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(57) ABSTRACT 

An apparatus for forming a ?lm on a Wafer comprising, a 
?rst coating apparatus coating a foaming insulation ?lm 
material on the Wafer, a second coating apparatus coating a 
non-porous insulation ?lm material on the Wafer, a low 
oxygen heating temperature regulating process apparatus 
performing a heating process on the Wafer on Which the 
foaming insulation ?lm material is coated, a low oxygen 
high temperature heating process apparatus performing the 
heating process on the Water on Which the non-foaming 
insulation ?lm material is coated, a transfer mechanism 
transferring the Wafer to these apparatuses, and a selecting 
means selecting a path to Which the Wafer is transferred 
corresponding to the ?lm formed on the Wafer. 
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FILM FORMING APPARATUS AND FILM 
FORMING METHOD 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a ?lm forming 
apparatus that forms a porous insulation ?lm and a non 
porous insulation ?lm on a substrate such as a semiconduc 
tor Wafer. 

[0003] 2. Description of the Related Art 

[0004] An insulation ?lm is formed on a substrate in such 
a manner that an insulation ?lm material is coated on the 

substrate, dried, and heated. A system that integrally per 
forms a series of processing steps such as a coating process, 
a drying process, and a heating process for an insulation ?lm 
material is knoWn. 

[0005] Recently, the improvement of the insulating char 
acteristic of an insulation ?lm has been required. In order to 
meet the requirement, a porous insulation ?lm has been 
used. For such a coating material, a material such that 
contains porogen in an insulation ?lm material like methyl 
silsesquioXane (hereinafter abbreviated as MSQ) is used. In 
addition, after the coating process for such a material is 
performed, a heating process is performed under a different 
condition (for eXample, at different temperature) from the 
conventional heating process for a non-porous insulation 
?lm. 

[0006] In the dual damascene method, Which has been 
Widely used in recent years, to improve the etching accuracy 
or to form a hard mask and the like, tWo or more types of 
insulation ?lms are laminated. Thus, usually, both of the 
non-porous insulation ?lm and the porous insulation ?lm are 
formed on one semiconductor Wafer. Since the condition for 
forming the porous insulation ?lm is different from the 
condition for forming the non-porous insulation ?lm, a 
separate system from a system for forming the non-porous 
insulation ?lm has been provided for forming the porous 
insulation ?lm. Thus, the facility becomes large. In addition, 
a Wafer has to be transferred betWeen the systems and, as a 
result, the process is not effectively performed taking a long 
time to complete. 

[0007] In general, after the porous insulation ?lm is 
formed, in a case of laminating another insulation ?lm such 
as the non-porous insulation ?lm thereon, the insulation ?lm 
is formed With CVD (Chemical Vapor Deposition) method. 
By the CVD method, a very thin ?lm is formed in compari 
son With a ?lm formed With a method of rotating the 
substrate, namely spin coating method. Since the front 
surface of a porous insulation ?lm as a loWer layer is largely 
rugged, an insulation ?lm as an upper layer laminated by the 
CVD method is also largely rugged. As a result, a ?at ?lm 
cannot be formed. 

SUMMARY OF THE INVENTION 

[0008] The present invention is made from the above 
described point of vieW. An object of the present invention 
is to provide a ?lm forming apparatus and a ?lm forming 
method that alloW the installation space of the facility to be 
reduced and a laminate ?lm made of a porous insulation ?lm 
and a non-porous insulation ?lm to be effectively formed. 
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[0009] Another object of the present invention is to pro 
vide a ?lm forming apparatus and a ?lm forming method 
that alloW an upper insulation ?lm to be ?atly formed on a 
porous insulation ?lm. 

[0010] To solve the problem, a ?lm forming apparatus of 
the present invention comprises a ?rst coating apparatus 
coating a foaming material on the substrate, a second coating 
apparatus coating an insulation material on the substrate, a 
?rst heating apparatus heating the substrate on Which the 
foaming material is coated so that a porous insulation ?lm is 
formed thereon, a second heating apparatus heating the 
substrate on Which the insulation material is coated so that 
a non-porous insulation ?lm is formed thereon, transferring 
means for transferring the substrate into at least one of the 
?rst coating apparatus, the second coating apparatus, the ?rst 
heating apparatus and the second heating apparatus and 
selecting means for selecting one of the ?rst coating appa 
ratus and the second coating apparatus, one of the ?rst 
heating apparatus and the second heating apparatus to Which 
the substrate is transferred to corresponding to the ?lm 
formed on the substrate. 

