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(57) ABSTRACT 

Disclosed is a film-forming method, comprising dispensing 
from a dispenser nozzle a coating Solution, which is pre 
pared by adding a Solid component to a Solvent and con 
trolled to be spread on the Substrate in a predetermined 
range, onto a target Substrate to be processed while relatively 
moving the dispenser nozzle and the target Substrate So as to 
form a liquid film on the entire Surface of the target 
Substrate, and arranging a Sucking nozzle above and apart 
from the target Substrate Such that the Sucking nozzle is not 
in contact with the Surface of the liquid film So as to permit 
the Sucking nozzle to Suck the Solvent vapor right under the 
Sucking nozzle while moving the Sucking nozzle relative to 
the target Substrate, thereby removing the Solvent from the 
liquid film and, thus, forming a coated film. 
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FILM-FORMING METHOD, FILM-FORMING 
APPARATUS AND LIQUID FILM DRYING 

APPARATUS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is based upon and claims the 
benefit of priority from the prior Japanese Patent Applica 
tions No. 2000-295232, filed Sep. 27, 2000; and No. 2000 
296089, filed Sep. 28, 2000, the entire contents of both of 
which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0003. The present invention relates to a film-forming 
method, a film-forming apparatus, and a liquid film drying 
apparatus used for the coated film formation in the technol 
ogy, for preparing a Semiconductor device in the wafer Step 
and in the Step of preparing a mask for the optical exposure 
and for preparing a liquid crystal device. 
0004 2. Description of the Related Art 
0005. In the conventional spin coating method employed 
in a lithography Step, a major portion of the coating Solution 
dripped onto the Substrate is discharged to the outside of the 
Substrate, and a film is formed of the remaining Several 
percent of the coating Solution. As a result, a large amount 
of the coating Solution is rendered useless, and the environ 
ment is adversely affected because a large amount of the 
coating Solution is discharged to the outside. An additional 
problem to be noted is that, when it comes to a rectangular 
Substrate or a disk-like Substrate having a large diameter not 
smaller than 300 mm, turbulence occurs in the outer periph 
eral portion of the substrate, with the result that the film 
thickneSS uniformity is rendered poor this area. 
0006 Amethod for uniformly coating the entire substrate 
Surface with a coating Solution without wastage is known. 
For example, a resist is dripped from a large number of 
nozzles arranged to form a row, and a gas or a liquid is blown 
against the film-forming Surface from behind the film 
forming Surface So as to obtain a uniform film. Also, a large 
number of Spurting holes are formed in a rod So as to allow 
the resist to be dripped uniformly on the Substrate and, thus, 
to obtain a uniform film. Further, a spray head provided with 
a large number of Spurting holes for Spraying a resist and the 
Substrate are moved relative to each other So as to achieve 
a uniform coating. 
0007. In each of the conventional coating apparatuses 
exemplified above, a plurality of dispensing or spraying 
nozzles are arranged to form a lateral row and Scanned along 
the Surface of the Substrate so as to form a uniform film on 
the Substrate. Also, there is a method of forming a liquid film 
by Scanning a single liquid discharge nozzle on a target 
object to be treated in addition to the coating method using 
an apparatus equipped with these plural nozzles. 
0008 However, the conventional coating methods exem 
plified above give rise to the problem that a thickneSS 
distribution of the coated film is generated from the coating 
Starting Side toward the coating finishing Side. The difficulty 
is caused by the situation that the coating Starting portion 
and the coating finishing portion widely differ. from each 

Jul. 1, 2004 

other in the waiting time between completion of the coating 
Solution dispensing operation and the drying treatment. It 
should also be noted that, Since it was customary in the past 
that the Step for forming the liquid film and the drying Step 
were carried out independently, a long time was required for 
completing the coated film. 
0009. In the conventional step of drying a liquid film after 
formation of the liquid film containing a Solvent of, for 
example, a resist film on a target Substrate to be processed, 
employed was, for example, a baking method in which the 
target Substrate is simply heated on a hot plate and a vacuum 
drying method in which a reduced pressure treatment is 
applied within a chamber connected to a vacuum pump. 
0010. However, in the baking method, since the evapo 
ration of the Solvent is highly Sensitive to temperature, the 
thickness uniformity of the coated film was rendered poor, 
giving rise to a problem in terms of the uniformity of the film 
thickness. 

0011. On the other hand, in the vacuum drying method 
under a reduced pressure, it takes time to remove the Solvent, 
because of low evaporation rate in reduced preSSure, leading 
to a problem in terms of the low throughput. Also, the 
throughput is dependent on the properties and the dispensed 
amount of the Solvent, making it impossible to control the 
processing time. 

BRIEF SUMMARY OF THE INVENTION 

0012. An object of the present invention is to solve the 
above-noted problems inherent in the prior art. 
0013. According to a first aspect of the present invention, 
there is provided a film-forming method, comprising dis 
pensing from a dispenser nozzle a coating Solution, which is 
prepared by adding a Solid component to a Solvent and 
controlled to be spread on the Substrate in a predetermined 
range, onto a target Substrate to be processed while relatively 
moving the dispenser nozzle and the target Substrate So as to 
form a liquid film on the entire Surface of the target 
Substrate; and arranging a Sucking nozzle above and apart 
from the target Substrate Such that the Sucking nozzle is not 
in contact with the Surface of the liquid film So as to permit 
the Sucking nozzle to Suck the Solvent vapor right under the 
Sucking nozzle while moving the Sucking nozzle relative to 
the target Substrate, thereby removing the Solvent from the 
liquid film and, thus, forming a coated film. 
0014. According to a second aspect of the present inven 
tion, there is provided a film-forming method, comprising 
forming a liquid film consisting of a coating Solution pre 
pared by adding a Solid component to a Solvent on the entire 
Surface of a target Substrate to be processed; arranging a disk 
plate having at least one through-hole in the vicinity of the 
target Substrate Such that the disk plate is not in contact with 
the liquid film; rotating the disk plate So as to generate a flow 
of gas between the target Substrate and the lower Surface of 
the disk plate; and bringing the liquid film into contact with 
the flow of gas So as to remove the Solvent from the liquid 
film, thereby forming a Solid phase film consisting of the 
Solid component on the target Substrate. 
0015 According to a third aspect of the present inven 
tion, there is provided a film-forming method, comprising 
forming a liquid film consisting of a chemical Solution 
prepared by adding a Solid component to a Solvent on the 
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entire Surface of a target Substrate to be processed; position 
ing a disk plate right above and apart from the target 
Substrate Such that the disk plate is not brought into contact 
with the liquid film; maintaining a reduced preSSure State in 
the clearance between the disk plate and the target Substrate 
and around the clearance; rotating the disk plate So as to 
form an flow of gas in the clearance between the target 
Substrate and the lower Surface of the disk plate; and 
bringing the liquid film into contact with the flow of gas So 
as to remove the solvent within the liquid film, thereby 
forming a Solid phase film consisting of the Solid component 
on the target Substrate. 
0016. According to a fourth aspect of the present inven 
tion, there is provided a film-forming apparatus, comprising 
a dispenser nozzle arranged to face a target Substrate to be 
processed So as to Supply a chemical Solution to the target 
Substrate; a Suction nozzle arranged to face the target Sub 
Strate for Sucking a Solvent vapor on a liquid film formed on 
the target Substrate by the Supply of a chemical Solution from 
the dispenser nozzle; a first moving Section for relatively 
moving the target Substrate and the dispenser nozzle; and a 
Second moving Section for relatively moving the target 
Substrate and the Suction nozzle. 

