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The present invention relates to an exposure apparatus 

and an exposure method for exposing a sensitive substrate 

with a laser beam, an electron beam and other charged 

particle beams. In particular, the present invention 

relates to an exposure apparatus and an exposure method, 

which is used for producing semiconductor elements or 

liquid crystal display elements by means of the 

photolithography process, and which exposes the sensitive 

substrate by projecting a pattern formed on a mask via a 

projection optical system onto the sensitive substrate. 

Especially, the present invention relates to an exposure 

apparatus and an exposure method suitable for performing 

exposure and alignment of two substrates in parallel using 

two substrate stages. 

Background Art 

Various exposure apparatuses have be.en hitherto used, 

for example, when semiconductor elements or liquid crystal 

display elements are produced by means of the 

photolithography step. At present, a projection exposure 

apparatus is generally used, in which an image of a pattern 
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formed on a photomask or reticle (hereinafter generally 

referred to as "reticle") is transferred via a projection 

optical system onto a substrate (hereinafter referred to as 

"sensitive substrate", if necessary) such as a wafer or a 

glass blade applied with a photosensitive material such as 

photoresist on its surface. In recent years, a reduction 

projection exposure apparatus (so-called stepper) based on 

the so-called step-and-repeat system is predominantly used 

as· the projection exposure apparatus, in which a sensitive 

substrate is placed on a substrate stage which is movable 

two-dimensionally, and the sensitive substrate is moved in 

a stepwise manner (subjected to steppi~g) by using the 

substrate stage to repeat the operation for successively 

exposing respective shot areas on the sensitive substrate 

with the image of the pattern formed on the reticle. 

Recently, a projection exposure apparatue based on the 

step-and-scan system (scanning type exposure apparatus as 

described, for example, in Japanese Laid-Open Patent 

Publication No. 7-176468, corresponding to U.S. Patent No. 

5,646,413), which is obtained by applying modification to 

the ~tationary type exposure apparatus such as the stepper, 

is also used frequently. The projection exposure apparatus 

based on the step-and-scan system has, for example, the 

following merits. That is, (1) the projection optical 
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system is easily produced because a large field can be 

exposed by using a smaller optical system as compared with 

the stepper, and a high throughput c·an be expected owing to 

the decrease in number of shots because a large field is 

exposed. Further, (2) an averaging effect is obtained 

owing to relative scanning for the reticle and the wafer 

with respect to the projection optical system, and thereby 

it is possible to expect improvement in distortion and 

depth of focus. Moreover, it is considered that the 

scanning type projection exposure apparatus will be •.. 
predominantly used in place of the stepper, because a large 

field will become essential in accordance with the increase 

in the degree of integration of the semiconductor element, 

which is 16 M (mega) at present and will become 64 M for 

DRAM, 256 M, and 1 G (giga) in future as the progress 

·proceeds along with times. 

With this type of projection exposure apparatus, 

alignment between the reticle and the wafer needs to be 

performed highly precisely prior to exposure. To carry out 

this alignment, the wafer is provided with-a position 

dete~ting mark (alignment mark} formed (or exposure 

transferred) by a previous photolithographic process. By 

detecting the position of this alignment mark, the exact 
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position of the wafer (or a circuit pattern on the wafer) 

can be detected. 

Alignment microscopes for detecting the alignment mark 

are roughly classified into the on-axis type for detecting 

the mark through a projection lens, and the off-axis type 

for detecting the mark without allowing the detecting light 

pass through a projection lens. With regard to a 

projection exposure apparatus with an excimer laser light 

source, which would be predominant in this field, an 

alignment microscope of the off-axis type is optimal. This 

is because the projection lens has been corrected for 

chromatic aberration due to exposure light, so that the on-

axis type cannot condense alignment light, or if it could, 

an error due to chromatic aberration would be marked. An 

alignment microscope of the off-axis type, on the other 

hand, is provided· separately from the projection lens; 

therefore, free optical design is possible without regard 

for such chromatic aberration, and various alignment 

systems can be used. For example, a phase contrast 

microscope or a differential interference microscope may 

also be used. 

When the sensitive substrate is subjected to exposure 

by using the scanning type projection exposure apparatus, 

the so-called complete pre-measurement control method has· 
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been carried out as follows as described, for example, in 

Japanese Laid-Open Patent Publication No. 6-283403 

corresponding to U.S. Patent No. 5,448,332. That is, all 

detecting points included in one array provided on a front 

side in the scanning direction with respect to an exposure 

field are used as sample points. All values of focus 

positions at the sample points are previously measured 

before exposure, followed by the averaging process and the 

filtering process. The autofocus and the autoleveling 

mechanisms are controlled in an open manner during the 

exposure in consideration of phase delay. Concurrently 

with the foregoing operation, an inclination in the non­

scanning direction is determined by means of the least 

square approximation method from the measured values of the 

focus positions at the respective sample points in the one 

array described above to perform the leveling.control in 

the non-scanning direction in accordance with the open 

control. 

Such a projection exposure apparatus is principally 

used as a mass-production machine for semiconductor 

elements or the like. Therefore, the projection exposure 

apparatus necessarily required to have a processing ability 

that how many sheets of wafers can be subjected to the 

exposure process for a certain period of time. That is, it 
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is necessarily required for the projection exposure 

apparatus to improve the throughput. 

In this context, in the case of the projection 

exposure apparatus based on the step-and-scan system 

described above, when a large field is exposed, the 

improvement in throughput is expected because the number of 

shots to be exposed on the wafer is decreased as described 

above. However, since the exposure is performed during. 

movement at a constant velocity in accordance with 

synchronized scanning for the reticle and the wafer, it is 

necessary to provide acceleration and deceleration areas 

before and after the constant velocity movement area. As a 

result, if a shot having a size equivalent to a shot size 

of the stepper is exposed, there is a possibility that the 

throughput is rather ·decreased as compared with the 

stepper. 

The outline of the flow of the process in such a 

projection exposure apparatus is as follows. 

(l) At first, a wafer load step is performed, in which a 

wafer is loaded on a wafer table by using a wafer loader. 

(2) Next, a search alignment step is performed, in which 

the position of the wafer is roughly detected by using a 

search alignment mechanism. Specifically, the search 

alignment step is performed, for example, on the basis of 
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the contour of the wafer, or by detecting a search 

alignment mark on the wafer. 

(3) Next, a fine alignment step is performed, in which the 

position of each of the shot areas on the wafer is 

accurately determined. In general, the EGA (enhanced 

global alignment) system is used for the fine alignment 

step. In this system, a plurality of sample shots included 

in the wafer are selected beforehand, and positions of 

alignment marks (wafer marks) affixed to the sample shots 

are successively measured. Statistical calculation based 

on, for example, the so-called least square method is 

performed on the basis of results of the measurement and 

designed values of the shot array to determine all shot 

array data on the wafer {see, for example, Japanese Laid­

Open Patent Publication No. 61-44429 corresponding to U.S. 

Patent No. 4,780,617). In this ·system, it is.possible to 

determine the coordinate positions of the respective shot 

areas with high accuracy at a high throughput. 

(4) Next, an exposure step is performed, in which the 

image of the pattern on the reticle is transferred onto the 

wafer via the projection optical system while successively 

positioning the respective shot areas on the wafer to be 

located at exposure positions on the basis of the 

coordinate positions of the respective shot areas having 
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been determined in accordance with the EGA system or the 

like described above and the previously measured baseline 

amount. 

(5) Next, a wafer unload step is performed, in which the 

wafer on the wafer table having been subjected to the 

exposure process is wafer-unloaded by using a wafer 

unloader. The wafer unload step is performed 

simultaneously with the wafer load step (l) described above 

in which the exposure process is performed. That is, a 

wafer exchange step is constructed by the steps (1) and 

(5). 

As described above, in the conventional projection 

exposure apparatus, the roughly classified four operations 

are repeatedly performed by using one wafer stage; i.e., 

wafer exchange - search alignment - fine alignment -

exposure - wafer exchange. 

The throughput THOR [sheets/hour] of such a projection 

exposure apparatus can be represented by the following 

expression (l) assuming that the wafer exchange ti.me is Tl, 

the search alignment time is T2, the fine alignment time is 

T3, -and the exposure time is T4. 

THOR= 3600/(Tl + T2 + T3 + T4) • • • { 1 ) 

The operations of Tl to T4 are executed repeatedly and 

successively {sequentially) as in Tl - T2 - T3 - T4 -
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Tl •••. Accordingly, if the individual elements ranging 

from Tl to T4 involve high speeds, then the denominator is 

decreased, and the throughput THOR can be improved. 

However, as for Tl (wafer exchange time) and T2 (search 

alignment time), the effect of improvement is relatively 

small, because only one operation is performed for one 

sheet of wafer respectively. As for T3 (fine alignment 

time), the throughput can be improved if the sampling 

number of shots is decreased in the case of the use of the 

EGA system, or if the measurement time for a single shot is 

shortened. However, on the contrary, the alignment 

accuracy is deteriorated due to shortened T3. Therefore, 

it is impossible to easily shorten T3. 

On the other hand, T4 (exposure time) includes the 

wafer exposure time and the stepping time for movement 

between the shots. For example, in the case 9f the 

scanning type projection exposure apparatus based on, for 

example, the step-and-scan system, it is necessary to 

increase the relative scanning velocity between the reticle 

and the wafer in an amount corresponding to the reduction 

of ~he wafer exposure time. However, it is not allowed to 

increase the scanning velocity without consideration 

because the synchronization accuracy is deteriorated. 

9 



With the apparatus using an off-axis alignment 

microscope, such as the projection exposure apparatus with 

the excimer laser light source which would be predominant 

in this field, it is not easy to improve the 

controllability of the stage. With this type of projection 

exposure apparatus, there is need to precisely control the 

position of the wafer stage, without Abbe's error, during 

exposure of the mask pattern through the projection optical 

system and during alignment, thereby to achieve highly 

precise superposition. For this purpose, it is ·necessary 

to set a constitution in which the measuring axis of the 

laser interferometer passes through the center of 

projection of the projection optical system and the center 

of detection of the alignment microscope. Furthermore, 

neither the measuring axis passing through the center of 

projection of the projection optical system n9r the 

measuring axis passing through the center of detection of 

the alignment microscope should be interrupted in the 

moving range of the stage during exposure and in the moving 

range of the stage during alignment. To satisfy this 

req~irement, the stage necessarily becomes large in size. 

Important conditions for such a projection exposure 

apparatus other than those concerning the throughput 

described above include (1) the resolution, (2} the depth 
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of focus (DOF: Depth of Focus), and (3) the line width 

control accuracy. Assuming that the exposure wavelength is 

A, and the numerical aperture of the projection lens is 

N.A. (Numerical Aperture), the resolution R is proportional 

to A/N.A., and.the depth of focus (DOF) is proportional to 

Therefore, in order to improve the resolution R (in 

order to decrease the value of R), it is necessary to 

decrease the exposure wavelength k, or it is necessary to 

increase the numerical aperture N.A. Especially, in recent 

years, semiconductor elements or the like have developed to 

have high densities, and the device rule is not more than 

0.2 µm L/S (line and space). For this reason, a KrF 

excimer laser is used as an illumination light source in 

order to perform exposure for the pattern. How.ever, as 

described above, the degree of integration of the 

semiconductor element will be necessarily increased in 

future. Accordingly, it is demanded to develop an 

apparatus provided with a light source having a wavelength 

shorter than that of KrF. Representative candidates for 
. . 

the next generation apparatus provided with the light 

source having the shorter wavelength as described above 

include, for example, an apparatus having a light source of 

ArF excimer laser, and an electron beam exposure apparatus •. 
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However, the case of the ArF excimer laser involves 

numerous technical problems in that the light is scarcely 

transmitted through a place where oxygen exists, it is 

difficult to provide a high output, the service life of the 

laser is short, and the cost of the apparatus is expensive. 

The electron beam exposure apparatus is inconvenient in 

that the throughput is extremely low as compared with the 

light beam exposure apparatus. In reality, the development 

of the next generation machine, which is based on the 

principal viewpoint of the use of a short wavelength, does 

not proceed so well. 

It is conceived to increase the numerical aperture 

N.A., as another method to increase the resolution R. 

However, if N.A. is increased, there is a demerit that DOF 

of the projection optical system is decreased. DOF can be 

roughly cl~ssified into UDOF (User Depth of Focus: a part 

to be used by user: for example, difference in level of 

pattern and resist thickness) and the overall focus 

difference of the apparatus itself. Up to now, UDOF has 

contributed to DOF in a greater degree. Therefore, the 

deve~opment of the exposure apparatus has been mainly 

directed to the policy to design those having a large DOF. 

Those practically used as the technique for increasing DOF 

include, for example, modified· illumination. 
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By the way, in order to produce a device, it is 

necessary to form, on a wafer, a pattern obtained by 

combining, for example, L/S (line and space), isolated L 

(line), isolated S (space), and CH (contact hole). 

However, the exposure parameters for performing optimum 

exposure differ for every shape of the pattern such as L/S 

and isolated line described above. For this reason, a 

technique called ED-TREE (except for CH concerning a 

different reticle) has been hitherto used to determine, as 

a specification of the exposure apparatus, common exposure 

parameters (for example, coherence factor cr, N.A., exposure 

control accuracy, and reticle drawing accuracy) so that the 

resolution line width is within a predetermined allowable 

error with respect to a target value, and a predetermined 

DOF is obtained. However, it is considered that the 
•. 

following technical trend will appear in ·future. 