[0011] According to the present invention, With providing 
the selecting means that selects processing apparatuses to 
Which the Wafer W is transferred corresponding to a type of 
?lm formed on the substrate, ?lm forming processes for a 
porous insulation ?lm and a non-porous insulation ?lm can 
be performed in the same system. Thus, unlike the conven 
tional system, it is not necessary to transfer the substrate 
betWeen different systems. As a result, ?lm forming pro 
cesses can be effectively performed. Thus, the installation 
space of the apparatus can be reduced. As a result, the time 
taken for processing can be shortened. 

[0012] Another aspect of the ?lm forming apparatus of the 
present invention comprises a ?rst coating apparatus coating 
a porous insulation ?lm material on the substrate With a spin 
coat process, a ?rst heating apparatus heating the substrate 
on Which the porous insulation material is coated so as to 
form a ?rst insulation ?lm thereon, a second coating appa 
ratus coating a non-porous insulation ?lm material on the 
substrate With the spin coat process, a second heating 
apparatus heating the substrate on Which the non-porous 
insulation material is coated so as to form a second insula 
tion ?lm thereon and a transferring mechanism transferring 
the substrate among the ?rst coating apparatus, the second 
coating apparatus, the ?rst heating apparatus and the second 
heating apparatus. 

[0013] According to the present invention, the ?rst coating 
apparatus coats a porous insulation material With the spin 
coat process and the second coating apparatus coats a 
non-porous insulation material With the spin coat process. 
Thus, even if the front surface of the porous insulation ?lm 
is largely rugged (namely, the surface roughness thereof is 
large), the non-porous insulation ?lm as an upper layer can 
be ?atly formed. In addition, since all the processes includ 
ing the heating process of the ?rst heating apparatus and the 
second heating apparatus are performed in the same appa 
ratus that has a transferring mechanism, unlike the conven 
tional art, it is not necessary to transfer a substrate betWeen 
different systems. As a result, the ?lm forming processes can 
be effectively performed. Thus, the installation space of the 
apparatus can be reduced. As a result, the time taken for 
processing can be shortened. 
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[0014] A ?lm forming method of the present invention 
comprising the steps of, (a) coating a porous insulation 
material on a substrate With a spin coat process, (b) heating 
the substrate on Which the porous insulation ?lm material is 
coated so as to form a ?rst insulation ?lm thereon, (c) 
coating a non-porous insulation material on the substrate on 
Which the ?rst insulation ?lm is formed With the spin coat 
process. (d) heating the substrate on Which the non-porous 
insulation material is coated so as to form a second insula 
tion ?lm thereon. 

[0015] According to the present invention, a porous insu 
lation material is coated With the spin coat process. In 
addition, a non-porous insulation material is coated With the 
spin coat process in the second coating apparatus. Thus, 
even if the front surface of the porous insulation ?lm is 
largely rugged (namely, the surface roughness thereof is 
large), the non-porous insulation ?lm as an upper layer can 
be ?atly formed. 

[0016] Another embodiment of the present invention per 
forms the steps in the order of step (a) and step (b) after 
performing step In such a manner, since a porous 
insulation ?lm as a third layer is formed With the spin coat 
process, the ?lm can be effectively formed in, for example, 
the same apparatus. 

[0017] Another example of the present invention further 
comprising the step (e) of reforming a front surface of the 
?rst insulation ?lm, the step (e) being performed betWeen 
the steps (b) and In this example, the reforming process 
is performed by radiating an ultraviolet ray to the ?rst 
insulation ?lm. With such reforming process, the Water 
absorption of the front surface of the ?lm is improved and 
the ?lm becomes hydrophilic. As a result, the contact angle 
of the non-porous insulation ?lm material to the porous 
insulation ?lm becomes small, therefore, the non-porous 
material can be easily coated. In other Words, When a 
non-porous insulation material is spread on a substrate by 
the spin coat process, the material can easily be spread and 
?attened. In addition, since the material can easily be spread, 
the amount required of the material can be reduced. 