0.017. According to a fifth aspect of the present invention, 
there is provided a liquid film drying apparatus, comprising 
a disk plate arranged to face a target Substrate to be pro 
cessed, a liquid film containing a Solvent being formed on 
the Surface of the target Substrate, and having at least one 
through-hole; a rotary driving Section for rotating the disk 
plate; an flow control plate arranged to face the disk plate on 
the side of the open portion of the through-hole, which is the 
Side opposite to the Side of the target Substrate, and an 
up-down driving Section for relatively changing the distance 
between the disk plate and the target Substrate and the 
distance between the disk plate and the flow control plate. 
0.018 Further, according to a sixth aspect of the present 
invention, there is provided a liquid film drying apparatus, 
comprising a disk plate arranged to face a target Substrate to 
be processed, a liquid film containing a Solvent being formed 
on the Surface of the target Substrate, and having at least one 
through-hole; a rotary driving Section for rotating the disk 
plate; and an external gas flow generator for Supplying an 
flow of gas into the through-hole. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

0.019 FIG. 1A is a plan view showing the construction of 
a film-forming apparatus according to a first embodiment of 
the present invention; 
0020 FIG. 1B is a cross sectional view showing the 
construction of the film-forming apparatus shown in FIG. 
1A; 
0021 FIG. 2 is a plan view schematically showing the 
construction of a modification of the film-forming apparatus 
according to the first embodiment of the present invention; 
0022 FIGS. 3A and 3B collectively show a film-forming 
method according to a Second embodiment of the present 
invention; 
0023 FIGS. 4A and 4B collectively show a film-forming 
method according to a third embodiment of the present 
invention; 
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0024 FIGS.5A and 5B collectively show a film-forming 
method according to a fourth embodiment of the present 
invention; 

0025 FIG. 6 schematically shows the construction of a 
nozzle for drying a liquid film included in a film-forming 
apparatus according to a fifth embodiment of the present 
invention; 

0026 FIGS. 7A and 7B schematically show collectively 
the construction of a modification of the nozzle for drying a 
liquid film included in the film-forming apparatus according 
to the fifth embodiment of the present invention; 
0027 FIG. 8 shows a method of forming a liquid film 
according to a sixth embodiment of the present invention; 
0028 FIG. 9 schematically shows the construction of an 
apparatus for drying a liquid film according to the Sixth 
embodiment of the present invention; 
0029 FIG. 10 shows the drying method using the appa 
ratus for drying a liquid film shown in FIG. 9; 
0030 FIG. 11 shows the drying method using the appa 
ratus for drying a liquid film shown in FIG. 9; 
0031 FIG. 12 shows the drying. method using the appa 
ratus for drying a liquid film shown in FIG. 9; 
0032 FIGS. 13A and 13B schematically show collec 
tively the construction of an apparatus for drying a liquid 
film according to a Seventh embodiment of the present 
invention; 

0033 FIG. 14 shows the drying method using the appa 
ratus for drying a liquid film shown in FIGS. 13A and 13B; 
0034 FIG. 15 schematically shows the construction of 
an apparatus for drying a liquid film according to an eighth 
embodiment of the present invention; 
0035 FIG. 16 shows the problem inherent in the con 
ventional reduced preSSure drying method; 
0036 FIG. 17 shows the drying method using the appa 
ratus for drying a liquid film shown in FIG. 15; 

0037 FIG. 18 schematically shows the construction of a 
modification of the apparatus for drying a liquid film accord 
ing to the eighth embodiment of the present invention; and 

0038 FIG. 19 shows a drying method according to a 
ninth embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0039. Some embodiments of the present invention will 
now be described with reference to the accompanying 
drawings. 

0040 First Embodiment 
0041 FIG. 1A is a plan view showing the construction of 
a film-forming apparatus according to a first embodiment of 
the present invention, and FIG. 1B is a cross sectional view 
showing the film-forming apparatus shown in FIG. 1A. The 
film-forming apparatus according to the first embodiment of 
the present invention is constructed to permit performing a 
liquid film-forming Step and a drying Step Simultaneously. 
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0.042 First of all, let us describe the construction of the 
film-forming apparatus for forming a liquid film. AS shown 
in FIGS. 1A and 1B, the film-forming apparatus comprises 
a resist dispenser nozzle 102, a nozzle moving mechanism 
(not shown) for moving the resist dispenser nozzle 102 in a 
y-direction (lateral direction), and a target Substrate moving 
base (not shown) on which is disposed a target substrate 110 
to be processed, which has a diameter of 200 mm. The target 
Substrate moving base Serves to move the target Substrate 
110 in the X-direction. 

0043. The construction of the apparatus for performing 
the drying step will now be described. As shown in FIGS. 
1A and 1B, the apparatus for performing the drying Step 
comprises a suction nozzle 101 and a vacuum pump 103 
connected to the Suction nozzle 101. The target substrate 
moving base referred to above in conjunction with the liquid 
film-forming Step is also involved in the construction of the 
apparatus in the drying Step. 

0044) The suction nozzle 101 includes a suction port 
sized at 2x220 mm. The length (220 mm) of the suction port 
101a in the longitudinal direction is larger than the diameter 
(200 mm) of the target substrate 110. The longitudinal 
direction of the Suction port 101a of the suction nozzle 101 
is perpendicular to the moving direction of the target Sub 
strate. Since the length of the suction port 101a in its 
longitudinal direction is larger than the diameter of the target 
Substrate, and the longitudinal direction of the Suction port 
101a is perpendicular to the moving direction of the target 
substrate, the entire surface of the target substrate 110 is 
scanned by the suction nozzle 101 in accordance with 
movement of the target substrate 110. 
004.5 The Suction nozzle 101 is positioned apart from the 
resist dispenser nozzle 102 So as to permit the Suction nozzle 
101 to perform its sucking operation after the surface of 
dripped liquid film 111 is rendered flat. In this resist case, the 
surface of the liquid film is flattened in about 30 seconds 
after dispensing from the dispenser nozzle 102. Since the 
target Substrate is moved by 48 mm in 30 seconds, the resist 
dispenser nozzle 102 is positioned 50 mm apart from the 
Suction nozzle 101. Incidentally, the distance between the 
Suction nozzle 101 and the surface of the target substrate 110 
was set at 1 mm so as to prevent the Suction nozzle 101 from 
touching the liquid film 111. 
0046) Now, let us describe the liquid film forming and the 
drying Step using the film-forming apparatus according to 
the first embodiment of the present invention. The liquid 
film forming will be described first. The resist dispenser 
nozzle 102 is reciprocated above the target substrate 110 in 
the y-direction (displayed in figure) at a speed of 1 m/sec. If 
the resist dispenser nozzle 102 is moved outside of the target 
Substrate 110, the target Substrate moving base is Succes 
Sively moved in the X-direction So as to move the target 
substrate 110. Under this condition, a chemically amplified 
type DUV resist (trade name of M20G manufactured by 
JSR) is successively dripped linearly from the +x side 
(coating starting position) of the target Substrate 100 toward 
the -X side (coating finishing Side) So as to form a liquid film 
111 having a thickness of 40 um on the substrate. 
0047. The drying will now be described. In 30 seconds 
after the Start of the dispenser operation, the Suction nozzle 
101 arranged in a position remote enough to permit the 
dripped liquid film 111 to become flat is positioned above the 
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target Substrate 110 So as to Start the drying operation. The 
solvent vapor above the liquid film 111 is sucked by the 
suction nozzle 101 so as to form a resist film (coated film) 
112. 

