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(57) ABSTRACT 

The exposure apparatus comprises a projection optical Sys 
tem that has an image field capable of exposing a shot area 
in a Scanning exposure apparatus in one shot. This allows a 
1 in 1 exposure, with the shot area being the maximum 
exposable range of the Scanning exposure apparatus. In 
addition, the main control unit changes the control factor of 
the exposure System contributing to the throughput, in 
accordance with the minimum line width of the pattern. The 
control factor is changed so that the State (or the value) 
moves into a State where more priority is put on throughput, 
only when reduction in exposure accuracy is allowed. This 
makes it possible to improve the throughput while main 
taining the exposure accuracy, compared with the case when 
the exposure System is controlled based on the same value 
at all times. 
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EXPOSURE APPARATUS, SURFACE POSITION 
ADJUSTMENT UNIT, MASK, AND DEVICE 

MANUFACTURING METHOD 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates to an exposure appa 
ratus, a Surface position adjustment unit, a mask, and a 
device manufacturing method. More particularly, the present 
invention relates to an exposure apparatus used in a litho 
graphic process to manufacture an electronic device Such as 
a Semiconductor device or a liquid crystal display device, a 
Surface position adjustment unit Suitable for adjusting the 
Surface position of a Substrate in Said exposure apparatus, a 
mask that can be Suitably used in Said exposure apparatus, 
and a device manufacturing method using the exposure 
apparatuS. 

0003 2. Description of the Related Art 
0004 Conventionally, in a lithographic process to manu 
facture a device Such as a Semiconductor device or a liquid 
crystal display device, the Static type projection exposure 
apparatus based on the step-and-repeat method (the So 
called Stepper), the Scanning type projection exposure appa 
ratus based on the step-and-Scan method (Scanning Step type 
projection exposure apparatus: the So-called Scanning Step 
per), and the like have been mainly used as the projection 
eXposure apparatuS. 

0005 The semiconductor device is formed by overlaying 
Several tens of circuit patterns onto a Substrate Such as a 
wafer; however, the line width of each pattern in each layer 
is not the Same. That is, layerS exist, Such as: a critical layer 
which is mostly made up of a circuit pattern having a fine 
line width the same level as the limit of resolution of the 
latest edge projection exposure apparatuS Such as the Scan 
ning Stepper using the Krf excimer laser as a light Source 
(hereinafter Summing it to “KrF Scanner unit as appropri 
ate), a non-critical layer (also referred to as a rough layer) 
made up of a circuit pattern having a wider line width 
compared to the critical layer, and a middle layer made up 
of a circuit pattern which line width is in between the critical 
layer and non-critical layer. 
0006. In general, resolution becomes higher when the 
exposure wavelength is shorter, and when the exposure 
wavelength is the same, resolution, in other words, the 
minimum line width resolvable becomes finer when the 
numerical aperture (N.A.) of the projection optical System 
increases. In addition, the resolution of the Static type 
exposure apparatus (also referred to as a one shot exposure 
apparatus) Such as the Stepper is far inferior compared with 
the Scanning Stepper, whereas, the throughput tends to be 
high. Accordingly, in the actual manufacturing Site of a 
Semiconductor device and the like, Various types of expo 
Sure apparatus are used depending on the layer, and the same 
electronic device is usually manufactured using a plurality 
of types of exposure apparatus. As a method of using a 
plurality of types of exposure apparatus depending on lay 
ers, a mix-and-match; combining a Scanning Stepper having 
a short exposure wavelength (for example, a Krf Scanner 
unit) and a stepper having a long exposure wavelength (for 
example, an i-line stepper), is frequently used. 
0007. In addition, with the projection exposure apparatus, 

it is necessary to transfer the pattern of the mask onto the 
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Substrate in a State where the Surface of the Substrate Such as 
the wafer coincides with the best image-forming plane of the 
projection optical System. For this reason, in the projection 
exposure apparatus, a System to detect the position of the 
wafer Surface in the optical axis direction of the projection 
optical System (hereinafter appropriately referred to as 
“height position”)—a height position detection System—is 
provided. In recent years, Since the height position cannot be 
detected accurately when the height position measurement 
of the wafer is performed at only one point due to the 
influence of Steps on the wafer Surface, a height position 
detection System that detects the height position at a plural 
ity of points on the wafer (hereinafter also referred to as a 
“multiple point AF system') has been proposed. This mul 
tiple point AF system, for example, irradiates light having 
passed through a plurality of Slits arranged in a predeter 
mined pitch onto the wafer from an oblique direction, and 
based on the positional relationship between the light 
reflected off the wafer and a plurality of photo-detectors 
(photodetection elements) corresponding to the respective 
Slit lights, the height position is detected with high precision 
at a plurality of points on the wafer. 

0008. In addition, with the height position detection 
System, detection of the height position becomes difficult 
when the height position of the wafer deviates from the best 
focal position and the light reflected off the wafer does not 
reach the photodetection area of the photodetection elements 
(when the height position of the wafer is off the range of the 
height position range detectable by the photodetection ele 
ment) Also, with the multiple point AF system that irradiates 
a plurality of slit lights onto the wafer from an oblique 
direction, forms a plurality of Slit images arranged in a 
predetermined pitch on a wafer, and individually detects the 
catoptric light of each Slit light with a plurality of photo 
detectors, if the height position of the wafer deviates from 
the target position, then the Slit images on the wafer deviates 
in the arrangement direction of the Slit images. When the 
deviation amount of the slit image on the wafer reaches half 
(%) the pitch of the slit image (the interval between two 
adjacent slit images), these catoptric lights shift one by one 
with respect to their corresponding photo-detectors and are 
incident on the photo-detectors arranged next to the corre 
sponding photo-detectors. Accordingly, the photo-detectors 
excluding the ones arranged on the edge output the same 
Signals as when the wafer Surface is located at the target 
position. In this case, the multiple point AF System may 
make an error in detection and consider that the position of 
wafer Surface is at the target position, in Spite of the fact that 
the wafer Surface is off the target position. 

0009 So, with the current projection exposure apparatus, 
a photoelectric Sensor called a tracking Sensor is arranged in 
general. The tracking Sensor detects the deviation direction 
of the Substrate Surface from the target position, even in the 
case the height position cannot be detected because the 
height position of the Substrate Surface has deviated from the 
target position, and when the plurality of light rays for height 
position detection reflected off the Substrate shift one by one 
with respect to their corresponding photo-detectors and are 
incident on the photo-detectors arranged next to the corre 
sponding photo-detectors, the tracking Sensor detects that 
the height position of the Substrate is off the target position. 
The multiple point AF System that includes the tracking 
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Sensor is disclosed in, for example, Japanese Patent Laid 
Open (Unexamined) No. 07-130635, and the corresponding 
U.S. Pat. No. 5,569,930. 

0010. In addition, in the case of the projection exposure 
apparatus Such as the conventional Steppers, conditions 
contributing to improvement in throughput that has nothing 
to do with the improvement of resolution, Such as, the 
Stepping Velocity of the Substrate Stage in between shots, 
permissible positional error on position Setting Settlement, 
and the like were always the same when exposure was 
performed. That is, in what is called the process program 
file, which is a type of database for Setting exposure con 
ditions, various control parameters were Set without any 
options. In other words, with the conventional projection 
exposure apparatus the control parameterS Such as the Stage 
parameter were Set with the exposable minimum line width 
as the target; regardless of the pattern line width required. 

0.011 Now, the size of the exposable maximum area 
(hereinafter referred to as “exposure range') with a conven 
tional Stepper is, for example, a 22 mmx22 mm sized Square, 
whereas with the Scanning Stepper the size of the exposure 
range is, for example, a 25 mmx33 mm sized rectangle, 
being different in size and shape. Therefore, when a shot 
area of the Stepper and a shot area of the Scanning Stepper 
were overlaid based on the mix-and-match referred to ear 
lier, and a So-called 1 in 1 exposure was performed, the 
actual exposure area of the Scanning Stepper capable of 
exposing a large area had to be limited to the exposure range 
of the stepper. Thus, the capability of the Scanning stepper 
(large exposable range) could not be efficiently used. 

0012. On the other hand, when one shot area of the 
Scanning Stepper and two adjacent shot areas of the Stepper 
are overlaid, and a So-called 2 in 1 exposure is performed, 
errors of shot rotation, shot magnification, and the like may 
remain Since the center of the two shot areas differ. 

0013 In addition, with the conventional stepper and the 
Scanning Stepper, in accordance with the different alignment 
method of the masks, masks that have alignment marks with 
a different arrangement and number were respectively used. 
The mix-and-match using both the Stepper and the Scanning 
Stepper that have a different exposure range size is disclosed 
in, for example, U.S. Pat. No. 5,989,761. 

0.014. Also, with the conventional projection exposure 
apparatus, the measurement point corresponding to the 
tracking Sensor was located at one or two points around the 
center portion within the projection area. Or, a pair of points 
was arranged outside a set of opposing Sides of a rectangular 
area Serving as the projection area, in the vicinity of the 
center portion of the remaining opposite Sides. Therefore, 
depending on how the Shot area where exposure is per 
formed first (first shot) is set, the situation may occur when 
the measurement point of the tracking Sensor is off the wafer 
upon first exposure. That is, usually for the first shot, a 
circumferential shot on the wafer is Selected, however, in the 
case the circumferential shot is a So-called chipped shot, 
none of the measurement points of the tracking Sensor will 
not be located on the wafer. The tracking Sensor is used 
mainly for setting the wafer surface Swiftly in the vicinity of 
the best focal position upon exposure of the first shot. 
Accordingly, in order to effectively exhibit the function of 
the tracking Sensor, the first shot needed to be set So that the 
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Situation Stated above did not occur. Thus, the arrangement 
of the shot area and the decision (selection) of the first shot 
were limited. 

0015. In addition, as is described above, with the con 
ventional projection exposure apparatus, the parameter of 
the apparatus was always fixed regardless of the minimum 
line width Subject to exposure, So exposure was performed 
with the same accuracy in both cases when a pattern with a 
fine line width was transferred and when a pattern with a 
wide line with was transferred. That is, even when a rough 
layer-Subject to a pattern having a wide line width-was 
exposed, the same control parameterS Such as the permis 
Sible value of Stage vibration on exposure, the positional 
deviation permissible value of the substrate surface with 
respect to the target Surface on automatic focusing, and the 
like were Set as when a middle layer or a critical layer 
Subject to a pattern having a narrower line width (the 
resolvable minimum line width set in accordance with the 
exposure wavelength and the numerical aperture of the 
projection optical System)-was exposed. 

0016. As a consequence, even in the case when the 
required exposure accuracy was low and more priority could 
have been put on throughput, exposure was performed using 
the Same control values as of the case when the required 
exposure accuracy was high and priority was required on 
resolution. 

SUMMARY OF THE INVENTION 

0017. The present invention has been made in consider 
ation of the circumstances described above, and has as its 
first object to provide a Static type exposure apparatus that 
can fully expose the capability of a Scanning exposure 
apparatus, and can effectively Suppress an overlay error with 
the pattern formed by the Scanning exposure apparatus from 
occurring. 

0018. The second object of the present invention is to 
provide a mask capable of usage in both the Scanning 
exposure apparatus and the Static type exposure apparatus. 

0019 And, the third object of the present invention is to 
provide a Surface position adjustment unit capable of Swiftly 
adjusting the positional deviation related to a Second object, 
on which a pattern of a first object is projected, in the optical 
axis direction of the projection optical System. 

0020. In addition, the fourth object of the present inven 
tion is to provide an exposure apparatus with an improved 
degree of freedom when the arrangement of divided areas on 
the Substrate is Set and when the exposure Sequence of the 
divided areas is set (Selected). 
0021 Further, the fifth object of the present invention is 
to provide a device manufacturing method that can contrib 
ute to improving the productivity of a device. 

0022. According to the first aspect of the present inven 
tion, there is provided a first exposure apparatus that exposes 
a Substrate via a mask with an energy beam in a State where 
the mask and the Substrate are Stationary, the exposure 
apparatus comprising an exposure System which includes: a 
projection optical System having an image field large enough 
So that a divided area on the Substrate exposed in one time 
with a Scanning exposure apparatus can be exposed in one 
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shot by projecting the energy beam outgoing from the mask 
onto the Substrate; and a Substrate Stage on which the 
Substrate is mounted. 

0023 The Scanning exposure apparatus, here, refers to an 
exposure apparatus based on the Scanning type method, Such 
as a Scanning stepper (Scanning step type projection expo 
Sure apparatus), which transfers a pattern of the mask on to 
a divided area on the Substrate while the mask and the 
Substrate are Synchronously moved. 
0024. With this exposure apparatus, the exposure system 
comprises a projection optical System that has an image field 
large enough so that a divided area (shot area) on the 
Substrate exposed in one time with a Scanning exposure 
apparatus can be exposed in one shot by projecting the 
energy beam outgoing from the mask onto the Substrate in 
a State where the mask and the Substrate are Stationary. 
Therefore, on performing the mix-and-match referred to 
earlier, the shot area that is exposed at once with a Scanning 
exposure apparatus can be exposed in one shot. Accordingly, 
by the 1 in 1 exposure, the maximum exposable range of the 
Scanning exposure apparatus can be set as the shot area, and 
this allows the capability of the Scanning exposure apparatus 
to be exhibited to the full, and also becomes possible to 
SuppreSS residual errorS Such as shot rotation, shot magni 
fication due to overlay to the utmost, Since both the exposure 
apparatus (the Scanning exposure apparatus and the expo 
Sure apparatus in the present invention) have the same shot 
Center. 

0025. In this case, the one divided area exposed with the 
Scanning exposure apparatus can have a rectangular shape 
with a size which is one of (25mmx33 mm) and (26 mmx33 
mm). And in this case, the mask can be a 6-inch size, and the 
projection optical System can have a projection magnifica 
tion of 4. 

0026. With the first exposure apparatus related to the 
present invention, the one divided area exposed with the 
Scanning exposure apparatus can have a rectangular shape 
with a size of (22 mmx26 mm). In this case, the mask can 
be a 6-inch size, and the projection optical System can have 
a projection magnification of /s. 
0027. With the first exposure apparatus related to the 
present invention, the image field can have a circular shape 
with a diameter in which the divided area of the Scanning 
exposure apparatus is almost inscribed. That is, in the case 
the one divided area is of a rectangular shape having the size 
(a mmxb mm), the image field can be of a circular shape 
having a diameter of at least Ds(a+b)'. 
0028. With the first exposure apparatus related to the 
present invention, the projection optical System can be 
capable of resolving a pattern having a line width of 0.35 um 
on the Substrate. 

0029 With the first exposure apparatus related to the 
present invention, the exposure apparatus can further com 
prise: a control System which totally controls the exposure 
System and changes a control factor of the exposure System 
related to throughput in accordance with a minimum line 
width of a pattern Subject to transfer. In Such a case, the 
exposure System comprises a control System, which changes 
the control factor of the exposure System related to through 
put (hereinafter referred to as “throughput control factor” as 
appropriate) in accordance with the minimum line width of 
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the pattern Subject to transfer. So, for example, on exposure 
when the minimum line width of the pattern subject to 
transfer is fine and requires tight exposure accuracy, the 
throughput factor is changed So that the State (or value) 
moves into a State where priority on resolution is higher than 
throughput. Whereas, on exposure when the minimum line 
width of the pattern Subject to transfer is wide and requires 
moderate exposure accuracy, the throughput factor is 
changed So that the state (or value) moves into a state where 
priority on throughput is higher than resolution. Accord 
ingly, it obviously becomes possible to improve the through 
put compared with the case when the exposure System is 
controlled with the Same throughput factor at all times. In 
addition, in this case, Since the throughput control factor is 
changed so that the State (or value) becomes a State where 
more priority is put on throughput only in the case when the 
exposure accuracy required is not So high, in other words, in 
the case when a decrease in exposure accuracy is allowed to 
Some extent, as a consequence, the exposure accuracy can be 
maintained at a Sufficient level. 

0030. Accordingly, when mix-and-match with the scan 
ning exposure apparatus Such as a Scanning stepper is 
performed, the capability of the Scanning exposure appara 
tuS can be fully exhibited, while the exposure accuracy 
(including the overlay accuracy) can be maintained at a 
Sufficient level. The throughput, in this case, can also be 
improved. 

0031. In this case, the control factor subject to the change 
can include at least one of a permissible value of a physical 
quantity related to a position Setting accuracy of the Sub 
Strate Stage; time until position Setting of the Substrate Stage 
isjudged complete; a permissible value of error from a target 
Surface of a Surface of the Substrate with respect to an optical 
axis direction of the projection optical System; a permissible 
value of heat quantity Stored in the projection optical System 
due to irradiation of the energy beam; a permissible value of 
Vibration quantity of the Substrate Stage during exposure; a 
permissible error of an exposure amount provided on the 
Substrate; a physical quantity related to an alignment mea 
Surement accuracy of the Substrate; and an on/off of auto 
matic focusing on alignment measurement. 
0032. In this case, the permissible value of the physical 
quantity related to a position Setting accuracy of the Sub 
Strate Stage can include at least one of a permissible error 
from a position Setting target value, a maximum permissible 
Velocity, and a maximum permissible acceleration. In addi 
tion, the physical quantity related to an alignment measure 
ment accuracy of the Substrate can include at least one of a 
quantity related to Selection on Selecting alignment marks 
for alignment measurement from a plurality of alignment 
marks on the Substrate and a measurement time of the 
alignment mark. 
0033 With the first exposure apparatus related to the 
present invention, the control System may change the control 
factor in 2 Stages, in the case when the minimum line width 
is less than 0.7 um and in the case when the minimum line 
width is equal to and over 0.7 um. 
0034. According to the second aspect of the present 
invention, there is provided a Surface position adjustment 
unit that makes a Surface of a Second object almost coincide 
with an image plane of a projection optical System which 
projects a pattern formed on a first object, the unit compris 
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ing: an irradiation System which forms a plurality of first 
irradiation points within a projection area of the pattern with 
the projection optical System by irradiating first lights from 
an oblique direction with respect to the Second object, and 
also forms a Second irradiation point in a vicinity of at least 
one corner of the projection area by irradiating a Second light 
from an oblique direction on the Second object; a first 
photodetection Sensor capable of individually detecting a 
reflection light from each of the first irradiation points 
photo-electrically, and of outputting a deviation signal cor 
responding to a deviation amount of the Surface of the 
Second object with respect to a predetermined reference 
Surface related to an optical direction of the projection 
optical System at each of the first irradiation points, a Second 
photodetection Sensor capable of photo-electrically detect 
ing a reflection light of the Second light from the Second 
object; a stage which holds the Second object and can be 
driven in at least the optical direction; and a driving unit 
which drives the Stage in the optical axis direction based on 
an output of the Second photodetection Sensor to arrange the 
Surface of the Second object in a vicinity of a best image 
forming plane of the projection optical System, and drives 
the Stage in the optical axis direction based on the output of 
the first photodetection Sensor at each of the points to make 
the Surface of the Second object almost coincide with the 
best image forming plane of the projection optical System. 

