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(57) ABSTRACT 

There is disclosed a film forming method comprising con 
tinuously discharging a solution adjusted so as to spread over 
a Substrate by a given amount to the Substrate through a 
discharge port disposed in a nozzle, moving the nozzle and 
Substrate with respect to each other, and holding the Supplied 
solution onto the substrate to form a liquid film, wherein a 
distance h between the discharge port of the nozzle and the 
Substrate is set to be not less than 2 mm and to be in a range 
less than 5x10 qY (mm) given with respect to a surface 
tension Y (N/m) of the solution, discharge speed q (m/sec) of 
the solution continuously discharged through the discharge 
port, and a constant of 5x10 (m-sec/N). 
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FILM FORMING METHOD, FILM FORMING 
APPARATUS, PATTERN FORMING METHOD, 

AND MANUFACTURING METHOD OF 
SEMCONDUCTORAPPARATUS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is based upon and claims the ben 
efit of priority from the prior Japanese Patent Applications 
No. 2002-22382, filed Jan. 30, 2002: No. 2002-31911, filed 
Feb. 8, 2002; and No. 2002-100516, filed Apr. 2, 2002, 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 comprising: moving a substrate and noZZle with 
respect to each other, dropping Solution onto the Substrate 
from a solution discharge nozzle; and forming a liquid film of 
the solution on the substrate. 
0004 2. Description of the Related Art 
0005 To use a spin coating method in a lithography pro 
cess and interlayer film formation, most of the Solution 
dropped onto a substrate is discharged off the Substrate, and a 
film is formed with the remaining several percent of the 
solution. Therefore, there is much waste, and the environment 
is adversely affected. Moreover, there has been a problem that 
turbulence is generated in an outer peripheral portion of a 
square substrate or a circular Substrate having a large diam 
eter of 12 inches or more, making the film thickness nonuni 
form in that portion. 
0006. As a method of uniformly coating the whole surface 
of the substrate without wasting in Jpn. Pat. Applin. KOKAI 
Publication No. 2-220428, a method is described which com 
prises: dropping resist from a large number of nozzles 
arranged in one row; and spraying a gas or solution onto a film 
forming surface from behind the nozzles to obtain a uniform 
film. Further, in Jpn. Pat. Applin. KOKAI Publication No. 
6-151295, a large number of spray ports are disposed in a bar; 
and the resist is dropped onto the substrate from the ports to 
obtain a uniform film. Furthermore, in Jpn. Pat. Applin. 
KOKAI Publication No. 7-321001, a method is described 
comprising: using a spray head in which a large number of jet 
holes are formed to spray the resist; and moving the head with 
respect to the substrate to coat the substrate. In all of these 
coating apparatuses, a plurality of dropping or spray noZZles 
are transversely arranged in a row, so as to scan the nozzles 
along the Substrate surface and a the uniform film. In addition 
to these coating methods, there is a method using one solution 
discharge nozzle, and scanning the nozzle to form a liquid 
film. This method has a problem that the treatment time per 
Substrate depends on the operation method of the nozzles, and 
the amount of Solution used becomes enormous. 
0007 As an apparatus for solving the problem, in Jpn. Pat. 
Appln. KOKAI Publication No. 9-92134, a method is dis 
closed which comprises: reciprocating/moving the Solution 
discharge nozzle over the Substrate to drop the Solution onto 
the Substrate. The method further comprises: stopping liquid 
Supply in each terminal end of the reciprocating/moving on 
the Substrate; and re-supplying the Solution in a start point to 
form the coating film. However, the Solution amount Supplied 
onto the substrate slightly differs due to uneven liquid supply 

Jan. 13, 2011 

caused by stoppage and restart of liquid Supply at the terminal 
end and start point, and a problem has occurred that film 
thickness uniformities of the liquid film and solid film formed 
from the liquid film are deteriorated. 
0008. On the other hand, in Jpn. Pat. Appln. KOKAI Pub 
lication Nos. 2000-77307, 2000-77326, 2000-79366, 2000 
188251, 2001-148338, 2001-168021, 2001-170546, 2001 
176781, 2001-176786, 2001-232250, and 2001-232269, a 
method is disclosed comprising: maintaining the discharge of 
the solution even in a turn-back portion in the reciprocating 
movement of the Solution discharge nozzle; and Supplying a 
coating film in which a film thickness distribution at an edge 
vicinity (the vicinity of turn-back of reciprocating move 
ment) is not deteriorated. However, in the coating apparatus 
described in these publications, a distance between the solu 
tion discharge nozzle and Substrate is not considered. 
Depending on the discharge speed from the solution dis 
charge nozzle, Surface tension of the solution, and distance 
between the Solution discharge nozzle and Substrate, in a 
process of spread of liquid flow before the solution reaches 
the Substrate, liquid drops are produced by the Surface tension 
of the liquid, and the liquid drops which have reached the 
Substrate are sputtered, causing a problem of mist or vapor. 
0009 Moreover, in the above-described forming method 
in the liquid film, in each region of the substrate surface to be 
treated, because of differences of physical properties, dis 
charge pressure of the nozzle, further variations in discharge 
amount of the solution, or turbulence of air currents at the 
coating time, the film thickness of the liquid film does not 
become uniform, and sometimes varies over the whole Sur 
face of the substrate. When a solvent in the liquid film is 
vaporized in this state, a film of a solid content (=solid film) is 
formed on the substrate with low flatness in accordance with 
the film thickness distribution of the liquid film. 
0010 Moreover, even when the liquid film is formed in a 
excellent flatness state, when a drying process is thereafter 
executed so as to vaporize the solvent, aggregation occurs 
toward the middle portion of the substrate. In this manner, the 
solid content moves with the movement of the liquid film in a 
transverse direction, and a difference in film thickness is 
generated in the movement direction. 
0011 When a such photo resist film which is formed using 
the Such method is subjected to exposure and development 
processes to form a pattern, a critical dimension (CD) erroris 
generated in the pattern. In a process in which this pattern is 
used as a mask to Subject a lower layer film (e.g.: insulating 
film, and conductive wiring film) to etching processing, the 
CD error is further enlarged. This was an effect of reaucing 
the yield. 
0012. As disclosed in Jpn. Pat. Appln. KOKAI Publication 
No. 2001-237179, with respect to the variation in thickness of 
the liquid film, there has heretofore been a method compris 
ing: forming the liquid film; Subsequently exposing the film to 
a solvent vapor to promote fluidity of the solution; and per 
forming a so-called leveling treatment so that the Surface of 
the liquid film is flatted by the surface tension. 
0013 However, in the prior-art leveling treatment, the sol 
vent is unnecessarily Supplied to the Surface of the liquid film, 
and the film thickness is uneven. Inclination is generated in 
the film thickness of the liquid film (e.g., peripheral edge) by 
an inadequate condition. 
0014. Additionally, a manufacturing process of the semi 
conductor apparatus comprises: coating the Substrate Surface 
with a resist Solution in which resist materials such as a resin, 
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dissolution inhibitor (dissolution inhibitor group), and acid 
generating material (acid generation group) are dissolved in 
organic solvent (ethyllactate, etc.) to form the liquid film; and 
Subsequently evaporating the solvent in the liquid film to 
form the resist film. The resist film formed on the substrate is 
exposed to light, thenbake-treated, cooled, and developed to 
form a resist pattern. 
0015. Some of the resist patterns formed as described 
above have a problem that the upper part of the resist pattern 
is rounded. Since the upper surface of the resist film is 
exposed to a developing liquid for a long time, the upper part 
becomes rounded. To solve this problem, a layer containing 
many dissolution inhibitor can be formed in the surface layer. 
0016. However, to form the layer containing many disso 
lution inhibitor in the surface layer, a prior art method has to 
comprise: coating the Substrate with a first resist Solution 
film, baking and forming a first resist film; coating the first 
resist film with a second resist Solution film using a resist 
Solution which containing the dissolution inhibitor more than 
the resist solution used in forming the first resist film; and 
baking and forming the second resist film. In this method, two 
resist films have to be separately formed, which lengthens 
manufacturing time. 
0017. As a prior-art method of forming the coating film on 
the Substrate, there is a method comprising: relatively moving 
a discharge nozzle which discharges a given amount of solu 
tion on the Substrate; discharging the Solution over the whole 
surface of the substrate to form a liquid film; and thereafter 
evaporating the solvent by an appropriate dry method to form 
the film. In this method, a solution which has a small solid 
content and has a low viscosity in a range of about 0.001 Pa's 
to 0.010 Pas (1 cp to 10 cp) is used. When the liquid film is 
formed on a Substrate having a stepped portion in this coating 
method, the formed liquid film is fluidized by gravity, and a 
concave/convex portion is Smoothed. A difference is gener 
ated in the thickness of the finally prepared coated film, that 
is, the film thickness of the concave portion increases and that 
of the convexportion decreases. As a result, there is a problem 
that a film having a uniform thickness cannot be formed on 
the substrate surface. 

BRIEF SUMMARY OF THE INVENTION 

0018 (1) According to one aspect of the present invention, 
there is provided a film forming method of discharging a 
Solution from a discharge port of a nozzle onto the Substrate, 
and then providing relative movement between the nozzle and 
the Substrate while keeping the liquid discharging on the 
Substrate, so as to form a liquid film on the Substrate, 
0019 wherein a distanceh between the discharge port of 
the nozzle and the substrate is set to be not less than 2 mm and 
to be less than AqY (mm), 
0020 wherein q (m/sec) denotes a discharge speed of the 
Solution continuously discharged through the discharge port, 
0021 Y (N/m) denotes a surface tension of the solution, 
and 
0022 A (m-sec/N) is 5x10. 
0023 (2) According to another aspect of the present inven 

tion, there is provided a film forming method comprising: 
0024 registering a surface tension Y (N/m) of a solution 
adjusted so as to spread over the Substrate by a given amount; 
0025 calculating a distanceh between a discharge port of 
a nozzle and a substrate, which is not less than 2 mm and is 
less than 5x10qY (mm), from a discharge speed q(m/sec) of 
the solution continuously discharged to the Substrate through 
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the discharge port of the nozzle, surface tension Y (N/m) of the 
solution, and constant of 5x10 (m'sec/N); and 
0026 discharging a solution from a discharge port of a 
nozzle onto the Substrate, and then providing relative move 
ment between the nozzle and the substrate while keeping the 
liquid discharging on the Substrate. 
0027 (3) According to further aspect of the present inven 
tion, there is provided a film forming method comprising: 
combining a linear movement in a column direction in which 
a nozzle passes alonga Substrate from one end of the Substrate 
to the other end of the substrate with a movement in a row 
direction inside or outside the substrate to move the nozzle 
and Substrate with respect to each other, continuously dis 
charging a solution adjusted so as to spread over the Substrate 
by a given amount through a discharge port disposed in the 
nozzle; holding the discharged solution on the Substrate; and 
forming a liquid film, further comprising: 
0028 obtaining a deviation amount of a discharge amount 
of the solution from a desired value with respect to a discharge 
position of the Solution, when the solution is discharged onto 
the Substrate from the nozzle moving in a first column; and 
0029 controlling the discharge amount in an arbitrary 
position in a second column so as to compensate for the 
deviation amount obtained in an adjacent discharge position 
on the first column, when the solution is discharged onto the 
Substrate from the nozzle moving on a second column dis 
posed adjacent to the first column. 
0030 (4) According to still another aspect of the present 
invention, there is provided a film forming method compris 
ing: moving a nozzle in a diameter direction of a substrate 
over the Substrate which rotates; continuously discharging a 
Solution adjusted so as to spread over the Substrate by a given 
amount through a discharge port disposed in the nozzle; and 
holding the Supplied solution on the Substrate to form a liquid 
film, further comprising: 
0031 obtaining a deviation amount of a supply amount of 
the solution from a desired value with respect to a discharge 
position of the solution, when the Solution is Supplied onto the 
substrate from the nozzle; and 
0032 controlling the supply amount of the solution dis 
charged to a first position, so as to compensate for the devia 
tion amountina second position which is disposed adjacent to 
the first discharge position in the diameter direction of the 
substrate and to which the solution has already been dis 
charged, during the Supply of the solution into the first posi 
tion of the substrate from the nozzle. 

0033 (5) According to further aspect of the present inven 
tion, there is provided a film forming method comprising: 
combining a linear movement in a column direction in which 
a nozzle passes alonga Substrate from one end of the Substrate 
to the other end of the substrate with a movement in a row 
direction inside or outside the substrate to move the nozzle 
and Substrate with respect to each other, continuously dis 
charging a solution adjusted so as to spread over the Substrate 
by a given amount through a discharge port disposed in the 
nozzle; holding the discharged solution on the Substrate; and 
forming a liquid film, further comprising: 
0034 cutting off the solution discharged onto the substrate 
from the nozzle so that a Supply start point and Supply end 
point of the solution discharged onto the substrate from the 
nozzle reach a liquid film edge forming position apart from 
each edge of the Substrate by a given width d during the 
movement of the nozzle in the column direction. 
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0035 (6) According to further aspect of the present inven 
tion, there is provided a film forming method comprising: 
combining a linear movement of a column direction in which 
a nozzle passes along a circular Substrate from one end of the 
circular substrate through the other end of the substrate with 
a movement of a row direction in the vicinity of an edge of the 
circular substrate to move the nozzle and substrate with 
respect to each other, continuously discharging a solution 
adjusted so as to spread over the circular Substrate by a given 
amount to the Substrate through a discharge port disposed in 
the nozzle; holding the discharged solution onto the Substrate; 
and forming a liquid film over the whole surface of the sub 
strate to an end position from a start position, 
0036 wherein a movement speed of the column direction 
of the nozzle in the vicinity of the start position is set to be 
lower than the movement speed of the column direction of the 
noZZle in a middle position of the Substrate; and 
0037 the movement speed of the column direction of the 
nozzle in the vicinity of the end position is set to be higher 
than the movement speed of the column direction of the 
nozzle in the middle position of the substrate. 
0038 (7) According to further aspect of the present inven 

tion, there is provided a film forming method comprising: 
combining a linear movement of a column direction in which 
a nozzle passes along a circular Substrate from one end of the 
circular substrate through the other end of the substrate with 
a movement of a row direction in the vicinity of an edge of the 
circular substrate to move the nozzle and substrate with 
respect to each other, continuously discharging a solution 
adjusted so as to spread over the circular Substrate by a given 
amount to the Substrate through a discharge port disposed in 
the nozzle; holding the discharged solution onto the Substrate; 
and forming a liquid film over the whole surface of the sub 
strate to an end position from a start position, 
0.039 wherein a movement distance of the row direction of 
the nozzle in the vicinity of the start position is set to be longer 
than the movement distance of the row direction of the nozzle 
in a middle position of the circular substrate; and 
0040 the movement distance of the row direction of the 
nozzle in the vicinity of the end position is set to be shorter 
than the movement distance of the row direction of the nozzle 
in the middle position of the substrate. 
0041 (8) According to further aspect of the present inven 

tion, there is provided a film forming method comprising: 
combining a linear movement of a column direction in which 
a nozzle passes along a circular Substrate from one end of the 
circular substrate through the other end of the substrate with 
a movement of a row direction in the vicinity of an edge of the 
circular substrate to move the nozzle and substrate with 
respect to each other, continuously discharging a solution 
adjusted so as to spread over the circular Substrate by a given 
amount to the Substrate through a discharge port disposed in 
the nozzle; holding the discharged solution onto the Substrate; 
and forming a liquid film over the whole surface of the sub 
strate to an end position from a start position, 
0042 wherein a time interval from when the solution Sup 
ply to the substrate by the movement of the column direction 
of the nozzle including the movement of the row direction of 
the nozzle is temporarily discontinued until the solution Sup 
ply to the substrate by the movement of the column direction 
of the nozzle is restarted is set to be constant. 
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0043 (9) According to one aspect of the present invention, 
there is provided a film forming method comprising: 
0044 forming a liquid film constituted of a solution 
including a first solvent and solid content on a Substrate; 
0045 containing the substrate in a container: 
0046 starting a leveling treatment to flat the surface of the 
liquid film in a state in which an atmosphere including a 
second solvent is formed in the container, measuring flatness 
of the surface of the liquid film during the leveling treatment; 
0047 controlling at least one of the atmosphere in the 
container and temperature of the Substrate based on the mea 
Sured flatness during the leveling treatment to enhance the 
flatness of the surface of the liquid film; 
0048 ending the leveling treatment; and 
0049 forming a solid film including the solid content on 
the substrate. 
0050 (10) According to further aspect of the present 
invention, there is provided a film forming method compris 
1ng: 
0051 forming a liquid film including a solid content and 
Solvent on a Substrate; 
0.052 starting a drying treatment to remove the solvent in 
the liquid film; 
0053 measuring flatness of the surface of the liquid film 
during the drying treatment; 
0054 controlling at least one of the atmosphere of envi 
ronment in which the substrate exists, temperature of the 
substrate, and rotation speed of the substrate based on the 
measured flatness during the drying treatment to enhance the 
flatness; and 
0055 ending the drying treatment to form a solid film 
including the Solid content on the Substrate. 
0056 (11) According to one aspect of the present inven 
tion, there is provided a film forming apparatus comprising: 
0057 a supportunit to supporta substrate on the surface of 
which a liquid film including a first solvent is formed; 
0.058 a container including the supportunit disposed in an 
inner space; 
0059 a gas supply unit which includes a discharge port 
and which Supplies gas including a second solvent into the 
container through the discharge port; 
0060 an exhaust unit which exhausts air from the atmo 
sphere in the container; 
0061 an optical system which irradiates the liquid film on 
the Substrate Supported on the Supportunit with light, receives 
reflected light from the liquid film, and obtains reflected light 
intensity; and 
0062 an analysis unit which analyzes the reflected light 
intensity obtained by the optical system to measure flatness of 
the liquid film surface and which controls the exhaust unit and 
gas Supply unit so as to enhance the measured flatness. 
0063 (12) According to another aspect of the present 
invention, there is provided a film forming method compris 
ing: 
0064 forming a liquid film including a solution in which a 

first material is dissolved in a solvent on a substrate; 
0065 removing the solvent from the liquid film, until a 
substrate side of the liquid film solidifies and the solvent 
remains on a side opposite to the Substrate side; 
0.066 supplying a second material into the liquid film in a 
state in which the solvent remains in a surface layer of the 
liquid film; and 
0067 removing the solvent remaining in the liquid film to 
form a solid film. 
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0068 (13) According to further aspect of the present 
invention, there is provided a film forming method compris 
ing: 
0069 preparing a substrate which includes a concave/con 
vex portion having a stepped portion height of d and in which 
a rate of an area of the convex portion to the whole area is a 
(1>ad-0) and a rate of an area of the concave portion to the 
whole area is 1-a; 
0070 discharging a solution in which a solid content is 
dissolved in a solvent, moving a discharge nozzle and Sub 
strate with respect to each other, and forming a liquid film on 
the substrate; and 
0071 removing the solvent in the liquid film, and forming 
a solid film including the Solid content, 
0072 wherein the liquid film is formed so that a thickness 
h of the liquid film satisfies a relation of h (11-a)d. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