0048. The distance between the resist dispenser nozzle 
102 and the Suction nozzle 101 is maintained constant, and 
the liquid film forming Step and the Solvent drying Step are 
carried out Simultaneously in accordance with movement of 
the target substrate 110. 

0049 According to the first embodiment of the present 
invention, the drying Step is performed immediately after the 
Surface of the dispensed liquid film is flattened So as to 
Shorten the forming time of the final resist film. Also, Since 
the waiting time from the dispensing of the chemical Solu 
tion to the drying is Substantially constant regardless of the 
dispenser position, a thickness distribution is not generated 
from the coating Starting Side to the coating finishing Side. 

0050. In the film-forming method according to the first 
embodiment of the present invention, the Size of the Suction 
nozzle is not limited to 2x220 mm. Also, the distance 
between the Suction nozzle and the Surface of the target 
substrate to be processed is not limited to 1 mm. Further, the 
arranging distance between the Suction nozzle 101 and the 
resist dispenser nozzle 102 is not limited to 50 mm. Still 
further, the moving speed of the resist dispenser nozzle 101 
is not limited to 1 m/s. It should also be noted that the liquid 
film forming method is not limited to that in the first 
embodiment of the present invention. It is also possible to 
use a slit type resist nozzle and to employ a meniscus coating 
(which is the coating method forming a meniscus of resist 
Solution between the resist nozzle and the Substrate). Also, 
in the first embodiment of the present invention, the liquid 
film-forming Step and the drying Step are carried out Simul 
taneously within the Substrate Surface. However, it is also 
possible to carry out the liquid film-forming Step and the 
drying Step independently. It is possible to change the 
operating conditions described above appropriately in accor 
dance with the chemical Solution and the process employed. 

0051. Also, in the first embodiment described above, a 
Slit type Suction nozzle having a width larger than the 
diameter of the target Substrate is moved in one direction. 
Alternatively, it is possible to use a Suction nozzle Smaller 
than the diameter of the target substrate, as shown in FIG. 
2. In this case, the target Substrate is moved from the 
dispensing Starting Side to the finishing Side while Scanning 
the Suction nozzle in a reciprocating fashion as in the 
dispensing Step of the resist. 

0.052 Second Embodiment 
0053 Since the construction of the film-forming appara 
tus according to a Second embodiment of the present inven 
tion is similar to that of the film-forming apparatus accord 
ing to the first embodiment described previously with 
reference to FIGS. 1A and 1B, description of the film 
forming apparatus is omitted. The drying Step will now be 
described with reference to FIGS. 3A and 3B. 

0054. In the first step, a resist solution is dripped onto the 
target substrate 110 so as to form a liquid film 111, as in the 
first embodiment. Then, in accordance with movement of 
the target substrate 110, the Suction port of the Suction nozzle 
101 connected to the vacuum pump 103 is positioned above 
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the target Substrate 110, with the result that the solvent vapor 
above the liquid film 111 is sucked so as to start the first 
drying treatment. 

0055) Even after the Suction nozzle 101 passed through 
the entire surface of the liquid film 111 from the +x side 
(coating starting Side) to the -X side (coating finishing side), 
the solvent remained sufficiently in the liquid film 111 and, 
thus, the thickness of the liquid film 111 was 10 um (FIG. 
3A). Therefore, the solvent vapor on the liquid film 111 was 
Successively Sucked again from the +X Side (coating starting 
Side) to the -X side (coating finishing side) So as to carry out 
a Second drying treatment. The thickness of the liquid film 
after the Second drying treatment was lowered to 5 lum. The 
drying treatment was repeated 8 times in total So as to dry 
completely the solvent in the liquid film 111, thereby form 
ing finally a uniform resist film 112 having a thickness of 
300 nm (FIG. 3B). 
0056 According to the second embodiment of the present 
invention, the drying treatment is repeated a plurality of 
times so as to gradually dry the liquid film 111, with the 
result that the Solid component within the liquid film 111 is 
prevented from being Sucked So as to improve the unifor 
mity in the thickness of the resist film 112. 
0057. In the film-forming method according to the second 
embodiment of the present invention, the Size of the Suction 
nozzle 101 is not limited to 2x220 mm. Also, the distance 
between the Suction nozzle 101 and the Surface of the target 
substrate 110 is not limited to 2 mm. Further, the moving 
speed of the resist nozzle is not limited to 1 m/s. It should 
also be noted that the liquid film forming method is not 
limited to that in the second embodiment of the present 
invention. It is also possible to use a slit type resist nozzle 
and to employ a meniscus coating. Also, in the Second 
embodiment of the present invention, the Suction nozzle was 
Scanned 8 times. However, the number of times of Scanning 
is not particularly limited. It is possible to change the 
operating conditions described above appropriately in accor 
dance with the chemical Solution and the process employed. 

0.058. Further, in the second embodiment of the present 
invention described above, the first drying operation was 
performed simultaneously with the liquid film formation. 
Alternatively, it is possible to Start up the drying treatment 
after formation of the liquid film on the entire surface of the 
target Substrate. 

0059) Third Embodiment 
0060 Since the construction of the film-forming appara 
tus according to a third embodiment of the present invention 
is similar to that of the film-forming apparatus according to 
the first embodiment described previously with reference to 
FIGS. 1A and 1B, description of the film-forming apparatus 
is omitted. The drying step will now be described with 
reference to FIGS. 4A and 4.B. 

0061. In the first step, a chemical solution is dripped onto 
the target substrate 110 so as to form a liquid film 111, as in 
the first embodiment. In the third embodiment, however, the 
chemical Solution which forming for an interlayer insulating 
film (JSR LKD series manufactured by JSR) was succes 
Sively dripped So as to form a liquid film 111 having a 
thickness of 40 um on the entire Surface of the target 
Substrate. 
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0062) Then, in accordance with movement of the target 
substrate 110, the Suction port of the suction nozzle 101 
connected to the vacuum pump 103 is positioned above the 
target Substrate 110, with the result that the solvent vapor 
above the liquid film 111 is sucked so as to start the first 
drying treatment from the +X Side (coating starting side) to 
the -X side (coating finishing Side). 
0063 Even after the Suction nozzle 101 passed through 
the entire surface of the liquid film 111, the solvent remained 
sufficiently in the liquid film 111 and, thus, the thickness of 
the liquid film 111 was 10 tum. Also, the thickness of the 
liquid film tended to increase from the Suction starting Side 
to the Suction finishing Side So as to form a thickness 
distribution of the liquid film (FIG. 4A). 
0064. Therefore, the solvent vapor on the liquid film 111 
was Successively Sucked in the opposite direction from the 
-X side (coating finishing Side) to the +X side (coating 
Starting side) So as to carry out a second drying treatment. 
The thickness of the liquid film after the second drying 
treatment was lowered to 6 um. The reciprocating drying 
treatment was repeated 8 times (four times of reciprocation) 
so as to dry completely the solvent in the liquid film 111, 
thereby forming finally a uniform interlayer insulating film 
112 having a thickness of 500 nm (FIG. 4B). 
0065. In other words, in the even number-th drying 
treatment, the Suction nozzle 101 is moved relative to the 
target object 110 in the direction opposite to that in the odd 
number-th drying operation in the third embodiment of the 
present invention. 