0035. With this unit, the first photodetection sensor 
detects the deviation amount of the Surface of the Second 
object against a predetermined reference Surface (for 
example a target Surface) in the optical axis direction of the 
projection optical System. When the position of the Second 
object in the optical axis direction deviates, however, the 
reflection lights of the first light, which is the light irradiated 
from the irradiation System onto a plurality of first irradia 
tion points on the Second object, respectively irradiate the 
position shifted from the corresponding first photodetection 
Sensors, and the situation may occur when the position of the 
Second object in the optical axis direction cannot be 
detected. Therefore, the driving unit moves the Stage based 
on the output of the Second photodetection Sensor So as to 
arrange the Surface of the Second object held on the Stage in 
the vicinity of the best image forming plane of the projection 
optical System. And, when the position of the Surface of the 
Second object in the optical axis direction is arranged in the 
vicinity of the best image forming plane of the projection 
optical System, and the reflection lights of the first light 
irradiated onto the plurality of first irradiation points are 
photo-detected by the corresponding first photodetection 
Sensors, the driving unit moves the Stage in the optical axis 
direction So as to make the Surface of the Second object 
almost coincide with the best image forming plane of the 
projection optical System, based on the deviation signals 
from the respective first photodetection Sensors. In this case, 
the Second photodetection Sensor can acknowledge that the 
Surface of the Second object is located in the vicinity of the 
image plane of the projection optical System, and this allows 
the surface of the second object to smoothly coincide with 
the best image forming plane of the projection optical 
System. In addition, Since the irradiation System irradiates 
the Second light on the Second object from an oblique 
direction and the Second irradiation point is formed in the 
vicinity of at least one corner of the projection area, it is easy 
to form the Second irradiation point on the Second object by 
adjusting the positional relationship of the Second object and 
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the projection optical System within the plane perpendicular 
to the optical axis. Accordingly, even if the shape of the shot 
area (divided area) on the Second object where the pattern of 
the first object is projected by the projection optical System 
is partially chipped, the positional deviation of the Second 
object in the optical axis direction of the projection optical 
System can be Swiftly adjusted. 

0036 With the surface position adjustment unit accord 
ing to the present invention, it is preferable for at least one 
of the Second irradiation point to be arranged respectively in 
a vicinity of four corners of the projection area, and the 
Second photodetection Sensor to be individually arranged 
corresponding to each of the Second irradiation points. In 
Such a case, at least a single Second irradiation point is 
formed on the Second object without adjusting the positional 
relationship of the Second object and the projection optical 
System within the plane perpendicular to the optical axis as 
is described above. Accordingly, even if the shape of the shot 
area (divided area) on the Second object where the pattern of 
the first object is projected by the projection optical System 
is partially chipped, the positional deviation of the Second 
object in the optical axis direction of the projection optical 
System can be Swiftly and can also more easily be adjusted. 

0037. In this case, selection of a second photodetection 
Sensor to be used can be made from at least four Second 
photodetection Sensors corresponding to the Second irradia 
tion points. In Such a case, even if the shape of the shot area 
(divided area) on the second object where the pattern of the 
first object is projected by the projection optical System is 
partially chipped, it becomes possible to Select a Suitable 
Second photodetection Sensor in accordance with the shape 
of the shot area. 

0038. With the surface position adjustment unit accord 
ing to the present invention, when at least one of the Second 
irradiation point is arranged respectively in the vicinity of 
the four corners of the projection area, each of the Second 
irradiation points can be arranged within an area located on 
an outer Side of two triangular shaped areas, when the 
projection area is divided into four rectangular areas along 
a two dimensional direction perpendicular to the optical axis 
and each of the rectangular areas is diagonally divided into 
two in the two triangular shaped areas. 

0039. With the surface position adjustment unit accord 
ing to the present invention, the Second photodetection 
Sensor can function as a tracking Sensor and the output of the 
Second photodetection Sensor can include whether there 
actually is a detection Signal to be detected. 
0040. With the surface position adjustment unit accord 
ing to the present invention, a Selection of a first photode 
tection Sensor to be used can be made arbitrarily from Said 
plurality of first photodetection Sensors. 

0041. With the surface position adjustment unit accord 
ing to the present invention, the driving unit may use both 
outputs of the first photodetection Sensor and the Second 
photodetection Sensor when the Surface of the Second object 
is in the vicinity of the best image forming plane of the 
projection optical System. That is, when the Surface of the 
Second object is in the vicinity of the best image forming 
plane of the projection optical System, the Second photode 
tection Sensor may output Signals corresponding to the 
deviation amount of the surface of the second object with 
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respect to the optical axis direction against the predeter 
mined reference Surface, and the driving unit may use both 
this output and the output of the first photodetection Sensor 
in order to adjust the Surface position of the Second object in 
the optical axis direction. 
0042. According to the third aspect of the present inven 
tion, there is provided a Second exposure apparatus that 
transferS a pattern of a mask onto a Substrate via a projection 
optical System wherein, the first object is the mask, the 
Second object is the Substrate, the exposure apparatus 
including the Surface position adjustment unit related to the 
present invention So as to make the Surface of the Substrate 
coincide with the best image forming plane of the projection 
optical System, and having an exposure System that transfers 
the pattern. 
0043. With this apparatus, even if the shot area (projec 
tion area, that is, the divided area) on the Substrate where the 
mask pattern is projected has a shape partially chipped, the 
positional deviation of the Substrate in the optical axis 
direction of the projection optical System can be Swiftly 
adjusted. Accordingly, there are no Serious problems even 
when the So-called chipped divided area is provided on the 
substrate. Therefore, the area utility efficiency of the sub 
Strate can be improved, as well as increase the degree of 
freedom when arranging the shot area on the Substrate. 
0044) In this case, it is preferable for at least one second 
irradiation point to be formed respectively in a vicinity of 
four corners of a projection area of the projection optical 
System, and the Second photodetection sensors to be 
arranged individually corresponding to each of the Second 
irradiation points. In Such a case, a divided area (including 
a chipped divided area) of any position on the Substrate can 
be set (selected) as the divided area where exposure is to be 
first performed without any problems, therefore, the degree 
of freedom can also be improved when Setting (Selecting) 
the exposure Sequence of the divided areas. 
0.045 With the second exposure apparatus according to 
the present invention, the Second irradiation point can be 
formed in the vicinity of a plurality of corners of the 
projection area, and the driving unit can Select the Second 
irradiation point formed in the vicinity of at least one corner 
of the plurality of corners in accordance with a position of 
a divided area on the Substrate corresponding to the projec 
tion area, and can drive the Stage based on a photoelectric 
detection result by the Second photoSensor of a reflection 
light from a Surface of the Second object at the Second 
irradiation point. In Such a case, when the divided area 
corresponding to the projection area where the mask pattern 
is projected by the projection optical System is a chipped 
shot, the driving unit Selects the Suitable Second irradiation 
point in accordance with the shape of the divided area So that 
it can drive the Stage and control the position in the optical 
axis direction, based on the photoelectric detection results of 
the reflection light from the surface of the second object at 
the Selected irradiation point by the Second Sensor. In 
addition, it is possible to Select the Second photodetection 
Sensor to be used depending on the Size of the divided area 
(shot area). 
0046) With the second exposure apparatus according to 
the present invention, the projection optical System may 
have an image field large enough So that a divided area on 
the Substrate can be exposed in one shot in a State where the 
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mask and the Substrate are Stationary, the divided area being 
an area exposed in one time with a Scanning exposure 
apparatus used to perform Scanning exposure on the Sub 
Strate at one of a timing before and after an exposure process 
of the SubStrate using the mask. In Such a case, by 1 in 1 
exposure, the maximum exposable area of the Scanning 
exposure apparatus can be set as the shot area, and this 
allows the capability of the Scanning exposure apparatus to 
be exhibited to the full, and also becomes possible to 
SuppreSS residual errorS Such as shot rotation, shot magni 
fication due to overlay to the utmost, Since both the exposure 
apparatus have the same Shot center. 
0047. In this case, the exposure apparatus can further 
comprise: a control System which totally controls the expo 
Sure System and changes a control factor of the exposure 
System related to throughput in accordance with a minimum 
line width of a pattern Subject to transfer. 
0048. With the second exposure apparatus according to 
the present invention, regardless of the size of the image 
field of the projection optical System, the exposure apparatus 
may further comprise: a control System which totally con 
trols the exposure System and changes a control factor of the 
exposure System related to throughput in accordance with a 
minimum line width of a pattern Subject to transfer. In Such 
a case, for example, on exposure when the minimum line 
width of the pattern Subject to transfer is fine and requires 
tight exposure accuracy (Such as in the exposure of a critical 
layer), the throughput factor is changed So that the State (or 
value) moves into a State where priority on resolution is 
higher than throughput, whereas, on exposure when the 
minimum line width of the pattern Subject to transfer is wide 
and requires moderate exposure accuracy (Such as in the 
exposure of a non-critical layer (rough layer or a middle 
layer)), on the contrary, the throughput factor is changed So 
that the State (or value) moves into a state where priority on 
throughput is higher than resolution. Accordingly, it obvi 
ously becomes possible to improve the throughput compared 
with the case when the exposure System is controlled with 
the same throughput factor at all times. 
0049. In the mix-and-match exposure using the scanning 
exposure apparatus and the Static type exposure apparatus, 
when the divided area on the substrate exposed by the 
Scanning exposure apparatus is made So that it can be 
exposed in one shot with the Static type exposure apparatus 
as is described above, it becomes possible for the Static type 
exposure apparatus to use the mask that has the same pattern 
area as the mask conventionally used by the Scanning 
exposure apparatus. Taking this a step further, the possibility 
of the Scanning eXposure apparatus and the Static type 
exposure apparatus using the very Same mask arises. The 
arrangement of the mask alignment mark differs between the 
mask for the Scanning exposure apparatus and the Static type 
exposure apparatus. The mask related to the present inven 
tion has been made under Such circumstances. 

0050. According to the fourth aspect of the present inven 
tion there is provided a mask used in an exposure apparatus, 
the mask comprising: a mask Substrate; and a predetermined 
pattern which is formed on one side of the mask Substrate 
and includes a circuit pattern and a mask alignment mark for 
a Scanning exposure apparatus and a mask alignment mark 
for a Static type exposure apparatus. 
0051. The mask according to the present invention, con 
tains alignment marks for the respective apparatus, there 
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fore, in cases Such as when mix-and-match is performed, it 
is possible to use the mask in both the Scanning exposure 
apparatus and the Static type exposure apparatus. 

0.052 In this case, the predetermined pattern may further 
include a pattern for aerial image measurement. 
0053. In addition, in a lithographic process, by using 
either the first exposure apparatus or the Second exposure 
apparatus of the present invention, a pattern can be accu 
rately formed on a Substrate, thus allowing production of a 
microdevice with a higher integration with good yield. 
Accordingly, from another aspect of the present invention, 
there is provided a device manufacturing method that uses 
either the first exposure apparatus or the Second exposure 
apparatus of the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0054. In the accompanying drawings: 

0.055 FIG. 1 is a schematic view showing the arrange 
ment of the exposure apparatus of an embodiment according 
to the present invention; 

0056 FIG. 2 is a detailed view showing the illumination 
unit portion in FIG. 1; 

0057 FIG.3 is a view (a planar view) showing the reticle 
in FIG. 1 from the pattern surface side (from the lower 
surface side in FIG. 1); 
0.058 FIG. 4 is a planar view showing the wafer holder 
in FIG. 1; 

0059 FIG. 5 is a view showing a detailed arrangement of 
a focal position detection system in FIG. 1 with the stage 
unit, 

0060 FIG. 6A is a planar view showing an example of 
the pattern forming plate; 

0061 FIG. 6B is a view showing an arrangement of a 
pattern image on the Surface of the wafer corresponding to 
the pattern forming plate in FIG. 6A; 

0.062 FIG. 6C is a view showing the photodetection 
Sensors corresponding to the pattern forming plate in FIG. 
6A, 

0.063 FIG. 7A is a view showing an example of an 
arrangement of the shot area formed on the wafer; 

0.064 FIG. 7B is a view showing another example of an 
arrangement of the shot area formed on the wafer; 

0065 FIG. 8A is a planar view showing a modified 
example of the pattern forming plate; 

0.066 FIG. 8B is a view showing an arrangement of a 
pattern image on the Surface of the wafer corresponding to 
the pattern forming plate in FIG. 8A; 

0067 FIG. 8C is a view showing the photodetection 
units corresponding to the pattern forming plate in FIG. 8A, 

0068 FIG. 9 is a view for explaining an example when 
mix-and-match is performed with a Scanning exposure appa 
ratus and the exposure apparatus according to the present 
embodiment; 
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0069 FIG. 10 is a flow chart showing a control algorithm 
of the main controller related to a Series of processing 
operations of the exposure apparatus, 
0070 FIG. 11 is a view showing an example of a data 
table when the throughput control parameter is Set with 
respect to 2 modes, a mode when the minimum line width 
Subject to exposure 1 is 0.3 um and over and less than 0.7 um 
and a mode when the minimum line width subject to 
exposure 1 is 0.7 um and over, 
0071 FIG. 12 is a view for explaining the reason to set 
the X, Y permissible values in FIG. 11 by modes, showing 
a temporal change of positional error against target values of 
the X stage and the Y stage (Substrate table) after decelera 
tion is completed; 
0072 FIG. 13 is a view for explaining a suitable arrange 
ment range of slit images (the Second irradiation points) for 
Z-following; 

0073 FIG. 14 is a flow chart for explaining an embodi 
ment of a device manufacturing method according to the 
present invention; and 
0074 FIG. 15 is a flow chart showing the processing in 
step 204 in FIG. 14. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0075 An embodiment according to the present invention 
will now be described, with reference to FIGS. 1 to 12. In 
FIG. 1, an arrangement of an exposure apparatus related to 
the embodiment is Schematically shown. The exposure 
apparatus 10 is a reduction projection exposure apparatus 
(the so-called Stepper) based on the step-and-repeat method. 
And, the exposure apparatus 10 comprises a main body 
chamber 12 and a mechanical room chamber 20 arranged 
adjacent in the X-axis direction (the horizontal direction in 
FIG. 1) on the floor surface of the clean room. 
0076) The main body chamber 12 is divided into two 
rooms, room 22 and room 24, with a partition wall. Room 
22, located on the left in FIG. 1, houses a main controller 28 
(refer to FIG. 5), processors besides the main controller 28, 
and the like Serving as a control System that will be describe 
later on. In addition, inside this room 22, two rooms 36a and 
36b are vertically provided, divided by a partition wall not 
shown in Figs. The upper room 36a Serves as a reticle loader 
chamber where a reticle loader 4.0a consisting of a reticle 
library (not shown in FigS.) and a jointed arm robot, and the 
like are arranged. Also, the lower room 36b Serves as a wafer 
loader chamber where a wafer loader 40b consisting of a 
wafer carrier (not shown in FigS.) and a jointed arm robot, 
and the like are arranged. Furthermore, an input/output unit 
29 (refer to FIG. 5) Such as a display and a keyboard are 
arranged outside the room 22. 
0077 Room 24 serves as an exposure room where most 
of the exposure system 100 is housed. The exposure system 
100 comprises: an illumination unit ILU which illuminates 
a reticle R Serving as a mask with an emission line in the 
ultraViolet region (i-line) having a wavelength of 365 nm, a 
reticle stage RST which holds the reticle R; a projection 
optical system PL arranged below the reticle stage RST as in 
FIG. 1; and a Stage 24 arranged below the projection optical 
system PL on which a wafer W serving as a substrate (and 
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a second object) is mounted, and the like. AS is shown in 
FIG. 1, a part of the illumination unit ILU (the right hand 
side in FIG. 1) is housed in the mechanical room chamber 
20, and the remaining portion is housed within the exposure 
room 24. Other parts structuring the exposure system 100 
are arranged within the exposure room 24. 

0078. In the mechanical room chamber 20, air condition 
ing units including a cooler, a heater, an air distribution fan 
(all of them omitted in Figs.), and the like are housed. With 
these air conditioning units, the exposure room 24, reticle 
loader room 36a, and wafer loader room 36b are air condi 
tioned via an air Supply/exhaust piping System (not shown in 
Figs.), and the temperature of these rooms is controlled So as 
to maintain a target temperature of around t0.1° C. In 
addition, in various places of the air Supply/exhaust System, 
air filters (HEPA filter, ULPA filter, and the like) for remov 
ing particles are arranged if necessary. Incidentally, chemi 
cal filters maybe arranged in the air Supply/exhaust System 
at necessary places to remove organic material or ion. Also, 
in the mechanical room chamber 20, a part of the illumina 
tion unit ILU and the air conditioning unit are arranged in 
two independent rooms divided by a partition wall (not 
shown in FigS.), and the air conditioning unit performs air 
conditioning of the room where a part of the illumination 
unit ILU is arranged. 

0079 Next, a detailed description will be made on each 
part that structures the exposure system 100. As is shown in 
FIG.2, the illumination unit ILU is actually divided into two 
housing portions. The housing 50 indicated on the right hand 
side in FIG. 2 is a lamp house that houses an ultra-high 
preSSure mercury lamp Serving as a light Source for exposure 
(hereinafter referred to as “mercury lamp'). And, the hous 
ing 44 indicated on the left hand side in FIG. 2 is an 
illumination System housing that houses various types of 
optical members. 

