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(57) ABSTRACT 

A coating process method in which a coating liquid is 
discharged onto the Surface of a target Substrate to be 
processed while rotating the target Substrate So as to expand 
the coating liquid radially outward on the target Substrate 
and, thus, to form a coated film comprises the Step of 
detecting that the actual discharging of a coating liquid from 
a coating liquid discharging nozzle is Started, and the Step of 
controlling based on a Signal of the detection at least one of 
the driving timing of a pump for allowing the coating liquid 
to be discharged from the coating liquid discharging nozzle, 
the operation timing of a valve mounted to a pipe for 
Supplying the coating liquid into the coating liquid discharg 
ing nozzle, and the rotation Starting or Stopping timing of the 
target Substrate. 

LIQUID 97 
DSCHARGE 

PUMP 
N2 

92 

  

  

  



US 2003/0180444 A1 Patent Application Publication Sep. 25, 2003 Sheet 1 of 14 

£ 1/*Z || ||   

  

  

    

  

  



Patent Application Publication Sep. 25, 2003 Sheet 2 of 14 US 2003/0180444 A1 

  



Patent Application Publication Sep. 25, 2003 Sheet 3 of 14 US 2003/0180444 A1 

s 

  



US 2003/0180444 A1 Sep. 25, 2003 Sheet 4 of 14 Patent Application Publication 

  



Patent Application Publication Sep. 25, 2003 Sheet 5 of 14 US 2003/0180444 A1 

LIQUID 
DSCHARGE 

SETTING 
DEVICE 

111 

FIG5 

  

    

  



Patent Application Publication Sep. 25, 2003 Sheet 6 of 14 US 2003/0180444 A1 

83 
2 Z /ZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZ 77777 a -----2 Y 

FIG.6 

  

  

    

  



Patent Application Publication Sep. 25, 2003 Sheet 7 of 14 US 2003/0180444 A1 

  



Patent Application Publication Sep. 25, 2003 Sheet 8 of 14 US 2003/0180444 A1 

START 

WAFER DELVERY ONTO SPN CHUCK STEP 1 

TO MAKE WAFER 
TEMPERATURE UNIFORM STEP2 

PRE-WETTING STEP3 

RESIST SOLUTION COATING STEP4 

CENTRFUGAL REMOVAL 
OF RESIST SOLUTION STEP5 

RESST FELM DRYING - STEP6 

END 

FIG.9 



Patent Application Publication Sep. 25, 2003 Sheet 9 of 14 US 2003/0180444 A1 

INSTRUCTION INSTRUCTION 
FROM CONTROLLER FROM CONTROLLER 

DRIVING MOTOR 72 
d 

tO 
PUMP 97 H 

AIR OPERATION 
VALVE 94 

DSCHARGING OF 
RESIST SOLUTION 

START-UP OF DESCHARGING 

FIG.10 

  



Patent Application Publication Sep. 25, 2003 Sheet 10 of 14 US 2003/0180444 A1 

NSTRUCTION INSTRUCTION 
FROM CONTROLLER FROM CONTROLLER 

AIR OPERATION 
VALVE 94 

DISCHARGING OF 
RESIST SOLUTION 

START-UP OF DISCHARGING 

FIG.11 

  



Patent Application Publication Sep. 25, 2003 Sheet 11 of 14 US 2003/0180444 A1 

NSTRUCTION INSTRUCTION 
FROM CONTROLLER FROM CONTROLLER 

AR OPERATION 
VALVE 94. 

DSCHARGING OF 
RESIST SOLUTION 

START-UP OF DISCHARGING 

FIG.12 

  



Patent Application Publication Sep. 25, 2003 Sheet 12 of 14 US 2003/0180444 A1 

Ef 424, a 
124 127 126 123 125 

VALVE CONTROLLER 

CONTROLLER 

OPTICAL FIBER 
SENSOR APPARATUS 

FIG.13 

    

    

  



Patent Application Publication Sep. 25, 2003 Sheet 13 of 14 US 2003/0180444 A1 

110 141 

CONTROLLER 

OPTICAL FIBER 
SENSOR APPARATUS 

FG.14 

  

  

    

  



Patent Application Publication Sep. 25, 2003 Sheet 14 of 14 US 2003/0180444 A1 

COT 

86 

te, 
153 151 82 

(85. 
MAGE 

PROCESSING | 70a ?, 
SECTION 271 

25 2z4 
see is 
73/." 

152 
GAS LIQUID 

DISCHARGE CAMERA control DSCHARGE 
SECTION 

CONTROLLER 

110 
ON SETTING MONITOR DEVICE 

154 111 

FIG.15 

  



US 2003/0180444 A1 

COATING PROCESS METHOD AND COATING 
PROCESS APPARATUS 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates to a coating process 
method and a coating proceSS apparatus, in which a Substrate 
Such as a Semiconductor wafer is coated with a liquid 
coating material Such as a resist. 
0003 2. Description of the Related Art 
0004. In the manufacturing process of a semiconductor 
device, a resist pattern that is used as a mask for forming a 
prescribed pattern is formed by means of a So-called “pho 
tolithography technology', in which a resist Solution is 
Supplied onto a Semiconductor wafer So as to form a resist 
film, followed by applying a light exposure treatment in a 
prescribed pattern to the wafer after the resist coating Step 
and Subsequently developing the light-exposed pattern 
formed on the resist film on the wafer. In the resist coating 
process among the manufacturing Steps noted above, a spin 
coating method is employed in many cases as a method for 
uniformly coating the wafer Surface with the resist Solution. 
0005. In the spin coating method, a resist solution is 
dripped from a resist nozzle arranged above the wafer W 
onto the central portion of the wafer Surface while rotating 
the wafer W together with a spin chuck by a rotary driving 
mechanism, with the wafer W held stationary on the spin 
chuck by means of vacuum Suction. The dripped resist 
Solution is centrifugally expanded radially outward on the 
wafer Surface So as to form a resist film on the entire Surface 
of the wafer W. Then, the dripping of the resist solution is 
Stopped, and the rotation of the wafer W is continued So as 
centrifugally remove the extra resist Solution on the wafer 
Surface, thereby controlling the thickness of the resist film 
and drying the resist film. 
0006. In order to form a resist pattern with a high 
precision, it is necessary to form the resist film in a pre 
scribed uniform thickness over the entire Surface of the 
wafer W. Also, for forming the resist film in a uniform 
thickness over the entire Surface of the wafer W, it is 
important to control Strictly the resist Solution dripping time, 
and the timing of the resist Solution dripping and the wafer 
rotation in addition to the rotating Speed and the rotating 
time of the wafer W. 

0007. It was customary in the past to Supervise the 
thickness and the thickness distribution of the resist film by 
controlling the coating device, etc. with a Software. 
0008 However, in the conventional resist solution Supply 
mechanism, resist discharging nozzles of a plurality of resist 
coating proceSS units are connected to a single resist Solution 
discharging pump, with the result that, because of the 
installing conditions Such as the difference in head, the 
discharging timing of the resist Solution tends to be rendered 
nonuniform depending on the resist Solution discharging 
nozzle used even if the resist Solution is discharged on the 
basis of the same recipe. The discharging timing of the resist 
solution is also rendered nonuniform by the individual 
variation of the air operation valve used as an opening 
closing valve of the resist Solution Supply pipe or the resist 
Solution discharging pump. Such a nonuniformity in the 
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discharging time was not handled as a Serious problem in the 
past. However, a prominent progreSS is being achieved in 
recent years in the miniaturization of the Semiconductor 
device and in the enlargement in the diameter of the Semi 
conductor Substrate to be process. In this connection, Very 
high levels of the demands for the accuracy in the thickness 
of the resist film and for the uniformity of the resist film 
thickness are being raised nowadays. It follows that even the 
nonuniformity in the discharging timing of the resist Solu 
tion caused by the difference in head and by the individual 
variation has come to affect Seriously the thickneSS and the 
uniformity of the thickness of the resist film. It should also 
be noted that the reduction in the discharging amount of the 
resist Solution (resist Saving) is being promoted in recent 
years So as to affect the change in the discharging amount 
and the change in the discharging rate of the resist Solution. 

BRIEF SUMMARY OF THE INVENTION 

0009. An object of the present invention is to provide a 
coating process method and a coating process apparatus, 
which permit forming a coated film Such as a resist film with 
a high accuracy and a high uniformity in the film thickness. 
0010. According to a first aspect of the present invention, 
there is provided a coating process method in which a 
coating liquid is discharged onto the Surface of a target 
Substrate to be processed while rotating the target Substrate 
So as to expand the coating liquid radially outward on the 
target Substrate and, thus, to form a coated film, comprising 
the steps of detecting that the actual discharging of a coating 
liquid from a coating liquid discharging nozzle is started 
and/or Stopped; and controlling the coating treatment on the 
basis of a signal of the detection. 
0011. According to a second aspect of the present inven 
tion, there is provided a coating process method in which a 
coating liquid is discharged onto the Surface of a target 
Substrate to be processed while rotating the target Substrate 
So as to expand the coating liquid radially outward on the 
target Substrate and, thus, to form a coated film, comprising 
the Steps of detecting that the actual discharging of a coating 
liquid from a coating liquid discharging nozzle is started; 
and controlling based on a signal of the detection at least one 
of the drive timing of a pump for allowing the coating liquid 
to be discharged from the coating liquid discharging nozzle, 
the operation timing of a valve mounted to a pipe for 
Supplying the coating liquid into the coating liquid discharg 
ing nozzle, and the rotation Starting or Stopping timing of the 
target Substrate. 
0012. According to a third aspect of the present inven 
tion, there is provided a coating process method in which a 
coating liquid is discharged onto the Surface of a target 
Substrate to be processed while rotating the target Substrate 
So as to expand the coating liquid radially outward on the 
target Substrate and, thus, to form a coated film, comprising 
the Steps of detecting that the actual discharging of a coating 
liquid from a coating liquid discharging nozzle is stopped; 
and controlling based on a signal of detection at least one of 
the drive Stop timing of a pump for allowing the coating 
liquid to be discharged from the coating liquid discharging 
nozzle, the operation timing of a valve mounted to a pipe for 
Supplying the coating liquid into the coating liquid discharg 
ing nozzle, and the rotation Stop timing of the target Sub 
Strate. 
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0013. According to a fourth aspect of the present inven 
tion, there is provided a coating proceSS apparatus in which 
a coating liquid is discharged onto the Surface of a target 
Substrate to be processed while rotating the target Substrate 
So as to expand the coating liquid radially outward on the 
target Substrate and, thus, to form a coated film, comprising 
a Substrate holding member for holding Substantially hori 
Zontal a target Substrate to be processed; a motor for rotating 
the Substrate holding member; a coating liquid discharging 
nozzle for discharging a coating liquid onto the target 
Substrate held by the Substrate holding member; a pump for 
allowing the coating liquid to be discharged from the coating 
liquid discharging nozzle; a valve mounted to a pipe for 
Supplying the coating liquid into the coating liquid discharg 
ing nozzle; a detecting device optically detecting that the 
discharging of the coating liquid from the coating liquid 
discharging nozzle has been Started; and a controller receiv 
ing a signal of the detection from the detecting device So as 
to control based on the detection Signal at least one of the 
drive timing of the pump for allowing the coating liquid to 
be discharged from the coating liquid discharging nozzle, 
the operation timing of the valve, and the drive starting or 
Stopping timing of the motor. 
0.014. According to a fifth aspect of the present invention, 
there is provided a coating process apparatus in which a 
coating liquid is discharged onto the Surface of a target 
Substrate to be processed while rotating the target Substrate 
So as to expand the coating liquid radially outward on the 
target Substrate and, thus, to form a coated film, comprising 
a Substrate holding member for holding Substantially hori 
Zontal a target Substrate to be processed; a motor for rotating 
the Substrate holding member; a coating liquid discharging 
nozzle for discharging a coating liquid onto the target 
Substrate held by the Substrate holding member; a pump for 
allowing the coating liquid to be discharged from the coating 
liquid discharging nozzle; a valve mounted to a pipe for 
Supplying the coating liquid into the coating liquid discharg 
ing nozzle, a detecting device for optically detecting that the 
discharging of the coating liquid from the coating liquid 
discharging nozzle has been finished; and a controller 
receiving a signal of the detection from the detecting device 
So as to control based on the detected Signal at least one of 
the drive Stop timing of the pump for allowing the coating 
liquid to cease to be discharged from the coating liquid 
discharging nozzle, the operation timing of the valve, and 
the Stop timing of the motor. 
0.015 According to the first aspect of the present inven 
tion, a Signal denoting that the discharging of the coating 
liquid from the coating liquid discharging nozzle has been 
actually Started and/or stopped is detected, and the coating 
treatment is controlled on the basis of the detected Signal. It 
follows it is possible to control the various conditions on the 
basis that the time when the coating liquid has been actually 
discharged is grasped So as to make it possible to form a 
coated film Such as a resist film with a high accuracy in the 
film thickness and with a high uniformity in the film 
thickness. 