(1) Iii accordance with the improvement in process 

technology (improvement in flatness on the w:afer), the 

difference in pattern level will be progressively lowered, 

and the resist thickness will be progressively decreased. 

Ther~ will be a possibility that the UDOF may change from 

an order of 1 µm - 0.4 µm. 

(2) The exposure wavelength changes to be short, i.e., g-

ray (436 nm) - i-ray (365 nm) - KrF (248 nm). However, 
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investigation will be made for only a light source based on 

ArF (193) in future. Further technical hurdle is high. 

Thereafter, the progress will proceed to EB exposure. 

(3) It is expected that the scanning exposure such as 

those based on the step-and-scan system will be 

predominantly used for the stepper, in place of the 

stationary exposure such as those based on the step-and­

repeat system. The step-and-scan system makes it possible 

to perform exposure for a large field by using a projection 

optical system having a small diameter (especially in the 

scanning direction), in which it is easy to realize high 

N.A. corresponding thereto. 

In the background of the technical trend as described 

above, the double exposure method is reevaluated as a 

method for improving the limiting resolution. Trial and 

investigation are made such that the double e~posure method 

will be used for KrF exposure apparatus and ArF exposure 

apparatus in future to perform exposure up to those having 

0.1 µm L/S. In general, the double exposure method is 

roughly classified into the following three methods. 

(1). L/S's and isolated lines having different exposure 

parameters are formed on different reticles, and exposure 

is perf armed· for each of them on an identical wafer under 

an optimum exposure condition. 
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(2) For example, when the phase shift method is 

introduced, L/S has a higher resolution at an identical DOF 

as compared with the isolated line. By utilizing this 

fact, all patterns are formed with L/S's by using the first 

reticle, and L/S's are curtailed·for the second reticle to 

form the isolated lines. 

(3) In general, when the isolated line is used, a high 

resolution can be obtained with a small N.A. as compared 

with L/S (however, DOF is decreased). Accordingly, all 

patterns are formed with isolated lines, and the isolated 

lines, which are formed by using the first and second 

reticles respectively, are combined to form L/S's. The 

double exposure method described above has two effects of 

improvement in resolution and improvement in DOF. 

However, in the double exposure method, the exposure 

process must be performed several times by using a 

plurality of reticles. Therefore, inconveniences arise in 

that the exposure time (T4) is not less than two-fold as 

compared with the conventional apparatus, and the 

throughput is greatly deteriorated. For this reason, 

actu~lly, the double exposure method has not been 

investigated so earnestly. The improvement in resolution 

and depth of focus (DOF) has been hitherto made by means 

of, for example, the use of an ultraviolet exposure 
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wavelength, modified illumination, and phase shift reticle. 

However, when the double exposure method described 

above is used for the KrF and ArF exposure apparatuses, it 

is possible to realize exposure with up to 0.1 µm L/S. 

Accordingly, it is doubtless that the double exposure 

method is a promising choice to develop the next generation 

machine aimed at mass-production of DRAM of 256 M and 1 G. 

Therefore, it has been expected to develop a new technique 

for improving the throughput which is a task of the double 

exposure method as a bottleneck for such a purpose. 

In this context, if two or more operations of the four 

operations, i.e., the wafer exchange, the search alignment, 

the fine alignment, and the exposure operations can be 

concurrently processed in parallel, it may be possible to 

improve the throughput as compared with the case in which 

the four operations are sequentially performed. For this 

purpose, it is premised that a plurality of substrate 

stages are provided. The provision of a plurality of 

substrate stages is known, which may be considered to be 

easy from a theoretical viewpoint. However, there are 

numerous problems which should be solved in order to 

exhibit a sufficient effect. For example, if two substrate 

stages each having a size equivalent to those of presently 

used substrate stages are merely arranged and placed side 
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by side, an inconvenience arises in that the installation 

area for the apparatus (so-called foot print) is remarkably 

increased, resulting in increase in cost of the clean room 

in which the exposure apparatus is placed. In order to 

realize highly accurate overlay, it is necessary to execute 

alignment for the sensitive substrate on an identical 

substrate stag·e, and then execute positional adjustment for 

the image of the pattern on the mask and the sensitive 

substrate by using a result of the alignment so that 

exposure is carried out. Therefore, for example, if one of 

the two substrate stages is merely exclusively used for 

exposure, and the other is merely exclusively used for 

alignment, there is no real countermeasure. 

Further, there have been hitherto the following 

necessities. That is, when two operations are concurrently 

processed in parallel to one another while in~ependently 

controlling movement of two substrate stages, then the 

movement should be controlled so that the both stages do 

not make contact with each other (prevention of 

interference), and the operation performed-on one of the 

stag~s does not affect the operation performed on the other 

s·tage (prevention of disturbance) • 

Furthermore, in the case of the scanning type 

projection exposure apparatus, the order of exposure for 
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respective shot areas on the wafer w is determined, for 

example, by respective parameters of (1) to (4), i.e., (1) 

acceleration and deceleration times during scanning, (2) 

adjustment time, (3) exposure time, and (4) stepping time 

to adjacent shot. However, in general, the acceleration 

and the deceleration of the reticle stage give the rate­

determining condition. Therefore, it is most efficient 

that scanning is alternately performed for the reticle 

stage from one side to the other side and from the other 

side to one side in the scanning direction, in 

synchronization with which scanning is alternately 

performed for the wafer in the direction opposite to that 

for the reticle stage (for this purpose, the wafer is 

subjected to stepping in an amount corresponding to one 

shot after exposure for one shot). 

However, when the conventional complete pre­

measurement control described above is performed (for 

example, Japanese Laid-Open Patent Publication No. 6-

283403), it has been difficult to perform exposure in the 

aforementioned most efficient order of exposure. That is, 

when a shot area in the vicinity of the center of the wafer 

is exposed, the complete pre-measurement control can be 

performed without any special problem. However, in the 

case of shot areas existing in the vicinity of the outer 
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circumference of the wafer, and in the case of incomplete 

shots existing on the outer circumference, it is sometimes 

difficult to perform the complete pre-measurement control 

depending on the scanning direction for such shot areas. 

In the present circumstances, it is inevitable to direct 

the scanning direction from the inside to the outside of 

the wafer in order to perform complete pre-measurement. 

For this reason, the throughput has been consequently 

lowered. 

Japanese Laid-Open Patent Publication No. 8-51069, 

corresponding to u.s. Patent Application serial No. 261,630 

filed on June 17, 1994, discloses a step-and-repeat 

apparatus comprising a plurality of wafer stations each of 

which comprises a wafer position observing and tracking 

apparatus. The apparatus is provided, as the wafer 

station, with an image-forming station and a ~liaracteristic 

measuring station, and each station has a chuck for holding 

the wafer thereon. on the characteristic measuring 

station, an inclination and a depth of a field is 

determined for each field of the wafer. The image-forming 

station is provided with an image-forming lens, and the 

image is printed on each field of the wafer on which the 

characteristic has been measured in the' measuring 

characteristic station. To measure the characteristic and 
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to form an image in these stations are performed in 

parallel. This publication discloses that therefore the 

throughput of this apparatus can be doubled compared with a 

conventional stepper which performs the measurement of 

characteristic and the formation of image in order. 

However, in this type of apparatus, in order that the data 

concerning the wafer collected on the measuring 

characteristic station are kept effective and accurate even 

after the wafer has been transferred to the image-forming 

station, the wafer must be monitored continuously with an 

interferometer. 

The present invention has been made under the 

circumstances as described above, and a first object of the 

invention is to provide a projection exposure apparatus 

which makes it possible to further improve the throughput. 

A second object of the invention is to provide a 

projection exposure method which makes it possible to 

further improve the throughput. 

A third object of the invention is to prqvide a 

projection exposure apparatus which makes it possible to 

impr9ve the throughput by concurrently processing, for 

example, the exposure operation and the alignment operation 

in parallel to one another, miniaturize a substrate stage~ 

and reduce the weight of the substrate stage. 
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A fourth object of the invention is to provide a 

projection exposure method which makes it possible to 

improve the throughput, miniaturize a stage, and reduce the 

weight of the stage. 

A fifth object of the invention is to provide a 

projection exposure apparatus which makes it possible to 

further improve the throughput and avoid any mutual 

influence of disturbance between the both stages. 

A sixth object of the invention is to provide a 

projection exposure apparatus which makes it possible to 

further improve the throughput and avoid any mutual 

interference between the both stages. 

A seventh object of the invention is to provide a 

projection exposure method which makes it possible to 

further improve the throughput and avoid any mutual 

influence of disturbance between the both stages. 

An eighth object of the invention is to provide a 

projection exposure method which makes it possible to 

further improve the throughput and avoid any mutual 

interference between the both stages. 

A ninth object of the invention is to provide a 

projection exposure apparatus which makes it possible to 

perform highly accurate focus/leveling control while 

further improving the throughpu~. 
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A tenth object of the invention is to provide a 

projection exposure method which makes it possible to 

perform highly accurate focus/leveling control while 

further improving the throughput. 

An eleventh object of the invention is to provide a 

projection exposure method which makes it possible to 

perform highly accurate focus/leveling control while 

further improving the throughput even when EGA is performed 

for conducting positional adjustment with respect to a mask 

on the basis of an arrangement of sample shot areas. 

A twelfth object of the invention is to provide a 

projection exposure apparatus which makes it possible to 

perform highly accurate focus/leveling control while 

further improving the throughput, such that focus 

information concerning those disposed at the inside, which 

has been impossible to be subjected to pre-me~surement when 

shot areas in the vicinity of outer circumference of a 

sensitive substrate are exposed, is used as pre-measurement 

data for focus control. 

A thirteenth object of the invention is to provide a 

sca~ning exposure method which makes it possible to perform 

highly accurate focus/leveling control while further 

improving the throughput. 

A fourteenth object of the invention is to provide an 
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exposure method capable of improving throughput and 

determining the size of the substrate stage regardless of 

the baseline amount. 
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DISCLOSURE OF THE INVENTION 

If a plurality of actions among the aforementioned three 

actions, i.e. , wafer replacement (including search alignment) , 

fine alignment and exposure, can be performed in parallel even 

partially, throughput may be improved compared with the 

sequential execution of these actions. The present invention 

has been devised in this view and for overcoming the 

inconveniences of the conventional art. 

According to the first aspect of the present invention, 

there is provided an exposure apparatus for exposing a plurality 

of areas (SA) divided on a sensitive substrate (Wl, W2) 

respectively with a predetermined pattern, the exposure 

apparatus comprising; 

a plurality of stages (WSl, WS2), each holding a sensitive 

substrate (Wl, W2) thereon, while moving independently between 

a positional information measuring section .(PIS) wherein 

positional information of the respective divided areas on the 

sensitive substrate are measured and an exposure section ( EPS). 

The measurement of the positional information on the respective 

divided areas (shot areas (SA)) on the sensitive substrate is 

perf.ormed on the positional information measuring section (PIS), 

while the exposure of the respective divided areas is performed 

on the exposure section (EPS). Since the measurement and the 

exposure are performed in parallel, the throughput is 
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remarkably improved compared to a conventional exposure 

apparatus wherein the process steps in these sections are 

performed sequentially. In order for the inventive exposure 

apparatus to keep accurate the positional information, such as 

positions in a directions of X, Y and Z of each area, measured 

in the positional information measuring section, each stage 

(WSl, WS2) has a reference mark (MKl, MK2, MK3) for determining 

a relative position of each divided area on the sensitive 

substrate on the stage. The alignment of each divided area on 

the sensitive substrate is performed in the exposure section 

using the relative position of each divided area with respect 

to the reference mark measured in the positional information 

measuring section. Accordingly, it is sufficient for each of 

the position measuring system (such as interferometers) for 

measuring position of the stage positioned on the positional 

information measuring section and the position m~asuring system 

(such as interferometers) for measuring position of the stage 

positioned on the exposure section, to independently measure 

the stage position only in one section. It is not necessary 

for one of the position measuring systems to monitor the 

pos~tion of one stage during the movement of the stage between 

the two sections. Further, there is no need to transmit data 

between the position measuring systems. 

The exposure apparatus further may comprisepositional 
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information detecting systems in the positional information 

measuring section and the exposing section, respectively. The 

positional information detecting systems may measure or 

determine the position of each divided area of the sensitive 

substrate with respect to the reference mark. When the exposure 

apparatus is a projection exposure apparatus, the positional 

information detecting system in the positional information 

measuring section may an alignment system (24a, 24b) and a 

detection system ( 130) for detecting the position of the surface 

of the sensitive substrate, and fhe positional information 

detecting system in the exposure section may be a detector for 

detecting the marks through the projection optical system. The 

exposure apparatus may further comprise a storing apparatus 

(91) for storing positional information of each divided area 

on the sensitive substrate which has been determined in the 

positional information measuring section. 

According to the second aspect of the present invention, 

there is provided a projection exposure apparatus for exposing 

a sensitive substrate (Wl, W2) by projecting a pattern formed 

on a mask {R) through a projection optical system {PL) onto the 

sens~tive substrates, characterized by having: 

a first substrate stage {WSl) which is movable on a 

two-dimensional plane while holding a sensitive substrate (Wl), 

the first substrate stage having a reference mark formed 
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thereon; 

a second substrate stage (WS2) which is movable 

independently from the first substrate stage (WSl) on the same 

plane as that for the first substrate stage (WSl) while holding 

a sensitive substrate (W2), the second substrate stage having 

a reference mark formed thereon; 

at least one mark detecting system (for example, 24a) 

provided apart from the projection optical system (PL), for 

detecting reference mark on the substrate stage (WSl, WS2) or 

a mark on the sensitive substrate (WSl, WS2) held on the 

substrate stage (WSl, WS2); and 

a controller ( 90) for controlling operations of the both 

stages (WSl, WS2) so that one of the first and second substrate 

stages (WSl or WS2) performs a mark-detecting operation 

effected by the mark detecting system (24a), while the other 

stage (WS2 or WSl) performs an exposure operation. 

