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(57) ABSTRACT 

A substrate processing apparatus comprises an interface 
block. An exposure device is arranged adjacent to the 
interface block. The interface block includes ?rst and second 
cleaning/drying processing units. A substrate W is subjected 
to cleaning and drying processing before exposure process 
ing in the ?rst cleaning/drying processing unit, While being 
subjected to cleaning and drying processing after the expo 
sure processing in the second cleaning/drying processing 
unit. 
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SUBSTRATE PROCESSING APPARATUS 

BACKGROUND OF THE INVENTION 

[0001] 
[0002] The present invention relates to a substrate pro 
cessing apparatus that subjects substrates to processing. 

[0003] 2. Description of the Background Art 

1. Field of the Invention 

[0004] Substrate processing apparatuses are used to sub 
ject various types of substrates such as semiconductor 
substrates, substrates for liquid crystal displays, plasma 
displays, optical disks, magnetic disks, magneto-optical 
disks, and photomasks, and other substrates to various types 
of processing. 

[0005] Such a substrate processing apparatus generally 
subjects a single substrate to a plurality of different types of 
processing successively. The substrate processing apparatus 
as described in JP 2003-324139 A comprises an indexer 
block, an anti-re?ection ?lm processing block, a resist ?lm 
processing block, a development processing block, and an 
interface block. An exposure device is arranged adjacent to 
the interface block as an external device separate from the 
substrate processing apparatus. 

[0006] In the above-mentioned substrate processing appa 
ratus, a substrate carried out of the indexer block is trans 
ported to the exposure device through the interface block 
after being subjected to anti-re?ection ?lm formation and 
resist ?lm coating processing in the anti-re?ection ?lm 
processing block and the resist ?lm processing block. After 
the resist ?lm on the substrate is subjected to exposure 
processing in the exposure device, the substrate is trans 
ported to the development processing block through the 
interface block. After the resist ?lm on the substrate is 
subjected to development processing to form a resist pattern 
thereon in the development processing block, the substrate 
is transported to the indexer block. 

[0007] With recent increases in density and integration of 
devices, making ?ner resist patterns has become an impor 
tant problem. Conventional exposure devices have generally 
performed exposure processing by reduction-proj ecting a 
reticle pattern on a substrate through a projection lens. With 
such conventional exposure devices, hoWever, the line Width 
of an exposure pattern is determined by the Wavelength of a 
light source of the exposure device. Therefore, making ?ner 
resist patterns has had a limitation. 

[0008] Therefore, a liquid immersion method is suggested 
as a projection exposure method alloWing for ?ner exposure 
patterns (see, e. g., WO99/49504 pamphlet). In the projection 
exposure device according to the W099/ 49504 pamphlet, an 
area betWeen a projection optical system and a substrate is 
?lled With a liquid, resulting in a shorter Wavelength of 
exposure light on a main surface of the substrate. This alloWs 
for ?ner exposure patterns. 

[0009] HoWever, in the projection exposure device 
according to the above-mentioned WO99/49504 pamphlet, 
exposure processing is performed With the substrate and the 
liquid brought into contact With each other. Accordingly, the 
substrate to Which the liquid adheres is carried out of the 
exposure device. When the exposure device using the liquid 
immersion method as described in the above-mentioned 
WO99/49504 pamphlet is provided as an external device in 
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the substrate processing apparatus according to the above 
mentioned JP 2003 624139 A, therefore, the liquid adhering 
to the substrate that has been carried out of the exposure 
device may drop in the substrate processing apparatus, 
causing operational troubles such as abnormalities in an 
electric system of the substrate processing apparatus. 

[0010] When the liquid adheres to the substrate that has 
been subjected to the exposure processing, particles and the 
like may easily adhere to the substrate, and the liquid that 
adheres to the substrate adversely affects a ?lm formed on 
the substrate. This causes processing defects to occur in the 
substrate. 

SUMMARY OF THE INVENTION 

[0011] An object of the invention is to provide a substrate 
processing apparatus in Which operational troubles and 
processing defects due to a liquid that has adhered to a 
substrate in an exposure device are prevented. 

[0012] (1) A substrate processing apparatus according to 
an aspect of the present invention is a substrate processing 
apparatus that is arranged adjacent to an exposure device, 
comprising a processing section for subjecting a substrate to 
processing, an interface for transferring and receiving the 
substrate betWeen the processing section and the exposure 
device, at least one of the processing section and the 
interface including a drying processing unit that subjects the 
substrate to drying processing, and the drying processing 
unit including a substrate holding device that holds the 
substrate substantially horiZontally, a rotation driving device 
that rotates the substrate held by the substrate holding device 
around an axis perpendicular to the substrate, a liquid layer 
formation device that forms a liquid layer on the substrate 
held by the substrate holding device, and a gas discharge 
device that discharges gas toWard the center of the liquid 
layer formed on the substrate by the liquid layer formation 
device With the substrate rotated by the rotation driving 
device. 

[0013] In the substrate processing apparatus, the substrate 
is subjected to the predetermined processing in the process 
ing section, and is then transferred from the processing 
section to the exposure device by the interface. After the 
substrate is subjected to the exposure processing in the 
exposure device, the substrate that has been subjected to the 
exposure processing is returned to the processing section 
from the exposure device by the interface. Before or after the 
exposure processing by the exposure device, the subject is 
subjected to the drying processing by the drying processing 
unit. 