0066. The chemical solution used in the third embodi 
ment of the present invention has a relatively large fluidity 
and, thus, the Solvent vapor is Sucked from two directions So 
as to prevent the thickness distribution of the liquid film 
from being inclined in the Sucking direction, thereby making 
the film thickness uniform over the entire target Substrate. 
0067. In the film-forming method according to the third 
embodiment of the present invention, the Size of the Suction 
nozzle 101 is not limited to 2x220 mm. Also, the distance 
between the Suction nozzle 101 and the Surface of the target 
substrate 110 is not limited to 2 mm. Further, the moving 
speed of the resist nozzle is not limited to 1 m/s. Still further, 
the moving Speed of the target Substrate is not limited to 1.6 
mm/sec. It should also be noted that the liquid film forming 
method is not limited to that in the third embodiment of the 
present invention. It is also possible to use a slit type resist 
nozzle and to employ a meniscus coating. Also, in the third 
embodiment of the present invention, the suction nozzle 101 
was scanned 8 times in total (4 times of reciprocation). 
However, the number of times of Scanning is not particularly 
limited. It is possible to change the operating conditions 
described above appropriately in accordance with the chemi 
cal Solution and the proceSS employed. 

0068. In the third embodiment of the present invention, 
the first drying treatment was carried out Simultaneously 
with the liquid film formation. However, it is also possible 
to Start up the drying treatment after formation of the liquid 
film on the entire Surface of the target Substrate. 

0069. Fourth Embodiment 
0070 Since the construction of the film-forming appara 
tus according to a fourth embodiment of the present inven 
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tion is similar to that of the film-forming apparatus accord 
ing to the first embodiment described previously with 
reference to FIGS. 1A and 1B, description of the film 
forming apparatus is omitted. The drying Step will now be 
described with reference to FIGS. 5A and 5B. 

0071. In the first step, a chemical solution is dripped onto 
the target substrate 110 so as to form a liquid film 111, as in 
the first embodiment. In the fourth embodiment, however, an 
interlayer insulating film (JSR LKD series manufactured by 
JSR) was successively dripped so as to form a liquid film 111 
having a thickness of 40 um on the entire Surface of the 
target Substrate. 
0.072 Then, in accordance with movement of the target 
substrate 110, the Suction port of the suction nozzle 101 
connected to the vacuum pump 103 is positioned above the 
target Substrate 110, with the result that the solvent vapor 
above the liquid film 111 is sucked so as to start the first 
drying treatment from the +X Side (coating starting side) to 
the -X side (coating finishing Side). Incidentally, the distance 
between the Surface of the target substrate 110 and the 
Suction nozzle 101 is set at 2 mm as in the first embodiment 
described previously. 
0073. Even after the Suction nozzle 101 passed through 
the entire surface of the liquid film 111, the solvent remained 
sufficiently in the liquid film 111 and, thus, the thickness of 
the liquid film 111 was 10 um (FIG. 5A). 
0074 Therefore, the distance between the surface of the 
target Substrate 110 and the suction nozzle 101 was set at 1.5 
mm and the solvent vapor on the liquid film 111 was 
Successively Sucked in the opposite direction from the -X 
Side (coating finishing Side) to the +X side (coating starting 
Side) So as to carry out a second drying treatment. The 
thickness of the liquid film after the Second drying treatment 
was lowered to 1 lum. 
0075. Then, the distance between the surface of the target 
Substrate 110 and the Suction nozzle 101 was set at 1 mm and 
the solvent vapor on the liquid film 111 was successively 
Sucked from the -X side (coating finishing side) to the +X 
Side (coating starting side) So as to carry out a third drying 
treatment. The thickness of the liquid film after the third 
drying treatment was lowered to 500 nm. 

0.076 Further, the distance between the surface of the 
target Substrate 110 and the suction nozzle 101 was set at 0.5 
mm and the solvent vapor on the liquid film 111 was 
Successively Sucked from the +X side (coating starting side) 
to the -X side (coating finishing Side) So as to carry out a 
fourth drying treatment. By these four drying treatments, the 
solvent within the liquid film 111 was completely dried so as 
to finally obtain a uniform resist film 112 having a thickness 
of 300 nm (FIG. 5B). 
0077. In the fourth embodiment of the present invention, 
the distance between the surface of the target Substrate 110 
and the Suction nozzle 101 was gradually decreased in 
accordance with the thickness of the liquid film 111 so as to 
increase the drying efficiency and, thus, to form a interlayer 
insulating film 112 having a high uniformity. 

0078. In the film-forming method according to the fourth 
embodiment of the present invention, the Size of the Suction 
nozzle 101 is not limited to 2x220 mm. Also, the distance 
between the Suction nozzle 101 and the Surface of the target 
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Substrate 110 is not limited to 2 mm-s1.5 mm-s1 mm-s0.5 
mm. Further, the moving Speed of the target Substrate is not 
limited to 1.6 mm/sec. It should also be noted that the liquid 
film forming method is not limited to that in the fourth 
embodiment of the present invention. It is also possible to 
use a slit type resist nozzle and to employ a meniscus 
coating. Also, in the fourth embodiment of the present 
invention, the Suction nozzle 101 was scanned 4 times while 
gradually decreasing the distance between the Surface of the 
target substrate and the Suction nozzle 101. However, the 
number of times of Scanning is not particularly limited. Also, 
in the fourth embodiment, the Suction nozzle 101 was 
Scanned in one direction. However, it is also possible to 
employ a reciprocating Scanning. The operating conditions 
described above can be changed appropriately in accordance 
with the chemical Solution and the proceSS employed. 
0079. In the fourth embodiment of the present invention 
described above, the first drying treatment was carried out 
simultaneously with formation of the liquid film. However, 
it is also possible to Start up the drying treatment after 
formation of the liquid on the entire Surface of the target 
Substrate. 

0080 Fifth Embodiment 
0081. Since the construction of the film-forming appara 
tus according to a fifth embodiment of the present invention 
is similar to that of the film-forming apparatus according to 
the first embodiment described previously with reference to 
FIGS. 1A and 1B, description of the film-forming apparatus 
is omitted. However, since the fifth embodiment differs from 
the first embodiment in the construction of the Suction 
nozzle 101, the construction of the Suction nozzle 101 in the 
fifth embodiment will now be described. 