According to the projection exposure apparatus, the 

controller controls the operations of the both stages (WSl, WS2) 

so that the one of the stages of the first substrate stage and 

the second substrate stage performs the mark-detecting 

oper~tion effected by the mark detecting system, during which 

the exposure operation is performed on the other stage. 

Accordingly, the detecting operation for the mark on the 

sensitive substrate held on the one substrate stage can be 
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processed concurrently with the exposure operation for the 

sensitive substrate held on the other substrate stage. 

Therefore, the operation corresponding to the time T2 and the 

time T3 explained above can be processed concurrently with the 

operation corresponding to the time T4. Thus, it is possible 

to improve the throughput as compared with the conventional 

sequential process which requires the time (Tl + T2 + T3 + T4). 

In this projection exposure apparatus, it is still more 

desirable that when the projection exposure apparatus further 

comprises a transport system (180 to 200) for delivering the 

sensitive substrate (Wl, W2) with respect to the first and 

second substrate stages (WSl and WS2), then the controller ( 90) 

controls the operations of the both stages (WSl, WS2) so that 

one of the substrate stages (WSl or WS2) performs the delivery 

of the sensitive substrate with respect to the transport system 

(180 to 200) and the mark-detecting operation effected by the 

mark detecting system (24a), during which the other stage (WS2 

or WSl) performs the exposure operation effected by the 

projection optical system (PL). In such an arrangement, the 

operation corresponding to the time Tl, the-time T2, and the 

time_T3 explained above can be performed by the one substrate 

stage, and the operation corresponding to the time T4 can be 

performed by the other substrate stage. Accordingly, it is 

possible to further improve the throughput. 
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In the projection exposure apparatus, at least one mark 

detecting system such as alignment system may be provided 

separately from the projection optical system. However, for 

example, when two mark detecting systems are provided 

separately from the projection optical system, it is also 

preferable, that the two mark detecting systems (24a, 24b) are 

arranged on both sides of the projection optical system (PL) 

along a predetermined direction; and the controller (90) is 

operated such that the reference mark on the first substrate 

stage (WSl) or the mark on the sensitive substrate (Wl) held 

on the first substrate stage (WSl) is detected by using the one 

mark detecting system (24a), and the reference mark on the 

second substrate stage (WS2) or the mark on the sensitive 

substrate (W2) held on the second substrate stage (WS2) is 

detected by using the other mark detecting system (24b). In 
•. 

this embodiment as described above, the sensitive substrate on 

the one substrate _stage may be exposed by using the projection 

optical system located at the center (exposure operation), 

during which the sensitive substrate on the other substrate 

stage may be subjected to the mark detection by using the one 

mark detecting system (alignment operation). When . the 

exposure operation is changed to the mark detecting operation, 

then the one substrate stage having been located under the 

projection optical system can be easily moved to the position 
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of the other mark detecting system, and the other substrate 

stage having been located at the position of the one mark 

detecting sy:;tem can be easily moved to the position under the 

projection optical system, only by moving the two substrate 

stages along the predetermined direction toward the other mark 

detecting system. By doing so, it is possible to alternately 

use the two mark detecting systems. 

According to the third aspect of the present invention, 

there is provided a projection exposure method for exposing a 

sensitive substrate (Wl, W2) by projecting a pattern formed on 

a mask (R) through a projection optical system (PL) onto the 

sensitive substrates, characterized by: 

preparing two substrate stages (WSl, WS2) each of which 

is movable independently on a two-dimensional plane while 

holding a sensitive substrate (Wl, W2) ; and 

performing, by·using one stage (WSl or W.S2) of the two 

substrate stages (WSl, WS2), at least one of an exchange 

operation for the sensitive substrate and a detecting operation 

for a mark on the one stage or on the sensitive substrate held 

on the one stage, while executing an exposure·operation for the 

sen~itive substrate by using the other stage (WS2 or WSl) of 

the two substrate stages. 

According to the projection exposure method, at least one 

of the operation corresponding to the time Tl and the operation 
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corresponding to the time {T2 + T3) explained above is performed 

on the one substrate stage, during which the operation 

corresponding to the time T4 is performed on the other substrate 

stage concurrently therewith. Accordingly, it is possible to 

improve the throughput as compared with the conventional 

sequential process which requires the time (Tl + T2 + T3 + T4). 

Especially, when the operation corresponding to the time (Tl 

+ T2 + T3) is performed by the one stage, during which the 

operation corresponding to the time T4 is performed by the other 

stage concurrently therewith, then it is possible to further 

improve the throughput. 

In this aspect, the respective operations performed on 

the two substrate stage are not necessarily completed at the 

same time. However, it is also preferable that the operations 

of the two substrate stages are changed to one another at a point 

of time of completion of the operations of the.two substrate 

stages. Accordingly, among the two stages, one stage, on which 

the operation is completed earlier, is subjected to a waiting 

mode, and the operations are changed to one another at the point 

of time of completion of the operation of the other stages. The 

waiting time may behave as a factor to lower the throughput. 

'l'herefore, it is desirable that the contents of the operations 

concurrently· processed on the two substrate stages are divided 

so that the waiting time is decreased as short as possible. 
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According to the fourth aspect of the present invention, 

there is provided a method for exposing a sensitive substrate 

{W) by projecting a pattern formed on a mask {R} through a 

projection optical system {PL) onto the sensitive substrates, 

characterized by: 

preparing two substrate stages {WSl, WS2} independently 

movable in the same plane while each holding a sensitive 

substrate {W); 

exposing the sensitive substrate {W) held on one of the 

two substrate stages (WSl or WS2) with the pattern image of the 

mask {R) through the projection optical system (PL); 

measuring the positional relation between an alignment 

mark on the sensitive substrate (W} held on the other of the 

two substrate stages (WS2 or WSl) and a reference point on the 

other stage (WS2 or WSl) during exposure of the sensitive 

substrate (W) held on the one substrate stage. (WSl or WS2); 

detectingthepositionaldeviationofthereferencepoint 

on the other substrate stage from a predetermined reference 

point in a projection area of the projection optical system and 

the coordinate position of the other substrate stage, with the 

reference point on the other substrate stage being positioned 

in the projection area, after completion of exposure of the 

sensitive substrate held on the one substrate stage; and 

controlling the movement of the other substrate stage on 
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the basis of the detected positional relation, the detected 

positional deviation and the detected coordinate position to 

perform alignment between the sensitive substrate held on the 

other stage and the pattern image of the mask. 

According to the projection exposure method, while the 

sensitive substrate (W) held on the one substrate stage (WSl 

or WS2) of the two substrate stages (WSl, WS2) is being exposed 

with the pattern image of the mask (R) through the projection 

optical system (PL), Q) the positional relation between the 

alignment mark on the sensitive substrate (W) held on the other 

substrate stage (WS2 or WSl) of the two substrate stages and 

the reference point on the other stage (WS2 or WSl) is measured. 

As noted from this, the exposure action on the one substrate 

stage side and the alignment action on the other substrate stage 

side (measurement of the positional relation between the 

alignment mark on the sensitive substrate held on the other 

substrate stage and the reference point on the other substrate 

stage) can be performed in parallel. Thus, throughput can be 

improved in comparison with conventional technologies by which 

these actions were performed sequentially. 

After exposure of the sensitive substrate held on the one 

substrate stage, ® the positional deviation of the reference 

point on the other substrate stage from the predetermined 

reference point in the projection area of the projection optical 
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system (PL) and @ the coordinate position of the other 

substrate stage at the time of detecting the positional 

deviation are detected, with the reference point on the other 

substrate stage (WS2 or WSl) being positioned in the projection 

area. Then, the movement of the other substrate stage (WS2 or 

WSl) is controlled on the basis of the detected positional 

relation <D, the detected positional deviation ® and the 

detected coordinate position @ to perform alignment between 

the sensitive substrate held on the other stage and the pattern 

image of the mask. 

Thus, it presents no disadvantages whether the 

interferometer (or coordinate system) for managing the position 

of the substrate stage at the time of detecting the positional 

relation <D between the predetermined reference point on the 

other substrate stage and the alignment mark on the sensitive 

substrate is the same as or different from the interferometer 

(or coordinate system) for managing the position of the stage 

during the detection of the positional deviation® and during 

the detection of the coordinate position of th.e substrate stage 

@ • Regardless of whether these two interferometers. are 

different, the alignment of the pattern image of the mask with 

the sensitive substrate placed on the other substrate stage can 

be performed highly accurately~ This means that there is no 
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need to successively measure the positions of the stage by one 

interferometer during the alignment operation, the movement 

operation from an alignment position to the exposure position 

and the exposure operation. 

Thus, when an off-axis alignment system (a detector for 

detecting an alignment mark is not directly below the projection 

optical system) is used as a mark detection system for detecting 

the alignment mark, for example, it becomes unnecessary to 

measure the positional relation between the 'predetermined 

reference point in the projection area of the projection optical 

system (the center of projection of the pattern image of the 

mask) and the center of detection of the alignment system, that 

is, unnecessary to measure the baseline amount. As a result, 

whatever distance exists between the projection optical system 

and the alignment system produces no disadvantage. Thus, the 

size of the substrate stage can be design irrespective of the 

baseline amount. Even if the substrate stage becomes small in 

size or light in weight, no disadvantage will emerge, and mark 

position measurement and pattern projection by exposure through 

the projection optical system can be carried Out for the entire 

surtace of the sensitive substrate. In this case, no influence 

of changes in the baseline amount is exerted. 

According to the fifth aspect of the present invention, 

there is provided a projection exposure apparatus for exposing 
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a sensitive substrate (W) by projecting a pattern through a 

projection optical system (PL) onto the sensitive substrates, 

comprising: 

a first substrate stage (WSl), on which a reference mark 

is formed, moving in a two-dimensional plane while holding a 

sensitive substrate (W); 

a second substrate stage (WS2), on which a reference mark 

is formed, moving in the same plane in which the first substrate 

stage (WSl) moves independently of the first substrate stage 

(WSl) while holding a sensitive substrate (W); 

a mark detecting system (WA), provided apart from the 

projection optical system (PL), for detecting the reference 

mark on the substrate stage (WSl, WS2) or a mark on the sensitive 

substrate (W) held on the stage; 

an interferometer system (26) for measuring the two-

dimensional positions of the first substrate.stage and the 

second substrate stage; 

a moving device (201, 22) for moving each stage between 

a predetermined first position in a stage moving range during 

exposure during which the sensitive substrate held on the stage 

is exposed through the projection optical system, and a 

predetermined second position in a stage moving range during 

mark detecting during which the mark on the stage or the mark 

on the sensitive substrate held on the stage is detected by the 
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mark detecting system; and 

controller ( 28) for controlling the actions of the first 

substrate stage and the second substrate stage while monitoring 

the measured values of the interferometer system ( 26) so that 

during exposure of the sensitive substrate held on one of the 

first substrate stage and the second substrate stage, a mark 

detecting action by the mark detecting system (WA) is performed 

~n the other of the first substrate stage and the second 

substrate stage, and then controlling the moving device ( 201, 

22) to interchange the positions of the one substrate stage and 

the other substrate stage. 

According to the above constitution, the controller ( 28) 

controls the actions of the two stages while monitoring the 

measured values of the interferometer system ( 26) so that during 

exposure of the sensitive substrate held on one stage of the 

two stages, a mark detecting action by the mark detecting system 

(for example, an alignment system) (WA) is performed on the 

other stage, and then controls the moving device(201, 221) to 

interchange the position of the one stage with the position of 

theotherstage. Thisparallelexecutionoftheexposureaction 

on the one stage side and the alignment action on the other stage 

side enables throughput to be improved. Also, if the sensitive 

substrate is replaced on the substrate stage at the second 

position after interchange of the positions, actions of the two 
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stages are interchanged, whereby during exposure of the 

sensitive substrate held on the other stage, a mark detecting 

action by the mark detecting system (for example, the alignment 

system) (WA) can be performed on the one stage. 

According to the projection exposure apparatus, the 

interferometer system ( 26) may has the first measuring axis (Xe) 

and the second measuring axis (Ye) intersecting each other 

p~rpendicularly at the center of projection of the projection 

optical system (PL) , and the third measuring axis ( xa) and the 

fourth measuring axis (Ya) intersecting each other 

perpendicularly at the center of detection of the mark detecting 

system (WA). It is desirable that the controller (28) resets 

the measuring axes (Xe, Ye, xa, Ya) of the interferometer system 

(26) in interchanging the positions of the one stage and the 

other stage. By means of constituting the· interferometer 

system arid the controller in this manner, since the 

interferometer system (26) has the first measuring axis (Xe) 

and the second measuring axis (Ye) intersecting each other 

perpendicularly at the center of projection of the projection 

optical system (PL), and the third measuring' axis (Xa) and the 

foui:th measuring axis (Ya) intersecting each other 

perpendicularly at the center of detection of the mark detecting 

system (alignment system) (WA), the positions of the substrate 

stages (WSl, WS2) can be managed precisely without Abbe's error 
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both during exposure of the sensitive ~ubstrate with the pattern 

through the projection optical system and during detection of 

the position detecting mark by the mark detecting system. 

