedded in the 30 ceramic base 11 needs to be
increased when heating a wafer at a high  temperature.
The larger the electric power supplied to the
resistance heating body becomes, the more the thermal
uniformity is deteriorated. Hence, the thermal
uniformity is lowered when a wafer is heated at the
high temperature. The present embodiment makes it
possible to suppress such 5 deterioration in the
thermal uniformity by embedding the heat conductive
member 14 in the ceramic base 11. However, when a
difference in temperature between heating a wafer at a
low temperature and heating the wafer at a high
temperature is large, further improvement is required
in the thermal uniformity when heating the wafer at a
high temperature.      In this regard, in the heating
apparatus 10 of the present embodiment, the gas
introduction apparatus 40 can control the gas pressure
in the air gap 31 between the ceramic base 11 and the
temperature adjusting member 21. This makes it
possible to control the gas pressure in the air gap 81
so that the pressure when the wafer is heated at a
high temperature ie 15 lower than the pressure when
the wafer is heated at a low temperature. When a gas
pressure is low, the thermal conductivity of the gas
is reduced. Consequently, the amount of the heat
transferred from the ceramic base 11 to the
temperature adjusting member 21 is also reduced. Thus,
it is possible to heat a wafer at a high temperature
without increasing the 20 amount of the electric power
supplied to the resistance heating body embedded in
the ceramic base 11. As a result, an excellent thermal
uniformity can be maintained while avoiding the
deterioration.       In the present embodiment, the
effect of the thermal uniformity achieved by enabling
the control of the pressure in the air gap 31 between
25 ceramic base 11 and the temperature adjusting
member 21 is greater compared to the heating apparatus
simply provided with the heat conductive member 14.
That is to say, an excellent thermal uniformity beyond
expectation can be achieved by a synergistic effect of
enabling the control of the pressure in the air gap
31, and the effect of including the heat conductive 30
member 14.          In the present embodiment, the gas
pressure in the air gap 31 can be controlled by the
pressure controller 45 connected to the pressure
control valve 43 and the pressure sensor 44. Such
control of the gas pressure in the air gap 31 can be
easily carried out and is highly responsive.
Therefore, it is 5 excellent for an industrial
application. In addition to the control of the gas
pressure in the air gap 31 shown in the present
embodiment, the amount of the heat transferred from
the ceramic base 11 to the temperature adjusting
member 21 can also be controlled by changing the
distance of the air gap 31 or by changing the
temperature of the cooling medium flowing through the
fluid flow hole 21a of the temperature adjusting
member 21. However, it is difficult to change the
distance of the air gap 31 during heating of a wafer,
and a system for changing the distance requires a
system large in scale. Also, it is difficult to change
the temperature of the cooling medium, particularly to
heat or cool the cooling medium in a short time
period, since 15 the cooling medium is generally a
liquid, having specific heat dramatically larger than
a gas. It is similarly difficult to prepare a
plurality of cooling media each having different
temperatures and connecting to the fluid flow hole 21a
of the temperature adjusting member 21. A large-scale
system is required if the plurality of cooling media
are to be used by switching the 20 cooling media each
having different temperatures depending on the heating
temperature of a wafer. On the contrary; according to
the heating apparatus 10 of the present embodiment, by
controlling the gas pressure in the air gap 31, the
amount of the heat transferred from the ceramic base
11 to the temperature adjusting member 21 can be
changed in an extremely 26 short time period. Thus,
the throughput can be improved. In this heating
apparatus 10 of the present embodiment, since only the
addition of the simple gas introduction apparatus 40
is required, additional cost required for the
equipment is small. 



