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APPARATUS FOR PROCESSING SUBSTRATE AND 
METHOD OF DONG THE SAME 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The invention relates to an apparatus and method 
of processing a Substrate Such as a Semiconductor wafer and 
a LCD Substrate. 

0003 2. Description of the Related Art 
0004 For instance, a method of fabricating a liquid 
crystal display (LCD) device includes the steps of forming 
a certain film on a LCD Substrate composed of glass, coating 
an organic photosensitive film (hereinbelow, referred to as 
“resist film') on the certain film, exposing the resist film to 
a light in a circuit pattern, developing the resist film (So 
called photolithography process), etching the certain film 
with the resist film being used as a mask, to thereby form a 
circuit pattern, and removing the resist film. 
0005 There have been suggested a system for coating an 
organic film (a resist film), a System for exposing an object 
to a light, a System for developing an organic film (a resist 
film), an etching System, an ashing System, and a system for 
removing an organic film (a resist film) for carrying out Such 
photolithography process, an etching Step and a removal 
Step as mentioned above. 
0006 As a system for carrying out photolithography to an 
organic film, there have been Suggested a System including 
a System for coating an organic film (a resist film), a system 
for exposing an object to a light, and a System for developing 
an organic film (a resist film) all of which are integrated with 
one another, and a System including a System for coating an 
organic film and a System for developing an organic film (a 
resist film) both of which are integrated with one another. 
0007. In order to carry out an etching step to a removal 
Step, there have been Suggested a single-wafer etching 
System having an ashing chamber and capable of carrying 
out etching and ashing, a batch type ashing System, and a 
batch type removal System. 
0008. In those suggested systems, various systems for 
carrying out a Standard Step are integrated with one another 
for efficiently processing a Substrate. However, new Systems 
or methods are in need for the purpose of Saving costs, 
energy and resources. Thus, an more efficient apparatus and 
method for processing a Substrate are now required. 
0009. As an example of a new process for reducing costs, 
there is a method including the Steps of forming an organic 
photosensitive film (a resist film) pattern So as to have a 
plurality of portions having different thicknesses from one 
another, and ashing the resist film for removing a thin 
portion of the resist film with the result that the resist film 
pattern is changed. In accordance with the method, an 
advantage conventionally obtained by carrying out photoli 
thography twice can be obtained by carrying out photoli 
thography only once, and two patterns can be made in an 
underlying film by carrying out etching twice during the 
photolithography. This method makes it possible to reduce 
the number of photolithography from five (5) to four (4) in 
fabrication of a thin film transistor (TFT). Hereinafter, this 
method is referred to as “half-exposure process'. 
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0010. As another example of a new process for reducing 
costs, there is a method including the Step of fusing an 
organic film (a resist film) mask with organic Solvent to 
thereby uniformly controllably deform the resist film mask. 
Hereinbelow, this method is referred to as “fusion/reflow/ 
deformation process”. By using the resist film mask not yet 
deformed and the resist film mask having been deformed, an 
advantage conventionally obtained by carrying out photoli 
thography twice can be obtained by carrying out photoli 
thography only once, and two patterns can be made in an 
underlying film by carrying out etching twice during the 
photolithography. 

0011 Though new systems or processes are required for 
Saving costs, energy and resources, there have been not 
Suggested an apparatus and method for processing a Sub 
Strate, for accomplishing Such Systems or processes. 

0012 Japanese Patent Application Publication No. 2002 
534789 based on WO00/41048 (PCT/US99/28593) has sug 
gested an apparatus for Synchronizing Systems for proceSS 
ing a Substrate. Specifically, the apparatus includes a wafer 
cluster tool having a Scheduler which Synchronizes all 
events in a System with one another. 
0013 Japanese Patent Application Publication No. 
10-247674 has Suggested an apparatus for processing a 
Substrate, including a plurality of processors each applying 
a Series of Steps to the Substrate, and a carrier carrying the 
Substrate to each of the processors. The carrier includes a 
carrier plate, a first rotator rotatable around a first rotation 
axis extending perpendicularly to the carrier plate, a first 
driver for rotating the first rotator, a Second rotator rotatable 
around a Second rotation axis extending perpendicularly to 
the first rotator, a Second driver for rotating the Second 
rotator, a Substrate-holder rotatable around a third rotation 
axis extending perpendicularly to the Second rotator, and 
holding the substrate, and a third driver for driving the 
Substrate-holder. 

SUMMARY OF THE INVENTION 

0014. In view of the above-mentioned problems, it is an 
object of the present invention to provide an apparatus or 
method for processing a Substrate both of which are capable 
of accomplishing the half-exposure proceSS and the fusion/ 
reflow/deformation process, and efficiently, uniformly pro 
cessing a Substrate. 

0015. It is also an object to provide an apparatus or 
method for processing a Substrate which are capable of 
carrying out an ashing Step, if necessary, deforming an 
organic film pattern by exposing the same to a light twice, 
thinning an organic film pattern, to be carried out prior to a 
removal Step for facilitating the removal Step, and carrying 
out a removal Step by exposing an organic film pattern to a 
light and developing the same. 

0016. In one aspect of the present invention, there is 
provided an apparatus for processing a Substrate, including 
a Substrate carrier for carrying a Substrate, a chemical 
applying unit for applying chemical to the Substrate, and a 
gas-applying unit for applying gas atmosphere to the Sub 
Strate. 

0017. The apparatus may further include a temperature 
control unit for controlling a temperature of the Substrate. 
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0.018. There is further provided an apparatus for process 
ing a Substrate, including a Substrate carrier for carrying a 
Substrate, a temperature-control unit for controlling a tem 
perature of the Substrate, and a gas-applying unit for apply 
ing gas atmosphere to the Substrate. 
0019. There is further provided an apparatus for process 
ing a Substrate, including a Substrate carrier for carrying a 
Substrate, and a gas-applying unit for applying gas atmo 
Sphere to the Substrate, wherein the gas-applying unit 
includes a temperature controller which keeps the Substrate 
at 15 to 40 degrees centigrade both inclusive. 
0020. The apparatus may further include a temperature 
control unit for controlling a temperature of the Substrate, 
and/or a chemical-applying unit for applying chemical to the 
Substrate. 

0021. There is further provided an apparatus for process 
ing a Substrate, including a Substrate carrier for carrying a 
Substrate, a temperature-control unit for controlling a tem 
perature of the Substrate, and a gas-applying unit for apply 
ing gas atmosphere to the Substrate, wherein the gas-apply 
ing unit includes a temperature controller which keeps the 
substrate at 10 to 50 degrees centigrade both inclusive. 
0022. The apparatus may further include a chemical 
applying unit for applying chemical to the Substrate. 
0023 There is further provided an apparatus for process 
ing a Substrate, including a Substrate carrier for carrying a 
Substrate, a temperature-control unit for controlling a tem 
perature of the Substrate, and a gas-applying unit for apply 
ing gas atmosphere to the Substrate, wherein the gas-apply 
ing unit includes a temperature controller which keeps the 
Substrate at a target temperature within t2 degrees, the target 
temperature being in the range of 10 to 50 degrees centi 
grade both inclusive. 
0024. There is further provided an apparatus for process 
ing a Substrate, including a Substrate carrier for carrying a 
Substrate, a temperature-control unit for controlling a tem 
perature of the Substrate, and a gas-applying unit for apply 
ing gas atmosphere to the Substrate, wherein the tempera 
ture-control unit keeps the Substrate at 15 to 40 degrees 
centigrade both inclusive. 
0.025 There is further provided an apparatus for process 
ing a Substrate, including a Substrate carrier for carrying a 
Substrate, a temperature-control unit for controlling a tem 
perature of the Substrate, and a gas-applying unit for apply 
ing gas atmosphere to the Substrate, wherein the tempera 
ture-control unit keeps the substrate at 10 to 50 degrees 
centigrade both inclusive. 
0026. There is further provided an apparatus for process 
ing a Substrate, including a Substrate carrier for carrying a 
Substrate, and a temperature-control unit for controlling a 
temperature of the Substrate, a gas-applying unit for apply 
ing gas atmosphere to the Substrate, wherein the tempera 
ture-control unit keeps the Substrate at a target temperature 
within t2 degrees, the target temperature being in the range 
of 10 to 50 degrees centigrade both inclusive. 
0027. There is further provided an apparatus for process 
ing a Substrate, including a Substrate carrier for carrying a 
Substrate, a temperature-control unit for controlling a tem 
perature of the Substrate, and a gas-applying unit for apply 
ing gas atmosphere to the Substrate, wherein each of the 

Apr. 28, 2005 

temperature-control unit and the gas-applying unit includes 
a temperature controller which keeps the Substrate at 10 to 
50 degrees centigrade both inclusive. 
0028. There is further provided an apparatus for process 
ing a Substrate, including a Substrate carrier for carrying a 
Substrate, a temperature-control unit for controlling a tem 
perature of the Substrate, and a gas-applying unit for apply 
ing gas atmosphere to the Substrate, wherein each of the 
temperature-control unit and the gas-applying unit includes 
a temperature controller which keeps the Substrate at a target 
temperature within t2 degrees, the target temperature being 
in the range of 10 to 50 degrees centigrade both inclusive. 
0029. There is further provided an apparatus for process 
ing a Substrate, including a Substrate carrier for carrying a 
Substrate, a temperature-control unit for controlling a tem 
perature of the Substrate, and a gas-applying unit for apply 
ing gas atmosphere to the Substrate, wherein each of the 
temperature-control unit and the gas-applying unit includes 
a temperature controller which keeps the Substrate at 10 to 
50 degrees centigrade both inclusive, and temperature con 
trollers of the temperature-control unit and the gas-applying 
unit have target temperatures at which the Substrate is kept, 
the target temperatures being identical with each other or 
being within tS degrees to each other. 
0030 There is further provided an apparatus for process 
ing a Substrate, including a Substrate carrier for carrying a 
Substrate, a temperature-control unit for controlling a tem 
perature of the Substrate, and a gas-applying unit for apply 
ing gas atmosphere to the Substrate, wherein each of the 
temperature-control unit and the gas-applying unit includes 
a temperature controller which keeps the Substrate at a target 
temperature within t2 degrees, the target temperature being 
in the range of 10 to 50 degrees centigrade both inclusive, 
and temperature controllers of the temperature-control unit 
and the gas-applying unit have target temperatures at which 
the Substrate is kept, the target temperatures being identical 
with each other or being within t5 degrees to each other. 
0031. It is preferable that the temperature-control unit 
keeps the Substrate at 15 to 35 degrees centigrade both 
inclusive. 

0032. The apparatus may further include a controller 
which controls the Substrate carrier, the chemical-applying 
unit and the gas-applying unit Such that application of 
chemical to the Substrate by the chemical-applying unit and 
application of gas atmosphere to the Substrate by gas 
applying unit are carried out in this order. 
0033. The apparatus may further include a temperature 
control unit for controlling a temperature of the Substrate, 
and a controller which controls the Substrate carrier, the 
chemical-applying unit, the temperature-control unit and the 
gas-applying unit Such that application of chemical to the 
Substrate by the chemical-applying unit, temperature control 
of the Substrate by the temperature-control unit, and appli 
cation of gas atmosphere to the Substrate by gas-applying 
unit are carried out in this order. 

0034. The apparatus may further include a development 
unit for developing a Substrate, a temperature-control unit 
for controlling a temperature of the Substrate, and a control 
ler which controls the Substrate carrier, the chemical-apply 
ing unit, the development unit, the temperature-control unit 
and the gas-applying unit Such that application of chemical 
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to the Substrate by the chemical-applying unit, development 
of the Substrate by the development unit, temperature con 
trol of the Substrate by the temperature-control unit, and 
application of gas atmosphere to the Substrate by gas 
applying unit are carried out in this order. 
0035. The apparatus may further include a second chemi 
cal-applying unit for applying chemical to the Substrate, a 
temperature-control unit for controlling a temperature of the 
Substrate, and a controller which controls the Substrate 
carrier, the chemical-applying unit, the Second chemical 
applying unit, the temperature-control unit and the gas 
applying unit Such that application of chemical to the 
Substrate by the chemical-applying unit, application of 
chemical to the Substrate by the Second chemical-applying 
unit, temperature control of the Substrate by the temperature 
control unit, and application of gas atmosphere to the 
Substrate by gas-applying unit are carried out in this order. 
0036. It is preferable that chemical used in the chemical 
applying unit contains at least acid chemical, organic Solvent 
or alkaline chemical. 

0037. It is preferable that the chemical-applying unit uses 
developing agent as the chemical for developing the Sub 
Strate. 

0.038. The apparatus may further include a light-exposure 
unit for exposing an organic film pattern formed on the 
Substrate, to a light in an area of the organic film pattern 
covering a predetermined area of the Substrate there with. 
0.039 The apparatus may further include a light-exposure 
unit for exposing an organic film pattern formed on the 
Substrate, to a light in an area of the organic film pattern 
covering a predetermined area of the Substrate there with. 
0040. The organic film pattern may be exposed to a light 
in the area by radiating a light entirely over the area or by 
Scanning the area with a Spot-light. 

0041. For instance, the predetermined area has an area 
equal to or greater than /10 of an area of the Substrate. 
0.042 For instance, the organic film pattern is exposed to 
at least one of ultra-violet rays, fluorescence, and natural 
light. 

0043. The apparatus may further include an ashing unit 
for ashing the Substrate. 

0044) For instance, the ashing unit etches films formed on 
the Substrate by at least one of plasma, OZone and ultra-violet 
ray. 

0.045 An order in which the units are operated may be 
variable or fixed. 

0.046 Conditions in accordance with which the units are 
operated may be variable. 

0047 The apparatus may include a plurality of common 
units, in which case, Substrates may be in different directions 
from one another during processed in the common units. For 
instance, Substrates may be oppositely directed during pro 
cessed in the common units. 

0.048. It is preferable that the substrate is processed a 
plurality of times in at least one of the units with the 
Substrate being directed differently in each of times. 
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0049. It is preferable that the substrate is processed a 
plurality of times in at least one of the units with the 
Substrate being directed oppositely in each of times. 

0050 For instance, the substrate may be processed in a 
first direction and in a second direction different from the 
first direction in at least one of the units. 

0051. For instance, the first and second directions may be 
opposite to each other. 

0052. It is preferable that the apparatus has a function of 
prevent explosion and inflammation thereof. 
0053. It is preferable that the gas-applying unit has a 
function of prevent explosion and inflammation thereof. 

0054. It is preferable that the apparatus has a function of 
prevent explosion and inflammation thereof. For instance, 
the gas-applying unit may have a function of prevent explo 
Sion and inflammation thereof. 

0055. The apparatus may further include an etching unit 
for etching the Substrate. 
0056. It is preferable that the chemical-applying unit 
etches an underlying film located below an organic film 
pattern to pattern the underlying film with the organic film 
pattern formed on a Substrate, being used as a mask. 

0057. In another aspect of the present invention, there is 
provided a method of processing a Substrate through the use 
of the above-mentioned apparatus, the method including a 
Step of processing an organic film pattern formed on a 
Substrate, the Step including, in Sequence, a removal Step of 
removing one of an alterated layer and a deposited layer 
formed on the organic film pattern, and a fusion/deformation 
Step of fusing the organic film pattern for deformation by 
applying gas atmosphere to the organic film pattern in the 
gas-applying unit, wherein at least a part of the removal Step 
is carried out by applying chemical to the organic film 
pattern in the chemical-applying unit. 

0058. There is further provided a method of processing a 
Substrate through the use of the above-mentioned apparatus, 
the method including a step of processing an organic film 
pattern formed on a Substrate, the Step including, in 
Sequence, a removal Step of removing one of an alterated 
layer and a deposited layer formed on the organic film 
pattern, and a fusion/deformation Step of fusing the organic 
film pattern for deformation by applying gas atmosphere to 
the organic film pattern in the gas-applying unit, the removal 
Step including, in Sequence, ashing the organic film pattern 
in the ashing unit, and applying chemical to the organic film 
pattern in the chemical-applying unit. 