[0018] Another embodiment of the present invention com 
prises the step of coating a solvent on the ?rst insulation ?lm 
With the spin coat process, after the reforming process. Thus, 
Water absorption of the front surface of the porous ?lm can 
be improved further. When a non-porous insulation material 
is spread on a substrate by the spin coat process, the material 
can easily be spread and ?attened. In addition, since the 
material can easily be spread, the amount required of the 
material can be reduced. 

[0019] These and other objects, features and advantages of 
the present invention Will become more apparent in light of 
the folloWing detailed description of a best mode embodi 
ment thereof, as illustrated in the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] FIG. 1 is a plan vieW of a ?lm forming apparatus 
according to an embodiment of the present invention. 

[0021] FIG. 2 is a side vieW of the ?lm forming apparatus 
shoWn in FIG. 1. 

[0022] FIG. 3 is a side vieW shoWing the other side of the 
?lm forming apparatus shoWn in FIG. 1. 
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[0023] FIG. 4 is a perspective vieW shoWing a transfer 
mechanism of the ?lm forming apparatus shoWn in FIG. 1. 

[0024] FIGS. 5A, 5B, 5C, and 5D are schematic diagrams 
shoWing semiconductor device fabrication processes 
according to an embodiment of the present invention. 

[0025] FIG. 6 is a How chart shoWing the semiconductor 
device fabrication processes according to the embodiment of 
the present invention. 

[0026] FIG. 7 is a How chart shoWing semiconductor 
device fabrication processes according to another embodi 
ment of the present invention. 

[0027] FIG. 8 is a sectional vieW shoWing a coating 
apparatus (SCT). 

[0028] FIG. 9 is a plan vieW shoWing the coating appa 
ratus (SCT). 

[0029] FIG. 10 is a front sectional vieW shoWing a loW 
oxygen heating temperature regulating process apparatus 
(MHC). 
[0030] FIG. 11 is a front sectional vieW shoWing a loW 
oxygen high temperature heating process apparatus (DLB) 

[0031] FIG. 12 is a partial plan vieW shoWing the loW 
oxygen heating temperature regulating process apparatus 
(MHC) and the loW oxygen high temperature heating pro 
cess apparatus (DLB). 

[0032] FIG. 13 is a side vieW shoWing a ?lm forming 
apparatus according to another embodiment of the present 
invention. 

[0033] FIGS. 14A, 14B, 14C, 14D, 14E, 14F, 14G, and 
14H are schematic diagrams for explaining semiconductor 
device fabrication processes With dual damascene method. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0034] Next, With reference to the accompanying draW 
ings, an embodiment of the present invention Will be 
described. 

[0035] In the embodiment, a fabrication method for a 
semiconductor device having a laminated ?lm composed of 
three layers of insulation ?lms in FIG. 5D Will be described. 

[0036] As shoWn in FIG. 5D, a loWer layer Wiring 201 is 
formed on a semiconductor Wafer W (hereinafter abbrevi 
ated as Wafer On the loWer layer Wiring 201, an 
inter-layer insulation ?lm composed of layers of laminated 
?lms is formed. The inter-layer insulation ?lm is composed 
of a porous insulation ?lm 202, a non-porous insulation ?lm 
203, and a porous insulation ?lm 204. A porous insulation 
?lm is a ?lm made With processing a foaming material. In 
the inter-layer insulation ?lm, for example through-holes 
(not shoWn) are formed. Via the through-holes, a Wiring (not 
shoWn) that is made of a conductive material and formed on 
the inter-layer insulation ?lm and the loWer layer Wiring 201 
are connected. 

[0037] As the porous insulation ?lms 202 and 204, for 
example a porous MSQ material can be used. On the other 
hand, as the non-porous insulation ?lm 203, an organic 
material such as PAE (poly arylene ether) can be used. 
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[0038] When a porous insulation ?lm is used as the 
inter-layer insulation ?lm, a high insulating characteristic 
can be achieved. For example, in the foregoing structure, a 
capacitance formed betWeen the loWer layer Wiring 201 and 
the Wiring formed on the inter-layer insulation ?lm can be 
reduced. 

