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(57) ABSTRACT 

A substrate coated With a coating solution; for example; a 
resist solution is heated at a predetermined temperature; 
thereafter putted in a non-heated state; and then heated at a 
second predetermined temperature. Alternatively; a heating 
process in Which a substrate coated With a resist solution is 
heated and a non-heated process in Which the substrate is 
putted in a non-heated state are repeated a plurality of times. 
The adoption of the above treating methods can prevent the 
occurrence of transfer Which is an index of ununiformity of 
?lm thickness of a resist solution and the like and change in 
line Width of a circuit pattern, thus improving yield in 
substrate treatment. 
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SUBSTRATE TREATING METHOD 

FIELD OF THE INVENTION 

[0001] The present invention relates to a substrate treating 
method for drying a coating solution on a substrate by 
heating When predetermined treatment is performed for the 
substrate coated With the coating solution such as an LCD 
substrate, a semiconductor Wafer or the like. 

BACKGROUND OF THE INVENTION 

[0002] In the fabrication of a liquid-crystal display (LCD), 
for example, a circuit pattern is formed by so-called photo 
lithography technology in Which a rectangular glass LCD 
substrate (referred to as a substrate hereinafter) is coated 
With a coating solution such as a photo-resist solution to 
form a resist ?lm and in Which the resist ?lm is exposed 
correspondingly to the circuit pattern and developed. 

[0003] In the process of coating a resist solution, in order 
to enhance the ?xedness of the resist, the rectangular sub 
strate is given hydrophobic treatment in an adhesion treating 
unit and cooled in a cooling unit, and then carried in a resist 
coating unit. 

[0004] In the resist coating unit, While the rectangular 
substrate is rotated in the state of being held on a spin chuck, 
a resist solution is supplied to the central portion of the 
surface of the substrate from a noZZle provided above the 
central portion and spread by centrifugal force due to the 
rotation of the substrate, Whereby the entire surface of the 
substrate is coated With a resist ?lm. 

[0005] After an excess resist at the periphery of the 
substrate is removed, the substrate coated With the resist 
solution is carried in a heating unit to undergo pre-baking 
treatment. In the heating unit, in order to prevent direct 
contact of a heating plate and the substrate, a so-called 
proximity type is often adopted in Which the substrate 
received by lifting pins is mounted on securing pins of the 
heating plate and heated by heat radiated from the heating 
plate. 
[0006] Subsequently, the substrate is cooled in a cooling 
unit and carried to an aligner Where a predetermined pattern 
is exposed. Thereafter, the substrate is developed and given 
post-baking treatment, thereby forming a predetermined 
resist pattern. 

[0007] In the above coating and developing unit, hoWever, 
there are some cases Where shapes of the lifting pins, 
securing pins, vacuum grooves, or the like are transferred to 
the substrate after the substrate coated With the resist solu 
tion receives pre-baking treatment and the like, or after the 
substrate is exposed and developed. 

[0008] The transfer of the lifting pins and the like is caused 
speci?cally by the ?lm thickness of the resist solution coated 
on the substrate being changed correspondingly to the 
shapes of the lifting pins and the like after pre-baking 
treatment, and by the line Width of the circuit pattern formed 
on the substrate being changed according to the shapes of the 
lifting pins and the like after exposure and development. 
Even When no transfer is found after pre-baking treatment, 
there are cases Where transfer occurs after development. 

[0009] It is supposed that such transfer is caused by a 
sensitiZed resist solution being used recently and by the line 
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Width of a circuit pattern formed on an LCD substrate being 
3 pm Which is smaller than ever, but the cause thereof is not 
determined in detail. Hence, success is not achieved yet in 
preventing such transfer. 

[0010] As described above, hoWever, such transfer of the 
lifting pins and the like corresponds to the ununiformity of 
the ?lm thickness of the resist solution and a change in line 
Width of the circuit pattern. Thus, it is requested to prevent 
to the utmost such transfer from occurring on the substrate 
in the coating and developing process of the LCD substrate. 