Furthermore, the controller ( 2 8) resets the measuring axes (Xe, 

Ye, xa, Ya) of the interferometer system { 2 6) in interchanging 

the positions of the one stage and the other stage. During 

position interchange, the measuring axes of the interferometer 

system that has managed the positions of the substrate stages 

until then may be interrupted. Even in thi~ case, it suffices 

to predetermine the positions at which to reset the measuring 

axes (Xe, Ye, Xa, Ya) of the interferometer system ( 2·6) • After 

resetting, the positions of the first and second substrate 

stages can be managed using the measured values of the reset 

measuring axes. 

According to the sixth aspect of the present invention, 

there is provided an exposure apparatus for exposing a sensitive 

substrates (W) by projecting a pattern on the sensitive 

substrate through a projection optical system {PL) comprising: 

a first substrate stage {WSl), on which a reference mark 

is formed~ for moving in a two-dimensional p;Lane while holding 

a sensitive substrate (W); 

a second substrate stage (WS2}, on which a reference mark 

is formed, for moving in the same plane in which the first 

substrate stage (WSl) independently of the first substrate 
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stage while holding a sensitive substrate (W); 

a mark detecting system (WA) provided apart from the 

projection optical system (PL), for detecting the reference 

mark formed on the substrate stage or an alignment mark on the 

sensitive substrate held on the stage; 

an interferometer system (26) for measuring the two­

dimensional positions of the first substrate stage and the 

s~cond substrate stage; 

a moving device (201, 221) for moving each stage among 

three locations, i.e., a predetermined first position in a stage 

moving range during exposure during which the sensitive 

substrate (W) held on the stage is exposed through the 

projection optical system (PL), a predetermined second position 

in a stage moving _range during alignment during which the mark 

.on the stage or the mark on the sensitive substrate held on the 

stage is detected by the mark detecting system (-WA), and a third 

position at which the sensitive substrate is passed on between 

the stage and an external substrate carrier mechanism; and 

controller (28) for controlling the first and second 

substrate stages (WSl, WS2) and the moving device (201, 221) 

so that while the position of one of the first (WSl) and second 

(WS2) substrate stages is being managed by the interferometer 

system ( 26) and the sensitive substrate (W) held on the one stage 

is being exposed with the pattern through the projection optical 

40 



system (PL}, the replacement of the sensitive substrate (W}, 

and an alignment action for measuring the positional relation 

between the alignment mark on the sensitive substrate (W) and 

a reference mark on the other stage based on the results of 

detection by the mark detecting system (WA) and the measured 

values by the interferometer system (26) are sequentially 

performed on the other of the first and second substrate stages; 

and for controlling the two stages and the moving device so that 

after the actions on the two stages are both completed, the 

actio~s to be performed on the two stages are interchanged. 

According to the exposure apparatus, the controller 

controls the two substrate stages (WSl, WS2} and the moving 

device { 20.1, 221) so that while the position of the one substrate 

stage is being managed by the interferometer system and the 

sensitive substrate held on the one substrate stage is being 

exposed with the pattern through the projection ~ptical system, 

the replacement of the sensitive substrate {W), and an alignment 

action for measuring the positional relation between the 

alignment mark on the sensitive substrate (W). after replacement 

and the reference mark on the other stage based on the detection 

.results of the mark detecting system (WA} and the measured 

values by the interferometer system { 26) are sequentially 

performed on· the other substrate stage. Since the exposure 

action on the one substrate stage side and the replacement of 
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the sensitive substrate as well as the alignment action on the 

other stage side are thus performed in parallel, throughput can 

be further improved. In this case, the sensitive substrate is 

replaced at the third position different from the first or 

second position. Since this position of replacement is 

different from the positions of the mark detecting system( for 

example, an alignment system) and the projection optical system, 

the disadvantage that the mark detecting system and the 

projection optical system impede the replacement of the 

sensitive substrate does not occur. 

The controller also controls the two stages and the moving 

device so that after the actions of the two stages are both 

completed, the actions to be performed on the two stages are 

interchanged. Thus, after completion of the actions on the two 

stages, the sensitive substrate held on the other stage is 

exposed successively, and during this expos\).re, the mark 

detecting action by the mark detecting system (WA) can be 

performed on the one stage in parallel. 

In this case, an electronic lens barrel, for example, may 

be used as the projection optical system, and the pattern may 

be d~rectly drawn on the sensitive substrate with an electron 

beam. However, a mask (R) with the pattern formed thereon may 

be further provided, and the pattern image formed on the mask 

(R) via the projection optical system (PL) may be projected onto 
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the sensitive substrates {W) on the first substrate stage (WSl) 

and the second substrate stage (WS2). 

In the exposure apparatus of the invention, it is 

desirable that the interferometer system (26) has a first 

measuring axis (Xe) and a second measuring axis (Ye) 

intersecting each other perpendicularly at the center of 

projection of the projection optical system (PL), and a third 

measuring axis (Xa) and a fourth measuring axis (Ya) 

intersecting each other perpendicularly at the center of 

detection of the mark detecting system {WA), and the controller 

(28) resets the first and second measuring axes (Xe and Ye) of 

the interferometer system ( 26) in moving each of the two stages 

{WSl, WS2) to the first position, and resets the third and fourth 

measuring axes (Xa and Ya) of the interferometer system (26) 

in moving each of the two stages (WSl, WS2) to the second 

position • 

. ay means of constituting the interferometer and the 

controller, since the interferometer system {26) has the first 

measuring axis (Xe) and ·the second measuring axis (Ye) 

intersecting each other perpendicularly a.t the center of 

pro~ection of the projection optical system (PL), and the third 

measuring axis { Xa) and the fourth measuring axis (Ya) 

intersecting each other perpendicularly at the center of 

detection of the mark detecting system {WA), the positions of 
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the substrate stages (WSl, WS2) can be managed precisely without 

Abbe's error both during exposure of the sensitive substrate 

with the pattern through the projection optical system and 

during detection of the position detecting mark by the mark 

detecting system. Furthermore, the controller ( 2 8) resets the 

first and second measuring axes (Xe and Ye) of the 

interferometer system ( 26) in moving each of the two stages (WSl, 

WS2) to the first position, and resets the third and fourth 

measuring axes (Xa and Ya) of the interferometer system (26) 

in moving each of the two stages (WSl, WS2) to the second position. 

Thus, prior to the start of exposure and the start of aligning 

measurement for each substrate stage, it is possible to rest 

themeasuringaxesthatarerequiredfortherespectiveactions. 

Until then, the measuring axes of the interferometer system that 

has managed the positions of the respective substrate stages 

may be interrupted. After resetting, however,. the positions 

of the two stages at the time of exposure and alignment can be 

managed using the measured values of the reset measuring axes. 

In the exposure apparatus of the invention, it is 

desirable to further provide mark position detector ( 52A, 52B) 

for petecting the relative positional relation between the 

center of projection of the pattern image of the mask (R) formed 

by the projection optical system and the reference mark on the 

stage via the mask (R) and the projection optical system (PL). 
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By so doing, the positional relation between the center of 

projection of the pattern image o_f the mask {R) and the reference 

mark on the substrate stage can be detected by the mark position 

detector (52A, 52B) via the mask (R) and the projection optical 

system (PL) when the substrate stages (WSl, WS2) are positioned 

at a position at which the positional relation between the 

predetermined reference mark on the substrate stage and the 

center of projection of the mask pattern image can be detected 

in the projection area of the projection optical system (PL). 

In this case, it is desirable that the position at which the 

positional relation between the predetermined reference mark 

on the substrate stage and the center of projection of the mask 

pattern image can be detected in the projection area of the 

projection optical system (PL) be set as the first position, 

and the first and second measuring axes be reset at this 

•. 
position. 

In the exposure apparatus, each of the substrate stages 

(WSl, WS2) may have a stage body (WSla, WS2a), and a substrate 

holdingmember (WSlb, WS2b) detachablymountedonthebody (WSla, 

WS2a) for holding the substrate, a reflecting surface for an 

int~rferometer may be provided on the side surface of the 

substrate holding member (WSlb, WS2b), and a reference mark (WM, 

RM) may be fo·rmed on the upper surface of the subst:rate holding 

member. When the exposure apparatus has such constitutions, 
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the moving device (201, 221) may move the substrate holding 

member among the respective locations mentioned earlier instead 

of the substrate stage. 

In the above cases, the moving device may be of any type 

which moves the substrate stage or the substrate holding member 

among the three locations, i.e., the first position, the second 

position and the third position (or between the first and second 

positions), without monitoring the measured values by the 

interferometer. For instance, the moving device may be 

composed of a robot arm (201, 221). 

In the exposure apparatus, a fixed mirror serving as a 

reference for measurement by the interferometer may be located 

at any place. Fixed mirrors (14X, 14Y; 18X, 18Y) serving as 

a reference for measurement by the interferometer may be 

attached to the projection optical system (PL) and the mark 

detecting system (WA), respectively. In this ~ase, compared 

with the fixed mirrors existing at other places, an error 

minimally occurs in the results of measurement under the 

influence of positional changes of the fixed mirrors over time 

or the influence of positional changes of ~he fixed mirrors 

ass~ciated with vibrations of the apparatus. 

n the exposure apparatus, only two stages, the first 

substrate stage and the second substrate stage, are provided. 

However, at least one other substrate stage movable 
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independently of the two substrate stages in the same plane as 

for these stages while holding a sensitive substrate may be 

further provided in addition to the first substrate stage (WSl) 

and the second substrate stage (WS2). 

According to the seventh aspect of the present invention, 

there is provided a projection exposure apparatus for exposing 

a plurality of shot areas divided on a sensitive substrate (Wl, 

W2) by projecting an ·image of a pattern formed on a mask (R) 

via a projection optical system (PL) onto each of the shot areas, 

characterized by comprising: 

a first substrate stage (WSl) which is movable on a 

two-dimensional plane while holding a sensitive substrate (Wl); 

a second substrate stage (WS2) which is movable 

independently from the first substrate stage (WSl) on the same 

plane as that for the first substrate stage (WSl) while holding 

a sensitive substrate (W2); 

a positional information detecting system (for example, 

24a, 130) for detecting the positional information of at least 

one shot area of the sensitive substrate (Wl or W2) held on the 

substrate stage (WSl or WS2) provided apart from the projection 

opti~al system (PL); 

substrate-driving systems (LS) provided for the first 

substrate stage (WSl) and the second substrate stage (WS2) 

respectively, for adjusting surface positions of the sensitive 
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substrates (Wl or W2) held on the stages (WSl or WS2); and 

a controller (90) for controlling the two stages (WSl, 

WS2) so that a positional information detecting operation based 

on the use of the positional information detecting system (24a, 

130) is performed for one stage (for example, WSl) of the first 

substrate stage (WSl) and the second substrate stage (WS2), 

during which an exposure operation based on the use of the 

projection optical system (PL) is performed for the other of 

the stages (for example WS2) , thereafter controlling one of the 

stages (WSl) so that the exposure operation based on the use 

of the projection optical system (PL) is performed for the one 

of the stages (WSl), and controlling the substrate-driving 

system (LSl) for the one of the stages (WSl) to perform an 

alignment of the shot area in exposure, using information on 

a surface position of the shot area resulted from the positional 

information detection. 

According to the exposure apparatus, the two stages are 

controlled by the controller so that the detection of positional 

information based on the use of the positional information 

detecting system is performed for one of the stages of the first 

sub~trate stage and the second substrate stage, during which 

the exposure operation is performed by using the projection 

optical system for the other of the stages. Accordingly, the 

mark-measuring operation for the one of the stages is processed 
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concurrently in parallel to the exposure operation for the other 

of the stages. Thus, it is possible to contemplate improvement 

in throughput as compared with the conventional technique in 

which these operations have been sequentially performed. 

Further, after completion of the concurrent process of the 

mark-measuring ·operation for one of the stages and the exposure 

operation for the other stage, the controller controls the one 

of the stages so that the exposure operation based on the use 

o·f the projection optical system is performed for the one of 

the stages, and the controller controls the substrate-driving 

system for the one of the stages on the basis of the detection 

result obtained by using information of the surface position 

of the shot area during the detection of the positional 

information for the one of the stages. 

exposure operation for the one 

Accordingly, during the 

of the stages, the 

substrate-driving system for the one of the stage~ is controlled 

using the surface position ( Z-directional position) obtained 

during the detection of the positional information so that the 

surface position of the sensitive substrate can be quickly 

driven into a position near to the image formation plane of the 

proj~ction optical system. 

In the exposure apparatus, the positional information 

detecting system may comprise at least one alignment system 

( 24a) for measuring a mark on the sensitive substrate held on 
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the substrate stage and a first detecting system (130) for 

detecting positional information of a surface of the sensitive 

substrate during measurement operation of the mark based on the 

use of the alignment system. Further, the positional 

information detecting system may be provided with a second 

detecting system ( 132) for detecting positional information of 

a surface of the sensitive substrate during exposure operation 

based on the use of the projection optical system. The 

controller ( 90) may control the two stages so that the detection 

by using the positional information detecting system for one 

of the stages of the first substrate stage and the second 

substrate stage is performed, during which the exposure 

operation based on the use of the projection optical system is 

performed for the other of the stages. After that, the 

controller may control the one of the stages so that the exposure 

·operation based on the use of the projection opt,ical system is 

performed for the one of the stages. And also, the controller 

may control the substrate-driving system (LS) for the one stage 

on the basis of the detection result obtained by using the first 

detecting system during the mark-measuring operation for the 

one ~tage and the detection result obtained by using the second 

d·etecting system during the exposure operation for the one stage 

to perform an alignment in the exposure of the shot area. The 

substrate-driving system can be further adjusted finely on the 
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basis of the detection result obtained by using the second 

detecting system so that the surface of the sensitive substrate 

coincides with the image formation plane. Therefore, it is 

possible to perform quick and highly accurate focus/leveling 

control. 