[0039] FIGS. 1 to 4 are external vieWs shoWing a ?lm 
forming apparatus used to form the foregoing insulation 
?lms of the semiconductor device. FIG. 1 is a plan vieW 
shoWing the ?lm forming apparatus. FIGS. 2 and 3 are side 
vieWs shoWing the ?lm forming apparatus. 

[0040] The ?lm forming apparatus is designated by refer 
ence numeral 1. The ?lm forming apparatus 1 is composed 
of a cassette station 2, a processing station 3, an aligner 4, 
and an interface portion 5 that are integrally connected. The 
cassette station 2 is used to transfer a cassette C that contains 
for example 25 Wafers W from the outside to the ?lm 
forming apparatus 1. In addition, the cassette station 2 loads 
and unloads Wafers With a cassette C. The processing station 
3 has various types of processing apparatuses that are 
stacked in multiple stages. The aligner 4 is disposed adjacent 
to the processing station 3. The interface portion 5 is used to 
transfer a Wafer W betWeen the processing station 3 and the 
aligner 4. 

[0041] In the cassette station 2, a plurality of cassettes C 
can be aligned at positions of assignment protrusions 10a on 
a cassette holding table 10 in an X direction (in the upper and 
loWer direction of FIG. 1) in such a manner that Wafer 
access portions of the cassettes C face the processing station 
3. AWafer transfer mechanism 11 can travel in the direction 
of Which the cassettes C are aligned (X direction) and the 
direction of Which Wafers W are contained in each cassette 
C (Z direction: vertical direction). The Wafer transfer mecha 
nism 11 can travel along a transferring path 12. Thus, the 
Wafer transfer mechanism 11 can selectively access each 
cassette C. 

[0042] Moreover, the Wafer transfer mechanism 11 can 
rotate in a 0 direction shoWn in FIG. 1. Thus, the Wafer 
transfer mechanism 11 can access an extension unit (EXT) 
74 and an extension unit (EXT) 93. The extension unit 
(EXT) 74 transfers the Wafer W betWeen a Wafer transfer 
mechanism 11 of a multi-staged unit portion of a ?rst 
processing apparatus group 70 and a ?rst transfer mecha 
nism 50 that Will be described later. The extension unit 
(EXT) 93 transfers the Wafer W betWeen a Wafer transfer 
mechanism 11 of a fourth processing apparatus group 90 and 
a second transfer mechanism 60 that Will be described later. 

[0043] In addition, a controller 120 is disposed on the 
cassette holding table 10 The controller 120 has a selecting 
means 120a for selecting a processing apparatus to Which 
the ?rst transfer mechanism 50 that Will be described later 
transfers the Wafer W corresponding to a ?lm formed on the 
Wafer W conveyed to the ?lm forming apparatus 1. For 
example, information on to Which path the transfer mecha 
nism 50 should folloW When transferring the Wafer W to one 
of the above-mentioned apparatuses is pre-input to the 
selecting means 120a. 

[0044] On the front side of the processing station 3, a ?rst 
coating apparatus group 20 composed of a material coating 
apparatus, a resist coating apparatus, and an exchange 
coating apparatus are disposed. On the rear side of the 
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processing station 3, a second coating apparatus group 30 
composed of developing process apparatuses is disposed. 

[0045] As shoWn in FIGS. 2 and 3, in the ?rst coating 
apparatus group 20, a resist coating apparatuses 22 and 24 
are stacked. In the ?rst coating apparatus group 20, a 
foaming insulation ?lm material coating apparatus 23 as a 
?rst coating apparatus and a non-foaming insulation ?lm 
material coating apparatus 21 as a second coating apparatus 
are also stacked. The resist coating apparatus 24 places a 
Wafer W on a spin chuck in a cup CP and coats a resist 
solution on the Wafer W With spin coat process. In such a 
manner, the resist coating apparatus 24 performs a resist 
coating process for the Wafer W. The foaming insulation ?lm 
material coating apparatus 23 places a Wafer W on a spin 
chuck in a cup CP and coats a foaming insulation ?lm 
material as a foaming material With the spin coat process. In 
this example, a porous MSQ material is coated. In such a 
manner, the foaming insulation ?lm material coating appa 
ratus 23 performs the foaming insulation ?lm material 
coating process for the Wafer W. The non-foaming insulation 
?lm material coating apparatus 21 places a Wafer W on a 
spin chunk in a cup CP and coats a non-foaming insulation 
?lm material as an insulation material With the spin coat 
process. In this example, an organic material such as PAE is 
coated. In such a manner, the non-foaming insulation ?lm 
material coating apparatus 21 performs the non-foaming 
insulation ?lm coating process for the Wafer W. 