0080 Inside the lamp house 50, a mercury lamp 14, an 
elliptic mirror 16, a shutter (not shown in Figs.), an inter 
ference filter 18, and the like are arranged in a predetermined 
positional relationship. Also, inside the illumination System 
housing 44, arranged from the right Side, a first relay lens 30, 
a reticle blind 32, a second relay lens 34, and a mirror M2 
are housed. And, at the borderline portion of the lamp house 
50 and the illumination system housing 44, an illuminance 
unifying optical System 26 that includes an input lens or an 
optical integrator (Such as a fly-eye lens, an internal reflec 
tion type integrator (Such as a rod lens), or a diffraction 
optical element, and in this embodiment a fly-eye lens is 
used and hereinafter will also be referred to as “fly-eye 
lens”) or the like, is arranged. In addition, at the outgoing 
end portion of the illumination System housing 44, that is, 
below the mirror M2, a main condenser lens 38 is arranged. 
0081. The description of each portion making up the 
illumination unit ILU (excluding the housing) will now be 
made with details on its operation, based on FIG. 2. The 
illumination light EL emitted from the mercury lamp 14 is 
condensed at the second focal point by the elliptic mirror 16. 
In the vicinity of the Second focal point, a shutter (not shown 
in FigS.) opened/closed by the Shutter driving mechanism 
(not shown in FigS.) is arranged, and when the Shutter is 
open, the illumination light EL is incident on the interference 
filter 18 via the mirror M1. And, the interference filter 18 
extracts only the wavelength spectrum necessary for expo 
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Sure, such as the i-line with the wavelength of 365 nm. As 
the exposure light, other than the i-line, the g-line having a 
wavelength of 436 nm may be used, or a mixture of light 
having a plurality of types of wavelengths may also be used. 
Further, instead of the mercury lamp 14, the light Source 
may be structured of an excimer laser or the like that emits 
a pulse light in the far ultraViolet region, Such as the Krf 
excimer laser beam (wavelength: 248 nm) or the ArF 
excimer laser beam (wavelength: 193 nm). 
0082 The exposure light EL having passed through the 
interference filter 18 (i-line component) then enters the 
illuminance unifying optical System 26. The focal plane on 
the outgoing Side of the fly-eye lens Structuring the illumi 
nance unifying optical System 26 has a positional relation 
ship conjugate with the mercury lamp 14, and makes up a 
Secondary light Source plane. 
0083. The light emitted from each point light source 
(element) structuring the Secondary light Source plane of the 
fly-eye lens passes through the illumination System aperture 
stop (not shown in Figs.), the first relay lens 30, and then 
illuminates the reticle blind 32. In this case, as the reticle 
blind 32, a variable blind which shape of opening is variable 
is employed. As is shown in FIG. 5, a movable blind is 
arranged as the reticle blind 32 which is made up of two 
L-shaped movable blades 45A and 45B (hereinafter, the 
movable blind will also be referred to as "movable blinds 
45A and 45B"). The arrangement surface of the movable 
blinds 45A and 45B is conjugate with the pattern Surface of 
the reticle R. And the movable blinds 45A and 45B are 
driven via movable blind driving mechanisms 43A and 43B, 
which operation is controlled by the main controller 28. In 
the case of using the internal reflection type integrator as the 
optical integrator, the Secondary light Source plane referred 
to earlier becomes the Side of the entering plane, and as an 
example, the reticle blind (masking blade) 32 is arranged 
close to the outgoing Surface which is Substantially conju 
gate with the reticle pattern. 
0084) Referring back to FIG. 2, the illumination light EL 
(i-line component) having passed through the opening of the 
reticle blind 32, passes through the Second relay lens 34, 
then is deflected by the mirror M2 and illuminates the reticle 
R arranged in a positional relationship of Fourier Transform 
with the Secondary light Source plane, via the main con 
denser lens 38. In this case, individual lens elements of the 
fly-eye lens play the role of an optical integrator by illumi 
nating the reticle R via the main condenser lens 39. Accord 
ingly, the illumination area Set by the opening of the reticle 
blind 32 on the reticle R can be illuminated in uniform. 

0085. In this embodiment, the lamp house 50 is con 
nected to the chemical filter fan unit FFU via two hoses 46A 
and 46B. The chemical filter fan unit FFU is structured of: 
a chemical filter, an air distribution portion incorporating a 
fan; and a ULPA filter (all of them omitted in Figs.), 
arranged from the right side in FIG. 2. In this case, the left 
hand edge in FIG. 2 of the HEPA filter and the upper edge 
of the lamp house 50 are connected by the hose 46A, and the 
air within the lamp house 50 is exhausted from the air 
exhausting portion 46B arranged at the lower edge. In 
addition, an air intake 48 is arranged projecting on the right 
hand edge of the chemical filter. 
0086 The chemical filter may have any structure, so long 
as it can remove clouding materials (chemical material) Such 
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as the ammonium Sulfate as the mainline, and any type of 
chemical filterS Such as the electroStatic type, the activated 
carbon type, the chemical added activated carbon type, the 
ion eXchange type, can be used. 
0087. The operation of the chemical filter fan unit FFU 
will now be briefly described. When the main controller 28 
(refer to FIG. 5) turns on the mercury lamp 14, the fan 
incorporated in the air distribution portion is driven Simul 
taneously, and the air taken in by the air intake 48 is 
provided to the lamp house 50 through the chemical filter fan 
unit FFU and the hose 46A. 

0088. The air taken in by the air intake 48 becomes a 
chemically cleaned air (that is, air which clouding materials 
are removed) by passing through the chemical filter. Then, 
when after physical dust (air particles) is removed by the 
ULPA filter, the air is supplied to the lamp house 50 via the 
hose 46A. 

0089. The cleansed air supplied to the lamp house 50 
chemically clean, as well as physically clean, becomes 
heated air due to the heat generation of the mercury lamp 14 
and is exhausted through the exhausting portion 46B. 

0090 The air intake 48 takes in the outer air (the air in the 
clean room atmosphere) by natural intake, and during the air 
circulation referred to above, pressure at the downstream 
Side of the air distribution portion is positive with respect to 
the external pressure due to the rotation of the fan (not 
shown in Figs.), whereas pressure at the upstream side is 
negative, So the amount of outer air taken in relevant to the 
portion where the pressure is positive to the external pres 
Sure, mainly the amount almost the same as the air flowing 
out from the lamp house 50. 
0.091 AS is described, in the embodiment, since air which 
clouding materials are removed by the chemical filter is 
supplied to the lamp house 50, the optical reflection surface 
or the transmittance surface of the elliptic mirror 16, the 
mercury lamp 14, the mirror M1, and the like are not 
clouded. Therefore, a decline in performance of the expo 
Sure apparatus due to the reduction in transmittance of the 
optical System or the like can be prevented. 
0092 Incidentally, the air supplied to the lamp house 50 
may be returned to the chemical filter fan unit FFU through 
a hose or the like. This can extend the life of the chemical 
filter, which results in reducing the running cost and improv 
ing the maintenance ability becomes possible. In this case, 
a cooler may be arranged within the chemical filter fan unit 
FFU, so that the air exhausted from the lamp house 50 may 
be cooled off. 

0093 Meanwhile, as is shown in FIG. 2, to the illumi 
nation System housing 44, dry air which is a factory utility 
is Supplied at all times via the filter unit FU incorporating the 
chemical filter and the HEPA filter (or the ULPA filter). In 
this case, as well, air which clouding materials are removed 
by the chemical filter is Supplied to the illumination System 
housing 44, therefore the optical reflection Surface or the 
transmittance Surface of the lenses, mirrors, and the like are 
not clouded, thus a decline in performance of the exposure 
apparatus due to the reduction in transmittance of the optical 
System or the like can be prevented. In this case, Since the 
illumination System housing 44 is not hermetically Sealed, 
the dry air Supplied leaks out into the exposure room by 
natural exhaustion. 
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0094) Referring back to FIG. 1, the reticle stage RST has 
a vacuum Suction portion 52 on its upper Surface in the four 
corner portions, and via the vacuum Suction portion 52 the 
reticle R is held on the reticle stage RST. The reticle stage 
RST has an opening (omitted in Figs.) corresponding to the 
pattern area PA(refer to FIG. 3), which is an area where the 
circuit pattern of the reticle R is formed. And, the reticle 
stage RST is finely movable in the X direction, Y direction, 
and OZ direction (the rotational direction around the Z-axis) 
by the driving mechanism (not shown in FigS.). 
0.095 Next, the reticle R used in the embodiment will be 
described, based on FIG. 3. FIG. 3 shows a planar view of 
the reticle R when viewed from the pattern Surface side 
(from the lower surface in FIG. 1). As the reticle R, a square 
shaped glass Substrate is used, that has a Side 6 inches, or 
around 152.4 mm. On one Surface of the glass Substrate (the 
upper Surface side in FIG. 3), a rectangular pattern area PA 
having a lateral length W (W, for example, around 100 mm) 
and a longitudinal length L (L, for example, around 132 mm) 
is formed. The center of the pattern area PA coincides with 
the center of the glass Substrate design wise. The center of 
the pattern area PA will hereinafter be referred to as the 
reticle center Rc. On the periphery of the pattern area PA, a 
blackout Strip BS is arranged, having a width of around 2 

. 

0096] With the projection optical system, the reticle 
needs to be aligned at a predetermined reference position 
prior to exposure. AS the reference for the alignment, the 
reticle alignment mark is usually arranged. And, by mea 
Suring the reticle alignment mark using the reticle alignment 
microscope (the reticle alignment microscope used in the 
embodiment will be referred to later in the description) the 
deviation from the reference position of the reticle (AX, AY, 
and A0Z) is obtained, and the alignment of the reticle is 
performed to finely drive the reticle (fine adjustment) and 
correct these deviations. The reticle alignment is always 
performed prior to exposure regardless of the first layer, the 
Second layer, or the layer onward; therefore, it is necessary 
to form the reticle alignment mark on all the reticles in 
advance. 

0097. On the reticle R used in the embodiment, as is 
shown in FIG. 3, along the X-axis passing through the 
reticle center Rc at a Symmetric position with respect to the 
reticle center Rc, 15 mm away from the outer edge of the 
pattern area PA (the inner edge of the blackout strip BS), a 
pair of reticle alignment markS RX1y and RX20 are arranged. 
Besides the pair, on the reticle 3, as is shown in FIG. 3, 
Seven pairs of reticle alignment markS-RXy 1, RXy2, RXy3, 
Rxy4, Rxy5, Rxy6, Rxy7, Rxy8, Rxy9, Rxy 10, Rxy 11, 
RXy 12, RXy 13, and RXy 14-are respectively formed in the 
vicinity of (0.1-0.2 mm away from) the blackout strip BS in 
an arrangement Symmetric to the Y-axis passing through the 
reticle center Rc. 

0098. Of these marks, the pair of reticle alignment marks 
RXy 13 and RXy 14 is arranged on the X-axis passing through 
the reticle center Rc. In addition, the reticle alignment marks 
RXy 1, RXy3, and RXy5, and the reticle alignment marks 
RXy7, Rxy9, and RXy 11 are respectively symmetric to the 
X-axis passing through the reticle center Rc, and Similarly, 
the reticle alignment markS RXy2, RXy4, and RXy6, and the 
reticle alignment marks Rxy8, Rxy 10, and RXy 12 are 
respectively Symmetric to the X-axis passing through the 
reticle center Rc. 
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0099 AS is shown in FIG. 3, on the reticle R, other than 
the reticle alignment marks described above, four pairs of 
measurement marks MPMa, MPMb, MPMa, MPMb, 
MPMc, MPMc, MPMd, and MPMd used for image 
forming characteristics measurement are formed in an 
arrangement Symmetric to the Y-axis passing through the 
reticle center Rc, close to the outside of the blackout Strip 
BS. In this case, the measurement marks MPMa, MPMb, 
MPMc, and MPMc, are symmetric to the measurement 
marks MPMa, MPMb, MPMd, and MPMd with respect 
to the X-axis passing through the reticle center Rc. 
0100 Referring back to FIG. 1, reticle alignment micro 
Scopes RA1 and RA2 that have pickup devices Such as the 
CCD and operate based on the image processing method 
using light with the exposure wavelength as the illumination 
light for alignment are arranged in a pair above the reticle R. 
In this case, the reticle alignment microscopes RA1 and RA2 
are provided in a symmetrical (horizontally symmetric) 
arrangement with respect to the YZ plane including the 
optical axis AX of the projection optical System. In addition, 
these reticle alignment microscopes RA1 and RA2 have a 
Structure capable of reciprocally moving along the X-axis 
direction within the XZ plane passing through the optical 
axis AX. 

0101 Normally, these reticle alignment microscopes 
RA1 and RA2 are arranged at a position where they can 
observe each of the pair of reticle alignment markS RX1y and 
RX20 arranged outside the blackout strip of the reticle R, in 
a State where the reticle R is mounted on the reticle Stage 
RST. That is, the reticle alignment marks RX1y and RX20 are 
normally used for the reticle alignment of the exposure 
apparatus 10. In other words, the reticle alignment marks 
RX1y and RX20 are mask alignment marks for the Static type 
exposure apparatuS Such as the exposure apparatus 10. 

0102) The reticle alignment microscopes RA1 and RA2, 
however, are reciprocally movable along the X-axis direc 
tion. Therefore, it is, as a matter of course, possible to use 
the pair of alignment marks RXy 13 and RXy 14 that are 
arranged closer to the pattern area PA as the reticle alignment 
marks, instead of using the reticle alignment markS RX1y 
and RX20. 

0103) In either case, by using the reticle alignment micro 
scopes RA1 and RA2, the reticle R can be aligned so that the 
center of the pattern area PA (the reticle center Rc) passes 
through the optical axis AX of the projection optical System 
PL. 

0104 Meanwhile, in the case of using the reticle R in the 
Scanning exposure apparatus Such as the Scanning stepper, of 
the Seven pairs of reticle alignment markS-RXy 1, RXy2, 
Rxy3, Rxy4, Rxy5, Rxy6, Rxy7, Rxy8, Rxy9, Rxy10, 
RXy 11, RXy 12, RXy 13, and RXy 14-at least one pair is used 
as the reticle alignment mark. That is, the reticle alignment 
markS RXy 1 to RXy 14 are mask alignment marks for the 
Scanning exposure apparatus, and the reticle alignment 
markS RXy 13 and RXy 14 in particular, are marks that can be 
used both in the Static type exposure apparatus and in the 
Scanning type exposure apparatus. 

0105 AS is obvious from the description so far, with the 
exposure apparatus 10 in the embodiment, Since the reticle 
alignment microScopes RA1 and RA2 are movable in the 
X-axis direction, reticle alignment can be performed using at 
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least a pair of a Suitable reticle alignment mark, even in the 
case when a reticle for the Scanning exposure apparatus is 
used. 

0106 The projection optical system PL is held by a main 
body column (not shown in Figs.) under the reticle R, with 
the direction of the optical axis AX as the Z-axis direction. 
The projection optical System PL is, for example, a double 
telecentric refraction optical System consisting of a plurality 
of lens elements (refraction optical elements) arranged at a 
predetermined interval in the direction of the optical axis AX 
and a barrel to hold these lens elements. AS the projection 
optical System PL, a projection optical System is used that 
has a numerical aperture N.A. of 0.52, a projection magni 
fication of /4, and an image field Ef on the image plane Side 
a circular shape with the diameter D=around 41.4 mm (refer 
to FIG. 9), and can resolve a pattern having a line width of 
around 0.3 um on the wafer W. With this projection optical 
system PL, since the equation (25x25+33x33)'=41.4 is 
valid, it is possible to expose a rectangular exposure range 
of 25 mmx33 mm all at once. 

0107 Referring back to FIG. 1, the stage unit 42 has: a 
base 54; a Y stage 56 reciprocally movable in the Y-axis 
direction in FIG. 1 on the base 54; an X stage 58 recipro 
cally movable in the X-axis direction, which is perpendicu 
lar to the Y-axis direction, on the Y stage 56; and a substrate 
table 60 Serving as a Substrate Stage arranged on the X stage 
58. In addition, on the Substrate table 60, a wafer holder 62 
having a shape almost circular is mounted, and the wafer 
holder 62 holds the wafer W by vacuum chucking. 

0.108 FIG. 4 schematically shows a planar view of the 
wafer holder 62. AS is shown in FIG. 4, the wafer holder 62 
has an outer wall (rim portion) 64 almost circular, and a 
trefoil-shaped inner wall 66 located at the center portion of 
the wafer holder 62. The area enclosed by the outer wall 64 
and the inner wall 66 having a predetermined shape, is the 
Vacuum area VA, and within this area a large number of pins 
68 having a diameter around 0.15 mm and a height around 
0.02 mm are arranged on the entire area at a Substantially 
equivalent interval. The height of the inner wall 66 and outer 
wall 64 is also to be around 0.02 mm. In addition, within the 
Vacuum area VA, a plurality of vacuum openings 70 are 
arranged in the radius direction with the central angle Spaced 
120 apart. In a loaded state of the wafer W where the wafer 
W is mounted on the wafer holder 62, the space in between 
the pins 68 enclosed by the lower surface of the wafer W, the 
inner wall 66, and the outer wall 64 is vacuum-chucked with 
the negative pressure of the vacuum pump (not shown in 
Figs.) via the plurality of vacuum openings 70, and the wafer 
holder 62 holds the wafer W by Suction. 