0016 To be more specific, in the conventional control 
based on a Software, an “open' signal, i.e., a signal to open 
the valve, is simply transmitted to the valve mounted to the 
nozzle in allowing a coating liquid Such as a resist Solution 
to be discharged. However, the time between the actual 
transmission of the “open Signal to the valve and the actual 
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discharging of the resist Solution tends to be rendered 
nonuniform by the difference in the head of the resist 
Solution Supply nozzle and by the individual variation of the 
pump or the valve, with the result that it is possible for the 
actual discharging of the coating liquid to be deviated from 
the predetermined discharging timing of the coating liquid. 
Under the circumstances, the discharging timing of the 
coating liquid is controlled with a high accuracy in the 
present invention by detecting the actual starting and/or 
Stopping in the discharging of the coating liquid So as to 
make it possible to form a coated film with a high accuracy 
in the film thickness and with a high uniformity in the 
thickness of the coated film. 

0017. To be more specific, as in the second and fourth 
aspects of the present invention referred to above, a signal 
denoting that the discharging of the coating liquid from the 
coating film discharging nozzle has been actually started is 
detected in the present invention, and at least one of the drive 
timing of the pump for allowing the coating liquid to be 
discharged from the coating liquid discharging nozzle, the 
operation timing of the valve mounted to the pipe for 
Supplying the coating liquid to the coating nozzle discharg 
ing nozzle, and the rotation Starting or Stopping timing of the 
target Substrate to be processed is controlled on the basis of 
the detected Signal So as to prevent the inconveniences 
causing the fluctuation of the film thickness Such as the 
inconvenience that the rotating Speed of the target Substrate 
to be processed is excessively high in the Stage of discharg 
ing the coating liquid and the inconvenience that the actual 
discharging time is short. 

0018. In this case, it is possible to obtain a delay time 
from the timing for actually discharging the coating liquid 
on the basis of the detected Signal denoting that the dis 
charging of the coating liquid has been Started and to control 
based on the delay time thus obtained at least one of the 
drive timing of the pump for allowing the coating liquid to 
be discharged from the coating liquid discharging nozzle, 
the operation timing of the valve mounted to the pipe for 
Supplying the coating liquid into the coating liquid discharg 
ing nozzle, and the rotation Starting and/or stopping timing 
of the target object to be processed. 

0019. Also, as in the third and fifth aspects of the present 
invention referred to above, the actual discharging time of 
the coating liquid can be controlled Strictly in the present 
invention by detecting that the discharging of the coating 
liquid from the coating liquid discharging nozzle has been 
actually Stopped and by controlling based on a Signal of the 
detection at least one of the Stop drive timing of the pump 
for allowing the coating liquid to be discharged from the 
coating liquid discharging nozzle, the operation timing of 
the valve mounted to the pipe for Supplying the coating 
liquid into the coating liquid discharging nozzle, and the 
rotation Stop timing of the target Substrate to be processed, 
with the result that it is possible to further improve the 
accuracy in the thickness of the coated film and the unifor 
mity of the film thickness. 
0020. In this case, it is possible to detect a signal denoting 
that the discharging of the coating liquid from the coating 
liquid discharging nozzle has been actually started, to obtain 
based on the detected Signal a delay time from the timing at 
which the coating liquid should be actually discharged, and 
to control based on the delay time thus obtained at least one 
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of the Stop drive timing of the pump for allowing the coating 
liquid to be discharged from the coating liquid discharging 
nozzle, the operation timing of the valve mounted to the pipe 
for Supplying the coating liquid into the coating liquid 
Supply nozzle, and the rotation Stop timing of the target 
Substrate to be processed. 

0021. A signal denoting that the discharging of the coat 
ing liquid has been Started or Stopped can be detected by an 
optical detecting device, e.g., an optical Sensor. An optical 
Sensor equipped with a fiber Sensor for projecting light and 
a fiber Sensor for receiving light is easy to handle and, thus, 
is adapted for use in the present invention. It is also possible 
to use a CCD camera as the optical detecting device used for 
the detection. It is possible to detect that the discharging of 
the coating liquid has been Started or Stopped in discharging 
the coating liquid from the coating liquid discharging nozzle 
onto the target Substrate to be processed or when the coating 
liquid discharging nozzle discharges the coating liquid in a 
position retreated from the target Substrate to be processed. 

0022. According to a sixth aspect of the present inven 
tion, there is provided a coating process method in which a 
coating liquid is discharged onto the Surface of a target 
Substrate to be processed while rotating the target Substrate 
So as to expand the coating liquid radially outward on the 
target Substrate and, thus, to form a coated film, comprising 
the Steps of actually detecting the State in Starting and/or 
Stopping the discharging of the coating liquid from a coating 
liquid discharging nozzle; and controlling based on the data 
detected in the detecting Step the operating Speed of a valve 
mounted to a pipe for Supplying the coating liquid into the 
coating liquid discharging nozzle in a manner to permit the 
State in Starting and/or stopping the discharging of the 
coating liquid to fall within an allowable range. 

0023. According to a seventh aspect of the present inven 
tion, there is provided a coating process method in which a 
coating liquid is discharged onto the Surface of a target 
Substrate to be processed while rotating the target Substrate 
So as to expand the coating liquid radially outward on the 
target Substrate and, thus, to form a coated film, comprising 
the Steps of detecting that the coating liquid is being actually 
discharged from the coating liquid discharging nozzle; mea 
Suring the actual discharging time during which the dis 
charging of the coating liquid was detected in the detecting 
Step, comparing the actual discharging time measured in the 
measuring Step with the Set time for the discharging of the 
coating liquid; and judging that there is an abnormality in the 
case where the difference between the actual discharging 
time and the Set time is not Smaller than an allowable value. 

0024. According to an eighth aspect of the present inven 
tion, there is provided a coating proceSS apparatus, compris 
ing a Substrate holding member for holding Substantially 
horizontal a target Substrate to be processed; a motor for 
rotating the Substrate holding member, a coating liquid 
discharging nozzle for discharging a coating liquid onto the 
target Substrate held by the Substrate holding member; a 
pump for allowing the coating liquid to be discharged from 
the coating liquid discharging nozzle; a valve mounted to a 
pipe for Supplying the coating liquid into the coating liquid 
discharging nozzle; a detecting device for optically detecting 
the State in Starting and/or stopping the discharging of the 
coating liquid from the coating liquid discharging nozzle; 
and a controller for controlling based on the data detected by 
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the detecting device the operating Speed of the valve in a 
manner to permit the State in Starting and/or Stopping the 
discharging of the coating liquid to fall within an allowable 
range. 

0025) Further, according to a ninth aspect of the present 
invention, there is provided a coating process apparatus, 
comprising a Substrate holding member for holding Substan 
tially horizontal a target Substrate to be processed; a motor 
for rotating the Substrate holding member; a coating liquid 
discharging nozzle for discharging a coating liquid onto the 
target Substrate held by the Substrate holding member; a 
pump for allowing the coating liquid to be discharged from 
the coating liquid discharging nozzle; a valve mounted to a 
pipe for Supplying the coating liquid into the coating liquid 
discharging nozzle; a detecting device for optically detecting 
that the coating liquid is being actually discharged from the 
coating liquid discharging nozzle; a timer for measuring the 
actual discharging time during which the discharging of the 
coating liquid is detected by the detecting device; a control 
ler for comparing the actual discharging time measured by 
the timer with the Set time of the coating liquid discharging, 
and judging that there is an abnormality in the case where 
the difference between the actual discharging time and the 
Set time is not Smaller than an allowable value. 