0059. There is further provided a method of processing a 
Substrate through the use of the above-mentioned apparatus, 
the method including a step of processing an organic film 
pattern formed on a Substrate, the Step including, in 
Sequence, a removal Step of removing one of an alterated 
layer and a deposited layer formed on the organic film 
pattern, and a fusion/deformation Step of fusing the organic 
film pattern for deformation by applying gas atmosphere to 
the organic film pattern in the gas-applying unit, the removal 
Step including, in Sequence, exposing the organic film pat 
tern to a light in the light-exposure unit, and developing the 
organic film pattern in the development unit. 
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0060. It is preferable that the removal step further 
includes ashing the organic film pattern in the ashing unit, 
the ashing being carried out prior to the exposing the organic 
film pattern to a light in the light-exposure unit. 

0061. It is preferable that the removal step further 
includes ashing the organic film pattern in the ashing unit, 
the ashing being carried out Subsequently to the exposing the 
organic film pattern to a light in the light-exposure unit, but 
prior to the developing the organic film pattern in the 
development unit. 

0.062. It is preferable that the removal step further 
includes applying chemical to the organic pattern film in the 
chemical-applying unit, the applying chemical to the organic 
pattern film being carried out Subsequently to the exposing 
the organic film pattern to a light in the light-exposure unit, 
but prior to the developing the organic film pattern in the 
development unit. 

0.063. It is preferable that the removal step further 
includes ashing the organic film pattern in the ashing unit, 
the ashing being carried out prior to the exposing the organic 
film pattern to a light in the light-exposure unit. 

0064. It is preferable that the removal step further 
includes ashing the organic film pattern in the ashing unit, 
the ashing being carried out Subsequently to the exposing the 
organic film pattern to a light in the light-exposure unit, but 
prior to the applying chemical to the organic pattern film. 

0065. It is preferable that the removal step further 
includes applying chemical to the organic pattern film in the 
chemical-applying unit, the applying chemical to the organic 
pattern film being carried out Subsequently to the ashing 
Step, but prior to the exposing the organic film pattern to a 
light in the light-exposure unit. 

0.066 There is further provided a method of processing a 
Substrate through the use of the above-mentioned apparatus, 
the method including a step of processing an organic film 
pattern formed on a Substrate, the Step including, in 
Sequence, a removal Step of removing one of an alterated 
layer and a deposited layer formed on the organic film 
pattern, and a fusion/deformation Step of fusing the organic 
film pattern for deformation by applying gas atmosphere to 
the organic film pattern in the gas-applying unit, the removal 
Step including, in Sequence, applying chemical to the 
organic pattern film in the chemical-applying unit, and 
developing the organic film pattern in the development unit. 

0067. There is further provided a method of processing a 
Substrate through the use of the above-mentioned apparatus, 
the method including a step of processing an organic film 
pattern formed on a Substrate, the Step including, in 
Sequence, a removal Step of removing one of an alterated 
layer and a deposited layer formed on the organic film 
pattern, and a fusion/deformation Step of fusing the organic 
film pattern for deformation by applying gas atmosphere to 
the organic film pattern in the gas-applying unit, the removal 
Step including, in Sequence, ashing the organic pattern film 
in the ashing unit, and developing the organic film pattern in 
the development unit. 

0068. It is preferable that the removal step further 
includes applying chemical to the organic pattern film in the 
chemical-applying unit, the applying chemical to the organic 
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pattern film being carried out Subsequently to the ashing 
Step, but prior to developing the organic film pattern in the 
development unit. 
0069. It is preferable that the step further includes pat 
terning an underlying film located below the organic film 
pattern with the organic film pattern not yet Subject to the 
Step, being used as a mask. 
0070. It is preferable that the step further includes pat 
terning an underlying film located below the organic film 
pattern with the organic film pattern already having been 
Subject to the Step, being used as a mask. 
0071. It is preferable that the step further includes pat 
terning an underlying film located below the organic film 
pattern with the organic film pattern not yet Subject to the 
Step, being used as a mask, and patterning the underlying 
film with the organic film pattern already having been 
Subject to the Step, being used as a mask. 
0072. It is preferable that the fusion/deformation step is a 
Step for enlarging an area of the organic film pattern. 
0073. It is preferable that the fusion/deformation step is a 
Step for integrating adjacent organic film patterns to each 
other. 

0074. It is preferable that the fusion/deformation step is a 
Step for planarizing the organic film pattern. 

0075. It is preferable that the fusion/deformation step is a 
Step for deforming the organic film pattern Such that the 
organic film pattern acts as an electrically insulating film 
covering therewith a circuit pattern formed on the Substrate. 
0076. It is preferable that the organic film pattern not yet 
Subject to the processing Step has at least two portions 
having thicknesses different from one another. 
0077. It is preferable that the organic film pattern not yet 
Subject to the processing Step has at least two portions 
having thicknesses different from one another, and a portion 
having a Small thickness is further thinned by the develop 
ment Step. 

0078. It is preferable that the organic film pattern not yet 
Subject to the processing Step has at least two portions 
having thicknesses different from one another, and a portion 
having a Small thickneSS is removed by the development 
Step. 

0079. It is preferable that the organic film pattern is kept 
not exposed to a light until the organic film pattern is 
processed after the organic film pattern has been formed on 
the Substrate. 

0080. It is preferable that the gas-applying step is carried 
out in gas atmosphere of organic Solvent. 
0081. There is further provided a method of processing a 
Substrate through the use of the above-mentioned apparatus, 
wherein the same proceSS is applied to the Substrate in each 
of the common units. 

0082 It is preferable that the same process is applied to 
the Substrate in each of the common units with the Substrate 
being directed in different directions in the common units. 
For instance, the same process is applied to the SubStrate in 
each of the common units with the Substrate being directed 
oppositely in the common units. 
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0.083. There is further provided a method of processing a 
Substrate through the use of the above-mentioned apparatus, 
wherein the Substrate is processed a plurality of times in a 
unit with the Substrate being directed in different directions 
in each of times. 

0084. It is preferable that the substrate is processed a 
plurality of times in a unit with the Substrate being directed 
oppositely in each of times. 
0085. There is further provided a method of processing a 
Substrate through the use of the above-mentioned apparatus, 
wherein the Substrate is processed in a unit in a first direction 
and in a second direction different from the first direction. 

0.086. It is preferable that the first and second directions 
are opposite to each other. 
0087. It is preferable that the Substrate is processed in the 
gas-applying unit in a first direction and in a Second direc 
tion different from the first direction. 

0088. In the present invention, a step of heating an 
organic film pattern may be carried out prior to the Step of 
processing an organic film pattern. The Step of heating an 
organic film pattern is carried out for removing moisture, 
acid Solution and/or alkaline Solution having percolated into 
the organic film pattern, or for recovering adhesion between 
an organic film pattern and an underlying film when an 
adhesive force between them is reduced. For instance, an 
organic film pattern is heated at 50 to 150 degrees centigrade 
for 60 to 300 seconds. For instance, an organic film pattern 
may be So heated in a later mentioned third process unit. 
0089. The advantages obtained by the aforementioned 
present invention will be described hereinbelow. 
0090. In accordance with the present invention, it is 
possible to carry out the above-mentioned new processes, 
that is, the half-exposure process and the fusion/reflow/ 
deformation process. 
0091. It is also possible to apply an ashing step to a 
Substrate. 

0092. It is also possible to accomplish deformation of an 
organic film pattern by exposing the same to a light twice, 
thinning an organic film pattern, to be carried out prior to a 
removal Step for facilitating the removal Step, and a removal 
Step by exposing an organic film pattern to a light and 
developing the Same. 

0093. The above and other objects and advantageous 
features of the present invention will be made apparent from 
the following description made with reference to the accom 
panying drawings, in which like reference characters des 
ignate the same or similar parts throughout the drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0094 FIG. 1 is a flow-chart showing steps to be carried 
out in the method of processing a Substrate, in accordance 
with the first embodiment of the present invention. 
0.095 FIG. 2 is a flow-chart showing steps to be carried 
out in the method of processing a Substrate, in accordance 
with the second embodiment of the present invention. 
0096 FIG. 3 is a planar view of an example of an 
apparatus for processing a Substrate. 
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0097 FIG. 4 is a planar view of another example of an 
apparatus for processing a Substrate. 
0098 FIG. 5 is a schematic showing candidates of pro 
ceSS units to be equipped in an apparatus for processing a 
Substrate. 

0099 FIG. 6 is a cross-sectional view of an example of 
a unit for applying chemical to an organic film pattern. 
0100 FIG. 7 is a cross-sectional view of an example of 
a unit for applying gas atmosphere to an organic film pattern. 
0101 FIG. 8 is a cross-sectional view of another 
example of a unit for applying gas atmosphere to an organic 
film pattern. 
0102 FIG. 9 is a flow-chart showing steps to be carried 
out in the method in accordance with the third and fourth 
embodiments. 

0.103 FIG. 10 is a flow-chart showing steps to be carried 
out in the method in accordance with the fifth embodiment. 

0104 FIG. 11 illustrates a degree of alteration of an 
alterated layer in dependence on causes by which the 
alterated layer is formed. 
0105 FIG. 12 is a graph showing relation between a 
concentration of amine in chemical and a removal rate. 

0106 FIG. 13 illustrates variation of an alterated layer to 
which only an ashing Step is applied. 
0107 FIG. 14 illustrates variation of an alterated layer to 
which only a step of applying chemical is applied. 
0108 FIG. 15 illustrates variation of an alterated layer to 
which an ashing Step and a Step of applying chemical are 
applied in this order. 
0109 FIG. 16 illustrates a difference with respect to how 
an organic film pattern is processed in a fusion/deformation 
Step. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0110 Preferred embodiments in accordance with the 
present invention will be explained hereinbelow with refer 
ence to drawings. 

0111. In the embodiments mentioned later, there are 
explained an apparatus for processing a Substrate, in accor 
dance with the present invention, and a method of doing the 
Same through the use of the apparatus. 
0112 The method is carried out in an apparatus 100 for 
processing a Substrate, illustrated in FIG. 3 or an apparatus 
200 for processing a substrate, illustrated in FIG. 4, for 
instance. 

0113. The apparatuses 100 and 200 are designed to be 
able to Selectively have later-mentioned proceSS units to 
apply various processes to a Substrate. 
0114 For instance, as illustrated in FIG. 5, the appara 
tuses 100 and 200 may include seven process units, specifi 
cally, a first process unit 17 for exposing an organic film 
pattern to a light, a Second process unit 18 for heating an 
organic film pattern, a third process unit 19 for controlling 
a temperature of an organic film pattern, a fourth process 
unit 20 for developing an organic film pattern, a fifth proceSS 
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unit 21 for applying chemical to an organic film pattern, a 
Sixth proceSS unit 22 for applying gas atmosphere to an 
organic film pattern, and a Seventh process unit 23 for 
applying ashing to an organic film pattern. 
0115 The apparatus 100 or 200 is comprised of a sub 
Strate carrier, a cassette Station in which a cassette is placed, 
and one or more process units Selected among the above 
mentioned Seven proceSS units. 
0116. In the first process unit 17 for exposing an organic 
film pattern to a light, an organic film pattern formed on a 
Substrate is exposed to a light. An organic film pattern 
covering at least a portion of a Substrate there with is exposed 
to a light. For instance, an organic film pattern entirely 
covering a Substrate therewith or covering a Substrate there 
with in an area equal to or greater than /10 of a total area of 
the Substrate is exposed to a light. In the first proceSS unit 17, 
an organic film pattern may be entirely exposed to a light at 
a time, or a Spot light may be Scanned to an organic film 
pattern in a predetermined area. For instance, an organic film 
pattern is exposed to ultra-violet rays, fluorescence light or 
natural light. 
0117. In the second process unit 18 for heating an organic 
film pattern, a Substrate or an organic film pattern is heated 
or baked in the range of 80 to 180 degrees centigrade or 100 
to 150 degrees centigrade, for instance. The Second proceSS 
unit 18 is comprised of a stage on which a Substrate is held 
horizontally, and a chamber in which the Stage is arranged. 
0118. The third process unit 19 controls a temperature of 
an organic film pattern or a Substrate. For instance, the third 
proceSS unit 19 keeps an organic film pattern and/or a 
Substrate in the range of 10 to 50 degrees centigrade or 10 
to 80 degrees centigrade, for instance. The third proceSS unit 
19 is comprised of a stage on which a substrate is held 
horizontally, and a chamber in which the Stage is arranged. 
0119). In the fifth process unit 21, chemical is applied to 
an organic film pattern or a Substrate. 
0120 AS illustrated in FIG. 6, the fifth process unit 21 is 
comprised of, for instance, a chemical tank 301 in which 
chemical is accumulated, and a chamber 302 in which a 
substrate 500 is arranged. The chamber 302 includes a 
movable nozzle 303 for supplying chemical transported 
from the chemical tank 301, onto the substrate 500, a stage 
304 on which the substrate 500 is held almost horizontally, 
and an exhaust outlet 305 through which exhaust liquid and 
gas leave the chamber 302. 
0121. In the fifth process unit 21, chemical accumulated 
in the chemical tank 301 can be supplied to the substrate 500 
through the movable nozzle 303 by compressing nitrogen 
gas into the chemical tank 301. The movable nozzle 303 is 
movable horizontally. The stage 304 includes a plurality of 
standing pins for supporting the substrate 500 at a lower 
Surface thereof. 

0122) The fifth process unit 21 may be designed to be of 
a dry type in which chemical is vaporized, and the thus 
vaporized chemical is supplied onto the substrate 500. 
0123 For instance, chemical used in the fifth process unit 
21 contains at least one of acid Solution, organic Solvent and 
alkaline Solution. 

0.124. In the fourth process unit 20 for developing an 
organic film pattern, an organic film pattern or a Substrate is 
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developed. For instance, the fourth process unit 20 may be 
designed to have the same Structure as that of the fifth 
process unit 21 except that developing agent is accumulated 
in the chemical tank 301. 

0.125. In the sixth process unit 22, there is carried out an 
gas atmosphere Step in which various gases are applied to an 
organic film pattern to thereby fuse and deform the organic 
film pattern (fusion/deformation step). 
0126. As illustrated in FIGS. 7 and 8, the sixth process 
unit 22 may be comprised of a container 401 in which a gas 
is produced by bubbling, and a chamber 402 in which a 
substrate 500 is arranged. The chamber 402 includes a gas 
inlet 403 through which a gas is introduced into the chamber 
402 from the container 401, an exhaust outlet 404 through 
which gas is exhausted from the chamber 402, a stage 405 
for almost horizontally holding the Substrate 500, and a 
temperature controller for keeping the chamber 402 and the 
container 401 at a predetermined temperature. The chamber 
402 may include a plurality of gas inlets 403 located at 
different Sites from one another, and a gas distribution plate 
406 having a plurality of apertures formed therethrough for 
dispersing and distributing gas onto the Substrate 500 Sup 
ported on the stage 405, as illustrated in FIG. 7. As an 
alternative, the chamber 402 may include a Single gas inlet 
403, and a distributor 407 distributing gas supplied through 
the gas inlet 403, by rotation, as illustrated in FIG. 8. 

0127. In the sixth process unit 22, liquid (for instance, 
organic solvent) accumulated in the container 401 is bubbled 
by introducing nitrogen gas thereinto, gas produced by 
bubbling the liquid is introduced into the chamber 402 
through the gas inlet 403, and the substrate 500 is exposed 
to the gas. 

0128. The third process unit 19 keeps a substrate at a 
predetermined temperature prior to carrying out a step of 
applying gas atmosphere to a Substrate. For instance, the 
third unit 19 has a temperature-controller for keeping a 
Substrate at a temperature in the range of 10 to 50 degrees 
centigrade, preferably in the range of 10 to 40 degrees 
centigrade. 

0129. It is preferable that the sixth process unit 22 has a 
temperature-controller for keeping a Substrate at a tempera 
ture in the range of 10 to 50 degrees centigrade, preferably 
in the range of 10 to 40 degrees centigrade. 

0.130. It is preferable that the temperature-controllers in 
the third and sixth process units 19 and 22 keeps a substrate 
at a target temperature within t2 degrees, wherein the target 
temperature is in the range of 10 to 50 degrees centigrade 
both inclusive, preferably in the range of 10 to 40 degrees 
centigrade. 