0109) Further outside the outer wall 64 of the wafer 
holder 62, as is shown in FIG. 4, a flange portion 72 is 
formed on almost the entire periphery area. On the flange 
portion 72, a total of five U-shaped notches 74A-74E are 
formed here and there. These notches 74A-74E are provided 
So that wafer edge Sensors can be arranged to detect the edge 
of the wafer W, in order to obtain the center position 
deviation and the rotational deviation of the wafer W. That 
is, at the upper side and lower Side positions of the flange 
portion 72 corresponding to the inner Side portion of the 
notches 74A-74E, a light-emitting element and a photode 
tection element (or a photodetection element and a light 
emitting element) that make up a transmittance type photo 
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detection unit are respectively arranged. The Sensor 
arranged at the position corresponding to the inner portion of 
the notch 74A is used to detect the notch of the wafer W that 
is mounted with the direction of the notch facing the 
direction of 0° (the six o'clock direction). The sensor 
arranged at the position corresponding to the inner portion of 
the notch 74B is used to detect the notch of the wafer W that 
is mounted with the direction of the notch facing the 
direction of 90° (the three o'clock direction). The sensor 
arranged at the position corresponding to the inner portion of 
the notch 74C is used to detect a part of the peripheral 
portion of the wafer W that is mounted with the direction of 
the notch facing the direction of 0° (the six o'clock direc 
tion). The Sensor arranged at the position corresponding to 
the inner portion of the notch 74D is used to detect a part of 
the peripheral portion, regardless of the direction of the 
wafer that is mounted (the direction of 0° or the direction of 
90). And, the Sensor arranged at the position corresponding 
to the inner portion of the notch 74E is used to detect a part 
of the peripheral portion of the wafer W that is mounted with 
the direction of the notch facing the direction of 90° (the 
three o'clock direction). 
0110 Referring back to FIG. 1, the substrate table 60 is 
positioned on the X stage 58 in the XY direction, and is 
attached in a State where movement in the Z-axis direction 
and tilt with respect to the XY plane are allowed. And, the 
substrate table 60 is supported with three shafts (not shown 
in FigS.) at three different Supporting points. These three 
shafts are independently driven in the Z-axis direction by the 
wafer driving unit 21 (refer to FIG. 5), and due to this 
operation the surface position of the wafer W (the position 
in the Z-axis direction and the tilt with respect to the XY 
plane) held on the substrate table 60 is set at a desired state. 
0111. A movable mirror 27 is fixed on the Substrate table 
60, and the position of the substrate table 60 in the X 
direction, the Y direction, and the 0Z direction (rotational 
direction around the Z-axis) is monitored by an interferom 
eter 31 arranged external to the substrate table 60. The 
positional information obtained by the interferometer 31 is 
sent to the main controller 28 (refer to FIG. 5). And, for 
example, the end surface of the Substrate table 60 may be 
mirror-polished So that it may serve as the reflection Surface 
of the interferometer 31 (corresponding to the reflection 
surface of the movable mirror 27). The main controller 28 
controls the positioning operation of the Y Stage 56, X stage 
58, and substrate table 60 via the wafer driving unit 21 (this 
unit includes all of the driving system of the X stage 58 and 
Ystage 56, and the driving system of the Substrate table 60) 
shown in FIG. 5, and furthermore has the operation of the 
entire apparatus under control. 
0112) In addition, on one edge of the substrate table 60, 
a fiducial mark plate FM on which various types of fiducial 
marks are formed is fixed. These various types of fiducial 
marks include reference marks used for baseline measure 
ment (to be referred later), which measures the distance from 
the detection center of the alignment System based on the 
off-axis method to the optical axis of the projection optical 
System PL, and reticle alignment, and the like. Also, on one 
edge of the Substrate table 60, a reference planar plate (not 
shown in FigS.) that structure a part of an aerial image 
measurement unit based on the Slit-and-Scan method which 
details are disclosed in, for example, Japanese Patent Laid 
Open No. 08-83753, and the corresponding U.S. Pat. No. 
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5,650,840, is fixed. On this reference planar plate, a prede 
termined slit is formed, and within the Substrate table 60 a 
photodetection optical element is arranged So as to detect the 
light entering the substrate table 60 via the slit. The disclo 
Sures cited above are fully incorporated herein by reference. 

0113. On the -Y side of the barrel of the projection 
optical system PL (the upper surface side of FIG. 1), an 
alignment System ALG Serving as a mark detection System 
based on the off-axis method is arranged. AS this alignment 
System ALG, for example, an FIA (Field Image Alignment) 
System alignment Sensor which incorporates a focal detec 
tion System, and also illuminates a mark with a broadband 
light Such as a halogen lamp and measures the position of the 
mark by image-processing the mark image, as is disclosed in 
detail in, for example, Japanese Patent Laid Open No. 
07-321030, and the corresponding U.S. Pat. No. 5,721,605, 
is used. This alignment System ALG is capable of measuring 
the position of the fiducial marks on the fiducial mark plate 
FM and the alignment marks on the wafer provided on the 
Substrate table 60 in XY two-dimensional directions. The 
disclosures cited above are fully incorporated herein by 
reference. 

0114. The information from the alignment system ALG is 
sent to the alignment control unit (not shown in FigS.). And 
the alignment control unit performs analog-to-digital (A/D) 
conversion on the information, and the mark position is 
detected by arithmetically processing the digitally converted 
waveform Signals. The detected information on the mark 
position is then sent to the main controller 28. 
0.115. As the alignment system ALG, it is possible to use, 
for example, an alignment Sensor which employs a detection 
method, for example, based on detection of a diffracted light 
or a Scattering light, besides the image forming method 
(image processing method) employed by the FIA System and 
the like. For example, an alignment System that irradiates a 
coherent beam almost perpendicularly on an alignment mark 
on the wafer, and detects a diffracted light of the same order 
(diffracted light of the +1 order, +2" order,...,tn" order) 
generated from the mark made to interfere, may be used. In 
this case, the diffracted light may be detected independently 
by order and the detection result of at least one order may be 
used, or a plurality of coherent beams having different 
wavelengths may be irradiated on the alignment mark and 
the diffracted light of each order made to interfere by 
wavelength may be detected. 

0116. With the exposure system 100, when the reticle 
alignment and the like referred to earlier are completed, the 
main controller 28 performs alignment of the reticle R and 
the wafer W based on the detection signals of the alignment 
System ALG. And based on the detection Signals of the focal 
detection System (to be referred to later) the main controller 
28 drives and controls the Substrate table 60 in the Z-axis 
direction and the tilt direction to adjust the Surface position 
of the wafer W via the driving unit 21, so that the pattern 
Surface of the reticle R and the Surface of the wafer W are 
conjugate with respect to the projection optical System PL 
and the image forming Surface of the projection optical 
system PL coincides with the surface of the wafer W (the 
surface of the wafer W is within the depth of focus range of 
the best image forming plane of the projection optical 
System PL). Then, in a State where position setting and 
focusing are completed in this manner, the illumination light 
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EL emitted from the illumination unit ILU is illuminated 
onto the pattern area PA of the reticle R with almost uniform 
illuminance, and a reduced image of the pattern of the reticle 
R is formed via the projection optical system PL on the 
wafer W which surface is coated with a photoresist. 

0.117) Furthermore, in this embodiment, a multiple focal 
position detection System is arranged. This System is one of 
a focal detection System based on the oblique incident 
method, and the position of the wafer W Surface is detected 
in the Z direction (direction of the optical axis AX) with 
respect to a virtual Surface (reference Surface) Serving as a 
reference and parallel to the XY plane, when the wafer W is 
positioned within the projection area of the pattern by the 
projection optical system PL (the area on the wafer W 
corresponding to this projection area will hereinafter be 
referred to as the “exposure area”). As is shown in FIG. 1, 
the multiple focal position detection System comprises an 
irradiation System 74 which irradiates many image forming 
lights from a direction incident by a predetermined angle 
with respect to the optical axis AX on the wafer W Surface, 
and a photodetection system 76 which individually photo 
detects the image forming lights reflected off the wafer W 
Surface. 

0118 More particularly, as is shown in FIG. 5, the 
irradiation System 74 has an arrangement including: an 
optical fiber bundle 81; a condenser lens 82; a pattern 
forming plate 83; a lens 84; a mirror 85; an irradiation 
objective lens 86, and the like. In addition, the photodetec 
tion System 76 has an arrangement including: a condenser 
objective lens 87; a rotational direction vibration plate 88; an 
image forming lens 89; a photodetection slit plate 98; a 
photodetection unit 90 having many photodetection Sensors, 
and the like. 

0119) The operation of each portion making up the mul 
tiple focal position detection system (74, 76) will now be 
described. The illumination light IL having a wavelength 
different from the exposure light So that it does not expose 
the photoresist on coated on the wafer W is guided from the 
illumination light Source (not shown in FigS.) via the optical 
fiber bundle 81. The illumination light emitted from the 
optical fiber bundle 81 passes though the condenser lens 82 
and then illuminates the pattern forming plate 83. The 
illumination light (light) IL having passed through the 
pattern forming plate 83 is projected on the wafer W Surface 
via the lens 84, the mirror 85, and the irradiation objective 
lens 86, and the image of the pattern formed on the pattern 
forming plate 83 is projected and formed on the surface of 
the wafer W. The illumination light (light of the pattern 
image) IL reflected off the wafer W passes through the 
condenser objective lens 87, the rotational direction vibra 
tion plate 88, and the image forming lens 89 and re-forms the 
image on the photodetection Slit plate 98 which is arranged 
before the photodetection unit 90. The photodetection unit 
90 has a plurality of photodetection sensors such as photo 
diodes that individually photo-detect the catoptric light of 
the plurality of pattern imageS projected on the wafer W, and 
on the photodetection slit plate 98 slits corresponding to the 
respective photodetection Sensors are arranged. Accord 
ingly, the light of the pattern image re-formed on the 
photodetection slit plate 98 is detected with each photode 
tection Sensor via each slit, and the detection Signals from 
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each Sensor (photoelectric conversion signals) are Supplied 
to a signal processing unit 91 via a Sensor Selection circuit 
93. 

0120) The main controller 28 provides vibration to the 
rotational direction vibration plate 88 via a vibration acti 
vating unit (for example, a vibrator or an ultrasonic oscil 
lator or the like). Since the rotational direction vibration 
plate 88 vibrates all the light of each pattern image reflected 
off the wafer W, each pattern image re-formed on the 
photodetection slit plate 98 and each photodetection element 
are relatively vibrating. The Signal processing unit 91 per 
forms Synchronous detection on each detection Signal from 
a plurality of photodetection elements on the photodetection 
unit 90 selected by the sensor selection circuit 93 with the 
vibration signal of the vibration activating unit 92 to obtain 
focus signals (S curve signals), and then sends the focus 
Signals to the main controller 28. 
0121 When the surface of the wafer W coincides with a 
reference Surface (for example, the image forming plane of 
the projection optical system PL), the main controller 28 
performs calibration of each photodetection Sensor in 
advance, Such as adjusting the angle of the plane-parallel 
plate glass (not shown in FigS.) arranged before the Slit plate 
98 or electrically providing an offset to the focus signal 
value, So that each focus Signal amounts to 0. 
0.122 FIG. 6A shows the pattern forming plate 83. As is 
indicated in FIG. 6A, on the pattern forming plate 83, in an 
arrangement of a 5 row 5 column matrix, 25 aperture 
patterns (5x5=25) P-PSs are formed. In this case, the 
interval between the adjacent aperture patterns in the column 
direction (the lateral direction in FIG. 6A) is D1, and the 
interval between the adjacent aperture patterns in the row 
direction (the longitudinal direction in FIG. 6A) is D2 
(>D1). For example, D2=1.35xD1. In addition, in FIG. 6A, 
an aperture pattern P60 is formed, in between the aperture 
pattern P located in the first row first column and the 
aperture pattern P located in the Second row first column. 
Also, an aperture pattern P70 is formed, in between the 
aperture pattern Pis located in the first row fifth column and 
the aperture pattern Pas located in the Second row fifth 
column. Further, an aperture pattern P80 is formed, in 
between the aperture pattern P located in the fourth row 
first column and the aperture pattern Ps, located in the fifth 
row first column. And, an aperture pattern P90 is formed, in 
between the aperture pattern Pas located in the fourth row 
fifth column and the aperture pattern Pss located in the fifth 
row fifth column. Thus, on the patter forming plate 83, a 
total of 29 aperture patterns are formed. 
0123 These aperture patterns are slit-shaped, having an 
angle of 45 degrees against the direction of the four Sides of 
the pattern forming plate 83 (X, Y directions), and the 
images of these aperture patterns are projected on the 
projection area of the reticle pattern by the projection optical 
system PL (exposure area) on the surface of the wafer W. 
0124. In this embodiment, the image light (light of the 
pattern image) from the irradiation System 74 is irradiated on 
the wafer W Surface (or on the surface of the fiducial mark 
plate FM) from an oblique direction at a predetermined 
angle C. With respect to the optical axis AX within an XZ 
plane. Of the image light, the light reflected off the wafer W 
proceeds in a direction Symmetrically oblique to the image 
light from the irradiation System 74 at a predetermined angle 
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C. with respect to the optical axis AX within an XZ plane, 
and is detected by the photodetection system 76, as is 
previously described. That is, the image light from the 
irradiation System 74 and its catoptric light moves along the 
X-axis from one end to the other, when viewed from above. 
0.125 Therefore, within the exposure area Ef on the 
surface of the wafer W, as is shown in FIG. 6B, a first 
irradiation point of a first light having passed through the 
aperture patterns P-Pss that are a total of 25 Slit shaped 
aperture patterns arranged in a 5x5 matrix tilted in 45 
degrees with respect to the X-axis and Y-axis is formed. And 
at each first irradiation point, an image of each of the 
aperture patterns P-Pss (hereinafter referred to as a “slit 
image' as appropriate), S-Sss is formed. In this case, the 
exposure area Ef is an area of the Size 25 mmx33 mm, and 
within this exposure area Ef the Slit imageS S-Sss are 
formed in a 5 row 5 column matrix. The interval between the 
adjacent slit images in the column direction (the lateral 
direction in FIG. 6B) is d1 (d1 is, for example, 5.8 mm), and 
the interval between the adjacent Slit images in the row 
direction (the longitudinal direction in FIG. 6B) is d2 (d2 is, 
for example 7.8 mm). 
0126 In the multiple focal position detection system (74, 
76) in this embodiment, the Slit images S-Sss described 
above are used to obtain the deviation amount in the 
direction of the optical axis AX (Z-axis direction) between 
the wafer W and a predetermined reference Surface, Such as 
the image forming plane of the projection optical System PL, 
that is, to obtain the Z position of the wafer W, with the 
respective center points Serving as the measurement points. 
0127. In addition, as is shown in FIG. 6B, a second light 
having passed through the aperture pattern P60 forms a 
Second irradiation point in between the slit images S and 
S on the surface of the wafer W, and forms a slit image S60 
at the Second irradiation point. Likewise, the Second light 
having passed through the aperture pattern P70 forms the 
Second irradiation point in between the Slit images S5 and 
Ss on the surface of the wafer W, and forms a slit image S70 
at the Second irradiation point. Also, the Second light having 
passed through the aperture pattern P80 forms the second 
irradiation point in between the Slit images S and Ss on 
the Surface of the wafer W, and forms a slit image S80 at the 
Second irradiation point. And, the Second light having passed 
through the aperture pattern P90 forms the second irradia 
tion point in between the Slit images S and Sss on the 
surface of the wafer W, and forms a slit image S90 at the 
Second irradiation point. 
0128. The slit images S60-S90 are almost the same size 
as the respective slit images S-Sss, and are likewise tilted 
by 45 with respect to the X-axis and the Y-axis. The 
respective center points of the slit imageSS-Ss in the first 
column, the center point of the slit image S60, and the center 
point of the Slit image S80 are all arranged on the same line, 
the line being parallel to the Y-axis. In addition, the center 
point of the slit image S60 is located at the mid point 
between the center point of the slit image S and the center 
point of the slit image S. And, the center point of the slit 
image S80 is located at the mid point between the center 
point of the Slit image S. and the center point of the slit 
image S.51. 
0129. Similar as above, the respective center points of the 

Slit imageSS-Sss in the fifth column, the center point of the 
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slit image S70, and the center point of the slit image S90 are 
all arranged on the same line, the line being parallel to the 
Y-axis. In addition, the center point of the slit image S70 is 
located at the mid point between the center point of the slit 
image Ss and the center point of the Slit image Ss. And, the 
center point of the slit image S90 is located at the midpoint 
between the center point of the Slit image Ss and the center 
point of the Slit image Sss. 
0.130 AS is described earlier, the light that forms the slit 
images S-Sss, S60, S70, S80, and S90 is irradiated 
obliquely with respect to the surface of the wafer W, with the 
XZ plane Serving as the incident plane with respect to the 
wafer W. Accordingly, when the Z position (height position) 
of the wafer W changes, the irradiation position of each slit 
image moves along the X-axis direction (in the direction of 
the Slit images in the same row, for example, the direction in 
which the Slit images Sis-Ss are arranged) 
0131) In this embodiment, 5x5 (=25) slit images are 
arranged for focal position detection within the exposure 
area Ef, however, if the Slit images are arranged within the 
entire area of the exposure area Ef at a Substantially equal 
interval, the number of the Slit images may be of any 
number. 

0132 FIG. 6C shows the photodetection unit 90 of the 
multiple focal position detection system (74, 76). On the 
photodetection unit 90, photosensors D-Dss Serving as a 
first photodetection Sensor made up of a five row five 
column matrix of photodiodes are arranged. These photo 
Sensors D-Dss are respectively arranged having a 45 
degrees tilt with respect to the X-axis and the Y-axis. And 
corresponding to the photoSensors, on the photodetection slit 
plate 98 arranged in front of the photodetection unit 90 (the 
lower surface in FIG. 1), slits that have a 45 degrees tilt with 
respect to the X-axis and the Y-axis are respectively formed 
facing the photosensors D-Dss. This keeps light other than 
the reflection light (Such as Stray light) of the slit images 
S-Sss from entering the photosensors D-Dss. 
0133. In this case, on the slits arranged on the photode 
tection slit plate 98 facing the photoSensors D-Dss, Slit 
images S-S shown in FIG. 6B are respectively re 
formed. And, by rotationally vibrating the light reflected off 
the Surface of the wafer W with the rotational direction 
vibration plate 88, on the photodetection slit plate 98, the 
position of each re-formed Slit image vibrates in the direc 
tion of the arrow RD in FIG. 6C. Accordingly, the detection 
Signals of each photosensor D-Dss are Synchronously 
detected with the rotational vibration frequency Signals by 
the Signal processing unit 91, via the Sensor Selection circuit 
93. 

0.134. In addition, as shown in FIG. 6C, in between the 
photosensors D and D, a tracking Sensor D60 Serving as 
a Second photodetection Sensor extending in the X-axis 
direction in a predetermined length is arranged. On the 
portion opposing this tracking Sensor D60 on the photode 
tection Slit plate 98, a narrow Slit-shaped opening that 
extends in the X-axis direction corresponding to the tracking 
sensor D60 is formed. The tracking sensor D60 is an array 
Sensor, for example, that has a plurality of photodetection 
areas in the direction of the photosensors D-Ds arrange 
ment (the X-axis direction). When the tracking sensor D60 
receives the reflection light (the image light from the slit 
image) from the Slit image S60, it outputs the detection 
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Signals to the Signal processing unit 91, via the Sensor 
selection circuit 93. And, with the center portion of the 
tracking Sensor D60 Serving as the reference position AC 
(hereinafter referred to as center position "AC), the signal 
processing unit 91 then measures the deviation amount and 
the deviation direction between the photodetection position 
of the reflection light from the slit image S60 and the center 
position AC. Among the photoSensors D-Dss, the center 
position AC is located on a Straight line passing through the 
center point of the photosensors D-Ds arranged in the first 
column. That is, when the reflection light from the Slit image 
S60 is irradiated on the center point of the tracking sensor 
D60, the Z position of the wafer Walmost coincides with the 
best focal position at the irradiating point where the slit 
image S60 is formed. 