[0046] As shoWn in FIGS. 2 and 3, in the second coating 
apparatus group 30, developing process apparatuses 33 and 
31 and developing process apparatuses 34 and 32 are 
stacked. Each of the developing process apparatuses 31 to 34 
places a Wafer W on a spin chuck in a cup CP, supplies a 
developing solution, and performs a developing process for 
the Wafer W. 

[0047] At a center portion of the processing station 3, a 
transferring table 40 on Which a Wafer W can be placed is 
disposed. 

[0048] The ?rst coating apparatus group 20 and the second 
coating apparatus group 30 are oppositely disposed With the 
transferring table 40. The ?rst transfer mechanism 50 as a 
transferring means is disposed betWeen the ?rst coating 
apparatus group 20 and the transferring table 40. The second 
transfer mechanism 60 is disposed betWeen the second 
coating apparatus group 30 and the transferring table 40. 

[0049] The structure of the ?rst transfer mechanism 50 is 
basically the same as the structure of the second transfer 
mechanism 60. For simplicity, only the structure of the ?rst 
transfer mechanism 50 Will be described With reference to 
FIG. 4. The ?rst transfer mechanism 50 is composed of a 
cylindrical supporting member 53 and a Wafer transferring 
means 54. The cylindrical supporting member 53 is com 
posed of a pair of Wall portions 51 and 52 that are oppositely 
disposed and connected at the top and bottom. The Wafer 
transferring means 54 is disposed in the cylindrical support 
ing member 53. The Wafer transferring means 54 can lift up 
and doWn in an upper and loWer direction (Z direction). The 
cylindrical supporting member 53 is connected to a rotating 
shaft of a motor 55. Arotating and driving force of the motor 
55 causes the cylindrical supporting member 53 to rotate 
together With the Wafer transferring means 54 around the 
rotating shaft of the motor 55. Thus, the Wafer transferring 
means 54 can rotate freely in the 0 direction. 
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[0050] On a transfer base 56 of the Wafer transferring 
means 54, a plurality of pairs of tWeeZers are disposed as 
holding members that hold the Wafer W. For example, tWo 
pairs of tWeeZers 57 and 58 are disposed as a pair of upper 
tWeeZers and a pair of loWer tWeeZers. The structure of the 
pair of tWeeZers 57 is basically the same as the structure of 
the pair of tWeeZers 58. The pairs of tWeeZers 57 and 58 have 
a shape and a siZe that alloW them to freely enter the side 
opening portions of the Wall portions 51 and 52 of the 
cylindrical supporting member 53. The pairs of tWeeZers 57 
and 58 can travel in a forWard and backWard direction by a 
motor (not shoWn) disposed in the transfer base 56. Like 
Wise, the second transfer mechanism 60 has tWo pairs of 
tWeeZers 67 and 68 each pair of Which has the same function 
and structure as each pair of the tWeeZers 57 and 58. 

[0051] A ?rst processing apparatus group 70 and a second 
processing apparatus group 80 are oppositely disposed With 
the ?rst transfer mechanism 50 so that the ?rst processing 
apparatus group 70 and the second processing apparatus 
group 80 are disposed in the vicinity of the ?rst coating 
apparatus group 20. In the ?rst processing apparatus group 
70, a variety of types of apparatuses are stacked on multiple 
stages. The fourth processing apparatus group 90 and a third 
processing apparatus group 100 are oppositely disposed With 
the second transfer mechanism 60 so that the fourth pro 
cessing apparatus group 90 and the third processing appa 
ratus group 100 are disposed in the vicinity of the second 
coating apparatus group 30. 