0131. It is preferable that the temperature-controllers in 
the third and sixth process units 19 and 22 have target 
temperatures at which a Substrate is kept, and the target 
temperatures are identical with each other or within +5 
degrees to each other. 

0.132. It is preferable that the temperature-controllers in 
the third and sixth process units 19 and 22 keeps a substrate 
at a target temperature within t2 degrees, wherein the target 
temperature is in the range of 10 to 50 degrees centigrade 
both inclusive, preferably in the range of 10 to 40 degrees 
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centigrade, and that the target temperatures are identical 
with each other or within +5 degrees to each other. 
0133. It is preferable that the temperature-controllers in 
the third and sixth process units 19 and 22 keep a substrate 
at a temperature in the range of 15 to 35 degrees centigrade 
both inclusive. 

0134. In the seventh process unit 23, an organic film 
pattern formed on the substrate 500 is etched by plasma 
(oxygen plasma or oxygen/fluorine plasma), optical energy 
of a light having a short wavelength, Such as ultra-violet ray, 
oZone-processing using optical energy or heat, or other 
StepS. 

0135 FIGS. 3 and 4 illustrate apparatuses 100 and 200 
in accordance with preferred embodiments of the present 
invention. 

0136. The apparatus 100 illustrated in FIG. 3 includes a 
plurality of proceSS units, and an order in which the proceSS 
units are operated is variable. 
0137) The apparatus 200 illustrated in FIG. 4 includes a 
plurality of proceSS units, and an order in which the proceSS 
units are operated is fixed. 
0138. As illustrated in FIG. 3, the apparatus 100 is 
comprised of a first cassette Station 1 in which a cassette L1 
in which a Substrate (for instance, a LCD Substrate or a 
Semiconductor wafer) is accommodated is placed, a second 
cassette Station 2 in which a cassette L2 Similar to the 
cassette L1 is placed, process-unit arrangement areas 3 to 11 
in each of which process units U1 to U9 is arranged, 
respectively, a robot 12 for transporting a Substrate between 
the first and Second cassette Stations 1 and 2 and the proceSS 
units U1 to U9, and a controller 24 for controlling the robot 
12 to transport of a substrate and the process units U1 to U9 
to carry out various processes. 
0139 For instance, substrates not yet processed by the 
apparatus 100 are accommodated in the cassette L1, and 
Substrates having been processed by the apparatus 100 are 
accommodated in the cassette L2. 

0140 Any one of the seven process units illustrated in 
FIG. 6 is selected as each of the process units U1 to U9 to 
be arranged in the process-unit arrangement areas 3 to 11. 

0.141. The number of process units is determined in 
accordance with a kind of proceSS and a capacity of a 
proceSS unit. Accordingly, no proceSS unit may be arranged 
in any one or more of the process-units arrangement areas 3 
to 11. 

0142 For instance, the controller 24 is comprised of a 
central processing unit (CPU) and at least one memory. The 
memory Stores a control program used for controlling an 
operation of the process units U1 to U9 and the robot 12. The 
central processing unit controls the process units U1 to U9 
and the robot 12 in accordance with the control program. 
0143. The controller 24 selects a program in accordance 
with a process to be carried out in each of the process units 
U1 to U9 and the robot 12, and executes the selected 
program to thereby control operation of the proceSS units U1 
to U9 and the robot 12. 

0144) Specifically, the controller 24 controls an order of 
transportation of a Substrate carried out by the robot 12, in 
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accordance with data about an order of processes, to thereby 
take a Substrate out of the first and Second cassette Station 1 
and 2 and the process units U1 to U9, and introduces a 
Substrate into them in accordance with a predetermined 
order. 

0.145) Furthermore, the controller 24 controls an opera 
tion of the process units U1 to U9 in accordance with data 
about process conditions. 
0146 For instance, in the later mentioned method illus 
trated in FIG. 1, the controller 24 controls the robot 12, the 
fifth process unit 21, the third process unit 19 and the sixth 
process unit 22 Such that a step of applying chemical to an 
organic film pattern, to be carried out in the fifth proceSS unit 
21, a step of controlling a temperature of a Substrate and an 
organic film pattern, to be carried out in the third process 
unit 19, and a Step of applying gas-atmosphere to a Substrate 
and an organic film pattern, to be carried out in the Sixth 
process unit 22, are carried out in this order. 
0147 As illustrated in FIG. 4, the apparatus 200 is 
comprised of a first cassette Station 13 in which a cassette L1 
is placed, a Second cassette Station 16 in which a cassette L2 
is placed, process-unit arrangement areas 3 to 9 in each of 
which proceSS units U1 to U7 is arranged, respectively, a 
first robot 14 for transporting a substrate between the 
cassette L1 and the process unit U1, a second robot 15 for 
transporting a Substrate between the proceSS unit U7 
between the cassette L2, and a controller 24 for controlling 
operation of the first and second robots 14 and 15 to 
transport of a substrate and the process units U1 to U7 to 
carry out various processes. 
0.148. In the apparatus 200, an order of processes carried 
out in the process units U1 to U7 is fixed. Specifically, 
processes are continuously carried out from a process unit 
located upstream, that is, in a direction indicated with an 
arrow A in FIG. 4. 

0149 Any one of the seven process units illustrated in 
FIG. 5 is selected as each of the process units U1 to U7 to 
be arranged in the process-unit arrangement areas 3 to 9. The 
number of proceSS units is determined in accordance with a 
kind of proceSS and a capacity of a proceSS unit. Accord 
ingly, no process unit may be arranged in any one or more 
of the process-units arrangement areas 3 to 9. 

0150. The controller 24 of the apparatus 200 controls the 
robot 12 Such that an order of carrying a Substrate is 
determined in accordance with a fixed order of processing a 
substrate. Specifically, the controller 24 of the apparatus 200 
controls the robot 12 Such that a Substrate is taken out of or 
carried into the first and Second cassette Stations 1 and 2 and 
the process units U1 to U9 in a predetermined order. 

0151. Furthermore, the controller 24 of the apparatus 200 
carries out processes in the proceSS units U1 to U9 in a 
predetermined order determined in accordance with fixedly 
determined proceSS conditions in a method of processing a 
Substrate. 

0152 For instance, in the later mentioned method illus 
trated in FIG. 1, the controller 24 controls the robot 12, the 
fifth process unit 21, the third process unit 19 and the sixth 
process unit 22 Such that a step of applying chemical to an 
organic film pattern, to be carried out in the fifth proceSS unit 
21, a step of controlling a temperature of a Substrate and an 



US 2005/0O87301A1 

organic film pattern, to be carried out in the third proceSS 
unit 19, and a Step of applying gas-atmosphere to a Substrate 
and an organic film pattern, to be carried out in the Sixth 
proceSS unit 22, are carried out in this order. 
0153. Though the apparatuses 100 and 200 illustrated in 
FIGS. 3 and 4 are designed to include nine and seven 
proceSS units, respectively, the number of proceSS units to be 
included in the apparatuses 100 and 200 may be determined 
in accordance with a kind of a process, a capacity of a 
proceSS unit, costs and So on. 
0154 Furthermore, though the apparatuses 100 and 200 
are designed to include two cassettes L1 and L2, the number 
of cassettes may be determined in accordance with a 
required capacity, costs and So on. 
0155 The apparatuses 100 and 200 may include a pro 
ceSS unit(s) other than the Seven process units illustrated in 
FIG. 5. For instance, the apparatuses 100 and 200 may 
include a process unit for exposing a Substrate to a light for 
making a minute pattern, a process unit for wet- or dry 
etching a Substrate, a process unit for coating a resist film 
onto a Substrate, a proceSS unit for Strengthening an adhesion 
force between a Substrate and an organic film pattern, or a 
process unit for washing a Substrate (dry washing through 
ultra-violet ray or plasma, and wet washing through a 
Washing agent). 
0156 If the apparatuses 100 and 200 include a process 
unit for wet- or dry-etching a Substrate, it would be possible 
to pattern an underlying film (for instance, a Surface of a 
Substrate) with an organic film pattern being used as a mask. 
O157 The fifth process unit 21 may be used as a process 
unit for wet- or dry-etching a Substrate, if the fifth proceSS 
unit 21 includes chemical by which an underlying film can 
be etched, Specifically, etchant containing acid or alkali. 

0158. In order to uniformize each of processes, the appa 
ratuses 100 and 200 may include a plurality of common 
proceSS units for applying common process to a Substrate a 
plurality of times. When the apparatuses 100 and 200 
include a plurality of common process units for applying 
common process to a Substrate a plurality of times, it is 
preferable that a Substrate is processed in the common 
proceSS units Such that the Substrate is directed in different 
directions from one another (for instance, oppositely) in the 
common process units. In Such a case, the apparatuses 100 
and 200 are preferably designed to have a function of 
directing a Substrate differently in the process units, ensuring 
that a Substrate is turned in different directions not manually, 
but automatically. 

0159. When the apparatuses 100 and 200 include a single 
proceSS unit, it is preferable that a Substrate is processed in 
the process unit a plurality of times with the Substrate being 
directed in different directions from one another in each of 
the times. For instance, it is preferable that a SubStrate is 
processed in a plurality of directions opposite to each other, 
in which case, the apparatuses 100 and 200 are preferably 
designed to have a function of processing a Substrate in a 
certain process unit with the Substrate being directed in 
different directions from one another in each of the times. 

0160 It is also preferable that a substrate is processed in 
a proceSS unit in a first direction and further in a Second 
direction different from the first direction, in which case, the 
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apparatuses 100 and 200 are preferably designed to have a 
function of doing So. For instance, it is preferable that the 
Sixth process unit 22 has Such a function. That is, it is 
preferable that a step of applying gas atmosphere to a 
Substrate is carried out in a first direction of a Surface of a 
Substrate and in a second direction which is different from 
the first direction. 

0161 It is preferable that the apparatuses 100 and 200 
have a function of preventing explosion and inflammation. 
It is preferable that at least the Sixth process unit 22 has Such 
a function. 

0162 Hereinbelow are explained preferred embodiments 
in accordance with the present invention. 
0163 First Embodiment 
0164. The method in accordance with the first embodi 
ment of the present invention is carried out for the following 
purposes: 

0165 (a) when an underlying film (for instance, a 
Substrate) is etched with an organic film pattern (for 
instance, a resist film) being used as a mask, the 
underlying film is etched to be tapered (for instance, 
see Japanese Patent Application Publication No. 
2002-334830), or etched in a minute size (an organic 
film pattern is enlarged with respect to an area, or a 
contact hole is reduced with respect to a Size to 
thereby reduce an etching Size); 

0166 (b) when an underlying film (for instance, a 
Substrate) is etched with an organic film pattern (for 
instance, a resist film) being used as a mask, the 
underlying film is etched into a two-layered Struc 
ture, two patterns different from each other, or a 
combination of a separate pattern and combined 
patterns (for instance, see FIGS. 2 and 3 of the 
above-mentioned Japanese Patent Application Pub 
lication No. 2002-334830), by etching the underly 
ing film prior to and Subsequently to a fusion/ 
deformation Step; and 

0167 (c) when an organic film pattern is electrically 
insulating, the organic film pattern is deformed to 
cause the organic film pattern to act as an electrically 
insulating film covering a circuit pattern formed on 
a Substrate. 

0.168. The method in accordance with the first embodi 
ment of the present invention provides Steps of processing 
an organic film pattern for accomplishing the above-men 
tioned purposes (a) to (c). 
0169 FIG. 1 is a flow-chart showing steps to be carried 
out in the method in accordance with the first embodiment 
of the present invention. 
0170 As illustrated in FIG. 1, the method includes the 
Steps, in Sequence, of applying chemical to an organic film 
pattern (step S1), controlling a temperature of a Substrate or 
an organic film pattern to a Suitable temperature (step S2), 
exposing an organic film pattern to gas atmosphere (Step 
S3), and heating an organic film pattern (step S4). 
0171 The step S1 defines a removal step of removing an 
alterated or deposited layer, and the Step S3 defines a 
fusion/deformation Step. 
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0172 The step S1 is carried out in the fifth process unit 
21 for removing an alterated layer or a deposited layer 
formed on a Surface of an organic film pattern, by applying 
chemical (acid Solution, alkaline Solution or organic Solvent) 
to the layer. 

0173 The step S1 further improves wettability of a 
portion of a Substrate not covered with an organic film 
pattern. 

0.174. It is preferable in the step S1 that a period of time 
for carrying out the Step S1 is determined or chemical is 
Selected So as to remove only an alterated or deposited layer 
formed on an organic film pattern. 

0.175. As a result of removal of an alterated or deposited 
layer, a non-alterated portion of an organic film pattern is 
exposed, or an organic film pattern having been covered 
with a deposited layer appears. 

0176 For instance, the alterated layer to be removed by 
the removal step (step S1) is caused by degradation of a 
Surface of an organic film pattern caused by being aged, 
thermal oxidation, thermal hardening, adhesion of a depos 
ited layer to an organic film pattern, wet-etching to an 
organic film pattern with acid wet-etchant, ashing (for 
instance, O ashing) to an organic film pattern, or dry 
etching through the use of dry-etching gas. That is, an 
organic film pattern is physically and chemically damaged 
by these factors, and resultingly, alterated. A degree of 
alteration and a characteristic of an alterated layer depend 
highly on a chemical to be used in wet-etching, whether 
dry-etching (application of plasma) is isotropic or anisotro 
pic, whether deposition exists on an organic film pattern, and 
gas used in dry-etching. Hence, difficulty in removing an 
alterated layer depends also on those. 

0177. A deposited layer to be removed by the removal 
Step is caused by dry-etching. A characteristic of Such a 
deposited layer depends on whether dry-etching is isotropic 
or anisotropic, and gas used in dry-etching. Hence, difficulty 
in removing a deposited layer depends also on those. 

0.178 Thus, a period of time for carrying out the step S1 
and chemical to be used in the Step S1 are necessary to be 
determined in accordance with difficulty in removing an 
alterated or deposited layer. 

0179 For instance, as chemical used in the step S1, there 
may be Selected chemical containing alkaline chemical, 
chemical containing acid chemical, chemical containing 
organic Solvent, chemical containing both organic Solvent 
and amine or chemical containing alkaline chemical and 

C. 

0180 For instance, the above-mentioned alkaline chemi 
cal may contain amine and water, and the above-mentioned 
organic Solvent may contain amine. 

0181. The chemical used in the step S1 may contain 
anticorrosive. 

0182 For instance, amine is selected from monoethyl 
amine, diethyl amine, triethyl amine, monoisopyl amine, 
diisopyl amine, triisoply amine, monobutyl amine, dibutyl 
amine, tributyl amine, hydroxylamine, diethylhydroxy 
lamine, diethylhydroxylamine anhydride, pyridine, and 
picoline. The chemical may one or more of amine Selected 
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from them. It is preferable that the chemical contains amine 
in the range of 0.01 to 10 weight %. 
0183 The step S2 is carried out for keeping a temperature 
of a Substrate or an organic film pattern at a Suitable 
temperature prior to carrying out the Step S3. For instance, 
a Substrate or an organic film pattern is kept at 10 to 50 
degrees centigrade in the Step S2. In the Step S2, a Substrate 
is placed on a Stage of the third process unit 19 which is kept 
at a predetermined temperature, and the Substrate is heated 
until a temperature of the Substrate reaches the predeter 
mined temperature. For instance, the Substrate is heated for 
3 to 5 minutes. 

0.184 The steps S1 and S2 provide an advantage that gas 
is likely to percolate into an organic film pattern in the 
Subsequent Step S3, and thus, an efficiency of the Step S3 is 
enhanced. 

0185. In the step S3, a substrate is exposed to various 
gases (for instance, organic Solvent) in the sixth process unit 
22 for fusing and deforming an organic film pattern formed 
on a Substrate. For instance, a Substrate is exposed to gas 
atmosphere of organic Solvent. 
0186 List 1 shows organic solvent to be preferably used 
in the step S3. 
0187 List 1) 
0188 Alcohol (R-OH) 

0189 Alkoxy alcohol 
0190. Ether (R-O-R, Ar-O-R, Ar-O-Ar) 
0191) Ester 
0192 Keton 
0193 Glycol 
0194 Alkylene glycol 
0195 

0196. In List 1, R indicates an alkyl group or a substitu 
tional alkyl group, and Ar indicates a phenyl group or an 
aromatic ring other than a phenyl group. 