[0014] In the drying processing unit, the liquid layer is 
formed on the substrate by the liquid layer formation device. 
The gas is discharged toWard the center of the liquid layer 
on the substrate by the gas discharge device With the 
substrate rotated by the rotation driving device. Even if the 
liquid adheres on the substrate, therefore, the liquid, together 
With the liquid layer formed on the substrate, is moved 
outWardly from the substrate by a centrifugal force and is 
removed. In this case, the liquid layer is integrally moved 
outWardly from the substrate With its annular shape held by 
surface tension Without being separated into a plurality of 
areas, so that the formation of a minute droplet is restrained, 
Which alloWs the liquid on the substrate to be reliably 
removed. 
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[0015] In a case Where the substrate after the exposure 
processing is thus subjected to the drying processing, even 
if the liquid adheres to the substrate in the exposure device, 
the liquid can be prevented from dropping in the substrate 
processing apparatus. As a result, operational troubles in the 
substrate processing apparatus can be prevented. 

[0016] The substrate is subjected to the drying processing, 
Which prevents particles and the like in an atmosphere from 
adhering to the liquid that has adhered to the substrate during 
the exposure processing. The liquid that has adhered to the 
substrate is prevented from adversely affecting a ?lm formed 
on the substrate. This prevents processing defects in the 
substrate. 

[0017] On the other hand, When the substrate before the 
exposure processing is subjected to the drying processing, 
the liquid layer is formed on the substrate, Which alloWs 
particles and the like that have adhered to the substrate in the 
processing step before the exposure processing to be 
removed immediately before the exposure processing. As a 
result, it is possible to prevent contamination in the exposure 
device and to reliably prevent processing defects in the 
substrate. 

[0018] (2) The rotation driving device may rotate the 
substrate at a ?rst rotational speed When the liquid layer 
formation device forms the liquid layer and gradually or 
continuously increase the rotational speed of the substrate to 
a second rotational speed after the liquid layer formation 
device forms the liquid layer, and the gas discharge device 
may discharge the gas to the liquid layer on the substrate 
rotated at a third rotational speed higher than the ?rst 
rotational speed and loWer than the second rotational speed. 

[0019] In this case, the substrate is rotated at the ?rst 
rotational speed by the rotation driving device during the 
formation of the liquid layer. This alloWs the liquid layer to 
be uniformly formed on the substrate even in a state Where 
the substrate is slightly inclined to a horizontal plane 

[0020] After the liquid layer is formed, the rotational 
speed of the substrate gradually or continuously increases by 
the rotation driving device. This causes an outWard centrifu 
gal force exerted on a peripheral edge of the liquid layer to 
be increased. On the other hand, tension corresponding to 
the centrifugal force is exerted on the center of the liquid 
layer, so that the liquid layer is held on the substrate Without 
being splashed outWard. 

[0021] When the rotational speed of the substrate is the 
third rotational speed higher than the ?rst rotational speed 
and loWer than the second rotational speed in the process of 
increasing the rotational speed of the substrate, the gas is 
discharged toWard the center of the liquid layer on the 
substrate by the gas discharge device. This causes the 
tension exerted on the center of the liquid layer to disappear, 
so that the liquid layer is moved outWardly from the sub 
strate by the centrifugal force. In this case, the liquid layer 
is integrally moved outWardly from the substrate With the 
annular shape held by the surface tension Without being 
separated into a plurality of areas. Therefore, the formation 
of the minute droplet on the substrate is restrained, Which 
alloWs the liquid layer on the substrate to be reliably 
removed. 

[0022] (3) The rotation driving device may maintain the 
rotational speed of the substrate at a fourth rotational speed 
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higher than the ?rst rotational speed and loWer than the 
second rotational speed for a predetermined time period 
after the liquid layer formation device forms the liquid layer 
and before the gas discharge device discharges the gas. 

[0023] In this case, the liquid layer spreads over the entire 
area of the substrate, and is stably held on the substrate. This 
reliably prevents the liquid layer from being splashed out 
Wardly from the substrate before the gas discharge device 
discharges the gas, and alloWs the liquid layer to be inte 
grally moved outWardly from the substrate With the annular 
shape reliably held When the gas discharge device discharges 
the gas. 

[0024] (4) The drying processing unit may further include 
a layer thickness detector that detects the thickness of the 
liquid layer formed on the substrate by the liquid layer 
formation device, and a controller that controls the rotational 
speed of the substrate by the rotation driving device and the 
timing of the discharge of the gas by the gas discharge 
device on the basis of the thickness of the liquid layer 
detected by the layer thickness detector. 

[0025] In this case, the gas can be discharged in a state 
Where the center of the liquid layer is sufficiently thinned 
and the liquid layer is not separated into a plurality of areas 
by the centrifugal force, Which causes the tension exerted on 
the center of the liquid layer to reliably disappear. Therefore, 
the liquid layer can be integrally moved outWardly from the 
substrate With the annular shape held. This alloWs the liquid 
layer on the substrate to be reliably removed. 

[0026] (5) The drying processing unit may subject the 
substrate to the drying processing after exposure processing 
by the exposure device. 