[0052] The ?rst processing apparatus group 70 and the 
fourth processing apparatus group 90 are disposed adjacent 
to the cassette station 2. The second processing apparatus 
group 80 and the third processing apparatus group 100 is 
disposed adjacent to the interface portion 5. 

[0053] Next, With reference to FIG. 2 that shoWs the 
processing station 3 vieWed from the cassette station 2, the 
structure of the ?rst processing apparatus group 70 and the 
fourth processing apparatus group 90 Will be described. 

[0054] In the ?rst processing apparatus group 70, a loW 
oxygen heating temperature regulating process apparatus 
(MHC) 72 as a ?rst heating apparatus, a loW oxygen high 
temperature heating process apparatus (DLB) 75 as a second 
heating apparatus, an alignment unit (ALIM) 73, an exten 
sion unit (EXT) 74, a loW temperature heating processing 
apparatus (LHP) 77, and a loW oxygen curing and cooling 
processing apparatus (DLC) 78 are stacked in order from the 
bottom to the top. The alignment unit (ALIM) 73 aligns a 
Wafer W. The extension unit (EXT) 74 causes a Wafer W to 
Wait for the next process. 

[0055] In the fourth processing apparatus group 90, an 
alignment unit (ALIM) 92, an extension unit 93, 
pre-baking units (PREBAKE) 94 and 95, and post-baking 
units (POBAKE) 96, 97, and 98 are stacked in order from 
the bottom to the top. The pre-baking units (PREBAKE) 94 
and 95 perform a heating process for a Wafer W after a resist 
has been coated for the Wafer W. The post-baking units 
(POBAKE) 96, 97, and 98 perform a heating process for a 
Wafer W after a developing process has been performed for 
the Wafer W. 

[0056] Next, With reference to FIG. 3 that shoWs the 
processing station 3 vieWed from the interface portion 5, the 
structure of the second processing apparatus group 80 and 
the third processing apparatus group 100 Will be described. 
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[0057] In the second processing apparatus group 80, cool 
ing units (COL) 81 and 82, an alignment unit (ALIM) 83, an 
extension unit 84, and cooling units (COL) 85, 86, 
87, and 88 are stacked in order from the bottom to the top. 

[0058] In the third processing apparatus group 100, pre 
baking units (PREBAKE) 101 and 102, post-exposure bak 
ing units (PEB) 103 and 104, and post-baking units 
(POBAKE) 105, 106, and 107 are stacked in order from the 
bottom to the top. The post-exposure baking units (PEB) 103 
and 104 perform a heating process for a Wafer W after an 
exposing process is performed for the Wafer W. 

[0059] In the interface portion 5, a Wafer transfer mecha 
nism 110 is disposed. The Wafer transfer mechanism 110 can 
access the extension unit 84 of the second processing 
apparatus group 80 and the post-exposure baking units 
(PEB) 103 and 104 of the third processing apparatus group 
100. 

[0060] The Wafer transfer mechanism 110 can travel along 
a rail 111 in the X direction, lift up and doWn in the Z 
direction (the vertical direction of FIG. 1), and rotate in the 
0 direction. The Wafer transfer mechanism 110 can transfer 
a Wafer W to the aligner 4 and a peripheral aligner 112. 

[0061] The foaming insulation ?lm material coating appa 
ratus 23 as the ?rst coating apparatus and the non-foaming 
insulation ?lm material coating apparatus 21 as the second 
coating apparatus perform a coating process by the spin coat 
process and almost have the same structure. 

[0062] FIGS. 8 and 9 are a sectional vieW and a plan vieW 
shoWing these coating apparatuses (SCT), respectively. A 
ring-shaped cup CP is disposed at a center portion of the 
coating apparatus (SCT). The cup CP has a drainage pipe 
153. A spin chuck 152 is disposed inside the cup CP. While 
the spin chuck 152 is holding a semiconductor Wafer W by 
the vacuum absorption method, the spin chuck 152 is rotated 
and driven by a drive motor 154. The drive motor 154 is 
disposed so that it can lift up and doWn at an opening 151a 
of a unit bottom plate 151. The drive motor 154 is connected 
to a lifting driving means 160 and a lifting guiding means 
162 through a cap-shaped ?ange member 158 made of 
aluminum. The lifting driving means 160 is composed of for 
example an air cylinder. 