Glycol ether 

0.197 List 2 shows specific organic solvent to be prefer 
ably used in the step S3. 
0198 List 2 

0199 CH-OH, CH-OH, CH(CH.)XOH 
0200) Isopropyl alcohol (IPA) 
0201 Etoxy ethanol 
0202) Methoxy alcohol 
0203 Long-chain alkyl ester 

0204 Monoethanol amine (MEA) 
0205 Monoethyl amine 
0206 
0207 
0208) 
0209) 
0210) 

Diethyl amine 
Triethyl amine 
Monoisopropyl amine 
Diisopropyl amine 
Triisoproply amine 
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0211 
0212 
0213) 
0214) 
0215) 
0216) 
0217) 
0218) 
0219) 
0220) 
0221) 
0222 
0223) 
0224 
0225) 
0226 
0227 
0228 
0229) 
0230) 
0231) 
0232) 
0233 
0234 
0235) 
0236 
0237) 
0238) 
0239) 
0240 
0241) 
0242 
0243) 
0244) 
0245) 
0246 
0247 
0248 
0249 
0250) 
0251) 
0252) 

Monobutyl amine 
Dibutyl amine 
Tributyl amine 
Hydroxylamine 
Diethylhydroxyl amine 
Diethylhydroxyl amine anhydride 
pyridine 
picoline 
acetone 

Acetyl acetone 
Dioxane 

Ethyl acetate 
Buthyl acetate 
Toluene 

Methylethyl ketone (MEK) 
Diethyl ketone 
Dimethyl sulfoxide (DMSO) 
Methylisobutyl ketone (MIBK) 
Butyl carbitol 
n-butylacetate (nBA) 
Gammerbutyrolactone 

Ethylcellosolve acetate (ECA) 
Ethyl lactate 
Pyruvate ethyl 
2-heptanone 
3-methoxybutyl acetate 
Ethylene glycol 
Propylene glycol 
Buthylene glycol 
Ethylene glycol monoethyl ether 
Diethylene glycol monoethyl ether 
Ethylene glycol monoethyl ether acetate 
Ethylene glycol monomethyl ether 
Ethylene glycol monomethyl ether acetate 
Ethylene glycol mono-n-buthyl ether 
Polyethylene glycol 
Polypropylene glycol 
Polybuthylene glycol 
Polyethylene glycol monoethyl ether 
Polydiethylene glycol monoethyl ether 
Polyethylene glycol monoethyl ether acetate 
Polyethylene glycol monomethyl ether 
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0253) Polyethylene ether 
acetate 

glycol monomethyl 

0254 Polyethylene glycol mono-n-buthyl ether 
0255 Methyl-3-methoxypropionate (MMP) 
0256 Propylene glycol monomethyl ether (PGME) 
0257 Propylene glycol monomethyl ether acetate 
(PGMEA) 

0258 
0259 
0260) 
0261) 

0262) 

0263 

0264) 
Onate 

0265) 

0266 

0267 

Propylene glycol monopropyl ether (PGP) 
Propylene glycol monoethyl ether (PGEE) 
Ethyl-3-ethoxypropionate (FEP) 
Dipropylene glycol monoethyl ether 

Tripropylene glycol monoethyl ether 

Polypropylene glycol monoethyl ether 

Propylene glycol monomethyl ether propi 

3-methoxymethyl propionate 

3-ethoxymethyl propionate 

N-methyl-2-pyrrolidone 

0268. The Step of applying gas atmosphere to a Substrate 
through the use of gas produced from organic Solvent is 
carried out, if an organic film pattern is fused when organic 
Solvent percolates thereinto. For instance, an organic film 
pattern is Soluble in water, acid and alkali, the Step of 
applying gas atmosphere to a Substrate may be carried out 
through the use of gas produced from aqueous Solution, acid 
Solution and alkaline Solution. 

0269. In each of the third and sixth process units 19 and 
22, it is preferable that the temperature controller keeps a 
Substrate at a temperature in the range of 10 to 50 degrees 
centigrade. 
0270. It is preferable that the temperature-controllers in 
the third and sixth process units 19 and 22 keeps a substrate 
at a target temperature within t2 degrees, wherein the target 
temperature is in the range of 10 to 50 degrees centigrade 
both inclusive, preferably in the range of 10 to 40 degrees 
centigrade. 
0271. It is preferable that the temperature-controllers in 
the third and sixth process units 19 and 22 have target 
temperatures at which a Substrate is kept, and the target 
temperatures are identical with each other or within +5 
degrees to each other. 
0272. It is preferable that gas used in the gas-applying 
Step in the Sixth process unit 22, and organic Solvent as a gas 
Source are kept at a temperature in the range of 10 to 50 
degrees centigrade. It is also preferable that the Sixth process 
unit 22 has a temperature controller to do so. It is preferable 
that Such a temperature controller keeps gas and/or gas 
Source at a target temperature within t2 degrees, wherein the 
target temperature is in the range of 10 to 50 degrees 
centigrade both inclusive. 
0273. It is preferable that a temperature of gas and 
organic Solvent as a gas Source in the Sixth process unit 22 
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is equal to or within t5 degrees with a temperature at which 
the gas-applying Step is carried out in the Sixth process unit 
22. 

0274. It is preferable that the temperature-controller 
keeping gas and a gas Source at a predetermined temperature 
in the Sixth process unit 22 keeps them at a target tempera 
ture within t2 degrees, wherein the target temperature is in 
the range of 10 to 50 degrees centigrade both inclusive, and 
that a temperature of gas and organic Solvent as a gas Source 
in the Sixth proceSS unit 22 is equal to or within its degrees 
with a temperature at which the gas-applying Step is carried 
out in the Sixth proceSS unit 22. 

0275. There may be a difference between a temperature 
of gas and a gas Source in the Sixth process unit 22 and a 
temperature at which the gas-applying Step is carried out in 
the sixth process unit 22. If the latter is higher than the 
former, a rate at which an organic film pattern formed on a 
Substrate is deformed in accordance with the fusion/reflow/ 
deformation proceSS is lower as the difference is Smaller. If 
the latter is lower than the former, a rate at which an organic 
film pattern formed on a Substrate is deformed in accordance 
with the fusion/reflow/deformation process is higher as the 
difference is greater. 

0276 The temperature controller for keeping gas and a 
gas Source at a predetermined temperature in the Sixth 
proceSS unit 22 is Selected in accordance with a use. 
0277. The apparatus 100 or 200 may be designed to have 
a function of controlling a temperature of gas and a gas 
Source in the Sixth process unit 22 in Synchronization with 
a temperature at which the gas-applying Step is carried out 
in the Sixth proceSS unit 22. 

0278 It is more preferable that a substrate is kept at a 
temperature in the range of 15 to 35 degrees centigrade in 
the third and sixth process units 19 and 22. 
0279. It is preferable that a temperature-controller of the 
Sixth unit 22 controls a temperature at which the gas 
applying Step is carried out in the Sixth process unit 22, by 
controlling a temperature of a Substrate Stage (for instance, 
the stage 405). 
0280. In the step S4, a substrate is placed on a stage of the 
Second proceSS unit 18 kept at a predetermined temperature, 
for instance, in the range of 80 to 180 degrees centigrade, 
and is kept there for a predetermined period of time (for 
instance, 3 to 5 minutes). The step S4 allows gas to more 
deeply percolate into an organic film pattern, and facilitates 
fusion/deformation. 

0281) The apparatus 100 or 200 to be used in the first 
embodiment includes at least the fifth process unit 21, the 
third process unit 19, the sixth process unit 22, and the 
second process unit 18 as the process units U1 to U9 or U1 
to U7. 

0282. In the apparatus 100, the fifth process unit 21, the 
third process unit 19, the sixth process unit 22, and the 
Second process unit 18 may be arranged arbitrarily. 

0283. In contrast, in the apparatus 200, the fifth process 
unit 21, the third process unit 19, the sixth process unit 22, 
and the Second proceSS unit 18 are necessary to be arranged 
in this order in a direction indicated with an arrow Ain FIG. 
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4. In the methods explained hereinafter, it is also necessary 
to arrange those process units in the order. 
0284. The method illustrated in FIG. 1 may be automati 
cally carried out by the apparatus 100 or 200. Specifically, 
the controller 24 controls an operation of the robot 12 and 
the process units 17 to 23 for automatically carrying out the 
method illustrated in FIG. 1. In the methods explained 
hereinbelow, the apparatus 100 or 200 automatically carries 
out the method. 

0285) If the apparatus 100 or 200 is designed to include 
an etching unit, it is preferable that the apparatus 100 or 200 
automatically patterns an underlying film (for instance, a 
Surface of a Substrate) with an organic film pattern being 
used as a mask. In a Step of patterning an underlying film 
with an organic film pattern being used as a mask, an organic 
film pattern not yet processed and/or an organic film pattern 
having been processed may be used as a mask. This is the 
Same in the methods explained hereinbelow. 
0286. In accordance with the first method, the fusion/ 
deformation step (step S3) is carried out after the step S1 has 
been carried out for alteration of a Surface of an organic film 
pattern, removal of a part of a Surface of an organic film 
pattern, or improvement of wettability of a Surface of a 
Substrate. Hence, the fusion/deformation Step can be carried 
out controllably, uniformly and effectively, ensuring that the 
above-mentioned objects (a) to (c) can be accomplished. 
0287 Ashing as a dry step can be grouped into two types. 
0288 A first type of ashing is a step other than plasma 
discharging StepS. For instance, a first type of ashing is 
comprised of a Step of applying optical energy of a light 
having a short wavelength Such as ultra-violet ray, or heat to 
an object Such as an organic film or an underlying film. The 
first type of ashing exerts less damage on an object, but has 
a low processing Speed. Accordingly, the first type of ashing 
is used merely for changing a Surface condition of an organic 
film pattern or an underlying film, and is hardly used for a 
process required to be carried out at a high rate, Such as 
removal of an alterated layer formed on an organic film. 
0289. A Second type of ashing is a plasma-discharging 
Step. A plasma-discharging Step is grouped further into types 
one and two. A type one is an isotropic plasma-discharging 
Step to be carried out under a high pressure with low power, 
and a type two is an anisotropic plasma-discharging Step to 
be carried out under a low pressure with high power. Both 
of the type one and two have a process Speed higher than that 
of the first type of ashing, that is, a step other than plasma 
discharging Steps, and the type two has a higher process 
Speed than the same of the type one. Thus, Since the type one 
and two have a high proceSS Speed, an organic film pattern 
can be etched in a short period of time, and a Surface of an 
underlying film can be changed in a short period of time. In 
addition, the type one and two can be carried out for removal 
of an alterated layer formed on a Surface of an organic film 
pattern, or a high-Speed proceSS Such as dry peeling-off. 
However, the Second type of ashing, that is, a plasma 
discharging Step exerts more damage to an object than the 
first type of ashing. 
0290. In particular, an alterated layer formed on an 
organic film pattern cannot be Sufficiently removed by the 
first type of ashing. An anisotropic plasma-discharging Step 
(type two) can Sufficiently remove an initially formed alter 
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ated layer, but would exert much damage to an organic film 
pattern, and resultingly, an alterated layer is newly formed 
on the organic film pattern. Accordingly, it is meaningleSS to 
Select an anisotropic plasma-discharging step (type two) for 
removing an alterated layer formed on a Surface of an 
organic film pattern. Thus, an isotropic plasma-discharging 
Step (type one) is usually Selected for removing an alterated 
layer formed on a Surface of an organic film pattern. 
0291. However, in the method suggested in the above 
mentioned Japanese Patent Application Publication No. 
2002-334830, when an alterated layer formed on a surface 
of an organic film pattern is removed for uniformizing a step 
of causing chemical (for instance, organic Solvent) to per 
colate into an organic film pattern for deforming the organic 
film pattern, it would be impossible to completely remove 
the alterated layer even by the anisotropic plasma-discharg 
ing Step (type two) and the isotropic plasma-discharging Step 
(type one), and it would be also impossible to prevent a 
Small alterated layer from being formed on an organic film 
pattern due to damage newly exerted by the anisotropic and 
isotropic plasma-discharging Step. 
0292. The inventor found out the problem that even such 
a Small alterated layer newly formed due to the plasma 
discharging Step prevents uniformity of a step of causing 
chemical to percolate into an organic film pattern for 
deforming the organic film pattern. 
0293 That is, the method suggested in the above-men 
tioned Publication is accompanied with a problem that Since 
a step of causing chemical percolating into an organic film 
pattern is insufficiently carried out as a result that the organic 
film pattern is damaged by a plasma-discharging Step and 
that a Small alterated film is newly formed on the organic 
film pattern, a step of etching an underlying film is insuffi 
ciently carried out. 
0294. In accordance with the present invention, removal 
of an alterated or deposited layer formed at a Surface of an 
organic film pattern, which was carried out by ashing in a 
conventional method, is carried out by a wet step, Specifi 
cally, a Step of applying chemical to an organic film pattern. 
Hence, it is possible to prevent an organic film pattern or a 
Substrate from being damaged. 
0295) The step S4 of heating an organic film pattern may 
be omitted, in which case, it is unnecessary for the apparatus 
100 or 200 to have the second process unit 18. If a tem 
perature at which an organic film pattern is heated in the 
Second proceSS unit 18 can be accomplished also in the third 
process unit 19, the step S4 may be carried out in the third 
process unit 19. In FIGS. 2, 9 and 10, a step sandwiched 
between parentheses may be omitted, Similarly to the Step 
S4. In addition, a proceSS unit associated with a step Sand 
wiched between parentheses may be also omitted. 
0296. It is preferable that a substrate is cooled down to a 
room temperature after the Step S4 has been carried out. 
0297 Even if a common step is carried out N times (N is 
an integer equal to or greater than two), the apparatus 100 is 
not necessary to include common process units for carrying 
out the step, but the apparatus 200 is necessary to include N 
common process units for carrying out the Step. For 
instance, if the Step S4 has to be carried out twice in the 
apparatus 200, the apparatus 200 has to include two sixth 
proceSS units 22. The same is applied to the methods 
explained hereinbelow. 
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0298) Second Embodiment 
0299 The method in accordance with the second embodi 
ment of the present invention is explained hereinbelow. 
0300. The method in accordance with the second embodi 
ment of the present invention is carried out for the above 
mentioned purposes (a) to (c), similarly to the first embodi 
ment. In other words, the method in accordance with the 
Second embodiment relates to Steps of processing an organic 
film pattern for the purposes (a) to (c). 
0301 FIG. 2 is a flow-chart showing steps to be carried 
out in the method in accordance with the Second embodi 
ment of the present invention. 
0302 As illustrated in FIG. 2, the method includes the 
Steps, in Sequence, of ashing an organic film pattern (Step 
S7), applying chemical to an organic film pattern (Step S1), 
controlling a temperature of a Substrate or an organic film 
pattern to a Suitable temperature (step S2), exposing an 
organic film pattern to gas atmosphere (step S3), and heating 
an organic film pattern (step S4). 
0303. In the second embodiment, the removal step is 
comprised of the ashing step (step S7) and the step of 
applying chemical to an organic film pattern (step S1). 
0304. The method in accordance with the second embodi 
ment additionally includes the ashing step (step S7) which is 
carried out prior to the Step S1. The ashing Step is carried out 
in the Seventh process unit 23. 
0305. In the ashing step, an organic film pattern is etched 
by plasma, optical energy of a light having a short wave 
length Such as ultra-violet ray, or OZone through the use of 
Such optical energy and heat. 
0306 In the first embodiment, removal of an alterated or 
deposited layer formed at a Surface of an organic film pattern 
is carried out entirely by a Wet Step, that is, a step of applying 
chemical to an organic film pattern. Unlike the first embodi 
ment, the Second embodiment includes an ashing Step, a dry 
Step, by which an alterated layer, particularly a Surface of an 
alterated layer, is removed. 
0307 The step S1, a wet step, is carried out Subsequently 
to the ashing Step S7, a dry step, for removing an alterated 
layer which was not removed even by the ashing Step. That 
is, an alterated layer formed at a Surface of an organic film 
pattern is completely removed by a combination of the Steps 
S1 and S7. 