0082 FIG. 6 shows the construction of the suction 
nozzle 101 according to the fifth embodiment of the present 
invention. The members of the Suction nozzle 101 common 
with FIGS. 6 and 1 are denoted by the same reference 
numerals So as to avoid an overlapping description. 
0083. As shown in FIG. 6, a slit type supply nozzle of 
airflow 601 having the air blowing port connected to an air 
blower (airflow Supplier) 602 is connected to a slit type 
suction nozzle 101 (2x220 mm) connected to the vacuum 
pump 103. Incidentally, in the following description, the 
structure including the suction nozzle 101 and the airflow 
supply nozzle are called a liquid film drying nozzle 600. 
0084. As shown in FIG. 6, the liquid film drying nozzle 
600 was arranged such that the airflow supply nozzle 601 
and the Suction nozzle 101 were positioned on the upstream 
Side and the downstream Side, respectively, of a Scan direc 
tion. Also, the distance between the liquid film drying nozzle 
600 and the surface of the target substrate 110 was set at 1 
mm so as to prevent the liquid film drying nozzle 600 from 
being brought into contact with the liquid film 111. 
0085. The formation and the drying step of the liquid film 
111 using the film forming apparatus of the particular 
construction will now be described. Specifically, the resist 
dispenser nozzle is reciprocated in the y-direction over the 
target substrate 110 at a speed of 1 m/s. If the resist dispenser 
nozzle is positioned outside the target Substrate 110, the 
target Substrate 110 is Successively moved in the X-direction. 
Under this state, a chemically amplified type DUV resist 
(trade name of M20G manufactured by JSR) is successively 



US 2004/O126501 A1 

dripped from the +X side (coating starting side) to the -X side 
(coating finishing side) of the target Substrate 110 So as to 
form a liquid film 111 having a thickness of 40 um on the 
entire surface of the target substrate 110. 
0.086. After formation of the liquid film 111a on the entire 
surface of the target Substrate 110, the target substrate 110 is 
Scanned relative to the liquid film drying nozzle from the 
coating Starting Side to the coating finishing Side. In this Step, 
an airflow is supplied from the airflow supply nozzle 601 
toward the liquid film 111b, and the airflow passing over the 
liquid film 111 and containing the solvent is sucked by the 
Suction nozzle 101. Further, the airflow is generated over the 
liquid film 111 between the blowing port of the airflow 
supply nozzle 601 and the suction port of the suction nozzle 
101 So as to dry the solvent in the liquid film 111 and, thus, 
to form a uniform resist film 112 having a thickness of 300 

. 

0087. In the fifth embodiment of the present invention, 
the drying efficiency can be improved by adding the Stream 
of the airflow. Also, in the fifth embodiment of the present 
invention, the drying state of the liquid film 111 is controlled 
by the Supply of the airflow in advance in the case of using 
a chemical Solution having a very large fluidity So as to 
prevent the suction nozzle 101 from directly sucking the 
chemical Solution. 

0088. In the fifth embodiment of the present invention, 
the liquid film formation and the drying treatment were 
carried out independently. However, it is also possible to 
carry out the formation of the liquid film and the drying 
treatment Simultaneously with a predetermined time differ 
ence. It is also possible to carry out the drying treatment a 
plurality of times (one direction, reciprocation). Also, in the 
fifth embodiment of the present invention, a single airflow 
Supply nozzle was arranged on one Side, and a single Suction 
nozzle 101 was arranged on the other side. However, it is 
also possible to use a liquid film drying nozzle 700 in which 
air blowing ports 700b are arranged on both sides of a 
Suction port 700a, and the suction nozzle and the airflow 
supply nozzle are formed integral as shown in FIG. 7A. It 
is also possible to use a liquid film drying nozzle 700 in 
which suction ports 700a are arranged on both sides of an air 
blowing port 700b and the suction nozzle and the airflow 
supply nozzle are formed integral as shown in FIG. 7B. 
Incidentally, reference numeral 103 in FIGS. 7A and 7B 
represents a vacuum pump, and reference numeral 603 
represents a blower. 
0089. In the film-forming method according to the fifth 
embodiment of the present invention, the Size of the Suction 
nozzle 101 is not limited to 2x220 mm. Also, the distance 
between the Suction nozzle 101 and the Surface of the target 
substrate 110 is not limited to 1 mm. Further, the moving 
speed of the resist nozzle is not limited to 1 m/s. It should 
also be noted that the liquid film forming method is not 
limited to that in the fifth embodiment of the present 
invention. It is also possible to use a slit type resist nozzle 
and to employ a meniscus coating. It is possible to change 
the operating conditions described above appropriately in 
accordance with the chemical Solution and the proceSS 
employed. 
0090 Sixth Embodiment 
0.091 Prior to description of the drying apparatus and the 
drying method of the present invention, formation of a liquid 
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film will be described with reference to FIG. 8. FIG. 8 
shows how to form a liquid film (resist film) in the sixth 
embodiment of the present invention. 
0092. As shown in FIG. 8, a chemical solution dispenser 
nozzle 810 was reciprocated above a target substrate 801 in 
the y-direction at a speed of 1 m/s, and the target Substrate 
having a diameter of 200 mm was Successively moved in the 
X-direction. Under this condition, the chemical Solution was 
linearly dispensed onto the target Substrate So as to form a 
liquid film 802 containing resist A (solid component) on the 
entire surface of the target Substrate 801. 
0093. Then, the solvent in the liquid film was dried by an 
airflow generated by rotating a disk plate having a rotary 
mechanism. FIG. 9 schematically shows the construction of 
the liquid film drying apparatus. 

0094. As shown in FIG. 9, a disk plate 900 comprises a 
first disk 901 arranged to face the target Substrate 801 and 
having a diameter of 250 mm and a second disk 902 
arranged to face the first disk 901 with a rotary driving 
section 903 interposed therebetween and having a diameter 
of 250 mm. An air stream introducing port 904 having a 
diameter of 20 mm extends through the central portions of 
the first disk 901, the rotary driving section 903 and the 
second disk 902. Further, a target substrate 801 having a 
driving section for driving the target substrate 801 in the 
Z-direction is arranged to face the first disk 901 apart from 
the first disk 901. Still further, an airflow conductance 
control plate 905 equal in diameter to the target substrate 
801 is arranged to face the second disk 902 apart from the 
Second disk 902. 

0095 The drying method using the liquid film drying 
apparatus of the construction described above will now be 
described. 

0096. In the first step, the disk plate 900 was arranged 
above the target substrate 801 having a liquid film 802 
formed thereon with a gap of 20 mm provided between the 
liquid film 802 and the disk plate 900. Then, the distance 
between the airflow conductance control plate 905 and the 
disk plate 900 was set at 30 mm, which was greater than the 
distance of 20 mm between the target Substrate 801 and the 
disk plate 900. Under this condition, the disk plate 900 was 
rotated at an angular speed of 3,000 rpm for 5 seconds. 
0097. It should be noted that, during rotation of the disk 
plate 900, the degree of pressure reduction in the clearance 
between the target substrate 801 and the disk plate 900 is 
rendered greater than that in the clearance between the disk 
plate 900 and the airflow conductance control plate 905. 
Because of the difference in the degree of the preSSure 
reduction noted above, the air is introduced into the air 
stream introducing port 904 from the open portion on the 
side of the second disk 902 and is discharged from the air 
introducing port 904 through the open portion on the side of 
the first disk 901. It follows that a downstream of the air is 
formed within the air stream introducing port 904, as shown 
in FIG. 10. As a result, an airflow from the central portion 
toward the outer peripheral portion is formed in the clear 
ance between the target Substrate and the first disk 901. Also, 
the liquid film 802 on the target Substrate 801 is dried from 
the central portion toward the outer peripheral portion by the 
airflow through the clearance formed between the target 
Substrate 801 and the first disk 901. 
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0098. Then, as shown in FIG. 11, the distance between 
the airflow conductance control plate 905 and the disk plate 
900 is set at 10 mm, which is Smaller than the distance of 20 
mm between the target Substrate and the disk plate, and the 
disk plate 900 is rotated under this state at an angular speed 
of 3,000 rpm for 5 seconds. 