[0027] In this case, even if the liquid adheres to the 
substrate in the exposure device, the liquid can be prevented 
from dropping in the substrate processing apparatus. As a 
result, operational troubles in the substrate processing appa 
ratus can be prevented. 

[0028] The substrate is subjected to the drying processing, 
Which prevents particles and the like in an atmosphere from 
adhering to the liquid that has adhered to the substrate during 
the exposure processing. This can prevent processing 
defects in the substrate. 

[0029] (6) The processing section may further include a 
development processing unit that subjects the substrate to 
development processing, and the drying processing unit may 
subject the substrate to the drying processing after the 
exposure processing by the exposure device and before the 
development processing by the development processing 
unit. 

[0030] In this case, the substrate is subjected to the drying 
processing before the development processing by the devel 
opment processing unit. Even if the liquid adheres to the 
substrate during the exposure processing, therefore, an expo 
sure pattern can be prevented from being deformed by the 
liquid. This can reliably prevent line de?nition during the 
development processing from being reduced. 

[0031] (7) The drying processing unit may subject the 
substrate to the drying processing before the exposure 
processing by the exposure device. 

[0032] In this case, the liquid layer is formed on the 
substrate, Which alloWs particles and the like that have 
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adhered to the substrate in the processing step before the 
exposure processing to be removed immediately before the 
exposure processing. As a result, contamination in the 
exposure device can be prevented, Which can reliably pre 
vent processing defects in the substrate. 

[0033] (8) The processing section may further include a 
photosensitive ?lm formation unit that forms on the sub 
strate a photosensitive ?lm composed of a photosensitive 
material, and a protective ?lm formation unit that forms a 
protective ?lm for protecting the photosensitive ?lm, and the 
drying processing unit may subject the substrate to the 
drying processing after the formation of the photosensitive 
?lm and the protective ?lm and before the exposure pro 
cessing by the exposure device. 

[0034] In this case, some of respective components of the 
photosensitive ?lm and the protective ?lm that are formed 
on the substrate are eluted in the liquid layer during the 
drying processing. Even if the substrate is brought into 
contact With the liquid in the exposure device, therefore, the 
components of the photosensitive ?lm and the protective 
?lm on the substrate are hardly eluded into the liquid. 
Consequently, contamination in the exposure device can be 
prevented. 

[0035] Other features, elements, characteristics, and 
advantages of the present invention Will become more 
apparent from the folloWing description of preferred 
embodiments of the present invention With reference to the 
attached drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0036] FIG. 1 is a plan vieW of a substrate processing 
apparatus according to a ?rst embodiment of the present 
invention; 
[0037] FIG. 2 is a schematic side vieW of the substrate 
processing apparatus in FIG. 1 as vieWed from the +X 
direction; 
[0038] FIG. 3 is a schematic side vieW of the substrate 
processing apparatus in FIG. 1 as vieWed from the +X 
direction; 
[0039] FIG. 4 is a schematic side vieW of an interface 
block as vieWed from the +Y side; 

[0040] FIG. 5 is a diagram for explaining the con?guration 
of a cleaning/drying processing unit; 

[0041] FIG. 6 is a diagram for explaining the details of 
substrate drying processing; 

[0042] FIG. 7 is a diagram for explaining the details of 
substrate drying processing; 

[0043] FIG. 8 is a diagram shoWing the rotational speed of 
a rotation shaft in time series; 

[0044] FIG. 9 is a schematic vieW in a case Where a liquid 
supply noZZle and an inert gas supply noZZle are integrally 
provided; 

[0045] FIG. 10 is a schematic vieW shoWing another 
example of a cleaning/drying processing unit; 

[0046] FIG. 11 is a vertical sectional vieW shoWing an 
example of the internal con?guration of a tWo-?uid noZZle 
used for cleaning and drying processing; and 
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[0047] FIG. 12 is a diagram for explaining a method of 
subjecting a substrate to cleaning and drying processing 
using the tWo-?uid noZZle shoWn in FIG. 11. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0048] A substrate processing apparatus according to 
embodiments of the present invention Will be described With 
reference to the draWings. In the folloWing description, a 
substrate refers to a semiconductor substrate, a substrate for 
a liquid crystal display, a substrate for a plasma display, a 
glass substrate for a photomask, a substrate for an optical 
disk, a substrate for a magnetic disk, a substrate for a 
magneto-optical disk, a substrate for a photomask, or the 
like. 

(1) Con?guration of Substrate Processing Apparatus 

[0049] FIG. 1 is a plan vieW of a substrate processing 
apparatus according to a ?rst embodiment of the present 
invention. FIG. 1 and FIGS. 2 to 4 described later are 
accompanied by arroWs that respectively indicate X, Y, and 
Z directions perpendicular to one another for clarity of a 
positional relationship. The X and Y directions are perpen 
dicular to each other Within a horizontal plane, and the Z 
direction corresponds to a vertical direction. In each of the 
directions, the direction of an arroW is de?ned as a +direc 
tion, and the opposite direction is de?ned as a —direction. A 
rotation direction centered around the Z direction is de?ned 
as a 6 direction. 

[0050] As shoWn in FIG. 1, a substrate processing appa 
ratus 500 comprises an indexer block 9, an anti-re?ection 
?lm processing block 10, a resist ?lm processing block 11, 
a development processing block 12, a resist cover ?lm 
processing block 13, a resist cover ?lm removal block 14, 
and an interface block 15. An exposure device 16 is arranged 
adjacent to the interface block 15. The exposure device 16 
subjects a substrate W to exposure processing by means of 
a liquid immersion method. 