SUMMARY OF THE INVENTION 

[0011] The present invention is made in vieW of the 
aforesaid disadvantage, and its object is to provide a sub 
strate treating method capable of preventing transfer Which 
is indexes of ununiformity of ?lm thickness of a resist 
solution and change in line Width of a circuit pattern. 

[0012] In order to solve the above disadvantage, according 
to the ?rst aspect of the present invention, a substrate 
treating method for performing predetermined treatment for 
a substrate coated With a coating solution including the steps 
of (a) heating the substrate coated With the coating solution 
at a ?rst predetermined temperature, (b) loWering the tem 
perature of the substrate by positively cooling the substrate 
and/or by naturally releasing the heat thereof after the step 
(a), and (c) heating the substrate at a second predetermined 
temperature after the step (b) is provided. 

[0013] In the non-heated step (b) in the substrate treating 
method according to the ?rst aspect, it is possible that the 
substrate is carried out of a heating unit, that is, the tem 
perature of the substrate is loWered by natural heat release 
and/or that the substrate is positively cooled by a cooling 
unit. 

[0014] Further, preferably the ?rst predetermined tem 
perature in the heating step (a) is loWer than the second 
predetermined temperature in the heating step There 
fore, When the heating step (a) and the heating step (c) are 
performed in the same treating unit, preferably a space 
betWeen the substrate and a heating plate in the heating step 
(a) is larger than that in the heating step 

[0015] According to the second aspect of the present 
invention, a substrate treating method for performing pre 
determined treatment for substrates coated With a coating 
solution including the steps of (a) heating the substrates 
coated With the coating solution one by one at a ?rst 
predetermined temperature, (b) loWering the temperature of 
the substrates by positively cooling the substrates and/or by 
naturally releasing the heat thereof one by one after the step 
(a), (c) heating the substrates one by one at a second 
predetermined temperature after the step (b), (d) loWering 
the temperature of the substrates by positively cooling the 
substrates and/or by naturally releasing the heat thereof one 
by one after the step (c), and (e) heating the substrates one 
by one or plural substrates at a time at a third predetermined 
temperature after the step (d), is provided. 

[0016] In the non-heated step (b) and the non-heated step 
(d) in the substrate treating method according to the second 
aspect, it is possible that the substrate is carried out of the 
heating unit, that is, the temperature of the substrate is 
loWered by natural heat release and/or that the substrate is 
positively cooled by the cooling unit. 
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[0017] Further, preferably the ?rst predetermined tem 
perature in the heating step (a) is loWer than the second 
predetermined temperature in the heating step (c), and 
preferably the second predetermined temperature in the 
heating step (c) is loWer than the third predetermined 
temperature in the heating step (e). 

[0018] Furthermore, in the heating step (e), similarly to the 
heating steps (a) and (c), the substrates may be heat-treated 
one by one, or the plural substrates may be concurrently 
heat-treated in one treating unit, for example, a heating 
furnace or the like in order to enhance throughput of 
treatment. 

[0019] According to the substrate treating method in 
accordance With the ?rst and the second aspects, the heating 
step (a) can be performed before exposing the substrate, and 
the heating step (c) can be performed after exposing the 
substrate. 

[0020] Moreover, predetermined treatment for the sub 
strate, for example, drying treatment While supplying gas, 
drying treatment under reduced pressure, gelling treatment 
of a coating ?lm, exchanging treatment of a coating ?lm 
solvent after coating the solvent, removing treatment for 
removing at least a part of a coating ?lm, or the like may be 
performed before the heating step (a) or betWeen the heating 
step (a) and the heating step 

[0021] According to the third aspect of the present inven 
tion, a substrate treating method for performing predeter 
mined treatment for a substrate coated With a coating 
solution including the steps of (a) heating the substrate 
coated With the coating solution, and (b) putting the sub 
strate in a non-heated state after said step (a), With the steps 
(a) and (b) being repeated a plurality of times, is provided. 