0308 The steps S2, S3 and S4 are carried out in the same 
way as the first embodiment. 
0309. In the second embodiment, an alterated or depos 
ited layer formed at a Surface of an organic film pattern is 
removed by carrying out the ashing Step (step S7) and the 
Step of applying chemical to an organic film pattern (Step 
S1), in this order. In the ashing step, only a Surface of an 
alterated or deposited layer is removed. Hence, in compari 
Son with a conventional ashing Step, it would be possible to 
Shorten a period of time for carrying out an ashing Step, and 
Significantly reduce damage to be exerted on an organic film 
pattern by an ashing Step. 
03.10 Even if an alterated or deposited layer cannot be 
removed only by the step S1, it would be possible to 
completely remove the layer by carrying out the ashing Step 
S7 prior to the step S1. 
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0311 AS chemical to be used in the step S1 in the second 
embodiment, there may be selected chemical which perco 
late into an organic film pattern to a leSS degree than 
chemical used in the step S1 in the first embodiment, or 
chemical which shortens a period of time for carrying out the 
step S1 in comparison with the step S1 in the first embodi 
ment. 

0312 Third Embodiment 
0313 The method in accordance with the third embodi 
ment of the present invention is explained hereinbelow. 
0314. The method in accordance with the third embodi 
ment is applied to an organic film pattern comprised of an 
organic photosensitive film. The third embodiment is dif 
ferent from the first and second embodiments only in that 
chemical used in the third embodiment is Selected as chemi 
cal having a function of developing an organic film pattern. 
0315. As such chemical, there may be selected alkaline 
aqueous Solution containing TMAH (tetramethylammonium 
hydroxide) in the range of 0.1 to 10.0 weight%, or inorganic 
alkaline aqueous solution such as NaOH or CaOH. 
0316. In the third embodiment, it is preferable that a 
Substrate is kept not exposed to a light during initial expo 
Sure to a light for forming an organic film pattern, to 
development of the organic film pattern. By doing So, it 
would be possible to uniformize effect of development of an 
organic film pattern. 
0317. In order to keep a substrate not exposed to a light, 
all Steps may be administrated for this end, or the apparatus 
100 or 200 may be designed to have a function of doing so. 
0318. The column (a) in FIG. 9 is a flow-chart showing 
Steps to be carried out in the method in accordance with the 
third embodiment. 

03.19. As illustrated in the column (a) in FIG. 9, the 
method in accordance with the third embodiment is com 
prised of, in Sequence, the Steps of developing an organic 
film pattern (step S5), controlling a temperature of an 
organic film pattern (step S2), applying gas atmosphere to an 
organic film pattern (step S3), and heating an organic film 
pattern (Step S4). 
0320 The step S5 of developing an organic film pattern 
defines a removal Step of removing an alterated or deposited 
layer. 

0321) The step S5 is carried out in the fourth process unit 
20. In the step S5, an organic film pattern is developed with 
a developing agent. The Step S5 provides the same result as 
that of the step S1 in FIG. 1. 
0322. Accordingly, the method in accordance with the 
third embodiment provides the same advantages as those 
obtained by the method in accordance with the first embodi 
ment. 

0323) The apparatus 100 or 200 used in the third embodi 
ment is necessary to include the fourth proceSS unit 20, the 
third process unit 19, the sixth process unit 22, and the 
second process unit 18 as the process units U1 to U9 or U1 
to U7. 

0324. The method in accordance with the third embodi 
ment may additionally include an ashing Step to be carried 
out prior to the Step of developing an organic film pattern 
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(step S5), in which case, the removal step is comprised of the 
ashing step (step S7) and the developing Step (step S5). 
0325 Fourth Embodiment 
0326. The method in accordance with the fourth embodi 
ment of the present invention is explained hereinbelow. 
0327. The method in accordance with the fourth embodi 
ment additionally includes a Step of exposing an organic film 
pattern to a light, in comparison with the third embodiment. 
The Step of exposing an organic film pattern to a light is 
carried out before a step of developing an organic film 
pattern. 

0328. In the Step of exposing an organic film pattern to a 
light, an organic film pattern covering therewith a predeter 
mined area of a Substrate is exposed to a light. The Step is 
different from a step of exposing a resist to a light for 
forming a minute pattern, and is referred to as "simple 
light-exposure Step”. 
0329. The simple light-exposure step is carried out in the 

first process unit 17. In the first proceSS unit 17, an organic 
film pattern is exposed to ultra-violet ray, fluorescent light, 
natural light, and other Similar lights. 
0330. In the simple light-exposure step, an organic film 
pattern covering a part or all of a Substrate therewith is 
exposed to a light. For instance, an organic film pattern 
covering /10 or more of a total area of a Substrate therewith 
is exposed to a light. In the Simple light-exposure Step, an 
organic film pattern may be exposed to a light at a time, or 
an organic film pattern may be Scanned with a Spot light. 
0331 In the fourth embodiment, it is preferable that a 
Substrate is kept not exposed to a light during initial expo 
Sure to a light for forming an organic film pattern, to 
development of the organic film pattern. By doing So, it 
would be possible to uniformize effect of development of an 
organic film pattern, and further uniformize exposure of a 
Substrate to a light in the Simple light-exposure Step. In order 
to keep a Substrate not exposed to a light, all Steps may be 
administrated for this end, or the apparatus 100 or 200 may 
be designed to have a function of doing So. 
0332 The simple light-exposure step may be carried out 
in Such a manner as mentioned below. 

0333. In a first case, an organic film pattern formed on a 
Substrate kept not exposed to a light before the Simple 
light-exposure Step is carried out is exposed to a light in the 
Simple light-exposure Step. 

0334. In a second case, when a substrate is exposed to a 
light to Some degree before the Simple light-exposure Step is 
carried out, or how degree a Substrate is exposed to a light 
is unknown, the Simple light-exposure Step is carried out for 
entirely exposing a Substrate to a light for uniformizing 
exposure of a Substrate to a light, or for additionally expos 
ing a Substrate to a light for precaution. 
0335) Example 1 of Fourth Embodiment 
0336. The column (b) in FIG. 9 is a flow-chart showing 
steps to be carried out in Example 1 of the fourth embodi 
ment. 

0337 As illustrated in the column (b) in FIG. 9, the 
method in accordance with Example 1 of the fourth embodi 
ment is comprised of, in Sequence, the Simple light-exposure 
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Step (Step S6), the Step of developing an organic film pattern 
(step S5), the step of controlling a temperature of an organic 
film pattern (step S2), the Step of applying gas atmosphere 
to an organic film pattern (step S3), and the Step of heating 
an organic film pattern (step S4). 
0338. The simple light-exposure step (step S6) and the 
Step of developing an organic film pattern (step S5) define a 
removal Step of removing an alterated or deposited layer. 

0339) The method shown in the column (b) additionally 
includes the Simple light-exposure Step (step S6) to be 
carried out prior to the method shown in column (a). The 
step S5 is effectively carried out in the method shown in the 
column (b), when an organic film pattern is composed of 
photoSensitive material. 
0340. In the simple light-exposure step (step S6), an 
organic film pattern covering therewith a predetermined area 
of a Substrate is exposed to a light. The Step is different from 
a step of exposing a resist to a light for forming a minute 
pattern. 

0341 The simple light-exposure step is carried out in the 
first process unit 17. In the first proceSS unit 17, an organic 
film pattern is exposed to ultra-violet ray, fluorescent light, 
natural light, and other Similar lights. 
0342. The apparatus 100 or 200 used in Example 1 of the 
fourth embodiment is necessary to include the first proceSS 
unit 17, the fourth process unit 20, the third process unit 19, 
the Sixth process unit 22, and the Second process unit 18 as 
the process units U1 to U9 or U1 to U7. 
0343 Example 2 of Fourth Embodiment 
0344) The column (c) in FIG. 9 is a flow-chart showing 
steps to be carried out in Example 2 of the fourth embodi 
ment. 

0345) As illustrated in the column (c) in FIG. 9, the 
method in accordance with Example 2 of the fourth embodi 
ment is comprised of, in Sequence, an ashing step (step S7), 
the simple light-exposure Step (step S6), the step of devel 
oping an organic film pattern (step S5), the Step of control 
ling a temperature of an organic film pattern (step S2), the 
Step of applying gas atmosphere to an organic film pattern 
(step S3), and the step of heating an organic film pattern 
(step S4). 
0346) The ashing step (step S7), the simple light-expo 
Sure step (step S6) and the step of developing an organic film 
pattern (step S5) define a removal step of removing an 
alterated or deposited layer. 
0347 The method shown in the column (c) additionally 
includes the ashing step (step S7) to be carried out prior to 
the method shown in column (b). The ashing step S7 is 
carried out in the Seventh proceSS unit 23. 
0348. In Example 1, removal of an alterated or deposited 
layer formed at a Surface of an organic film pattern is carried 
out entirely in a wet step, that is, the Step of developing an 
organic film pattern. In contrast, in Example 2, the ashing 
Step (step S7) is carried out for removing an alterated layer, 
particularly, a Surface of an alterated layer. 
0349. In the step S5 carried out subsequently to the 
ashing Step S7, an alterated layer which could not be 
removed by the ashing Step is removed. 
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0350 Example 2 is identical with Example 1 except the 
above-mentioned matters. 

0351. In accordance with Example 2, since the ashing 
step (step S7) is carried out prior to the step S5, an alterated 
layer can be effectively removed, even if an organic film 
pattern is cured or altered at a Surface thereof due to etching 
having been carried out prior to the method shown in the 
column (c) in FIG. 9. That is, it is preferable that the ashing 
Step S7 is applied to an organic film pattern having a Surface 
having cured or altered due to etching. 
0352 A period of time for carrying out the ashing step S7 
in Example 2 can be shortened relative to the same in the 
above-mentioned Japanese Patent Publication, because 
Example 2 has the Step S5 of developing an organic film 
pattern. 

0353. The apparatus 100 or 200 used in Example 2 of the 
fourth embodiment is necessary to include the Seventh 
process unit 23, the first proceSS unit 17, the fourth proceSS 
unit 20, the third process unit 19, the sixth process unit 22, 
and the second process unit 18 as the process units U1 to U9 
or U1 to U7 (a process unit associated with the parenthesized 
Step is not omitted). 
0354) Example 3 of Fourth Embodiment 
0355 The column (d) in FIG. 9 is a flow-chart showing 
steps to be carried out in Example 3 of the fourth embodi 
ment. 

0356. As illustrated in the column (d) in FIG. 9, the 
method in accordance with Example 3 of the fourth embodi 
ment is comprised of, in Sequence, the Simple light-exposure 
Step (step S6), the ashing step (step S7), the step of devel 
oping an organic film pattern (step S5), the Step of control 
ling a temperature of an organic film pattern (step S2), the 
Step of applying gas atmosphere to an organic film pattern 
(step S3), and the Step of heating an organic film pattern 
(step S4). 
0357. In Example 3, an order of carrying out the steps S6 
and S7 is exchanged in comparison with Example 2. 
Example 3 provides the Same advantages as the same 
obtained by Example 2. 

0358) The method shown in the column (d) in FIG. 9 is 
more Suitable than Example 2, if a photoSensitive organic 
film pattern is cured and altered in the step S6. 
0359 The apparatus 100 or 200 used in Example 3 is 
identical with the apparatus 100 or 200 used in Example 2. 
0360 The fourth embodiment includes the simple light 
exposure Step as a Standard light-exposure Step because of 
costs, a capacity, and arrangement of process units in the 
apparatus 100 or 200. Instead, the fourth embodiment may 
include a usual light-exposure Step for forming a minute 
pattern. 

0361 The above-mentioned first to fourth embodiments 
shown in FIGS. 1, 2 and 9 are carried out for the purpose of 
(d) planarization of an organic film pattern (see Japanese 
Patent Application Publication No. 2003-21827, for 
instance), as well as for the above-mentioned purposes (a) to 
(c). Herein, an organic film formed on a Substrate in a 
predetermined area may be considered as “an organic film 
pattern'. 
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0362. When the first to fourth embodiments are carried 
out for the purposes (a) and (b), it is preferable to carry out 
a step of etching an underlying film Subsequently to each of 
the StepS or prior to and Subsequently to each of the StepS. 
Specifically, it is preferable to carry out a step of patterning 
an underlying film (for instance, a Substrate) formed below 
an organic film pattern, with the organic film pattern 
(organic film pattern before being deformed by a fusion/ 
deformation Step) being used as a mask, or a step of 
patterning an underlying film (for instance, a Substrate) 
formed below an organic film pattern, with the organic film 
pattern (organic film pattern after having been deformed by 
a fusion/deformation Step) being used as a mask. 
0363 Fifth Embodiment 
0364. The method in accordance with the fifth embodi 
ment of the present invention is explained hereinbelow. 

0365. The method in accordance with the fifth embodi 
ment additionally includes a step of applying chemical to an 
organic film pattern, to be carried out prior to the Step of 
developing an organic film pattern, in comparison with the 
methods in accordance with the third and fourth embodi 
mentS. 

0366. In the step of applying chemical to an organic film 
pattern, there is used chemical other than chemical having a 
function of development, to be used in the Step of develop 
ing an organic film pattern. 

0367 Example 1 of Fifth Embodiment 
0368. The column (a) in FIG. 10 is a flow-chart showing 
steps to be carried out in Example 1 of the fifth embodiment. 

0369. As illustrated in the column (a) in FIG. 10, the 
method in accordance with Example 1 of the fifth embodi 
ment is comprised of, in Sequence, the Step of applying 
chemical to an organic film pattern (step S1), the step of 
developing an organic film pattern (step S5), the Step of 
controlling a temperature of an organic film pattern (Step 
S2), the Step of applying gas atmosphere to an organic film 
pattern (step S3), and the Step of heating an organic film 
pattern (Step S4). 
0370. The step of applying chemical to an organic film 
pattern (Step S1) and the Step of developing an organic film 
pattern (step S5) define a removal step of removing an 
alterated or deposited layer. 

0371. In the step S1, there is used chemical other than 
chemical having a function of developing an organic film 
pattern. 

0372 The method in accordance with Example 1 of the 
fifth embodiment additionally includes the step S1 to be 
carried out prior to the method shown in the column (a) in 
FIG 9. 

0373) That is, the method in accordance with Example 1 
of the fifth embodiment improves the method shown in the 
column (a) in FIG. 9. The step S1 is carried out to remove 
a portion (in particular, a Surface) of an alterated or depos 
ited layer which could not be removed by the step of 
developing an organic film pattern (step S5). The Step of 
applying chemical to an organic film pattern (step S1) is 
carried out in the fifth process unit 21 in the Same way as the 
step S1 carried out in the first embodiment. 
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0374. The steps S5, S2, S3 and S4 are carried out in the 
Same way as the third embodiment. 
0375 Example 2 of Fifth Embodiment 
0376) The column (b) in FIG. 10 is a flow-chart showing 
steps to be carried out in Example 2 of the fifth embodiment. 
0377 As illustrated in the column (b) in FIG. 10, the 
method in accordance with Example 2 of the fifth embodi 
ment is comprised of, in Sequence, the Step of applying 
chemical to an organic film pattern (step S1), the simple 
light-exposure Step (step S6), the step of developing an 
organic film pattern (step S5), the Step of controlling a 
temperature of an organic film pattern (step S2), the Step of 
applying gas atmosphere to an organic film pattern (step S3), 
and the step of heating an organic film pattern (step S4). 
0378. The step of applying chemical to an organic film 
pattern (step S1), the Simple light-exposure step (Step S6) 
and the Step of developing an organic film pattern (step S5) 
define a removal Step of removing an alterated or deposited 
layer. 

0379. In the step S1, there is used chemical other than 
chemical having a function of developing an organic film 
pattern. 

0380 The method in accordance with Example 2 of the 
fifth embodiment additionally includes the step S1 to be 
carried out prior to the method shown in the column (b) in 
FIG 9. 