0073 FIG. 1 is a diagram showing a schematic constitu 
tion of a liquid film forming apparatus according to a first 
embodiment; 
0074 FIGS. 2A to 2D are sectional views showing a film 
forming process according to the first embodiment; 
0075 FIG. 3 is a diagram showing concept of an observa 
tion system for use in obtaining a distance between a dis 
charge port of a solution discharge nozzle and a Substrate; 
0076 FIG. 4 is a diagram showing a relation of a discharge 
speed of the solution with a distance H, from the discharge 
port in a liquid drop state; 
0077 FIG. 5 is an explanatory view showing definition of 
a region D in which spread of the Solution discharged through 
the discharge port is stabilized; 
0078 FIG. 6 is an enlarged view of a section of the dis 
charge port of the Solution discharge nozzle; 
007.9 FIG. 7 is a diagram showing a relation of a film 
thickness distribution in a wafer surface to a distance h 
between the discharge nozzle of the solution discharge nozzle 
and the substrate; 
0080 FIG. 8 is a diagram showing a relation of the number 
of particles per wafer with respect to distanceh between the 
discharge port and Substrate; 
0081 FIG. 9 is an explanatory view of a method of calcu 
lating a discharge speed q of the Solution; 
0082 FIG. 10 is a diagram showing a liquid film thickness 
(Supply amount) with respect to a discharge position, when a 
liquid film is formed by a PID control; 
0083 FIG. 11 is a diagram showing a liquid film thickness 
(Supply amount) with respect to the discharge position, when 
the liquid film is formed by a control method according to a 
second embodiment; 
0084 FIG. 12 is a diagram showing a film with respect to 
the discharge position of a solid film obtained by removing a 
solvent in the liquid film formed by the control method 
according to the related art and present embodiment; 
0085 FIGS. 13A, 13B are diagrams showing a schematic 
constitution of a liquid film forming apparatus according to a 
third embodiment; 
I0086 FIG. 14 is a diagram showing an installation relation 
of a shutter position with respect to a track of the solution 
discharge nozzle; 
I0087 FIGS. 15A, 15B are diagrams showing an error of a 
coat region generated in a shutter, 
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I0088 FIG. 16 is a diagram showing an edge profile of the 
liquid film formed by a related-art shutter position; 
I0089 FIG. 17 is a diagram showing the edge profile of the 
liquid film formed by the shutter position according to the 
present embodiment; 
(0090 FIGS. 18A, 18B are explanatory views of a force 
applied to the liquid film edge at a Substrate rotation time; 
(0091 FIGS. 19A, 19B are diagrams showing the sche 
matic constitution of the liquid film forming apparatus 
according to the third embodiment; 
0092 FIGS. 20A, 20B are diagrams schematically show 
ing a spread State of a liquid line applied in a first column at a 
coating time of a second column, and boundary of a unit 
liquid film in the finally obtained liquid film in a coating 
start/end portion at a time of preparation of the liquid film 
using the coating apparatus of FIG. 1 according to a fourth 
embodiment; 
0093 FIGS. 21A, 21B are diagrams schematically show 
ing the spread State of the liquid line applied in the first 
column at the coating time of the second column, and bound 
ary of the unit coat film in the finally obtained liquid film in 
the vicinity of a substrate center at the preparation time of the 
liquid film using the coating apparatus of FIG. 1 according to 
the fourth embodiment; 
0094 FIG.22 is a diagram showing a relative thickness of 
a row direction of the film formed according to the related art 
and fourth embodiment; 
0.095 FIG. 23 is a schematic diagram showing an appara 
tus for treating the liquid film on the substrate according to a 
fifth embodiment; 
0096 FIG. 24 is a plan view showing a schematic consti 
tution of a temperature control plate according to the fifth 
embodiment; 
0097 FIG. 25 is a diagram relating to a treatment method 
of the liquid film on the substrate in the fifth embodiment; 
0.098 FIG. 26A is a diagram showing a change of the film 
thickness of the liquid film in each position on the substrate 
with time in a leveling treatment according to the fifth 
embodiment; 
0099 FIG. 26B is a diagram showing a change of solvent 
concentration in gas Supplied into a chamber with time in the 
leveling treatment according to the fifth embodiment; 
0100 FIG. 26C is a diagram showing a change of tem 
perature of middle and peripheral edge plates in the leveling 
treatment according to the fifth embodiment; 
0101 FIG. 27A is a diagram showing the change of the 
film thickness of the liquid film in each position on the sub 
strate with time in the leveling and drying treatments accord 
ing to the fifth embodiment; 
0102 FIG. 27B is a diagram showing the change of pres 
Sure in the chamber with time in the leveling and drying 
treatments according to the fifth embodiment; 
0103 FIG. 27C is a diagram showing the change of tem 
perature of middle and peripheral edge plates in the leveling 
and drying treatments according to the fifth embodiment; 
0104 FIG. 28A is a diagram showing the change of the 
film thickness of the liquid film in each position on the sub 
strate with time in the leveling and drying treatments accord 
ing to the fifth embodiment; 
0105 FIG. 28B is a diagram showing the change of the 
film thickness of the liquid film in each position on the sub 
strate with time in the related-art leveling and drying treat 
ments; 
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0106 FIG. 28C is a diagram showing the change of the 
film thickness of the liquid film in each position on the sub 
strate with time in the related-art leveling and drying treat 
ments; 
0107 FIGS. 29A, 29B are diagrams showing effects of the 
fifth embodiment; 
0108 FIG. 30 is a schematic diagram showing an appara 
tus for treating the liquid film on the Substrate according to a 
change example of the fifth embodiment; 
0109 FIG. 31A is a diagram showing the change of the 
film thickness of the liquid film in each position on the sub 
strate with time in the leveling treatment according to the fifth 
embodiment; 
0110 FIG. 31B is a diagram showing the change of sol 
vent concentration in gas Supplied into the chamber with time 
in the leveling treatment according to the fifth embodiment; 
0111 FIG. 31C is a diagram showing the change of tem 
perature of the middle and peripheral edge plates in the lev 
eling treatment according to the fifth embodiment; 
0112 FIG. 32 is a schematic diagram showing the appa 
ratus for treating the liquid film on the Substrate according to 
a modification example of the fifth embodiment; 
0113 FIG. 33A is a diagram showing the change of the 
film thickness of the liquid film in each position on the sub 
strate with time in the leveling and drying treatments accord 
ing to the fifth embodiment; 
0114 FIG. 33B is a diagram showing a change of a flow 
rate of N gas supplied into the chamber with time in the 
leveling and drying treatments according to the fifth embodi 
ment, 
0115 FIG. 33C is a diagram showing the change of tem 
perature of the middle and peripheral edge plates in the lev 
eling and drying treatments according to the fifth embodi 
ment, 
0116 FIG. 34A is a diagram showing the change of the 
film thickness of the liquid film in each position on the sub 
strate with time in the leveling and drying treatments accord 
ing to the fifth embodiment; 
0117 FIG. 34B is a diagram showing the change of the 
flow rate of N gas supplied into the chamber with time in the 
leveling and drying treatments according to the fifth embodi 
ment, 
0118 FIG. 34C is a diagram showing the change of tem 
perature of the middle and peripheral edge plates in the lev 
eling and drying treatments according to the fifth embodi 
ment, 
0119 FIG. 35 is a schematic diagram showing the appa 
ratus for treating the liquid film on the Substrate according to 
a modification example of the fifth embodiment; 
0120 FIG. 36 is a schematic diagram showing the appa 
ratus for treating the liquid film on the Substrate according to 
the modification example of the fifth embodiment; 
0121 FIG. 37A is a diagram showing the change of the 
film thickness of the liquid film in each position on the sub 
strate with time in the leveling and drying treatments accord 
ing to the fifth embodiment; 
0122 FIG. 37B is a diagram showing the change of the 
pressure in the chamber with time in the leveling and drying 
treatments according to the fifth embodiment; 
0123 FIG.37C is a diagram showing a change of rotation 
speed of the Substrate in the leveling and drying treatments 
according to the fifth embodiment; 
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0.124 FIG. 38A is a diagram showing the change of the 
film thickness of the liquid film in each position on the sub 
strate with time in the leveling and drying treatments accord 
ing to the fifth embodiment; 
0.125 FIG. 38B is a diagram showing the change of the 
flow rate of N gas supplied into the chamber with time in the 
leveling and drying treatments according to the fifth embodi 
ment; 
0.126 FIG. 38C is a diagram showing the change of rota 
tion speed of the Substrate in the leveling and drying treat 
ments according to the fifth embodiment; 
I0127 FIG. 39A is a diagram showing the change of the 
film thickness of the liquid film in each position on the sub 
strate with time in the leveling and drying treatments accord 
ing to the fifth embodiment; 
I0128 FIG. 39B is a diagram showing the change of the 
flow rate of N gas supplied into the chamber with time in the 
leveling and drying treatments according to the fifth embodi 
ment; 
I0129 FIG. 39C is a diagram showing the change of rota 
tion speed of the Substrate in the leveling and drying treat 
ments according to the fifth embodiment; 
0.130 FIG. 40A is a diagram showing the change of the 
film thickness of the liquid film in each position on the sub 
strate with time in the leveling and drying treatments accord 
ing to the fifth embodiment; 
I0131 FIG. 40B is a diagram showing the change of rota 
tion speed of the Substrate in the leveling and drying treat 
ments according to the fifth embodiment; 
I0132 FIGS. 41A to 41E are process sectional views show 
ing a manufacturing process of a semiconductor apparatus 
according to a sixth embodiment; 
0.133 FIG. 42 is a diagram showing a schematic constitu 
tion of the liquid film forming apparatus according to the sixth 
embodiment; 
0.134 FIG. 43 is a diagram showing a forming process of 
the liquid film using the liquid film forming apparatus shown 
in FIG. 42: 
0.135 FIG. 44 is a diagram showing a shape of a resist 
pattern prepared from a resist film formed in a related-art 
method; 
0.136 FIG. 45 is a sectional view showing the shape of the 
resist pattern prepared using the resist film having a profile 
which has a higher dissolution inhibitor material concentra 
tion closer to the surface; 
I0137 FIGS. 46A to 46C are a process sectional view 
showing the manufacturing process of the semiconductor 
apparatus according to a seventh embodiment; 
0.138 FIG. 47 is a diagram showing a distribution of film 
thickness direction of oxygen and carbon with respect to Si in 
an interlayer insulating film; 
I0139 FIGS. 48A to 48E are a process sectional view 
showing the manufacturing process of the semiconductor 
apparatus according to an eighth embodiment; 
(O140 FIGS. 49A to 49C are a process sectional view 
showing the manufacturing process of the semiconductor 
apparatus according to a ninth embodiment; 
0141 FIG.50 is a diagram showing a schematic constitu 
tion of a pressure reduction drying treatment unit according to 
the ninth embodiment; 
0142 FIGS. 51A to 51C are a sectional view showing the 
film thickness distribution of the resist film formed on the 
Substrate which has a stepped portion; 
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0143 FIG.52 is a graph showing a ratio of a film thickness 
difference with respect to an average film thickness; 
014.4 FIG. 53 is a sectional view showing the film thick 
ness distribution of the resist film formed on the substrate 
according to the ninth embodiment; 
0145 FIG. 54 is a characteristic diagram showing depen 
dence of fluidity in an edge portion on the liquid film thick 
ness; and 
0146 FIG.55 is a characteristic diagram showing depen 
dence of film thickness uniformity of a convex portion in the 
whole substrate surface on the liquid film thickness. 

DETAILED DESCRIPTION OF THE INVENTION 

0147 Embodiments of the present invention will be 
described hereinafter with reference to the drawings. 

First Embodiment 

0148 FIG. 1 is a diagram showing a schematic constitu 
tion of a liquid film forming apparatus according to a first 
embodiment. FIGS. 2A to 2D are sectional views showing a 
film forming process according to the first embodiment of the 
present invention. 
0149. As shown in FIG. 1, a substrate 11 is horizontally 
laid on a Substrate movement mechanism (not shown). A 
Solution discharge nozzle 12 is disposed above the Substrate 
11. The Solution discharge nozzle 12 reciprocates/moves in a 
direction crossing at right angles to a movement direction of 
the substrate 11 by a nozzle movement mechanism (not 
shown). The Solution discharge nozzle 12 includes a dis 
charge port through which a solution 14 Supplied from a 
Solution Supply pump 13 is discharged with respect to the 
substrate 11. 
0150. A method of forming a liquid film on the substrate 
11 comprises: discharging the solution 14 onto the Substrate 
11 through a discharge port of the solution discharge nozzle 
12; reciprocating/moving the solution discharge nozzle 12 in 
a column direction; and linearly discharging the Solution onto 
the substrate 11. Moreover, when the solution discharge 
noZZle 12 is positioned in a region other than a region on the 
substrate 11 or outside a desired film forming region in the 
substrate, the substrate 11 is moved in a row direction cross 
ing at right angles to the column direction of the Solution 
discharge nozzle 12. Note that numeral number 15 in FIG. 1 
denotes the track of the discharged port on the substrate. 
0151. The solution linearly supplied onto the substrate 11 
spreads by fluidity of the solution itself, and linear solutions 
disposed adjacent to one another join up, forming liquid film 
16. 

0152. When the nozzle moves in the row direction as one 
direction to a liquid film forming end position from a liquid 
film forming start position, the Supply of the solution is per 
formed with respect to substantially the whole substrate 11, 
and the liquid film 16 is formed substantially over the whole 
surface of the substrate 11 (FIG. 2A). 
0153. According to circumstances, the unit of FIG. 1 or 
apparatus (not shown) is used to perform a leveling treatment 
by leaving the film to stand in an atmosphere containing a 
solvent, and the surface of the liquid film 16 is flatted (FIG. 
2B). That is, when the Solution discharges, the discharge 
amount fluctuates, and a concave/convex portion is formed in 
the surface of a liquid film 16. Then, if necessary, first the 
leveling treatment is performed to flat the surface of the liquid 
film 16. 
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0154 The substrate 11 is conveyed into a drying apparatus 
(not shown). The solvent in the liquid film 16 is removed by 
a pressure reduction or heating mechanism in the drying 
apparatus (FIG. 2C). A solid film 17 having a predetermined 
thickness is formed on the substrate 11 (FIG. 2D). 
0.155. In the present embodiment, a procedure will be 
described comprising: optimizing a distance between the dis 
charge port of the Solution discharge nozzle 12 and the Sub 
strate 11 and produced position of liquid drops; and Supplying 
the solution onto the substrate from the solution discharge 
nozzle in this state, so that a satisfactory film thickness dis 
tribution having few defects is provided. 
0156 FIG.3 is a diagram showing the concept of an obser 
Vation system for use in obtaining the distance between the 
discharge port of the solution discharge nozzle and the Sub 
Strate. 

0157. As shown in FIG.3, a laser light source 21 and video 
camera for observation 22 are disposed so as to hold the 
Solution 14 discharged through the discharge port of the solu 
tion discharge nozzle 12. It can easily be judged whether the 
Solution 14 discharged through the discharge port has a liquid 
drop state by judging whether or not the laser beam emitted to 
the solution 14 is scattered. A region in which scattering is 
confirmed is regarded as a liquid drop forming region. 
0158. This observation optical system was used to conduct 
an experiment in which a relation of a discharge speed with a 
distance Hp from the discharge port in the liquid drop state 
was obtained with respect to a resist solution including ethyl 
lactate in the solvent and including a solid content of 2%. 
Note that the surface tension of the resist solution is 30x10 
N/m and this is substantially the same as that of the solvent. 
0159 FIG. 4 shows the relation of the discharge speed 
with the distance Hp from the discharge port through which 
the solution is in the liquid drop state. As shown in FIG. 4, it 
has been found that the discharge speed has a proportional 
relation with the distance Hp for the resist solution used in the 
experiment. FIG. 4 also shows a result of similar measure 
ment performed with respect to pure water. With water, the 
proportional relation is obtained between the discharge speed 
and distance Hp. In addition to these solutions, an experiment 
was also carried out with respect to various solutions of 
Solvents having different Surface tensions, such as methanol 
(surface tension=22.6x10 N/m) and hexane (surface ten 
sion=18.4x10 N/m). In all experiments, a proportional rela 
tion was obtained. From these proportional relations, a rela 
tion of a discharge speed q (m/sec) from the Solution 
discharge nozzle with the distance Hp (mm) is further repre 
sented by the following equation (2) using a surface tension Y 
(N/m) of the solution. 

Hp25x10qy (1) 

wherein a dimension of a constant 5x10 is m 'sec/N. 
0160. It is seen from the equation (1) that the distanceh 
between the discharge port of the solution discharge nozzle 
and the Substrate is as follows in Supplying the Solution hav 
ing the surface tension Y (N/m) onto the substrate at the 
discharge speed q (m/sec): 

h4.5x10qys Hip (2) 

0.161. In the present example, in order to obtain a liquid 
film having an average thickness of 15um, a constant move 
ment speed of the solution discharge nozzle on the Substrate 
was set to 1 m/sec, a pitch of liquid lines on the Substrate was 
set to 0.4 mm, and the resist solution (surface tension=30x 
10 N/m) including the solid content of 2% was discharged 
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through the discharge port having a diameter of 40 um at a 
discharge speed of 4.77 m/s. In this case, from the equation 
(2), an upper limith of the distanceh was determined as 
follows: 

0162. A lower limit of the distance between the discharge 
port of the Solution discharge nozzle and the Substrate was 
determined as a distance to obtain a region D in which the 
spread of the Solution discharged through the discharge port is 
substantially stabilized. FIG. 5 shows a defined region of the 
stabilized region D. The solution 41 discharged through a 
discharge port 21 of the Solution discharge nozzle 12 rapidly 
spreads immediately after the discharge, thereafter slowly 
spreads, and reaches the substrate 11. The spread differs 
according to diameter, shape (taper angle), and length of the 
discharge port 21 shown in FIG. 6, and viscosity of the solu 
tion. In the above-described coating method, a diluted solu 
tion is obtained at about several times 10 Pars. Moreover, 
the discharge port 21 of the solution discharge nozzle 12 
having a shape of (length of discharge port)/(diameter of 
discharge port) 2 and a taper angle of 70° to 110° was used. 
Moreover, the discharge port 21 having a diameter of about 20 
to 100 um was used. 
0163 Note that the stabilized region D is defined as a 
region where a spread width of 0.8 D. or more is obtained 
with respect to a spread width D. of the Solution discharged 
in h=5x10 qY. The viscosity of the solution was set to a 
range of 1 to 8x10 Pa's, the discharge port shape of the 
Solution discharge nozzle (length of discharge port)/(diam 
eter of discharge port) was set to a range of 2 to 5, and the taper 
angle 0 of the discharge port was set to a range of 70° to 110°. 
In these ranges, a plurality of nozzles were manufactured on 
trial in which the diameter of the discharge port was changed 
in a range of 20 to 100 um. The observation system shown in 
FIG. 3 was used to change the discharge speed and measure 
the distance to the region D from the discharge port. It has 
been found that the liquid spread is influenced particularly by 
the discharge speed and the taper angle of the discharge port, 
but the stabilized region D is obtained in any condition when 
the distance from the discharge port was between 1 and 2 mm. 
It was confirmed that the stabilized region D was reached at 
h=1 mm, but with the discharge in this state, the solution 
reaching the substrate bounces back and dirties the surface of 
the nozzle disposed opposite the substrate. The distanceh was 
changed to confirm the degree of contamination, and it has 
been found that the problem can be solved by making the 
distance h of 2 mm or more. From these studies, the lower 
limit of the distance between the solution discharge nozzle 
and substrate may be set to 2 mm. Note that with the supply of 
the solution onto the Substrate at a distance of 2 mm or less, 
the spread of the solution on the substrate by the fluidity 
cannot sufficiently be obtained, or the nozzle is contaminated. 
Therefore, uniformity of the liquid film thickness was +10% 
or more, and only a liquid film inappropriate for practical use 
can be obtained. 
0164. It is apparent from the above-described studies that 
the distance h between the discharge port of the solution 
discharge nozzle and the substrate is preferably set as follows: 