[0022] In the non-heated step (b) in the substrate treating 
method according to the third aspect, it is possible that the 
substrate is carried out of the heating unit, that is, the 
temperature of the substrate is loWered by natural heat 
release and/or that the substrate is positively cooled by the 
cooling unit. 

[0023] With the repetition of the heating process and the 
non-heated process a plurality of times, it is preferable that 
the treating temperature in the heating process is set at 
higher temperature. 

[0024] Further, predetermined treatment for the substrate, 
for example, drying treatment While supplying gas, drying 
treatment under reduced pressure, gelling treatment of a 
coating ?lm, exchanging treatment of a coating ?lm solvent 
after coating the solvent, removing treatment for removing 
at least a part of a coating ?lm, or the like may be performed 
before the heating step (a) or betWeen the heating step (a) 
and the non-heated step 

[0025] According to the ?rst and the second aspects of the 
present invention, the substrate coated With the coating 
solution is heated at the ?rst predetermined temperature, and 
after the above heating, through the non-heated step (b), the 
substrate is heated at the second predetermined temperature. 
According to the third aspect, the step of heating the 
substrate coated With the coating solution and the step of 
putting the substrate in a non-heated state are repeated a 
plurality of times, thus gradually releasing a solvent in the 
coating solution, promoting drying of the coating solution 

Dec. 6, 2001 

Without exerting a bad in?uence on the coating ?lm, and 
effectively preventing the occurrence of transfer on the 
substrate. 

[0026] Further, in the ?rst and the second aspects, a 
heating temperature in the heating step (a) is made loWer 
than that in the heating step (c), thus holding doWn abrupt 
vaporiZation of the solvent in the coating solution to provide 
a more appropriate dried state and more effectively prevent 
ing the occurrence of transfer. The above difference in 
temperature can be realiZed by providing a loW-temperature 
heating unit and a high-temperature heating unit both of 
Which are different in set temperature, and by setting a space 
betWeen the substrate and a heating plate in the heating step 
(a) larger than that in the heating step 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0027] FIG. 1 is a plane vieW shoWing a coating and 
developing system of an LCD substrate to Which the present 
invention is applied; 

[0028] FIG. 2 is a schematic plane vieW shoWing the 
entire con?gurations of a resist coating unit (COT) and an 
edge remover (ER); 

[0029] FIG. 3 is a schematic sectional vieW of a heating 
unit (HP); 

[0030] FIG. 4(a) and FIG. 4(b) are vieWs shoWing the 
state that a substrate G is heated by the heating unit (HP) 
shoWn in FIG. 3; 

[0031] FIG. 5 is a plane vieW showing a part of a coating 
and developing system of an LCD substrate according to 
another embodiment; 

[0032] FIG. 6 is a schematic sectional vieW of a drying 
unit used in the system in FIG. 5; 

[0033] FIG. 7(a) and FIG. 7(b) are plane vieWs respec 
tively of the upper tier and the loWer tier of a coating ?lm 
forming system (SOD system) according to still another 
embodiment of the present invention; 

[0034] FIG. 8 is a side elevational vieW of the coating ?lm 
forming system (SOD system) shoWn in FIG. 7; 

[0035] FIG. 9 is a side elevational vieW shoWing tWo 
treating unit groups, in each of Which a plurality of treating 
units are multi-tiered, provided in the coating ?lm forming 
system (SOD system) shoWn in FIG. 7; 

[0036] FIG. 10 is a sectional vieW schematically shoWing 
a loW-viscosity coating unit (SCT); 

[0037] FIG. 11 is a sectional vieW schematically shoWing 
an aging unit (DAC); 

[0038] FIG. 12 is a sectional vieW schematically shoWing 
a solvent exchange unit (DSE); 