It is desirable that the projection exposure apparatus 

is a scanning type projection exposure apparatus {for example, 

a step-and-scan type exposure apparatus) for exposing sensitive 

substrates with an image of a pattern formed on a mask (R) by 

moving the sensitive substrate in a scanning direction with 

respect to an exposure area (IF) which is conjugate to an 

illumination area (IA) illuminated with an illumination light 

beam, in synchronization with movement of the mask in the 

scanning direction with respect to the illumination area. In 

this case, the controller { 90) controls the two stages so that 

the detection by using the positional information detecting 

system for one stage of the first substrate stage and the second 

substrate stage is performed, during which the exposure 

operation based on the use of the projection optical system is 

performed for the other of the stages. After that, when the 

one ~tage is controlled so that the exposure operation based 

o·n the use of the projection optical system is performed for 

the one stage, upon exposure for sh~t areas in the vicinity of 

outer circumference which are set to be subjected to scanning 
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from the outside to the inside of the sensitive substrate with 

respect to the exposure area {IF) , of a plurality of shot areas 

on the sensitive substrate held on the one of the stages, the 

controller may control the substrate-driving system (LS) on the 

basis of a detection result obtained by using the first 

detecting system {130) during detecting the positional 

information of the one stage {WSl) and a detection result 

obtained by using the second detecting system ( 132) during the 

exposure operation for the one stage. And, the controller may 

control the substrate-driving system {LS) for the one stage by 

using only the detection result obtained by using the second 

detecting system { 132) upon exposure for the other shot areas 

than the shot areas rn the vicinity of outer circumstance to 

perform an alignment in the exposure of the shot area. In this 

case, when the shot areas in the vicinity of the outer 

circumference, which are set to be subjected t~ scanning from 

the outside to the inside of the sens.itiv~ substrate, concerning 

the exposure area for which information on the surface position 

of the sensitive substrate during exposure for the previous shot 

is not obtained, are exposed during the exposure operation for 

the one stage, the substrate-driving system for the one stage 

can be controlled on the basis of the detection result obtained 

by using the ·first detecting system during the mark-measuring 

operation for the one stage to drive the surface position of 
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the sensitive substrate into the position near to the image 

formation plane of the projection optical system. Further, the 

substrate-driving system can be further adjusted finely on the 

basis of the detection result obtained by using the second 

detecting system so that the surface of the sensitive substrate 

coincides with the image formation plane. On the contrary, upon 

exposure for shot areas other than the above, for which 

information on the surface position of the sensitive substrate 

_during exposure for the previous shot is obtained, the 

substrate-driving system for the one stage is controlled on the 

basis of the information on the surface position of the 

sensitive substrate during exposure for the previous shot prior 

to the start of exposure for the exposure-objec1::ive shot area 

so that the surface position of the sensitive substrate is 

quickly driven into the position near to the image formation 

plane of the projection optical system, followed, by performing 

the adjustment for the surface position ("focus/leveling" 

adjustment) of the sensitive substrate by using only the 

detection result obtained by using the second detecting system 

during exposure. Therefore, it is possible-to perform quick 

and ~ighly accurate focus/leveling control in any exposure of 

shot area. 

According to the eighth aspect of the present invention, 

there is provided a projection exposure method for exposing 
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sensitive substrates (Wl orW2) with an image of a pattern formed 

on a mask {R) via a projection optical system (PL), comprising 

the steps of: 

preparing two substrate stages {WSl, WS2) which is 

movable independently on an identical two-dimensional plane 

while each holding a sensitive substrate (Wl or W2); 

measuring positional information of at least one shot 

area on the sensitive substrate (for example, Wl) held on one 

stage (for example, WSl) of the two stages (WSl, WS2); 

exposing the sensitive substrate (W2) held on the other 

stage (WS2) of the two stages (WSl, WS2) with the image of the 

pattern formed on the mask (R) during the period in which the 

measuring operation for the positional information is performed 

for the one of the stages (WSl); ·and 

exposing the sensitive substrate held on the one of the 

stages (WSl), after completion of the expo~ure operation 

performed for the other of the stages (WS2), while adjusting 

a surface position of the sensitive substrate (Wl) held on the 

one of the stages (WSl) on the basis of the measured positional 

information. 

According to the exposing method, for example, in one 

stage, the mark-measuring operation for an alignment mark of 

sensitive substrate and detection of positional information 

such as the relative position with respect to the predetermined 
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reference plane of the sensitive substrate are performed for 

one stage of the two stages, during which, in parallel thereto, 

the sensitive substrate held on the other stage of the two stages 

is exposed with the image of the pattern on the mask. 

Accordingly, owing to the concurrent and parallel process of 

the mark-measuring operation for the one stage and the exposure 

operation for the other stage, it is possible to contemplate 

improvement in throughput as compared with the conventional 

technique in which these operations have been performed in a 

sequential manner. After completion of the exposure operation 

for the other stage, namely after completion of the concurrent 

operations on the two stages, the sensitive substrate held on 

the one stage is subjected to exposure. During the exposure, 

the surface position of the sensitive substrate held on the one 

stage is adjusted using information on the surface position of 

the shot area of the sensitive substrate held o~ the one stage 

detected previously, with respect to the predetermined 

reference plane. Accordingly, during the exposure operation 

effected for the one stage, the surface position of the 

sensitive substrate held on the one stage can.be quickly driven 

int~ a position near to the image formation plane of the 

projection optical system on the basis of the information on 

the surface position previously detected. Therefore, it is 

possible to perform quick and highly accurate focus/leveling 
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control. 

According to the ninth aspect of the present invention, 

there is provided a projection exposure apparatus for exposing 

a sensitive substrate (Wl, W2) by projecting an image of a 

pattern formed on a mask (R) via a projection optical system 

(PL) onto the sensitive substrates, characterized by 

comprising: 

a first substrate stage (WSl) on which a reference mark 

is formed, for moving in a two-dimensional plane while holding 

a sensitive substrate (Wl); 

a second substrate stage (WS2) on which a reference mark 

is formed, for moving in the same plane as for the first substrate 

stage (WSl) independently of the first substrate stage (WSl) 

while holding a sensitive substrate (W2); 

at least one a mark detecting system ( 24a) provided apart 

from the projection optical system (PL), for .detecting the 

reference mark on the substrate stage (WSl, WS2) or an alignment 

mark on the sensitive substrate (Wl, W2) held on the _substrate 

stage (WSl, WS2); 

an interferometer system provided· with a first 

leng~h-measuring axis (BilX) for measuring a position of the 

first substrate stage (WSl) in a direction of a first axis from 

one side in the direction of the first axis passing through a 

projection center of the projection optical system {PL) and a 
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detection center of the mark detecting system (24a), a second 

length-measuring axis (BI2X) for measuring a position of the 

second substrate stage {WS2) in the direction of the first axis 

from the other side in the direction of the first axis, a third 

length-measuring axis (BI3Y) which perpendicularly intersects 

the first axis at the projection center of the projection 

optical system (PL), and a fourth length-measuring axis (BI4Y) 

which perpendicularly intersects the first axis at the 

detection center of the mark detecting system ( 24a), the 

interferometer system measuring two-dimensional positions of 

the first and second substrate stages (WSl and WS2) respectively 

by using the length-measuring axes (BilX to BI4Y). 

According to the projection exposure apparatus, the 

sensitive substrates are held on the first and second substrate 

stages respectively to be independently movable on the two-

dimensional plane. The- mark detecting systfjIDl- such as an 

alignment system, which are provided apart from the projection 

optical system, are used to detect the reference mark on the 

substrate stage and/or the mark on the sensitive substrate held 

on the substrate stage. The two-dimensional, positions of the 

first and second substrate stages are measured by using the 

first to fourth length-measuring axes of the interferometer 

system respectively. As for the length-measuring axes of the 

interferometer system, the first length-measuring axis and the 
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second length-measuring axis are provided on one side and the 

other side of the first and second substrate stages respectively 

along the direction of the first axis passing through the 

projection center of the projection optical system and the 

detection center of the mark detecting system. The first 

length-measuring axis is used to measure the position of the 

first substrate stage in the direction of the first axis, and 

the second length-measuring axis is use·d to measure the position 

of the second substrate stage in the direction of the first axis. 

The third length-measuring axis is provided so that it 

perpendicularly intersects the first axis at the projection 

center of the projection optical system. The fourth 

length-measuring axis is provided so that it perpendicularly 

intersects the first axis at the detection center of the mark 

detecting system. Accordingly, the reference marks formed on 

the two substrate stages can be detected by ~sing the mark 

detecting system. During the mark detection, the two­

dimensional position of the first substrate stage is measured 

by using the interferometers having the first length-measuring 

axis and the fourth length-measuring axis which mutually 

int~rsect perpendicularly at the detection center of the mark 

detecting system, and the two-dimensional position of the 

second substrate stage is measured by using the interferometers 

having the second length-measuring axis and the fourth 
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length-measuring axis which mutually intersect 

perpendicularly at the detection center of the mark detecting 

system. Therefore, the position of any of the stages is 

accurately measured without any Abbe error. 

On the other hand, during the exposure for the mask 

pattern effected by the projection optical system, the two­

dimensional position of the first substrate stage is measured 

by using the interferometers having the first length-measuring 

axis and the third length-measuring axis which mutually 

intersect perpendicularly at the projection center of the 

projection optical system, and the two-dimensional position of 

the second substrate stage is measured by using the 

interferometers having the second length-measuring axis and the 

third length-measuring axis which mutually intersect 

perpendicularly at the projection center. Therefore, the 

position of any of the stages is accurately me~sured without 

any Abbe error. Especially, the first length-measuring axis 

and the second length-measuring axis are arranged in the 

positional relationship as described above. .Accordingly, the 

length-measuring axis is not intercepted durJ.ng the period in 

whic_h the first substrate stage and the second substrate stage 

are moved iii the direction of the first axis. Therefore, the 

two substrate stages can be moved and reciprocated between the 

mark detecting system and the projection optical system on the 
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basis of the measured values obtained by using the 

interferometers having these length-measuring axes. For 

example, the second substrate stage can be located under the 

projection optical system during the period in which the first 

substrate stage is disposed under the mark detecting system. 

Accordingly, it is possible to concurrently process the 

exposure operation effected by the projection optical system 

and the position-detecting operation effected by the mark 

detecting system for the marks on the respective substrate 

stages or the marks on the sensitive substrates in parallel to 

one another. As a result, it is possible to improve the 

throughput. 

The projection exposure apparatus further may be provided 

with a controller ( 90) for controlling the first substrate stage 

and the second substrate stage (WSl, WS2), so that a position 

of ·one stage of the first substrate stage aµd the second 

substrate stage is managed based on the use of a measured value 

obtained by using the third length-measuring axis (BI3Y) of the 

interferometer system, while exposing the sensitive substrate 

on the one stage, during which a positional relationship between 

an a.J_ignment mark on the sensitive substrate held on the other 

stage and a reference mark (MK) on the other stage is obtained 

based on the use of a detection result obtained by using the 

mark detecting system and a measured value obtained by using 
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the fourth length-measuring axis (BI4Y) of the interferometer 

system, and· after exposing the one sensitive substrate, a 

position of the other stage is measured by using the third 

length-measuring axis (BI3Y), while a relative positional 

relationship between the reference m~rk on the other stage and 

a predetermined reference point within a projection area of the 

projection optical system is obtained. 

The controller controls the operations of the two 

substrate stages as follows. That is, for example, the position 

of the first substrate stage is managed based on the use of the 

measured value obtained by using the third length-measuring 

axis of the interferometer system. During the period in which 

the sensitive substrate held on the first substrate stage is 

exposed, the positional relationship between the alignment mark 

on the sensitive substrate held on the second substrate stage 

and the reference mark on the second substrate st~ge is detected 

by using the detection result obtained by the mark detecting 

system and the measured value by using the fourth length­

measuring axis of the interferometer system. Further, the 

controller measures the position of the second substrate stage 

base~ on the use of the measured value obtained by using the 

third length-measuring axis, while controlling the second 

substrate stage so that it moves to a position at which a 

positional relationship between a reference mark on the second 
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substrate stage and a predetermined reference point within a 

projection area of the projection optical system such as the 

projection center to obtain the positional relationship thereof. 

That is, the controller is capable of controlling the operations 

of the two stages as follows. The position of the first stage 

is managed without any Abbe error with respect to the sensitive 

substrate held on the first stage, based on the use of the 

measured value obtained by using the third length-measuring 
' 

axis at the projection center of the projection optical system, 

while the image of the pattern of the mask is projected through 

the projection optical system, during which the positional 

relationship betwee.n the alignment mark on the sensitive 

substrate held on the second st~ge and the reference mark on 

the second stage is accurately detected without any Abbe error 

based on the use of the detection result obtained by using the 

mark detecting system and the measured value obt;ained by using 

the fourth length-measuring axis at the detection center of the 

mark detecting system. Accordingly, it is possible to 

concurrently perform the exposure operation effected on the 

first stage and the alignment operation effected on the second 

staqe as described above. Thus, it is possible to improve the 

throughput. 