0026. According to the sixth and eighth aspects of the 
present invention, the State in Starting and/or Stopping the 
discharging of the coating liquid from the coating liquid 
discharging nozzle is actually detected, and the operating 
Speed of the valve mounted to the pipe for Supplying the 
coating liquid into the coating liquid discharging nozzle is 
controlled based on the detected data in a manner to permit 
the State in Starting and/or stopping the discharging of the 
coating liquid to fall within an allowable range. It follows 
that it is possible to Set in advance the State of the coating 
liquid in the Starting and/or stopping time of the discharging 
operation to fall within an allowable range So as to make it 
possible to avoid the detrimental effects given by the state of 
the coating liquid in Starting and/or stopping the discharging 
operation to the accuracy in the thickness of the coated film 
and to the uniformity of the film thickness. 
0027) Further, according to the seventh and ninth aspects 
of the present invention, it is detected that the coating liquid 
is being actually discharged from the coating liquid dis 
charging nozzle, the detected actual discharging time is 
measured, and the measured actual discharging time is 
compared with the Set time of the discharging of the coating 
liquid. Where the difference between the actual discharging 
time and the Set time is not Smaller than an allowable value, 
it is judged that there is an abnormality So as to grasp an 
abnormal discharging of the coating liquid that the discharg 
ing of the coating liquid and becomes broken during the 
coating operation or that the discharging of the coating 
liquid is not stopped at the Stop timing. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

0028 FIG. 1 is a plan view showing the entire construc 
tion of a resist coating-developing System of a Semiconduc 
tor wafer, a resist coating proceSS unit for working the 
present invention being mounted to the resist coating-devel 
oping System; 
0029 FIG. 2 is a front view of the resist coating 
developing system shown in FIG. 1; 
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0030 FIG. 3 is a back view of the resist coating-devel 
oping system shown in FIG. 1; 
0.031 FIG. 4 is an oblique view schematically showing 
the construction of a main wafer transfer device mounted to 
the resist coating-developing System shown in FIG. 1; 
0.032 FIG. 5 is a cross sectional view showing the entire 
construction of the resist coating proceSS unit mounted to the 
resist coating-developing System shown in FIG. 1; 
0.033 FIG. 6 is a plan view of the resist coating process 
unit shown in FIG. 4; 
0034 FIG. 7 is a cross sectional view showing another 
example in respect of the mounting positions of a fiber 
Sensor for projecting light and a fiber Sensor for receiving 
light, which are included in an optical fiber Sensor apparatus, 
0035 FIG. 8 is a cross sectional view showing still 
another example in respect of the mounting positions of a 
fiber Sensor for projecting light and a fiber Sensor for 
receiving light, which are included in an optical fiber Sensor 
apparatus, 

0.036 FIG. 9 is a flow chart showing the process steps 
carried out in the resist coating proceSS unit; 
0037 FIG. 10 is a graph showing the operation timings 
of a driving motor, a pump, and an air operation valve when 
the coating of a resist Solution is carried out under the 
conventional control method and also showing an ideal 
timing of the discharging of the resist Solution; 
0.038 FIG. 11 is a graph showing the operation timings 
of a driving motor, a pump, and an air operation valve in the 
case of generation of the delay in the discharging when the 
coating of a resist Solution is carried out under the conven 
tional control method and also showing a timing of the 
discharging of the resist Solution; 
0.039 FIG. 12 is a graph showing the operation timings 
of a driving motor, a pump, and an air operation valve when 
the coating of a resist Solution is carried out under the 
control method for the embodiment of the present invention 
and also showing a timing of the discharging of the resist 
Solution; 
0040 FIG. 13 is a block diagram for explaining the 
technique of performing the initial Setting of an air operation 
Valve by using an optical fiber Sensor apparatus, 
0041 FIG. 14 is a block diagram for explaining the 
technique of grasping an abnormal discharging of the resist 
Solution by using an optical fiber Sensor apparatus, and 
0.042 FIG. 15 is a cross sectional view showing the 
entire construction of a resist coating proceSS unit according 
to another embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0043. Some embodiments of the present invention will 
now be described in detail with reference to the accompa 
nying drawings. 
0044 FIG. 1 is a plan view schematically showing the 
resist coating-developing System 1 including a resist coating 
proceSS unit according to one embodiment of the coating 
proceSS apparatus of the present invention. On the other 
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hand, FIGS. 2 and 3 are a front view and a back view, 
respectively, of the resist coating-developing System 1 
shown in FIG. 1. 

004.5 The resist coating-developing system 1 comprises 
a cassette Station 11 acting as a transfer Station, a process 
Station 12 including a plurality of process units, and an 
interface station 13 for the delivery of a wafer W between 
the proceSS Station 12 and a light exposure device 14 
arranged adjacent to the proceSS Station 12. 

0046 Acassette CR housing a plurality of wafers W., e.g., 
25 wafers W, which are to be processed in the resist 
coating-developing System 1, is transferred from another 
System into the cassette Station 11. By contraries, the cas 
sette CR housing the wafers W after completion of the 
processing in the resist coating-developing System 1 is 
transferred from the cassette Station 11 into the other System. 
Further, the cassette station 11 serves to transfer the wafer W 
between the wafer cassette CR and the process station 12. 
0047. In the cassette station 11, a plurality of projections 
20a for determining the positions, i.e., five projections 20a 
in FIG. 1, are arranged on a cassette table 20 in a manner to 
form a row extending in an X-direction, as shown in FIG. 
1. The wafer cassette CR is disposed in the position of the 
projection 20a Such that the wafer delivery port of the wafer 
cassette CR is allowed to face the process Station 12. 
Incidentally, within the wafer cassette CR, the wafers W are 
arranged to assume a horizontal posture and arranged Sub 
Stantially in parallel in the vertical direction (Z-direction), as 
shown in FIGS. 2 and 3. 

0048. A wafer transfer mechanism 21 is arranged in the 
cassette Station 11 So as to be positioned between the cassette 
table 20 and the process station 12. The wafer transfer 
mechanism 21 includes a wafer transfer pick 21a movable in 
the arranging direction of the cassettes CR (X-direction) and 
in the arranging direction of the wafers W within the wafer 
cassette CR (Z-direction). The wafer transfer pick 21a is 
also Swingable in the 0-direction shown in FIG.1. It follows 
that the wafer transfer pick 21a is capable of gaining access 
selectively to any of the wafer cassettes CR and to a 
transition unit (TRS-G) arranged in a third process unit 
group G included in the process station 12. 
0049. In the process station 12, the third process unit 
group G, a fourth process unit group G, and a fifth process 
unit group Gs are arranged on the back Side of the System (in 
an upper portion in FIG.1) in the order mentioned as viewed 
from the cassette Station 11. Also, a first main transfer 
Section A is arranged between the third process unit group 
G. and the fourth process unit group G. Likewise, a second 
main transfer Section A is arranged between the fourth 
process unit group G and the fifth process unit group G. 
Further, a first process unit group G and a Second process 
unit group G are arranged on the front Side of the System 
(lower portion in FIG. 1) in the order mentioned as viewed 
from the cassette Station 11. 

0050. As shown in FIG. 3, oven type process units, in 
which a prescribed processing is applied to the wafer W 
disposed on a table, are Stacked one upon the other So as to 
form the third process unit group G. To be more specific, 
Stacked in the third proceSS unit group G are high tempera 
ture heat treating units (BAKE) for applying a prescribed 
heat treatment to the wafer W, high precision temperature 
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control units (CPL-G) for applying a heat treatment to the 
wafer W under the temperature control of a high precision, 
a temperature control unit (TCP), and the transition unit 
(TRS-G) acting as a delivery section of the wafer W 
between the cassette station 11 and the first main transfer 
Section A. These process units are stacked one upon the 
other to form the third proceSS unit group G of, for example, 
a 10-stage Structure. Incidentally, a Spare space is formed in 
the third process unit group G. So as to be positioned in the 
third Stage from the bottom. It is possible to arrange a 
desired oven type process unit in the Spare Space. 
0051 Stacked on upon the other in the fourth process unit 
group G are, for example, pre-bake units (PAB) for apply 
ing a heat treatment to the wafer W after the resist coating 
treatment, post-bake units (POST) for applying a heat treat 
ment to the wafer W after the developing treatment, and a 
high precision temperature control unit (CPL-G). These 
proceSS units are Stacked one upon the other So as to form the 
fourth process unit group G of, for example, a 10-stage 
structure. Further, stacked one upon the other in the fifth 
proceSS unit group Gs are, for example, post-exposure bake 
units (PEB) for applying a heat treatment to the wafer W 
after the light exposure and before the developing treatment 
and high precision temperature control units (CPL-Gs). 
These process units are Stacked one upon the other So as to 
form the fifth proceSS unit group Gs of, for example, a 
10-stage Structure. 
0052. As shown in FIGS. 1 and 3, a sixth process unit 
group G including an adhesion unit (AD) and a heating unit 
(HP) for heating the wafer W is arranged on the back side of 
the first main transfer Section A. It is possible to allow the 
adhesion unit (AD) to have the function of controlling the 
temperature of the wafer W. 
0.053 A seventh process unit group G, including a 
peripheral light exposure device (WEE) for selectively 
allowing the edge portion alone of the wafer W to be 
exposed to light and a thickness measuring device (FTI) for 
measuring the thickness of the resist film is arranged on the 
back Side of the Second main transfer Section A. It is 
possible to arrange a plurality of peripheral light exposure 
devices (WEE) to form a multi-stage structure. Also, it is 
possible to arrange a heat treating unit Such as the heating 
unit (HP) on the back side of the second main transfer 
Section A as on the back Side of the first main transfer 
Section A. 
0054 As shown in FIGS. 1 and 2, five spinner type 
proceSS units each constituting a liquid Supply unit in which 
a prescribed treatment is applied to the wafer W disposed on 
a spin chuck SP within a cup (CP) are arranged to form a first 
proceSS unit group G. For example, three resist coating 
units (COT) and two bottom coating units (BARC) for 
forming an antireflection film for preventing the light reflec 
tion during the light exposure treatment are Stacked one 
upon the other So as to form the first process unit group G 
of, for example, a 5-stage Structure. On the other hand, five 
Spinner type process units, e.g., developing units (DEV), are 
Stacked one upon the other So as to form a Second process 
unit group G of a 5-stage Structure. 
0.055 A first main wafer transfer device 16 is arranged in 
the first main transfer Section A. The first main wafer 
transfer device 16 is capable of Selectively gaining access to 
any of the proceSS units arranged in the first proceSS unit 
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group G, the third process unit group G, the fourth process 
unit group G, and the Sixth process unit group G. Also, a 
Second main wafer transfer device 17 is arranged in the 
Second main transfer Section A. The Second main wafer 
transfer device 17 is capable of Selectively gaining access to 
any of the process units arranged in the Second process unit 
group G, the fourth process unit group G, the fifth process 
unit group Gs, and the Seventh proceSS unit group G7. 
0056 FIG. 4 is an oblique view schematically showing 
the construction of the first main wafer transfer device 16. 
AS Shown in the drawing, the first main wafer transfer device 
16 comprises three arms, i.e., an arm 7a in the upper Stage, 
an arm 7b in the middle stage and an arm 7c in the lower 
Stage, an arm Support plate 51 mounted to the proximal end 
portion of each of the arms 7a to 7c (the support plate 51 
mounted to the arm 7a alone being shown in the drawing), 
a base 52 engaged with each of the arm Support plates 51, 
a Support Section 53 for Supporting the base 52, etc., a motor 
(not shown) housed within the support section 53, a rotatable 
rod 54 for joining the base 52 to the motor, support rods 55 
arranged on the Sides of the first process unit group G and 
the Second process unit group G and each having a sleeve 
55a formed therein in a manner to extend in the vertical 
direction, a flange member 56 Slidably engaged with the 
sleeve 55a and joined to the support section 53, and a lift 
mechanism (not shown) for moving the flange member 56 in 
the vertical direction. 

0057 Rails (not shown) for the arm support plates 51 are 
formed on the base 52 in a manner to extend in the direction 
parallel to the longitudinal direction of the base 52 so as to 
permit each of the arm Support plates 51 to be slidable along 
the rail. Also, if the motor arranged within the Support 
Section 53 is rotated, the rotatable rod 54 is rotated So as to 
permit the base 52 to be rotated within an X-Y plane. 
Further, Since the Support Section 53 is mounted to the flange 
member 56 movable in the Z-direction, the base 52 is also 
movable in the Z-direction. 