0381 That is, the method in accordance with Example 2 
of the fifth embodiment improves the method shown in the 
column (a) in FIG. 9. The steps S1 and S6 are carried out 
to remove a portion (in particular, a Surface) of an alterated 
or deposited layer which could not be removed by the step 
of developing an organic film pattern (Step S5). The Step of 
applying chemical to an organic film pattern (step S1) is 
carried out in the fifth proceSS unit 21 in the Same way as the 
step S1 carried out in the first embodiment. 
0382. The steps S5, S2, S3 and S4 are carried out in the 
Same way as Example 1 of the fourth embodiment. 
0383 Example 3 of Fifth Embodiment 
0384) The column (c) in FIG. 10 is a flow-chart showing 
steps to be carried out in Example 3 of the fifth embodiment. 
0385) As illustrated in the column (b) in FIG. 10, the 
method in accordance with Example 3 of the fifth embodi 
ment is comprised of, in Sequence, the Step of applying 
chemical to an organic film pattern (step S1), the ashing Step 
(step S7), the simple light-exposure Step (step S6), the Step 
of developing an organic film pattern (step S5), the step of 
controlling a temperature of an organic film pattern (Step 
S2), the Step of applying gas atmosphere to an organic film 
pattern (step S3), and the Step of heating an organic film 
pattern (Step S4). 
0386 The step of applying chemical to an organic film 
pattern (step S1), the ashing Step (step S7), the simple 
light-exposure Step (step S6) and the Step of developing an 
organic film pattern (step S5) define a removal step of 
removing an alterated or deposited layer. 

0387. In the step S1, there is used chemical other than 
chemical having a function of developing an organic film 
pattern. 
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0388. The method in accordance with Example 3 of the 
fifth embodiment additionally includes the step S1 to be 
carried out prior to the method shown in the column (c) in 
FIG 9. 

0389. That is, the method in accordance with Example 3 
of the fifth embodiment improves the method shown in the 
column (c) in FIG. 9. The step S1 is carried out to remove 
a portion (in particular, a Surface) of an alterated or depos 
ited layer which could not be removed by the step of 
developing an organic film pattern (step S5). The Step of 
applying chemical to an organic film pattern (step S1) is 
carried out in the fifth process unit 21 in the Same way as the 
step S1 carried out in the first embodiment. 
0390 The other steps are carried out in the same way as 
Example 2 of the fourth embodiment. 
0391) An order of carrying out the step S1 in the fifth 
embodiment is not to be limited to the orders shown in the 
columns (a), (b) and (c) in FIG. 10, but may be determined 
arbitrarily, if it is prior to the step S5. In the column (c) in 
FIG. 10, the ashing step S7 is carried out immediately prior 
to the Simple light-exposure Step S6. To the contrary, the 
ashing Step S7 may be carried out immediately Subsequently 
to the Simple light-exposure Step S6. 

0392 That is, for instance, there may be carried out, in 
Sequence, the simple light-exposure Step (step S6), the Step 
of applying chemical to an organic film pattern (step S1), the 
step of developing an organic film pattern (step S5), the step 
of controlling a temperature of an organic film pattern (Step 
S2), the Step of applying gas atmosphere to an organic film 
pattern (step S3), and the Step of heating an organic film 
pattern (Step S4). 
0393 As an alternative, there may be carried out, in 
Sequence, the ashing step (Step S7), the simple light-expo 
Sure Step (Step S6), the Step of applying chemical to an 
organic film pattern (step S1), the Step of developing an 
organic film pattern (step S5), the Step of controlling a 
temperature of an organic film pattern (step S2), the Step of 
applying gas atmosphere to an organic film pattern (step S3), 
and the step of heating an organic film pattern (step S4). 
0394 As an alternative, there may be carried out, in 
Sequence, the Simple light-exposure Step (step S6), the 
ashing step (step S7), the Step of applying chemical to an 
organic film pattern (step S1), the Step of developing an 
organic film pattern (step S5), the Step of controlling a 
temperature of an organic film pattern (step S2), the Step of 
applying gas atmosphere to an organic film pattern (step S3), 
and the step of heating an organic film pattern (step S4). 
0395. As an alternative, there may be carried out, in 
Sequence, the ashing step (step S7), the Step of applying 
chemical to an organic film pattern (step S1), the simple 
light-exposure Step (step S6), the step of developing an 
organic film pattern (step S5), the Step of controlling a 
temperature of an organic film pattern (step S2), the Step of 
applying gas atmosphere to an organic film pattern (step S3), 
and the step of heating an organic film pattern (step S4). 
0396. In accordance with the fifth embodiment, the step 
of applying chemical to an organic film pattern (step S1) is 
carried out prior to the Step of developing an organic film 
pattern (step S5). Hence, even if an organic film pattern is 
cured and altered by previous etching, a Surface of the 

Apr. 28, 2005 

organic film pattern can be removed more effectively than 
the third embodiment. That is, the method in accordance 
with the fifth embodiment is suitable to an organic film 
pattern being much cured and altered. 

0397. In the above-mentioned fourth and fifth embodi 
ments, the simple light-exposure Step (step S6) may be 
omitted, in which case, the removal Step is comprised of the 
steps S1 and S5 in this order or the steps S7, S1 and S5 in 
this order. 

0398. For instance, the simple light-exposure step (step 
S6) is omitted in the following two cases. 
0399. The first case is that an organic film pattern is 
exposed to a light in other Steps or in other conditions during 
initial formation of an organic film pattern to processing of 
the organic film pattern. In the first case, even if Simple 
light-exposure step (step S6) is omitted, it would be possible 
to obtain the Same advantages as those provided by the 
fourth or fifth embodiment. 

0400. The second case is that an organic film pattern is 
kept not exposed to a light during initial formation of an 
organic film pattern to processing of the organic film pattern, 
and then, an alterated or deposited layer is removed by the 
Step of applying chemical having a function of development, 
to the organic film pattern, and that a peripheral portion of 
the initial organic film pattern, eXposed to a light, is 
removed, but a central portion of the initial organic film 
pattern, not exposed to a light and not alterated, should not 
be removed. In the Second case, an alterated or deposited 
layer and the peripheral portion of the initial organic film 
pattern are simultaneously removed by the Step of develop 
ing the organic film pattern and the Step of applying chemi 
cal to the organic film pattern where the organic film pattern 
is kept not exposed to a light during initial formation of the 
organic film pattern to processing of the organic film pattern. 
AS a result, the central portion of the organic film pattern 
which is not exposed to a light and not alterated remains as 
it is. 

04.01. In the above-mentioned first to fifth embodiments, 
an organic film pattern has a uniform thickness. However, an 
organic film pattern may have at least two portions having 
different thicknesses from one another. 

0402. When an organic film pattern has at least two 
portions having different thicknesses from one another, it 
would be possible to thin a portion having a Small thickneSS 
or remove a portion having a Small thickness, by carrying 
out the Step of developing an organic film pattern (step S5). 
0403. An organic film pattern having at least two portions 
having different thicknesses from one another can be formed 
by Setting initial exposure of an organic film pattern to a 
light, at two or more levels in a plane of the organic film 
pattern. Specifically, there may be used two or more reticle 
masks allowing a light to pass therethrough in different 
degrees from one another. 

04.04 Thereafter, a step of developing an organic film 
pattern (this step is different from the step S5) is carried out 
with the result that a portion of an organic film pattern 
having been exposed to a light to much or leSS degree has a 
Small thickness. Thus, the organic film pattern could have 
portions having different thicknesses from one another. 
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04.05) A history of exposure of an organic film pattern to 
a light remains thereafter. Hence, it would be possible to 
further thin or remove a portion having a Small thickness, by 
carrying out the above-mentioned development step (Step 
S5). 
0406 As the chemical having a function of developing an 
organic film pattern, to be used in the Step S5, if an initial 
organic film pattern is developed with a positive developing 
agent, there is used chemical having a function of positive 
development, and if an initial organic film pattern is devel 
oped with a negative developing agent, there is used chemi 
cal having a function of negative development. 
0407. When a portion having a small thickness among 
portions of an organic film pattern, having different thick 
neSSes from one another is thinned or removed by carrying 
out the Step of developing an organic film pattern (step S5), 
it is preferable that the organic film pattern is kept not to 
exposed to a light during initial exposure carried out for 
forming an organic film pattern to development of the 
organic film pattern. 
0408. A portion having a small thickness among portions 
of an organic film pattern, having different thicknesses from 
one another has been conventionally thinned or removed by 
dry-etching through the use of oxygen gas or by anisotropic 
ashing. In comparison with the conventional method, the 
methods in accordance with the above-mentioned embodi 
ments provide the advantages that an organic film pattern 
and an underlying film are less damaged by the wet step, 
Specifically, the Step of applying chemical to the organic film 
pattern, and that a highly effective and Selective step (thin 
ning or removing a portion having a small thickness) can be 
carried out by virtue of a difference in a developing Speed, 
caused by a difference as to whether an organic film pattern 
is photoSensitive. 
04.09 Hereinbelow is explained a policy as to selection of 
the removal Step in each of the above-mentioned embodi 
mentS. 

0410 FIG. 11 illustrates a degree of alteration of an 
alterated layer in dependence on causes by which the 
alterated layer is formed. In FIG. 11, a degree of alteration 
is determined in accordance with difficulty in peeling off an 
alterated layer with a wet step. 
0411 AS illustrated in FIG. 11, a degree of alteration of 
an alterated layer depends highly on a chemical to be used 
in wet-etching, whether dry-etching is isotropic or anisotro 
pic, whether deposition exists on an organic film pattern, and 
gas used in dry-etching. Hence, difficulty in removing an 
alterated layer depends also on those. 
0412 AS chemical used in the step of applying chemical 
to an organic film pattern, there is Selected acid Solution, 
alkaline Solution or organic Solvent alone or in combination. 
0413 Specifically, as the chemical is selected alkaline 
aqueous Solution or aqueous Solution containing at least one 
amine as organic Solvent in the range of 0.05 to 10 weight 
%. 

0414. Herein, amine is selected from monoethyl amine, 
diethyl amine, triethyl amine, monoisopyl amine, diisopyl 
amine, triisoply amine, monobutyl amine, dibutyl amine, 
tributyl amine, hydroxylamine, diethylhydroxylamine, 
diethylhydroxylamine anhydride, pyridine, or picoline. 
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0415. If a degree of alteration of an alterated layer is 
relatively low, that is, if an alterated layer is formed due to 
oxidation caused by being aged, acid etchant or isotropic 
oxygenashing, the Selected chemical may contain amine in 
the range of 0.05 to 3 weight 9%. 
0416 FIG. 12 is a graph showing relation between a 
concentration of amine in chemical and a removal rate, in 
asSociation with whether an organic film pattern is alterated 
Or not. 

0417. As illustrated in FIG. 12, it is preferable that the 
chemical contains amine as organic Solvent in the range of 
0.05 to 1.5 weight % in order to remove only an alterated 
layer and remain a non-alterated portion of an organic film 
pattern. To this end, it is preferable to Select hydroxylamine, 
diethylhydroxyl amine, diethylhydroxylamine anhydride, 
pyridine, or picoline to be contained in the chemical. AS an 
anticorrosive, there may be selected D-glucose (CHO), 
chelate or antioxidant. 

0418 By setting a suitable period of time for carrying out 
the Step of applying chemical to an organic film pattern, as 
well as Selecting Suitable chemical, it would be possible to 
remove only an alterated or deposited layer, remain a 
non-alterated portion of an organic film pattern, or allow an 
organic film pattern having been covered with a deposited 
layer, to appear. 
0419. The step of applying chemical to an organic film 
pattern provides an advantage that organic Solvent is likely 
to percolate into an organic film pattern in a fusion/defor 
mation Step to be carried out Subsequently thereto. 
0420 Actually, by applying the above-mentioned chemi 
cal to an organic film pattern at a Surface thereof, an alterated 
layer is cracked, or a part or all of an alterated layer is 
removed. Thus, it would be possible to avoid organic Solvent 
from being prevented by an altered layer from penetrating an 
organic film pattern in a fusion/deformation Step Such as the 
Step of applying gas atmosphere to an organic film pattern. 

0421) What is important is that a non-alterated portion of 
an organic film pattern should not be removed, but remains, 
and that organic Solvent can readily penetrate a non-alterated 
portion of an organic film pattern by removing only an 
alterated layer or by cracking an alterated layer. It is nec 
essary to Select chemical allowing to do So. 

0422. As illustrated in FIG. 2, the columns (c) and (d) in 
FIG. 9, and the column (c) in FIG. 10, it is preferable that 
the ashing Step is carried out prior to the Step of applying 
chemical to an organic film pattern, when an alterated or 
deposited layer is firm or thick, or is quite difficult to 
remove. A combination of the ashing Step and the Step of 
applying chemical to an organic film pattern Solves a prob 
lem that it is quite difficult to remove an alterated layer only 
by carrying out the Step of applying chemical to an organic 
film pattern, or it takes much time to do the Same. 
0423 FIG. 13 illustrates variation of an alterated layer to 
which only an oxygen (O) ashing step or an isotropic 
plasma step is applied, FIG. 14 illustrates variation of an 
alterated layer to which only a step of applying chemical 
(aqueous Solution containing hydroxylamine at 2%) is 
applied, and FIG. 15 illustrates variation of an alterated 
layer to which both the above-mentioned ashing Step and the 
above-mentioned Step of applying chemical are applied in 
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this order. In FIGS. 13 to 15, similarly to FIG. 11, a degree 
of alteration is determined in accordance with difficulty in 
peeling off an alterated layer with a Wet Step. 
0424. As illustrated in FIGS. 13 to 15, an alterated layer 
can be removed by carrying out any step(s). However, 
comparing the oxygen ashing step (isotropic plasma step) 
illustrated in FIG. 13 with the step of applying chemical 
(aqueous Solution containing hydroxylamine at 2%) to an 
alterated layer, a degree of removal of an alterated layer is 
different from each other in accordance with a thickneSS and 
characteristic of an alterated layer. 
0425 The oxygen ashing step (isotropic plasma Step) is 
effective to removal of an alterated layer having deposition 
thereon, as illustrated in FIG. 13, but is likely to damage an 
object. Hence, if the oxygen ashing step (isotropic plasma 
Step) is carried out to an alterated layer having no deposition 
thereon, an alterated layer remains without being removed to 
a higher degree than a degree at which an alterated layer is 
removed only by the Step of applying chemical to an 
alterated layer (FIG. 14). 
0426 In contrast, the step of applying chemical (aqueous 
Solution containing hydroxylamine at 2%) to an alterated 
layer is less effective than the oxygenashing Step to removal 
of an alterated layer having deposition thereon, as illustrated 
in FIG. 14, but does not damage an object. Hence, if the step 
of applying chemical to an alterated layer is carried out to an 
alterated layer having no deposition thereon, an alterated 
layer remains without being removed to a higher degree than 
a degree at which an alterated layer is removed only by the 
OXygen ashing Step. 

0427 Thus, in order to have the merits shown in FIGS. 
13 and 14, the oxygen ashing step (isotropic plasma step) 
and the Step of applying chemical (aqueous Solution con 
taining hydroxylamine at 2%) to an alterated layer are 
carried out in this order, as illustrated in FIG. 15. It is 
understood that the method shown in FIG. 15 is effective to 
both an alterated layer having deposition thereon and an 
alterated layer having no deposition thereon, and can 
remove an alterated layer without damage remaining. 
0428. It is preferable that a layer lying below an organic 
film pattern is treated at a Surface thereof for enhancing 
wettability thereof, in order to uniformize a fusion/defor 
mation Step Such as a Step of applying gas atmosphere to an 
organic film pattern. For instance, wettability of an under 
lying film can be enhanced by carrying out the above 
mentioned ashing step, that is, the oxygen (O) plasma Step 
or UV OZone treatment. 