In the heating apparatus 10 of the present embodiment,
the distance 30 in the thickness direction of the air
gap between the ceramic base 11 and the  temperature
adjusting member 21 is not particularly limited. The
distance may be set to an appropriate value within an
industrially applicable distance range. considering
the heating temperature of a wafer, the gas pressure
and the like. 5Similarly; the gas pressure is not
limited to a certain value, and may be set to an
appropriate value within an industrially applicable
pressure range, considering a wafer beating
temperature, a gas pressure, the distance of the air
gap 31 and the like.       A gas introduced to the air
gap Si may be the helium gas, for example. The helium
gas is suitable as a gas used in the heating apparatus
10 of the present embodiment because of its large
variation in. the thermal conductivity depending on
the change in pressures. However, the type of the gas
to be used is not limited to the helium gas. In the
heating apparatus 10 of the present embodiment, the
type of 15 the gas to be introduced to the air gap 31
may be changed instead of controlling the gas
pressure, or in addition to controlling the gas
pressure. The thermal conductivity of the gas varies
depending on the type of the gas. Accordingly, the
same effect as that of controlling the gas pressure
can be achieved by changing the type of the gas to be
introduced to the air gap 31 by 20 means of the
switching valve 42 of the gas introduction apparatus
40. A usable gas includes helium gas, argon gas and
nitrogen gas, for example. [Example] 1. Evaluation of
the heat conductive member 14 25Firstly; the thermal
uniformity was evaluated using various types of the
heat conductive member 14.        A ceramic sintered
body serving as the upper portion of the ceramic base
11, a ceramic sintered body serving as the lower
portion of the ceramic base 11, and the heat
conductive member 14 were prepared. 30A ceramic
sintered body serving as the upper portion of the
ceramic  base 11 with an embedded electrostatic
electrode was obtained in the following manner. A
compact was formed from a raw material powder by means
of press molding at the predetermined pressure using a
mold, and then the compact was sintered by use of a
hot press sintering method. A 5 ceramic sintered body
serving as the lower portion of the ceramic base 11
with an embedded resistance heating body was also
obtained in the following manner. A compact was formed
from a raw material powder by means of press molding
at the predetermined pressure using a mold, and then
the compact was sintered by use of a hot press
sintering method. 10Then, a thermal compression
bonding was accomplished by sandwiching the heat
conductive member 14 between the ceramic sintered.
body serving as the upper portion and the ceramic
sintered body serving as the lower portion. The
members were heated for the predetermined time period
at the predetermined temperature, while being
compressed at the 15 predetermined pressure in their
thickness direction. Thus, the ceramic base 11 shown
in Fig. 1, in which the upper portion of the ceramic
base 11, a thermal-compression- bonded layer composed
of the heat conductive member 14, and the lower
portion of the ceramic base 11 were laminated in the
three-layer structure, was obtained. In this regard,
the predetermined 20 pressure, the predetermined
temperature and the predetermined time period were
defined in the following combination, depending on the
material of the heat conductive member 14.       When
the heat conductive member 14 was composed of
aluminum, the pressure, the temperature and the time
period were 70kgf/cm2, 540C, 25 and 5hrs,
respectively. When the heat conductive member 14 was
composed of indium, the pressure, the temperature and
the time period were 10kgf/cm2, 130C, and Slim,
respectively. After carrying out the thermal
compression bonding, the heating surface of the
ceramic base was surface-ground with a diamond grind
stone. 30 The side surface of a burned substance was
ground, and at the same time  necessary punching and
mounting of a terminal were carried, out to complete
the ceramic base.      The obtained ceramic base was
fixedly fastened to the temperature adjusting member
21 composed of a bulk aluminum by means of the bolt 24
5 via the ring-shaped fixture 23. Thus, the heating
apparatus of the present embodiment shown in Fig. 1
was obtained.       For the purpose of comparison, a
heating apparatus having the same structure as that of
the present embodiment was manufactured, with the .
exception that it does not include the heat conductive
member. 10The heating surface of each heating
apparatus thus obtained was heated to 100C to examine
the temperature distribution on the heating surface.
The temperature distribution was measured by using an
infrared spectroscope. 



Tables 1 and 2' show the results of the examination of
an biplane 15 temperature variation (thermal
uniformity) of the heating apparatus of the Examples 1
to 13 and Comparative examples 1 and 2.  1  q 4 Lea 1
14 08  92  mOtOi OSH $  g O'L st0D402 i i 1 IO't
at  LIZ tOsIV    fa  salltain   eCYTI  



81 siOtait I muvredds, suRreall  Li  19   Ig 1ISZ
WL et01 atIT OSSI     stOta02 etttaraddo Sulam  t't wt
L  9-   0'0  LCZ  IOW     mOlven 



adttart  snorzedde SultueR Vt Z'Z  It   it   In   at
to0Iu0-1     Ii   wale:ITT  III 1 1 I  it  era q r4
LCZ  1 



00 COI  OIL  otillu 01  OEM   1,   OOT  0'9  eaOrcel
atraredds lumen  9'1      ROW   I.08   A st013032
It   92  n01202  A ; It   



it   -1 LEZ  IOW   a  stfilM32  06a  it  2 81  siorxin
sp-tartabla 90219911  WI 1 at  Tolman  PaTa) giont911.
Thermal croak/Itchy Brilm-11:1 I filimuPPla
DI-10/126)494A1PoPuta PaueTIL  [ Dyardd] oesi
uopturdza panzagy, Volume reeiativicy cm]
913921291919ffequitil  191:19120AT  gm"FITIS  Thermal
conductivity LWhrXl Egoaddl auctuunnadin Toomma,
Intati atTAP01007 agratait  0002$30P 00000091a 



sawn= =gamut rem 1 2 1 2 P .0 I 4 aTuritgrunI !moan
A10002.823001 Slawseratu ormareduem,  %dinars
earreasebnco I I SUM  . ICPA. I3 I97 a'a Fv-d7)-(01
glaareelds lupuag sass      