[0051] Each of the indexer block 9, the anti-re?ection ?lm 
processing block 10, the resist ?lm processing block 11, the 
development processing block 12, the resist cover ?lm 
processing block 13, the resist cover ?lm removal block 14, 
and the interface block 15 Will be hereafter referred to as a 
processing block. 

[0052] The indexer block 9 includes a main controller 30 
for controlling the operation of each of the processing 
blocks, a plurality of carrier platforms 40, and an indexer 
robot IR. The indexer robot IR has a hand IRH provided for 
receiving and transferring the substrates W. 

[0053] The anti-re?ection ?lm processing block 10 
includes thermal processing groups 100 and 101 for anti 
re?ection ?lm, a coating processing group 50 for anti 
re?ection ?lm, and a ?rst central robot CR1. The coating 
processing group 50 is provided opposite to the thermal 
processing groups 100 and 101 With the ?rst central robot 
CR1 sandWiched therebetWeen. The ?rst central robot CR1 
has hands CRH1 and CRH2 provided one above the other 
for receiving and transferring the substrates W. 

[0054] A partition Wall 17 is provided betWeen the indexer 
block 9 and the anti-re?ection ?lm processing block 10 for 
shielding an atmosphere. The partition Wall 17 has substrate 
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platforms PASS1 and PASS2 provided in close proximity 
one above the other for receiving and transferring the 
substrates W betWeen the indexer block 9 and the anti 
re?ection ?lm processing block 10. The upper substrate 
platform PASS1 is used in transporting the substrates W 
from the indexer block 9 to the anti-re?ection ?lm process 
ing block 10, and the loWer substrate platform PASS2 is used 
in transporting the substrates W from the anti-re?ection ?lm 
processing block 10 to the indexer block 9. 

[0055] Each of the substrate platforms PASS1 and PASS2 
is provided With an optical sensor (not shoWn) for detecting 
the presence or absence of the substrate W. This alloWs 
determination to be made Whether or not the substrate W is 
placed on the substrate platform PASS1 or PASS2. In 
addition, each of the substrate platforms PASS1 and PASS2 
has a plurality of support pins secured thereto. Note that 
each of substrate platforms PASS3 to PASS13 described 
later is similarly provided With an optical sensor and support 
pins. 

[0056] The resist ?lm processing block 11 includes ther 
mal processing groups 110 and 111 for resist ?lm, a coating 
processing group 60 for resist ?lm, and a second central 
robot CR2. The coating processing group 60 is provided 
opposite to the thermal processing groups 110 and 111 With 
the second central robot CR2 sandWiched therebetWeen. The 
second central robot CR2 has hands CRH3 and CRH4 
provided one above the other for receiving and transferring 
the substrates W. 

[0057] A partition Wall 18 is provided betWeen the anti 
re?ection ?lm processing block 10 and the resist ?lm 
processing block 11 for shielding an atmosphere. The par 
tition Wall 18 has substrate platforms PASS3 and PASS4 
provided in close proximity one above the other for receiv 
ing and transferring the substrates W betWeen the anti 
re?ection ?lm processing block 10 and the resist ?lm 
processing block 11. The upper substrate platform PASS3 is 
used in transporting the substrates W from the anti-re?ection 
?lm processing block 10 to the resist ?lm processing block 
11, and the loWer substrate platform PASS4 is used in 
transporting the substrates W from the resist ?lm processing 
block 11 to the anti-re?ection ?lm processing block 10. 

[0058] The development processing block 12 includes 
thermal processing groups 120 and 121 for development, a 
development processing group 70, and a third central robot 
CR3. The development processing group 70 is provided 
opposite to the thermal processing groups 120 and 121 With 
the third central robot CR3 sandWiched therebetWeen. The 
third central robot CR3 has hands CRH5 and CRH6 pro 
vided one above the other for receiving and transferring the 
substrates W. 

[0059] A partition Wall 19 is provided betWeen the resist 
?lm processing block 11 and the development processing 
block 12 for shielding an atmosphere. The partition Wall 19 
has substrate platforms PASS5 and PASS6 provided in close 
proximity one above the other for receiving and transferring 
the substrates W betWeen the resist ?lm processing block 11 
and the development processing block 12. The upper sub 
strate platform PASS5 is used in transporting the substrates 
W from the resist ?lm processing block 11 to the develop 
ment processing block 12, and the loWer substrate platform 
PASS6 is used in transporting the substrates W from the 
development processing block 12 to the resist ?lm process 
ing block 11. 
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[0060] The resist cover ?lm processing block 13 includes 
thermal processing groups 130 and 131 for resist cover ?lm, 
a coating processing group 80 for resist cover ?lm, and a 
fourth central robot CR4. The coating processing group 80 
is provided opposite to the thermal processing groups 130 
and 131 With the fourth central robot CR4 sandWiched 
therebetWeen. The fourth central robot CR4 has hands 
CRH7 and CRH8 provided one above the other for receiving 
and transferring the substrates W. 