2 Immachs5x10 qY (4) 

0.165. The apparatus of FIG. 1 was used to adjust the 
distance hina range of 0.5 mm to 10 mm, an 8-inch wafer was 
coated with the resist solution to form the liquid film, and 
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further the solvent in the solution was dried/removed to form 
a solid film. Here, the solvent was removed, after the substrate 
with the liquid film formed thereon was exposed to an atmo 
sphere of ethyl lactate as that of the solvent included in the 
liquid film and the liquid film was leveled. The substrate on 
which the liquid film was leveled was moved into a pressure 
reduction chamber, the pressure inside the pressure reduction 
chamber was reduced, and the solvent was removed in the 
state of the pressure held in the vicinity of a saturated vapor 
pressure of ethyl lactate. Furthermore, after the pressure was 
returned to normal, the substrate was conveyed out of the 
pressure reduction chamber, heated at 140°C. on a hot plate, 
and any remaining solvent present in the film was removed. 
Note that the substrate may directly be heated by a baker, 
instead of using a hot plate in times of the solvent in the 
Solution was dried/removed exposing the Substrate to reduced 
pressure. Moreover, the substrate may be rotated, and dried 
by air. 
0166 The discharge speed from the discharge port of the 
solution discharge nozzle was set to 4.77 m/sec and doubled 
to 9.54 m/sec, and the liquid film was formed. Note that the 
movement speed of the Solution nozzle was set to 1 m/sec 
with the discharge speed of 4.77 m/sec and the movement 
speed of the solution discharge nozzle was set to 2 m/sec with 
the discharge speed of 0.54 m/sec so as to obtain the same 
liquid film thickness at both the discharge speeds. Moreover, 
when 1.5 the discharge speed was 4.77 m/s, an upper-limit 
distance Hip was 7.16 mm. When the discharge speed was 
9.54 m/s, the upper-limit distance Hp was 14.3 mm 
0167. With respect to the formed solid film, a relation of a 
film thickness distribution (range %) in a wafer surface to the 
distance h between the discharge nozzle of the solution dis 
charge nozzle and the substrate is shown in FIG.7. Moreover, 
a relation of the number of particles per wafer with respect to 
the discharge port-substrate distance his shown in FIG. 8. 
(0168 As seen from FIG. 7, with the resist solution, for the 
film thickness uniformity, when the discharge port-substrate 
distanceh was set to 3 mm or more, it was possible to obtain 
a stabilized value. Note that to form interlayer films or to 
apply a solution including a low-dielectric material, a range 
of film thickness uniformity of about 5% is sufficient, and 
therefore the distance is preferably 2 mm or more. 
(0169. For the result of particles of FIG. 8, a satisfactory 
result was obtained in a range which satisfied the equation (4) 
with respect to each discharge speed, and the result was also 
obtained that the number of defects increased in another 
region. The reason why there are many defects with hs2 mm 
is that the distance between the nozzle and substrate is short, 
therefore the solution sputtered on the substrate stuck to the 
nozzle, and this discharged onto the Substrate, generating 
defects, or that the solution contacting the nozzle was scat 
tered as a mist, and stuck to the Substrate, generating defects. 
One reason why the particles increase at an upper-limit dis 
tance Hip or more distance is thought to be that a part of the 
Solution discharged as described above forms micro liquid 
drops, providing a mist which generates the particles. Due to 
this, the distanceh between the discharge port of the solution 
discharge nozzle and the Substrate may be set in the range 
which satisfies the condition of the equation (4). 
0170 It is possible to automatically set the distance h 
between the discharge port of the solution discharge nozzle 
and the Substrate in the coating apparatus. In this case, the 
coating apparatus is constituted so that the Surface tension Y 
(N/m) of the solution to be applied can be registered. On an 
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apparatus side, an appropriate distance h may be calculated 
by the equation (4) in accordance with the registered Surface 
tension Y and discharge speed q (m/sec) at this time. The 
distance between the discharge port of the solution discharge 
noZZle and the Substrate is adjusted so as to reach the obtained 
appropriate distance h before the solution is supplied to the 
substrate. For the adjustment of the distance, the substrate 
may be moved upwards/downwards, a solution discharge 
noZZle driving system may be moved, or both may be moved. 
0171 The discharge speed q (m/sec) may directly be 
inputted by an operator, or is preferably automatically calcu 
lated in the coating apparatus. FIG. 9 is an explanatory view 
of a method of calculating the discharge speed q of the solu 
tion, when relative movement of the Solution discharge 
noZZle and Substrate is constituted of a combination of linear 
movement of the column direction of the solution discharge 
noZZle passing along the Substrate from one end of the Sub 
strate through to the other end of the substrate with movement 
of the row direction outside the substrate. As shown in FIG.9, 
assuming that for a discharge speed q(m/sec) of a solution 82. 
a desired average liquid film thickness of a liquid film 83 is df. 
a movement pitch of the row direction of the nozzle is p 
(width of unit liquid film), a radius of a discharge hole 81 of 
the Solution discharge nozzle is r, and the speed of the linear 
movement of the column direction of the solution discharge 
noZZle passing along the Substrate from one end of the Sub 
strate to the other end of the substrate is V (m/s), the following 
relation is established from a relation in which a liquid 
amount of a coat region is equal to an amount of discharged 
liquid: 

When this relation is organized with respect to the discharge 
speed q of the solution 82, the following relation is obtained: 

Note that the average liquid film thickness can easily be 
obtained using a desired average film thickness of the Solid 
film, Solid content concentration in the solution, and density 
of solid and liquid films by means described in a conventional 
chemistry textbook. 
0172 For the relative movement of the solution discharge 
noZZle and Substrate, even when the Solution discharge nozzle 
moves in a spiral form toward an outer periphery from the 
center of the substrate or inwards from the outer periphery, the 
following relation is established: 

d[m]xpm)xv (m/slast (r m)’d (m/s) (7) 

wherein the desired average liquid film thickness is assumed 
to be de movement pitch of the discharge nozzle of the diam 
eter direction per one rotation of the Substrate in an outermost 
periphery is p, the discharge hole radius of the solution dis 
charge nozzle is r, and a relative linear Velocity of the Solution 
discharge nozzle with respect to the Substrate in the outermost 
periphery is V. 
0173 When this equation is organized with respect to q, 
the following relation can be obtained: 

0.174. Note that the distanceh may be in any region within 
the range obtained by the equation (4). To simply obtain the 
distance in the apparatus, the distance may also be determined 
as an intermediate value between the upper and lower limits. 
Moreover, when a solution cut-off function such as a shield 
plate is disposed between the Solution discharge nozzle and 
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substrate, and the position of the solution cut-off function is 
apart from the discharge port of the Solution discharge nozzle 
by 2 mm or more, it is necessary to regard the position of 
Solution discharge nozzle as the lower limit and Seth. 
0.175 Moreover, when the solution is supplied onto the 
substrate by the combination of the movement of the column 
direction of the nozzle with the movement of the row direc 
tion, the method described in the present embodiment can be 
applied not only to a circular Substrate but also to a rectangu 
lar substrate. 

Second Embodiment 

0176 For a second embodiment, in the coating method 
using the coating apparatus shown in FIG. 1, Supply amount 
correction will be described with respect to a liquid line 
discharged, Supplied, and formed on the Substrate while lin 
early moving the nozzle. 
0177. The liquid film was prepared under the same condi 
tions as that of the first embodiment, and further the solvent 
was dried/removed to form the solid film. The solvent in the 
liquid film was dried in the same manner as in the first 
embodiment. 
0.178 Prior-art control of the movement and discharge 
speeds of the solution discharge nozzle was executed along a 
time axis under the control of PID. This control is fed back so 
that the movement and discharge speeds of the Solution dis 
charge nozzle indicate the set values. Moreover, when one 
line is drawn by the discharged solution, the control was fed 
back with respect to a front part of the solution discharge 
nozzle in a proceeding direction. However, a real uniform 
film cannot be obtained only with this control method. Pref 
erably a control is executed to make a correction between 
adjacent lines. 
(0179 For example, in the related art, when the PID control 
is executed with respect to deviations of the discharge and 
movement speeds, as shown in FIG. 10, the film thickness of 
the liquid film formed on the substrate with respect to the 
discharge position of the Solution changes. Note that the 
liquid film thickness in FIG. 10 is exchanged from a supply 
amount to the discharge position and obtained in consider 
ation of the spread of the solution discharged onto the sub 
Strate. 

0180. When the supply amounts of the solution to the 
discharge positions are compared in the regions disposed 
adjacent to each other, the Supply amount changes Substan 
tially in the same track. As a result, as shown by a broken line 
of FIG. 12, there is a problem that the film thickness variation 
is generated along the column direction of the solution dis 
charge nozzle in the finally formed solid film. 
0181. To solve the problem, the method of the present 
embodiment comprises: storing a deviation amount of the 
Supply amount; and obtaining the deviation of the Supply 
amount with respect to the discharge position, when one line 
is drawn with the discharged solution in the column direction. 
The liquid film thickness (corresponding to the Supply 
amount) with respect to the discharge position at this time is 
shown by a solid line in FIG. 11. Note that the liquid film 
thickness in FIG. 11 is exchanged from the Supply amount to 
the discharge position and obtained in consideration of the 
spread of the Solution discharged onto the Solution. Also 
noted that the deviation amount of the Supply amount is 
generated, for example, by deviation of the discharge speed 
from the solution discharge nozzle, and deviation of the 
movement speed of the solution discharge nozzle. 
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0182 Moreover, a discharge amount in an arbitrary posi 
tion in a region (second column) disposed adjacent to a track 
(first column) in which the deviation amount of the supply 
amount is obtained is controlled so as to compensate for the 
deviation amount of the Supply amount obtained in the adja 
cent discharge position. The Supply amount of the Solution is 
controlled by controlling at least one of the discharge speed 
and the movement speed of the Solution discharge nozzle. In 
the adjacent discharge region, a fluctuation of the liquid film 
thickness is shown by a broken line in FIG. 11. 
0183. As a result, since the directions of fluctuations of the 
liquid film thickness are reverse to each other in the adjacent 
lines, the fluctuations are offset and the uniform liquid film 
thickness can be obtained. As a result, the film thickness of the 
solid film obtained after removing the solvent in the liquid 
film is flat, irrespective of the discharge position, as shown by 
a solid line in FIG. 12. 
0184. Note that the deviation amount of the discharge 
speed can be measured, for example, by monitoring the 
change of discharge pressure. Moreover, the deviation 
amount of the movement speed of the solution discharge 
nozzle can be obtained as a differential value with respect to 
time, when position information of the nozzle is obtained 
with a laser interferometer. 
0185. Note that the present embodiment can of course be 
applied to a method comprising: rotating the Substrate; mov 
ing the solution discharge nozzle in the diameter direction of 
the Substrate; and discharging the Solution in a spiral form 
onto the substrate to form the liquid film. In this case, the 
deviation of the discharge speed of the solution from the 
Solution discharge nozzle, the deviation of the movement 
speed of the solution discharge nozzle, and the deviation of 
the rotation speed of the substrate are measured to obtain the 
deviation of the Supply amount. Moreover, to Supply the 
solution into a first position of the substrate from the solution 
discharge nozzle, the Supply amount of the Solution Supplied 
to the first position is controlled so as to compensate for the 
deviation amount in the second position in which the Solution 
has already been discharged and which is disposed adjacent to 
the first discharge position in the diameter direction of the 
Substrate. The solution Supply amount is controlled by con 
trolling at least one of the discharge speed of the solution from 
the Solution discharge nozzle, movement speed of the solu 
tion discharge nozzle, and rotation speed of the Substrate. 
0186 Moreover, the substrate may also be dried using 
only a baker. Furthermore, the substrate may be rotated, and 
air blown one's it to dry it. 
0187 Furthermore, to supply the solution onto the sub 
strate by the combination of the movement of the column 
direction of the nozzle with the movement of the row direc 
tion, the method described in the present embodiment can be 
applied not only to a circular Substrate but also to a rectangu 
lar substrate. 

Third Embodiment 

0188 FIGS. 13A, 13B are diagrams showing a schematic 
constitution of a liquid film forming apparatus according to a 
third embodiment of the present invention. FIG. 13A is a side 
view of the apparatus, and FIG. 13B is a plan view of the 
apparatus. 
(0189 As shown in FIGS. 13A, 13B, a substrate 120 is 
horizontally disposed on a Substrate driving system 121. 
Above the substrate 120, a solution discharge nozzle 122, and 
a nozzle driving system 123 for reciprocating/moving the 
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nozzle 122 are disposed above the substrate 120. The solution 
discharge nozzle 122 is controlled so as to discharge the 
Solution and to reciprocate/move leftwards/rightwards along 
a sheet Surface (this direction is regarded as the column direc 
tion) above the substrate 120, and shield plates 124a, 124b 
disposed in a space between the substrate 120 and solution 
discharge nozzle 122 by the nozzle driving system 123. 
0190. Every time the solution discharge nozzle 122 moves 
in one direction above the substrate 120, the substrate 120 is 
controlled so as to move a predetermined pitch in a predeter 
mined row direction backwards or forwards by the substrate 
driving system 121. As shown in FIG. 14, when this operation 
is repeated, the track of the discharge position of the Solution 
discharged onto the substrate 120 forms a line shown by a 
numeral number 131. The track 131 of the discharge position 
is linear, and the linearly Supplied solution spreads on a basis 
of a reach position on the substrate by fluidity of the solution, 
and is connected to the adjacent liquid line to finally form one 
liquid film. For this, viscosity of the solution, and movement 
pitch of the row direction are determined beforehand. 
0191 The shield plates 124a, 124b disposed in the space 
between the substrate 120 and solution discharge nozzle 122 
move along an outer edge of the substrate 120 by a cut-off 
mechanism driving system 126, and arms 125a, 125b, stop 
discharge of solution 127 from the solution discharge nozzle 
122, thus prevent the solution from reaching the substrate 
120. 

0.192 In a related-art method for coating a circular sub 
strate, the column direction positions of the shield plates 124, 
that is, a coating start side cut-off position L and coating end 
side cut-off position L are determined as follows, assuming 
that a Substrate origin is 0 and using a radius r of the Substrate, 
edge cut width (distance between a Substrate edge and liquid 
film edge forming position) d, and distance X from the liquid 
line of the solution from the solution discharge nozzle: 

(0193 FIGS. 15A, 15B schematically show the reach posi 
tion of the solution actually cut off at this time on the sub 
strate. The solution discharge nozzle 122 moves forwards in 
an arrow direction at V (m/sec). On the other hand, it is 
assumed that the discharge speed of the solution 127 from the 
nozzle 122 is q(m/sec). Further, it is assumed that the distance 
between the shield plate and substrate (height of cut off of the 
solution on the basis of the substrate) is Z (m). To usually 
apply the diluted solution with this coating apparatus, the 
discharge speed is about q 5 to 15 m/sec, and distance is 
about Z=0.001 to 0.005 m. Since a distance Z between the 
discharge port of the Solution discharge nozzle 122 and the 
substrate 120 is very small as compared with the discharge 
speed, the speed change in the discharge distance can be 
assumed to be substantially 0. Errors AL and AL of the 
Solution reach position onto the Substrate from a cut-off posi 
tion under this condition can be represented as follows: 

|AL| = |AL2|=vZ/q (10) 

0194 When the movement speed of the solution discharge 
nozzle is V=1 m/sec, the discharge speed is q5 m/s, and 
Z=0.003 m, the errors are as follows: 

|ALI=|AL2|=0.6 mm (11) 

0.195 Therefore, a generated difference of the edges of the 
Solutions drawn adjacent to each other is about 1.2 mm with 
the rectangular substrate. To coat the circular Substrate, a coat 
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film profile in which the edges are further disordered is 
obtained as shown in FIG. 16. 

0196. On the other hand, in the present embodiment, when 
a liquid line proceeding direction is set to +, fine adjustment 
is made so as to shift cut-off positions on Supply start and end 
sides from the position determined by the equation (9) by 
-VZ/q. Thereby, the liquid film can be formed along a Sub 
strate contour shown in FIG. 17. 

0197) The solution supplied onto the substrate spreads by 
fluidity and forms a liquid film. At this stage, the edge of the 
liquid film can have an edge profile along the Substrate. 
0198 The liquid film prepared with the edge profile along 
the Substrate may be rotated centering on the Substrate, so that 
the liquid film can be leveled. Moreover, when the substrate is 
rotated and dried in a drying step, the solvent can be evapo 
rated from the liquid film in a outer peripheral portion with 
good balance, and the film thickness variation generated by 
evaporation can be minimized. 
(0199 The above-described effect is an effect obtained by 
forming an edge portion along the Substrate. When the Sub 
strate is rotated, a centrifugal force applied to the liquid film 
can equally be scattered in the liquid film edge as shown in 
FIG. 18A, and the effect can be obtained. With a zigzag edge 
as in the related art, as shown in FIG. 18B, the centrifugal 
force is concentrated in a projecting portion of the liquid film, 
and therefore there is a problem that the liquid flows toward 
the outside of the substrate from this portion. 
0200. Note that a method of removing the solvent from the 
liquid film may comprise: exposing the substrate on which the 
liquid film is formed to an atmosphere of ethyl lactate as that 
of the solvent included in the liquid film to level the liquid 
film; Subsequently moving the Substrate into the pressure 
reduction chamber, reducing the pressure; removing the Sol 
vent in the state held at the pressure in the vicinity of the 
saturated vapor pressure of ethyl lactate; further returning the 
pressure to normal pressure and thereafter conveying the 
Substrate out of the pressure reduction chamber; and heating 
the substrate at 140°C. on a hot plate to remove the solvent 
form the film. Alternatively, the solvent may also be removed 
by directly heating the Substrate, without exposing it to 
reduced pressure. 
0201 In the present embodiment, the correction with 
respect to the circular substrate has been described, but when 
a similar correction is made in the coating of a mask for 
exposure of a rectangular Substrate. Such as a liquid crystal 
Substrate, it is possible to form a liquid film having an edge 
along the Substrate edge. Also for a rectangular Substrate, 
when the proceeding direction of the solution discharge 
noZZle is set to +, the cut-off positions on the Supply start and 
end sides may be matched with positions obtained by shifting 
the cut-off position by the shield plate from the liquid film 
edge forming position formed in the edge of the rectangular 
Substrate at a constant interval by -VZ/q. 
0202 Moreover, in addition to the shield plates shown in 
FIGS. 13A, 13B, the following cut-off mechanisms for pre 
venting the Solution from reaching the Substrate are consid 
ered: 

0203 (i) a mechanism for spraying gas to change the track 
of the liquid, and collecting the Solution in a recovery portion 
disposed in an opposite position; and 
0204 (ii) a mechanism for Sucking the discharged solution 
to change the track, and collecting the liquid into a liquid 
recovery portion. 
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0205 One example of a liquid film forming apparatus 
including a mechanism different from a gas cut-off mecha 
nism shown in FIGS. 13A, 13B is shown in FIGS. 19A, 19B. 
As shown in FIGS. 19A, 19B, the present apparatus includes 
gas emission portions 184a, 184b for emitting gas to the 
discharged solution, and solution suction portions 185a, 185b 
for recovering the Solution by Suction, and a system including 
both the cut-off mechanisms (i) and (ii) is used. Note that the 
shield plates 124a, 124b are disposed to prevent the solution 
which cannot be cut off by the gas emission portions 184a. 
184b and solution suction portions 185a, 185b from discharg 
ing onto the Substrate. 
0206 For the driving method, the same control as that of 
the apparatus shown in FIGS. 13A, 13B is executed, but the 
distance Z is treated as a distance between the gas emission 
portions 184a, 184b for spraying the gas to cut off the solution 
and the substrate 120. 
0207 Moreover, to supply the solution onto the substrate 
by the combination of the movement of the column direction 
of the nozzle with the movement in the row direction, the 
method described in the present embodiment can be applied 
not only to a circular substrate but also to a rectangular Sub 
Strate. 