. 911   .4 sung ..  ROW cmg  1,1  siOrxeri rosesrudds
sumaa foss    .....   .   syliusszi    LS:    GOT  0'9
INOTKO'T  ass 



NW    COT  Olt  vOIr01 seursedds 2uglitql 01 Wa  SI
- NZ  .  . I.0'9  &Ts 01     001  I n  fa0Ir01
tiers:odds *wax 11 LI  Iit    LE3   



GO   tiOIsort  ass     trOTs01  tmaradds *omen  61 a's
OT    MIS  fora     Ogg     si0Is07  ervymulds SuMail
01   



LEE  MTN'    [ti'L  si0Is01      WL  at01 0'1
stryisedels Bunting 51 St  lvizxralt  Pug seenargu.
AlmAnaaaupp pruziatu,   famq esan3PPLI,  Dpirms)
asylanpuca maim Dputdd] essr =Rutin proisam, pr3U1
,GGAGIOSer 0113t110A 813021381. PePPequkil Inexten  I
Dram] APPonacoo ma'am.  Droaddi elm itopuedxs pansy,
I2 Volume resistivity [L1 



IrPen3018 Paneling  Peta34  reps= /Pun; Wall li. Bs tz
t .I0 .1 li ua, tvuuaa  hI000Lealvi SupsensurF
ammusdaug,        It can be seen from 'Bibles 1 and 2
that in Examples 1 to 13 in which the heating
apparatus includes the heat conductive member, the
variations of the inplane temperature were smaller
than those in Comparative examples 1 and 2. It is
therefore understood that the heating apparatus of the
present embodiment has a dramatically improved thermal
uniformity.       Furthermore, when a high frequency
electric power is supplied from the terminal connected
to the heat conductive member in the heating apparatus
of the present embodiment, a plasma atmosphere could
be generated proximal to the heating surface. 2.
Evaluation of the air gap 31       Then, the thermal
uniformity was evaluated with respect to the air gaps
81 placed under various conditions.       The ceramic
base 11 in which the heat conductive member 14 shown
in Fig. 1 was embedded was prepared. The ceramic base
11 is composed of aluminum nitride, and the heat
conductive member 14 is composed of aluminum having a
thickness of 15 mm The ceramic base 11 thus has a
three-layer structure formed by the thermal
compression bonding.       The obtained ceramic base
11 was fixedly fastened to the temperature adjusting
member 21 composed of a bulk aluminum by means of the
bolt 24. For the purpose of comparison, an example in
which the ceramic base 11 and the temperature
adjusting member 21 were fixedly jointed with an
adhesive was prepared.       The distance of the air
gap 31 between the ceramic base 11 and the temperature
adjusting member 21, and the pressure of the gas
introduced to the air gap 81 were changed in various
ways to examine the thermal uniformity of the heating
surface ha of the ceramic base 11. The results are
shown in Tables 3 and 4.  egtuiwag ez aldannia Co I a
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In Tables 3 and 4, Examples 21, 22, 23 and 24 are an
example in which the distance of the air gap 31 is
0.13 ram, 0.25 mm, 0.5 mm and 0.7 mm, respectively. In
any of Examples 21 to 24, the temperature of the
heating surface ha could be changed to 60C, 100C and
150C respectively, 6 by changing the gas pressure and
by minimally changing the heat flow rate from the
ceramic base 11 to the temperature adjusting member
21, i.e. an electric power supplied to the resistance
heating body embedded in the ceramic base 11. Further,
the thermal uniformity was excellent at each
temperature of the heating surface. 10Example 25 is an
example in which the introduced gas is Ar. As in
Example 25, even when the introduced gas was Ar, the
temperature of the heating surface ha could be changed
to 60C, 100C and 150C respectively, by minimally
changing the heat flow rate from the ceramic base 11
to the temperature adjusting member 21, i.e. an
electric power supplied to the 16 resistance heating
body embedded in the ceramic base 11. The thermal
uniformity was also excellent at each temperature of
the heating surface.      On the contrary, Comparative
Example 21 is an example in which the ceramic base 11
and the temperature adjusting member 21 are fixedly
jointed with an adhesive. The thermal conductivity of
an adhesive is 20 'inherent to the adhesive.
Accordingly, the heat flow rate from the ceramic base
11 to the temperature adjusting member 21 needs to be
changed significantly; i.e. an electric power supplied
to the resistance heating body embedded in the ceramic
base 11 in order to change the temperature of the
heating surface ha to 60Q 100C and 150C. In
particular, supply of an 25 amount of the electric
power as large as 5,300W was required to change the
temperature of the heating surface 11a to 150C,
resulting in a deterioration of the thermal
uniformity. Comparative example 22 is an example in
which the ceramic base 11 and the temperature
adjusting member 21 are fixedly jointed with an so
adhesive and in which the temperature of the cooling
medium flowing  through the fluid flow hole 21a of the
temperature adjusting member 21 is changed. When the
temperature of the cooling medium was 80C and 10C, the
heat flow rate from the ceramic base 11 to the
temperature adjusting member 21 did not need to be
changed significantly, i.e. an electric power 5
supplied to the resistance heating body embedded in
the ceramic base 11 in order to change the temperature
of the heating surface ha to 60C and 150C. The
resultant thermal uniformity was smaller than those in
Examples 1 to 4. Also, changing the temperature of the
cooling medium took much time and the responsiveness
for temperature control on the 10 heating surface was
insufficient. 