0099. In this case, the degree of pressure reduction in the 
clearance between the target Substrate and the disk plate is 
rendered Smaller than that in the clearance between the disk 
plate and the airflow conductance control plate. As a result, 
the air is sucked into the air stream introducing port 904 
through the open portion on the side of the first disk 901 and 
is discharged from within the air stream introducing port 904 
through the open portion on the side of the second disk 902 
So as to form an airflow upward within the air Stream 
introducing port 904 of the disk plate 900. In this case, an 
airflow from the Outer peripheral portion toward the central 
portion is formed in the clearance between the target Sub 
strate and the first disk 901. It follows that the liquid film 802 
formed on the target substrate 801 is dried from the outer 
peripheral portion toward the central portion by the airflow 
through the clearance between the target Substrate and the 
first disk 901. 

0100. The steps described above were alternately 
repeated 6 times So as to dry the Solvent in the liquid film 
802 for 60 seconds in total. Finally, the lower surface of the 
disk plate 900 was moved apart from the surface of the target 
substrate 801 so as to form a uniform coated film (solid 
phase film) of resist A in a thickness of 300 nm on the entire 
Surface of the target Substrate without forming a thickneSS 
distribution in the flowing direction of the airflow. 

0101. In the sixth embodiment of the present invention, 
the distance between the disk plate 900 and the airflow 
conductance control plate 905 was changed so as to alter 
nately change the direction of the airflow above the liquid 
film 802, thereby forming a uniform coated film free from 
the thickness distribution in the direction of the airflow. 

0102 Also, by Setting appropriately the angular rotating 
Speed of the disk plate and the distance between the target 
Substrate and the disk plate, the processing time can be 
controlled without being affected by the properties and the 
dispensed amount of the Solvent So as to improve the 
throughput. 

0103 Incidentally, in the liquid film drying method 
according to the Sixth embodiment of the present invention, 
the relationship between the time and the distance between 
the disk plate and the target Substrate or between the disk 
plate and the airflow conductance control plate is not limited 
to that described above. Also, the angular rotating Speed of 
the disk plate is not limited to 3,000 rpm. It is possible to 
determine appropriately the particular relationship and the 
angular rotating Speed noted above depending on the chemi 
cal Solution used. 

0104. Also, in the sixth embodiment described above, the 
airflow conductance control plate was moved to make the 
distance between the disk plate and the target Substrate 
larger or Smaller than the distance between the disk plate and 
the airflow conductance plate. However, it is also possible to 
move the disk plate with the target substrate and the airflow 
conductance control plate held Stationary. 
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0105. Further, in the sixth embodiment of the present 
invention, a Scan coating method was employed for forming 
a liquid film. However, it is also possible to employ other 
liquid film forming methods including a spiral coating 
method in which a chemical Solution is dispensed spirally 
from the central portion toward the Outer peripheral portion 
and Vice versa. 

0106) Seventh Embodiment 
0107 A liquid film of resist A was formed on the entire 
Surface of a target Substrate as in the Sixth embodiment 
described above. 

0108). Then, the solvent of the liquid film was dried by 
using a disk plate 1301 having a rotary mechanism, as 
shown in FIGS. 13A and 13B. 

0109) As shown in FIGS. 13A and 13B, the disk plate 
1301 is a disk arranged to face a target substrate 801 and 
having a diameter of 120 mm. Through-holes 1303 each 
having a diameter (p of 5 mm are spirally arranged in the disk 
plate 1301 at a pitch proportional to the distance from the 
center of the disk plate 1301. An airflow supplier 1302 
capable of controlling the pressure at a predetermined level 
of, for example, 1.5 kg/cm, which is higher than the 
atmospheric pressure, is connected to that Surface of the disk 
plate 1301 which is positioned on the side opposite to the 
side of the target substrate 801. 
0110. As described above, through-holes 1303 are spi 
rally arranged in the disk plate 1301 at a pitch proportional 
to the distance of the through-hole from the center of the 
disk plate 1301. The pitch of the through-holes 1303 is 
determined to permit the same number of through-holes per 
unit time to pass through a region above the target Substrate 
801 regardless of the radial position of the target substrate 
801. 

0111 the through-holes are arranged on a spiral curve 
expressed by Equation r=p:0/(27t) in polar coordinates (r, 0). 
p represents the pitch of Spiral curve. Relationship between 
position of (n-1) th through-hole and that of n th through 
hole is expressed by Equation r=p(0"+0)(27t). 
0112) Here, 0 represents the angle pitch of the through 
holes. 

0113. In this case, the angle pitch of the through-hole and 
the pitch of spiral curve are applied to 20 and 36 mm 
respectively showing on FIG. 13.B. 
0114 Let us describe the drying step using the drying 
apparatus shown in FIGS. 13A and 13B. 
0115. As shown in FIG. 14, the disk plate 1301 was 
arranged 10 mm above the liquid film 802 and rotated at an 
angular speed of 2,000 rpm in the direction denoted by 
arrows in the drawing (the direction opposite to the winding 
direction of the spiral arrangement of the through-holes) for 
carrying out the drying treatment for 60 Seconds, thereby 
drying the liquid film. Then, the disk plate 1301 was moved 
away from the surface of the target substrate 801 So as to 
finally form a coated film of resist B having a thickness of 
300 nm. 

0116. In the seventh embodiment of the present inven 
tion, the liquid film 802 formed on the target substrate 801 
is kept in contact with the air Stream spurted vertically from 
the spirally arranged through-holes 1303 formed in the disk 
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plate 1301. The air stream spurted from the through-holes is 
Smoothly discharged spirally toward the outer peripheral 
portion of the Substrate So as to dry the liquid film. A coated 
film having a very uniform thickness over the entire region 
of the target Substrate was obtained in the process described 
above. 

0117. In the seventh embodiment described above, an 
airflow Supplier was arranged above the disk plate So as to 
Set the air preSSure at a level higher than the atmospheric 
preSSure. As a result, the Spurting rate of the air Stream was 
increased So as to improve the drying efficiency. Alterna 
tively, it is possible for the airflow Supplier not to be 
arranged in Some cases Such that the air Stream from the 
through-holes is generated by only the preSSure reduction in 
the clearance between the target Substrate and the lower 
Surface of the disk plate, Said pressure reduction being 
caused by the rotation of the disk plate. Also, it is possible 
to adjust appropriately the number of through-holes formed 
in the disk plate, the diameter of the through-hole, the 
arranging pitch of the through-holes and the gap depending 
on the chemical Solution used. 

0118. Further more, it is also possible to use other gases 
(for example, N2 gas etc.) for airflow Supplier. 
0119 Further, in the seventh embodiment of the present 
invention, a Scan coating method was employed for forming 
a liquid film. However, it is also possible to employ other 
liquid film forming methods including a spiral coating 
method in which a chemical Solution is dispensed spirally 
from the central portion toward the Outer peripheral portion 
and Vice versa. 