Fourth Embodiment 

(0208 FIGS. 20A, 20B, 21A, 21B are explanatory views of 
problems according to a fourth embodiment of the present 
invention, and are explanatory views of problems generated 
when the solution discharge nozzle turns back along the con 
tour of the circular substrate to form the coat film as shown in 
FIG 1. 
0209. The solution linearly discharged onto the substrate 
from the Solution discharge nozzle is regarded as the liquid 
line. Moreover, when the adjacent liquid lines stick to each 
other to form the liquid film, a portion formed by one liquid 
line is regarded as a unit liquid film. 
0210 FIGS. 20A, 20B schematically show a spread state 
of the liquid line applied in a first column at a coating time of 
a second column, and boundary of the unit liquid film in the 
finally obtained liquid film in a coating start/end portion at a 
time of preparation of the liquid film using the coating appa 
ratus of FIG. 1. FIGS. 21A, 21B schematically show the 
spread state of the liquid line applied in the first column at the 
coating time of the second column, and boundary of the unit 
coat film in the finally obtained liquid film in the vicinity of a 
Substrate center. 
0211. In the coating start and end portions, the nozzle 
movement distance in the column direction is short. A time 
from when the coating of the first column ends and the solu 
tion Supply to the Substrate is temporarily discontinued until 
the coating of the second column starts and the Solution 
Supply to the Substrate is restarted (column direction coating 
time interval) is short as compared with the coating of the 
Substrate center portion having Substantially the same diam 
eter as that of the substrate. This time difference gives a 
difference to the spread of the solution line of the first column 
in applying the Solution line of the second column. 
0212. As shown in FIG. 20A, in the vicinity of the coating 
start and end, the spread of a liquid line 192 of the first column 
at the coating time of the second column is insufficient. 
Therefore, as shown in FIG.20B, a boundary B of unit liquid 
films 193, 194 is determined on a discharge position P side 
of the second column slightly from a center line C of a 
discharge position P of the first column and discharge posi 
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tion P of the second column. In FIG. 20B, an interval 
between the center line C and position P is set to SL1. 
0213 However, in the vicinity of the center, as shown in 
FIG. 21A, since the column direction coating time interval is 
large, a liquid line 195 of the first column considerably 
spreads at the coating time of the second column. Therefore, 
as shown in FIG.21B, a boundary B of unit liquid films 196, 
197 is determined further on the discharge position P side of 
the second column as compared with the vicinity of the coat 
ing start and end. In FIG.21B, an interval between the center 
line C and position P is set to SL2 (SL2>SL1). 
0214. Such difference of the boundary position of the unit 
liquid film is a cause of deterioration of film thickness uni 
formity. Since the boundary of the unit liquid film shifts 
toward a start point side from the center in the coating start 
and end portions, a finally obtained amount of Solid content 
value apparently moves on the start point side. Therefore, a 
problem occurs that the Solid film is thick on the coating start 
side and thin on the end side. In FIG. 22, plotted triangular 
marks indicate a relative film thickness with respect to the 
film thickness of the substrate center observed in related-art 
coating. 
0215. When the solution supply amount proportional to an 
inverse number of the relative film thickness is given to the 
corresponding column based on the relative film thickness 
plotted by the triangular marks of FIG. 22, the film thickness 
uniformity in the row direction can be enhanced. The solution 
Supply amount is adjusted by setting the discharge speed from 
the solution discharge nozzle to a value obtained by multi 
plying the related-art discharge speed by the inverse number 
of the relative film thickness obtained in the related-art coat 
ing method as a coefficient. Results of the relative film thick 
ness obtained by the method of the present embodiment are 
shown by circular marks of FIG.22. A uniform film thickness 
can be obtained in the whole row direction of the substrate. 

0216. The present embodiment is characterized in that the 
Solution Supply amount to the Substrate in the coating start 
vicinity is set to be Smaller than in the center portion, and that 
the solution Supply amount to the Substrate in the coating end 
vicinity is set to be larger than in the centerportion. Therefore, 
the effects of the present embodiment can also be achieved by 
the following control. 
0217 (1) The discharge speed from the solution discharge 
noZZle is changed in proportion to the inverse number of the 
relative film thickness. Note that the same value as that in the 
related art is set for other conditions such as the column 
direction movement speed and row-direction movement pitch 
of the Solution discharge nozzle. 
0218. As shown in FIG. 22, the solid film is thick on the 
liquid film forming start side, and thin on the liquid film 
forming end side. Therefore, the discharge speed in moving 
the nozzle in the column direction is set to be smaller than the 
discharge speed of the middle position of the substrate in the 
vicinity of the liquid film forming start position, and set to be 
larger than the discharge speed of the middle position of the 
substrate in the vicinity of the liquid film forming end posi 
tion. 

0219 (2) The row-direction movement pitch of the solu 
tion discharge nozzle is changed in proportion to the row 
direction relative film thickness. Note that the same value as 
that in the related art is set the for other conditions such as the 
column-direction movement speed and discharge speed of the 
Solution discharge nozzle. 
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0220. As shown in FIG. 22, the solid film is thick on the 
liquid film forming start side, and is thin on the liquid film 
forming end side. Therefore, the row-direction movement 
distance in moving the nozzle in the row direction is set to be 
larger than the row-direction movement distance of the 
middle position of the substrate in the vicinity of the liquid 
film forming start position, and set to be smaller than the 
row-direction movement distance of the middle position of 
the substrate in the vicinity of the liquid film forming end 
position. 
0221 (3) The movement of the solution discharge nozzle 
in a state in which the solution is not supplied to the substrate 
is controlled to adjust time. Preferably, an adjustment speed is 
adjusted, when the solution discharge nozzle moves in the 
row direction. Alternatively, the adjustment speed at the col 
umn-direction movement time of the nozzle is adjusted. 
Moreover, the adjustment speed in the row and column-di 
rections movement time may also be controlled. To decrease 
the time interval, the adjustment speed may be increased. To 
lengthen the time interval, the adjustment speed may be 
decreased. Note that the adjustment of the adjustment speed 
also comprises: temporarily stopping the movement of the 
nozzle. 

0222. In the present embodiment, the coating condition is 
set on the basis of the film thickness distribution of the film 
coated in the related-art method, but this is not limited. The 
setting method comprises: discharging the Solution through 
the nozzle; Supplying one coating line onto the Substrate; 
observing the spread of the line in the row direction by a CCD 
camera or video; and obtaining a speed of spread of the liquid 
line. On the other hand, a column-direction coating time 
interval generated in drawing the line with the coating appa 
ratus is measured or obtained from specifications by desk 
calculation work. The above-described spread amount and 
column-direction coating time interval are obtained. In this 
case, the condition is easily determined by the method (3). 
Moreover, with the adjustment in the method (1), the dis 
charge speed in coating each column may be obtained. With 
the adjustment in the method (2), the movement pitch of the 
row direction may be determined. 
0223) The present invention is not limited to the above 
described embodiments, and can variously be modified 
within a range of the scope in an implementation stage. For 
example, the liquid film forming method described above in 
the respective embodiments can be applied to a semiconduc 
tor process including the coating of a reflection preventive 
agent, or resist agent for use in a lithography process, and the 
coating of low or high dielectric material, and to any other 
film forming process including an ornamental process such as 
plating. 

Fifth Embodiment 

0224. In a fifth embodiment, a semiconductor substrate 
having a diameter (f)=200 mm was used, and a photoresist 
Solution for chemical amplification was used as one concrete 
example in the Solution. Here, it is assumed that the photore 
sist Solution for chemical amplification includes a solid con 
tent of 3.0%. This solid content indicates a ratio of the solid 
content included in the solution of the photoresist. The solid 
content remains as a solid film after a drying and baking 
treatment. Moreover, it is assumed that a film to be processed 
(e.g., insulating film) is formed on a semiconductor Substrate 
beforehand by a known method. 
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0225. First, the substrate is introduced into a scan coating 
treatment unit, and laid and fixed on a stage. Thereafter, while 
a solution A is discharged through a nozzle for Solution Sup 
ply, the nozzle is reciprocated/moved along a column-direc 
tion at a speed of 1 m/sec by a nozzle driving unit. Moreover, 
the stage is simultaneously moved in an row-direction at a 
pitch interval of 0.6 mm by a stage driving unit. Here, the 
whole surface (plane) of the substrate is coated with the 
solution A, and the liquid film is formed with a film thickness 
of about 10um. At this time, the concave/convex portion was 
formed in the liquid film on the substrate at a flatness of about 
10 um+10%. Note that the same degree of concave/convex 
portion is observed in the liquid on the substrate even with the 
use of meniscus coating using the capillary phenomenon. 
0226. Subsequently, a leveling treatment is performed to 

flat the liquid film on the substrate. Usually after the liquid 
film is formed on the substrate, the surface of the liquid film 
is not completely smooth as described above, and the con 
cave/convex portion exists because of the fluctuation of the 
discharge amount in discharging the Solution. To solve the 
problem, if necessary, first the leveling treatment is per 
formed to flat the surface of the liquid film. Thereafter, the 
drying treatment is carried out to vaporize the solvent of the 
photoresist Solution constituting the liquid film, and a photo 
resist coat film including the Solid content is formed. 
0227. In the present embodiment, in one example, a lev 
eling/drying treatment apparatus 200 shown in FIG. 23 is 
used to subject the liquid film 16 to the leveling and drying 
treatment, and a series of treatments is performed so as to 
form a photoresist film which has a uniform thickness and 
whose surface is flatted over the whole surface of the substrate 
11. 
0228. The leveling/drying treatment apparatus 200 is con 
stituted by integrally including a function required for the 
leveling and drying treatment, so that the treatment is carried 
out in the same chamber. The constitution and function of the 
leveling/drying treatment apparatus 200 will be described 
hereinafter with reference to FIG. 23. 
0229. The leveling/drying treatment apparatus 200 
includes a chamber 201 in which the substrate 11 (e.g., semi 
conductor substrate having a diameter (f)=200 nm) is con 
tained, an gas control unit 202, and an exhaust unit 203 which 
exhausts the atmosphere in the chamber 201. The gas control 
unit 202 mixes inactive gas for dilution (e.g., N, gas) and 
Solvent gas at a predetermined ratio, and Supplies gas includ 
ing the solvent at a desired concentration into the chamber 
201. This solvent is the same as that included in the resist 
Solution. 

0230 Here, a stage 205 on which the substrate 11 is laid 
and fixed is disposed in the chamber 201. A temperature 
control plate 206 for adjusting temperature distribution of the 
substrate 11 is disposed in a position under the stage 205. 
0231. The temperature control plate 206 can indepen 
dently control the temperature of a plurality of regions of the 
substrate 11. FIG. 24 shows a constitution of the temperature 
control plate according to the present embodiment. As shown 
in FIG. 24, the temperature control plate 206 includes a 
middle plate 206a and peripheral edge plate 206b. The middle 
plate 206a and peripheral edge plate 206b independently 
control the temperature of the regions of the peripheral edge 
portion and middle portion of the substrate 11. 
0232 Moreover, the gas control unit 202 includes valves 
for gas Supply V to V. The flow rate of inactive gas for 
dilution (e.g., N, gas) is controlled by adjustment of opening 
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of the valve V. Moreover, the flow rate is controlled by the 
adjustment of the flow rate of solvent gas and opening of the 
valve V. When the openings of the valves V and V are 
adjusted, two gases are mixed at a predetermined density. The 
opening of the valve V is adjusted to control the Supply 
amount of mixed gas into the chamber 201. 
0233. The exhaust unit 203 has a vacuum pump and valve 
V. The valve V is inserted into a pipe which connects the 
chamber 201 to the vacuum pump. When the opening of the 
valve V is adjusted, air current amount and pressure of the 
atmosphere in the chamber 201 are adjusted. Furthermore, 
the leveling/drying treatment apparatus 200 includes an opti 
cal system for film thickness measurement 207 to measure the 
film thickness of the liquid film 16 in each treatment step. The 
optical system for film thickness measurement 207 mainly 
includes a light irradiation portion 208 and light receiving 
portion 209. The light irradiation portion 208 is constituted of 
a light source which emits a light having a wavelength in a 
visible region. The light receiving portion 209 is constituted 
of a CCD camera. Moreover, a plurality of sets of light 
sources 208 and light receiving portions 209 are disposed so 
as to measure the film thickness of the liquid film 16 in a 
plurality of positions on the substrate 11. 
0234 Additionally, the leveling/drying treatment appara 
tus 200 includes an analysis unit 210. The analysis unit 210 is 
connected to the gas control unit 202, temperature control 
plate 206, and optical system for film thickness measurement 
207. 

0235. The light source 208 irradiates the liquid film 16 
with visible light. The light receiving portion 209 receives the 
reflected light and measures light intensity. The analysis unit 
210 calculates the film thickness of the liquid film 16 from the 
intensity of the reflected light. Moreover, the analysis unit 210 
controls the concentration of the solvent in the gas Supplied 
into the chamber 201, pressure in the chamber 201, tempera 
ture of the substrate 11, and exhaust in the chamber 201 in 
accordance with the calculated film thickness of the liquid 
film 16. 
0236. The leveling/drying treatment apparatus 200 consti 
tuted as described above is used to first perform the leveling 
treatment so that the film thickness of the liquid film 16 is 
uniform and the surface of the film is flatted in the whole 
surface of the substrate 11. 
0237 Conditions such as the temperature of the substrate 
at a leveling treatment time, flow rate of the air current in the 
treatment apparatus, exhaust, concentration of the solvent in 
the gas, and pressure are changed, and the Substrate for test is 
used to perform the leveling treatment. During the leveling 
treatment, a film thickness difference of the center and 
peripheral edge regions of the Substrate are observed. A con 
dition on which the difference of the film thickness measured 
in each region is Small is set to an initial condition of the 
leveling treatment. The film thickness difference is observed 
by irradiating each region with light and counting the number 
of interference fringes of the reflected light. When the number 
of interference fringes is small, the film thickness difference 
is Small. 
0238. The procedure of the leveling treatment will con 
cretely be described with reference to FIGS. 25, and 26A to 
26C. FIG. 26A is a diagram showing a change of the film 
thickness of the liquid film in each position on the substrate 
with time in the leveling treatment according to the fifth 
embodiment, FIG. 26B is a diagram showing a change of 
Solvent concentration in gas Supplied into the chamber with 
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time in the leveling treatment according to the fifth embodi 
ment, and FIG. 26C is a diagram showing a change of tem 
perature of middle and peripheral edge plates in the leveling 
treatment according to the fifth embodiment. 
0239 First, the substrate 11 is conveyed into the chamber 
201 of the leveling/drying treatment apparatus 200, and laid 
and fixed onto the stage 205. At this time, temperature T of 
the middle plate 206a disposed in the stage 205, and tempera 
ture T of the peripheral edge plate 206b are set around room 
temperature (e.g., 23°C.) 
0240. Thereafter, the leveling treatment is started to flat 
the surface of the liquid film 16. The openings of the valves 
for gas Supply V to V of the gas control unit 202 are 
adjusted, and a mixture gas is generated by mixing the solvent 
gas and gas for dilution in a predetermined concentration. The 
mixture gas is Supplied into the chamber 201, and the atmo 
sphere including the solvent is formed in the chamber 201. In 
the present embodiment, the concentration of the solvent in 
the mixture gas at the start time of the leveling treatment is 
100%. 
0241 The same solvent as that constituting the liquid film 
16, or a similar solvent is used in the solvent gas. When the 
liquid film 16 is exposed to the atmosphere including the 
solvent, the fluidity inside the liquid film 16 is promoted, and 
the Surface tension can be used to Smooth the Surface. 
0242. In the present embodiment, in the process of the 
leveling treatment, the film thickness of the liquid film 16 is 
measured, a necessary parameter is selected from parameters 
relating to the treatment in accordance with measurement 
result, and the value of the parameter is controlled. At this 
time, the value of the selected parameter is controlled. By this 
control, during the leveling treatment, the film thickness dif 
ference of the liquid film 16 is controlled over the whole 
surface of the substrate 11. Here, in one example, as the 
parameter, the concentration of the solvent in the chamber 
201, and temperature distribution of the substrate 11 are 
selected, and the values of these parameters are controlled. 
0243 In this case, in the present embodiment, during the 
leveling treatment, the optical system for film thickness mea 
surement 207 and analysis unit 210 are used to measure the 
film thickness of the liquid film 16 in a plurality of positions 
in the peripheral edge from the middle portion of the substrate 
11. At this time, the film thickness of the liquid film 16 is 
measured in a plurality of points P. P. P. on the Substrate 
shown in FIG. 25. 

0244 FIG. 25 shows a sectional view of the substrate 11 
and liquid film 16. Here, the point P is an arbitrary position 
on a middle portion R of the substrate 11, point P is an 
arbitrary position on a peripheral edge R. of the substrate 11, 
and P is an arbitrary position between P and P. in the sub 
strate 11. 

0245. Note that in the present embodiment, the peripheral 
edge R, indicates a region in a width corresponding to about 
5% of a substrate diameter from the edge (endmost portion) 
of the substrate. Therefore, when the diameter (f) of the 
Substrate is 200 mm, the peripheral edge indicates the region 
in a width of 10 mm from the edge (endmost portion). 
0246. In the process of the leveling treatment, in the lev 
eling/drying treatment apparatus 200, the optical system for 
film thickness measurement 207 is used to measure the film 
thickness of the liquid film 16 in the respective points P. P. 
P. Moreover, in order to inhibit the film thickness in each 
point from increasing/decreasing, the analysis unit 210 sends 
an instruction to the gas control unit 202 and temperature 
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control plate 206, and the concentration of the solvent in the 
chamber 201 and temperature distribution of the substrate 11 
are controlled. 
0247 The leveling treatment will concretely be described 
hereinafter with reference to FIGS. 26A to 26C. 
0248. As shown in FIG. 26A, immediately after the level 
ing treatment is started, the film thickness of the liquid film 16 
in the respective points P. P. P. on the substrate 11 largely 
deviate. Thereafter, on the basis of the preset film thickness 
(e.g., 10um), in the respective points P. P. P. on the Sub 
strate 11, the concentration of the solvent in the chamber 201 
and temperature distribution of the substrate 11 are controlled 
so that the film thickness of the liquid film 16 is within a given 
range. 
0249 Concretely, as shown in FIG. 26B, the concentration 
of the solvent in the mixture gas supplied into the chamber 
201 is 100% immediately after the start of the leveling treat 
ment. Thereafter, the concentration of the solvent in the mix 
ture gas is gradually reduced to 60%. Here, the surface of the 
liquid film 16 is flatted, and the concentration of the solvent in 
the chamber 201 is gradually decreased so that the film thick 
ness difference of the liquid film 16 is within a substantially 
constant range in the respective points P. P. P. on the Sub 
strate 11. 