[0061] A partition Wall 20 is provided betWeen the devel 
opment processing block 12 and the resist cover ?lm pro 
cessing block 13 for shielding an atmosphere. The partition 
Wall 20 has substrate platforms PASS7 and PASSS provided 
in close proximity one above the other for receiving and 
transferring the substrates W betWeen the development 
processing block 12 and the resist cover ?lm processing 
block 13. The upper substrate platform PASS7 is used in 
transporting the substrates W from the development pro 
cessing block 12 to the resist cover ?lm processing block 13, 
and the loWer substrate platform PASSS is used in trans 
porting the substrates W from the resist cover ?lm process 
ing block 13 to the development processing block 12. 

[0062] The resist cover ?lm removal block 14 includes 
thermal processing groups 140 and 141 for post-exposure 
bake, a removal processing group 90 for resist cover ?lm, 
and a ?fth central robot CR5. The thermal processing group 
141 is adjacent to the interface block 15, and comprises 
substrate platforms PASS11 and PASS12, as described later. 
The removal processing group 90 is provided opposite to the 
thermal processing groups 140 and 141 With the ?fth central 
robot CR5 sandWiched therebetWeen. The ?fth central robot 
CR5 has hands CRH9 and CRH10 provided one above the 
other for receiving and transferring the substrates W. 

[0063] A partition Wall 21 is provided betWeen the resist 
cover ?lm processing block 13 and the resist cover ?lm 
removal block 14 for shielding an atmosphere. The partition 
Wall 21 has substrate platforms PASS9 and PASS10 pro 
vided in close proximity one above the other for receiving 
and transferring the substrates W betWeen the resist cover 
?lm processing block 13 and the resist cover ?lm removal 
block 14. The upper substrate platform PASS9 is used in 
transporting the substrates W from the resist cover ?lm 
processing block 13 to the resist cover ?lm removal block 
14, and the loWer substrate platform PASS10 is used in 
transporting the substrates W from the resist cover ?lm 
removal block 14 to the resist cover ?lm processing block 
13. 

[0064] The interface block 15 includes a sending bulfer 
unit SBF, ?rst cleaning/drying processing units SD1, a sixth 
central robot CR6, an edge exposure unit EEW, a return 
bulfer unit RBF, placement/cooling units PASS-CP (herein 
after abbreviated as P-CP), a substrate platform PASS13, an 
interface transport mechanism IFR, and second cleaning/ 
drying processing units SD2. The ?rst cleaning/drying pro 
cessing unit SD1 subjects the substrate W before exposure 
processing to cleaning and drying processing, and the sec 
ond cleaning/drying processing unit SD2 subjects the sub 
strate W after exposure processing to cleaning and drying 
processing. The details of the ?rst and second cleaning/ 
drying processing units SD1 and SD2 Will be described later. 

[0065] The sixth central robot CR6 has hands CRH11 and 
CRH12 (see FIG. 4) provided one above the other for 
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receiving and transferring the substrates W, and the interface 
transport mechanism IFR has hands H1 and H2 (see FIG. 4) 
provided one above the other for receiving and transferring 
the substrates W. The details of the interface block 15 Will 
be described later. 

[0066] In the substrate processing apparatus 500 accord 
ing to the present embodiment, the indexer block 9, the 
anti-re?ection ?lm processing block 10, the resist ?lm 
processing block 11, the development processing block 12, 
the resist cover ?lm processing block 13, the resist cover 
?lm removal block 14, and the interface block 15 are 
provided side by side in this order in the Y direction. 

[0067] FIG. 2 is a schematic side vieW of the substrate 
processing apparatus 500 shoWn in FIG. 1 as vieWed from 
the +X direction, and FIG. 3 is a schematic side vieW of the 
substrate processing apparatus 500 shoWn in FIG. 1 as 
vieWed from the —X direction. FIG. 2 mainly shoWs the 
con?guration on the +X side of the substrate processing 
apparatus 500, and FIG. 3 mainly shoWs the con?guration 
on the —X side of the substrate processing apparatus 500. 

[0068] Description is ?rst made of the con?guration on the 
+X side of the substrate processing apparatus 500 using FIG. 
2. As shoWn in FIG. 2, the coating processing group 50 (see 
FIG. 1) in the anti-re?ection ?lm processing block 10 has a 
vertical stack of three coating units BARC. Each of the 
coating units BARC comprises a spin chuck 51 for rotating 
the substrate W With the substrate W held in a horizontal 
attitude by suction, and a supply nozzle 52 for supplying a 
coating liquid for an anti-re?ection ?lm to the substrate W 
held on the spin chuck 51. 

[0069] The coating processing group 60 (see FIG. 1) in the 
resist ?lm processing block 11 has a vertical stack of three 
coating units RES. Each of the coating units RES comprises 
a spin chuck 61 for rotating the substrate W With the 
substrate W held in a horizontal attitude by suction, and a 
supply nozzle 62 for supplying a coating liquid for a resist 
?lm to the substrate W held on the spin chuck 61. 

[0070] The development processing group 70 in the devel 
opment processing block 12 has a vertical stack of ?ve 
development processing units DEV. Each of the develop 
ment processing units DEV comprises a spin chuck 71 for 
rotating the substrate W With the substrate W held in a 
horizontal attitude by suction, and a supply nozzle 72 for 
supplying a development liquid to the substrate W held on 
the spin chuck 71. 