0135 Likewise as above, as is shown in FIG. 6C, in 
between the photosensors Ds and Ds, D and Ds, and 
D and Dss, tracking sensors D70, D80, and D90, serving as 
a Second photodetection Sensor extending in the X-axis 
direction in a predetermined length, are respectively 
arranged. As these tracking sensors D70, D80, and D90, 
array Sensors that have a structure identical with the photo 
Sensor D60 are used. And, on the portion opposing these 
tracking sensors D70, D80, and D90, on the photodetection 
Slit plate 98, narrow Slit-shaped openings that extend in the 
X-axis direction corresponding to the tracking Sensors D70, 
D80, and D90, are respectively formed. When these tracking 
sensors D70, D80, and D90 receive the reflection light (the 
image light from the Slit image) from the slit images S70, 
S80, and S90, they output the detection signals to the signal 
processing unit 91, via the sensor selection circuit 93. Then, 
the Signal processing unit 91 measures the deviation amount 
and the deviation direction between the photodetection 
position of the reflection light from the slit images S70, S80, 
and S90 and the respective center position AC of the 
tracking Sensors. The center position AC of the tracking 
Sensor D80 is located on a Straight line passing through the 
center point of the photosensors D-Ds arranged in the first 
column. In addition, the center position AC of the tracking 
sensor D70 and D90 is located on a straight line passing 
through the center point of the photosensors Dis-Dss 
arranged in the fifth column. Accordingly, when the reflec 
tion light from the slit images S70, S80, and S90 is irradiated 
on the center point of the tracking sensors D70, D80, and 
D90, the Z position of the wafer Walmost coincides with the 
best focal position at the respective irradiating points where 
the slit images S70, S80, and S90 are formed. 

0.136 Responding to the instructions from the main con 
troller 28, among the n lines (n, for example, is 10) of the 
output lines (referred to as O-O.) of the photoelectric 
conversion signals, the Sensor Selection circuit 93 outputs 
the detection Signals from one of the four tracking Sensors 
D60, D70, D80, and D90 consisting of the array sensors 
described earlier to a specific output line, for example On. 
The sensor selection circuit 93 is also a circuit, which 
individually outputs the detection signals of the Selected 
(n-1) number of photosensors of the photosensors Dis-Dss, 
for example, 9 photosensors, to the remaining output lines 
O-O, respectively. 
0.137 Within the signal processing unit 91, n numbers of 
Signal processing circuits individually connected to each of 
the n output lines O-O and a signal output circuit that 
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digitally converts the output signals from these Signal pro 
cessing circuits and outputs them as Serial data to the main 
controller 28 are arranged. 
0.138. The main controller 28 is made up of a microcom 
puter (or a workstation) that includes a CPU (Central 
Processing Unit), a ROM (Read Only Memory), a RAM 
(Random Access Memory), an I/O interface, and the like, 
and totally control Seach portion Structuring the exposure 
system 100. 
0.139 Along with the main controller 28, the input/output 
unit 29 is arranged. This input/output unit 29 includes a 
pointing device Such as a keyboard and a mouse, and a 
display, and the like. The operator inputs various data via 
this input/output unit 29. 
0140 Next, focus leveling control of the wafer W, which 
is performed prior to exposure of the first shot on Sequen 
tially transferring the pattern of the reticle R to each shot 
area on the wafer W with the exposure system 100 having 
the arrangement described above in this embodiment, will 
be briefly described. As a premise, preparatory operations 
Such as the reticle alignment, the baseline measurement of 
the alignment System ALG, and the wafer alignment are to 
be completed. In addition, the opening of the reticle blind 32 
is to be set matching the size of the pattern area PA of the 
reticle R. Details on the preparatory operations of the reticle 
alignment, the baseline measurement, and the like referred 
to above, are disclosed in, for example, Japanese Patent Laid 
Open No. 04-324923, and the corresponding U.S. Pat. No. 
5.243,195. The disclosures cited above are fully incorpo 
rated herein by reference. 
0.141. In addition, as the wafer alignment referred to 
above, for example, EGA (Enhanced Global Alignment) is 
performed. EGA, as is disclosed in detail in, for example, 
Japanese Patent Laid Open No. 61-44429, and the corre 
sponding U.S. Pat. No. 4,780,617, refers to an alignment 
method of obtaining the arrangement coordinates of each 
shot area on the wafer by measuring the position of the 
alignment marks provided along a plurality of Specific shot 
areas (three or greater) Selected in advance from a plurality 
of shot areas on the wafer, and performing a predetermined 
Statistical calculation using the least Squares method based 
on the measurement results and the designed arrangement 
coordinates of each shot area on the wafer. The disclosures 
cited above are fully incorporated herein by reference. 
0142. The case will first be described when shot areas 
SA (m=1,2,..., M) are formed on the wafer W, as is shown 
in FIG. 7A. 

0143. In this case, since none of the shot areas SA, is the 
So-called chipped shot, the main controller 28 Sends instruc 
tions to the sensor selection circuit 93 to select an arbitrary 
sensor from the tracking sensors D60, D70, D80, and D90 
and to Select the photodetection Sensor in accordance with 
the default Setting, based on the shot map data Stored in 
memory in advance or according to instructions input by the 
operator. With this operation, for example, the tracking 
Sensor D60, the photoSensors D1, D5, D22, D2, Das, D2, 
D., Ds, and Dss are respectively connected to each of the 
ten signal output lines O-O by the Sensor Selection circuit 
93. 

0144. Then, the main controller 28 drives the X stage 58 
and Y stage 56 via the wafer driving unit 21 based on the 
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wafer alignment results, and Sets the position of the first shot 
on the wafer W held by the substrate table 60 to the 
projection position of the reticle pattern. 
0145 And, when the illumination light IL is irradiated 
from the irradiation System 74, the slit imageSS-Sss and 
S60-S90 are formed on the wafer W in the manner previ 
ously described. If, however, the surface of the wafer W is 
deviated to the +Z direction from the best focal position, the 
reflection light from the Slit imageS S-Sss and Sco-Soo 
shifts to the left hand side in FIG. 6C on the photodetection 
slit plate 98 arranged in front of the photodetection unit 90. 
When the deviation amount of the Surface of the wafer W in 
the +Z direction is Smaller than a certain value, that is, if the 
shift amount of the reflection light from the slit images 
S-Sss and S60-S90 on the photodetection slit plate 98 is 
smaller than the interval of the photosensors in the X-axis 
direction, none of the photosensors receives the image light 
of the Slit imageSS-Sss. Whereas, in the case the deviation 
amount of the Surface of the wafer W in the +Z direction 
almost coincides with the certain value referred to above, the 
image light of the Slit imageS S-Sss is incident on the 
respective photosensors arranged on the left Side of the 
corresponding photosensors (hereinafter, this state will be 
referred to as a “pitch shift”). Thus, the photosensors Dother 
than the photosensors arranged in the fifth column (Ds, Ds, 
Ds, Das, and Dss) receive the reflection light from the slit 
images. 

0146 In either case described above, the reflection light 
from the slit image S60 is photo-detected at a photodetection 
area positioned from the center position AC of the tracking 
sensor D60 to the left in FIG. 6C, and the detection signals 
are output to the Signal processing unit 91 via the Sensor 
Selection circuit 93. And in the manner described earlier, the 
Signal processing unit 91 measures the deviation direction 
and the deviation amount between the photodetection posi 
tion of the reflection light from the slit image S60 and the 
center position AC, and outputs the results to the main 
controller 28. The main controller 28 then servo controls the 
substrate table 60 so that the reflection light from the slit 
image S60 is located at the center position AC of the 
tracking Sensor D60, and arranges the Z position of the 
wafer W in the vicinity of the best focal position. 
0147 On the other hand, if the surface of the wafer W is 
deviated to the -Z direction from the best focal position, the 
reflection light from the slit images S-S and S60-S90 
shifts to the right hand side in FIG. 6C on the photodetection 
slit plate 98 arranged in front of the photodetection unit 90. 
In this case as well, depending on the deviation amount, 
none of the photoSensors receives the image light of the slit 
images S-Sss or the photosensors D other than the photo 
Sensors arranged in the first column (D11, D2, D3, D41, and 
Ds) receive the reflection light from the slit images (a pitch 
shift state). Whether each slit image is photo-detected by the 
corresponding photoSensor or is photo-detected by an adja 
cent, different photoSensor obviously relates not only to the 
deviation amount of the wafer W with respect to the refer 
ence Surface (corresponding to the image forming plane of 
the projection optical System) referred to earlier of the 
multiple focal position detection System, that is, to the 
problem of the shift amount of the slit images on the 
photodetection slit plate 98 and the photosensors, but also 
relates in actual to the vibration range of the Slit images due 
to the vibration plate 88. 
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0.148. In either case described above, the reflection light 
from the slit image S60 is photo-detected at a photodetection 
area positioned from the center position AC of the tracking 
Sensor D60 to the right, and the detection Signals are output 
to the Signal processing unit 91 via the Sensor Selection 
circuit 93. And in the manner described earlier, the signal 
processing unit 91 measures the deviation direction and the 
deviation amount between the photodetection position of the 
reflection light from the slit image S60 and the center 
position AC, and outputs the results to the main controller 
28. The main controller 28 then servo controls the Substrate 
table 60 so that the reflection light from the slit image S60 
is located at the center position AC of the tracking Sensor 
D60, and arranges the Z position of the wafer W in the 
vicinity of the best focal position. 
0149 When the Z position of the wafer W is adjusted in 
this manner, the Slit imageS S-Sss for detecting the Z 
position are respectively re-formed on the corresponding 
photosensors D-Dss. In this case, however, Since only the 
photoSensors D1, Dis, D22, D2, D3, D2, D4, D5, and 
D are selected, these photosensors respectively output 
detection signals to the Signal processing unit 91 shown in 
FIG. 5. The signal processing unit 91 outputs focus signals 
corresponding to the respective detection Signals to the main 
controller 28. The main controller 28 then measures the Z 
position of each measurement point Selected based on each 
focus signals, and based on these Z positions, for example, 
obtains a virtual plane of an area on the wafer W and 
controls the Z position and the tilt with respect to the XY 
plane of the substrate table 60 via the wafer driving unit 21 
so that the shot areas on the wafer W (coincides with the 
exposure area Ef) coincide with the best focal position. That 
is, in this manner, focus leveling control on the wafer W is 
performed. 

0150 AS is described, in the embodiment, the deviation 
amount and the direction of deviation of the Z position of the 
wafer W from the best focal position can be simultaneously 
obtained, and even when the pitch shift occurs, it is possible 
to Swiftly arrange the wafer surface in the vicinity of the best 
focal position. 
0151. Incidentally, by elongating the tracking Sensors 
D60, D70, D80, and D90 in the X-axis direction, the Z 
position of the wafer W Surface can be Swiftly moved to the 
vicinity of the best focal position, even when the positional 
shift of the reflection light from the slit images S-Ss 
becomes larger than the interval of photoSensors in the 
X-axis direction. 

0152 And, the main controller 28 opens the shutter 
arranged within the illumination unit ILU and irradiates the 
reticle R with the illumination light EL for exposure, so as 
to transfer the pattern of the reticle R onto the first shot of 
the wafer W. 

0153. The main controller 28, then transfers the pattern of 
the reticle R, while controlling the movement of the Y stage 
56 and X stage 58 and sequentially setting the position of the 
shot area from the Second shot onward to the projection area 
of the reticle pattern. From the Second shot onward as well, 
likewise with the case of the first shot, it is possible to 
perform focus leveling control using the tracking Sensor. 
However, since the wafer Surface almost coincides with the 
best focal position when the first shot is exposed, in the case 
of performing exposure from the Second shot onward the 
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amount of deviation of the wafer W Surface from the best 
focal position is not large. Accordingly, when exposure is 
performed from the Second shot and onward, the operation 
of arranging the wafer Surface in the vicinity of the best focal 
position using the tracking Sensors referred to above will not 
be necessary, and only focus leveling control may be per 
formed using the photoSensors above. 
0154) Next, the case will be described when shot areas 
SA (m=1,2,..., P) are formed on the wafer W, as is shown 
in FIG. 7B. In this case, a part of the shot areas SA are the 
So-called chipped shots. And in this case, the probability is 
high that the first shot will be selected from the four chipped 
shot areas SA, SAs, SA, and SA. When the shot area SA 
is Set as the first shot, the main controller 28 Sends instruc 
tions to the Sensor Selection circuit 93 to Select the tracking 
sensor D90, based on the shot map data stored in memory in 
advance or according to instructions input by the operator. 
Or, in the case when the shot area SAs is Set as the first shot, 
the main controller 28 similarly sends instructions to the 
sensor selection circuit 93 to select the tracking sensor D80. 
And, in the case when the shot area SA is Set as the first 
shot, the main controller 28 Similarly Sends instructions to 
the Sensor Selection circuit 93 to Select the tracking Sensor 
D70. Finally, in the case when the shot area SA is set as the 
first shot, the main controller 28 similarly sends instructions 
to the Sensor Selection circuit 93 to Select the tracking Sensor 
D60. In addition, in all cases, the main controller 28 sends 
instructions to the sensor selection circuit 93 to select the 
photodetection Sensor in accordance with the default Setting. 
0155 With this operation, the sensor selected by the 
sensor selection circuit 93 from the tracking sensors D60, 
D70, D80, and D90 is connected to the signal output line 
Olo, and the photoSensors D11, D15, D22, D24, Das, D2, D4, 
Ds, and Dss are respectively connected to the remaining 
nine signal output lines O-O. 
0156 Next, similar as above, the main controller 28 
drives the X stage 58 and Y stage 56 via the wafer driving 
unit 21 based on the wafer alignment results, and Sets the 
position of the first shot on the wafer Wheld by the substrate 
table 60 to the projection position of the reticle pattern. And 
in the same manner as is previously described, the detection 
Signals of the Selected tracking Sensor (a predetermined 
sensor among the sensors D60, D70, D80, and D90) are 
output to the Signal processing unit 91 via the Sensor 
selection circuit 93. The signal processing unit 91, likewise 
as above, measures the deviation direction and the deviation 
amount of the photodetection position of the reflection light 
from the Slit image corresponding to the Selected tracking 
Sensor from the center position AC, and outputs the results 
to the main controller 28. The main controller 28 then servo 
controls the substrate table 60 so that the reflection light 
from the slit image is located at the center position AC of the 
Selected tracking Sensor, and arranges the Z position of the 
wafer W in the vicinity of the best focal position. 
O157 Hereinafter, the same operation is performed as 
when each exposure area on the wafer W shown in FIG. 7A 
is exposed. And, as is described, in this embodiment, it is 
possible to arrange the wafer Surface in the vicinity of the 
best focal position without any problems, even if a chipped 
shot is set as the first shot on the wafer W wherever the shot 
may be. 
0158 FIG. 8A shows a modified example of the pattern 
forming plate within the irradiation system 74. On the 
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pattern forming plate 83' shown in FIG. 8A, besides the 
aperture patterns P-Pss and P60-P90, an aperture pattern 
P100 is formed in between the aperture pattern P of the 
Second row third column and the aperture pattern P of the 
third row third column. 

0159 FIG. 8B shows the slit images formed within the 
exposure area Ef on the wafer W Surface when the pattern 
forming plate 83' shown in FIG. 8A is used. In this case, 
other than the Slit imageS S-Sss of the aperture patterns 
P-Pss and the slit images S60-S90 of the aperture patterns 
P60-P90, the slit image S100 of the aperture pattern P100 is 
formed. 

0160 FIG. 8C shows a modified example of the photo 
detection unit 90' arranged within the photodetection system 
76 corresponding to the pattern forming plate 83' in FIG. 
8A.. On the photodetection unit 90' shown in FIG. 8C, 
instead of the tracking sensors D60-D90 indicated in FIG. 
6C, tracking sensors D600-D900 serving as a second pho 
todetection Sensor having an arrangement identical to the 
photosensors D-Dss are arranged. Similar to the tracking 
sensors D60-D90 in FIG. 6C, these tracking sensors D600 
D900 are used to detect the “pitch shift", however these 
tracking sensors D600-D900 detect whether there is a “pitch 
shift” or not by detecting whether the reflection light from 
the slit images S60-S90 on the wafer W Surface is incident 
on the respective Sensors, and only when the reflection light 
from the slit images S60-S90 is incident, output detection 
signals. Furthermore, on the photodetection unit 90' in FIG. 
8C, a direction differentiation sensor D100 is arranged in 
between the photosensors D-Ds of the Second row and the 
photosensors D-Ds of the third row, as a Sensor to 
photo-detect the reflection light from the slit image S100. 
The direction differentiation sensor D100 extends in the 
direction of the photosensors of the same row, Such as in the 
direction of the photosensors D-Ds arranged (the hori 
Zontal direction in FIG. 8), and the length of the direction 
differentiation sensor D100 is, for example, almost the same 
as the interval between the photoSensor D and the photo 
Sensor Das. In addition, the direction differentiation Sensor 
D100 is divided into two portions; photodetection area 
D100a and photodetection area D100b, with the center point 
in the longitudinal direction as the border. When the direc 
tion differentiation sensor D100 detects the reflection light 
from the slit image S100, it distinguishes whether the wafer 
W Surface is deviated in the +Z direction or in the -Z 
direction with respect to the image forming plane of the 
projection optical System PL. For example, when the reflec 
tion light from the slit image S100 is incident on the 
photodetection area D100a, the direction differentiation 
sensor D100 outputs detection signals to warn that the wafer 
W Surface has deviated in the -Z direction, and when the 
reflection light from the slit image S100 is incident on the 
photodetection area D100b, it outputs detection signals to 
warn that the wafer W Surface has deviated in the +Z 
direction. 