0120 Eighth Embodiment 
0121. A liquid film of resist A was formed on the entire 
Surface of the target Substrate by linearly dispensing a 
chemical Solution on the entire Surface of the target Substrate 
having a diameter (p of 200 mm while reciprocating a very 
Small nozzle above the target Substrate in the y-direction at 
a speed of 1 m/s and Successively moving the target Sub 
Strate in the X-direction. 

0122) Then, the liquid film was dried by using a drying 
apparatus shown in FIG. 15. Specifically, FIG. 15 sche 
matically shows the construction of the drying apparatus 
according to the third embodiment of the present invention. 
0123. As shown in FIG. 15, the target substrate 801 is 
arranged to face a rotary disk plate (disk) 1501 arranged 
within a chamber 1502. The chamber 1502 is connected to 
a vacuum pump 1503 and, thus, the pressure within the 
chamber 1502 can be lowered. 

0.124 Let us describe the drying step using the drying 
apparatus shown in FIG. 15. 

0.125. In the first step, the distance between the target 
substrate 801 and the disk plate 1501 is set at 5 mm, and the 
pressure within the chamber 1502 is lowered at a predeter 
mined rate (-15 Torr/sec) by operating the vacuum pump 
1503. Then, when the pressure within the chamber 1502 was 
lowered to reach about 2 Torr, which is the saturation vapor 
preSSure of the Solvent, drying of the Solvent was performed 
by rotating the disk plate at 2,000 rpm for 30 seconds. 
0126. In the next step, the disk plate 1501 was moved 
away from the surface of the target Substrate 801 and taken 
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out of the chamber 1502 So as to finally form a coated film 
of resist C having a thickness of 300 nm on the target 
Substrate 801. 

0127. In the conventional reduced pressure drying 
method, the evaporated Solvent forms a turbulence under the 
State of the Saturation vapor preSSure of the Solvent So as to 
give rise to the problem in the Surface State and the unifor 
mity in the thickness of the liquid film 802, as shown in FIG. 
16. 

0128. In the eighth embodiment of the present invention, 
however, the Solvent vapor is discharged to the peripheral 
portion of the target Substrate under the State of a laminar 
flow, with the result that the evaporated solvent is prevented 
from forming a turbulence flow under the Saturation vapor 
pressure, as shown in FIG. 17. It follows that it is possible 
to SuppreSS the poor uniformity caused by the turbulence 
flow, making it possible to obtain a coated film of a uniform 
thickness. 

0129. In the eighth embodiment of the present invention, 
used is a disk plate that is not provided with open portions. 
However, it is also possible to use a disk plate provided with 
a plurality of holes as in the seventh embodiment described 
previously. Also, in the eighth embodiment of the present 
invention, the drying apparatus is of a hermetic structure 
except that the chamber is connected to the vacuum cham 
ber. However, where the disk plate is provided with holes, it 
is possible to arrange an gas flow Supplier 1802 in the upper 
portion of the chamber 1502 as shown in FIG. 18 so as to 
carry out the drying treatment while Supplying an gas into 
the chamber. Also, it is possible to change appropriately the 
distance between the disk plate and the target Substrate, the 
angular rotating Speed of the disk plate, and the degree of 
Vacuum within the chamber depending on the chemical 
solution used. Further, in the eighth embodiment of the 
present invention, a Scan coating method was employed for 
forming a liquid film. However, it is also possible to employ 
other liquid film forming methods including a spiral coating 
method in which a chemical Solution is dispensed spirally 
from the central portion toward the Outer peripheral portion 
and Vice versa. 

0130 Ninth Embodiment 
0131 FIG. 19 schematically shows the construction of a 
drying apparatus according to a ninth embodiment of the 
present invention. The members of the apparatus common 
with FIGS. 19 and 9 are denoted by the same reference 
numerals So as to avoid an overlapping description. 

0.132. In the first step, the disk plate was moved closer to 
a position 20 mm apart from the target Substrate So as to 
align the axis of the target Substrate with the axis of the disk 
plate and, then, rotated at an angular speed of 3,000 rpm. In 
this step, the target Substrate was also rotated at 30 rpm in 
the direction opposite to the rotating direction of the disk 
plate. Then, the axis of the disk plate was moved toward the 
outer periphery of the target Substrate at a speed of 10 mm/s. 
When the axis of the disk plate reached the outer peripheral 
portion of the target Substrate, the axis of the disk plate was 
moved toward the axis of the target Substrate at a speed of 
10 mm/s. Such a reciprocating Scanning movement was 
repeated three times So as to carry out the drying treatment 
of the solvent for 60 seconds in total, thereby forming a 
resist film having a thickness of 300 nm. 
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0133) The ninth embodiment differs from the sixth 
embodiment in that the airflow was kept flowing downward. 
However, the disk plate and the target Substrate were moved 
relative to each other so as to dry the solvent uniformly over 
the entire region of the target Substrate. 
0134. It is possible to prevent a singularity by offsetting 
the axis of the disk plate and the axis of the target Substrate 
So as to improve the uniformity in the thickness of the coated 
film. Also, it is possible to further improve the uniformity in 
the thickness of the coated film by changing with time the 
amount of the offset. Further, the drying efficiency can be 
improved by rotating the target Substrate together with the 
disk plate. 
0135) In the liquid film drying method according to the 
ninth embodiment of the present invention, the disk plate 
was moved. However, it is also possible to move the target 
Substrate or to move both the disk plate and the target 
Substrate. Also, the angular Speed of the disk plate and the 
distance between the disk plate and the target Substrate are 
not limited to 300 rpm and 20 mm, respectively. Of course, 
it is possible to determine appropriately the angular speed 
and the distance noted above depending on the chemical 
Solution used. Further, it is possible to Set constant the offset 
amount without changing the offset amount, depending on 
the cases. Still further, in the ninth embodiment of the 
present invention, a Scan coating method was employed for 
forming a liquid film. However, it is also possible to employ 
other liquid film forming methods including a spiral coating 
method in which a chemical Solution is dispensed spirally 
from the central portion toward the Outer peripheral portion 
and Vice versa. 

0.136 The present invention is not limited to the embodi 
ments described above and can be modified in various 
fashions within the technical Scope of the present invention. 
For example, it is possible to change the angular speed of the 
disk plate within a range of between 500 rpm and 4,000 rpm 
and to change the distance between the target Substrate and 
the disk plate within a range of between 5 mm and 30 mm, 
as far as the liquid film itself is centrifugally removed from 
the target Substrate. 
0.137 Additional advantages and modifications will 
readily occur to those skilled in the art. Therefore, the 
invention in its broader aspects is not limited to the Specific 
details and representative embodiments shown and 
described herein. Accordingly, various modifications may be 
made without departing from the Spirit or Scope of the 
general inventive concept as defined by the appended claims 
and their equivalents. 
What is claimed is: 

1. A film-forming method, comprising: 
dispensing from a dispenser nozzle a coating Solution, 
which is prepared by adding a Solid component to a 
Solvent and controlled to be spread on Said Substrate in 
a predetermined range, onto a target Substrate to be 
processed while relatively moving Said dispenser 
nozzle and Said target Substrate So as to form a liquid 
film on the entire Surface of Said target Substrate; and 

arranging a Sucking nozzle above and apart from Said 
target Substrate Such that the Sucking nozzle is not in 
contact with the Surface of the liquid film So as to 
permit Said Sucking nozzle to Suck the Solvent vapor 
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right under the Sucking nozzle while moving the Suck 
ing nozzle relative to Said target Substrate, thereby 
removing the Solvent from the liquid film and, thus, 
forming a coated film. 