(0250 Moreover, while the concentration of the solvent in 
the atmosphere is controlled, the temperature of the tempera 
ture control plate 206 is simultaneously controlled indepen 
dently in the middle and peripheral edge portions of the 
substrate 11. Concretely, when the substrate 11 is laid on the 
stage 205, the whole temperature control plate 206 is set to a 
Substantially constant temperature. Thereafter, in the process 
of the leveling treatment, the temperature is controlled inde 
pendently in the positions of the middle portion correspond 
ing to the point P and the peripheral edge corresponding to 
the point P. 
0251 Here, in one example, first the temperature T of the 
middle plate 206a and temperature T of the peripheral edge 
plate 206b are set at temperature of about 23°C., before the 
substrate 11 is laid on the stage 205. Thereafter, as shown in 
FIG. 26C, the temperature T of the middle plate 206a is kept 
at 23°C. The temperature Tof the peripheral edge plate 206b 
is lowered to about 15° C. During the leveling treatment, the 
temperature T of the middle plate 206a is controlled to be 
kept at 15° C. During the leveling treatment, the temperature 
of the peripheral edge R. of the substrate 11 is set to be lower 
than that of the middle portion R. By this temperature dis 
tribution, the solid content is inhibited from flowing in a 
direction of the middle portion R from the peripheral edge 
R, and the film thickness distribution is within a constant 
range. 

0252. Thereafter, when the film thickness of the liquid film 
16 in the respective points P, P, P is within the given range 
on the basis of the preset film thickness, the leveling treatment 
ends. The leveling treatment ends, when all the valves V to 
V of the gas supply system are closed and the supply of the 
gas into the chamber 201 is stopped. 
0253) Note that in one example the film thickness of the 
liquid film 16 in the respective points P, P, P is within a 
range of about+0.5% on the basis of 10um and at this time the 
leveling treatment of the present embodiment ends. 
0254 Subsequently, the drying treatment is performed so 
as to vaporize the solvent of the liquid film 16 in the state in 
which the substrate 11 is laid on the stage 205 in the chamber 
201. This drying treatment comprises: vaporizing the solvent 
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in the liquid film 16; and leaving the solid content in the liquid 
film 16 on the substrate 11 to form the solid film on the 
Substrate. As one example, the present embodiment com 
prises: vaporizing the photoresist Solution by a pressure 
reduction treatment; and forming the photoresist film having 
a film thickness of about 400 nm as the solid film. Here, after 
the supply of the mixture gas into the chamber 201 is stopped, 
first a vacuum pump 204 is used to exhaust the atmosphere in 
the chamber 201 at a predetermined rate. 
0255 For the respective conditions such as the tempera 
ture of the Substrate at the drying treatment time, air current, 
concentration of the solvent in the gas Supplied into the cham 
ber, and pressure, while a Substrate for test is used to change 
the respective conditions beforehand, the film thickness is 
measured by reflected light measurement in a plurality of 
points including at least the center of the Substrate, coating 
start position, and coating end position. Even in the process of 
the decrease of the film thickness of the liquid film, a condi 
tion at a time of reduction of the interference fringes of the 
reflected light may be determined from these results. 
0256 In the present embodiment, in the process of the 
drying treatment, the film thickness of the liquid film 16 is 
measured and monitored. Additionally, the necessary param 
eter is selected from the parameters relating to the treatment, 
and the value of the parameter is controlled. At this time, 
while the value of the selected parameter is controlled, and the 
drying treatment is performed, the film thickness difference 
of the liquid film 16 is controlled to be within the predeter 
mined range over the whole surface of the substrate 11, the 
Solvent is vaporized, and finally the Solid film having a thick 
ness of 400 nm is formed. Here, in one example, the tempera 
ture distribution of the substrate 11 is selected as the param 
eter, and the value is controlled. 
0257. In this case, in the present embodiment, during the 
drying treatment, the optical system for film thickness mea 
surement 207 and analysis unit 210 are used to measure the 
film thickness of the liquid film in the respective points P to 
Ps in the same manner as in the leveling treatment. At this 
time, the analysis unit 210 controls each parameter so that the 
difference of the film thickness in these points P to P, is 
within the predetermined range. In the present embodiment, 
in one example, the value of the parameter is controlled so 
that the film thickness of the points P to P, is within a range 
of an average film thickness value:-0.5%. 
0258 Here, the drying treatment will concretely be 
described with reference to FIGS. 27A to 27C. FIG. 27A is a 
diagram showing the change of the film thickness of the liquid 
film in each position on the substrate with time in the leveling 
and drying treatments according to the fifth embodiment, 
FIG. 27B is a diagram showing the change of pressure in the 
chamber with time in the leveling and drying treatments 
according to the fifth embodiment, and FIG. 27C is a diagram 
showing the change oftemperature of the middle and periph 
eral edge plates in the leveling and drying treatments accord 
ing to the fifth embodiment. Moreover, FIGS. 27A to 27C 
show the states of the above-described leveling and drying 
treatmentS. 

0259. In the present embodiment, as shown in FIG. 27A, 
the difference of the film thickness is controlled to be within 
the given range, the drying treatment is carried out until the 
predetermined film thickness (e.g., 400 nm) is obtained, and 
the solvent in the liquid film 16 is vaporized. 
0260 Moreover, in the present embodiment, the drying 
treatment is performed in the reduced pressure state in the 
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chamber 201. In order to vaporize the solvent in the liquid 
film 16, the vacuum pump disposed in the exhaust unit 203 is 
used to exhaust the atmosphere in the chamber 201 to the 
outside at-60 Torr/sec. Concretely, as shown in FIG.27B, the 
pressure in the chamber 201 is kept at about 760 Torr during 
the leveling treatment. At the drying treatment time, the atmo 
sphere in the chamber is exhausted at-60 Torri?sec, and pres 
Sure is lowered to and kept at about 2 Torr corresponding to 
the vapor pressure of the solvent. 
0261. At this time, in the process of the drying treatment, 
the temperature of the substrate 11 is controlled. A case in 
which the measured film thickness of the point P tends to be 
smaller than that of the peripheral edge will be described. 
Here, as shown in FIG.27C, the temperature T of the periph 
eral edge plate 206b is gradually lowered to about 13°C. from 
15°C. Thereafter, the temperature of the peripheral edge plate 
206b is kept at 13°C. On the other hand, the temperature T 
of the middle plate is kept at about 23°C. (-room tempera 
ture) in the same manner as in the leveling treatment. During 
the drying treatment, the temperature of the peripheral edge 
of the substrate 11 is set to be lower than that of the middle 
portion. When the temperature distribution of the substrate 11 
is controlled in this manner, a vaporization speed of the Sol 
vent on the peripheral edge discharges as compared with the 
middle portion, and it is possible to inhibit the solid content 
from moving into the middle portion from the peripheral 
edge. 
0262. When the measured film thickness of the point P. 
tends to be thicker than that of the peripheral edge, the tem 
perature of the peripheral edge of the substrate 11 is set to be 
higher than that of the middle portion. When the temperature 
distribution of the substrate 11 is controlled in this manner, 
the vaporization speed of the solvent on the middle portion 
discharges as compared with that on the middle portion, and 
it is possible to inhibit the solid content from moving into the 
peripheral edge from the middle portion. 
0263. In the present embodiment, the drying treatment 
ends at a time when the solvent of the liquid film 16 is 
sufficiently vaporized and the film thickness of the liquid film 
16 reaches a predetermined film thickness (e.g., 400 nm) and 
does not change in the respective points P. P. P. on the 
substrate 11. 

0264. Subsequently, the substrate 11 is conveyed out of the 
leveling/drying treatment apparatus 200, and introduced into 
a back treatment portion (not shown). Here, when a heating 
treatment is performed at 140°C. for about 50 seconds, the 
film is stabilized. 

0265. As described above, the coat film of the photoresist 
with a thickness of about 400 nm (film of the solid content 
included in the liquid film 16) is formed as the solid film. 
Here, the effect of the present embodiment will be described 
in comparison to the related-art method with reference to 
FIGS. 28A to 28C and 29A and 29B. FIG. 28A is a diagram 
showing the change of the film thickness of the liquid film in 
each position on the Substrate with time in the leveling and 
drying treatments according to the fifth embodiment, FIG. 
28B is a diagram showing the change of the film thickness of 
the liquid film in each position on the substrate with time in 
the related-art leveling and drying treatments, and FIG.28C is 
a diagram showing the change of the film thickness of the 
liquid film in each position on the substrate with time in the 
related-art leveling and drying treatments. FIGS. 29A, 29B 
are diagrams showing the effect of the fifth embodiment. 
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0266. In the present embodiment, as shown in FIG. 28A, 
the film thickness of the liquid film is controlled to be within 
the given range as needed during the leveling and drying 
treatmentS. 

0267 In the related-art method, without controlling the 
concentration of the solvent in the chamber 201, and tempera 
ture distribution of the substrate 11, the leveling treatment is 
performed. Concretely, in the process of the leveling treat 
ment, the concentration of the solvent in the gas Supplied into 
the chamber 201 is set to 100% and kept at this value. More 
over, the temperature of the whole temperature control plate 
206 is set at 23° C., and kept at this value. Thereafter, the 
drying treatment is performed so as to vaporize the solvent in 
the chamber 201 whose pressure has been reduced. At this 
time, in the related-art method, the film thickness of the liquid 
film is not measured. Moreover, the temperature of the tem 
perature control plate is kept constant. 
0268. In the related-art method, when the film thickness of 
the liquid film 16 is measured in the respective points P. P. 
Ps during the leveling treatment, as shown in FIG. 28B, the 
film thickness decreases in the point P on the substrate 11. 
Conversely, it is seen that the film thickness increases in the 
point P. 
0269 Moreover, at the end time of the leveling treatment, 
the film thickness of the liquid film 16 in the point P was 18 
um, and the film thickness of the liquid film 16 in the point P. 
was 2 Lum. It is seen that the film thickness difference of the 
liquid film 16 is large on the middle portion and peripheral 
edge of the substrate 11. In this manner, in the related-art 
method, the concave/convex portion in the Surface generated 
in the process of formation of the liquid film disappears by the 
leveling treatment, and the whole film tends to be thick in the 
middle portion and thin in the peripheral edge. 
0270. Furthermore, thereafter, the drying treatment is per 
formed in the reduced pressure state. In the related-art drying 
treatment, when the solvent of the liquid film is vaporized, the 
film thickness is not controlled so as to be within the given 
range as described above. Therefore, when the drying treat 
ment is performed, film thickness sag (decrease of the film 
thickness) of the peripheral edge is further promoted in the 
process of vaporization of the solvent, and the solid film is 
formed. 
0271 Another method will next be described. In the same 
manner as in the present embodiment, at the leveling treat 
ment time, this method comprises: measuring and monitoring 
the film thickness of the liquid film in the respective points P. 
P, F, controlling the concentration of the solvent in the gas 
supplied into the chamber 201; and using the temperature 
control plate to control the temperature distribution of the 
substrate. Thereafter, the film thickness is not measured at the 
drying treatment time. Moreover, while the temperature of 
the temperature control plate is kept to be constant at 23°C., 
the solvent is vaporized and the drying treatment is per 
formed. 
0272. In this method, as shown in FIG. 28C, immediately 
after the end of the leveling treatment, the film thickness of 
the liquid film is flatted over the whole surface, but at the 
drying treatment time the film thickness of the point P. 
remarkably decreases as compared with the point P. The 
finally formed film is flatted in the middle portion, but the film 
thickness decreases in the peripheral edge. 
0273 FIG. 29.A shows the distribution of the film thick 
ness of the solid film formed in temperature profiles shown in 
FIGS. 28A to 28C. Moreover, FIG.29B shows the film thick 
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ness uniformity of the solid film. In FIGS. 29A, 29B, A 
denotes the solid film formed in the temperature profile 
shown in FIG. 28A, B denotes the solid film formed in the 
temperature profile shown in FIGS. 28B, and C denotes the 
solid film formed in the temperature profile shown in FIG. 
28C. 

0274. Note that FIG. 29A is a sectional view of the solid 
film formed on the substrate, and shows the change of the film 
thickness. 

0275. Thereby, it is seen that in B, already at the leveling 
treatment time, the film thickness of the liquid film largely 
deviates, and that a large film thickness difference is gener 
ated in the positions on the peripheral edge ( coordinate: 
+100) and middle portion (coordinate: 0) after the drying 
treatment. Moreover, in C, at the leveling treatment time, the 
film thickness difference is within the given range in each 
point, but the film thickness difference is generated at the 
drying treatment time, and the film thickness difference is 
generated on the peripheral edge and middle portion. 
(0276. As shown in FIG.29B, the film thickness uniformity 
was 20% in Band 10% in C. On the other hand, in A, the solid 
film whose film thickness is substantially uniform at 400 nm 
and which has a flatted state is formed over the whole surface 
of the substrate. Moreover, the film thickness uniformity of A 
is 1.0%, and is largely enhanced as compared with Band C. 
0277. Thereby, when the film thickness of the liquid film at 
each treatment time is measured and monitored and con 
trolled to be within the given range as needed, as in the present 
embodiment, a solid film having a flat surface and uniform 
film thickness can be formed. 

0278. As described above, in the present embodiment, 
during the processes of the leveling and drying treatments, the 
change of the film thickness of the liquid film 16 is monitored, 
and each parameter can be adjusted to have the appropriate 
value while each treatment is performed. Therefore, in the 
present embodiment, it is possible to obtain a high-precision 
(i.e., flat) film thickness distribution in the solid film (e.g., 
photoresist film). 
0279 For example, as a result of the monitoring, in the 
leveling treatment, when the concentration of the solvent in 
the gas Supplied into the chamber is gradually lowered during 
the treatment step, the solvent can be prevented from being 
unnecessarily applied to the surface of the liquid film 16 and 
the film thickness distribution can be prevented from being 
disordered. Moreover, in the drying treatment, the tempera 
ture difference between the peripheral edge and middle por 
tion of the substrate 11 is controlled, and thereby the solid 
content movement is prevented from being caused by the 
difference in physical properties of the liquid film between 
the middle portion and peripheral edge of the substrate with 
the progress of the drying, that is, vaporization of the solvent. 
0280. The present embodiment can be modified without 
departing from the scope of the present invention. 
0281. The leveling treatment can be changed as follows. In 
the present embodiment, the concentration of the solvent in 
the chamber 201 during the leveling treatment is uniformed in 
the chamber 201 as a treatment container, but this is not 
limited. For example, a concentration distribution may be 
disposed in the plane of the liquid film 16. In this case, as 
shown in FIG. 30, a supply port 211 for supplying the gas 
including the solvent into the chamber 201 may be constituted 
to be movable in the plane of the liquid film 16. Moreover, the 
substrate 11 itself may be constituted so as to be movable. 
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0282. In this case, it is possible to adjust the concentration 
of the solvent in the gas Supplied onto the liquid film Surface 
in accordance with the film thickness of the liquid film 16 and 
to flat the surface. Moreover, with the method for controlling 
the film thickness of each point to satisfy the desired value, it 
is unnecessary to control all the parameters, such as the con 
centration of the solvent and temperature distribution of the 
Substrate 11, and any one parameter may be controlled. 
0283 Moreover, in the present embodiment, in the level 
ing and drying treatments, the concentration of the solvent 
and the temperature distribution of the temperature control 
plate are not limited to the above-described values, and can be 
changed in accordance with type of coating Solution used, 
Substrate, and coating method. 
0284. Furthermore, the solvent for use in the leveling treat 
ment is not limited to the solvent of the material used in the 
liquid film 16, and any material that functions with respect to 
the liquid film 16 so as to promote the fluidity of the liquid 
film 16 may be used. Additionally, a solvent including a 
Surface-active agent which functions so as to lower the Sur 
face tension of the liquid film 16 may also be used. 
0285 Moreover, in the present embodiment, the fluidity of 
the surface is promoted by adding the solvent to the surface of 
the liquid film 16 and the leveling is performed, but this is not 
limited. 
0286. In the leveling treatment, the gas including the sol 
vent with the given concentration is supplied into the chamber 
201, and the temperature control plate 206 is used to control 
the temperature of the substrate 11, so that the surface can be 
flatted. 
0287. Here, the leveling treatment will concretely be 
described with reference to FIGS. 31A to 31C. FIG.31A is a 
diagram showing the change of the film thickness of the liquid 
film in each position on the substrate with time in the leveling 
treatment according to the fifth embodiment, FIG. 31B is a 
diagram showing the change of solvent concentration in gas 
supplied into the chamber with time in the leveling treatment 
according to the fifth embodiment, and FIG.31C is a diagram 
showing the change oftemperature of the middle and periph 
eral edge plates in the leveling treatment according to the fifth 
embodiment. 
0288 First, the substrate 11 is conveyed into the chamber 
201 of the leveling/drying treatment apparatus 200, and laid 
and fixed onto the stage 205. At this time, the temperature T 
of the middle plate 206a disposed in the stage 205 is set at 30° 
C., and the temperature T, of the peripheral edge plate 206b is 
Set at 23° C. 
0289. Thereafter, the leveling treatment is started so as to 