0.161 In the case of using the pattern forming plate 83' in 
FIG. 8A and the photodetection unit 90' in FIG. 8C, the 
main controller 28 adjusts the Z position of the wafer W 
surface based on the output of the direction differentiation 
sensor D100, and also checks whether the “pitch shift” has 
occurred or not, based on whether or not a detection Signal 
from at least one Sensor Selected from the tracking Sensors 
D600-D900 can be detected. Accordingly, the Z position of 
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the wafer W Surface can be Swiftly moved to the vicinity of 
the best focal position so that the reflection light from the slit 
imageSS-Sss are respectively incident on the correspond 
ing photosensors D-Dss. When the Z position of the wafer 
W surface moves to the vicinity of the best focal position, 
the main controller 28 controls the Z drive (and the tilt with 
respect to the XY plane) of the substrate table 60 based on 
the detection signals from at least one photoSensor Selected 
from the photosensors D-Dss, and adjusts the positional 
relationship between the wafer W Surface and the best image 
forming plane of the projection optical System PL. Similar 
to the earlier case when using the pattern forming plate 83 
and the photodetection unit 90, in the case of using the 
pattern forming plate 83' and the photodetection unit 90' 
related to the modified examples in FIG. 8A and FIG. 8C 
the tracking sensor D600-D900 may be partially selected 
and used, according to the position of the shot area Subject 
to exposure on the wafer W. 
0162 Next, the case will be described when mix-and 
match with the Scanning exposure apparatus is performed, 
using the exposure system 100 in the embodiment. 
0163. In this case, a KrF scanner which exposure area Ef 
is 25 mmx8 mm and has a rectangular shot area (divided 
area) SA of the size 25mmx33 mm as is shown in FIG. 9, 
is used as the Scanning exposure apparatus. This Krf Scan 
ner comprises a projection optical System PL' which image 
field on the wafer side is circular with a diameter of 
d=(8+25°)'s26.25 mm. FIG. 9 indicates that the exposure 
area Ef is to be scanned in the direction of the arrow SD, 
however, in actual, the exposure area Ef is fixed, and the 
wafer W is scanned in the direction opposite to the arrow 
SD. 

0164. In this case, as is obvious from FIG. 3, the size of 
the exposure area Ef of the exposure system 100 in the 
embodiment coincides with the size of the shot area SA of 
the Krf Scanner. Therefore, when mix-and-match is per 
formed, different from the conventional i-line Stepper, it 
becomes possible to perform the So-called 1 in 1 exposure. 
As a matter of course, in the mix-and-match, the Krf 
Scanner is used for exposure on a critical layer, and for 
exposure on a middle layer which line and Space is 0.3 um 
and over or exposure on a non-critical layer (rough layer) the 
exposure system 100 is used. With the exposure system 100 
in the embodiment, it is possible to achieve a high through 
put of 120 slices per hour when exposing a 200 mm wafer. 
0.165 A series of processing operations performed by the 
exposure apparatus 10 will be described next, focusing on 
the flow chart in FIG. 10 which shows the control algorithm 
of the main controller 28 (or the CPU, to be more specific) 
and referring to other drawings when necessary. 
0166 As a premise, a data table such as the one shown in 
FIG. 11 is to be made in advance, and is to be stored within 
the RAM of the main controller 28. A brief description on 
the data table in FIG. 11 will now be made. The minimum 
line width of the pattern Subject to transfer on exposure 
(hereinafter referred to as “minimum line width subject to 
exposure' as appropriate) l, implies to the line width of the 
pattern image transferred on the wafer W which pattern is a 
pattern having the minimum line width among the circuit 
patterns formed on the reticle R, and is a value indicating the 
exposure accuracy required. AS is obvious from FIG. 11, in 
the embodiment, 2 modes are prepared; a mode which the 
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minimum line width Subject to exposure 1 is 0.3 um and over 
and less than 0.7 um (hereinafter referred to as “middle 
mode” for convenience), and a mode which the minimum 
line width subject to exposure 1 is 0.7 um and over (here 
inafter referred to as "rough mode” for convenience). And 
for each mode, control factors related to the throughput of 
the exposure system 100 are set, such as the X,Y permissible 
values, the Z permissible value, the number of Screens for 
alignment measurement, the number of Sample shots. 
0167. In FIG. 11, the X, Y permissible values are values 
for reference when judging the position Setting Settlement 
(whether the position Setting has been completed or not) of 
the X stage 58 (substrate table 60) and the Y stage 56 on 
Stepping operations between shots. The X, Y permissible 
values imply to the values on both ends that Set the permis 
Sible range of positional error (err) in the X-axis direction 
and Y-axis direction against the target value (target position), 
or to the absolute value of error (the case when the permis 
Sible maximum value of the error on the plus Side and minus 
Side against the target value is the same). The reason for 
setting the X, Y permissible values by mode will now be 
explained with reference to FIG. 12. 
0.168. During the stepping operations of the X stage 58 
and Ystage 56 performed in between shots, the Stages move 
So that after acceleration-econstant movement-edecelera 
tion the Stages move into a Standstill State, and the Velocity 
change is almost in a trapezoidal shape. FIG. 12 shows the 
temporal change of the positional error against the target 
value after deceleration has been completed. AS is shown in 
FIG. 12, on position setting, the X stage 58 and Y stage 56 
Vibrate. Normally, position Setting is judged complete when 
the positional error (err) against the target value falls within 
a predetermined permissible range. The permissible range, 
in general, is set by standard deviation, that is, the RMS 
value as a reference. And, as is obvious from FIG. 12, when 
the permissible range of the positional error (err) is set at the 
range indicated as B, the position Setting is judged complete 
earlier, as much as the time T1, compared with when the 
permissible range of the positional error (err) is set at the 
range indicated as A, thus leading to an improvement in 
throughput. Therefore, in this embodiment, the X, Y per 
missible values are Set by mode from the aspect of improv 
ing the throughput while maintaining the required exposure 
accuracy, by changing the X, Y permissible values and 
accordingly the permissible error range (refer to A, B in 
FIG. 12) set by these values, depending on the minimum 
line width Subject to exposure 1, or in other words, the 
required exposure accuracy. 

0169. Referring back to FIG. 11, the Z permissible value 
is the permissible value of defocus upon exposure. That is, 
when the wafer W Surface is made to coincide with the 
image forming Surface (target Surface) of the projection 
optical system PL based on the output of the multiple focal 
position detection system (74, 76), the Z permissible value 
implies to the values on both ends that set the permissible 
range of positional error (err) of the wafer W Surface related 
to the optical axis direction (Z-axis direction) against the 
target Surface, or to the absolute value of error (the case 
when the permissible maximum value of the error on the 
plus Side and minus Side against the target Surface is the 
Same). For example, in the case the minimum line width 
Subject to exposure l is fine and the required exposure 
accuracy is tight, the defocus amount allowed on exposure 
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becomes extremely Small. On the contrary, when the mini 
mum line width Subject to exposure 1 is not So fine and in the 
case the required exposure accuracy is moderate, the defocus 
amount allowed on exposure hardly affects the exposure 
accuracy even if it may be Somewhat large. The pre-focusing 
time of the focus depends on the Z permissible value, 
therefore, the Z permissible value influences the throughput 
of the exposure system 100. 
0170 In FIG. 11, the number of screens for alignment 
measurement is the number of Screens of the images picked 
up on alignment. FIA System Sensors Such as the alignment 
System ALG picks up images of a plurality of Screens with 
respect to the same mark in order to detect the mark position, 
based on the average value of the image Signals of the 
plurality of Screens. So, by changing the number of Screens 
of the images picked up, that is, by changing the number of 
Screens for measurement, the measurement accuracy can be 
improved or reduced. The number of Screens for measure 
ment influences the measurement time. 

0171 In addition, the number of sample shots refers to 
the number of sample shots on EGA, which is to be 
performed prior to exposure of each layer from the Second 
layer onward as was previously described and disclosed in, 
Japanese Patent Laid Open No. 61-44429, and the corre 
sponding U.S. Pat. No. 4,780,617, and the like. Changing 
the number of Sample shots means to change the positional 
alignment accuracy between the reticle and the wafer. Also, 
the number of Sample shots influences the measurement 
time. And, instead of using the number of Sample shots, the 
number of alignment marks to be detected by the EGA 
method on the wafer may be used, or combined with the 
number of Sample shots. 
0172. The control algorithm in FIG. 10 starts, after the 
minimum line width Subject to exposure 1 is input and 
various inputs for Setting other exposure conditions are 
completed via the input/output device 29 by the operator, 
when instructions to Start is given. 
0173 First of all, in step 102, judgment on whether the 
minimum line width subject to exposure 1 satisfies the 0.3 
tims 1<0.7 um Stored in the predetermined Storage area in 
the RAM or not. If, for example, the operator had input 
l=0.35 um as the minimum line width subject to exposure 1, 
then the judgment in step 102 results to be affirmative, 
therefore, the flow proceeds to step 104. 
0.174. In step 104, according to the data table in FIG. 11 
previously described, the middle mode parameter is 
selected. After this, the flow proceeds to step 110 and the 
predetermined preparatory operations referred to earlier 
Such as the reticle alignment and the baseline measurement, 
and the setting of the opening of the reticle blind 32 in 
correspondence with the pattern area PA are performed 
under the predetermined procedures. 
0175. In the next step 112, wafer exchange (merely wafer 
loading, in the case no wafers are on the Substrate table 60) 
is performed using the wafer loader (not shown in FigS.) and 
the delivery mechanism provided on the substrate table 60 
(not shown in FigS.). 
0176) Next, in step 114, wafer alignment is performed 
based on the EGA method as described above. Upon the 
wafer alignment, positional measurement of the alignment 
marks is performed, with the number of Sample shots being 
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12 and the number of Screens for measurement when mea 
Suring each alignment mark provided on the Sample shots 
being 5. And, based on the measurement result, that is, based 
on the positional information of each alignment mark that 
uses the indeX center of the alignment System ALG as a 
reference and the positional information of the Substrate 
table 60 when measuring each alignment mark, the position 
of each alignment mark of the stage coordinate System (X, 
Y) is calculated. Then, based on this calculation result and 
the designed arrangement coordinates of each shot area on 
the wafer W, a predetermined Statistical calculation using the 
least Squares method is performed So as to obtain the 
arrangement coordinates of each shot area on the wafer W 
(the coordinates of the target position on position setting). 
0177. In the next step 116, exposure based on the step 
and-repeat method is performed in the following manner, 
and the pattern of the reticle R is Sequentially transferred 
onto each shot area on the wafer W. 

0178 That is, the first shot on the wafer W held by the 
substrate table 60 is positioned to the projection position of 
the reticle pattern by driving the X stage 58 and Y stage 56 
via the wafer driving unit 21, based on the wafer alignment 
results obtained instep 114. In this case, the judgment on 
whether the position Setting has been completed or not, is 
made when the positional error (err) in the X-axis direction 
and Y-axis direction against the target value falls within the 
range of t0.1 lim. And almost Simultaneously with the 
completion of this position Setting, the illumination light IL 
is irradiated on the wafer W from the irradiation system 74 
and focus leveling control previously described is performed 
under a predetermined procedure prior to exposure of the 
first shot. Upon this operation, the Z driving and the tilt with 
respect to the XY plane of the Substrate table 60 are 
controlled via the wafer driving unit 21, So that the posi 
tional deviation of the first shot (coinciding with the expo 
sure area) on the wafer W from the target surface which is 
the best focal position, in other words, the permissible 
amount of defocus, falls within the range of the predeter 
mined error (t0.1 um). The focus leveling control, in this 
case, is performed after the position Setting of the wafer W 
has been completed, however, the focus leveling control 
may start before the position setting of the wafer W is 
completed, or at least the measurement using the multiple 
focal position detection System may begin during the Step 
ping operations of the wafer. 
0179 Then, the shutter within the illumination unit ILU 
is opened So that the exposure light EL irradiates the reticle 
R, and the pattern of the reticle R is transferred onto the first 
shot on the wafer W. 

0180. After the first shot is completed, from the second 
shot onward, the reticle pattern is transferred likewise as 
above while the position Setting of the shot area to the 
projection area of the reticle pattern is Sequentially per 
formed by driving and controlling the Ystage 56 and X stage 
58. From the second shot onward as well, judgment on 
whether the position Setting has been completed or not is 
made when the positional error (err) in the X-axis direction 
and Y-axis direction against the target value falls within the 
range of t0.1 m, and exposure begins when the defocus on 
focus leveling control falls within the range of the prede 
termined error (t0.1 um). 
0181 And, when exposure on the wafer W is completed 
in this manner, the flow proceeds to Step 118 and judges 
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whether exposure on the planned slices of waferS has been 
completed or not. When this judgment turns out to be 
negative, the flow then returns to Step 112, and repeats the 
proceSS and judgment indicated in Step 112-step 118. Finally, 
when exposure of the planned Slices of wafer is completed, 
then the judgment in step 118 is affirmed, and the series of 
operations in this routine is completed. 

0182 Meanwhile, in the case the judgment in step 102 
referred to earlier is negative, the flow then proceeds to Step 
106 and judges whether the minimum line width subject to 
exposure 1 Satisfies Ia0.7 Lim or not. If, for example, the 
operator had input l=0.8 um or the like as the minimum line 
width subject to exposure 1, then the judgment in step 106 
results to be affirmative, therefore, the flow proceeds to Step 
108. 

0183) In step 106, according to the data table in FIG. 11 
previously described, the rough mode parameter is Selected. 
After this, the flow proceeds to step 110 and the predeter 
mined preparatory operations referred to earlier are per 
formed under the predetermined procedures. Then, the pro 
ceSS and judgment indicated in StepS 112-118 are repeatedly 
performed, until the judgment in step 118 turns affirmative. 
In this case, in Step 114, wafer alignment is performed based 
on the EGA method as described above. And on the wafer 
alignment, positional detection of the alignment marks is to 
be performed with the number of sample shots being 3, and 
the number of Screens for measurement of the alignment 
System ALG when measuring each alignment mark provided 
on the Sample shots being 1. In addition, in Step 116, Similar 
to the previous description, eXposure based on the Step-and 
repeat method is performed to Sequentially transfer the 
pattern of the reticle R onto each shot area on the wafer W. 
And, judgment on whether the position Setting has been 
completed or not on the Stepping operation between shots is 
made when the positional error (err) in the X-axis direction 
and Y-axis direction against the target value falls within the 
range oftl um. Also, focus leveling control performed prior 
to exposure is performed with the permissible value of 
defocus falling within the range of the predetermined error 
(t1 um). 
0184 Meanwhile, if, in the case the operator had input 
l=0.2 lim as the minimum line width Subject to exposure 1, 
then the judgment in step 102 and the judgment in step 106 
are Sequentially denied, and the flow proceeds to Step 120. 
In step 120, the line width input abnormality is shown on the 
display of the input/output device 29, and the end of 
procedure is forced. This is because with the exposure 
apparatus 10, the limit of resolution is the line width 0.3 um, 
and finer patterns are not assumed as patterns Subject to 
exposure. Accordingly, the cause of the line width input 
abnormality does not matter, whether it is a mere input 
mistake by the operator or whether the layer Subject to 
exposure is actually a critical layer having a minimum line 
width less than 0.3 um. 
0185. As is described, with the exposure apparatus 10 in 
this embodiment, the Series of processes are performed 
according to the flow chart in FIG. 10. Consequently, in 
accordance with the required exposure accuracy on exposure 
(in this embodiment, the exposure accuracy is judged based 
on the minimum line width Subject to exposure 1, as is 
previously described) the following items are changed in the 
manner in the description that follows: a, the X, Y permis 
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sible values of the substrate table 60, that is, the permissible 
value of the positional error (err) against the target value 
when judging the position Setting Settlement on the Stepping 
operation in between shots; b. the Z permissible value, that 
is, the permissible value of defocus on focus leveling 
control; c. the number of Screens for alignment measure 
ment; and d. the number of Sample shots on EGA. 

0186 That is, when the middle mode is selected where 
the required exposure accuracy is high and the position 
setting of the Substrate table 60 needs to be performed with 
high precision, the main controller 28 Sets Small values for 
the X, Y permissible values, and waits for a sufficient time 
to settle the position setting of the substrate table 60 before 
going onto the next operation So that the exposure accuracy 
is high to the utmost. On the contrary, when the rough mode 
is Selected where the required exposure accuracy is not high 
and the position setting of the substrate table 60 may be 
rough, the main controller Sets large values for the X, Y 
permissible values, and shortens the position Setting Settle 
ment time. Thus, the throughput can be improved, compared 
with when the X, Y permissible values were set at constant 
values regardless of the exposure accuracy required. 

0187. In addition, in the case the middle mode is selected 
where the required exposure accuracy is high, the permis 
Sible value of defocus upon exposure is set at a Small value 
accordingly, and in the case of the rough mode where the 
required exposure accuracy is not that tight, the permissible 
value of defocus is more or leSS Set loosely. As a conse 
quence, compared with the former case, the pre-focusing 
time becomes Shorter in the latter case, thus making it 
possible to reduce the exposure processing time compared 
with when the permissible value of defocus is set constant 
regardless of the exposure accuracy required. In this case, 
the exposure accuracy can be Sufficiently maintained. 

0188 Also, when the middle mode is selected where the 
required exposure accuracy is high, the main controller 28 
increases the number of Sample shots on EGA, and when the 
rough mode is Selected where the required exposure accu 
racy is not So tight, decreases the number of Sample shots on 
EGA. As a result, the throughput can be improved, com 
pared with when using the same number of Sample shots 
regardless of the exposure accuracy required. And, the 
exposure accuracy can also be Sufficiently maintained. 

0189 Furthermore, when the middle mode is selected 
where the required exposure accuracy is high, the main 
controller 28 increases the number of Screens for alignment 
measurement, whereas, when the rough mode is Selected 
where the required exposure accuracy is not So tight, 
decreases the number of Screens for alignment measure 
ment. As a result, the throughput can be improved due to the 
reduction in alignment time, compared with when using the 
Same number of Screens for alignment measurement regard 
less of the exposure accuracy required. And, the exposure 
accuracy can also be Sufficiently maintained. 

0.190 AS is obvious from the description so far, in this 
embodiment, the Surface position adjustment unit is struc 
tured including: the multiple focal position detection System 
made up of the irradiation system 74 and the photodetection 
System 76 (including the photosensors D-Dss, the tracking 
sensors D60, D70, D80, and D90 or the tracking sensors 
D600, D700, D800, and D900, and the direction differen 
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tiation sensor D100, and the like); the substrate table 60; the 
wafer driving unit 21; and the main controller 28, and the 
like. 