0058 Because of the particular construction described 
above, the arms 7a to 7c of the first main wafer transfer 
device 16 are movable in any of the X-direction, the 
Y-direction and the Z-direction, with the result that these 
arms 7a to 7c are capable of gaining access to any of the 
process units included in the first process unit group G, the 
third proceSS unit group G, the fourth process unit group 
G, and the Sixth process unit group G as described previ 
ously. 

0059 Vertical members 59a are mounted to both sides in 
the tip portion of the base 52. Also, a shielding plate 8 
positioned between the arm 7a and the arm 7b for shielding 
the heat radiated from these arms 7a, 7b is mounted to these 
vertical members 59a. Further, a bridging member 59b is 
mounted between these vertical members 59a. A pair of 
optical sensors (not shown) are mounted to the center of the 
bridging member 59b and to the tip portion of the base 52 
So as to make it possible to confirm the presence or absence 
of the wafer W on each of the arms 7a to 7c and to confirm 
the protrusion of the wafer W from any of these arms 7a to 
7c. It should be noted that the second main wafer transfer 
device 17 is substantially equal in construction to the first 
main wafer transfer device 16 described above. 

0060 Incidentally, a wall section 57 shown in FIG. 4 
constitutes a part of the housing of the Second main wafer 
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transfer Section A on the Side of the first process unit group 
G. A window section 57a formed in the wall section 57 
facilitates the wafer delivery between the process units 
included in the first process unit group G. Also, four fans 58 
arranged on the bottom portion of the Second main wafer 
transfer Section A Serve to control the pressure, temperature 
and humidity within the Second main wafer transfer Section 
A2. 
0061. A liquid temperature control pump 24 for supply 
ing a prescribed process Solution to the first proceSS unit 
group G is arranged between the first proceSS unit group G 
and the cassette Station 11. Likewise, a liquid temperature 
control pump 25 for Supplying a prescribed proceSS Solution 
to the Second proceSS unit group G is arranged between the 
Second process unit group G and the interface Section 13. 
Further, arranged are ducts 28, 29 for Supplying a clean air 
from an air conditioner (not shown) arranged outside the 
resist coating-developing System 1 into the process unit 
groupS G to Gs. 
0062) The first process unit group G to the seventh 
process unit group G, are detachable for the maintenance 
operation. Also, the panel on the back Side of the proceSS 
station 12 is detachable or openable. Chemical units (CHM) 
26 and 27 for Supplying a prescribed proceSS Solution to the 
first process unit group G and the Second process unit group 
G. are arranged in the lowermost stages of the first proceSS 
unit group G and the Second proceSS unit group G, respec 
tively. Further, a central control section 19 for controlling 
the entire resist coating-developing System 1 is arranged in 
a lower portion of the cassette station 11. 
0.063. The interface station 13 comprises a first interface 
Station 13a on the Side of the process Station 12 and a Second 
interface station 13b on the side of the light exposure device 
14. A first wafer transfer body 62 is arranged in the first 
interface Section 13a in a manner to face the open portion of 
the fifth process unit group Gs, and a second wafer transfer 
body 63 movable in the X-direction is arranged in the second 
interface station 13b. 

0.064 Arranged on the back side of the first wafer transfer 
body 62 is an eighth proceSS unit group G including a 
peripheral light exposure device (WEE), an in-buffer cas 
sette (INBR) for temporarily housing the wafer W that is to 
be transferred into the light exposure device 14, and an 
out-buffer cassette (OUTBR) for temporarily housing the 
wafer W transferred out of the light exposure device 14. 
These process units are Stacked one upon the other in the 
order mentioned as viewed from above. A plurality of wafers 
W, e.g., 25 wafers W, can be housed in each of the in-buffer 
cassette (INBR) and the out-buffer cassette (OUTBR). Also, 
arranged on the front side of the first wafer transfer body 62 
is a ninth process unit Go including a transition unit (TRS 
Go) and two high precision temperature control units (CPL 
Go), which are stacked one upon the other in the order 
mentioned as viewed from above. 

0065. The first wafer transfer body 62 is provided with a 
fork 62a movable in the Z-direction, Swingable in the 
0-direction and movable back and forth within an X-Y 
plane. The fork 62a is capable of gaining access to any of the 
process units included in the fifth process unit group Gs, the 
eighth proceSS unit group Gs, and the ninth proceSS unit 
group Go So as to make it possible to transfer the wafer W 
between the proceSS units included in these process unit 
groupS. 
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0066. The second wafer transfer body 63 is movable in 
the X-direction and Z-direction, Swingable in the 0-direction 
and provided with a fork 63a movable back and forth within 
an X-Y plane for delivering the wafer W. The fork 63a is 
capable of gaining access to each of the proceSS units 
included in the ninth process unit group G, and to an 
in-stage 14a and an out-stage 14b included in the light 
exposure device 14 So as to make it possible to transfer the 
wafer W among these members. 
0067. In the resist coating-developing system 1 of the 
construction described above, unprocessed waferS W are 
taken out one by one from the wafer cassette CR by the 
wafer transfer mechanism 21 So as to be transferred into the 
transition unit (TRS-G). Then, after a temperature control 
treatment is applied to the wafer W in the temperature 
control unit (TCP), an antireflection film is formed on the 
wafer W in the bottom coating unit (BARC) belonging to the 
first process unit group G, followed by applying a heat 
treatment to the wafer W in the heating unit (HP) and 
Subsequently applying a baking treatment to the wafer W in 
the high temperature heat treating unit (BAKE). It is pos 
sible to apply an adhesion treatment to the wafer W in the 
adhesion unit (AD) before formation of the antireflection 
film on the wafer W in the bottom coating unit (BARC). It 
is also possible to apply an adhesion treatment to the wafer 
W without forming an antireflection film on the wafer W. 
Then, after the temperature of the wafer W is controlled in 
the high precision temperature control unit (CPL-G), the 
wafer W is transferred into the resist coating unit (COT) 
belonging to the first process unit group G for application 
of the coating treatment with a resist Solution. Further, a 
pre-bake treatment is applied to the wafer W in the pre-bake 
unit (PAB) arranged in the fourth process unit group G, 
followed by applying a peripheral light exposure treatment 
to the wafer W in the peripheral light exposure device 
(WEE) and subsequently controlling the temperature of the 
wafer W in the high precision temperature control unit 
(CPL-Go), etc. Then, the wafer W is transferred by the 
second wafer transfer body 63 into the light exposure device 
14. The exposed wafer W in the light exposure device 14 is 
transferred by the second wafer transfer body 63 into the 
transition unit (TRS-Go) and, then, further transferred by the 
first wafer transfer body 62 into the post-exposure bake unit 
(PEB) belonging to the fifth process group Gs for application 
of the post-exposure bake treatment to the wafer W. Further, 
the wafer W is transferred into the developing unit (DEV) 
belonging to the Second process unit group G for develop 
ing the wafer W, followed by applying a post-bake treatment 
to the wafer W in the post-bake unit (POST). Still further, a 
temperature control treatment is applied to the wafer W in 
the high precision temperature control unit (CPL-G), fol 
lowed by transferring the wafer W onto a prescribed position 
within the wafer cassette CR arranged in the cassette Station 
11 through the transition unit (TRS-G). 
0068 A resist coating process unit (COT) according to 
one embodiment of the present invention will now be 
described with reference to FIGS. 5 to 8. 

0069. The resist coating process unit (COT) comprises a 
casing 70 provided with an opening 70a through which the 
arms 7a to 7c of the main wafer transfer device 16 are 
allowed to pass. A cup CP constituting a container for 
housing the wafer W therein is arranged within the casing 
70. Further, a spin chuck 71 for horizontally holding thereon 
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the wafer W by the vacuum suction is arranged within the 
cup CP. The spin chuck 71 can be rotated by a driving motor 
72 Such as a pulse motor arranged below the cup CP, and the 
rotating Speed of the Spin chuck 71 can be controlled 
optionally. An exhaust pipe 73 is connected to a central 
region in the bottom portion of the cup CP, and a liquid 
discharge pipe 74 is connected to an outer region in the 
bottom portion of the cup CP. The gas within the cup CP is 
exhausted through the exhaust pipe 73, and the resist Solu 
tion and the Solvent Scattered during the coating treatment 
are discharged to the outside through the liquid discharge 
pipe 74. Incidentally, the spin chuck 71 can be moved in the 
Vertical direction by a lift mechanism Such as an air cylinder 
(not shown). 
0070 A discharging head 80 is arranged above the spin 
chuck 71 so as to be movable between a position right above 
the Spin chuck 71 and a retreating position. The discharging 
head 80 is connected to a driving mechanism 83 with an arm 
81 interposed therebetween so as to be movable in the 
X-direction, the Y-direction and the Z-direction shown in 
FIGS. 5 and 6. Incidentally, the discharging head 80 is 
detachable from the arm 81. 