flat the surface of the liquid film 16. At this time, as shown in 
FIG.31B, during the leveling treatment, the concentration of 
the solvent in the gas supplied into the chamber 201 is kept 
constant. For example, the concentration of the solventis kept 
at 50%. 
0290 Immediately after the leveling treatment is started, 
as shown in FIG. 31C, the film thickness of the liquid film 16 
largely deviates in the respective points P. P. P. on the 
substrate 11. 
0291 Moreover, as shown in FIG. 31C, after the leveling 
treatment starts, the temperature T, of the peripheral edge 
plate 206b is lowered to about 30° C. As a result, the tem 
perature of the middle portion of the substrate varies greatly 
from that of the peripheral edge of the substrate. 
0292. In this leveling treatment, the temperature of the 
middle portion of the substrate 11 is raised, the viscosity of 
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the liquid film 16 is reduced, and the fluidity is further pro 
moted. Thereby, the surface can be flatted in the same manner 
as in the case in which the solvent is supplied to the surface of 
the liquid film 16. 
0293. Furthermore, at this time, the temperature of the 
peripheral edge of the substrate 11 is lowered to about 20°C. 
During the leveling treatment, the temperature of the periph 
eral edge of the substrate 11 is set to be lower than that of the 
middle portion. Therefore, it is possible to inhibit the solid 
content from moving toward the middle portion from the 
peripheral edge of the substrate 11. 
0294. In the present embodiment, in the drying treatment, 
the inside of the chamber 201 is exhausted, and the solvent of 
the liquid film is vaporized in this reduced pressure state, but 
this is not limited, and can be changed as follows. 
0295 For example, in order to promote the vaporization of 
the solvent, the air current by the inactive gas (e.g., N, Ar) is 
formed on the surface of the liquid film 16, and the drying 
treatment can be performed. In this case, as shown in FIG.32, 
in the leveling/drying treatment apparatus 200, the gas con 
trol unit 202 is used. The inactive gas such as N is fed into the 
chamber 201 from above the substrate 11, the air current is 
supplied to the surface of the liquid film 16 to vaporize the 
Solvent, and the drying treatment can be performed. Here, as 
described above, in the leveling/drying treatment apparatus 
200, the temperature control plate 206 is disposed on the stage 
205 on which the substrate 11 is laid. Moreover, if there is no 
particular problem, air may be used informing the air current. 
0296) Note that the supply of gas from above the substrate 
11 is not limited. In the leveling/drying treatment apparatus 
200, the gas is fed into the chamber 201 from below the 
substrate 11, and may be exhausted from above the substrate 
11. Moreover, the air current may flow in one direction (trans 
verse direction) with respect to the surface of the substrate 11. 
For example, the gas may be supplied through one end of the 
substrate 11 and exhausted through the other end. 
0297 Here, this drying treatment will concretely be 
described with reference to FIGS. 33A to 33C. FIG. 33A is a 
diagram showing the change of the film thickness of the liquid 
film in each position on the substrate with time in the leveling 
and drying treatments according to the fifth embodiment, 
FIG.33B is a diagram showing a change of a flow rate of N. 
gas Supplied into the chamber with time in the leveling and 
drying treatments according to the fifth embodiment, and 
FIG.33C is a diagram showing the change of temperature of 
the middle and peripheral edge plates in the leveling and 
drying treatments according to the fifth embodiment. FIGS. 
33A to 33C continuously show the states of the above-de 
scribed leveling and drying treatments. 
0298 As shown in FIG. 33A, the leveling treatment is 
performed, and the difference of the film thickness of each 
point is controlled to be within the given range. Thereafter, 
the drying treatment is performed, and the solvent is vapor 
ized until the liquid film 16 obtains a predetermined film 
thickness (e.g., 400 nm). 
0299. After the leveling treatment ends, the drying treat 
ment is performed. In the drying treatment, the inactive gas 
(e.g., N., Ar) is fed into the chamber 201, and the air current 
is formed on the surface of the liquid film 16 to vaporize the 
solvent in the liquid film. At the drying treatment time, Nagas 
is supplied into the chamber 201, and an air current is formed 
in the surface of the liquid film 16. As shown in FIG.33B, at 
the drying treatment time, the flow rate of the N gas is 
increased to about 5 L/min. 
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0300 Moreover, at this time, in the process of the drying 
treatment, the temperature of the substrate 11 is controlled. 
Here, as shown in FIG.33C, the temperature T of the middle 
plate 206a is kept at about 23° C. as in the leveling treatment 
time. The temperature T of the peripheral edge plate 206b is 
gradually lowered to about 13°C. from 15° C. of the leveling 
treatment time. Thereafter, in the process of the drying treat 
ment, the temperature T of the peripheral edge plate 206b is 
kept at about 13°C. 
0301 In this manner, during the leveling treatment, the 
temperature of the peripheral edge of the substrate 11 is set to 
be lower than that of the middle portion, and it is possible to 
reduce the movement of the solid content toward the middle 
portion from the peripheral edge. 
0302) In the present embodiment, when the solvent of the 
liquid film 16 is sufficiently vaporized, and the film thickness 
of the liquid film 16 reaches the predetermined film thickness 
in the respective points P, P, P on the substrate 11 and does 
not change, the drying treatment is ended. 
0303. In the present embodiment, in this case, during the 
drying treatment, the flow rate of the air current is changed as 
needed, and the film thickness of the liquid film 16 can be 
inhibited from being lowered on the peripheral edge of the 
substrate 11. For example, the temperature of the peripheral 
edge of the substrate 11 is lowered, and the temperature 
difference from the middle portion is generated. Additionally, 
the air current may also be increased toward the end from the 
initial stage of the drying in accordance with the film thick 
ness in the respective points P. P. P. on the substrate 11. In 
this method, the solid content of the liquid film moved toward 
the middle portion from the peripheral edge of the substrate is 
pushed back toward the peripheral edge and the drying may 
be performed. 
0304. Here, this drying treatment will be described with 
reference to FIGS. 34A to 34C. FIG. 34A is a diagram show 
ing the change of the film thickness of the liquid film in each 
position on the Substrate with time in the leveling and drying 
treatments according to the fifth embodiment, FIG. 345 is a 
diagram showing the change of the flow rate of N gas Sup 
plied into the chamber with time in the leveling and drying 
treatments according to the fifth embodiment, and FIG. 34C 
is a diagram showing the change oftemperature of the middle 
and peripheral edge plates in the leveling and drying treat 
ments according to the fifth embodiment. FIGS. 34A to 34C 
show the states of the above-described leveling and drying 
treatmentS. 

0305 As shown in FIG. 34A, the leveling treatment is 
performed, and the difference of the film thickness is con 
trolled to be within the given range. After the leveling treat 
ment, the drying treatment is performed until the liquid film 
16 obtains the predetermined film thickness (e.g., 400 nm). 
0306 In the drying treatment, an inactive gas (e.g., N, Ar) 

is fed into the chamber 201, and an air current is supplied onto 
the surface of the liquid film 16 to vaporize the solvent. 
Concretely, N, gas is ted into the chamber 201, and the air 
current is formed over the surface of the liquid film 16. At this 
time, as shown in FIG. 34B, the flow rate of the gas is 
increased to 5 L/min from the start time of the drying treat 
ment. Thereafter, the flow rate is substantially kept, and 
increased to about 2500 L/min in an index function manner at 
the point of end. 
0307. In the drying treatment, the temperature of the sub 
strate 11 is controlled. Here, as shown in FIG. 34C, the 
temperature T, of the peripheral edge plate 206b is gradually 
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lowered to about 17°C. from the temperature (20°C.) of the 
leveling treatment time. Thereafter, in the process of the dry 
ing treatment, the temperature T is maintained constant. On 
the other hand, the temperature T of the middle plate is 
lowered to about 23°C. (-room temperature) from the tem 
perature (30°C.) of the leveling treatment time. Thereafter, 
the temperature T is maintained constant. 
0308. In the present embodiment, when the solvent of the 
liquid film 16 is sufficiently vaporized, and the film thickness 
of the liquid film 16 reaches a predetermined film thickness 
(e.g., 400 nm) in the respective points P. P. P. on the sub 
strate 11, and does not change, the drying treatment is ended. 
0309 Moreover, when an air current is supplied to the 
liquid film 16 to perform the drying treatment, a part of the 
leveling/drying treatment apparatus 200 is changed, and an 
air current control plate 212 may be disposed in the position 
of the outer periphery of the substrate 11 as shown in FIG.35. 
Since the air current control wall 212 is disposed in this 
position, the air current is reduced on the peripheral edge of 
the Substrate 11, and rapid drying (i.e., vaporization of the 
solvent) can be inhibited. Therefore, controllability of the 
film thickness of the liquid film 16 is enhanced in the periph 
eral edge of the substrate 11. 
0310. In the present embodiment, when the rotation of the 
substrate is combined at the drying treatment time, the film 
thickness difference of the liquid film is controlled to be 
within the given range, and the solvent can be vaporized. 
0311. In this case, a part of the leveling/drying treatment 
apparatus 200 is changed, and a rotation system stage 213 is 
disposed as shown in FIG. 36. While the substrate 11 is laid 
and fixed onto the rotation system stage 213, the leveling and 
drying treatments are performed. Moreover, the rotation sys 
tem stage 213 is connected to the analysis unit 210. The 
analysis unit 210 sends an indication of a rotation speed to the 
rotation system stage 213 based on the measurement result of 
the optical system for film thickness measurement 207, and 
the rotation speed of the substrate 11 is controlled. 
0312 For example, after the leveling treatment, the gas in 
the chamber 201 is exhausted, and the drying treatment is 
performed in the reduced pressure state. During the drying 
treatment, the substrate 11 starts to be rotated at a predeter 
mined timing. While the rotation speed of the substrate 11 is 
increased, the film thickness of the liquid film 16 is controlled 
in each point. 
0313 This drying treatment will be described with refer 
ence to FIGS. 37A to 37C. FIGS. 37A to 37C continuously 
show the states of the above-described leveling and drying 
treatmentS. 

0314. As shown in FIG.37A, after the leveling treatment, 
the difference of the film thickness in each point is controlled 
to be within the given range, the solvent of liquid film 16 is 
vaporized until a predetermined film thickness (e.g., 400 nm) 
is obtained, and the drying treatment is performed. 
0315. At this time, the drying treatment is performed in a 
reduced pressure state in the chamber 201. In order to vapor 
ize the solvent in the liquid film 16, a vacuum pump disposed 
in the exhaust unit 203 is used to exhaust the atmosphere in 
the chamber 201 to the outside at-60 Torr/sec. Concretely, as 
shown in FIG.37B, the pressure in the chamber 201 is kept at 
about 760 Torr during the leveling treatment. Thereafter, the 
atmosphere in the chamber 201 is exhausted at-60 Torr/sec. 
and pressure in the chamber 201 is set to about 2 Torr corre 
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sponding to the vapor pressure of the solvent. Moreover, 
during the drying treatment, the pressure in the chamber 201 
is kept at 2 Torr. 
0316. Moreover, as shown in FIG.37C, the leveling treat 
ment is performed while the substrate 11 is in a stationary 
state (rotation speed of 0 rpm). The substrate 11 is rotated 
from the middle of the drying treatment. Towards the end of 
the drying treatment, the rotation speed is rapidly increased in 
the index function manner until the rotation speed is about 
300 rpm. 
0317. In this case, the rotation speed of the substrate is 
increased in accordance with the film thickness of the liquid 
film 16, the flow of the liquid film 16 to the middle portion 
from the peripheral edge is inhibited by the centrifugal force, 
and the solid content can be inhibited from moving onto the 
middle portion. Moreover, this method can also be applied to 
the drying treatment in which an air current is Supplied, as 
described above. 

0318. This drying treatment will be described with refer 
ence to FIGS. 38A to 38C. FIGS. 38A to 38C show the States 
of the above-described leveling and drying treatments. FIG. 
38A is a diagram showing the change of the film thickness of 
the liquid film in each position on the substrate with time in 
the leveling and drying treatments according to the fifth 
embodiment, FIG. 38B is a diagram showing the change of 
the flow rate of Nagas supplied into the chamber with time in 
the leveling and drying treatments according to the fifth 
embodiment, and FIG.38C is a diagram showing the change 
of the rotation speed of the substrate in the leveling and drying 
treatments according to the fifth embodiment. 
0319. As shown in FIG.38A, after the leveling treatment, 
the difference in film thickness at each point is controlled to 
be within a given range, the solvent of liquid film 16 is 
vaporized until a predetermined film thickness (e.g., 400 nm) 
is obtained, and the drying treatment is performed. 
0320 At this time, after the end of the leveling treatment, 
an inactive gas (e.g., N, Ar) is fed into the chamber 201, and 
the air current is formed on the surface of the liquid film 16 to 
vaporize the solvent in the liquid film 16. Concretely, as 
shown in FIG. 38B, N, gas is fed into the chamber 201 at a 
flow rate of about 5 L/min, and an air current is formed over 
the surface of the liquid film 16. 
0321) Moreover, as shown in FIG.38C, the leveling treat 
ment is performed while the substrate 11 is in the stationary 
state (rotation speed of 0 rpm). Thereafter, the substrate 11 
starts to be rotated during the drying treatment. The rotation 
speed of the substrate is rapidly increased in the index func 
tion manner until the rotation speed reaches about 300 rpm. In 
this case, the rotation speed is increased in accordance with 
the film thickness of the liquid film 16. By the centrifugal 
force, the liquid film 16 is pushed back onto the peripheral 
edge, and the Solid content can be inhibited from moving onto 
the middle portion. 
0322 Note that as a result of the monitoring/controlling of 
the film thickness of each point, in one example, the flow rate 
of the air current and the rotation speed are increased in the 
index function manner, but this is not limited. A timing for 
controlling the rotation speed of the Substrate and starting the 
rotation can be changed in accordance with the state of the 
film thickness. For example, when the liquid film obtains a 
predetermined film thickness, the rotation speed of the sub 
strate may linearly (linear function manner) be increased to 
control the film thickness. 
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0323. This drying treatment will be described with refer 
ence to FIGS. 39A to 39C. FIG. 39A is a diagram showing the 
change of the film thickness of the liquid film in each position 
on the Substrate with time in the leveling and drying treat 
ments according to the fifth embodiment, FIG. 39B is a dia 
gram showing the change of the flow rate of N gas supplied 
into the chamber with time in the leveling and drying treat 
ments according to the fifth embodiment, and FIG. 39C is a 
diagram showing the change of rotation speed of the Substrate 
in the leveling and drying treatments according to the fifth 
embodiment. FIGS. 39A to 39C continuously show the states 
of the above-described leveling and drying treatments. 
0324. As shown in FIG. 39A, after the leveling treatment, 
the difference in the film thickness is controlled to be within 
a given range in the respective points P. P. P. on the Sub 
strate 11, the solvent of the liquid film 16 is vaporized until a 
predetermined film thickness (e.g., 400 nm) is obtained, and 
a drying treatment is performed. 
0325 At this time, after the leveling treatment ends, an 
inactive gas (e.g., N, Ar) is fed into the chamber 201, and an 
air current is supplied onto the surface of the liquid film 16 to 
vaporize the solvent. Concretely, as shown in FIG. 39B, N is 
supplied into the chamber 201 at about 5 L/min, and an air 
current is formed over the surface of the liquid film 16. 
0326 Moreover, as shown in FIG. 39C, the leveling treat 
ment is performed while the substrate 11 is in the stationary 
state (rotation speed of 0 rpm). At the drying treatment time, 
when the film thickness of the liquid film 16 reaches the 
predetermined value, the substrate 11 starts to be rotated. In 
the present embodiment, when the film thickness of the liquid 
film 16 reaches 6.0 the substrate 11 starts to be rotated. The 
rotation speed of the substrate 11 is linearly (linear function 
manner) increased to reach about 300 rpm. The rotation speed 
of the substrate 11 is increased in accordance with the film 
thickness of the liquid film 16. By the centrifugal force, the 
liquid film 16 is inhibited from flowing into the middle por 
tion from the peripheral edge, and the solid content can be 
inhibited from moving onto the middle portion. 
0327. In the present embodiment, in one example, the 
drying treatment is performed until the film thickness of the 
solid film is substantially obtained (e.g., 400 nm), and the film 
thickness of the liquid film 16 does not change. Concretely, 
the treatment is performed until the concentration of the solid 
content in the liquid film 16 reaches 80% or more. After the 
drying treatment, a baking treatment is performed to vaporize 
the remaining solvent, and the film is stabilized. However, the 
process is not limited to the above-described process. For 
example, after ending the drying treatment in a stage in which 
the film thickness of the liquid film still changes, a baking 
treatment can also be performed. In this case, the drying 
treatment ends, when the liquid film 16 reaches predeter 
mined film thickness (e.g., 1.0 Lm). Thereafter, the baking 
treatment is performed to stabilize the film, and a solid film 
having a film thickness of 400 nm is formed. 
0328 Note that, here, to prepare for the supply of the air 
current to the liquid film 16, the air current control wall 
described above with reference to FIG. 35 can be disposed in 
the leveling/drying treatment apparatus 200 shown in FIG. 
36. 

0329. As described above, in the present embodiment, as 
needed, the film thickness in each point is monitored, the 
leveling and drying treatments are performed, and the respec 
tive treatment parameters (concentration and pressure of the 
solvent in the chamber, temperature distribution of the sub 
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strate, air current required for the drying treatment, and rota 
tion speed of the substrate) are controlled until these treat 
ments end, but the present invention is not limited to this. 
0330 For example, as described hereinafter, in the level 
ing treatment and in the initial stage of the drying treatment, 
a control function is derived by fitting the value of each 
treatment parameter with respect to time. Thereafter, the con 
trol may also be executed based on the derived control func 
tion until the end of each treatment. 

fiTt)=0 

f(R,t)=0 

0331 P: pressure in the chamber 
0332 T: temperature of the substrate 
0333 V: flow rate of the air current 
0334 R: rotation speed of the substrate 
0335 t: time 
0336 Moreover, as described above, after once deriving 
the control function, the control function is stored in the 
analysis unit 210. In the treatment of the second and subse 
quent Substrates, without monitoring the film thickness of the 
liquid film 16, each treatment can be performed while refer 
ring to the control function of the analysis unit 210. 
0337 For example, to perform the drying treatment by the 
control of the rotation speed of the substrate 11, from start 
time t of the drying treatment till time t, the film thickness 
of the liquid film 16 in each point is measured and monitored, 
and the rotation speed of the substrate 11 is controlled till the 
initial stage. FIG. 40A shows tendency of the change of the 
film thickness of the liquid film 16 at d=-0.16t--10 (d: film 
thickness, t: time). Moreover, FIG. 40B shows the rotation 
speed of the substrate in accordance with the film thickness 
change shown in FIG. 40A. At this time, when the change of 
the rotation speed of the substrate with respect to the change 
with time t to t is derived as the function by the fitting, the 
rotation speed of the substrate: R=2.5e'. Therefore, from 
time t, until end time t, of the drying treatment, the rotation 
speed of the substrate 11 is controlled in accordance with the 
function: R=2.5e'7. 
0338 For the second and subsequent substrates, the rota 
tion speed of the substrate 11 may be controlled in accordance 
with the control function: R=2.5e'7. 
0339. Note that the solid content does not move with the 
movement of the solution in the transverse direction of the 
Substrate. In this case, the respective conditions such as the 
temperature of the Substrate at the drying time, air current of 
the drying treatment, atmosphere concentration in the cham 
ber, and pressure are changed using a test Substrate before 
hand. Moreover, the film thickness is measured by reflected 
light measurement in a plurality of points including at least 
the Substrate center, coating start position, and coating end 
position. From these results, a condition on which the inter 
ference fringes of the reflected light are generated with 
respect to the film thickness of the liquid film in one direction, 
or toward the outer periphery from the substrate center may 
be determined. 
0340. As described above, the present embodiment com 
prises: forming a liquid film; Subsequently continuously per 
forming a leveling and drying treatments; controlling the film 
thickness difference of the liquid film as needed in each 
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treatment step; and forming the film including the Solid con 
tent on the substrate. Therefore, when the film thickness of the 
liquid film in each point is within the predetermined range 
after forming the liquid film on the Substrate, the drying 
treatment can also be performed without performing the lev 
eling treatment. Moreover, after the leveling treatment, 
depending on the material of the liquid film, the Solid content 
hardly moves during the drying treatment. In this case, as 
described above, the film thickness is not particularly con 
trolled, the solvent of the liquid film is vaporized in the 
related-art method, and the drying treatment can also be per 
formed. In this case, a magnitude relation of the temperature 
may be reversed in the middle portion and peripheral edge of 
the Substrate so as to perform the drying treatment. That is, in 
the process in which the drying treatment is performed, the 
temperature of the middle portion of the substrate is set to be 
lower than that of the peripheral edge, so that the solvent of 
the liquid film can also be vaporized. 
0341. Additionally, the constitution of the leveling/drying 
treatment apparatus can appropriately be changed without 
departing from the scope of the present invention, and the 
Substrate to be actually coated and solution may be used to 
carry out the experiment described in the present embodiment 
and to determine each condition. 