[0071] The coating processing group 80 in the resist cover 
?lm processing block 13 has a vertical stack of three coating 
units COV. Each of the coating units COV comprises a spin 
chuck 81 for rotating the substrate W With the substrate W 
held in a horizontal attitude by suction, and a supply nozzle 
82 for supplying a coating liquid for a resist cover ?lm to the 
substrate W held on the spin chuck 81. Materials having a 
loW af?nity for resists and Water (materials having loW 
reactivity to resists and Water) can be used as the coating 
liquid for the resist cover ?lm. An example of the coating 
liquid is ?uororesin. Each of the coating units COV forms 
the resist cover ?lm on the resist ?lm formed on the substrate 
W by applying the coating liquid onto the substrate W While 
rotating the substrate W. 

[0072] The removal processing group 90 in the resist 
cover ?lm removal block 14 has a vertical stack of three 
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removal units REM. Each of the removal units REM com 
prises a spin chuck 91 for rotating the substrate W With the 
substrate W held in a horizontal attitude by suction, and a 
supply nozzle 92 for supplying a stripping liquid (e.g. 
?uororesin) to the substrate W held on the spin chuck 91. 
Each of the removal units REM removes the resist cover ?lm 
formed on the substrate W by applying the stripping liquid 
onto the substrate W While rotating the substrate W. 

[0073] Note that a method of removing the resist cover 
?lms in the removal units REM is not limited to the 
above-mentioned example. For example, the resist cover 
?lm may be removed by supplying the stripping liquid onto 
the substrate W While moving a slit nozzle above the 
substrate W. 

[0074] The interface block 15 has a vertical stack of an 
edge exposure unit EEW and three second cleaning/drying 
processing units SD2 on the +X side. The edge exposure unit 
EEW comprises a spin chuck 98 for rotating the substrate W 
With the substrate held in a horizontal attitude by suction, 
and a light irradiator 99 for exposing a peripheral portion of 
the substrate W held on the spin chuck 98. 

[0075] Description is noW made of the con?guration on 
the —X side of the substrate processing apparatus 500 using 
FIG. 3. As shoWn in FIG. 3, each of the thermal processing 
groups 100 and 101 in the anti-re?ection ?lm processing 
block 10 has a stack of tWo heating units (hot plates) HP and 
tWo cooling units (cooling plates) CP. Each of the thermal 
processing groups 100 and 101 also has a local controller LC 
for controlling the temperatures of the heating units HP and 
the cooling units CP arranged in its uppermost part. 

[0076] Each of the thermal processing groups 110 and 111 
in the resist ?lm processing block 11 has a stack of tWo 
heating units HP and tWo cooling units CP. Each of the 
thermal processing groups 110 and 111 also has a local 
controller LC for controlling the temperatures of the heating 
units HP and the cooling units CP arranged in its uppermost 
part. 

[0077] Each of the thermal processing groups 120 and 121 
in the development processing block 12 has a stack of tWo 
heating units HP and tWo cooling units CP. Each of the 
thermal processing groups 120 and 121 also has a local 
controller LC for controlling the temperatures of the heating 
units HP and the cooling units CP arranged in its uppermost 
part. 

[0078] Each of the thermal processing groups 130 and 131 
in the resist cover ?lm processing block 13 has a stack of tWo 
heating units HP and tWo cooling units CP. Each of the 
thermal processing groups 130 and 131 also has a local 
controller LC for controlling the temperatures of the heating 
units HP and the cooling units CP arranged in its uppermost 
part. 

[0079] In the resist cover ?lm removal block 14, the 
thermal processing group 140 has a vertical stack of tWo 
heating units HP and tWo cooling units CP, and the thermal 
processing group 141 has a vertical stack of tWo heating 
units HP, tWo cooling units CP, and substrate platforms 
PASS11 and PASS12. Each of the thermal processing groups 
140 and 141 has a local controller LC for controlling the 
temperatures of the heating units HP and the cooling units 
CP arranged in its uppermost part. 



US 2008/0016714 A1 

[0080] The interface block 15 Will be then described in 
detail using FIG. 4. 

[0081] FIG. 4 is a schematic side vieW of the interface 
block 15 as vieWed from the +Y side. As shoWn in FIG. 4, 
the interface block 15 has a stack of a sending bulfer unit 
SBF and three ?rst cleaning/drying processing units SD1 on 
the —X side. The interface block 15 has an edge exposure 
unit EEW arranged on the +X side in its upper part. 

[0082] The interface block 15 has a vertical stack of a 
return buffer unit RBF, tWo placement/cooling units P-CP, 
and a substrate platform PASS13 at its substantially central 
portion. The interface block 15 has a vertical stack of three 
second cleaning/ drying processing units SD2 on the +X side 
beloW the edge exposure unit EEW. 

[0083] A sixth central robot CR6 and an interface transport 
mechanism IFR are provided in a loWer part of the interface 
block 15. The sixth central robot CR6 is provided so as to be 
vertically movable and rotatable in an area from the sending 
bulfer unit SBF and the ?rst cleaning/ drying processing 
units SD1 to the edge exposure unit EEW, the return bulfer 
unit RBF, the placement/cooling units P-CP, and the sub 
strate platform PASS13. The interface transport mechanism 
IFR is provided so as to be vertically movable and rotatable 
in an area from the return bulfer unit RBF, the placement/ 
cooling units P-CP, and the substrate platform PASS13 to the 
second cleaning/drying processing units SD2. 