0071. The discharging head 80 includes a base member 
82 and is constructed Such that a Solvent discharging nozzle 
85 for Supplying a Solvent capable of dissolving a resist 
Solution and a resist Solution discharging nozzle 90 for 
Supplying a resist Solution constituting a coating liquid are 
mounted close to each other to the base member 82. The 
Solvent capable of dissolving the resist Solution permits 
improving the wettability of the resist solution so as to lower 
the consumption of the resist. It is possible for the solvent 
capable of dissolving the resist Solution to constitute a 
solvent of the resist solution. However, the solvent capable 
of dissolving the resist solution is not limited to the solvent 
of the resist Solution, and a thinner is typically used as the 
Solvent capable of dissolving the resist Solution. 
0072 Mounted to the discharging head 80 are a pipe (not 
shown) for circulating a temperature control fluid for main 
taining constant the temperature of the resist Solution dis 
charged from the resist Solution discharging nozzle 90 and 
another pipe (not shown) for circulating a temperature 
control fluid for maintaining constant the temperature of the 
Solvent discharged from the Solvent discharging nozzle 85. 
0073. A resist solution Supply pipe 91 is connected to the 
resist Solution discharging nozzle 90, and the resist Solution 
Supply pipe 91 is allowed to communicate with a resist 
Solution tank 92 housing a resist Solution. Connected to the 
resist solution supply pipe 91 are a suck back valve 93, an 
air operation valve 94, a bubble removing mechanism 95 for 
Separating and removing bubbles from the resist Solution, a 
filter 96, and a pump 97 in the order from the downstream 
side. It is desirable to use as the pump 97 a bellows pump 
including a shrinkable bellows or a tubephragm pump 
including a tubephragm that is shrunk by the liquid preSSure 
So as to Send forth the resist Solution. A Solvent Supply pipe 
86 is connected to the solvent discharging nozzle 85 Such 
that the Solvent Supplied from a Solvent Supply Source (not 
shown) flows through the solvent supply pipe 86 so as to be 
discharged from the Solvent discharging nozzle 85. 
0074 As shown in FIG. 6, a holding section 75 capable 
of holding four discharging heads 80, which basically have 
the same construction, is arranged outside the cup CP within 
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the casing 70. Arranged in the holding section 75 is an 
inserting Section (Solvent drain Section) for putting the 
nozzle port of each nozzle under a Solvent atmosphere So as 
to prevent the nozzle port of each nozzle from being dried 
and solidified. Each discharging head 80 can be mounted to 
the tip portion of the arm 81 by a mounting section 76. 
Different kinds of resist solutions can be supplied into the 
discharging heads 80. One selected discharging head 80 is 
mounted to the arm 81 and is taken from the holding section 
75. As described above, it is possible for the arm 81 to be 
moved by the driving mechanism 83 in three dimensional 
directions, i.e., in the X-, Y- and Z-directions, Such that the 
discharging head 80 mounted to the arm 81 taken out of the 
holding section 75 is moved to a prescribed position right 
above the wafer W in processing the wafer W. 
0075). In the example shown in FIG. 6, the solvent 
discharging nozzle 85 and the resist Solution discharging 
nozzle 90 are mounted to each discharging head 80. How 
ever, it is also possible to mount the resist Solution discharg 
ing nozzle 90 alone to each discharging head 80 and to 
mount a single Solvent discharging nozzle 80 for the com 
mon use with the resist solution discharging nozzles 90 of 
the discharging heads 80. In this case, it is possible to 
arrange Separately a driving arm for the Solvent discharging 
nozzle 85. It is also possible to mount in advance the solvent 
discharging nozzle 85 to the arm 81 so as to permit the 
solvent discharging nozzle 85 to be movable together with 
one discharging head 80 that has been Selected. 
0076 The resist coating process unit (COT) according to 
this embodiment of the present invention comprises an 
optical fiber sensor apparatus 100. The optical fiber sensor 
apparatus 100 includes an optical fiber sensor 101 for 
projecting light, which is mounted to the Solvent discharging 
nozzle 85, an optical fiber sensor 102 for receiving light, 
which is mounted to a mounting bracket 87 mounted to face 
downward to the central portion of the arm 81, a light source 
103 to which the optical fiber sensor 101 for projecting light 
is connected, an amplifier 104 for amplifying the light 
received by the optical fiber sensor 102 for receiving light, 
and a sensor controller 105 for controlling the entire optical 
fiber Sensor apparatus Such as the processing of the received 
optical Signal. The light projecting optical fiber Sensor 101 
projects light Such that the projected light traverses the 
discharged Stream of the resist Solution in the case where the 
resist Solution is being discharged from the resist Solution 
discharging nozzle 90. The light receiving optical fiber 
sensor 102 receives the light projected from the optical fiber 
Sensor 101 for projecting light and, then, reflected from the 
wafer W. Since the case where the resist Solution is being 
discharged from the resist Solution discharging nozzle 90 
differs from the case where the resist Solution is not dis 
charged from the resist Solution discharging nozzle 90 in the 
amount of the light detected by the light receiving optical 
fiber sensor 102, it is possible for the optical fiber sensor 
apparatus 100 to detect the initiation of the discharging of 
the resist Solution. 

0077. The resist coating process unit (COT) according to 
this embodiment of the present invention comprises a con 
troller 110 as shown in FIG. 5. It is possible for the 
controller 110 to control the driving motor 72 for rotating the 
spin chuck 71, the air operation valve 94 and the pump 97. 
Also, a Setting device 111 for Setting, for example, the 
control conditions in the controller 110 is connected to the 
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controller 110. Further, the sensor controller 105 is con 
nected to the controller 110. A control signal is transmitted 
from the sensor controller 105 to the optical fiber sensor 
apparatus 100, and a signal transmitted from the optical fiber 
sensor apparatus 100 is received by the sensor controller 
105. 

0078. When the optical fiber sensor apparatus 100 has 
detected that the resist solution discharging nozzle 90 has 
Started discharging the resist Solution therefrom, the 
detected signal is transmitted to the controller 110 and the 
controller 110 calculates the resist Solution discharging 
timing based on the detected Signal. Also, the controller 
controls at least one of the driving motor 72 for rotating the 
spin chuck 71, the air operation valve 94 and the pump 97 
based on the calculated discharging timing of the resist 
Solution. As a result, the timing between the rotation of the 
wafer W and the discharging of the resist solution and the 
discharging time of the resist Solution, which are important 
for the coating operation of the resist Solution, are controlled 
appropriately. 
0079. In this case, it is possible for the controller 110 to 
perform the control operation automatically based on the 
calculated discharging timing of the resist Solution. Alter 
natively, it is also possible for the operator to Set the 
parameters of the Setting device 111 based on the grasped 
discharging timing of the resist Solution. 
0080. It is possible to mount the light projecting optical 
fiber sensor 101 and the light receiving optical fiber sensor 
102 included in the optical fiber sensor apparatus 100 to the 
cup CP, as shown in FIG. 7. In this case, it is possible to 
allow the light projected from the light projecting optical 
fiber sensor 101 to reach the receiving optical fiber sensor 
102 without being reflected by the wafer W. 
0081. In addition, it is possible to construct the optical 
fiber Sensor apparatus 100 to detect the discharging timing 
of the resist Solution not only in the case of the actual 
discharging of the resist solution onto the wafer Was in the 
description given above but also in the case of the dummy 
dispense that does not necessitate the presence of the wafer 
W. As shown in FIG. 8, it is possible to mount the light 
projecting optical fiber Sensor 101 and the light receiving 
optical fiber sensor 102 to a drain case 121 included in a 
solvent drain section 120 of the holding section 75 outside 
the cup CPSO as to detect the discharging timing of the resist 
Solution in the case of the dummy dispense. 
0082 In the example shown in FIG. 5, it is difficult for 
the reflected light to reach the light receiving optical fiber 
sensor 102 after the discharging of the resist solution, with 
the result that the operation of the optical fiber sensor 
apparatus 100 is limited to the detection of the discharging 
initiation of the resist Solution. However, in the example 
shown in each of FIGS. 7 and 8, the optical fiber sensor 
apparatus 100 is free from the limitation given above and, 
thus, is of course capable of detecting the discharging 
initiation of the resist Solution and is also capable of detect 
ing that the resist Solution has ceased to be discharged. In 
this case, the controller 110 is capable of controlling based 
on the detected Signal at least one of the drive timing for 
Stopping the pump 97, the operation timing of the air 
operation valve 94, and the timing for Stopping the rotation 
of the driving motor 72. 
0.083 Incidentally, the controller 110 actually controls the 
suck back valve 93 and other members relating to the 
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coating process of the resist Solution Such as a Solvent Supply 
System (not shown), though the description thereon is omit 
ted herein. Also, the Suck back valve 93 serves to Suck the 
resist Solution remaining by the Surface tension on the inner 
wall portion at the tip of the resist Solution discharging 
nozzle 90 back into the resist solution discharging nozzle 90 
after the discharging of the resist Solution from the resist 
Solution discharging nozzle 90 So as to prevent the remain 
ing resist Solution from being Solidified. 
0084. The operation and control of the resist solution 
coating process performed by the resist coating proceSS unit 
(COT) constructed as described above will now be described 
with reference to the flow chart shown in FIG. 9. 

0085. If the wafer W is transferred by any of the arms 7a, 
7b and 7c of the first main wafer transfer device 16 through 
the opening 70a of the casing 70 to reach a position right 
above the cup CP within the resist coating process unit 
(COT), the wafer Wis sucked by vacuum suction by the spin 
chuck 71 moved upward by the lift mechanism (not shown). 
After the wafer W is sucked by the spin chuck 71 by the 
Vacuum Suction, the main wafer transfer mechanism 22 
brings back the arm 7a, 7b, or 7c from within the resist 
coating process unit (COT) so as to finish the delivery of the 
wafer Winto the resist coating process unit (COT) (STEP1). 
0086 Then, the spin chuck 71 is moved downward until 
the wafer W is located at a prescribed position within the cup 
CP. Under this condition, the spin chuck 71 is rotated by the 
driving motor 72 at a rotating speed of about 1,000 rpm so 
as to make the temperature of the wafer W uniform (STEP 
2). 
0087. After the temperature of the wafer W is made 
uniform, the discharging head 80 is moved in the Y-direction 
by the driving mechanism 83 to reach a position right above 
the wafer W. When the discharging port of the solvent 
discharging nozzle 85 has been moved to reach a position 
substantially above the center of the spin chuck 71 (Sub 
stantially above the center of the wafer W), performed is a 
pre-wet processing in which a Solvent dissolving the resist 
Such as a thinner is Supplied onto Substantially the center on 
the surface of the wafer W that is held stationary, and the 
wafer W is rotated at a prescribed rotating Speed, preferably 
not higher than 1,000 rpm, So as to spread the Solvent 
Supplied onto the central portion on the Surface of the wafer 
W over the entire surface region of the wafer W (STEP3). 
As a result, the wettability of the resist solution is improved 
So as to decrease the amount of the resist Solution discharged 
onto the wafer W. 

0088. In the next step, the discharging head 80 is moved 
by the driving mechanism 83 in the Y-direction until the 
discharging port of the resist Solution discharging nozzle 90 
reaches a point Substantially right above the center of the 
Spin chuck 71, i.e., Substantially right above the center of the 
wafer W. Under this condition, the rotating speed of the 
wafer W is increased to reach a prescribed value, and the 
resist Solution is Supplied from the discharging port of the 
resist solution discharging nozzle 90 onto Substantially the 
center on the Surface of the rotating wafer W. As a result, the 
resist Solution is centrifugally diffused outward on the wafer 
Surface so as to coat the entire Surface of the wafer W with 
the resist solution (STEP 4). In carrying out the resist coating 
treatment, the wafer W is rotated at a relatively high speed 
in the initial Stage while Supplying the resist Solution onto 
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the wafer Surface So as to expand the resist Solution Supplied 
onto the wafer Surface. To be more specific, it is desirable to 
rotate the wafer at a speed of 2,000 to 6,000 rpm in the case 
of the wafer having a diameter of 200 mm, and at a speed 
of 1,000 to 4,000 rpm in the case of the wafer having a 
diameter of 300 mm. Then, the Supply of the resist solution 
is stopped and the rotating speed of the wafer W is lowered. 
AS a result, the function of controlling the thickness of the 
resist film is produced So as to promote the effect of making 
uniform the thickness of the resist film on the wafer Surface. 
It should be noted in this connection that, when the rotating 
speed of the semiconductor wafer W is lowered, the force 
directed toward the center of the wafer W is exerted on the 
resist solution on the wafer W by the deceleration. In 
addition, since the rotating speed of the wafer W is low, the 
resist Solution on the wafer W is dried slowly. It follows that 
the function of controlling the thickness of the resist film is 
exhibited as described above. To be more specific, the 
amount of the resist Solution Scattered toward the outside of 
the wafer W is suppressed by the force directed toward the 
center of the wafer W, which is produced by the decelera 
tion. Likewise, the resist Solution is held on the outer 
circumferential portion of the wafer W as in the central 
portion. It follows that the thickness of the resist film is made 
more uniform. It is desirable for the rotating Speed of the 
wafer W to be 50 to 1,000 rpm in this case. Particularly, 
where the rotating speed of the wafer W is not higher than 
500 rpm, the drying of the resist Solution Scarcely proceeds, 
leading to a higher degree of freedom in terms of the film 
thickness control. The holding time in this case is Set 
appropriately not to exceed, for example, three seconds. 
Incidentally, it is not absolutely necessary to lower the 
rotating speed of the wafer W. In other words, the rotating 
speed of the wafer W is lowered, as required. 