0191 AS is described in detail, the exposure apparatus 10 
in this embodiment comprises a projection optical System PL 
that has an image field large enough to expose, for example, 
a shot area (divided area) on the wafer of a KrF Scanner in 
one shot by projecting the exposure light EL emitted from 
the reticle R on the wafer W in a state when the reticle R and 
wafer Ware almost stationary. Therefore, on performing the 
mix-and-match previously described, shot areas on which 
exposure can be completed in one shot with the Scanning 
exposure apparatus Such as the Krf Scanner, can be exposed 
in one shot. Accordingly, by the 1 in 1 exposure, the 
maximum range where the Scanning eXposure apparatus is 
capable of exposing can be set as the shot area, and thus the 
capability of the Scanning exposure apparatus can be exhib 
ited to the full. In addition, Since the shot center is the same 
in the Scanning exposure apparatus and the exposure appa 
ratus 10, it is possible to Suppress residual errorS Such as shot 
rotation or shot magnification due to overlay to the utmost. 
0.192 Accordingly, in the case the lithographic process to 
manufacture a device Such as a Semiconductor includes an 
exposure process that uses a Scanning eXposure apparatus, 
by employing the mix-and-match with the exposure appa 
ratuS 10 in this embodiment, exposure with high accuracy 
and high throughput can be achieved. 
0193 In addition, with the exposure apparatus 10 in this 
embodiment, Since the main controller 28 changes various 
throughput control factorS Such as the items a.-d. described 
above in the manner above according to the minimum line 
width Subject to exposure l (required exposure accuracy), 
when exposure is performed on the Same wafer the through 
put can be obviously improved compared with when the 
exposure system 100 is controlled based on the same 
throughput control factors at all times. Meanwhile, Since the 
throughput control factor is changed to a State where priority 
is put on throughput only in the case when the required 
exposure accuracy is not So high, in other words, when 
reduction in exposure accuracy is allowed to Some extent, as 
a consequence, the exposure accuracy can be maintained at 
a Sufficient accuracy level. 
0194 In the embodiment above, the case has been 
described when the main controller 28 changes the four 
throughput control factors, a... the X, Y permissible values of 
the Substrate table 60, b. the Z permissible value, c. the 
number of Screens for alignment measurement, and d. the 
number of Sample shots on EGA in accordance with the 
minimum line width Subject to exposure 1. The present 
invention, however, is not limited to this, and any one, any 
two, or any three of the items a.-d. may be changed 
according to the minimum line width Subject to exposure. In 
Such a case, the throughput can be improved. As a matter of 
course, high exposure accuracy can be maintained on expo 
Sure accuracy. 

0.195. In addition, instead of, or in addition to the 
throughput control factors that has been described So far, the 
main controller 28 may change the following throughput 
control factors in accordance with the minimum line width 
Subject to exposurel: e. the permissible value of the physical 
quantity related to the position Setting accuracy of the 
substrate table 60; f. the time until the position setting of the 
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Substrate table 60 is judged complete; g. the permissible 
value of heat quantity Stored in the projection optical System 
PL due to the irradiation of the exposure light EL (the 
so-called Evalue limit); h. the permissible value of vibration 
quantity of the Substrate table 60 during exposure; i. the 
permissible error of the exposure amount provided on the 
wafer, j. the physical quantity related to the alignment 
measurement accuracy of the wafer; and k. the on/off of 
automatic focusing on alignment measurement, and the like. 
0196) Item e.-the permissible value of the physical 
quantity related to the position Setting accuracy of the 
Substrate table 60-can include at least either the maximum 
permissible velocity or the maximum permissible accelera 
tion on the Stepping operation in between shots, besides the 
item a. previously described. For example, when the rough 
mode is Selected, by increasing either the maximum per 
missible velocity (the Stepping Velocity) or the maximum 
permissible acceleration on the Stepping operation in 
between shots from the values of the middle mode, the 
Stepping time in between shots can be reduced, thus the time 
required for exposure processing on the wafer W (exposure 
processing time) can be reduced. However, when the step 
ping Velocity increases, the absolute value of the accelera 
tion/deceleration Velocity normally increases Since the Step 
ping is performed at a higher Speed in a limited distance 
(distance between shots). In this case, by changing the 
permissible value of positional error (err) against the target 
value to judge the Settlement of position Setting So as to 
match the increase in Stepping Velocity, it is possible to 
reduce the stepping time on exposure without increasing the 
position Setting Settlement time. This, however, does not 
necessarily have to be done, and the Same permissible value 
of positional error (err) against the target value to judge the 
Settlement of position Setting may be used at all times if the 
Velocity and acceleration/deceleration Velocity (moving 
State) during the stepping operations of the Substrate table 60 
is changed in an extent So that the total throughput increases, 
in consideration of the exposure processing time reduced 
due to the improvement in the Stepping Velocity and the 
increase in the position Setting Settlement time. 
0197). In addition, item f. the time until the position 
setting of the substrate table 60 is judged complete, referred 
to above, refers to a predetermined time t. This predeter 
mined time t is the time required until the State of the 
positional error (err) falls within the predetermined range. At 
this point, the position Setting may be judged complete. 
When the rough mode is selected, the predetermined time t 
can be reduced, compared with the case when the middle 
mode is Selected. 

0198 Also, the so-called Evalue limit in item g. above is 
included in the throughput control factor for the following 
reason. The image forming characteristics of the projection 
optical System PL changes due to the heat quantity Stored in 
the system when it absorbs the illumination light, however 
the permissible range of the change in the image forming 
characteristics differS depending on the exposure accuracy 
required. In this case, when the heat quantity is Stored to a 
level exceeding the permissible level, exposure has to be 
Suspended So as to cool off the projection optical System. 
Thus, changing the Evalue limit affects the throughput. That 
is, when the rough mode is Selected, the permissible range 
of the change in the image forming characteristics can be Set 
larger than when the middle mode is Selected, So the 
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permissible value of the heat quantity Stored in the projec 
tion optical System becomes larger. 
0199 And, the item h. the permissible value of vibration 
quantity of the Substrate table 60 during exposure is included 
in the throughput control factor for the following reason. 
There is a fixed relationship between the minimum line 
width Subject to exposure land the Stage vibration within the 
XY plane permissible during exposure. In general, when the 
minimum line width Subject to exposure is fine, the Stage 
vibration on exposure has to be small, or it will affect the 
exposure. On the contrary, when the minimum line width 
Subject to exposure is not So fine, even if vibration may more 
or leSS occur upon exposure, it does not have an adverse 
effect on the exposure. In the latter case, by Starting the next 
operation in a State before the vibration accompanying the 
movement of the Substrate table has ceased completely, the 
total processing time can be reduced. That is, when the 
rough mode is Selected, the permissible value of the vibra 
tion quantity of the substrate table 60 can be set larger than 
the middle mode. 

0200. In addition, item i. the permissible error of the 
exposure amount provided on the wafer is included in the 
throughput control factor for the following reason, although 
there are questions especially when the light Source is a 
pulse light Source Since the energy per pulse fluctuates in this 
case. That is, the permissible error of the exposure amount 
provided on the wafer differS depending on the minimum 
line width Subject to exposure, and the error of the exposure 
amount can be changed by changing at least either the 
number of the pulse emitted from the light source on 
exposure and irradiated on the wafer W or the repetition 
frequency (emitting cycle). In the case of using a pulse light 
Source, Since there is an energy fluctuation per pulse, the 
control accuracy of the exposure amount improves the more 
the number of the pulse irradiated on the wafer increases. On 
the other hand, when the number of the pulse irradiated on 
the wafer is reduced, the exposure amount control accuracy 
also is reduced, while the throughput is improved. Accord 
ingly, if the target exposure amount is the Same, in the case 
the rough mode is Selected the number of the pulse irradiated 
on the wafer is decreased, compared with the case when the 
middle mode is selected. In addition, if the number of the 
pulse irradiated on the wafer is the Same, then by increasing 
the repetition frequency, the time required for exposure can 
be reduced. Thus, in the case the rough mode is Selected the 
repetition frequency of the pulse emission of the light Source 
is to be higher than when the middle mode is selected. 
0201 Also, item j. the physical quantity related to the 
alignment measurement accuracy of the wafer, can include 
at least either the Selection of Sample shot on EGA mea 
Surement, that is, the measurement time of the alignment 
marks, or the quantity related to the Selection of alignment 
marks to be measured. Changing the measurement time of 
the alignment marks is not limited to the method of changing 
item c. the number of Screens for alignment measurement. In 
addition, as the quantity related to the Selection of alignment 
marks, besides item d. the number of Sample shots, it also 
includes determining the range of the shot areas on the 
Selection range of the Sample shots, within what range of the 
radius the shot areas should be with the wafer center Serving 
as the radius center. If the range of the Selection of the 
Sample shots is Small, the positional error of each shot Set by 
the EGA measurement may be large, however, the move 
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ment time of the wafer for mark measurement is reduced So 
the time required for EGA measurement can be shortened. 
Therefore, when the rough mode is Selected, the range of the 
Selection of the Sample shots is Set Smaller compared with 
when the middle mode is Selected. The physical quantity of 
the item j. described above, may include the number of 
alignment marks on the wafer that is to be detected by the 
EGA measurement, Such as the quantity related to the 
alignment mark numbers to be detected per each Sample 
shot. 

0202) In addition, item k. the on/off of automatic focusing 
on alignment measurement, is included in the throughput 
control factor for the following reason. Normally, in many 
cases a focus detection System (a focal point detection 
System) is incorporated in the alignment System ALG Such 
as the FIA System. In this case, when the automatic focusing 
of the wafer is performed on alignment mark detection with 
the focus detection System turned on, this itself improves the 
measurement accuracy of the alignment marks, however, the 
total time required for measurement increases. Thus, the 
on/off of the automatic focusing upon alignment measure 
ment influences the throughput. So, the on/off may be 
Switched depending on the required exposure accuracy, or in 
other words, the minimum line width Subject to exposure. 
That is, when the rough mode is Selected, the automatic 
focusing is to be turned “off”, whereas in the middle mode, 
it is to be turned “on”. 

0203 Also, the throughput can be improved, when the 
interval between various calibrations of the target Surface of 
the focal position detection system or the baseline (the 
positional relationship between the pattern projection posi 
tion of the projection optical System PL and the detection 
center of the alignment System ALG) or the like is longer 
when the rough mode is Selected, compared with when the 
middle mode is Selected. 

0204. In the embodiment above, the case has been 
described where the main controller 28 changes the through 
put control factors on its own judgment, based on the value 
of the minimum line width subject to exposure 1 input by the 
operator. The present invention, however, is not limited to 
this. For example, the parameter values related to the control 
factors used upon exposure may be individually Set in the 
process program file, which is a file containing various 
parameters Set in order to control the exposure System. In 
Such a case, the operator individually Sets various parameter 
values in the process program file in advance, and the 
control System controls the exposure System according to the 
process program file So that the control factors are changed 
on exposure in accordance with the minimum line width 
Subject to exposure. Accordingly, a simple change in the 
conventional proceSS program file is Sufficient enough, and 
a new complicated exposure process program (Software) 
including a judgment program does not have to be made. 
0205 Furthermore, the exposure system may be arranged 
So that the operator can manually Select between the middle 
mode and rough mode. Or, the control System may pick up 
the information of the reticle R used for exposure during 
carriage with a bar-code reader or the like, and based on the 
information collected the control System may automatically 
judge the minimum line width Subject to exposure. 
0206. In addition, as is disclosed in, for example, Japa 
nese Patent Laid Open No. 07-122473, and the correspond 
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ing U.S. application Ser. No. 569,400 (application filed: 
Dec. 8, 1995), in some cases the alignment method of 
obtaining the magnification, rotation, and the like of the 
reticle Via the projection optical System using a method 
Similar to EGA on the reticle (mask) side is employed. And 
according to the minimum line width of the pattern Subject 
to exposure, the number of the Sample shots on the EGA may 
be changed So that the relative alignment accuracy between 
the mask and the Substrate is changed. The disclosures cited 
above are fully incorporated herein by reference. 
0207 Also, on a surface of the glass substrate used as the 
reticle R in the exposure apparatus 10 in this embodiment, 
other than the circuit pattern it also includes the reticle 
alignment markS RXy 1-RXy 14 for the Scanning exposure 
apparatus and the pair of reticle alignment markS RX1y and 
RX20 normally used by the Static type exposure apparatus. 
Therefore, when, for example, mix-and-match is performed, 
it is possible to use the reticle R in both the Scanning 
exposure apparatus and the Static type exposure apparatus. 
And, in the case of using the reticle R in the exposure 
apparatus 10 in this embodiment, Since the pair of reticle 
alignment microScopes RA1 and RA2 is movable in the 
X-axis direction, it is possible to perform reticle alignment 
using the pair of reticle alignment markS RXy 13 and RXy 14 
located in the center position along the Y-axis direction, 
among the provided reticle alignment markS RXy 1-RXy 14. 
Further, with the exposure apparatus 10 in this embodiment, 
Since the pair of reticle alignment microscopes RA1 and 
RA2 is movable in the X-axis direction, it is possible to 
perform reticle alignment without any problems even when 
using a reticle (on which only reticle alignment marks for 
Scanning exposure apparatus are formed) used in the Scan 
ning eXposure apparatus. 

0208. In addition, on the reticle R, measurement patterns 
MPMa, MPMb, MPMa, MPMb, MPMc, MPMc, 
MPMd, and MPMd. are provided that are used for aerial 
image measurement on measuring the image forming char 
acteristics of the projection optical System PL with the aerial 
image measurement unit based on the Slit-and-Scan method. 
Therefore, in the case of using the reticle R, it is not 
necessary to prepare a measurement reticle (test reticle) used 
Solely for aerial image measurement on which measurement 
patterns are formed. Naturally, on aerial image measure 
ment, it is necessary to change the position and size of the 
opening of the reticle blind 32 so that the only the periphery 
of each measurement pattern is illuminated with the expo 
Sure light EL. 
0209 Further, with the exposure apparatus in this 
embodiment, the irradiation System 74 Structuring the focal 
position detection system (74,76) forms the slit images S60, 
S70, S80, and S90 (the second irradiation point) for follow 
ing the Z-position, each image formed close to the four 
corners of the projection area (exposure area) Ef on the 
wafer W, where the circuit pattern within the pattern area PA 
of the reticle R is projected. Also, in the exposure apparatus, 
tracking sensors D60, D70, D80, and D90 (or D600, D700, 
D800, and D900) are arranged that are capable of individu 
ally photo-detecting the reflection light (slit image light) 
from each Second irradiation point. Therefore, even if a part 
of the rectangular shape of the projection area is chipped, 
that is, even if the Shot area Subject to exposure is a chipped 
shot, at least one of the Second irradiation points (one of the 
slit images S60, S70, S80, and S90) can be formed on the 
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wafer W (shot area), and based on the output of the tracking 
Sensor corresponding to the reflection light the main con 
troller 28 moves the Substrate table 60 and is able to arrange 
the wafer Wheld on the substrate table 60 in the vicinity of 
the best image forming plane of the projection optical 
system PL. Then, after the wafer W is arranged in the 
vicinity of the best image forming plane of the projection 
optical system PL, light from a plurality of the first irradia 
tion points (slit images S-Sss) is individually received by 
the corresponding photoSensors D-Ds. And, the main 
controller 28 drives and controls the Substrate table in the 
optical axis direction so that the wafer W Surface almost 
coincides with the best image forming plane of the projec 
tion optical System PL, based on the deviation Signals from 
the Selected photoSensors. In this manner, even if the shot 
area Subject to exposure is the So-called chipped shot, it is 
possible to Swiftly adjust the positional deviation of the 
wafer W in the optical axis direction, and the wafer surface 
can be Swiftly made to coincide with the best image forming 
plane of the projection optical System PL. 

0210. Accordingly, with the exposure apparatus 10 in this 
embodiment, arranging the So-called chipped shot on the 
wafer W does not cause any problems. Therefore, not only 
the arrangement of shot areas shown in FIG. 7A described 
earlier, but also the arrangement of shot areas shown in FIG. 
7B becomes possible. As is obvious when comparing FIG. 
7A and FIG. 7B, the area utility efficiency of the wafer can 
be improved, as well as increase the degree of freedom when 
arranging the shot area on the wafer. 

0211. In addition, in this embodiment, since the second 
irradiation point is formed one by one in the vicinity of the 
four corners within the projection area Ef, and tracking 
Sensors are individually arranged corresponding to each 
Second irradiation point, shot areas (including the chipped 
shots) of any position may be set (selected) as the first shot 
for exposure without any problems. Therefore, the degree of 
freedom can be increased when setting (Selecting) the expo 
Sure Sequence of the shot areas. 

0212. The present invention, however, is not limited to 
this, and only one tracking Sensor needs to be arranged, and 
the slit image (the Second irradiation point) corresponding to 
the tracking Sensor may be formed in the vicinity of one 
corner on the projection area of the reticle pattern on the 
wafer W. Even in Such a case, by Selecting a shot area at an 
appropriate position on the wafer W as the first Shot, the 
positional deviation of the wafer W in the optical axis 
direction can be Swiftly adjusted even if the shot area is the 
So-called chipped shot. 
0213 Or, a plurality of slit images for Z following (the 
Second irradiation point) may be respectively formed in the 
four corners of the projection area of the reticle pattern on 
the wafer, and tracking Sensors that individually receive the 
reflection light from these Slit images may be arranged 
corresponding to the number of the Second irradiation 
points. In this case, as is shown in FIG. 13, the projection 
area Ef can be divided into four rectangular areas Ef1-Ef4 
along the XY two-dimensional direction, and each divided 
area Ef1 (i=1, 2, 3, 4) can be divided into two along a 
diagonal line So as to make two triangular shaped areas. And, 
each Second irradiation point can be arranged in the trian 
gular shaped area located on the outer side (the Slanted line 
portion in FIG. 13). 
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0214. In addition, in the embodiment above, the case has 
been described where the tracking Sensor to be used is 
Selected from the four tracking Sensors in accordance with 
the position of the first shot on the wafer. This, no more, no 
less, means that the Suitable tracking Sensor is Selected 
according to the shape of the shot, when the projection area 
Ef on the wafer where the reticle pattern is projected by the 
projection optical System PL is a chipped shot with a part of 
its rectangular shape chipped. Accordingly, in the case a 
plurality of slit images for Z following (the Second irradia 
tion point) is respectively formed in the four corners of the 
projection area of the reticle pattern on the wafer, and 
tracking Sensors that individually receive the reflection light 
from these Slit images are arranged corresponding to the 
number of the Second irradiation points as is described 
above, the tracking Sensors to be used may be Selected 
depending on the Size of the shot area. Or, if a plurality of 
tracking Sensors is arranged, the tracking Sensor does not 
necessarily have to be selectable. 
0215. Likewise, in the embodiment above, the case has 
been described where any photoSensor can be Selected from 
a plurality of photosensors D-Dss. The present invention, 
however, is not limited to this, and the photoSensors may all 
be used at the same time. 