(2) Operation of Substrate Processing Apparatus 

[0084] The operation of the substrate processing apparatus 
500 according to the present embodiment Will be then 
described With reference to FIGS. 1 to 4. 

(2-1) Operation of Indexer Block to Resist Cover 
Film Removal Block 

[0085] First, the operation of the indexer block 9 to the 
resist cover ?lm removal block 14 Will be brie?y described. 

[0086] Carriers C for storing the substrates W in multiple 
stages are respectively carried onto the carrier platforms 40 
in the indexer block 9. The indexer robot IR takes out the 
unprocessed substrate W that is stored in the carrier C using 
the hand IRH. Thereafter, the indexer robot IR rotates in the 
:6 direction While moving in the 1X direction, to place the 
unprocessed substrate W on the substrate platform PASS1. 

[0087] Although FOUPs (Front Opening Uni?ed Pods) 
are adopted as the carriers C in the present embodiment, the 
present invention is not limited to the same. For example, 
SMIF (Standard Mechanical Inter Face) pods, or OCs (Open 
Cassettes) that expose the stored substrates W to outside air 
may be used. 

[0088] Furthermore, although linear-type transport robots 
that move their hands forWard or backward by linearly 
sliding them to the substrate W are respectively used as the 
indexer robot IR, the ?rst to sixth central robots CR1 to CR6, 
and the interface transport mechanism IFR, the present 
invention is not limited to the same. For example, multi-joint 
type transport robots that linearly move their hands forWard 
and backWard by moving their joints may be used. 

[0089] The unprocessed substrate W placed on the sub 
strate platform PASS1 is received by the ?rst central robot 
CR1 in the anti-re?ection ?lm processing block 10. The ?rst 
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central robot CR1 carries the substrate W into the thermal 
processing group 100 or 101. 

[0090] Thereafter, the ?rst central robot CR1 takes out the 
thermally processed substrate W from the thermal process 
ing group 100 or 101 and carries the substrate W into the 
coating processing group 50. The coating processing group 
50 forms a coating of an anti-re?ection ?lm on the substrate 
W using the coating unit BARC in order to reduce standing 
Waves and halation generated during the exposure process 
mg. 

[0091] The ?rst central robot CR1 then takes out the 
substrate W after the coating processing from the coating 
processing group 50 and carries the substrate W into the 
thermal processing group 100 or 101. Thereafter, the ?rst 
central robot CR1 takes out the thermally processed sub 
strate W from the thermal processing group 100 or 101 and 
places the substrate W on the substrate platform PASS3. 

[0092] The substrate W placed on the substrate platform 
PASS3 is received by the second central robot CR2 in the 
resist ?lm processing block 11. The second central robot 
CR2 carries the substrate W into the thermal processing 
group 110 or 110. 

[0093] Thereafter, the second central robot CR2 takes out 
the thermally processed substrate W from the thermal pro 
cessing group 110 or 111 and carries the substrate W into the 
coating processing group 60. The coating processing group 
60 forms a coating of a resist ?lm on the substrate W that has 
been coated With the anti-re?ection ?lm using the coating 
unit RES. 

[0094] The second central robot CR2 then takes out the 
substrate W after the coating processing from the coating 
processing group 60 and carries the substrate W into the 
thermal processing group 110 or 111. Thereafter, the second 
central robot CR2 takes out the thermally processed sub 
strate W from the thermal processing group 110 or 111 and 
places the substrate W on the substrate platform PASS5. 

[0095] The substrate W placed on the substrate platform 
PASS5 is received by the third central robot CR3 in the 
development processing block 12. The third central robot 
CR3 places the substrate W on the substrate platform 
PASS7. 

[0096] The substrate W placed on the substrate platform 
PASS7 is received by the fourth central robot CR4 in the 
resist cover ?lm processing block 13. The fourth central 
robot CR4 carries the substrate W into the coating process 
ing group 80. The coating processing group 80 forms a 
coating of a resist cover ?lm on the substrate W that has been 
coated With the resist ?lm using the coating unit COV. 

[0097] The fourth central robot CR4 then takes out the 
substrate W after the coating processing from the coating 
processing group 80 and carries the substrate W into the 
thermal processing group 130 or 131. Thereafter, the fourth 
central robot CR4 takes out the thermally processed sub 
strate W from the thermal processing group 130 or 131 and 
places the substrate W on the substrate platform PASS9. 

[0098] The substrate W placed on the substrate platform 
PASS9 is received by the ?fth central robot CR5 in the resist 
cover ?lm removal block 14. The ?fth central robot CR5 
places the substrate W on the substrate platform PASS11. 
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[0099] The substrate W placed on the substrate platform 
PASS11 is received by the sixth central robot CR6 in the 
interface block 15, and is subjected to predetermined pro 
cessing in the interface block 15 and the exposure device 16, 
as described later. After the substrate W is subjected to the 
predetermined processing in the interface block 15 and the 
exposure device 16, the sixth central robot CR6 carries the 
substrate W into the thermal processing group 141 in the 
resist cover ?lm removal block 14. 

[0100] In the thermal processing group 141, the substrate 
W is subjected to post-exposure bake (PEB). Thereafter, the 
sixth central robot CR6 takes out the substrate W from the 
thermal processing group 141 and places the substrate W on 
the substrate platform PASS12. 