0429 For instance, the oxygen plasma step is carried out 
for 120 seconds in the following conditions. 

0430 Flow rate of O: 300 sccm 
0431) Pressure: 100 Pa 
0432 RF power: 1000 W 

0433. The UV ozone treatment is carried out by radiating 
ultra-violet rays to an underlying film in OZone gas atmo 
Sphere with a temperature of a Substrate being kept in the 
range of 100 to 200 degrees centigrade, for instance. 
0434 Wettability of an underlying film can be enhanced 
also by various plasma-discharge StepS Such as fluorine gas 
plasma (SF gas plasma, CF, gas plasma, CHF gas plasma, 
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etc.) or fluorine/oxygen gas plasma (SF/O gas plasma, 
CFO, gas plasma, CHF/O, gas plasma, etc.). 
0435 These plasma steps improve wettability of a Sur 
face of an underlying film not covered with an organic film 
pattern. Accordingly, by carrying out these plasma Steps, an 
organic film pattern deformed by a fusion/deformation Step 
(for instance, the Step of applying gas atmosphere to an 
organic film pattern) can readily reflow at a Surface of an 
underlying film. 
0436 Pre-steps such as various plasma steps, oxygen 
plasma Step or UV OZone Step tend to damage an object in 
comparison with the above-mentioned Step of applying 
chemical to an alterated layer. Hence, by removing an 
alterated layer by applying chemical to the alterated layer 
Subsequently to Such pre-steps as mentioned above, it would 
be possible to enhance wettability of an underlying film and 
remove an alterated layer formed at a Surface of an organic 
film pattern, without damaging an organic film pattern. This 
ensures uniformly carrying out a fusion/deformation Step. 
0437 FIG. 16 illustrates the removal step in the present 
invention and the conventional method, to be carried out 
prior to a fusion/deformation step (for instance, a step of 
applying gas atmosphere to an organic film pattern). 
0438 FIG. 16(a) illustrates that an organic film pattern 
32 is formed on a Substrate 31. 

0439 FIG. 16(b) illustrates that an underlying film (for 
instance, an upper portion 31a of the substrate 31) is 
patterned by etching with the organic film pattern 32 being 
used as a mask. 

0440 FIG. 16(c) is an enlarged view of the organic film 
pattern 32 illustrated in FIG. 16(b). As illustrated in FIG. 
16(c), an alterated layer 32a is formed at a surface of the 
organic film pattern 32, due to the etching. Hence, a non 
alterated portion 32b of the organic film pattern 32 is 
covered with the alterated layer 32a. 
0441 FIG.16(d) illustrates the organic film pattern 32 to 
which the removal Step (for instance, the step of applying 
chemical to an organic film pattern) is applied. As illustrated 
in FIG. 16(d), as a result of carrying out the removal step, 
the alterated layer 32a is removed. The organic film pattern 
32 is hardly damaged. 

0442 FIG.16(e) illustrates the organic film pattern 32 to 
which a fusion/deformation Step is applied Subsequently to 
the removal step illustrated in FIG.16(d). As illustrated in 
FIG. 16(e), the organic film pattern 32 is uniformly 
deformed by the fusion/deformation step. 
0443 FIG. 16(f) illustrates the organic film pattern 32 to 
which the conventional removal step (only ashing Step) is 
applied. As illustrated in FIG. 16(f), though the alterated 
layer 32a is removed even by the conventional removal Step, 
the organic film pattern 32 remains damaged. 

0444 FIG.16(g) illustrates the organic film pattern 32 to 
which a fusion/deformation Step is applied Subsequently to 
the conventional removal step illustrated in FIG. 16(f). As 
illustrated in FIG. 16(g), the organic film pattern 32 is 
partially uniformly deformed by the fusion/deformation step 
in accordance with a degree of damage exerted on the 
organic film pattern 32. However, if the organic film pattern 
32 is much damaged by the removal Step, the organic film 
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pattern 32 is non-uniformly deformed, or the organic film 
pattern 32 is not fused. Thus, it is not possible to appropri 
ately carry out the fusion/deformation Step. 
0445. The method in accordance with the present inven 
tion may include a step of heating a Substrate or an organic 
film pattern, as a step to be first carried out. For instance, the 
Step makes it possible to remove moisture, acid Solution or 
alkaline Solution having percolated into an organic film 
pattern, or to recover adhesion force between an organic film 
pattern and a Substrate when Such adhesion force is reduced. 
For instance, a Substrate or an organic film pattern is heated 
for 60 to 300 seconds at 50 to 150 degrees centigrade. 
0446 While the present invention has been described in 
connection with certain preferred embodiments, it is to be 
understood that the Subject matter encompassed by way of 
the present invention is not to be limited to those specific 
embodiments. On the contrary, it is intended for the subject 
matter of the invention to include all alternatives, modifi 
cations and equivalents as can be included within the Spirit 
and Scope of the following claims. 
0447 The entire disclosure of Japanese Patent Applica 
tions Nos. 2003-326553, 2003-375975 and 2004-230665 
filed on Sep. 18, 2003, Nov. 5, 2003 and Aug. 6, 2004, 
respectively, including Specification, claims, drawings and 
Summary is incorporated herein by reference in its entirety. 

What is claimed is: 
1. An apparatus for processing a Substrate, comprising: 

a Substrate carrier for carrying a Substrate; 
a chemical-applying unit for applying chemical to Said 

Substrate; and 

a gas-applying unit for applying gas atmosphere to Said 
Substrate. 

2. An apparatus for processing a Substrate, comprising: 

a Substrate carrier for carrying a Substrate; 
a temperature-control unit for controlling a temperature of 

Said Substrate; and 

a gas-applying unit for applying gas atmosphere to Said 
Substrate. 

3. The apparatus as Set forth in claim 1, further comprising 
a temperature-control unit for controlling a temperature of 
Said Substrate. 

4. An apparatus for processing a Substrate, comprising: 

a Substrate carrier for carrying a Substrate; and 
a gas-applying unit for applying gas atmosphere to Said 

Substrate, 

wherein Said gas-applying unit includes a temperature 
controller which keeps said substrate at 15 to 40 
degrees centigrade both inclusive. 

5. The apparatus as Set forth in claim 4, further comprising 
a temperature-control unit for controlling a temperature of 
Said Substrate. 

6. The apparatus as Set forth in claim 5, further comprising 
a chemical-applying unit for applying chemical to Said 
Substrate. 
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7. An apparatus for processing a Substrate, comprising: 

a Substrate carrier for carrying a Substrate, 
a temperature-control unit for controlling a temperature of 

Said Substrate; and 
a gas-applying unit for applying gas atmosphere to Said 

Substrate, wherein Said gas-applying unit includes a 
temperature controller which keeps Said Substrate at 10 
to 50 degrees centigrade both inclusive. 

8. The apparatus as Set in claim 7, further comprising a 
chemical-applying unit for applying chemical to Said Sub 
Strate. 

9. An apparatus for processing a SubStrate, comprising: 

a Substrate carrier for carrying a Substrate, 
a temperature-control unit for controlling a temperature of 

Said Substrate; and 
a gas-applying unit for applying gas atmosphere to Said 

Substrate, 
wherein Said gas-applying unit includes a temperature 

controller which keeps Said Substrate at a target tem 
perature within t2 degrees, Said target temperature 
being in the range of 10 to 50 degrees centigrade both 
inclusive. 

10. The apparatus as set forth in claim 9, further com 
prising a chemical-applying unit for applying chemical to 
said Substrate. 

11. An apparatus for processing a Substrate, comprising: 

a Substrate carrier for carrying a Substrate, 
a temperature-control unit for controlling a temperature of 

Said Substrate; and 
a gas-applying unit for applying gas atmosphere to Said 

Substrate, 

wherein Said temperature-control unit keeps said Substrate 
at 15 to 40 degrees centigrade both inclusive. 

12. The apparatus as Set forth in claim 11, further com 
prising a chemical-applying unit for applying chemical to 
Said Substrate. 

13. An apparatus for processing a Substrate, comprising: 

a Substrate carrier for carrying a Substrate, 
a temperature-control unit for controlling a temperature of 

Said Substrate; and 
a gas-applying unit for applying gas atmosphere to Said 

Substrate, 

wherein Said temperature-control unit keeps said Substrate 
at 10 to 50 degrees centigrade both inclusive. 

14. The apparatus as set forth in claim 13, further com 
prising a chemical-applying unit for applying chemical to 
Said Substrate. 

15. An apparatus for processing a Substrate, comprising: 

a Substrate carrier for carrying a Substrate, 
a temperature-control unit for controlling a temperature of 

Said Substrate; and 
a gas-applying unit for applying gas atmosphere to Said 

Substrate, 
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wherein Said temperature-control unit keeps said Substrate 
at a target temperature within t2 degrees, Said target 
temperature being in the range of 10 to 50 degrees 
centigrade both inclusive. 

16. The apparatus as set forth in claim 15, further com 
prising a chemical-applying unit for applying chemical to 
Said Substrate. 

17. An apparatus for processing a Substrate, comprising: 
a Substrate carrier for carrying a Substrate; 
a temperature-control unit for controlling a temperature of 

Said Substrate; and 
a gas-applying unit for applying gas atmosphere to Said 

Substrate, 
wherein each of Said temperature-control unit and Said 

gas-applying unit includes a temperature controller 
which keeps said substrate at 10 to 50 degrees centi 
grade both inclusive. 

18. The apparatus as set forth in claim 17, further com 
prising a chemical-applying unit for applying chemical to 
Said Substrate. 

19. An apparatus for processing a Substrate, comprising: 
a Substrate carrier for carrying a Substrate; 
a temperature-control unit for controlling a temperature of 

Said Substrate; and 
a gas-applying unit for applying gas atmosphere to Said 

Substrate, 
wherein each of Said temperature-control unit and Said 

gas-applying unit includes a temperature controller 
which keeps said Substrate at a target temperature 
within t2 degrees, Said target temperature being in the 
range of 10 to 50 degrees centigrade both inclusive. 

20. The apparatus as set forth in claim 19, further com 
prising a chemical-applying unit for applying chemical to 
Said Substrate. 

21. An apparatus for processing a Substrate, comprising: 

a Substrate carrier for carrying a Substrate; 
a temperature-control unit for controlling a temperature of 

Said Substrate; and 
a gas-applying unit for applying gas atmosphere to Said 

Substrate, 
wherein each of Said temperature-control unit and Said 

gas-applying unit includes a temperature controller 
which keeps said substrate at 10 to 50 degrees centi 
grade both inclusive, and 

temperature controllers of Said temperature-control unit 
and Said gas-applying unit have target temperatures at 
which Said Substrate is kept, Said target temperatures 
being identical with each other or being within +5 
degrees to each other. 

22. The apparatus as Set forth in claim 21, further com 
prising a chemical-applying unit for applying chemical to 
Said Substrate. 

23. An apparatus for processing a Substrate, comprising: 

a Substrate carrier for carrying a Substrate; 
a temperature-control unit for controlling a temperature of 

Said Substrate; and 
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a gas-applying unit for applying gas atmosphere to Said 
Substrate, 

wherein each of Said temperature-control unit and Said 
gas-applying unit includes a temperature controller 
which keeps said Substrate at a target temperature 
within t2 degrees, Said target temperature being in the 
range of 10 to 50 degrees centigrade both inclusive, and 
temperature controllers of Said temperature-control unit 
and Said gas-applying unit have target temperatures at 
which Said Substrate is kept, Said target temperatures 
being identical with each other or being within +5 
degrees to each other. 

24. The apparatus as Set forth in claim 23, further com 
prising a chemical-applying unit for applying chemical to 
Said Substrate. 

25. The apparatus as Set forth in claim 4, wherein Said 
temperature-control unit keeps Said Substrate at 15 to 35 
degrees centigrade both inclusive. 

26. The apparatus as Set forth in claim 7, wherein Said 
temperature-control unit keeps Said Substrate at 15 to 35 
degrees centigrade both inclusive. 

27. The apparatus as set forth in claim 9, wherein said 
temperature-control unit keeps Said Substrate at 15 to 35 
degrees centigrade both inclusive. 

28. The apparatus as Set forth in claim 11, wherein Said 
temperature-control unit keeps Said Substrate at 15 to 35 
degrees centigrade both inclusive. 

29. The apparatus as set forth in claim 13, wherein said 
temperature-control unit keeps Said Substrate at 15 to 35 
degrees centigrade both inclusive. 

30. The apparatus as set forth in claim 15, wherein said 
temperature-control unit keeps Said Substrate at 15 to 35 
degrees centigrade both inclusive. 

31. The apparatus as set forth in claim 17, wherein said 
temperature-control unit keeps Said Substrate at 15 to 35 
degrees centigrade both inclusive. 

32. The apparatus as set forth in claim 19, wherein said 
temperature-control unit keeps Said Substrate at 15 to 35 
degrees centigrade both inclusive. 

33. The apparatus as set forth in claim 21, wherein said 
temperature-control unit keeps Said Substrate at 15 to 35 
degrees centigrade both inclusive. 

34. The apparatus as set forth in claim 23, wherein said 
temperature-control unit keeps Said Substrate at 15 to 35 
degrees centigrade both inclusive. 

35. The apparatus as set forth in claim 1, further com 
prising a controller which controls Said Substrate carrier, Said 
chemical-applying unit and Said gas-applying unit Such that 
application of chemical to Said Substrate by Said chemical 
applying unit and application of gas atmosphere to Said 
Substrate by gas-applying unit are carried out in this order. 

36. The apparatus as set forth in claim 2, further com 
prising a controller which controls Said Substrate carrier, Said 
temperature-control unit and Said gas-applying unit Such that 
temperature control of Said Substrate by Said temperature 
control unit and application of gas atmosphere to Said 
Substrate by Said gas-applying unit are carried out in this 
order. 

37. The apparatus as set forth in claim 1, further com 
prising: 

a temperature-control unit for controlling a temperature of 
Said Substrate; and 
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a controller which controls Said Substrate carrier, Said 
chemical-applying unit, Said temperature-control unit 
and Said gas-applying unit Such that application of 
chemical to Said Substrate by Said chemical-applying 
unit, temperature control of Said Substrate by Said 
temperature-control unit, and application of gas atmo 
Sphere to Said Substrate by gas-applying unit are carried 
out in this order. 

38. The apparatus as set forth in claim 1, further com 
prising a development unit for developing Said Substrate. 

39. The apparatus as set forth in claim 1, further com 
prising: 

a development unit for developing a Substrate; 
a temperature-control unit for controlling a temperature of 

Said Substrate; and 

a controller which controls Said Substrate carrier, Said 
chemical-applying unit, Said development unit, Said 
temperature-control unit and Said gas-applying unit 
Such that application of chemical to Said Substrate by 
Said chemical-applying unit, development of Said Sub 
Strate by Said development unit, temperature control of 
Said Substrate by Said temperature-control unit, and 
application of gas atmosphere to Said Substrate by 
gas-applying unit are carried out in this order. 

40. The apparatus as set forth in claim 1, further com 
prising: 

a Second chemical-applying unit for applying chemical to 
Said Substrate; 

a temperature-control unit for controlling a temperature of 
Said Substrate; and 

a controller which controls Said Substrate carrier, Said 
chemical-applying unit, Said Second chemical-applying 
unit, Said temperature-control unit and Said gas-apply 
ing unit Such that application of chemical to Said 
Substrate by Said chemical-applying unit, application of 
chemical to Said Substrate by Said Second chemical 
applying unit, temperature control of Said Substrate by 
Said temperature-control unit, and application of gas 
atmosphere to Said Substrate by gas-applying unit are 
carried out in this order. 

41. The apparatus as Set forth in claim 1, wherein Said 
chemical-applying unit applies chemical to an organic film 
pattern formed on a Substrate. 

42. The apparatus as Set forth in claim 1, wherein Said 
gas-applying unit applies gas atmosphere to an organic film 
pattern formed on a Substrate. 

43. The apparatus as set forth in claim 36, wherein said 
development unit develops an organic film pattern formed 
on a Substrate. 

44. The apparatus as Set forth in claim 1, wherein chemi 
cal used in Said chemical-applying unit contains at least acid 
chemical. 

45. The apparatus as Set forth in claim 1, wherein chemi 
cal used in Said chemical-applying unit contains at least 
organic Solvent. 

46. The apparatus as Set forth in claim 1, wherein chemi 
cal used in Said chemical-applying unit contains at least 
alkaline chemical. 