In addition, when the operations of the both stages are 

completed, the controller measures a position of the second 
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substrate stage based on the u·se of the measured value obtained 

by using the third length-measuring axis, while moving the 

second substrate stage to the position at which the positional 

relationship between the predetermined reference point within 

a projection area of the projection optical system and the 

reference mark on the second substrate stage is detectable so 

as to manage the position of the second substrate stage on the 

base of the reference mark. Accordingly, as for the second 

substrate stage for which the positional relationship between 

the reference mark on the second stage and the alignment mark 

on the sensitive substrate has been measured (the alignment has 

been completed), its position can be managed based on the use 

of the measured value obtained by using the third length­

measuring axis without any inconvenience, even when the fourth 

length-measuring axis used during the measurement of the 

alignment mark falls into an immeasurable sta~e~ Therefore, 

it is possible to detect the positional relationship between 

the reference mark on the second substrate stage and the 

predetermined reference point within the projection area of the 

projection optical system. Moreover, it is pQssible to perform 

the ~xposure while executing the positional adjustment for the 

projection area of the projection optical system and the 

sensitive substrate on the basis of the positional relationship, 

the measurement result of the alignment, and the measured value 

63 



·. 

.. ·.·:,. 

obtained by using the third length-measuring axis. That is, 

the position of the second substrate stage can be managed during 

the exposure by using the another length-measuring axis, even 

when the measurement is impossible by using the length-· 

measuring axis which has been used to manage the position of 

the second stage during the alignment. Further, it becomes 

unnecessary that the alignment operation of the first or the 

second substrate stages, the movement operation from the 

alignment position to the exposure position and the exposure 

operation are subsequently observed. Therefore, it is 

possible to miniaturize the reflective surface of the stage for 

reflecting the interferometer beam for each of the length-

measuring axes. Thus, it is possible to miniaturize the 

substrate stage. 

In the projection exposure apparatus, the mark detecting 

system may be an alignment system. Also, it is .desirable that 

the int~rferometer of the third length-measuring axes is reset 

when the other stage is moved to a position at which the relative 

positional relationship between the reference mark on the other 

stage and the predetermined reference point within the 

proj_ection area of the projection optical system. By means of 

resetting the interferometer of the third length-measuring axes 

at this time, the reference mark position on the other stage 

on the basis of the reference point within the project.ion area 
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of the projection optical system and the position of the 

alignment mark of the sensitive substrate on the other stage 

is managed more easily. 

The projection exposure apparatus further comprises 

another mark detecting system (24b) having a detection center 

on the first axis, disposed on a side opposite to the mark 

detecting system ( 24a) with respect to the projection optical 

system (PL), wherein the interferometer system further provided 

withafifthlength-measuringaxis (BI5Y)whichperpendicularly 

intersects the first axis at a detection center of the another 

mark detecting system ( 24b) ; and the controller ( 90) may control 

the first and the second stage as follows. The controller 

manages the position of the one substrate stage based on the 

use of the measured value obtained by the third length-measuring 

axis (BI3Y) of the interferometer system, while exposing the 

sensitive substrate held on the one stage du~ing which the 

positional relationship between the alignment mark on the 

sensitive substrate held on the other stage and the reference 

mark on the other stage is obtained based on the use of the 

detection result obtained by using the mark.detecting system 

and.the measured value obtained by using the fourth length­

measuring axis (BI4Y) of the interferometer system, and, after 

exposing the one stage, moving the one stage so that, the 

reference mark on the one stage is positioned within the another 
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mark detecting system while the position of the one stage is 

measured based on the use of the measured value obtained by using 

the fifth length-measuring axis (BISY). 

The controller is capable of controlling the operations 

of the two stages as follows. That is, the position of the first 

substrate stage is managed without any Abbe error with respect 

to the sensitive substrate held on the first substrate stage, 

based on the u~e of the measured value obtained by using the 

third length-measuring axis which perpendicularly intersects 

the length-measuring axes (the first length-measuring axis and 

the second length-measuring axis) in the first axis direction 

at the projection center of the projection optical system, while 

the image of the pattern formed on the mask is subjected to 

exposure through the projection optical system, during which 

the positional relationship between the alignment mark on the 

sensitive substrate held on the second substrat~ 'stage and the 

reference mark on the second substrate stage is accurately 

detected without any Abbe error based on the use of the detection 

result obtained by using the mark detecting system and the 

measured value obtained by using the fourth,length-measuring 

axis which perpendicularly intersects the length-measuring 

axes (the first length-measuring axis and the second 

length-measuring axis) in the first axis direction at the 

detection center of the mark detecting system. Accordingly, 
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it is possible to concurrently perform the exposure operation 

effected on the one substrate stage and the alignment operation 

effected on the second substrate stage as described above. 

Then, the controller controls the operation of the first 

substrate stage as follows. That is, when the above-mentioned 

operations of the both stages are completed, the position of 

the first substrate stage is measured by the measured value 

obtained by using the fifth length-measuring axis, while 

obtaining the relative position between the detection center 

of another mark detecting system and the reference mark on the 

first substrate stage. Accordingly, as for the first substrate 

stage for which the exposure for the sensitive substrate has 

been completed, the position of the first substrate stage can 

be managed ·without any Abbe error, based on the use of the 

reference mark on the first substrate stage and the measured 

value obtained by using the fifth length-m~asuring axis. 

Further, there is no inconvenience, even when the third 

length-measuring axis used during the exposure falls into an 

immeasurable state. Therefore, the exposure operation 

effected on the fil;'st stage and the exposure operation effected 

on t~e second stage can be easily changed by sifting the two 

substrate stages in the first axis direction, thereby, the 

measurement of the position of the second substrate stage, for 

which the alignment operation has been completed, is enabled 
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- -· based on the use of the measured value obtained by the third 

length-measuring axis, and the measurement of the position of 

the first substrate stage, for which the exposure operation has 

been completed, is enabled based on the use of the measured value 

obtained by the fifth length-measuring axis. 

In this aspect, the projection exposure apparatus may 

further comprises a transport system ( 180 to 200) for receiving 

and transmitting the sensitive substrate (Wl, W2) between the 

first substrate stage (WSl) and the second substrate stage (WS2), 

and it is desirable that the controller controls the one stage 

so as to position the reference mark thereon within the 

detection area of the another mark detecting system ( 24b), and 

at the position, the substrate is received and transmitted 

between the one stage and the transport system (180 to 200). 

In this constitution, in addition to the change between the 

exposure operation and the alignment operation d~scribed above, 

the controller allows the substrate to be received and 

transmitted between the first substrate stage and the transport 

system in the state in which the reference mark on the one stage 

is positioned within the detection area of .the another mark 

dete~ting system using the fifth length-measuring axis of the 

interferometer system. Accordingly, the measurement of the 

position of the reference mark as the operation to start the 

alignment and the change of the sensitive substrate can be 
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performed in a stationary state of the substrate stage. In 

addition to the fact that the movement time required for the 

substrate stage to move from the wafer exchange position to the 

alignment start position is zero, it is possible to perform the 

operations concerning the time Tl, the time T2, and t~e time 

T3, for example on the side of the first substrate stage, while 

it is possible to perform the operation concerning the time T4 

on the side of the second substrate stage. Therefore, it is 

possible to further improve the throughput. 

In the projection exposure apparatus of the invention, 

the predetermined reference point within the projection area 

of the projection optical system (PL) may be the projection 

center for the image of the pattern formed on the mask (R); and 

the projection exposure apparatus further may comprise a mark 

position-detector (142, 144) for detecting a relative 

positional relationship between the projection .center. for the 

image of the pattern formed on the mask (R) and reference marks 

(MKl, MK2, MK3) on the stage, via the mask (R) and the projection 

optical system. The mark position-detector may be a detector 

detecting the marks through the projection optical system, such 

as a reticle alignment microscope. 

In the projection exposure apparatus, as for the mark 

detecting system, at least one or more mark detecting systems 

may be provided apart from the projection optical system. 
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However, it is also preferable that the two mark detecting 

systems (24a, 24b) are disposed on one side and the other side 

(each side) of the projection optical system (PL) in the 

direction of the first axis. When the mark detecting systems 

are arranged in the positional relationship as described above, 

then the sensitive substrate on the one substrate stage may be 

exposed by using the projection optical system located at the 

center (exposure operation), during which the sensitive 

substrate on the other substrate stage may be subjected to the 

mark detection by using any of the mark detecting systems 

(alignment operation). When the exposure operation is changed 

to the alignment operation, then the substrate stage for which 

the alignment operation has been completed can be moved to the 

position under the projection optical system and the other 

substrate stage can be moved to the position of the mark 

. detecting -system' only by deviating the two substrate stages 

in the direction of the first axis. 

·In the· projection exposure, it is also preferable that 

the projection exposure apparatus further comprises a 

controller (90) for independently controlling movement of the 

f ir~t and second substrate stages on the basis of ~ result of 

measurement performed by the interferometer system (for example, 

the length-measuring axes BilX to BI4Y) so that each of the first 

and second substrate stages (WSl and WS2) is capable of 
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performing an exposure operation effected by the projection 

optical system (PL) and a mark-detecting operation effected by 

the mark detecting system (for example, 24a) • The controller 

independently controls the movement of the first and second 

·substrate stages on the basis of the result of measurement 

performed by the interferometer system (for example, the 

length-measuring axes BilX to BI4Y) so that each of the first 

and second substrate stages is capable of performing the 

exposure operation effected by the projection optical system 

(PL) and the mark-detecting operation effected by the mark 

detecting system (for example, 24a), and hence the exposure 

operation effected by the projection optical system and the 

mark-detecting operation effected by the mark detecting system 

can be reliably performed for the sensitive substrate disposed 

on any of the substrate stages. 

In this arrangement, if the spacing dista~ce between the 

length-measuring axes BI3Y and BI4Y is too large, the 

length-measuring axes BI3Y, BI4Y are deviated from the 

substrate stage when the first substrate stage and the second 

substrate stage are moved. on the other ,hand, if such a 

situation is avoided, the interference between the both stages 

might occur. Therefore, in order to present such 

inconveniences, it is desirable that the controller ( 90) 

changes the third length-measuring axis (BI3Y) and the fourth 
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length-measuring axis ( BI4 Y) of the interferometer system {for 

example, the length-:measuring axes BIIX to BI4Y) between 

detection of the mark effected by the mark detecting system {for 

example, 24a) and exposure effected by the projection optical 

system {PL) for the first and second substrate stages {WSl and 

WS2) respectively so that no inconvenience occurs even when the 

substrate stage is deviated from the length-measuring axis. In 

the constitution as described above, the spacing distance 

between the third length-measuring axis {BI3Y) and the fourth 

length-measuring axis (BI4Y) can be widened to avoid the 

interference between the both stages . Further, when the 

length-measuring axis BI3Y, BI4Y is deviated from the substrate 

stages during the movement of the first substrate stage and the 

second substrate stage, the controler can be used to change the 

l~ngth-measuring axis so that the two-dimensional position of 

each of the substrate stages is accurately meas~red at each of 

the processing positions by using the interferometer system. 

According to the tenth aspect of the present invention, 

there is provided a method for exposing sensitive substrates 

by projecting an image of a pattern on a mask (R..) via a projection 

opti?al system onto the sensitive substrates, characterized by: 

using two substrate stages (WSl, WS2) each of which is 

movable independently on an identical plane while each holding 

a sensitive substrate {Wl, W2); 
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measuring a position of one stage of the two stages by 

using a first interferometer, while exposing the sensitive 

substrate (Wl, W2) held on the one stage, 

measuring the position of the other stage by using a 

second interferometer during exposure for the substrate held 

on the ·one stage, while measuring a positional relationship 

between an alignment mark on the substrate held on the other 

stage and a reference mark on the other stage, 

moving the other stage to a position at which a positional 

relationship between the reference mark on the other stage and 

a predetermined reference point within a projection area of the 

projection optical system is obtained, after completion of the 

exposure for the substrate on the one stage; and 

performing alignment for the sensitive substrate held on 

the other stage and the image of the pattern on the mask, by 

using the first interferometer, .on the basis of t~e "relationship 

between the alignment mark on the substrate held on the other 

stage and the reference mark on the other stage, and a 

relationship between the reference mark on the other stage and 

the predetermined reference point within the projection area 

of ~he projection optical system. 

According to the projection exposure method, for example, 

the exposure·operation.for the sensitive substrate held on the 

first substrate stage, and the measurement of the positional 
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relationship (alignment operation) between the positional 

alignment mark of the sensitive substrate held on the second 

substrate stage and the reference mark on the stage are 

performed concurrently in parallel to one another. During this 

process, the position of the first substrate stage is managed 

by the aid of the first interferometer, and the position of the 

second stage is managed by the aid of the second interferometer. 

When the exposure operation effected on the side of the first 

substrate stage is completed, the position of the second stage 

is measurable by using the first interferometer which has been 

used to manage the position of the first substrate stage, and 

also, the second substrate stage is moved to the position at 

which the relative position between the predetermined reference 

point within the projection area of the projection optical 

system and the reference mark on the second substrate stage is 

detectable. Subsequently, the positional adjustment is 

performed for the sensitive substrate held on the second stage 

and the image of the pattern formed on the mask by using the 

first interferometer, on the basis of the positional 

relationship between the reference mark on the second stage and 

the positional alignment mark on the sensitive substrate held 

on the second stage measured previously. Thus, the sensitive 

substrate is exposed by projection with the image of the pattern 

formed on the mask. 
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That is, the exposure operation for the sensitive 

substrate held on the one substrate stage, and the alignment 

operation for the· sensitive substrate held on the second stage 

are concurrently performed in parallel to one another. After 

that, the first substrate stage is retracted to a predetermined 

substrate exchange position, concurrently with which the second 

substrate stage is moved toward the position on which the 

position of the reference mark of the second substrate stage 

is detectable with respect to the predetermined reference point 

(for example, the projection center of the image of the pattern 

formed on the mask) within the projection area of the projection 

optical system, and then the positional relationship between 

the both is detected. Further, the alignment is performed for 

the sensitive substrate held on the second substrate stage and 

the image of the pattern formed on the mask on the basis of the 

obtained detection result and the positiona~ relationship 

between the alignment mark and the reference mark on the stage 

previously measured· during the alignment operation, while the 

position of the second stage is managed by using the first 

interferometer. 