[0039] FIG. 13 is a plane vieW schematically shoWing a 
DCC treating unit; and 

[0040] FIG. 14 is a sectional vieW schematically shoWing 
the DCC treating unit shoWn in FIG. 13. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0041] Preferred embodiments of the present invention 
Will be described beloW based on examples of a substrate 
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treating method applied to a substrate treating apparatus 
used for a resist treating system for forming a coating ?lm 
such as a photo resist on a surface of a glass substrate G for 
a liquid-crystal display (LCD) (referred to as “a substrate G” 
hereinafter. Incidentally, it goes Without saying that the 
present invention is not limited to a glass substrate but 
applicable to a plate-shaped substrate such as a semicon 

ductor Wafer.) 
[0042] Next, an embodiment of the present invention Will 
be described in detail With reference to the attached draW 
ings. 
[0043] FIG. 1 is a plane vieW shoWing a coating and 
developing system of an LCD substrate as an example of a 
substrate treating apparatus to Which the present invention is 
applied. 
[0044] The coating and developing system includes a 
cassette station 1 for mounting a cassette C for housing a 
plurality of substrates G, a treatment section 2 provided With 
a plurality of treating units for performing a series of 
treatment including resist coating and developing for the 
substrate G, and an interface section 3 for sending and 
receiving the substrate G to/from an aligner (not shoWn), the 
cassette station 1 and the interface section 3 being arranged 
respectively at either end of the treatment section 2. 

[0045] The cassette station 1 includes a carrier section 10 
for carrying the substrate G betWeen the cassette C and the 
treatment section 2. In the cassette station 1, the substrate G 
is carried in/out of the cassette C. The carrier section 10 
includes a carrier mechanism 11 Which is movable on a 
carrier path 10a provided along the direction of disposition 
of the cassettes C, and the substrate G is carried betWeen the 
cassettes C and the treatment section 2 by means of the 
carrier mechanism 11. 

[0046] The treatment section 2 is divided into a front 
section 2a, a middle section 2b, and a rear section 2c, 
respectively having carrier paths 12, 13, and 14 in the center 
thereof. Treating units are disposed at both sides of each of 
the carrier paths. Relay sections 15 and 16 are provided 
respectively betWeen the front section 2a and the middle 
section 2b, and betWeen the middle section 2b and the rear 
section 2c. 

[0047] The front section 2a includes a main carrier device 
17 movable along a carrier path 12. TWo scrubbing units 
(SCR) 21a and 21b are disposed at one side of the carrier 
path 12, and an ultraviolet-light irradiating and cooling unit 
(UV/COL) 25, respectively vertically tWo-tiered heating 
units (HP) 26 and cooling units (COL) 27 are disposed at the 
other side of the carrier path 12. 

[0048] The middle section 2b includes a main carrier 
device 18 movable along a carrier path 13. On one side of 
the carrier path 13, a resist coating unit (COT) 22 and an 
edge remover (ER) 23 for removing a resist at the peripheral 
portion of the substrate G are integrally provided, and on the 
other side thereof, tWo-tiered heating units (HP) 28, a 
heating and cooling unit (HP/COL) 29 composed of a 
heating unit and a cooling unit vertically tiered, and an 
adhesion treating and cooling unit (AD/COL) 30 in Which an 
adhesion treating unit and a cooling unit are vertically tiered 
are arranged. 

[0049] Further, the rear section 2c includes a main carrier 
device 19 movable along a carrier path 14. On one side of 
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the carrier path 14, three developing units 24a, 24b, and 24c 
are disposed, and on the other side thereof, vertically tWo 
tiered heating units 31, tWo heating and cooling units 
(HP/COL) 32 and 33 each composed of a heating unit and 
a cooling unit vertically tiered are disposed. 

[0050] The treatment section 2 has a structure in Which 
only spinner-system units such as the scrubbing unit 21a, the 
resist coating unit 22, and the developing unit 24a are 
arranged on one side of each carrier path and only heat 
system treating units such as the heating unit and the cooling 
unit are arranged on the other side thereof. 