47. The apparatus as set forth in claim 46, wherein said 
chemical-applying unit uses developing agent as Said chemi 
cal for developing Said Substrate. 
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48. The apparatus as set forth in claim 38, further com 
prising a light-exposure unit for exposing an organic film 
pattern formed on Said Substrate, to a light in an area of Said 
organic film pattern covering a predetermined area of Said 
Substrate therewith. 

49. The apparatus as set forth in claim 47, further com 
prising a light-exposure unit for exposing an organic film 
pattern formed on Said Substrate, to a light in an area of Said 
organic film pattern covering a predetermined area of Said 
Substrate therewith. 

50. The apparatus as set forth in claim 48, wherein said 
organic film pattern is exposed to a light in Said area by 
radiating a light entirely over Said area or by Scanning Said 
area with a Spot-light. 

51. The apparatus as set forth in claim 49, wherein said 
predetermined area has an area equal to or greater than /10 
of an area of Said Substrate. 

52. The apparatus as set forth in claim 48, wherein said 
organic film pattern is exposed to at least one of ultra-violet 
rays, fluorescence, and natural light. 

53. The apparatus as set forth in claim 1, further com 
prising an ashing unit for ashing Said Substrate. 

54. The apparatus as set forth in claim 53, wherein said 
ashing unit etches films formed on Said Substrate by at least 
one of plasma, OZone and ultra-violet ray. 

55. The apparatus as set forth in claim 1, wherein an order 
in which said units are operated is variable. 

56. The apparatus as set forth in claim 2, wherein an order 
in which said units are operated is variable. 

57. The apparatus as set forth in claim 4, wherein an order 
in which said units are operated is variable. 

58. The apparatus as set forth in claim 1, wherein an order 
in which said units are operated is fixed. 

59. The apparatus as set forth in claim 2, wherein an order 
in which said units are operated is fixed. 

60. The apparatus as set forth in claim 4, wherein an order 
in which said units are operated is fixed. 

61. The apparatus as Set forth in claim 1, wherein condi 
tions in accordance with which Said units are operated are 
variable. 

62. The apparatus as Set forth in claim 2, wherein condi 
tions in accordance with which Said units are operated are 
variable. 

63. The apparatus as Set forth in claim 4, wherein condi 
tions in accordance with which Said units are operated are 
variable. 

64. The apparatus as Set forth in claim 1, wherein Said 
apparatus includes a plurality of common units. 

65. The apparatus as set forth in claim 2, wherein said 
apparatus includes a plurality of common units. 

66. The apparatus as Set forth in claim 4, wherein Said 
apparatus includes a plurality of common units. 

67. The apparatus as set forth in claim 64, wherein 
Substrates are in different directions from one another during 
processed in Said common units. 

68. The apparatus as set forth in claim 67, wherein 
Substrates are oppositely directed during processed in Said 
common units. 

69. The apparatus as set forth in claim 65, wherein 
Substrates are in different directions from one another during 
processed in Said common units. 

70. The apparatus as set forth in claim 69, wherein 
Substrates are oppositely directed during processed in Said 
common units. 
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71. The apparatus as set forth in claim 66, wherein 
Substrates are in different directions from one another during 
processed in Said common units. 

72. The apparatus as set forth in claim 71, wherein 
Substrates are oppositely directed during processed in Said 
common units. 

73. The apparatus as set forth in claim 1, wherein said 
Substrate is processed a plurality of times in at least one of 
said units with said substrate being directed differently in 
each of times. 

74. The apparatus as set forth in claim 73, wherein said 
Substrate is processed a plurality of times in at least one of 
Said units with Said Substrate being directed oppositely in 
each of times. 

75. The apparatus as set forth in claim 2, wherein said 
Substrate is processed a plurality of times in at least one of 
said units with said substrate being directed differently in 
each of times. 

76. The apparatus as set forth in claim 75, wherein said 
Substrate is processed a plurality of times in at least one of 
Said units with Said Substrate being directed oppositely in 
each of times. 

77. The apparatus as set forth in claim 4, wherein said 
Substrate is processed a plurality of times in at least one of 
said units with said substrate being directed differently in 
each of times. 

78. The apparatus as set forth in claim 77, wherein said 
Substrate is processed a plurality of times in at least one of 
said units with said Substrate being directed oppositely in 
each of times. 

79. The apparatus as set forth in claim 1, wherein said 
Substrate is processed in a first direction and in a Second 
direction different from said first direction in at least one of 
Said units. 

80. The apparatus as set forth in claim 79, wherein said 
first and Second directions are opposite to each other. 

81. The apparatus as set forth in claim 2, wherein said 
Substrate is processed in a first direction and in a Second 
direction different from said first direction in at least one of 
Said units. 

82. The apparatus as set forth in claim 81, wherein said 
first and Second directions are opposite to each other. 

83. The apparatus as set forth in claim 4, wherein said 
Substrate is processed in a first direction and in a Second 
direction different from said first direction in at least one of 
Said units. 

84. The apparatus as set forth in claim 83, wherein said 
first and Second directions are opposite to each other. 

85. The apparatus as set forth in claim 1, wherein said 
apparatus has a function of prevent explosion and inflam 
mation thereof. 

86. The apparatus as set forth in claim 1, wherein said 
gas-applying unit has a function of prevent explosion and 
inflammation thereof. 

87. The apparatus as set forth in claim 2, wherein said 
apparatus has a function of prevent explosion and inflam 
mation thereof. 

88. The apparatus as set forth in claim 2, wherein said 
gas-applying unit has a function of prevent explosion and 
inflammation thereof. 

89. The apparatus as set forth in claim 4, wherein said 
apparatus has a function of prevent explosion and inflam 
mation thereof. 
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90. The apparatus as set forth in claim 4, wherein said 
gas-applying unit has a function of prevent explosion and 
inflammation thereof. 

91. The apparatus as set forth in claim 1, further com 
prising an etching unit for etching Said Substrate. 

92. The apparatus as set forth in claim 2, further com 
prising an etching unit for etching Said Substrate. 

93. The apparatus as set forth in claim 4, further com 
prising an etching unit for etching Said Substrate. 

94. The apparatus as set forth in claim 1, wherein said 
chemical-applying unit etches an underlying film located 
below an organic film pattern to pattern Said underlying film 
with Said organic film pattern formed on a Substrate, being 
used as a mask. 

95. A method of processing a substrate through the use of 
an apparatus defined in claim 1, 

Said method including a step of processing an organic film 
pattern formed on a Substrate, 

Said Step including, in Sequence: 

a removal Step of removing one of an alterated layer and 
a deposited layer formed on Said organic film pattern; 
and 

a fusion/deformation Step of fusing Said organic film 
pattern for deformation by applying gas atmosphere to 
Said organic film pattern in Said gas-applying unit, 

wherein at least a part of said removal step is carried out 
by applying chemical to Said organic film pattern in 
Said chemical-applying unit. 

96. A method of processing a substrate through the use of 
an apparatus defined in claim 53, 

Said method including a step of processing an organic film 
pattern formed on a Substrate, 

Said Step including, in Sequence: 

a removal Step of removing one of an alterated layer and 
a deposited layer formed on Said organic film pattern; 
and 

a fusion/deformation Step of fusing Said organic film 
pattern for deformation by applying gas atmosphere to 
Said organic film pattern in Said gas-applying unit, 

Said removal Step including, in Sequence: 
ashing Said organic film pattern in Said ashing unit; and 

applying chemical to Said organic film pattern in Said 
chemical-applying unit. 

97. A method of processing a substrate through the use of 
an apparatus defined in claim 53, 

Said method including a step of processing an organic film 
pattern formed on a Substrate, 

Said Step including, in Sequence: 

a removal Step of removing one of an alterated layer and 
a deposited layer formed on Said organic film pattern; 
and 

a fusion/deformation Step of fusing Said organic film 
pattern for deformation by applying gas atmosphere to 
Said organic film pattern in Said gas-applying unit, 



US 2005/0O87301A1 

Said removal Step including, in Sequence: 
exposing Said organic film pattern to a light in Said 

light-exposure unit; and 
developing Said organic film pattern in Said development 

unit. 
98. The method as set forth in claim 97, wherein said 

removal Step further includes ashing Said organic film pat 
tern in Said ashing unit, Said ashing being carried out prior 
to Said exposing Said organic film pattern to a light in Said 
light-exposure unit. 

99. The method as set forth in claim 97, wherein said 
removal Step further includes ashing Said organic film pat 
tern in Said ashing unit, Said ashing being carried out 
Subsequently to Said exposing Said organic film pattern to a 
light in Said light-exposure unit, but prior to Said developing 
Said organic film pattern in Said development unit. 

100. The method as set forth in claim 97, wherein said 
removal Step further includes applying chemical to Said 
organic pattern film in Said chemical-applying unit, Said 
applying chemical to Said organic pattern film being carried 
out Subsequently to Said exposing Said organic film pattern 
to a light in Said light-exposure unit, but prior to Said 
developing Said organic film pattern in Said development 
unit. 

101. The method as set forth in claim 100, wherein said 
removal Step further includes ashing Said organic film pat 
tern in Said ashing unit, Said ashing being carried out prior 
to Said exposing Said organic film pattern to a light in Said 
light-exposure unit. 

102. The method as set forth in claim 100, wherein said 
removal Step further includes ashing Said organic film pat 
tern in Said ashing unit, Said ashing being carried out 
Subsequently to Said exposing Said organic film pattern to a 
light in Said light-exposure unit, but prior to Said applying 
chemical to Said organic pattern film. 

103. The method as set forth in claim 98, wherein said 
removal Step further includes applying chemical to Said 
organic pattern film in Said chemical-applying unit, Said 
applying chemical to Said organic pattern film being carried 
out Subsequently to Said ashing Step, but prior to Said 
exposing Said organic film pattern to a light in Said light 
exposure unit. 

104. A method of processing a Substrate through the use 
of an apparatus defined in claim 53, 

Said method including a step of processing an organic film 
pattern formed on a Substrate, 

Said Step including, in Sequence: 
a removal Step of removing one of an alterated layer and 

a deposited layer formed on Said organic film pattern; 
and 

a fusion/deformation Step of fusing Said organic film 
pattern for deformation by applying gas atmosphere to 
Said organic film pattern in Said gas-applying unit, 

Said removal Step including, in Sequence: 
applying chemical to Said organic pattern film in Said 

chemical-applying unit; and 
developing Said organic film pattern in Said development 

unit. 
105. A method of processing a substrate through the use 

of an apparatus defined in claim 53, 
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Said method including a step of processing an organic film 
pattern formed on a Substrate, 

Said Step including, in Sequence: 
a removal Step of removing one of an alterated layer and 

a deposited layer formed on Said organic film pattern; 
and 

a fusion/deformation Step of fusing Said organic film 
pattern for deformation by applying gas atmosphere to 
Said organic film pattern in Said gas-applying unit, 

Said removal Step including, in Sequence: 
ashing Said organic pattern film in Said ashing unit; and 
developing Said organic film pattern in Said development 

unit. 
106. The method as set forth in claim 105, wherein said 

removal Step further includes applying chemical to Said 
organic pattern film in Said chemical-applying unit, Said 
applying chemical to Said organic pattern film being carried 
out Subsequently to Said ashing Step, but prior to developing 
Said organic film pattern in Said development unit. 

107. The method as set forth in claim 95, wherein said 
Step further includes patterning an underlying film located 
below Said organic film pattern with Said organic film pattern 
not yet Subject to Said step, being used as a mask. 

108. The method as set forth in claim 95, wherein said 
Step further includes patterning an underlying film located 
below said organic film pattern with said organic film pattern 
already having been Subject to Said Step, being used as a 
mask. 

109. The method as set forth in claim 95, wherein said 
Step further includes: 

patterning an underlying film located below Said organic 
film pattern with Said organic film pattern not yet 
Subject to Said Step, being used as a mask, and 

patterning Said underlying film with Said organic film 
pattern already having been Subject to Said Step, being 
used as a mask. 

110. The method as set forth in claim 95, wherein said 
fusion/deformation Step is a step for enlarging an area of Said 
organic film pattern. 

111. The method as set forth in claim 110, wherein said 
fusion/deformation Step is a step for integrating adjacent 
organic film patterns to each other. 

112. The method as set forth in claim 95, wherein said 
fusion/deformation Step is a step for planarizing Said organic 
film pattern. 

113. The method as set forth in claim 95, wherein said 
fusion/deformation Step is a Step for deforming Said organic 
film pattern Such that Said organic film pattern acts as an 
electrically insulating film covering therewith a circuit pat 
tern formed on Said Substrate. 

114. The method as set forth in claim 96, wherein said 
fusion/deformation Step is a step for enlarging an area of Said 
organic film pattern. 

115. The method as set forth in claim 114, wherein said 
fusion/deformation Step is a step for integrating adjacent 
organic film patterns to each other. 

116. The method as set forth in claim 96, wherein said 
fusion/deformation Step is a step for planarizing Said organic 
film pattern. 
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117. The method as set forth in claim 96, wherein said 
fusion/deformation Step is a Step for deforming Said organic 
film pattern Such that Said organic film pattern acts as an 
electrically insulating film covering there with a circuit pat 
tern formed on Said Substrate. 

118. The method as set forth in claim 95, wherein said 
organic film pattern not yet Subject to Said processing Step 
has at least two portions having thicknesses different from 
one another. 

119. The method as set forth in claim 96, wherein said 
organic film pattern not yet Subject to Said processing Step 
has at least two portions having thicknesses different from 
one another. 

120. The method as set forth in claim 95, wherein said 
organic film pattern not yet Subject to Said processing Step 
has at least two portions having thicknesses different from 
one another, and a portion having a Small thickneSS is further 
thinned by Said development Step. 

121. The method as set forth in claim 96, wherein said 
organic film pattern not yet Subject to Said processing Step 
has at least two portions having thicknesses different from 
one another, and a portion having a Small thickneSS is further 
thinned by Said development Step. 

122. The method as set forth in claim 95, wherein said 
organic film pattern not yet Subject to Said processing Step 
has at least two portions having thicknesses different from 
one another, and a portion having a Small thickness is 
removed by Said development Step. 

123. The method as set forth in claim 96, wherein said 
organic film pattern not yet Subject to Said processing Step 
has at least two portions having thicknesses different from 
one another, and a portion having a Small thickness is 
removed by Said development Step. 

124. The method as set forth in claim 95, wherein said 
organic film pattern is kept not exposed to a light until Said 
organic film pattern is processed after Said organic film 
pattern has been formed on Said Substrate. 

125. The method as set forth in claim 96, wherein said 
organic film pattern is kept not exposed to a light until Said 
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organic film pattern is processed after Said organic film 
pattern has been formed on Said Substrate. 

126. The method as set forth in claim 95, wherein said 
gas-applying Step is carried out in gas atmosphere of organic 
Solvent. 

127. A method of processing a Substrate through the use 
of an apparatus defined in claim 64, 

wherein the same proceSS is applied to Said Substrate in 
each of Said common units. 

128. The method as set forth in claim 127, wherein the 
Same proceSS is applied to Said Substrate in each of Said 
common units with Said Substrate being directed in different 
directions in Said common units. 

129. The method as set forth in claim 128, wherein the 
Same proceSS is applied to Said Substrate in each of Said 
common units with Said Substrate being directed oppositely 
in Said common units. 

130. A method of processing a substrate through the use 
of an apparatus defined in claim 73, 

wherein Said Substrate is processed a plurality of times in 
a unit with said substrate being directed in different 
directions in each of times. 

131. The method as set forth in claim 130, wherein said 
Substrate is processed a plurality of times in a unit with Said 
Substrate being directed oppositely in each of times. 

132. A method of processing a Substrate through the use 
of an apparatus defined in claim 79, 

wherein Said Substrate is processed in a unit in a first 
direction and in a Second direction different from Said 
first direction. 

133. The method as set forth in claim 132, wherein said 
first and Second directions are opposite to each other. 

134. The method as set forth in claim 132, wherein said 
Substrate is processed in Said gas-applying unit in a first 
direction and in a Second direction different from Said first 
direction. 