[0063] A supply pipe 183 is connected from an insulation 
?lm material supply source (not shoWn) to the noZZle 177. 
The noZZle 177 is detachably disposed at an edge portion of 
a noZZle scan arm 176 through a noZZle holding member 
172. The noZZle scan arm 176 is disposed at an upper edge 
portion of a vertical holding member 175. The vertical 
holding member 175 can horiZontally travel on a guide rail 
174 disposed in one direction (Y direction) of the unit 
bottom plate 151. The noZZle scan arm 176 moves together 
With the vertical holding member 175 in the Y direction in 
a Y direction by a driving mechanism (not shoWn). 

[0064] Next, the loW oxygen heating temperature regulat 
ing process apparatus (MHC) 72 as the ?rst heating appa 
ratus and the loW oxygen high temperature heating process 
apparatus (DLB) 75 as the second heating apparatus Will be 
described. 

[0065] FIG. 10 is a front sectional vieW shoWing the loW 
oxygen heating temperature regulating process apparatus 
(MHC) as the ?rst heating apparatus. FIG. 12 is a partial 
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plan vieW showing the loW oxygen heating temperature 
regulating process apparatus (MHC). The loW oxygen heat 
ing temperature regulating process apparatus (MHC) is an 
apparatus that performs a heating process for a foaming 
insulation ?lm material coated on a Wafer W. 

[0066] In a processing chamber 251 of the loW oxygen 
heating temperature regulating process apparatus (MHC), a 
plate 252 and an arm 223 are disposed. The plate 252 is used 
to perform a heating process for a Wafer W at for example 
200 to 800° C. The arm 223 transfers the Wafer W betWeen 
the ?rst transfer mechanism 50 and the plate 252. The arm 
223 receives the Wafer W from the pair of tWeeZers 57 of the 
?rst transfer mechanism 50 and transfers the Wafer W to the 
plate 252. The arm 223 has a cooling mechanism. The Wafer 
W heated on the plate 252 is cooled on the arm 223. 
Thereafter, the Wafer W is transferred to the pair of tWeeZers 
57 of the ?rst transfer mechanism 50. The plate 252 is made 
of the same material as the Wafer W. When a Wafer W is 
made of silicon, the plate 252 is also made of silicon. As a 
result, When a heating process is performed for the Wafer W, 
a heat re?ection betWeen the Wafer W and the plate 252 can 
be suppressed. Thus, in the heating process that Will be 
described later, the temperature of the Wafer W can be 
accurately measured. The volume of the plate 252 is almost 
equal to the volume of the Wafer W. Thus, the heat capacity 
applied to the plate 252 can accurately be calculated for 
controlling the temperature. Alternatively, the volume of the 
plate 252 may be different from the volume of the Wafer W. 
For example, the volume of the plate 252 may be a multiple 
of the volume of the Wafer W. As long as the temperature of 
the plate 252 can easily be controlled, the volume thereof 
can be changed. According to the embodiment, the plate 252 
is designed so that its thickness is loWer than the thickness 
of a plate disposed in the loW oxygen high temperature 
heating process apparatus (DLB) as the second heating 
apparatus that Will be described later. Thus, in comparison 
With the plate of the loW oxygen high temperature heating 
process apparatus (DLB), the heat capacity of the plate 252 
can be decreased. As a result, the temperature of the plate 
252 can be controlled in a short time. Thus, the temperature 
of the heating process for a Wafer W can be easily varied 
corresponding to the material of a ?lm formed thereon. In 
other Words, When a coated foaming insulation ?lm material 
is heated and a porous insulation ?lm is formed, there are 
many opportunities of Which the temperature condition is 
changed. Thus, in such a structure, the processes can be 
effectively performed. 
[0067] The plate 252 is peripherally divided into three 
areas R1 to R3. For each of the divided three areas R1 to R3, 
the temperature control is performed. In other Words, heaters 
H1 to H3 are concentrically buried in the areas R1 to R3 of 
the plate 252, respectively. In addition, temperature detect 
ing devices D1 to D3 are buried in the areas R1 to R3 of the 
plate 252, respectively. In addition, a cooling pipe 253 that 
cools the plate 252 is disposed on the rear surface of the plate 
252. In the cooling pipe 253, a liquid for example deminer 
aliZed Water that has been cooled at for example 15° C. to 
23° C. is circulated through a freeZer (not shoWn). With such 
a cooling means, the temperature of the plate 252 can 
quickly be loWered. In addition to the heaters H1 to H3, the 
temperature control for the plate 252 can accurately and 
quickly be performed. With a plurality of heaters, for 
example three, the plate 252 is area-controlled. In contrast, 
With the cooling pipe 253 as a cooling means, the plate 252 
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is not area-controlled. As a result, While the temperature 
control is accurately accomplished, the structure is simpli 
?ed. Of course, With the cooling means, the cooling pipe 253 
can also be area-controlled. As the heating means, an 
infrared ray or the like can be used instead of heaters. As the 
cooling means, a Peltier device or the like can be used. 