0089. In the next step, the rotating speed of the wafer W 
is increased So as to centrifugally remove the extra resist 
solution (STEP5). It is desirable to set the rotating speed in 
this stage at 1,500 to 4,000 rpm in the case of the wafer 
having a diameter of 200 mm, and at 1,000 to 3,000 rpm in 
the case of the wafer having a diameter of 300 mm. 

0090 Then, the rotation of the wafer W is continued so 
as to dry the resist film (STEP 6). It is desirable to set the 
rotating speed in this stage at 1,000 to 2,000 rpm in the case 
of the wafer having a diameter of 200 mm, and at 500 to 
1,500 rpm in the case of the wafer having a diameter of 300 
mm. The resist coating proceSS is finished after the drying 
proceSS is carried out for a prescribed period of time. 

0.091 The control in the resist coating process will now 
be described in detail. 

0092. In order to form the resist film at a high accuracy 
and at a high uniformity in the film thickness, it was 
customary to control Strictly the rotation of the driving 
motor 72, the operation of the pump 97, and the operation of 
the air operation valve 94, which is an opening-closing 
valve, based on a software. FIG. 10 is a graph showing the 
ideal timings of these operations and the discharging timing 
of the resist Solution in the case of carrying out the resist 
Solution coating under the conventional control method. In 
the first Step, a signal to Start the driving, a Signal to Start the 
discharge operation, and an open signal are simultaneously 
transmitted from the controller 110 to the driving motor 72, 
the pump 97 and the air operation valve 94, respectively. As 
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a result, the rotation of the spin chuck 71 is started and the 
rotating Speed of the Spin chuck 71 is increased. The pump 
97 begins to discharge the resist solution Substantially 
Simultaneously with the instruction given from the controller 
110. On the other hand, the air operation valve 94 is opened 
Slightly later, and the discharging of the resist Solution is 
started immediately after the air operation valve 94 is 
opened. The discharging of the resist Solution is controlled 
such that the discharging is started while the wafer W, which 
is rotated together with the Spin chuck 71, is being rotated 
at a low speed. After the discharging time to on the signal, 
a signal to finish the discharge operation and a close signal 
are transmitted simultaneously from the controller 110 to the 
pump 97 and the air operation valve 94, respectively, as 
shown in FIG. 10. Slightly after these signals are transmit 
ted, the air operation valve 94 is actually closed. At this 
Stage, a signal to Stop the driving is transmitted to the driving 
motor 72 so as to lower the rotating speed of the wafer W. 
In this case, each of the open time t of the air operation 
Valve 94 and the actual discharge time t. Substantially 
coincides with the discharge time to and, thus, no problem is 
generated. 
0093. However, the three resist coating process units 
(COT) are stacked one upon the other as described previ 
ously, and the resist Solution is Supplied in general to the 
resist solution discharging nozzles 90 of these units (COT) 
through a common pipe. As a result, the time to Start the 
discharging of the resist Solution from the resist Solution 
discharging nozzle 90 from the transmission of the open 
signal from the controller 110 to the air operation valve is 
rendered nonuniform by the difference in head among the 
resist coating process units (COT) and by the individual 
variation of the pump or the air operation valve, with the 
result that the time to Start the discharging of the resist 
solution from the time for the air operation valve to have 
been opened is retarded from the ideal state shown in FIG. 
10, as shown in FIG. 11. The delay time. At is increased in 
Some cases Such that the rotating Speed of the wafer W is 
increased to reach about the maximum speed at the time 
when the discharging of the resist Solution is actually Started. 
If the resist Solution is discharged under the high rotating 
speed of the wafer W, the thickness of the resist film is much 
deviated from the Set value. Also, in this case, the actual 
discharging time t' of the resist Solution is rendered shorter 
than the time t referred to previously by the time corre 
sponding to the delay in the Starting of the resist Solution 
discharging. What should be noted is that the thickness of 
the resist film in the peripheral portion of the wafer W is 
decreased with increase in the delay time At and with 
Shortening in the discharging time So as to render poor the 
uniformity in the thickness of the resist film. 
0094. In order to avoid the problems described above, the 
Starting of the resist Solution discharging is detected in the 
present invention by using the optical fiber Sensor apparatus 
100, and the resist coating process is controlled on the basis 
of the Start timing of the resist Solution discharging, which 
is calculated based on the detected Signal, as described 
previously. 

0.095 To be more specific, the controller 110 controls at 
least one of the drive start timing of the driving motor 72 for 
rotating the Spin chuck 71, the drive timing of the air 
operation valve 94, and the drive timing of the pump 97 on 
the basis of the Start timing of the resist Solution discharging, 
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which is calculated from the Signal detected by the optical 
fiber sensor apparatus 100. For example, as shown in FIG. 
12, the Start timing of the resist Solution discharging is 
calculated on the basis of the Signal detected by the optical 
fiber sensor apparatus 100, and the drive start timing of the 
driving motor 72 is retarded by the controller 110 based on 
the calculated value when the resist coating process of the 
next wafer is performed. Of course, it is possible to advance 
the drive start timing of the pump 97 and/or the timing of 
opening the air operation valve 94. Also, the controller 110 
calculates the delay time At from the Signal to Start the resist 
Solution discharging, and a control Signal is transmitted to 
the pump 97 and the air operation valve 94 so as to extend 
the discharging time of the resist Solution by the time 
corresponding to the delay time At, thereby making the 
actual discharging time t." Substantially equal to time t. 
Also, the timing to Stop the driving motor 72 is controlled 
based on the actual discharging time of the resist Solution. 
0096. As described above, the time when the resist Solu 
tion began to be actually discharged from the resist Solution 
discharging nozzle 90 is detected in the present invention, 
and the coating process of the resist Solution is controlled on 
the basis of the detected signal. It follows that the various 
conditions can be controlled under the State that the time 
when the resist Solution was actually discharged is grasped 
So as to make it possible to make up for the nonuniformity 
in the Start timing of the resist Solution discharging caused 
by, for example, the difference in the head of the resist 
solution discharging nozzle 90 and the individual variation 
of the pump 97 or the air operation valve 94. 
0097. To be more specific, the starting of the resist 
Solution discharging from the resist Solution discharging 
nozzle 90 is detected by the optical fiber sensor apparatus 
100, and at least one of the drive start timing of the driving 
motor 72 for rotating the spin chuck 71, the drive timing of 
the air operation valve 94 and the drive timing of the pump 
97 is controlled on the basis of the start timing of the resist 
Solution discharging, which is calculated based on the Signal 
detected by the optical fiber sensor apparatus 100. It follows 
that it is possible to prevent the difficulty that the resist film 
fails to have a prescribed thickneSS because the rotating 
Speed of the wafer W is excessively high at the discharging 
time of the resist Solution. It should also be noted that the 
delay time At between the time of transmitting an open 
Signal to the air operation valve 94 based on the Signal 
denoting the detection of Start-up of the resist Solution 
discharging and the time of actual discharging of the resist 
Solution is calculated in the present invention, and the pump 
97 and the air operation valve 94 are controlled based on the 
calculated delay time At So as to extend the discharging time 
of the resist solution to conform with the prescribed time. It 
follows that it is possible to render Substantially constant the 
actual discharging time of the resist Solution So as to further 
improve the uniformity in the thickness of the resist film. 
What should also be noted is that the stop timing of the 
driving motor 72 is also controlled on the basis of the delay 
time. At so as to further improve the uniformity in the 
thickness of the resist film. 

0098. On the other hand, it is also possible for the time 
between the transmission of the close signal to the air 
operation valve 94 and the time when the discharging of the 
resist solution from the resist solution discharging nozzle 90 
is actually Stopped to be made nonuniform by various 
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factors. If the time required for Stopping the discharging of 
the resist Solution is nonuniform, the actual discharging time 
is rendered nonuniform in practice even if the actual dis 
charging time of the resist Solution is controlled based on the 
Signal to start the discharging of the resist Solution as 
described above. 

0099. In such a case, it is detected by the optical fiber 
Sensor apparatus 100 that the discharging of the resist 
Solution has been Stopped, and at least one of the drive Stop 
timing of the pump 97, the operation timing of the air 
operation valve, and rotation Stop timing of the driving 
motor 72 is controlled based on the signal detected by the 
optical fiber Sensor apparatus 100. AS a result, it is possible 
to improve markedly the nonuniformity of the actual dis 
charging time. To be more specific, the controller 110 
calculates the Stop timing of the discharging of the resist 
Solution based on a signal denoting the Stop of the discharg 
ing, which is detected by the optical fiber Sensor apparatus 
100, and at least one of the drive stop timing of the pump 97, 
the operation timing of the air operation valve 94, and the 
rotation Stop timing of the driving motor 72 is controlled So 
as to permit the discharging of the resist Solution to be 
Stopped at an appropriate timing based on the calculated 
value in performing the next process of coating the wafer 
with the resist Solution. 

0100. It should be noted, however, that, in the case of the 
apparatus constructed as shown in FIG. 5, it is impossible to 
detect the Stop of the discharging of the resist Solution. 
Therefore, the detection of the Stop of the discharging of the 
resist solution is limited to the case where th optical fiber 
Sensor 100 is mounted as shown in FIGS. 7 and 8. 