[0051] Achemicals feed unit 34 is disposed at a portion on 
the side of the arrangement of spinner-system units of each 
of the relay sections 15 and 16, and moreover a space 35 
sufficient to take the main carrier device in and out is 
provided thereat. 

[0052] The main carrier device 17 has a function of 
sending and receiving the substrate G to/from an arm of the 
carrier mechanism 11, carrying the substrate G in/out of 
respective treating units in the front section 2a, and sending 
and receiving the substrate G to/from the relay section 15. 
The main carrier device 18 has a function of sending and 
receiving the substrate G to/from the relay section 15, 
carrying the substrate G in/out of respective treating units in 
the middle section 2b, and sending and receiving the sub 
strate G to/from the relay section 16. The main carrier device 
19 has a function of sending and receiving the substrate G 
to/from the relay section 16, carrying the substrate G in/out 
of respective treating units in the rear section 2c, and 
sending and receiving the substrate G to/from the interface 
section 3. Incidentally, the relay sections 15 and 16 function 
also as cooling plates. 

[0053] The interface section 3 includes an extension 36 for 
temporarily holding the substrate When the substrate is sent 
and received to/from the treatment section 2, tWo buffer 
stages 37 for placing a buffer cassette on both sides of the 
extension 36, and a carrier mechanism 38 for carrying the 
substrate G in/out of the aligner (not shoWn). The carrier 
mechanism 38 has a carrier arm 39 movable on a carrier path 
38a provided along the direction of disposition of the 
extension 36 and the buffer stages 37. The substrate G is 
carried betWeen the treatment section 2 and the aligner by 
means of the carrier arm 39. 

[0054] The respective treating units are put together to be 
integrated as above, thereby saving space and promoting 
efficiency of treatment. 

[0055] In the coating and developing system structured as 
above, the substrate G in the cassette C is carried to the 
treatment section 2. In the treatment section 2, ?rst in the 
front section 2a, the substrate G is given surface reforming 
and cleaning treatment and thereafter cooling treatment in 
the ultraviolet-light irradiating and cooling unit (UV/COL) 
25, subsequently is scrubbed in the scrubbing units (SCR) 
21a and 21b, dried by heating in one of the heating units 
(HP) 26, and then cooled in one of the cooling units (COL) 
27. 

[0056] Thereafter, the substrate G is carried to the middle 
section 2b. In order to improve the ?xedness of a resist, the 
substrate G is given hydrophobic treatment (HMDS treat 
ment) in the adhesion treating unit in the upper tier of 
the unit 30, cooled in the cooling unit (COL), and then 
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coated With a resist in the resist coating unit (COT) 22. 
Subsequently, an excess resist on the periphery of the 
substrate G is removed in the edge remover (ER) 23. Then, 
the substrate G is pre-baked in one of the heating units (HP) 
in the middle section 2b and cooled in the cooling unit 
(COL) in the loWer tier of the unit 29 or 30. In the present 
embodiment, the above pre-baking treatment is performed at 
predetermined timing a plurality of times as described later. 

[0057] Later, the substrate G is carried from the relay 
section 16 to the aligner via the interface section 3 by means 
of the main carrier device 19 and a predetermined pattern is 
exposed in the aligner. The substrate G is brought in again 
via the interface section 3 and developed in any one of the 
developing units (DEV) 24a, 24b, and 24c to thereby form 
a predetermined circuit pattern. The developed substrate G 
is given post-baking treatment in any one of the heating units 
(HP) in the rear section 2c, cooled in the cooling unit (COL), 
and then housed in a predetermined cassette C on the 
cassette station 1 by means of the main carrier devices 19, 
18, and 17 and the carrier mechanism 11. 