Sixth Embodiment 

0342 FIGS. 41A to 41E are process sectional views show 
ing a manufacturing process of a semiconductor apparatus 
according to a sixth embodiment of the present invention. 
0343 First, as shown in FIG. 41A, a liquid film302 includ 
ing a resist solution is formed on a substrate 301. The resist 
Solution is obtained by dissolving a chemical amplification 
type resist material (first material) obtained by blending a 
resin, dissolution inhibitor material, and acid generating 
material at a given ratio in ethyl lactate (solvent). The resist 
solution is adjusted so as to set the film thickness of the resist 
film (solid film) including the resist material finally to 300 nm 
in the state in which the solvent in the liquid film is com 
pletely evaporated. Note that the substrate 301 includes the 
semiconductor Substrate, and is in the middle of the manu 
facturing process of the semiconductor apparatus. 
0344 An outline of the liquid film forming apparatus for 
use in forming the liquid film 302 is shown in FIG. 42. 
0345 The apparatus shown in FIG. 42 will next be 
described. As shown in FIG. 42, a substrate hold portion 330 
on which the substrate 301 is mounted is connected to a 
driving system 331 which rotates centering on the substrate 
301. Moreover, a solution discharge nozzle 332 which dis 
charges the solution and which can be moved in the diameter 
direction by a nozzle driving system 333 is disposed above the 
substrate 301. The solution discharge nozzle 332 is connected 
to a solution supply pump 335 which supplies the solution to 
the solution discharge nozzle 332 via a solution supply tube 
334. The discharge speed from the solution discharge nozzle 
332 is controlled by controlling a solution supply pressure 
from the solution supply pump 335. 
0346. The solution discharge nozzle 332 starts movement 
substantially from the center of the substrate 301 by the 
nozzle driving system 333, and continuously supplies the 
solution onto the substrate 301 while substantially moving to 
the edge of the substrate 301. The solution supply ends when 
the Solution discharge nozzle reaches the edge of the Substrate 
301. In movement start and end points of the solution dis 
charge nozzle, solution cut-off functions 336a, 336b are dis 
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posed. The solution cut-off function 336a in the movement 
start point cuts off the solution discharged from the solution 
discharge nozzle 332 until the rotation speed of the substrate 
hold portion 330, movement speed of the nozzle driving 
system 333, and discharge speed from the Solution discharge 
nozzle 332 reach predetermined values required at the coating 
start time, and prevents the solution from reaching the Sub 
strate 301. Moreover, the solution cut-off function336b in the 
movement end point is on Standby above the edge of the 
substrate 301 so as to prevent the solution from being Sup 
plied to the edge of the substrate 301, and cuts off the solution 
discharged from the nozzle 332, when the solution discharge 
nozzle 332 reaches the edge of the substrate 301. The solution 
is thus prevented from reaching the substrate 301. 
0347 While the solution is supplied onto the substrate 
301, the rotation speed of the substrate hold portion 330, 
movement speed of the nozzle driving system 333, and dis 
charge speed from the solution discharge nozzle 332 are 
managed by a rotation driving control unit 338, nozzle driving 
control unit 337, and solution supply pump 335. Note that a 
controller 339 for controlling the pump 335 and control units 
337,338 is disposed upstream. 
(0348. The controller 339 determines the rotation speed of 
the substrate 301, movement speed of the solution discharge 
noZZle 332, and discharge speed from the solution discharge 
nozzle 332 based on position information of the solution 
discharge nozzle 332 on the substrate 301, and instructs the 
rotation driving control unit 338, nozzle driving control unit 
337, and solution supply pump 335. When these operated 
based on the instruction, the solution is Supplied in a spiral 
form onto the substrate 301. The solution supplied onto the 
substrate 301 spreads, and is combined with the adjacent 
liquid film to form one liquid film 302 on the substrate 301. 
0349 For the resist solution for use in the above-described 
two apparatuses, a solution having a small solid content, and 
low viscosity in a range of about 0.001 Pa's to 0.010 Pas (1 cp 
to 10 cp) is used. 
0350. The discharging of the solution onto the substrate 
301 from the solution discharge nozzles 322, 332 by the 
above-described apparatus will be described with reference 
to FIG. 43. FIG. 43 is a sectional view for use in the descrip 
tion of the discharge state of the solution by the liquid film 
forming apparatus shown in FIG. 42. As shown in FIG. 43, the 
solution discharge nozzles 322, 332 spirally discharge solu 
tions 342a, 342b, 342c in adjacent positions. The spirally 
discharged solutions 342a, 342b, 342c spread by the fluidity 
of the solutions with time to form one liquid film. Moreover, 
as shown in FIG. 41A, the surface of the connected liquid film 
has a substantially flat shape by the surface tension of the 
liquid. 
0351. Subsequently, the solvent in the liquid film 302 is 
removed. To remove the solution, the substrate having the 
liquid film formed on the main surface thereof is exposed 
under a reduced pressure, or heated using an oven or hot plate, 
the solvent in the liquid film is evaporated, and the solvent can 
be removed. 
0352. When the removal of the solvent proceeds to some 
degree, as shown in FIG. 41B, a first resist layer 311 of the 
lower layer including the resist material is formed from a 
direction of a lower part of the liquid film 302. Moreover, in 
the surface layer of a liquid film 302a in which the solvent is 
being evaporated, the Viscosity is in a high state. 
0353. To remove the solvent, the film thickness of the first 
resist layer 311 being formed is measured. The film thickness 
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of the first resist layer 311 can be obtained, for example, by 
irradiating the liquid film 302 with a light from the light 
Source having a single wavelength as a collimated light, 
monitoring a reflected light intensity, capturing an interfer 
ence waveform in the liquid film, and analyzing the waveform 
using an optical constant (refractive index and attenuation 
coefficient) of the liquid film. 
0354) When the film thickness of the first resist layer 311 
being formed reaches 290 nm, the removing of the solvent 
once stops. 
0355 Subsequently, as shown in FIG. 41C, the removal of 
the solvent is once stopped, a second solution (second mate 
rial solution) 303 in which the dissolution inhibitor material 
included in the above-described resist material is dissolved in 
ethyl lactate is sprayed onto the surface of the liquid film 302 
in the process of solidifying, and the dissolution inhibitor 
material is supplied to the surface of the liquid film 302a. To 
spray the second solution 303, for example, the substrate 301 
including the liquid film 302a remaining on the Surface 
thereof is laid in a container filled with a mist solution. 

0356. Moreover, to spray the second solution 303, the 
substrate 301 is rotated, and the solution can be supplied in a 
mist form substantially from above the rotation center of the 
substrate 301. When the substrate 301 is rotated, the air cur 
rent directed toward the outside of the substrate substantially 
from the rotation center is generated. When the mist solution 
is supplied substantially from above the rotation center, the 
mist solution rides on the air current, and the solution is 
substantially uniformly sprayed over the whole surface of the 
Substrate 301. 

0357 Thereafter, the solvent (ethyl lactate) is continu 
ously removed, the solvent in the liquid film is completely 
removed, and a solid resist film (solid film) 310 is formed as 
shown in FIG. 41D. The resist film 310 is constituted of the 
first resist layer 311 and second resist layer 312 on the first 
resist layer 311. The second resist layer 312 has a film thick 
ness of 10 nm. As a result of material analysis such as XPS, it 
has been confirmed that much dissolution inhibitor is distrib 
uted in the second resist layer 312 as compared with the first 
resist layer 311. 
0358 According to the above-described method, the dis 
solution inhibitor material is added to the surface of the liquid 
film 302a during the drying, the solvent is further removed, 
and it is possible to easily form the resist film 310 which has 
a different composition only in the surface layer. Since it is 
unnecessary to separately form the resist film having the 
different composition, a manufacturing time of the resist film 
different in the composition in the film thickness direction is 
shortened. 

0359 Subsequently, as shown in FIG. 41E, after exposure 
and post-exposure bake treatment (PEB) are performed, 
development is performed to form a resist pattern 313. 
0360. As shown in FIG. 41E, the upper part of the first 
resist layer 311 is rounded, but the upper surface of the second 
resist layer 312 is maintained in a rectangular shape. 
0361. The exposure, post-exposure bake treatment, and 
development of the chemical amplification type resist film 
will briefly be described. When the acid generating material 
in the chemical amplification type resist film is irradiated with 
light, the acid generating material is decomposed and acid 
molecules are generated. Moreover, the resist film is heated, 
then the acid molecules decompose the dissolution inhibitor 
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material, and the dissolution inhibitor material is changed 
into a molecular structure which can be dissolved in a devel 
oper. 
0362. The shape of the resist pattern prepared from the 
resist film formed in the related-art method is shown in FIG. 
44. A resist pattern 351 shown in FIG. 44 is prepared on the 
same conditions as those of the exposure and development of 
the resist pattern 313 shown in FIG. 41E. 
0363 The reason why the shape of the upper surface of the 
second resist layer 312 is maintained in the rectangular shape 
will be described hereinafter. The upper surface of the resist 
film is exposed to the developer for a long time. Therefore, 
with the resist film in which the dissolution inhibitor material 
is uniformly distributed, the upper part is rounded. However, 
when much dissolution inhibitor is included in the surface as 
in the present embodiment, the development speed in the 
upper part can be lowered, and the Surface shape can be 
rectangular. 
0364. As described above, when the present method is 
used, the profile of the resist pattern can easily be improved. 
0365. Note that in the method described in the present 
embodiment, the evaporation is not performed at all, the 
second solution is Supplied onto the liquid film in this state, 
and the dissolution inhibitor material in the second solution is 
diffused in the liquid film. Therefore, in the state in which the 
Solvent is removed to some degree and the resist film is 
formed in the lower part, the second solution has to be sup 
plied onto the liquid film. 
0366 Note that in the present embodiment the second 
resist layer 312 including much dissolution inhibitor is 
formed in a range of 10 nm from the surface, but this is not 
limited. This differs by the exposure, post-exposure bake, and 
development conditions. Therefore, in order to obtain the 
desired resist pattern, experiments are repeatedly conducted, 
and the film thickness width including much dissolution 
inhibitor and the amount of the dissolution inhibitor may be 
optimized. Moreover, the resist film described in the present 
embodiment is defined as a photo-sensitive resin film which 
contains photosensitive polyimide. 
0367 The film thickness of the layer including much dis 
solution inhibitor is determined by the timing to supply the 
second solution. That is, the thickness is determined by the 
amount of the liquid film formed on the solid film being 
formed. Therefore, in the method described in the present 
embodiment, it is important to grasp the evaporation state of 
the solvent. 

0368 For the resist solution for use in the above-described 
two apparatuses, the solution containing a large amount of 
solvent in the liquid film is used. Therefore, much time is 
required for removing the solvent, and it is easy to grasp the 
evaporation state of the solvent. Therefore, in the method 
described in the present embodiment, the above-described 
liquid film forming apparatus is preferably used. 
0369. Note that the method described in the present 
embodiment can also be applied to the liquid film formed by 
a spin coating method. Moreover, the present invention can 
also be applied to the liquid film prepared in various methods 
Such as a method of discharging or spraying the Solution to 
form the film, and a method of using the meniscus phenom 
enon to form the film, as disclosed in Jpn. Pat. Appln. KOKAI 
Publication Nos. 2-220428, 6-151295, 7-321001, 2001 
3101.55, and 11-243043. 
0370 Moreover, in the present embodiment, the same dis 
Solution inhibitor material as that contained in the resist mate 
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rial is used as the dissolution inhibitor material, but this is not 
limited. As long as the desired resist pattern profile is 
obtained, any available material may also be used. Also in this 
case, the experiments are repeatedly conducted, the material 
is selected, and the film thickness width to be added and 
addition amount may be optimized. 
0371 Moreover, in the present embodiment, the removal 
of the solvent is once stopped, the solution in which the 
dissolution inhibitor material included in the above-described 
resist is dissolved in ethyl lactate is sprayed onto the liquid 
film surface in the process of solidification, and thereafter the 
solvent (ethyl lactate) is continuously removed, but this is not 
limited. 
0372 For example, while the solvent is removed, the spray 
amount of the solution containing the dissolution inhibitor 
material dissolved in the ethyl lactate is increased with time to 
form the resist film, and it is also possible to raise the con 
centration of the dissolution inhibitor material in the vicinity 
of the film surface. 
0373) When the resist film is subjected to this treatment, as 
shown in FIG. 45, a rectangular satisfactory resist pattern 361 
can be obtained. In FIG. 45, a second resist layer 312 has a 
dissolution inhibitor material concentration higher than that 
of the first resist layer 311, and is a resist film which has a 
profile having the high dissolution inhibitor material concen 
tration in the vicinity of the surface. FIG. 45 is a sectional 
view showing the shape of the resist pattern prepared using 
the resist film having the profile which has the higher disso 
lution inhibitor material concentration closer to the surface. 

0374 Moreover, in the present embodiment, the layer 
including more dissolution inhibitor in the resist film surface 
is formed in consideration of pattern deterioration during the 
development, but this is not limited. 
0375 For the film in which evaporation of acid at a bake or 
exposure time as a problem in the chemical amplification type 
resist is remarkably seen, in consideration of the amount of 
acid lost at the bake and exposure time, the acid generating 
material is selected as the second material, and the resist film 
containing more acid generating materials may be formed in 
the resist film surface in a method similar to that of the present 
embodiment. Also with respect to the acid generating mate 
rial for use herein, the experiments are repeatedly conducted 
for the film thickness width to be added and addition amount 
with respect to the available material, the material is selected, 
and the film thickness width to be added and addition amount 
may be optimized. 
0376. The evaporation of acid occurs particularly remark 
ably in the film surface. Therefore, the spray amount of the 
Solution obtained by dissolving the acid generating material 
in the solvent is preferably increased with time. 
0377. Of course, to establish both a countermeasure 
against the evaporation of acid at the bake or exposure time 
and a countermeasure against the pattern deterioration at the 
development time, the dissolution inhibitor material and acid 
generating material are selected as the second materials. The 
resist film which contains more dissolution inhibitor and acid 
generating materials in the resist film Surface may also be 
formed in a method similar to that of the present embodiment. 
Also with respect to the acid generating material for use 
herein, the experiments are repeatedly conducted for the film 
thickness width to be added and addition amount with respect 
to the available material, the material is selected, and the film 
thickness width to be added and addition amount may be 
optimized. Also in this case, the spray amount of the Solution 
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obtained by dissolving the acid generating material and dis 
solution inhibitor material in the solvent is preferably 
increased with time. 
0378 Examples of the resist as the object to which the 
present technique is applied include: chemical amplification 
type resists which have photo sensitivity with respect to deep 
UV and vacuum ultraviolet light, such as KrF, ArF, and F. 
lasers (energy line); chemical amplification type resists 
which have photo sensitivity to high and low-acceleration 
electron beams (energy lines); and chemical amplification 
type resists which have photo sensitivity to ion beams (energy 
lines). 
0379. Note that the second material is scattered without 
being dissolved in the solvent, the solvent remains in the 
Surface layer in the liquid film, and the second material may 
be supplied to the liquid film in this state. 
0380 Moreover, when a goal of changing the composition 
of a film thickness direction can be achieved using the same 
composition for the first and second materials, the same com 
position may be used in the first and second materials. 

Seventh Embodiment 

0381. It is proposed to use an SiOC composition film 
whose permittivity is lower than that of an SiO film as the 
interlayer insulating film for use in the semiconductor appa 
ratus. Since the SiOC composition film is not dense, the 
material of a wiring formed in the surface is easily diffused. 
Therefore, the dense film such as the SiO film is formed on 
the surface of the SiOC composition film in order to prevent 
the material from being diffused. 
0382. The SiOC composition film and SiO, film have to be 
thus separately formed, and the number of steps has 
increased. In the present embodiment, a manufacturing 
method of the semiconductor apparatus will be described in 
which the SiOC composition film and SiO film are continu 
ously formed so as to reduce the number of steps. 
0383 FIGS. 46A to 46Care process sectional views show 
ing the manufacturing process of the semiconductor appara 
tus according to a seventh embodiment. 
0384 First, as shown in FIG. 46A, on a substrate 401, a 
liquid film 402 is formed including a solution (solid content of 
10%) in which the first material mixed at a ratio of SiO: 
SiOCH=1:r is dissolved in the solvent. The liquid film 402 
is formed in a method similar to the forming method 
described in the first embodiment. Note that the substrate 401 
includes the semiconductor substrate and is in the middle of 
the manufacturing process of the semiconductor apparatus. 
0385 Subsequently, the substrate 401 on which the liquid 
film 402 is formed is contained in the pressure reduction 
chamber. The liquid film is exposed to the reduced pressure 
Substantially equal to the vapor pressure of the solvent 
included in the liquid film 402, and the solvent in the liquid 
film is slowly removed. The liquid film surface is vertically 
irradiated with a monochromatic light of 470 nm, the 
reflected light intensity change is monitored, and the removal 
process of the solvent is detected. 
0386. At a forming time of the liquid film 402, the thick 
ness was about 10 um (solid content of 10%). As shown in 
FIG. 46B, in a stage in which the height of the surface of a 
liquid film 402a from the surface of the substrate 401 is 1.5 
um, a second solution (second material solution)403 in which 
a second material mixed at a ratio of SiO:SiOCH=1:r 
(rDr) is dissolved in the solvent starts to be introduced into 
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the pressure reduction chamber. A numeral number 411 
denotes an SiOC composition film. 
0387. The second solution 403 is supplied in a state in 
which the pressure in the pressure reduction chamber is main 
tained. It has been confirmed that the second solution 403 is 
sprayed as mist onto the liquid film 402a surface in the pres 
Sure reduction chamber. The ratio r is gradually reduced 
toward 0 with respect to a supply start time of the second 
solution 403, the supply amount of SiOCH is changed. 
Moreover, in a stage in which the ratio r turns to 0, the 
pressure in the pressure reduction chamber is lowered, and 
the second solution 403 containing only SiO is introduced 
into the pressure reduction chamber. After an elapse of 30 
seconds, the introduction of the second solution 403 is 
stopped. 
0388. The reduced pressure state is held for one minute 
after the introduction is stopped. The solvent is removed, and 
as shown in FIG. 46C, an SiOC composition film (solid film) 
410 is formed. After the SiOC composition film 410 is 
formed, the pressure reduction chamber is opened, and the 
substrate 401 is removed. The thickness of the finally formed 
SiOC composition film 410 was 1.2 Lum. 
0389. A distribution of the film thickness direction of oxy 
gen and carbon with respect to Si in the obtained SiOC com 
position film 410 was obtained by analysis, and the result is 
shown in FIG. 47. As shown in FIG. 47, it is seen that a layer 
having a uniform composition of O/Si=1.8, C/Si=0.2 is 
obtained in the lower-layer film 411 in 0.8 um from a bottom 
surface. It has been confirmed that a ratio of O gradually 
increases and ratio of C gradually decreases in an intermedi 
ate-layer film 412 between 0.8 um and 1.1 um. Furthermore, 
for an upper-layer film 413 having a film thickness of 0.1 um 
on the intermediate-layer film 412, the existence of C is not 
seen, and it has been confirmed that the film having an SiO, 
composition is formed. 
0390. As described above, in a pressure reduction solvent 
removal process, the solution in which SiO is dissolved is 
supplied to the liquid film being solidified, and thereby the 
low-permittivity interlayer insulating layers (0 to 1.1 um) 
411, 412 and upper-layer film (1.1 to 1.2 um) 413 can easily 
be obtained. 