Therefore, it is possible to improve the throughput by 

concurrently perform the exposure operation for the sensitive 

substrate on the first substrate stage and the alignment 

operation for the sensitive substrate on the second substrate 
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stage. Even when the second interferometer, which has been used 

to mariage the position of the other stage during the alignment, 

cannot be used for the measurement, the measurement based on 

the use of the first interferometer makes it possible to manage 

the position of the second substrate stage during the exposure. 

Thus, it becomes unnecessary that the stage position is observed 

continuously by means of one measuring axis or one 

interferometer through the alignment operation, the movement 

operation from the alignment position to the exposure position 

and exposure operation. Therefore, it is possible to 

miniaturize the reflective surface of the stage for reflecting 

the interferometer beam of each of the interferometers, and 

thereby it is possible to miniaturize the substrate stage. 

According to the eleventh aspect of the present invention, 

there is provided a projection exposure apparatus for exposing 

a sensitive substrate (Wl, W2) by projecting:an image of a 

pattern formed on a mask (R) via a projection optical system 

(PL) onto the sensitive substrates, characterized by 

comprising: 

a first sub~trate stage (WSl) which-is movable on a 

two-:dimensional plane while holding a sensitive substrate {Wl); 

a second substrate stage (WS2) which is movable 

independently from the first substrate stage (WSl) on the same 

plane as that for the first substrate stage (WSl) while holding 
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~ ... -. a sensitive substrate (W2); 

a transport system ( 180 to 200) for delivering the 

sensitive substrate with respect to the first and second 

substrate stages (WSl, W52); and 

a controller (90) for controlling operations of the both 

stages so that one stage of the first (WSl) and second (WS2) 

substrate stages performs delivery of the sensitive substrate 

w~th respect to the transport system ( 180 to 200), during which 

the other stage performs an exposure operation. 

According to the projection exposure apparatus, the 

controller controls the operations of the both stages so that 

one stage of the first substrate stage and the second substrate 

stage performs the delivery of the sensitive substrate with 

respect to the transport system, during which the other stage 

performs the exposure operation. Therefore, the operation 

corresponding to the time Tl explained above can "be processed 

concurrently with the operation corresponding to the time T4. 

Thus, it is possible to improve the throughput as compared with 

the conventional sequential process which requires the time (Tl 

+ T2 + T3 + T4). 

It is sufficient for any of the projection exposure 

apparatus that the exposure is performed by using one sheet of 

mask. However, it is also preferable that the projection 

exposure apparatus further comprises a mask stage (RST) which 
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-. is capable of simultaneously carrying a plurality of masks (R); 

and a driving system ( 30) for driving the mask stage (RST) so 

that any of the masks (R) is selectively set at an exposure 

position. According to this embodiment, for example, in order 

to improve the resolving power, even when the so-called double 

exposure method is used to change the two masks so that overlay 

exposure is performed under an exposure condition appropriate 

for each exposure area, then the double exposure can be 

performed in a continuous manner by using the two masks on the 

~- side of the one substrate stage, during which another operation 

such as alignment can be performed on the side of the other 

substrate stage concurrently therewith, only by allowing the 

two masks to be carried on the mask stage beforehand, and 

changing the masks and setting the mask stage at the exposure 

position by using the driving system. Thus, the low throughput, 

which would be otherwise resulted from the double exposure 

method, can be greatly improved. 

As compared with the stationary type projection exposure 

apparatus such as the stepper for exposing the sensitive 

substrate by projection with the pattern formed on the mask via 

the projection optical system in a state in which the mask and 

the sensitive substrate are allowed to stand still, any of the 

-~ 

above~mentiohed projection exposure apparatus is more 

effective when the projection exposure apparatus is constructed 
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as a scanning type projection exposure apparatus in which the 

mask (R) is carried on the mask stage (RST) which is movable 

in a predetermined direction, wherein the projection exposure 

apparatus further comprises a stage controller ( 38) for 

exposing the sensitive substrate (WSl, WS2) by projection with 

the pattern formed on the mask, while synchronously moving the 

mask stage (RST) with respect to any one of the first and second 

substrate stages {WSl and WS2), because of the following reason. 

That is, it is possible to realize highly accurate exposure 

owing to the averaging effect on the image of the mask pattern 

in the projection area formed by the projection optical system, 

and it is possible to make exposure for a larger area by using 

the smaller projection optical system as compared with those 

used for the stationary type projection exposure apparatus. 

According to the twelfth aspect of the present invention, 

there is provided a projection exposure apparat~s for exposing 

sensitive substrates {Wl, W2} by projecting an image of a 

patter~ formed on a mask (R) via a projection optical system 

(PL) onto the sensitive substrates, characterized by having: 

a first substrate stage (WSl) which.is movable on a 

two-.dimensional plane while holding a sensitive substrate (Wl); 

a second substrate stage (WS2) which is movable 

independently from the first substrate stage (WSl) on the same 

plane as that for the first substrate stage (WSl) while holding 
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a sensitive substrate (W2); 

an interferometer system (for example, a length-

measuring axes BilX to BI4Y) for measuring two-dimensional 

positions of the first substrate stage and the second substrate 

stage (WSl, WS2) respectively; 

a storing device ( 91) which stores an interference 

condition for the interferometer system (for example, the 

length-measuring axes BilX to BI4Y) to be used when the first 

substrate stage and the second . substrate stage cause 

interference with each other; and 

a controller (90) for controlling movement of the both 

stages (WSl, WS2) to cause no interference with each other while 

monitoring a measured value obtained by the interferometer 

system (for example, the length-measuring axes BilX to BI4Y) 

on the basis of the interference condition stored in the storing 

device (91). 

According to the projection exposure apparatus, the 

interferometer system is used to measure the two-dimensional 

positions of the first substrate stage and the second substrate 

stage which are independently movable on the two-dimensional 

plane while holding the sensitive substrates respectively, and 

the movement of the both stages is controlled by the controller 

to cause no interference while monitoring the measured value 

obtained by using the interferometer system, on the basis of 
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the interference condition stored in the stor.ing apparatus 

under which the first substrate stage and the second substrate 

stage cause interference with each other. Therefore, even when 

the two stages are independently moved to concurrently process 

the two operations in.parallel to one another, it is possible 

to prevent the two stages from contact (interference). 

The projection exposure apparatus may further comprises 

an alignment system provided apa.rt from the projection optical 

system (PL), for detecting a reference mark on the substrate 

stage (WSl, WS2) or a mark on the sensitive substrate (Wl, W2) 

held on the substrate stage (WSl, WS2); and a transport system 

(180 to 200) for delivering the sensitive substrate (Wl, W2) 

with respect to the first substrate stage and the second 

substrate stage (WSl, WS2) • The controller ( 90) may control 

the two substrate stages (WSl, WS2) so that one stage of the 

substrate stages (WSl or WS2) performs at least.one operation 

of a mark-detecting operation performed by the alignment system 

and a sensitive substrate (WI, W2 )-delivering operation with 

respect to the transport system ( 180 to 200), while a measured 

value obtained by using the interferometer sys.tem (for example, 

Ieng.th-measuring axes BilX to BI4Y) is monitored, on the basis 

of the interference condition, during which the other stage (WS2 

or WSl) is subjected to an exposure operation performed by using 

the projection optical system (PL), and when the controller (90) 
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may control such that when the both stages (WSl, WS2) come to 

positions to cause interference with each other, the stage (WSl 

or WS2) of the both stages (WSl, WS2), which takes a longer time 

until completion of the operation, is preferentially moved 

until the both stages (WSl, WS2) are in a positional 

relationship of no interference, during which the stage (WS2 

or WSl), which takes a shorter time until completion of the 

operation, is allowed to wait. 

According to this constitution, the controller controls 

the both substrate stages so that the one stage of the substrate 

stages performs at least one of the operations of the sensitive 

substrate-delivering operation and the mark-detecting 

operation, while monitoring the measured value obtained by 

using the interferometer system, on the basis of the 

interference condition, during which the other substrate stage 

is subjected to the exposure operation, while ~he controller 

performs control such that when the both stages come to the 

positions to cause interference with each other, the stage, 

which takes a longer time until completion of the operation 

concerning the both stages, is preferentialLy moved until the 

both. stages are in the positional relationship of no 

interference, during which the stage, which takes a shorter time 

until completion of the operation, is allowed to wait. 

Therefore, even when a situation of interference occurs during 
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the concurrent process for the two operations while 

independently moving the two stages, the interference of the 

two stages can be avoided without decreasing the throughput by 

comparing the time until completion of the operation for the 

both stages, preferentially moving the one stage, and allowing 

the other stage to wait. 

According to the thirteenth aspect of the present 

invention, there is provided a projection exposure apparatus 

for exposing sensitive substrates (Wl, W2) by projecting an 

image of a pattern formed on a mask (R) via a projection optical 

system (PL) onto the sensitive substrates, characterized by 

comprising: 

a first substrate stage (WSl), on which a reference mark 

is formed, moving on a two-dimensional plane while holding a 

sensitive substrate (WI); 

. a second substrate stage (WS2), on which a .reference mark 

is formed, for moving independently from the first substrate 

stage (WSl) on the same plane as ~hat for the first substrate 

stage (WSl) while holding a sensitive substrate (W2); 

an alignment system (for example, 24a) provided apart 

fro~ the projection optical system (PL), for detecting the 

reference mark on the substrate stage (WSl or WS2) or a mark 

on the sensitive substrate (WI or W2) held on the substrate stage 

(WSl or WS2); and 
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a controller (90) for controlling the two stages (WSl, 

WS2) so that a mark-detecting operation is performed by the 

alignment system (for example, 24a) for the sensitive substrate 

held on one stage {WSl or WS2) of the first substrate stage (WSl) 

and the second substrate stage· (WS2), concurrently with which 

an exposure operation is performed for the sensitive substrate 

held on the other stage (WS2 or WSl), while an operation, which 

is included in the mark-detecting operation to be performed on 

the one stage (WSl or WS2) and which affects the other stage 

(WS2 or WSl), is performed in synchronization with an operation 

which is included in the exposure operation to be performed on 

the other stage (WS2 or WSl) and which affects the one stage 

{WSl or WS2), and for controlling the operations of the two 

substrate stages (WSl, WS2) so that operations, which are 

included in the respective operations to be performed on the 

first substrate stage (WSl) and the-second substr~t"e stage (WS2) 

and which make no influence with each other, are performed in 

synchronization with each other. 

In the projection exposure apparatus, the controller 

controls the two stages so that the operation, .which is included 

in tpe mark-detecting operation operated on the one stage and 

which affects the other stage (disturbance factor) , is 

performed iri synchronization with the operation which is 

included in the exposure operation operated on the other stage 
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and which affects the one stage (disturbance factor)~ 

Accordingly, the operations, which make influence with each 

other, are synchronized. Therefore, no trouble occurs in the 

operations performed on the respective stages. Further, the 

controller controls so that the operations, which are included 

in the respective operations to be perf<:>rmed by the both stages 

and which make no influence with each other (non-disturbance 

factor) , are performed in a synchronized manner. Therefore, 

no trouble occurs also in this case in the operatioI)s performed 

on the respective stages. Therefore, the position-detecting 

operation performed by the alignment system for the marks on 

the respective substrate stages or on the sensitive substrates 

can be concurrently processed in parallel to the exposure 

operation performed by the projection optical system. 

Consequently, it is possible to improved the throughput. 

Further, it is possible to concurrently pr9c.ess the two 

operations in an appropriate manner, because the operations 

performed on the two substrate stages make no influence with 

each other. 

In this aspect, various combinations may be conceived for 

the <?Perations which make no influence with each other. However, 

it is preferable that the one stage (WSl or WS2) is stationarily 

rested to measure the mark on the one stage (WSl or WS2) or the 

mark on the sensitive substrate (Wl or W2) held on the one stage 
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(WSl or WS2) during a period for exposing, by projection, the 

sensitive substrate (W2 or Wl) held on the other substrate stage 

(WS2 or WSl) with the image of the pattern formed on the mask 

(R). These operations do not make any influence with each other. 

Accordingly, it is possible to concurrently process, without 

any trouble, the highly accurate mark-detecting operation and 

the exposure operation. 

On the other hand, various combinations may be conceived 

for the operations which make influence with each other. 

However, it is preferable that the one substrate .stage (WSl or 

WS2) is moved for detecting the next mark in synchronization 

with movement of the other substrate stage (WS2 or WSl) for the 

next exposure. 

In this embodiment, it is preferable that the proje_ction 

exposure apparatus further comprises a mask stage (RST) which 

is movable in a predetermined direction while ca~rying the mask 

(R), and a scanning system (for example, 38) for synchronously 

scanning the mask stage (RST) and the first substrate stage 

(WSl) or the second substrate stage (WS2) with respect to the 

projection optical system (PL), wherein the controller (90) 

sta~ionarily rests the one stage (WSl or WS2) to measure the 

mark on the one stage (WSl or WS2) or the mark on the sensitive 

substrate (Wl or W2) held on the one stage (WSl or WS2) during 

movement of the other substrate stage (WS2 or WSl) at a constant 
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velocity in synchronization with the mask stage (RST). 