[0058] Next, the resist coating unit (COT) 22 and the edge 
remover (ER) 23 provided in the coating and developing 
system according to the present embodiment Will be 
described. FIG. 2 is a schematic plane vieW shoWing the 
entire con?gurations of the resist coating unit (COT) and the 
edge remover 

[0059] As shoWn in FIG. 2, the resist coating unit (COT) 
22 and the edge remover (ER) 23 are integrally provided 
side by side on the same stage. The substrate G coated With 
the resist in the resist coating unit (COT) 22 is carried to the 
edge remover (ER) 23 by means of a pair of carrier arms 41 
movable along guide rails 42. Incidentally, an opening 22a 
for carrying the substrate G in by the main carrier device 18 
is formed in a face at the carrier path 13 side of the resist 
coating unit (COT) 22, and an opening 23a for carrying the 
substrate G out by the main carrier device 18 is formed in a 
face at the carrier path 13 side of the edge remover (ER) 23. 

[0060] The resist coating unit (COT) 22 includes a hori 
Zontally rotatable spin chuck 51 for adsorbing and holding 
the substrate G, a bottomed cylindrical rotating cup 52 
enclosing an upper end portion of the spin chuck 51 and 
surrounding the substrate G adsorbed and held by the spin 
chuck 51, the upper end portion of the rotating cup being 
opened, a lid body (not shoWn) being put on the upper end 
opening of the rotating cup 52, a coater cup 53 ?xedly 
disposed in such a manner to enclose the outer periphery of 
the rotating cup 52 for preventing a resist from being 
scattered When the resist is coated, and a holloW ring-shaped 
drain cup 54 disposed to surround the coater cup 53. When 
a resist is dropped, as is described later, With the lid body 
being taken off from the rotating cup 52, the substrate G 
together With the spin chuck 51 is rotated at loW speed by 
means of a rotating mechanism not shoWn and concurrently 
the rotating cup 52 is rotated. When the resist is spread, With 
the rotating cup 52 being covered With the lid body not 
shoWn, the substrate G together With the spin chuck 51 is 
rotated at high speed by means of the rotating mechanism 
not shoWn and concurrently the rotating cup 52 is rotated. 

[0061] The resist coating unit (COT) 22 has an arm 55 
provided With a jet head 56 for supplying a resist solution 
and a solvent to the substrate G at the front end thereof. The 
arm 55 can rotate on a shaft 55a. When a resist is coated, the 
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jet head 56 is located above the substrate G adsorbed by the 
spin chuck 51, and When the substrate G is carried, the jet 
head 56 is placed at a stand-by position outside the drain cup 
54 as shoWn in the draWing. The jet head 56 is provided With 
a resist noZZle 57 for discharging a resist solution and a 
solvent noZZle 58 for discharging a solvent such as a thinner. 
The resist noZZle 57 is connected to a resist feed element 
(not shoWn) through a resist feed pipe (not shoWn), and the 
solvent noZZle 58 is connected to a solvent feed element (not 
shoWn) through a solvent feed pipe (not shoWn). 

[0062] The edge remover (ER) 23 is provided With a 
mounting table 61, on Which the substrate G is mounted. 
Four remover heads 62 for removing an excess resist solu 
tion from the edges of four sides of the substrate G are 
provided on four sides of the substrate G respectively. Each 
remover head 62 has a nearly U-shaped cross-sectional face 
so as to discharge a thinner from the inside thereof and is 
moved along four sides of the substrate G by means of a 
moving mechanism (not shoWn). Thus, each remover head 
62 can remove the excess resist adhering to the edges of four 
sides of the substrate G While moving along each side of the 
substrate G and discharging a thinner. 

[0063] As to the resist coating unit (COT) 22 and the edge 
remover (ER) 23 Which are integrally structured as above, 
?rst in the resist coating unit (COT) 22, the substrate G 
together With the spin chuck 51 and the rotating cup 52 is 
rotated, the arm 55 is rotated so that the jet head 56 is located 
above the center of the substrate G, and a thinner is supplied 
to the center of the surface of the substrate G from the 
solvent noZZle 58. 

[0064] Subsequently, With the substrate G being rotated, a 
resist is dropped on the center of the substrate G from the 
resist noZZle 57 to spread over the substrate G. Then, the 
rotating cup 52 is covered With the lid body not shoWn, and 
the rotational frequency of the substrate G is increased to 
thereby adjust the thickness of a resist ?lm. 