0101. It is possible to control the start timing of the 
discharging of the resist Solution and the actual discharging 
time with a high accuracy by the control method described 
above. Further, in the case of using the optical fiber Sensor 
apparatus 100, a high precision in the film thickness and a 
high uniformity of the film thickness can be achieved by 
employing the techniques described below in addition to or 
separately from the control method described above. 
0102) In the first technique, the state in starting the 
discharging of the resist Solution and/or the State in Stopping 
the discharging is detected by the optical fiber Sensor appa 
ratus 100 So as to control the Speed of opening and/or closing 
the air operation valve 94 to fall within an allowable range. 
To be more specific, if the air operation valve 94 is opened 
at an excessively high Speed, the resist Solution is, for 
example, once Sucked and, then, discharged. On the other 
hand, if the air operation valve 94 is opened at an exces 
Sively low speed, a difficulty Such as a liquid dripping is 
brought about. Also, if the air operation valve 94 is closed 
at an excessively high Speed, the State in Stopping the 
discharging of the resist Solution is rendered unstable. On 
the other hand, if the air operation valve 94 is closed at an 
excessively low Speed, a difficulty Such as a liquid dripping 
is brought about. It follows that it is important to control in 
advance the Speed of opening and/or closing the air opera 
tion valve So as to permit the State in Starting the discharging 
of the resist Solution and/or the State in Stopping the dis 
charging to fall within an allowable range. 
0103) As shown in, for example, FIG. 13, the air opera 
tion valve 94 includes a container 121, a valve body 122 
arranged movable in the vertical direction within the con 
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tainer 121, a valve seat 123 positioned below the valve body 
122, and a resist solution flowing section 124. The resist 
Solution flowing Section 124 includes a resist Solution pas 
Sageway 125 connected to the resist Solution Supply pipe 91. 
A resist Solution inlet port 126 and a resist Solution outlet 
port 127 are open to the valve seat 123 from the resist 
Solution passageway 125. Under the closed State that the 
valve body 122 abuts against the valve seat 123, the flow of 
the resist Solution is shielded, and resist Solution is allowed 
to flow under the open state that the valve body 122 is 
positioned apart from the valve Seat 123. Apartition member 
128 for partitioning the inner space of the container 121 into 
an upper Space and a lower Space is arranged movable in the 
vertical direction, and the valve body 122 is formed integral 
with the partition member 128 in a manner to hang from the 
partition member 128. The air is introduced from an air 
introducing port 129 formed in the side wall of the container 
121 into the container 121 through an air introducing pipe 
130 so as to move upward the partition member 128. As a 
result, the valve body 122 is also moved upward so as to 
open the valve 94. The introduction of the air is performed 
by operating an inlet side Solenoid valve 132 mounted to the 
air introducing pipe 130. Also, an air discharge port 134 is 
formed in the side wall of the container 121, and an air 
discharge pipe 135 is connected to the air discharge port 134. 
When the valve 94 is closed, the air supply is stopped and 
a discharge side Solenoid valve 136 mounted to the air 
discharge pipe 135 is operated So as to discharge the air 
within the container 121. A coil spring 131 urging downward 
the partition member 128 is mounted within the container 
121 above the partition member 128. Since the valve 94 is 
of a normally closed structure that the air operation valve 94 
is kept closed in the case where the air is not introduced into 
the container 121 and when the air is discharged as described 
above, the valve 94 is closed by discharging the air from 
within the container 121 through the air discharge pipe 135 
after the air operation valve 94 is opened. 
0104. The inlet side Solenoid valve 132 and the outlet 
Side Solenoid valve 136 are operated by operating a valve 
controller 140. On the other hand, the valve controller 140 
is controlled by the controller 110 described previously. It 
follows that the opening Speed and the closing Speed of the 
air operation valve 94 are controlled by allowing the valve 
controller 140 to control the inlet side Solenoid valve 132 
and the outlet side Solenoid valve 136, respectively, in 
response to the instruction given from the controller 110. 
0105. Where the opening speed of the air operation valve 
94 is set initially, the air operation valve 94 is opened at 
various Speeds So as to detect the initial State of the dis 
charging of the resist Solution by the optical fiber Sensor 
apparatus 100, and the optimum opening Speed is automati 
cally Selected from among the values falling within an 
allowable range. When the resist Solution is actually dis 
charged, the optimum opening Speed thus Selected used as 
the Set value. This is also the case with the initial Setting of 
the closing Speed in the case of closing the air operation 
valve 94. Specifically, the air operation valve 94 is closed at 
various closing Speeds, and the State in Stopping the dis 
charging of the resist Solution is detected by the optical fiber 
Sensor apparatus 100 So as to automatically Select the 
optimum closing Speed from among the values falling within 
an allowable range. When the resist Solution is actually 
discharged, the optimum closing Speed thus Selected is used 
as the Set value. In this fashion, the State at the initiation of 
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the discharging of the resist Solution and/or the State at the 
finishing time of discharging can be set in advance to fall 
within allowable ranges So as to make it possible to avoid the 
detrimental effects given by the state at the initiation of the 
discharging of the resist Solution and/or the State at the 
finishing time of the discharging to the accuracy and the 
uniformity of the resist film thickness. In this case, the delay 
time between the transmission of a Signal to the air operation 
valve 94 and actual initiation of the discharging of the resist 
Solution and/or the actual finishing time of the discharging 
is dependent on the opening Speed and/or the closing Speed 
of the air operation valve 94. Therefore, after the opening 
Speed and/or the closing Speed of the air operation valve 94 
is Set, the Set value of the corresponding delay time is 
determined. Where the State in Starting alone the discharging 
of the resist Solution is made appropriate by the first tech 
nique, it is possible to use the optical fiber Sensor apparatus 
100 shown in any of FIGS. 5, 7 and 8. On the other hand, 
in the case of making appropriate the State in finishing the 
discharging, used is the optical fiber Sensor apparatus 100 
shown in FIG. 7 or 8. 

0106 The second technique will now be described. 
0107 The second technique is for grasping the abnormal 
discharging of the resist Solution Such as the situation that 
the Supply of the resist Solution becomes broken during the 
coating operation or the situation that discharging of the 
resist Solution is not stopped at the Stop timing. To be more 
Specific, the actual discharging time during which the dis 
charging of the resist Solution is detected by the optical fiber 
sensor apparatus 100 is measured by a timer 141, and the 
actual discharging time thus measured is compared with the 
Set time for the discharging of the resist Solution, as shown 
in FIG. 14. It is judged that there is an abnormality in the 
case where there is a difference larger than an allowable 
value between the actual discharging time and the Set time. 
AS a result, it is possible to Stop the coating proceSS when 
there is an abnormal discharging of the resist Solution So as 
to make it possible to avoid the detrimental effects given by 
the abnormal discharging of the resist Solution to the accu 
racy and the uniformity of the resist film thickness. In the 
case of the Second technique, it is necessary to grasp the State 
that the resist Solution is being actually discharged. There 
fore, the optical fiber Sensor apparatus 100 is arranged as 
shown in FIG. 7 or 8. 

0108) A resist coating process unit (COT) according to 
another embodiment of the present invention will now be 
described with reference to FIG. 15. 

0109) The embodiment shown in FIG. 15 differs from the 
embodiment described above in that a CCD camera system 
150 is used as the detecting apparatus in place of the optical 
fiber sensor apparatus 100 used in the embodiment described 
above. 

0110. As shown in FIG. 15, the CCD camera system 150 
includes a CCD camera 151 for photographing the stream of 
the resist Solution discharged from the resist Solution dis 
charging nozzle 90, a camera control Section 152 for con 
trolling the operation of the CCD camera 151 and for 
controlling the information, an image proceSS Section 153, 
and a monitor 154. The image photographed by the CCD 
camera 151 is transmitted to the image process section 153 
via the camera control Section 152 for application of a 
prescribed image processing to the photographed image. 
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Then, the information on the image processing is transmitted 
to the camera control section 152, with the result that the 
initiation of the discharging of the resist Solution and/or the 
finish of the discharging of the resist Solution is grasped. 
Also, the image in this stage is displayed as required on the 
monitor 154. As a result, the actual initiation of the dis 
charging of the resist Solution and/or the actual finish of the 
discharging of the resist Solution can be detected So as to 
make it possible to achieve the control Similar to that 
achieved in the embodiment described previously. It follows 
that it is possible to prevent the inconveniences causing the 
fluctuation in the thickness of the film Such as the situation 
that the target Substrate to be processed is rotated at an 
excessively high Speed at the discharging Stage of the resist 
Solution and the Situation that the actual discharging time is 
short. 

0111. It should be noted that the embodiments described 
above are simply intended to clarify the technical idea of the 
present invention. Naturally, the technical Scope of the 
present invention should not be construed Solely on the basis 
of the specific embodiments described above. In other 
words, the present invention can be worked in variously 
modified fashions on the basis of the spirit of the present 
invention and within the Scope defined in the accompanying 
claims. 

0112 For example, each of the embodiments described 
above covers the case where an optical fiber Sensor appa 
ratus or a CCD camera System is used as the detecting 
apparatus for detecting the Start or Stop of the discharging of 
the resist Solution. However, it is also possible to use an 
optical Sensor other than the optical fiber Sensor or another 
optical detecting apparatus. Also, each of the embodiments 
described above covers the case where a resist Solution is 
used as the coating liquid. However, it is also possible to use 
a coating liquid for forming a film by a rotary coating 
process, i.e., for forming, for example, an antireflection film 
or an interlayer insulating film, and other coating liquids. 
Further, in each of the embodiments described above, a 
Semiconductor wafer is used as the target Substrate to be 
processed. However, it is also possible to use other target 
Substrates Such as an LCD Substrate and a reticle Substrate 
for a mask. 

What is claimed is: 
1. A coating proceSS method in which a coating liquid is 

discharged onto the Surface of a target Substrate to be 
processed while rotating the target Substrate So as to expand 
the coating liquid radially outward on the target Substrate 
and, thus, to form a coated film, comprising the Steps of: 

detecting that the actual discharging of a coating liquid 
from a coating liquid discharging nozzle is Started 
and/or stopped; and 

controlling the coating treatment on the basis of a signal 
of the detection. 

2. The coating process method according to claim 1, 
wherein the Start and/or Stop of the discharging of the 
coating liquid is detected by using an optical Sensor. 

3. The coating process method according to claim 2, 
wherein the optical Sensor includes an optical fiber Sensor 
for projecting light and an optical fiber Sensor for receiving 
light. 
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4. The coating proceSS method according to claim 1, 
wherein the Start and/or Stop of the discharging of the 
coating liquid is detected by using a CCD camera. 

5. The coating proceSS method according to claim 1, 
wherein the Start of the discharging of the coating liquid is 
detected when the coating liquid is discharged from the 
coating liquid discharging nozzle onto the target Substrate. 

6. The coating proceSS method according to claim 1, 
wherein the Start of the discharging of the coating liquid is 
detected when the coating liquid discharging nozzle dis 
charges the coating liquid from a position retreated from the 
target Substrate. 

7. A coating proceSS method in which a coating liquid is 
discharged onto the Surface of a target Substrate to be 
processed while rotating the target Substrate So as to expand 
the coating liquid radially outward on the target Substrate 
and, thus, to form a coated film, comprising the Steps of 

detecting that the actual discharging of a coating liquid 
from a coating liquid discharging nozzle is started; and 

controlling based on a Signal of the detection at least one 
of the drive timing of a pump for allowing the coating 
liquid to be discharged from the coating liquid dis 
charging nozzle, the operation timing of a valve 
mounted to a pipe for Supplying the coating liquid into 
the coating liquid discharging nozzle, and the rotation 
Starting or Stopping timing of the target Substrate. 