[0101] Although the substrate W is subjected to the post 
exposure bake by the thermal processing group 141 in the 
present embodiment, the substrate W may be subjected to 
post-exposure bake by the thermal processing group 140. 

[0102] The substrate W placed on the substrate platform 
PASS12 is received by the ?fth central robot CR5 in the 
resist cover ?lm removal block 14. The ?fth central robot 
CR5 carries the substrate W into the removal processing 
group 90. In the removal processing group 90, the resist 
cover ?lm is removed. 

[0103] The ?fth central robot CR5 then takes out the 
processed substrate W from the removal processing group 
90 and places the substrate W on the substrate platform 
PASS10. 

[0104] The substrate W placed on the substrate platform 
PASS10 is placed on the substrate platform PASSS by the 
fourth central robot CR4 in the resist cover ?lm processing 
block 13. 

[0105] The substrate W placed on the substrate platform 
PASSS is received by the third central robot CR3 in the 
development processing block 12. The third central robot 
CR3 carries the substrate W into the development processing 
group 70. In the development processing group 70, the 
exposed substrate W is subjected to development process 
ing. 
[0106] The third central robot CR3 then takes out the 
substrate W after the development processing from the 
development processing group 70 and carries the substrate 
W into the thermal processing group 120 or 121. Thereafter, 
the third central robot CR3 takes out the thermally processed 
substrate W from the thermal processing group 120 or 121 
and places the substrate W on the substrate platform PASS6. 

[0107] The substrate W placed on the substrate platform 
PASS6 is placed on the substrate platform PASS4 by the 
second central robot CR2 in the resist ?lm processing block 
11. The substrate W placed on the substrate platform PASS4 
is placed on the substrate platform PASS2 by the ?rst central 
robot CR1 in the anti-re?ection ?lm processing block 10. 

[0108] The substrate W placed on the substrate platform 
PASS2 is stored in the carrier C by the indexer robot IR in 
the indexer block 9. Each processing for the substrate W in 
the substrate processing apparatus 500 is thus terminated. 

(2-2) Operation of Interface Block 

[0109] The operation of the interface block 15 Will be then 
described. 
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[0110] As described in the foregoing, the substrate W 
carried into the indexer block 9 is subjected to predeter 
mined processing, and is then placed on the substrate 
platform PASS11 in the resist cover ?lm removal block 14 

(FIG. 1). 
[0111] The substrate W placed on the substrate platform 
PASS11 is received by the sixth central robot CR6 in the 
interface block 15. The sixth central robot CR6 carries the 
substrate W into the edge exposure unit EEW (FIG. 4). In the 
edge exposure unit EEW, a peripheral portion of the sub 
strate W is subjected to exposure processing. 

[0112] The sixth central robot CR6 then takes out the 
substrate W after the exposure processing from the edge 
exposure unit EEW and carries the substrate W into any one 
of the ?rst cleaning/drying processing units SD1. In the ?rst 
cleaning/drying processing unit SD1, the substrate W before 
the exposure processing is subjected to cleaning and drying 
processing, as described above. 

[0113] Here, a time period for the exposure processing by 
the exposure device 16 is ordinarily longer than those for 
other processing and transporting processes. As a result, the 
exposure device 16 cannot accept the subsequent substrates 
W in many cases. In this case, the substrate W is temporarily 
stored in the sending bulfer unit SBF (FIG. 4). In the present 
embodiment, the sixth central robot CR6 takes out the 
substrate W after the cleaning and drying processing from 
the ?rst cleaning/drying processing unit SD1 and transports 
the substrate W to the sending buffer unit SBF. 

[0114] The sixth central robot CR6 then takes out the 
substrate W stored in the sending bulfer unit SBP and carries 
the substrate W into the placement/cooling unit P-CP. The 
substrate W carried into the placement/cooling unit P-CP is 
kept at the same temperature as that in the exposure device 
16 (for example, 23° C.). 

[0115] In a case Where the exposure device 16 has a 
sufficient processing speed, the substrate W need not be 
stored in the sending bulfer unit SBF but transported to the 
placement/cooling unit P-CP from the ?rst cleaning/drying 
processing unit SD1. 

[0116] The substrate W kept at the above-mentioned pre 
determined temperature in the placement/ cooling unit P-CP 
is then received With the upper hand H1 of the interface 
transport mechanism IFR (FIG. 4) and carried into a sub 
strate inlet 16a in the exposure device 16 (FIG. 1). 

[0117] The substrate W that has been subjected to the 
exposure processing in the exposure device 16 is carried out 
of the substrate outlet 16b (FIG. 1) With the loWer hand H2 
of the interface transport mechanism IFR (FIG. 4). The 
interface transport mechanism IFR carries the substrate W 
into any one of the second cleaning/drying processing units 
SD2 With the hand H2. In the second cleaning/drying 
processing unit SD2, the substrate W after the exposure 
processing is subjected to cleaning and drying processing, as 
described above. 

[0118] The substrate W that has been subjected to the 
cleaning and drying processing in the second cleaning/ 
drying processing unit SD2 is taken out With the hand H1 of 
the interface transport mechanism IFR (FIG. 4). The inter 
face transport mechanism IFR places the substrate W on the 
substrate platform PASS13 With the hand H1. 




