2. The film-forming method according to claim 1, wherein 
said solvent is removed while forming said liquid film after 
the Surface of the liquid film formed on Said target Substrate 
is flattened and before the liquid film is formed on the entire 
Surface of Said target Substrate. 

3. The film-forming method according to claim 1, wherein 
the drying treatment applied to the entire Surface of Said 
target Substrate by the relative movement between the target 
Substrate and Said Suction nozzle is carried out a plurality of 
times. 

4. The film-forming method according to claim 3, wherein 
the moving route of Said Suction nozzle relative to Said target 
Substrate is the same in the drying treatment carried out a 
plurality of times. 

5. The film-forming method according to claim3, wherein 
the moving route of Said Suction nozzle relative to Said target 
Substrate in the even number-th drying treatment is opposite 
to the moving route in the even number-th drying treatment 
in the drying treatment carried out a plurality of times. 

6. The film-forming method according to claim 3, 
wherein, depending on the drying State of Said liquid film 
after the previous drying treatment, the distance between 
Said Suction nozzle and the Surface of Said liquid film is 
changed in the next drying treatment. 

7. The film-forming method according to claim 1, wherein 
an flow of gas is Supplied by using an Supply nozzle of gas 
flow connected to an external gas flow Supply apparatus onto 
the liquid film formed on the target Substrate, from which the 
Solvent vapor is being Sucked through a Suction port of Said 
Suction nozzle, So as to remove Said Solvent. 

8. The film-forming method according to claim 1, wherein 
flow of gas is Supplied onto the liquid film formed on Said 
target SubStrate from the forward region in the moving 
direction of Said Suction nozzle relative to Said target Sub 
Strate. 

9. A film-forming method, comprising: 

forming a liquid film consisting of a coating Solution 
prepared by adding a Solid component to a Solvent on 
the entire Surface of a target Substrate to be processed; 

arranging a disk plate having at least one through-hole in 
the vicinity of Said target Substrate Such that Said disk 
plate is not in contact with Said liquid film; 

rotating Said disk plate So as to generate a flow of gas 
between Said target Substrate and the lower Surface of 
Said disk plate; and 

bringing the liquid film into contact with Said flow of gas 
So as to remove the Solvent from Said liquid film, 
thereby forming a Solid phase film consisting of Said 
Solid component on Said target Substrate. 

10. The film-forming method according to claim 9, 
wherein an flow of gas is introduced into the clearance 
between said target Substrate and the lower Surface of Said 
disk plate by utilizing the pressure reduction generated by 
the rotation of Said disk plate in the clearance between the 
target Substrate and the lower Surface of the disk plate. 
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11. The film-forming method according to claim 9, 
wherein the direction of the flow of the gas generated in the 
clearance between said target Substrate and the lower Surface 
of Said disk plate is changed with time. 

12. The film-forming method according to claim 11, 
wherein the pressure in the clearance between Said target 
Substrate and the lower Surface of Said disk plate is made 
different from the pressure above the upper surface of the 
disk plate So as to change with time the direction of the flow 
of the gas generated in the clearance between the target 
Substrate and the lower Surface of the disk plate. 

13. The film-forming method according to claim 11, 
wherein the axis of Said disk plate is deviated from the axis 
of Said target Substrate. 

14. The film-forming method according to claim 13, 
wherein the amount of Said difference is changed with time. 

15. The film-forming method according to claim 11, 
wherein Said target Substrate is rotated in a direction oppo 
Site to the rotating direction of Said disk plate So as to change 
with time the direction of said flow of gas. 

16. A film-forming method, comprising: 
forming a liquid film consisting of a chemical Solution 

prepared by adding a Solid component to a Solvent on 
the entire Surface of a target Substrate to be processed; 

positioning a disk plate right above and apart from Said 
target Substrate Such that Said disk plate is not brought 
into contact with Said liquid film; 

maintaining a reduced pressure State in the clearance 
between Said disk plate and Said target Substrate and 
around Said clearance, 

rotating Said disk plate So as to forman flow of gas in the 
clearance between Said target Substrate and the lower 
Surface of Said disk plate, and 

bringing Said liquid film into contact with Said flow of gas 
So as to remove the Solvent within Said liquid film, 
thereby forming a Solid phase film consisting of Said 
Solid component on Said target Substrate. 

17. A film-forming apparatus, comprising: 
a dispenser nozzle arranged to face a target Substrate to be 

processed So as to Supply a chemical Solution to Said 
target Substrate; 

a Suction nozzle arranged to face Said target Substrate for 
Sucking a Solvent vapor on a liquid film formed on Said 
target Substrate by the Supply of a chemical Solution 
from Said dispenser nozzle, 

a first moving Section for relatively moving Said target 
Substrate and Said dispenser nozzle; and 

a Second moving Section for relatively moving Said target 
Substrate and Said Suction nozzle. 

18. The film-forming apparatus according to claim 17, 
further comprising an Supply nozzle of gas flow for Supply 
ing an flow of gas to a liquid film formed on Said target 
Substrate. 
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19. The film-forming apparatus according to claim 17, 
wherein the length of the Suction port of Said Suction nozzle 
in the longitudinal direction is larger than the diameter of 
Said target Substrate. 

20. A liquid film drying apparatus, comprising: 
a disk plate arranged to face a target Substrate to be 

processed, a liquid film containing a Solvent being 
formed on the Surface of Said target Substrate, and 
having at least one through-hole; 

a rotary driving Section for rotating Said disk plate; 
an flow control plate arranged to face Said disk plate on 

the Side of the open portion of Said through-hole, which 
is the Side opposite to the Side of Said target Substrate; 
and 

an up-down driving Section for relatively changing the 
distance between Said disk plate and Said target Sub 
Strate and the distance between said disk plate and Said 
flow control plate. 

21. The liquid film drying apparatus according to claim 
20, further comprising: 

a reduced pressure chamber having Said target Substrate 
and Said disk plate housed therein; and 

a vacuum pump connected to Said reduced pressure 
chamber for exhausting Said reduced pressure chamber. 

22. The liquid film drying apparatus according to claim 
20, wherein a plurality of through-holes are formed in Said 
disk plate, Said through-holes being arranged Such that Said 
through-holes pass through an optional region over Said 
target Substrate in Substantially the same rate during rotation 
of Said disk plate. 

23. A liquid film drying apparatus, comprising: 
a disk plate arranged to face a target Substrate to be 

processed, a liquid film containing a Solvent being 
formed on the Surface of Said target Substrate, and 
having at least one through-hole; 

a rotary driving Section for rotating Said disk plate, and 
an external gas flow generator for Supplying an flow of 

gas into Said through-hole. 
24. The liquid film drying apparatus according to claim 

23, further comprising: 
a reduced pressure chamber having Said target Substrate 

and Said disk plate housed therein; and 
a vacuum chamber connected to Said reduced pressure 

chamber for evacuating Said reduced pressure chamber. 
25. The liquid film drying apparatus according to claim 

23, wherein a plurality of through-holes are formed in Said 
disk plate, Said through-holes being arranged Such that Said 
through-holes pass through an optional region over Said 
target Substrate in Substantially the same rate during rotation 
of Said disk plate. 