[0068] At a loWer portion of the processing chamber 251, 
a N2 supply opening 255 is disposed. The N2 supply opening 
255 discharges N2 gas supplied from an N2 source 254 to the 
processing chamber 251. A pipe 256 is connected betWeen 
the N2 source 254 and the N2 supply opening 255. Avalve 
257 is disposed on the pipe 256. The valve 257 adjusts the 
discharge amount of the N2 supply opening 255. Alterna 
tively, a means for heating and cooling N2 gas may be 
disposed on the pipe 256 so as to adaptively control the 
temperature of the N2 gas. 

[0069] In addition, at an upper portion of the processing 
chamber 251, an exhaust opening 258 is disposed. The 
exhaust opening 258 deaerates the processing chamber 251 
by the vacuum exhaust method. A vacuum pump 260 is 
connected to the exhaust opening 258 through a pipe 259. 

[0070] A controlling portion 261 estimates the tempera 
ture of the heating process for the Wafer W corresponding to 
the detected results of the temperature detecting devices D1 
to D3. Corresponding to the estimated temperature, the 
controlling portion 261 controls poWers supplied to the 
heaters H1 to H3 so that the temperatures of the areas R1 to 
R3 become predetermined temperatures. When necessary, 
the controlling portion 261 also controls the temperature and 
amount of the liquid supplied to the cooling pipe 253. When 
necessary, the controlling portion 261 controls the discharg 
ing amount of the N2 gas and the degree of vacuum of the 
chamber. 

[0071] A plurality of holes 262, for example three, con 
centrically pierce the plate 252. Support pins 263 that 
support a Wafer W are inserted into the holes 262 so that the 
support pins 263 can lift up and doWn in the holes 262. The 
support pins 263 are integrally connected to a connecting 
member 264 disposed on the rear surface of the plate 252. 
The connecting member 264 is lifted up and doWn With a 
lifting cylinder 265 disposed beloW the connecting member 
264. The lifting cylinder 265 causes the support pins 263 to 
protrude and recess from the front surface of the plate 252. 

[0072] An opening portion 266 is disposed on the front 
surface of the processing chamber 251. Through the opening 
portion 266, a Wafer W is transferred With the ?rst transfer 
mechanism 50. The opening portion 266 can be closed With 
a shutter member 267. When the opening portion 266 is 
closed With the shutter member 267, the interior of the 
processing chamber 251 can be air-tightly closed and effec 
tively deaerated. 

[0073] A Wall portion 268 that composes the processing 
chamber 251 and that surrounds an area R including the 
plate 252 has a temperature regulating mechanism 269 that 
adjusts the temperature of the area R. The temperature 
regulating mechanism 269 is composed of a heater 270 and 
a cooling pipe 271 that are buried in the Wall portion 268. 
The controlling portion 261 controls the poWer supplied to 
the heater 270 and the temperature and amount of cooling 
Water supplied to the cooling pipe 271. The temperature 
regulating mechanism 269 alloWs the temperature of the 
processing chamber 251 to be accurately controlled. 