[0065] The substrate G thus resist-coated is carried from 
the spin chuck 51 to the edge remover (ER) 23 and mounted 
on the mounting table 61 by the carrier arm 41. In the edge 
remover (ER) 23, the four remover heads 62 move along the 
respective sides of the substrate G, and the excess resist 
adhering to the edges of four sides of the substrate G is 
removed by the discharged thinner. 

[0066] Next, the heating unit (HP) Will be described With 
reference to FIGS. 3, 4(a), and 4(b). FIG. 3 is a schematic 
sectional vieW of the heating unit (HP), and FIGS. 4(a) and 
4(b) are vieWs shoWing the state that the substrate G is 
heated by the heating unit (HP) shoWn in FIG. 3. 

[0067] The heating unit (HP) (28, 29) has a cover 71 
Which can freely go up and doWn as shoWn in FIG. 3. A 
heating plate 72 for heating the substrate G is placed With the 
face thereof being horiZontal under the cover 71. A heater 
(not shoWn) is attached to the heating plate 72, Whereby the 
heating plate 72 can be set at a desired temperature. 

[0068] Provided on the surface of the heating plate 72 are 
a plurality of securing pins 73, by Which the substrate G is 
held. Namely, a proximity type is adopted, in Which direct 
contact of the heating plate 72 and the substrate G is avoided 
and the substrate G is heated by heat radiated from the 
heating plate 72. Thus, contamination of the substrate G 
caused by the heating plate 72 is prevented. 
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[0069] A plurality of lifting pins 75 Which go through a 
plurality of holes of the heating plate 72 are provided so as 
to freely go up and doWn. LoWer portions of the lifting pins 
75 are supported by a supporting member 76. The support 
ing member 76 is structured to be raised and loWered by a 
raising and loWering mechanism 77. Thus, When the sup 
porting member 76 is raised by the raising and loWering 
mechanism 77, the lifting pins 75 are raised to receive the 
carried substrate G, subsequently loWered to place the 
substrate G on the securing pins 73 of the heating plate 72, 
and after heat treatment, raised again to lift the substrate G 
to a position for carrying the substrate G out. 

[0070] In the present embodiment, the substrate G Which 
is already coated With the resist solution and given end face 
treatment undergoes a ?rst heating process and a second 
heating process With a non-heated process therebetWeen in 
the heating unit (HP) (28, 29). 

[0071] In the ?rst heating process, as shoWn in FIG. 4(a), 
the substrate G is supported by the lifting pins 75 and heated 
at a relatively loWer temperature With a distance betWeen the 
substrate G and the heating plate 72 of d1=3 mm to 5 mm, 
for example, the substrate and the heating plate being 
relatively apart from each other. Heating conditions under 
this situation are, for example, a heating temperature (a ?rst 
predetermined temperature) of 60° C. to 70° C. and a heating 
time of about 60 seconds. 

[0072] In the non-heated process after the above ?rst 
heating process, the substrate G is taken out of the heating 
unit (HP), and thereafter the substrate G is left in a non 
heated state and naturally cooled by natural heat release, or 
positively cooled by the cooling unit (COL) shoWn in FIG. 
1. Speci?cally, the substrate G may be taken out of the 
heating unit (HP) (28, 29) and left as it is, being exposed to 
the air Without positively being heated, or may be carried 
from the heating unit (HP) (28, 29) to the cooling unit (COL) 
and positively cooled at a predetermined temperature. 

[0073] In the second heating process after the above 
non-heated process, as shoWn in FIG. 4(b), the substrate G 
is supported by the lifting pins 75 and heated at a relatively 
higher temperature With a distance betWeen the substrate G 
and the heating plate 72 of d2=0.2 mm, the substrate and the 
heating plate being relatively close to each other. In this 
situation, the heating temperature (a second predetermined 
temperature) is 100° C. to 120° C. and the heating time is 
about 100 seconds. 