Example 23 is an example in which the thickness of the
adhesion layer is reduced as compared to that in
Comparative example 21. In the Comparative Example 23,
even when the heat flow rate from the ceramic base 11
to the temperature adjusting member 21, i.e. an
electric power 15 supplied to the resistance heating
body embedded in the ceramic base 11 was increased to
an excessive amount of 21000W, the amount was not
sufficient to change the temperature of the heating
surface ha to 150C.       Hereinabove, the heating
apparatus of the present invention has been described
using figures and embodiments. However, the heating 20
apparatus of the present invention is not limited to
these figures and embodiments, and can be modified in
numerous forms within the scope that does not depart
from the gist of the present invention.  Claims  1. A
heating apparatus comprising:             a base (11)
composed of a ceramic, and having a heating surface
(11a) on 5which a substrate is set; a heating body
(12) embedded in the base;       a heat conductive
member (14) provided between the heating surface (11a)
of the base and the heating body (12), and having a
thermal conductivity higher than a thermal
conductivity of the base (11); aid 10a temperature
adjusting member (21) having a surface proximal to a
back surface (11b) of the base and having a fluid flow
hole (21a) for passage of a cooling medium,
characterised in that: a gap (31) is provided between
the back surface (11b) of the base and said 15surface
of the temperature adjusting member (21), and is
connectable to a gas introduction apparatus (40) which
introduces a gas to the gap (31) while adjusting a gas
pressure in the gap. 2. The heating apparatus
according to claim I, wherein the base (11) is
20composed of a ceramic which contains alumina as a
main component.  3. The heating apparatus according to
claim 1, wherein the base (II) is composed of a
ceramic which contains yttrium oxide as a main
component. 254.Thc heating apparatus according to
claim I, wherein the base (ii) is composed of a
ceramic which contains aluminum nitride as a main
component.   5. The heating apparatus according to
claim 2, wherein the heat conductive member (14) is
composed of one of altuninum and aluminum alloy.  6.
The heating apparatus according to claim 2, wherein
the heat conductive 5member is composed of one of
indium and indium alloy.  7. The heating apparatus
according to any one of claims Ito 6, wherein a
thickness of the heat conductive member is about 0.5
mm to 5.0 mm. 108.The heating apparatus according to
any one of claims 1 to 7, wherein the heat conductive
member (14) is formed by a thermal compression
bonding.  9. The heating apparatus according to any
one of claims 1 to 8, wherein the heat conductive
member (14) serves as a high frequency electrode. 15
10. The heating apparatus according to any one of
claims Ito 9, wherein the base (11) is divided into an
upper portion on which the substrate is set, and a
lower portion which faces the temperature adjusting
member, and              the base (11) has a
three-layer structure having the heat conductive
member 20(14) provided between the upper portion and
the lower portion. 11. The heating apparatus according
to any one of claims 1 to 10, wherein the base
comprises an electrostatic electrode (16) provided in
the upper portion of the base, and 25the heating body
is provided (12) in the lower portion of the base. 



12. The heating apparatus according to any one of
claims 1 to 11, wherein a fixture (23,24) is disposed
proximal to a circumferential portion of the base (II)
and fixedly fastens the base (11) to the temperature
adjusting member (21), and .              said gap
(31) is provided tightly sealed between the base and
the temperature 5adjusting member, and communicates
with an outside through a gas introduction path. 13.
The heating apparatus according to claim 12, wherein
a spacer (32) is provided between the base and the
temperature adjusting member which are fixedly
fastened to each other by the fixture. 14. The heating
apparatus according to claim 12 or 13, wherein
the gas introduction apparatus (40) is connected to
the gap between the base and the temperature adjusting
member, and introduces the gas while adjusting the gas
pressure. 15. The heating apparatus according to claim
14, wherein        the gas introduction apparatus is
arranged for selection of a type of the gas introduced
to the air gap (31) between the base and the
temperature adjusting member. 