0391) Here, since the film to be finally formed is the SiO, 
film, the solution with only SiO, dissolved therein may be 
supplied to the liquid film. However, as described above, the 
Supply amount of SiOCH is gradually reduced, and finally 
only SiO is supplied to the liquid film. The reason why the 
supply amount of SiOCH is gradually reduced will be 
described hereinafter. SiO, is hydrophilic, and SiOCH has 
properties between hydrophilic and hydrophobic properties. 
For the liquid film, SiO, and SiOCH are dissolved in the 
solvent. When the solution with only SiO, dissolved therein is 
supplied in the mist form onto the liquid film in this state, the 
properties of the liquid film and solution differ from each 
other, and the solution with SiO, dissolved therein is con 
densed. Then, in order to inhibit the solution containing SiO, 
from being condensed, the supply amount of SiOCH is 
gradually reduced, and the property of the Solution is gradu 
ally changed. 
0392. Note that even with the supply of the second solu 
tion onto the liquid film, the material included in the second 
Solution is not condensed, and in this case it is unnecessary to 
gradually change the mixture ratio. 
0393. Note that the film having a different composition 
ratio in the film thickness direction can be formed even using 
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materials other than the above-described materials. The mate 
rial whose composition ratio is known can be applied to the 
formation of the film constituted of any material. 
0394. Note that the supply timing of the second solution 
may be adjusted so as to obtain the desired permittivity. To 
determine the actual Supply timing and the materials included 
in the liquid film and second solution, the composition ratio of 
the materials included in the liquid film, concentration of the 
Solid content in the liquid film, pressure reduction condition, 
composition ratio of the materials included in the second 
Solution, Solid content concentration in the second solution, 
Supply speed into the chamber, and Supply time are used as 
parameters to form a plurality of films. Subsequently, with 
respect to the formed films, the composition of the film thick 
ness direction is analyzed by element analysis, the permittiv 
ity is measured, and the parameters may be determined so as 
to obtain the predetermined film conditions. 
0395. Moreover, the above-described method is not lim 
ited to the formation of the SiOC composition film, and can 
also be applied to the forming of an electrode or wiring. In this 
case, an electrode or wiring material may be used in the first 
material, and a diffusion inhibitor material may be used in the 
second material for the purpose of preventing the first mate 
rial from being diffused. To determine the materials or supply 
timing of the second material, in the same manner as in the 
above-described interlayer film formation, the composition 
ratio of the first materials, concentration of the materials 
dissolved in the solvent, solvent, pressure reduction condi 
tion, composition ratio of the second materials, concentration 
of the materials dissolved in the solvent, solvent, supply 
speed into the chamber, and Supply time are used as the 
parameters to form the films. Subsequently, with respect to 
the formed films, the composition of the film thickness direc 
tion is analyzed by element analysis, the permittivity is mea 
Sured, resistance value is also measured, and the respective 
parameters may be determined so as to obtain the desired film 
conditions. 

Eighth Embodiment 
0396 The present invention relates to a method of using a 
coating type silica glass film to form a film which has a 
distribution of photo acid generating materials on the Surface. 
0397. As described as the problem in Jpn. Pat. No. 
2842909, when the conventional silica glass film is used, acid 
generated by the chemical amplification type resist at the 
exposure time is diffused in the silica glass film, and problems 
Such as an opening defect are caused. 
0398. In Jpn. Pat. No. 2842909, it is described that an acid 
material is introduced into the Surface of the silica glass film, 
and thereby opening defects can be prevented. 
0399. In an eighth embodiment, a method of using the 
above-described method to manufacture the silica glass film 
(silica dioxide compound) which contains the acid material in 
the surface will be described. 
(0400 FIGS. 48A to 48E are sectional views showing the 
manufacturing processes of the semiconductor apparatus 
according to the eighth embodiment of the present invention. 
0401 First, as shown in FIG. 48A, on a substrate 501, a 
liquid film 502 is formed including a first solution in which 
the first material mixed at a ratio of SiO, SiOCH=1:a is 
dissolved in the solvent. For the forming method of the liquid 
film, a method similar to that described in the first embodi 
ment is preferably used. The solid content in the liquid film 
502 is 3%, and the thickness at the liquid film forming time is 
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about 10 um. Note that the substrate 501 includes the semi 
conductor Substrate and is in the middle of the manufacturing 
process of the semiconductor apparatus. 
0402. Subsequently, the substrate 501 on which the liquid 
film 502 is formed is inserted into the pressure reduction 
chamber. The liquid film is exposed to the reduced pressure 
Substantially equal to the vapor pressure of the solvent 
included in the liquid film 502, and the solvent in the liquid 
film 502 is slowly removed. The surface of the liquid film 502 
is vertically irradiated with monochromatic light of 470 nm, 
and the removing process of the solventis monitored from the 
reflected light intensity change. 
0403. As shown in FIG. 48B, in a stage in which the height 
of the surface of a liquid film 502a is 0.4 um, the pressure in 
the pressure reduction chamber is maintained, and a second 
Solution 503 in which photo acid generating materials such as 
sulfonate are dissolved in the solvent starts to be introduced 
into the pressure reduction chamber. It has been confirmed 
that the second solution 503 is sprayed as mist onto the liquid 
film 502a surface in the pressure reduction chamber. After the 
elapse of 30 seconds, the pressure reduction chamber is 
opened and the substrate is removed. Note that a numeral 
number 511 denotes a lower-layer film from which the sol 
vent is removed and which includes SiO, and SiOCH. 
0404 As shown in FIG.48C, the thickness of a silica glass 
film 510 formed by removing the solvent was 0.3 um. As a 
result of physicochemical analysis, it has been confirmed that 
the acid generating material is included in an upper-layer film 
512 in a range of 20 nm from the film surface. 
04.05 Subsequently, as shown in FIG. 48D, a chemical 
amplification type resist film 520 is formed on the silica glass 
film 510. The chemical amplification type resist film 520 is 
Successively subjected to pre-exposure baking and cooling. 
Thereafter, with respect to the chemical amplification type 
resist film 520, the predetermined pattern is exposed. After 
exposure, post-exposure baking and cooling are performed. 
0406. Subsequently, as shown in FIG. 48E, the chemical 
amplification type resist film 520 is developed to form a resist 
pattern 521. 
04.07 For the silica glass film 510 prepared according to 
the present embodiment, since the photo acid generating 
material is distributed in the upper-layer film 512 of the sur 
face, the above-described problem can be solved. Even when 
the film is coated with the chemical amplification type resist, 
exposed, and developed to prepare the device pattern, a resist 
process Superior in dimensional uniformity can be performed 
without any opening defect. 
0408. The present invention is superior to Jpn. Pat. No. 
2842909 in that the acid generation amount of silica glass as 
a foundation can easily be adjusted for each chemical ampli 
fication type resist film. This can solve problems that depend 
ing on the chemical amplification type resist film, a slight 
opening defect has heretofore been generated because of acid 
shortage with the use of silica glass with the same photo acid 
generating material introduced therein, and a pattern lower 
part becomes thin and falls because of excess acid. 
04.09. Note that the actually prepared film is coated with 
the chemical amplification type and exposed/developed to 
form the pattern, the shape and dimension of the pattern are 
measured, defects are checked, and thereby the thickness and 
amount of a region including the photo acid generating mate 
rial in the present embodiment may be optimized. 

Ninth Embodiment 

0410. A solid film forming method according to the 
present embodiment will be described with reference to the 



US 2011/0008545 A1 

process sectional views of FIGS. 49A to 49C. FIGS. 49A to 
49C are the process sectional views showing the manufactur 
ing processes of the semiconductor apparatus according to a 
ninth embodiment of the present invention. 
0411 First, as shown in FIG. 49A, a liquid film 602 includ 
ing the resist solution is formed on a substrate 601 which 
includes a 1 um stepped portion and whose area ratio of a 
convex portion to a concave portion is 1:1. At the forming 
time of the liquid film 602, the liquid film is formed so that a 
thickness h of the liquid film 602 is larger than 10.5um. In the 
present embodiment, the liquid film 602 was formed so as to 
set an average height to 15um. 
0412. The liquid film 602 is formed using the liquid film 
forming apparatus described in the sixth embodiment and 
shown in FIG. 42. As a concrete condition, on the substrate 
fixed onto the stage, the Solution discharge nozzle (p40 um) is 
reciprocated/moved by the nozzle driving unit in the column 
direction at a speed of 1 m/s. When the solution discharge 
noZZle is positioned outside the Substrate, the stage is succes 
sively moved by the stage driving unit at a pitch of 0.3 mm in 
the row-direction, and the resist solution (solid content of 
3.0%) is linearly discharged to form the liquid film 602. 
0413 Note that to adjust the thickness of the liquid film 
602, any one of the solid content in the solution, relative 
movement pitch of the Substrate and solution discharge 
noZZle, relative movement speed, and discharge amount of 
the solution is controlled. 
0414. Subsequently, as shown in FIG. 49B, the substrate 
601 on whose surface the liquid film 602 is formed is sealed 
in the treatment container filled with the atmosphere of the 
solvent for 60 seconds, and the liquid film 602 surface is 
leveled (flatted). 
0415) Next, as shown in FIG. 49C, the solvent in the liquid 
film 602 is removed, and a resist film 603 including the solid 
content in the liquid film 602 is formed. One example of the 
removal of the solvent in the liquid film 602 will be described 
hereinafter. The substrate is contained in a pressure reduction 
drying treatment unit including an infrared irradiation portion 
shown in FIG.50, and the treatment container is exhausted at 
a pressure reduction speed of -100 Torri?sec. When the pres 
sure in a treatment container 611 reaches 2 Torr as the vapor 
pressure of the solvent in the liquid film, the liquid film 602 on 
the substrate 601 is irradiated with infrared rays from an 
infrared irradiation portion 612. Note that an infrared wave 
length is set to a range of 2.5 to 3.0Lum including a wavelength 
to be absorbed by the solvent of a coat liquid for use. The 
whole substrate surface is irradiated with the infrared rays 
through a quartz window 613 from the outside of the treat 
ment container 611. By the pressure reduction effect and the 
heating by the infrared rays, the solvent in the liquid film 602 
is rapidly vaporized, and the resist film 603 constituted of the 
solid content included in the solution is formed on the sub 
strate 601 in two seconds. 

0416) The film thickness distribution of the coat film 
which is formed by the above-described process and which 
includes a 1.0Lum Stepped portion on the Substrate is shown in 
FIG. 51A. As shown in FIG. 51A, the thickness of the resist 
film 603 formed in the concave portion of the substrate 601 
was 0.465um, and the thickness of the resist film 603 formed 
in the convex portion was 0.435 um. A difference in the 
thickness between the coat films formed on the concave and 
convex portions is about 7% with respect to an average film 
thickness of 0.450 um and the coat film can thus be formed 
along the Substrate Surface with good uniformity. 
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0417. Two samples including liquid films having different 
film thicknesses were formed in a method different from the 
above-described film forming method, and were compared 
with the resist film formed in the method described in the 
present embodiment. Additionally, the solid content in the 
Solution was changed so that the average value of the film 
thicknesses of the resist films in the concave and convex 
portions formed in two samples was 0.450 um, in the same 
manner as in the resist film formed in the above-described 
method. 

0418 Sample B: formed using a resist solution including a 
solid content of 6.4% so that the average height of the liquid 
film is 7 um. 
0419 Sample C: formed using the liquid film of the resist 
Solution including a solid content of 9%. So that the average 
height of the liquid film is 5um. 
0420. The film thickness distributions of the coat films in 
the respective samples B, C are shown in FIGS. 51B, 51C. 
With the sample B, the film thickness of the concave portion 
of a resist film 603" was 0.48 um, and the film thickness of the 
convex portion of the resist film 603 was 0.416 um. The film 
thickness difference with respect to the average film thickness 
of 0.45 um deteriorated at about 14%. With the sample C, the 
film thickness of the concave portion of a resist film 603" was 
0.495um, and the film thickness of the convex portion of the 
resist film 603" was 0.405 um. The film thickness difference 
with respect to the average film thickness of 0.45um greatly 
deteriorated at about 20%. 

0421. The above-described results are shown in a graph of 
FIG.52. As shown in FIG.52 and as described above, the coat 
film can uniformly (film thickness difference within 10%) be 
formed along the concave/convex portion on the concave/ 
convex substrate only with the sample using the present 
method. Note that FIG. 52 shows the sample formed in the 
method described in the present embodiment as the sample A. 
0422 The effect of the present invention will next be 
described. 

0423 By the above-described coating method, the liquid 
film is formed on the Substrate including the stepped portion 
at a ratio of the concave portion to the convex portion, which 
is 1:1. Thereafter, the liquid film flows into the concave por 
tion from the convex portion by the fluidity of the liquid film 
and is smoothed. Therefore, after the leveling step, there is no 
stepped portion in the concave/convex portion in the liquid 
film surface (FIG. 49B). Therefore, when the solvent is rap 
idly vaporized from the liquid film in this state, each solid film 
thickness formed in the concave/convex portion in a unit area 
of the Solid content is represented by the following equations 
(12), (13): 

(h+ 0.5d)p. c. (12) 
CS 

(h - 0.5d)p. c. (13) 
CS 

0424 h. average liquid film thickness 
0425 d: stepped portion height 
0426 p: solid content (ratio) 
0427 cs: density of the liquid film 
0428 c : density of the solid content in the solid film 



US 2011/0008545 A1 

0429. A condition on which the difference of the film 
thicknesses of the concave and convex portions is 10% is 
represented by equation (14): 

(h+0.5d).p. c. (h- 0.5d)p ct = 1.1:1 (14) 
— — — — ... 

0430. Therefore, in order to set the difference of the film 
thickness of the concave/convex portion to be within 10%, the 
condition of equation (15) obtained by Solving the equation 
(14) needs to be satisfied. 

h-10.5d (15) 

0431. As shown in the equation (15), the average liquid 
film thickness needs to be larger than 10.5 times the stepped 
portion height. 
0432. In the above-described method, since the relation is 
satisfied, the film thickness difference can be set to be within 
the predetermined range, and the film having a substantially 
uniform film thickness along the stepped portion can be 
obtained. Moreover, the parameters described in the equation 
(15) include only shelf height and liquid thickness, and the 
Solid content and density in the liquid film are not used. 
0433. The concave/convex portion will be described in 
which a ratio of the area of the convex portion to the whole 
area is a (1>ad-0), and a ratio of the area of the concave portion 
to the whole area is 1-a. In the leveled state, a film thickness 
h in the concave portion and film thickness h, in the convex 
portion are as follows: 

0434. Therefore, when the solvent is rapidly vaporized 
from the liquid film in the leveled state, each solid film thick 
ness formed in the concave/convex portion in the unit area of 
the Solid content is represented by the following equations 
(16), (17): 

(h+ ad) p. c. (16) 
CS 

(h+ (a - 1)d)p. CL (17) 
CS 

0435 The condition on which the difference of the film 
thicknesses of the concave and convex portions is 10% is 
represented by equation (18): 

0436 Therefore, in order to set the difference of the film 
thickness of the concave/convex portion to be within 10%, the 
condition of equation (19) obtained by Solving the equation 
(18) needs to be satisfied: 

he (11-a)d (19) 

0437. As represented by the equation (19), with the con 
cave/convex substrate whose ratio of the concave portion is a, 
the thickness needs to be larger than (11-a) times the stepped 
portion height d. 
0438. On the other hand, the resist including the solid 
content of 1.8% is used, and the average thickness of the 
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concave and convex portions of the liquid film is set to 25um 
so that the film thickness of the solid content after the drying 
of the solvent is 0.450 um. In this case, since the relation of the 
equation (15) is satisfied, the film thickness of the concave 
portion is 0.459 um, that of the convex portion is 0.441 um, 
the film thickness difference is 4%, and the film is thus formed 
with high precision as compared with the present invention. 
0439. However, as shown in FIG. 53, as seen from the film 
thickness distribution over the whole surface of a substrate 
601, it has been confirmed that the film thickness of a resist 
film 623 largely fluctuates in substrate peripheral edge 
regions in the coating start and end portions, and the film 
thickness uniformity is largely deteriorated. This film thick 
ness fluctuation was not seen when the film was formed with 
an average liquid film thickness of 15um as described above. 
0440. As disclosed in Jpn. Pat. KOKAI Publication No. 
2001-168021 by the present inventors, the reason why the 
film thickness fluctuation is caused is that the flow by gravity 
is caused with a liquid thickness not less than the thickness 
which can be supported by the substrate. FIG. 54 shows 
dependence of fluidity in edge portions on the liquid film 
thickness. It is seen that the fluidity rapidly increases with the 
thickness exceeding 20 Lum. FIG.55 shows the dependence of 
the film thickness uniformity of the convex portion in the 
whole substrate surface on the liquid film thickness. The 
drawings also show the film prepared with a liquid thickness 
of 22 um. It is seen from FIGS. 54, 55 that the film thickness 
uniformity is correlated with fluidity and the film thickness 
uniformity rapidly deteriorated at a boundary of 20 Lum. As 
described above, also in the present invention method, in 
order to obtain the uniform coat film over the whole concave? 
convex substrate Surface, it is preferable to satisfy the equa 
tion (19) and to set the liquid film thickness to be less than 20 
lm. 
0441. As described above, for the film forming method 
described in the present embodiments, various conditions can 
be changed. The liquid film forming method is not limited to 
the above-described coating or spiral coating method. More 
over, the present method can also be applied to the liquid film 
prepared in various methods such as a method of discharging 
or spraying the solution to form the film, and a method of 
using the meniscus phenomenon to form the film as disclosed 
in Jpn. Pat. Applin. KOKAI Publication Nos. 2-220428, 
6-151295, 7-321001, 2001-310155, and 11-243043. 
0442. Moreover, the drying method is not limited to the 
present invention method. For example, a baking method of 
heating/drying the Substrate directly with a hot plate, air 
current drying method, and the like may also be used. Addi 
tionally, the conditions can be changed as long as the condi 
tions do not run counter to the scope of the present invention. 
0443) Note that the present invention is not limited to the 
above-described embodiments, and can variously modified 
and carried out without departing from the scope. 
0444 Additional advantages and modifications will 
readily occur to those skilled in the art. Therefore, the inven 
tion 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 equiva 
lents. 

1. A film forming method of discharging a solution from a 
discharge port of a nozzle onto the Substrate, and then pro 
viding relative movement between the nozzle and the sub 
strate while keeping the liquid discharging on the Substrate, 
So as to form a liquid film on the Substrate, 
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wherein a distance h between the discharge port of the 
nozzle and the substrate is set to be not less than 2 mm 
and to be less than AqY (mm), 

wherein q (m/sec) denotes a discharge speed of the Solution 
continuously discharged through the discharge port, 
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Y (N/m) denotes a surface tension of the solution, and 
A (m-sec/N) is 5x10. 
2-87. (canceled) 