8. The coating proceSS method according to claim 7, 
wherein, in the controlling Step, a delay time from the timing 
of actually discharging the coating liquid is obtained based 
on the detected Signal denoting that the discharging of the 
coating liquid has been Started, and at least one of the drive 
timing of the pump for allowing the coating liquid to be 
discharged from the coating liquid discharging nozzle, the 
operation timing of a valve mounted to a pipe for Supplying 
the coating liquid into the coating liquid discharging nozzle, 
and the Start or Stop timing of the rotation of the target 
substrate is controlled based on the delay time from the 
timing of actually discharging the coating liquid. 

9. The coating proceSS method according to claim 7, 
wherein the Stop of the discharging of the coating liquid is 
detected by using an optical Sensor. 

10. The coating proceSS method according to claim 9, 
wherein the optical Sensor includes an optical fiber Sensor 
for projecting light and an optical fiber Sensor for receiving 
light. 

11. The coating process method according to claim 7, 
wherein the Start of the discharging of the coating liquid is 
detected by using a CCD camera. 

12. The coating proceSS method according to claim 7, 
wherein the Start of the discharging of the coating liquid is 
detected when the coating liquid is discharged from the 
coating liquid discharging nozzle onto the target Substrate. 

13. The coating proceSS method according to claim 7, 
wherein the Start of the discharging of the coating liquid is 
detected when the coating liquid discharging nozzle dis 
charges the coating liquid from a position retreated from the 
target Substrate. 

14. A coating proceSS method in which a coating liquid is 
discharged onto the Surface of a target Substrate to be 
processed while rotating the target Substrate So as to expand 
the coating liquid radially outward on the target Substrate 
and, thus, to form a coated film, comprising the Steps of 
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detecting that the actual discharging of a coating liquid 
from a coating liquid discharging nozzle is Stopped; 
and 

controlling based on a Signal of the detection at least one 
of the drive Stop timing of a pump for allowing the 
coating liquid to cease to be discharged from the 
coating liquid discharging nozzle, the operation timing 
of a valve mounted to a pipe for Supplying the coating 
liquid into the coating liquid discharging nozzle, and 
the rotation Stop timing of the target Substrate. 

15. The coating proceSS method according to claim 14, 
wherein, in the controlling Step, a signal denoting that the 
discharging of the coating liquid from the coating liquid 
discharging nozzle has been actually started is obtained, and 
a delay time from the timing of actually discharging the 
coating liquid is obtained based on the detected Signal So as 
to control based on the delay time at least one of the drive 
Stop timing of a pump for allowing the coating liquid to 
cease to be discharged from the coating liquid discharging 
nozzle, the operation timing of a valve mounted to a pipe for 
Supplying the coating liquid into the coating liquid discharg 
ing nozzle, and the rotation Stop timing of the target Sub 
Strate. 

16. The coating proceSS method according to claim 14, 
wherein the Stop of the discharging of the coating liquid is 
detected by using an optical Sensor. 

17. The coating proceSS method according to claim 16, 
wherein the optical Sensor includes an optical fiber Sensor 
for projecting light and an optical fiber Sensor for receiving 
light. 

18. The coating proceSS method according to claim 14, 
wherein the Stop of the discharging of the coating liquid is 
detected by using a CCD camera. 

19. The coating proceSS method according to claim 14, 
wherein the Stop of the discharging of the coating liquid is 
detected when the coating liquid is discharged from the 
coating liquid discharging nozzle onto the target Substrate. 

20. The coating proceSS method according to claim 14, 
wherein the Stop of the discharging of the coating liquid is 
detected when the coating liquid discharging nozzle dis 
charges the coating liquid from a position retreated from the 
target Substrate. 

21. A coating process apparatus in which a coating liquid 
is discharged onto the Surface of a target Substrate to be 
processed while rotating the target Substrate So as to expand 
the coating liquid radially outward on the target Substrate 
and, thus, to form a coated film, comprising: 

a Substrate holding member for holding Substantially 
horizontal a target Substrate to be processed; 

a motor for rotating the Substrate holding member; 
a coating liquid discharging nozzle for discharging a 

coating liquid onto the target Substrate held by the 
Substrate holding member; 

a pump for allowing the coating liquid to be discharged 
from the coating liquid discharging nozzle; 

a valve mounted to a pipe for Supplying the coating liquid 
into the coating liquid discharging nozzle, 

a detecting device optically detecting that the discharging 
of the coating liquid from the coating liquid discharg 
ing nozzle has been Started; and 
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a controller receiving a Signal of the detection from the 
detecting device So as to control based on the detection 
Signal at least one of the drive timing of the pump for 
allowing the coating liquid to be discharged from the 
coating liquid discharging nozzle, the operation timing 
of the valve, and the drive Starting or Stopping timing 
of the motor. 

22. The coating proceSS apparatus according to claim 21, 
wherein the controller obtains a delay time from the timing 
of actually discharging the coating liquid based on the Signal 
detected by the detecting device and controls based on the 
delay time at least one of the drive timing of the pump for 
allowing the coating liquid to be discharged from the coating 
liquid discharging nozzle, the operation timing of the valve 
and the drive Starting or Stopping timing of the motor. 

23. The coating proceSS apparatus according to claim 21, 
wherein the detecting device includes an optical Sensor. 

24. The coating proceSS apparatus according to claim 21, 
wherein the optical Sensor includes an optical fiber Sensor 
for projecting light and an optical fiber Sensor for receiving 
light. 

25. The coating proceSS apparatus according to claim 21, 
wherein the detecting device includes a CCD camera. 

26. The coating proceSS apparatus according to claim 21, 
wherein the detecting device performs its detecting function 
when the coating liquid is discharged from the coating liquid 
discharging nozzle onto the target Substrate. 

27. The coating proceSS apparatus according to claim 21, 
wherein the detecting device performs its detecting function 
when the coating liquid discharging nozzle discharges the 
coating liquid from a position retreated from the target 
Substrate. 

28. A coating process apparatus in which a coating liquid 
is discharged onto the Surface of a target Substrate to be 
processed while rotating the target Substrate So as to expand 
the coating liquid radially outward on the target Substrate 
and, thus, to form a coated film, comprising: 

a Substrate holding member for holding Substantially 
horizontal a target Substrate to be processed; 

a motor for rotating the Substrate holding member; 
a coating liquid discharging nozzle for discharging a 

coating liquid onto the target Substrate held by the 
Substrate holding member; 

a pump for allowing the coating liquid to be discharged 
from the coating liquid discharging nozzle; 

a valve mounted to a pipe for Supplying the coating liquid 
into the coating liquid discharging nozzle; 

a detecting device for optically detecting that the dis 
charging of the coating liquid from the coating liquid 
discharging nozzle has been finished; and 

a controller receiving a Signal of the detection from the 
detecting device So as to control based on the detected 
Signal at least one of the drive Stop timing of the pump 
for allowing the coating liquid to cease to be discharged 
from the coating liquid discharging nozzle, the opera 
tion timing of the valve, and the Stop timing of the 
motor. 

29. The coating proceSS apparatus according to claim 28, 
wherein the controller obtains a delay time from the timing 
of actually discharging the coating liquid based on the Signal 
detected by the detecting device and controls based on the 
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delay time at least one of the drive Stop timing of the pump 
for allowing the coating liquid to cease to be discharged 
from the coating liquid discharging nozzle, the operation 
timing of the valve and the drive Starting or Stop timing of 
the motor. 

30. The coating proceSS apparatus according to claim 28, 
wherein the detecting device includes an optical Sensor. 

31. The coating proceSS apparatus according to claim 30, 
wherein the optical Sensor includes an optical fiber Sensor 
for projecting light and an optical fiber Sensor for receiving 
light. 

32. The coating proceSS apparatus according to claim 28, 
wherein the detecting device includes a CCD camera. 

33. The coating proceSS apparatus according to claim 28, 
wherein the detecting device performs its detecting function 
when the coating liquid is discharged from the coating liquid 
discharging nozzle onto the target Substrate. 

34. The coating proceSS apparatus according to claim 28, 
wherein the detecting device performs its detecting function 
when the coating liquid discharging nozzle discharges the 
coating liquid from a position retreated from the target 
Substrate. 

35. A coating process method in which a coating liquid is 
discharged onto the Surface of a target Substrate to be 
processed while rotating the target Substrate So as to expand 
the coating liquid radially outward on the target Substrate 
and, thus, to form a coated film, comprising the Steps of: 

actually detecting the State in Starting and/or stopping the 
discharging of the coating liquid from a coating liquid 
discharging nozzle, and 

controlling based on the data detected in the detecting Step 
the operating Speed of a valve mounted to a pipe for 
Supplying the coating liquid into the coating liquid 
discharging nozzle in a manner to permit the State in 
Starting and/or Stopping the discharging of the coating 
liquid to fall within an allowable range. 

36. A coating process method in which a coating liquid is 
discharged onto the Surface of a target Substrate to be 
processed while rotating the target Substrate So as to expand 
the coating liquid radially outward on the target Substrate 
and, thus, to form a coated film, comprising the Steps of: 

detecting that the coating liquid is being actually dis 
charged from the coating liquid discharging nozzle; 

measuring the actual discharging time during which the 
discharging of the coating liquid was detected in the 
detecting Step; 

comparing the actual discharging time measured in the 
measuring Step with the Set time for the discharging of 
the coating liquid; and 

judging that there is an abnormality in the case where the 
difference between the actual discharging time and the 
Set time is not Smaller than an allowable value. 
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37. A coating process apparatus, comprising: 

a Substrate holding member for holding Substantially 
horizontal a target Substrate to be processed; 

a motor for rotating the Substrate holding member; 
a coating liquid discharging nozzle for discharging a 

coating liquid onto the target Substrate held by the 
Substrate holding member; 

a pump for allowing the coating liquid to be discharged 
from the coating liquid discharging nozzle; 

a valve mounted to a pipe for Supplying the coating liquid 
into the coating liquid discharging nozzle; 

a detecting device for optically detecting the State in 
Starting and/or stopping the discharging of the coating 
liquid from the coating liquid discharging nozzle; and 

a controller for controlling based on the data detected by 
the detecting device the operating Speed of the valve in 
a manner to permit the State in Starting and/or stopping 
the discharging of the coating liquid to fall within an 
allowable range. 

38. A coating process apparatus, comprising: 

a Substrate holding member for holding Substantially 
horizontal a target Substrate to be processed; 

a motor for rotating the Substrate holding member; 
a coating liquid discharging nozzle for discharging a 

coating liquid onto the target Substrate held by the 
Substrate holding member; 

a pump for allowing the coating liquid to be discharged 
from the coating liquid discharging nozzle; 

a valve mounted to a pipe for Supplying the coating liquid 
into the coating liquid discharging nozzle; 

a detecting device for optically detecting that the coating 
liquid is being actually discharged from the coating 
liquid discharging nozzle, 

a timer for measuring the actual discharging time during 
which the discharging of the coating liquid is detected 
by the detecting device; 

a controller for comparing the actual discharging time 
measured by the timer with the Set time of the coating 
liquid discharging, and 

judging that there is an abnormality in the case where the 
difference between the actual discharging time and the 
Set time is not Smaller than an allowable value. 