[0074] As described above, the substrate G coated With the 
resist solution is heated at 60° C. to 70° C. (the ?rst 
predetermined temperature). After the above heating, the 
substrate G naturally releases heat in a non-heated state or 
cooled, and after the natural heat release or the cooling, 
heated at 100° C. to 120° C. (the second predetermined 
temperature). Therefore, the relatively large-siZed rectangu 
lar LCD substrate G is heated, naturally releases heat or is 
cooled, and heated, Whereby a solvent such as a thinner in 
the resist solution is gradually released. According to the 
results of experiments, drying of the resist can be promoted 
Without exerting a bad in?uence on the resist, and the 
occurrence of transfer on the substrate G can be effectively 
prevented. 

[0075] It should be mentioned that the ?rst and the second 
temperatures, heating times and the like are not limited to 
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the above values. It is preferable, hoWever, that the ?rst 
heating temperature (the ?rst predetermined temperature) is 
loWer than the second heating temperature (the second 
predetermined temperature). 

[0076] Further, in the present embodiment, heating pro 
cesses and non-heated processes may be repeated a plurality 
of times, for example, a heating process—>a non-heated 
processQa heating processQa non-heated process . . . .Also 

in this case, the relatively large-siZed rectangular LCD 
substrate G is repeatedly heated and naturally cooled by 
natural heat release or positively cooled, Whereby a solvent 
such as a thinner in the resist solution is gradually released. 
Thus, drying of the resist can be promoted Without exerting 
a bad in?uence on the resist, and the occurrence of transfer 
on the substrate G can be effectively prevented. 

[0077] Furthermore, from the vieWpoint of preventing 
transfer after development, it is possible that the substrate G 
is cooled after the ?rst heating process and that the second 
heating process is performed after exposure. Also in this 
case, drying of the resist can be promoted before develop 
ment, and the occurrence of transfer after development can 
be effectively prevented. 

[0078] Next, another embodiment of the present invention 
Will be described With reference to FIGS. 5 and 6. FIG. 5 
is a plane vieW shoWing a part of a coating and developing 
system of an LCD substrate according to another embodi 
ment, and FIG. 6 is a schematic sectional vieW of a drying 
unit. 

[0079] In this embodiment, as shoWn in FIG. 5, a drying 
unit 80 is disposed betWeen the resist coating unit (COT) 22 
and the edge remover (ER) 23. Thus, the substrate G coated 
With the resist solution is carried to the drying unit 80 to be 
dried and thereafter given end face treatment by the edge 
remover (ER) 23. 

[0080] As shoWn in FIG. 6, the drying unit 80 is provided 
With a shoWer head 82 for spouting gas such as inactive gas 
at the upper portion of a boxed-shaped body 81. Inactive gas 
and the like are spouted doWnWard from the entire loWer 
face of the shoWer head 82. 

[0081] An opening 84 for carrying a substrate in and an 
opening 85 for carrying a substrate out are respectively 
provided in the front face and the rear face of the box-shaped 
body 81, and a portion cut off (not shoWn) for moving a 
carrier arm 41 is provided in a side Wall thereof. The 
substrate G is sprayed With inactive gas and the like spouted 
from the shoWer head 82 While the substrate G Which is 
brought in from the opening 84 by the carrier arm 41 moving 
along a guide rail 42 is moved in the box-shaped body 81 
and then taken out of the opening 85. 

[0082] By spraying inactive gas and the like on the sub 
strate G While the substrate G is moved, drying of the resist 
solution coated on the substrate G is progressed and a 
solvent such as thinner in the resist solution is vaporiZed to 
a certain extent. 

[0083] As described above, by drying the resist solution 
on the substrate G by spraying inactive gas and the like in 
a non-heated state just after coating of the resist solution and 
before heat treatment in the heating unit (HP), the solvent 
such as thinner in the resist solution is vaporiZed to a certain 
extent, thus promoting drying of the resist Without exerting 