0216. Also, in the embodiment above, when the wafer W 
Surface is arranged in the vicinity of the best image forming 
plane of the projection optical System PL, the Selected 
tracking Sensors may be used for focus leveling control, 
together with the Selected photoSensors from the photosen 
sors D-Dss. This is because when the wafer W Surface is 
arranged in the vicinity of the best image forming plane of 
the projection optical System PL, the tracking Sensors D60 
D90 substantially output signals corresponding to the devia 
tion amount of the wafer W Surface with respect to the 
predetermined reference Surface in the optical axis direction 
as the detection Signals, and as the tracking Sensors D600 
D900 sensors similar to the photosensors D-Ds are used. 
In addition, in the embodiment above, the software may be 
made to perform the Selection of the photosensors or the 
tracking Sensors. 
0217 Incidentally, in the embodiment above, the size of 
the shot area (divided area) in the Scanning exposure appa 
ratus used in the mix-and-match was to be 25 mmx33 mm 
in a rectangular shape. The size, however, is not limited to 
this, and may be 26 mmx33 in a rectangular shape. In this 
case, as is with the embodiment above, the 6-inch size reticle 
can be used, with the projection magnification of the pro 
jection optical System PL being 4. 
0218. Or, the size of the shot area (divided area) in the 
Scanning exposure apparatus can be 22 mmx26 mm having 
a rectangular shape. In this case, the 6-inch Size reticle can 
be used, with the projection magnification of the projection 
optical system PL being /s. 
0219. In these cases, similar to the embodiment above, as 
the projection optical System of the Static type exposure 
apparatus, a projection optical System which image field 
(wafer Side) has a diameter where a shot area of the Scanning 
exposure apparatus is almost inscribed, may be used. That is, 
when the divided area in the Scanning exposure apparatus is 
a rectangular shape of the size (a mmxb mm), as the 
projection optical System of the Static type exposure appa 
ratus, a System having a circular image field with a diameter 
Ds(a+b)' may be used. 
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0220. In the embodiment above, the case has been 
described when the light Source is made up of a mercury 
lamp, a Krf excimer laser, an Arf excimer laser, or the like. 
The present invention, however, is not limited to this, and a 
harmonic may be used, which is obtained by amplifying a 
Single-wavelength laser beam in the infrared or visible range 
emitted by a DFB semiconductor laser or a fiber laser with 
a fiber amplifier doped with, for example, erbium (Er) (or 
both erbium and ytteribium (Yb)) and converting its wave 
length into ultraViolet light using a nonlinear optical crystal. 
0221) The present invention, can also be suitably applied 
to not only the exposure apparatus used for manufacturing a 
Semiconductor device, but also to an exposure apparatus 
used to transfer a device pattern onto a glass plate when 
manufacturing a display including a liquid crystal display 
device, an exposure apparatus used to transfer a device 
pattern onto a ceramic wafer when manufacturing a thin-film 
magnetic head, and to an exposure apparatus used when 
manufacturing a pick-up device (such as a CCD), a DNA 
chip, a mask or a reticle, and the like. 
0222. The exposure apparatus 10 in the embodiment 
above related to the present invention can be made by 
incorporating the illumination optical System made up of a 
plurality of lenses and the projection optical System into the 
main body of the exposure apparatus and performing optical 
adjustment, while incorporating the reticle Stage RST made 
up of various mechanical components, the X stage 58, the Y 
Stage 56, and the Stage unit 42 consisting of the Substrate 
table 60 and the like into the main body of the exposure 
apparatus, connecting the wiring and piping, and further 
more, performing total adjustment (electrical adjustment, 
operational adjustment). The exposure apparatus is prefer 
ably made in a clean room in which temperature, degree of 
cleanliness, and the like are controlled. 
0223) Device Manufacturing Method 
0224. A device manufacturing method using the exposure 
apparatus 10 in the embodiment above in a lithographic 
process will be described next. 
0225 FIG. 14 is a flowchart showing an example of 
manufacturing a device (a Semiconductor chip Such as an IC 
or LSI, a liquid crystal panel, a CCD, a thin magnetic head, 
a micromachine, or the like). As shown in FIG. 14, in step 
201 (design step), function/performance is designed for a 
device (e.g., circuit design for a semiconductor device) and 
a pattern to implement the function is designed. In Step 202 
(mask manufacturing Step), a mask on which the designed 
circuit pattern is formed is manufactured. In step 203 (wafer 
manufacturing step), a wafer is manufacturing by using a 
Silicon material or the like. 

0226) Next, in step 204 (wafer processing step), an actual 
circuit and the like is formed on the wafer by lithography or 
the like using the mask and wafer prepared in StepS 201 to 
203, as will be described later. In step 205 (device assembly 
Step), a device is assembled using the wafer processed in 
Step 204. In Step 205, processes Such as dicing, bonding, and 
packaging (chip encapsulation) are included, depending on 
the requirements. 
0227 Finally, in step 206 (inspection step), a test on the 
operation of the device, durability test, and the like are 
performed. After these Steps, the device is completed and 
Shipped out. 
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0228 FIG. 15 is a flow chart showing a detailed example 
of step 204 described above in manufacturing the semicon 
ductor device. Referring to FIG. 15, in step 211 (oxidation 
step), the surface of the wafer is oxidized. In step 212 (CVD 
Step), an insulating film is formed on the wafer Surface. In 
Step 213 (electrode formation Step), an electrode is formed 
on the wafer by vapor deposition. In Step 214 (ion implan 
tation Step), ions are implanted into the wafer. Steps 211 to 
214 described above constitute a pre-process for the respec 
tive Steps in the wafer process and are Selectively executed 
in accordance with the processing required in the respective 
StepS. 

0229 When the above pre-process is completed in the 
respective Steps in the wafer process, a post-process is 
executed as follows. In this post-process, first, in Step 215 
(resist formation Step), the wafer is coated with a photosen 
Sitive agent. Next, in Step 216 (exposure step), the circuit 
pattern on the mask is transferred onto the wafer by the 
exposure apparatus 10 described above and other exposure 
apparatus. Then, in Step 217 (development step) the exposed 
wafer is developed. And, in Step 218 (etching step), an 
exposed member on a portion other than the portion where 
the resist is left is removed by etching. Finally, in step 219 
(resist removing step), the unnecessary resist remaining after 
the etching is completed is removed. 
0230 By repeatedly performing these pre-process and 
post-process Steps, multiple circuit patterns are formed on 
the wafer. 

0231. By using the device manufacturing method 
described So far in this embodiment, the exposure apparatus 
10 described in the embodiment above is to be used in the 
exposure process (step 216). Therefore, exposure is per 
formed with the throughput improved, while maintaining 
Sufficient exposure accuracy. Especially in the case when an 
exposure process using a Scanning exposure apparatus is 
included in the lithographic process to manufacture a device 
Such as a Semiconductor device, by employing the mix-and 
match with the exposure apparatus 10 described in the 
embodiment above, high precision and high throughput can 
be achieved. Accordingly, the productivity of the microde 
Vice having a fine pattern can be improved by improving the 
throughput, without reducing its yield. 
0232 While the above-described embodiments of the 
present invention are the presently preferred embodiments 
thereof, those skilled in the art of lithography systems will 
readily recognize that numerous additions, modifications, 
and substitutions may be made to the above-described 
embodiments without departing from the Spirit and Scope 
thereof. It is intended that all Such modifications, additions, 
and Substitutions fall within the Scope of the present inven 
tion, which is best defined by the claims appended below. 

What is claimed is: 

1. An exposure apparatus that exposes a Substrate via a 
mask with an energy beam in a State where Said mask and 
Said Substrate are Stationary, Said exposure apparatus com 
prising an exposure System which includes: 

a projection optical System having an image field large 
enough So that a divided area on Said Substrate exposed 
in one time with a Scanning exposure apparatus can be 
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exposed in one shot by projecting Said energy beam 
outgoing from Said mask onto Said Substrate; and 

a Substrate Stage on which said Substrate is mounted. 
2. The exposure apparatus according to claim 1, wherein 

Said one divided area exposed with Said Scanning exposure 
apparatus has a rectangular shape with a size which is one 
of (25 mmx33 mm) and (26 mmx33 mm). 

3. The exposure apparatus according to claim 2, wherein 
Said mask is a 6-inch Size, and Said projection optical System 
has a projection magnification of 4. 

4. The exposure apparatus according to claim 1, wherein 
Said one divided area exposed with Said Scanning exposure 
apparatus has a rectangular shape with a size of (22 mmx26 

5. The exposure apparatus according to claim 4, wherein 
Said mask is a 6-inch Size, and Said projection optical System 
has a projection magnification of /s. 

6. The exposure apparatus according to claim 1, wherein 
Said image field has a circular shape with a diameter in 
which Said divided area of the Scanning eXposure apparatus 
is almost inscribed. 

7. The exposure apparatus according to claim 1, wherein 
Said projection optical System is capable of resolving a 
pattern having a line width of 0.35 um on said substrate. 

8. The exposure apparatus according to claim 1, Said 
exposure apparatus further comprising: 

a control System which totally controls said exposure 
System and changes a control factor of Said exposure 
System related to throughput in accordance with a 
minimum line width of a pattern Subject to transfer. 

9. The exposure apparatus according to claim 8, wherein 
Said control factor Subject to Said change includes at least 
one of: 

a permissible value of a physical quantity related to a 
position Setting accuracy of Said Substrate Stage; 

time until position Setting of Said Substrate Stage is judged 
complete; 

a permissible value of error from a target Surface of a 
Surface of Said Substrate with respect to an optical axis 
direction of Said projection optical System; 

a permissible value of heat quantity Stored in Said pro 
jection optical System due to irradiation of Said energy 
beam; 

a permissible value of Vibration quantity of Said Substrate 
Stage during eXposure; 

a permissible error of an exposure amount provided on 
Said Substrate; 

a physical quantity related to an alignment measurement 
accuracy of Said Substrate; and 

an on/off of automatic focusing on alignment measure 
ment. 

10. The exposure apparatus according to claim 9, wherein 
Said permissible value of Said physical quantity related to a 
position Setting accuracy of Said Substrate Stage includes at 
least one of a permissible error from a position Setting target 
value, a maximum permissible velocity, and a maximum 
permissible acceleration. 

11. The exposure apparatus according to claim 9, wherein 
Said physical quantity related to an alignment measurement 
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accuracy of Said Substrate includes at least one of a quantity 
related to Selection on Selecting alignment marks for align 
ment measurement from a plurality of alignment marks on 
Said Substrate and a measurement time of Said alignment 
mark. 

12. The exposure apparatus according to claim 8, wherein 
Said control System changes Said control factor in 2 Stages, 
in the case when said minimum line width is less than 0.7 um 
and in the case when Said minimum line width is equal to 
and over 0.7 um. 

13. A device manufacturing method including a litho 
graphic process, wherein exposure is performed using Said 
exposure apparatus according to claim 1 in Said lithographic 
proceSS. 

14. A Surface position adjustment unit that makes a 
Surface of a Second object almost coincide with an image 
plane of a projection optical System which projects a pattern 
formed on a first object, Said unit comprising: 

an irradiation System which forms a plurality of first 
irradiation points within a projection area of Said pat 
tern with Said projection optical System by irradiating 
first lights from an oblique direction with respect to 
Said Second object, and also forms a Second irradiation 
point in a vicinity of at least one corner of Said 
projection area by irradiating a Second light from an 
oblique direction on Said Second object; 

a first photodetection Sensor capable of individually 
detecting a reflection light from each of Said first 
irradiation points photo-electrically, and of outputting a 
deviation signal corresponding to a deviation amount of 
Said Surface of Said Second object with respect to a 
predetermined reference Surface related to an optical 
direction of Said projection optical System at Said each 
of Said first irradiation points, 

a Second photodetection Sensor capable of photo-electri 
cally detecting a reflection light of Said Second light 
from Said Second object; 

a stage which holds Said Second object and can be driven 
in at least Said optical direction; and 

a driving unit which drives Said Stage in Said optical axis 
direction based on an output of Said Second photode 
tection Sensor to arrange Said Surface of Said Second 
object in a vicinity of a best image forming plane of 
Said projection optical System, and drives Said Stage in 
Said optical axis direction based on Said output of Said 
first photodetection Sensor at each of Said points to 
make Said Surface of Said Second object almost coincide 
with Said best image forming plane of Said projection 
optical System. 

15. The Surface position adjustment unit according to 
claim 14, wherein at least one of Said Second irradiation 
point is arranged respectively in a vicinity of four corners of 
Said projection area, and Said Second photodetection Sensor 
is individually arranged corresponding to each of Said Sec 
ond irradiation points. 

16. The Surface position adjustment unit according to 
claim 15, wherein Selection of a Second photodetection 
Sensor to be used can be made from at least four Second 
photodetection Sensors corresponding to Said Second irra 
diation points. 

17. The Surface position adjustment unit according to 
claim 15, wherein Said each of Said Second irradiation points 
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are arranged within an area located on an outer Side of two 
triangular shaped areas, when Said projection area is divided 
into four rectangular areas along a two dimensional direction 
perpendicular to Said optical axis and each of Said rectan 
gular areas is diagonally divided into two in Said two 
triangular shaped areas. 

18. The Surface position adjustment unit according to 
claim 14, wherein Said Second photodetection Sensor func 
tions as a tracking Sensor and an output of Said Second 
photodetection Sensor includes whether there actually is a 
detection Signal to be detected. 

19. The Surface position adjustment unit according to 
claim 14, wherein a Selection of a first photodetection Sensor 
to be used can be made arbitrarily from said plurality of first 
photodetection Sensors. 

20. The Surface position adjustment unit according to 
claim 14, wherein Said driving unit uses both outputs of Said 
first photodetection Sensor and Said Second photodetection 
Sensor when said Surface of Said Second object is in Said 
vicinity of Said best image forming plane of Said projection 
optical System. 

21. An exposure apparatus, Said exposure apparatus com 
prising: 

an exposure System that transferS a pattern formed on a 
mask onto a Substrate via a projection optical System in 
a State where Said mask and Said Substrate are Station 
ary, having a Surface position adjustment unit which 
makes a Surface of Said Substrate coincide with a best 
image forming plane of Said projection optical System, 
wherein 

Said Surface position adjustment unit includes: 

an irradiation System which forms a plurality of first 
irradiation points within a projection area of Said 
pattern with Said projection optical System by irra 
diating first lights from an oblique direction with 
respect to Said Substrate, and also forms a Second 
irradiation point in a vicinity of at least one corner of 
Said projection area by irradiating a Second light 
from an oblique direction on Said Substrate; 

a first photodetection Sensor capable of individually 
detecting a reflection light from each of Said first 
irradiation points photo-electrically, and of output 
ting a deviation Signal corresponding to a deviation 
amount of Said Surface of Said Substrate with respect 
to a predetermined reference Surface related to an 
optical direction of Said projection optical System at 
Said each of Said first irradiation points; 

a Second photodetection Sensor capable of photo-elec 
trically detecting a reflection light of Said Second 
light from Said Substrate; 

a stage which holds Said Substrate and can be driven in 
at least Said optical direction; and 

a driving unit which drives Said Stage in Said optical 
axis direction based on an output of Said Second 
photodetection Sensor to arrange Said Surface of Said 
Substrate in a vicinity of a best image forming plane 
of Said projection optical System, and drives Said 
Stage in Said optical axis direction based on Said 
output of Said first photodetection Sensor at each of 
Said points to make Said Surface of Said Substrate 
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almost coincide with Said best image forming plane 
of Said projection optical System. 

22. The exposure apparatus according to claim 21, 
wherein at least one Second irradiation point is formed 
respectively in a vicinity of four corners of a projection area 
of Said projection optical System, and Said Second photode 
tection Sensors are arranged individually corresponding to 
each of Said Second irradiation points. 

23. The exposure apparatus according to claim 21, 
wherein 

Said Second irradiation point is formed in a vicinity of a 
plurality of corners of Said projection area, and 

Said driving unit Selects Said Second irradiation point 
formed in a vicinity of at least one corner of Said 
plurality of corners in accordance with a position of a 
divided area on Said Substrate corresponding to Said 
projection area, and drives Said Stage based on a 
photoelectric detection result by Said Second photosen 
Sor of a reflection light from a Surface of Said Second 
object at Said Second irradiation point. 

24. The exposure apparatus according to claim 21, 
wherein Said projection optical System has an image field 
large enough So that a divided area on Said Substrate can be 
exposed in one shot in a State where Said mask and Said 
Substrate are Stationary, Said divided area being an area 
exposed in one time with a Scanning exposure apparatus 
used to perform Scanning exposure on Said Substrate at one 
of a timing before and after an exposure process of Said 
Substrate using Said mask. 
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25. The exposure apparatus according to claim 24, Said 
exposure apparatus further comprising: 

a control System which totally controls said exposure 
System and changes a control factor of Said exposure 
System related to throughput in accordance with a 
minimum line width of a pattern Subject to transfer. 

26. The exposure apparatus according to claim 21, Said 
exposure apparatus further comprising: 

a control System which totally controls said exposure 
System and changes a control factor of Said exposure 
System related to throughput in accordance with a 
minimum line width of a pattern Subject to transfer. 

27. A device manufacturing method including a litho 
graphic process, wherein exposure is performed using Said 
exposure apparatus according to claim 21 in Said litho 
graphic process. 

28. A mask used in an exposure apparatus, Said mask 
comprising: 

a mask Substrate; and 
a predetermined pattern which is formed on one side of 

Said mask Substrate and includes a circuit pattern and a 
mask alignment mark for a Scanning exposure appara 
tus and a mask alignment mark for a Static type 
eXposure apparatuS. 

29. The mask according to claim 28, wherein Said pre 
determined pattern further includes a pattern for aerial image 
measurement. 