Accordingly, the scanniI?-g system is operated to move the mask 

stage and the other substrate stage at the constant velocity 

in a synchronized manner during the exposure. Therefore, the 

one stage is not affected thereby, for which the measurement 

of the mark is performed. The mark is measured in a stationary 

state which does not affect the other stage during the exposure, 

on the one stage for which the mark measurement is performed, 

during the movement of the other stage at the constant velocity 

(during the exposure). Accordingly, even during the process 

of the scanning exposure, the exposure operation and the 

mark-detecting operation can be concurrently dealt with in 

parallel to one another without any trouble by using the two 

stages. 

In this embodiment, it is more desirable that the 

projection-exposure apparatus further compris~s -a transport 

system ( 180 to 200) for delivering the sensitive substrate (Wl 

or W2) with respect to the first substrate stage and the second 

substrate stage (WSl, WS2) respectively, wherein the controller 

{ 90) controls operations of the two substrate stages (WSl, WS2) 

so t}!at the one substrate stage (WSl or WS2) performs at least 

one of the mark-detecting operation and a sensitive substrate 

(Wl or W2 )-de.livering operation with respect to the transport 

system (180 to 200), concurrently with which the exposure 
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operation is performed for the sensitive substrate (WS2 or WSl) 

held on the other stage, while an operation, which is included 

in the delivering operation and the mark-detecting operation 

to be performed on the one substrate stage (WSl or WS2) and which 

affects· the other stage (WS2 or WSl), is performed in 

synchronization with the operation which is included in the 

exposure operation to be performed on the other stage (WS2 or 

WSl) and which affects the one stage (WSl or WS2), and the 

·controller (90) controls the operations of the two substrate 

stages (WSl, WS2) so that the operations, which are included 

in the respective operations to be performed on the first 

substrate stage and the second substrate stage (WSl, WS2) and 

which make no influence with each other, are performed in 

synchronization with each other. According to this embodiment, 

the operations corresponding to the time Tl, the time T2, and 

the time T3 explained above can be performed on ~he side of the 

one stage, while the operation corresponding to the time T4 can 

be performed on the side of the other stage. Therefore, the 

throughput is further improved, and it is possible to 

concurrently process the operations on .the two stages 

resp~ctively without any trouble. 

In the projection exposure apparatus, the alignment 

system may be provided separately from the projection optical 

system. However, when the apparatus comprises, for example, 
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two alignment systems separately from the projection optical 

system, it is preferable that the alignment systems (24a, 24b) 

are arranged on both sides of the projection optical system (PL) 

in a predetermined direction; and the controller (90) changes 

the operations of the both stages (WSl, WS2) when the operations 

of the both of the first substrate stage and the second substrate 

stage (WSl, WS2) are completed. 

In the case of the above constitution, the projection 

optical system disposed at the central position is used to 

expose the sensitive substrate held on the one substrate stage 

(exposure operation), while the one alignment system is used 

to detect the.mark for the sensitive substrate held on the other 

substrate stage (alignment operation). When the exposure 

operation is changed to the alignment operation, only the 

movement of the two substrate stages toward the other alignment 

system along the predetermined direction makes .it possible to 

move the one substrate stage having been located under the 

projection optical system to the position for the other 

alignment system, and move the other substrate stage having been 

located at the position for the one alignment system to the 

posi;tion under the projection optical system with ease. Thus, 

the two alignment systems can be alternately used as described 

above without any trouble. 

According to the fourteenth aspect of the present 
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invention, there is provided a projection exposure method for 

exposing sensitive· substrates (Wl, W2) by projecting an image 

of a pattern formed on a mask (R) via a projection optical system 

(PL) onto the sensitive substrates, characterized by 

comprising : 

preparing two substrate stages, each of which moves 

independently on a two-dimensional plane while holding a 

Sf':=!nsitive substrate (Wl, W2), each stage having a reference mark 

formed thereon; and 

exposing, by projection, the sensitive substrate (Wl or 

W2) held on one of the stages (WSl or WS2) with the image of 

the pattern formed on the mask, while stationarily resting the 

other stage (WS2 or WSl) to detect the referenc~ mark on the 

other stage (WS2 or WSl) or a mark on the sensitive substrate 

(Wl or W2) held on the other stage (WS2 or WSl). 
•. 

According to the projection exposure apparatus, the other 

stage is stationarily rested during the projection exposure 

with the image of the pattern formed on the mask for the sensitive 

substrate held on the one stage of the two substrate stages to 

detect the reference mark on the other stage'or the alignment 

mar~ on the sensitive substrate held on the other stage. 

Therefore, the two stages are used such that the projection 

exposure operation is performed on the one stage, during which 

the mark-detecting operation is performed on the other stage 
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in the stationary state • Therefore, the highly accurate 
- -

exposure operation and the mark-detecting operation are 

concurrently dealt with in parallel to one another without being 

affected by the operation performed on the one stage or the other 

stage with each other. Thus, it is possible to improve the 

throughput. 

According to the fifteenth aspect of the present 

invention, there is provided a projection exposure method for 

-· exposing sensitive substrates (Wl, W2) by projecting an image 

: 
of a pattern formed on a mask (R) via a projection optical system 

{PL) onto the sensitive substrates,. characterized by 

comprising : 

preparing two substrate stages, each of which moves 

independently on a two-dimensional plane while holding a 

sensitive substrate (Wl, W2), each stage having a reference mark 
'· 

formed thereon; and· 

successively exposing, by projection, a plurality of 

portions on the sensitive substrate (Wl, W2) held on one stage 

(WSl or WS2) of the two substrate stages (WSl, WS2) with the 

image of the pattern formed on the mask {R), 'and successively 

dete~ting a plurality of marks on the sensitive substrate (Wl, 

w2) held on the other stage (WS2 or WSl) concurrently therewith, 
.. 

while determining an order of the detection of the marks on the 

sensitive substrate (Wl, W2) held on the other stage (WS2 or 
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WSl) so that the two substrate stages (WSl, WS2) cause no 

interference with each other. 

According to the present invention, the projection 

exposure is successively performed with the image of the pattern 

formed on the mask for the plurality of portions on the sensitive 

substrate held on the one stage of the two substrate stages which 

are independently movable on the two dimensional plane while 

holding the sensitive substrates respectively, concurrently 

with which the plurality of marks on the sensitive substrate 

held on the other stage are successively detected. During this 

process, the order of the detection of the marks on the sensitive 

substrate held on the other stage is determined so that the two 

substrate stages cause no interference with each other. 

Therefore, the order of the detection of the marks is determined 

in conformity with the movement of the stage which is subjected 

to the successive projection exposure process •. Accordingly, 

the two stages are prevented from interference with each other, 

and the throughput can be improved by concurrently processing 

the operations. 

According to the sixteenth aspect , of the present 

inve.ntion, there is provided a scanning type projection 

exposure apparatus for exposing a sensitive substrate (W) with 

an image of a pattern formed on a mask (R) by moving the sensitive 

substrate (W) in a scanning direction with respect to an 

92 



exposure area (IF) which is conjugate to an illumination area 

(IA) illuminated with an illumination light beam (EL), in 

synchronization with movement of the mask (R) in the scanning 

direction with respect to the illumination area (IA), the 

projection exposure apparatus comprising: 

a substrate stage (WS) which is movable on a two­

dimensional plane while holding the sensitive substrate {W); 

a position-detecting system (151, 161) including 

detecting areas having a width, in a non-scanning direction 

perpendicular to a scanning di_rection, which is wider than that 

of an exposure area (IF), on one side and the other side in the 

scanning direction with respect to the exposure area (IF), for 

detecting a relative position of a surface of the sensitive 

substrate {W) with respect to a predetermined reference plane 

at least at one of a plurality of detecting points {for example, 

FAl to FA9) set in the respective detecting areas along the 

non-scanning direction; 

a substrate-driving system {LS) provided on the substrate 

stage {WS), which adjusts a surface position of the sensitive 

substrate {W) held on the stage (WS); and , 

. a controller (90) which controls the substrate-driving 

system (LS) on the basis of detection result obtained by using 

the position..;;detecting system { 151, 161), upon exposure for the 

sensitive substrate (W) held on the substrate stage (WS). 
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According to the projection exposure apparatus, the 

position-detecting system is arranged on each side in the 

scanning direction with respect to the exposure area, in the 

non-scanning direction perpendicular to the scanning direction 

respectively, having the detecting area with the width in the 

non-scanning direction wider than the exposure area. The 

relative position of the surface of the sensitive substrate with 

respect to the predetermined reference plane is detected at 

least at one of the plurality of detecting points set in the 

respective detecting areas along the non-scanning direction. 

The controller controls the substrate-driving system on the 

basis of the detection results · obtained by using the 

position-detecting systems, upon exposure for the sensitive 

substrate held on the substrate stage. Accordingly, for 

example, unlike the conventional pre-measurement sensor merely 

including the detecting area having the -sam~ width as the 

exposure area in which it has been difficult to perform . 

pre-measurement control in the area in the vicinity of the outer 

circumference of the sensitive substrate when the scanning is 

performed from the outside to the inside of the sensitive 

subs~rate, it is possible to detect the relative position of 

t.he surface of the adjacent portion of the sensitive substrate 

with respect to the predetermined reference plane, owing to the 

detecting points of the part of the detecting area protruding 
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to the outside of the exposure area even in such a case. It 

is possible to adjust the surface position of the sensitive 

substrate by controlling the substrate-driving system on the 

basis of the detection data. Therefore, it is possible to avoid 

decrease in throughput which would be otherwise caused by the 

change in scanning direction for the sensitive substrate. It 

is possible to drive the focus control by utilizing the 

detection data. 

Alternatively, during the exposure for a certain shot 

area existing at the outer circumference portion of the 

substrate, the information on the surface position of a shot 

area adjacent thereto is detected by using the detecting points 

at the portions of the detecting area disposed on one side and 

the other side in the scanni~g direction protruding over the 

outside of the exposure area, and an obtained result is stored. 

By doing so, when the adjacent shot area is exposed, even if 

the adjacent shot is a shot area for which it is difficult to 

perform pre-measurement control by using the conventional 

pre-measurement sensor described above, it is possible to 

quickly drive the focus on the basis of the stored information 

on ~he surface position. 

In this aspect, it is preferable that the controller ( 90) 

controls the·· substrate-driving system (LS) on the basis of at 

least one detection result for the plurality of detecting points 
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{for example, FAl to FA9) in the detecting area set on a front 

side of the exposure area in relation to the scanning direction 

for the sensitive substrate, of the detection results obtained 

by using the position-detecting systems. That is, the 

position-detecting system may be used as only a pre-measurement 

sensor. 

Alternatively, various opportunities can be considered 

as timings to start control of the substrate-driving system in 

order to adjust the surface position of the sensitive substrate. 

However, it is preferable that when shot areas {212) in the 

vicinity of outer circumference of the sensitive substrate (W) 

are subjected scanning exposure from the outside to the inside 

of the sensitive substrate (W), the controller (90) starts 

cont-rol for the substrate-driving system (LS) for adjusting the 

surface position of the sensitive substrate (W) on the basis 

of a detection result for a detecting point (FAA~ to FA9) which 

overlaps the sensitive substrate (W), from a point of time at 

which at least one of the plurality of detecting points (for 

example, FAl to FA9) overlaps an effective area on the sensitive 

substrate (W), because of the following reason. That is, it 
·. . ·. ··.· ... , .. · .... 

is P?Ssible to quickly move -the surface into a desired position 

ff ocus onto the surface) by starting the control of the 

substrate-driving system from the state in which at least one 

of the detecting points overlaps the effective area. 
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Alternatively, when one detecting point overlaps the shot 

area, the surface position (including the inclination) of the 

sensitive substrate is adjusted as follows by the aid of the 

substrate-driving system. That is, it is preferable that when 

shot areas (212) in the vicinity of outer circumference of the 

sensitive substrate (W) are subjected scanning exposure, if 

only one detecting point (for example, FA3 to FA7) overlaps the 

shot area ( 212), then the controller ( 90) adjusts an inclination 

of the sensitive substrate {W) by the aid of the substrate­

driving system {LS) on the basis of a predetermined fixed value. 

The predetermined fixed value is exemplified by an inclination 

of zero. In this case, the surface of the sensitive substrate 

is set on a horizontal plane including the surface position in 

the direction perpendicular to the reference plane detected by 

using the detecting points. Therefore, even when only one 

detecting point is used, it is possible to perfo::r;m· the leveling 

control in addition to the focus control. 

Alternatively, it is preferable that when shot areas 

{ 212) in the vicinity of outer circumference of the sensitive 

substrate {W) are subjected scanning exposure, if only one 

dete_cting point (for example, FA3 to FA 7) overlaps the shot area 

(212), then the controller (90) adjusts an inclination of the 

sensitive substrate {W) by the aid of the substrate-driving 

system (LS) on the basis of a detection result for the only one 
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detecting point and a detection result for another detecting 

point (for example, FAl, FA2, FAB, FA9) which overlaps a shot 

area adjacent to the shot area (212) overlapped by the one 

detecting point. As described above, even when one detecting 

point in the exposure shot area is used, it is possible to perform 

the focus/leveling control with relative accuracy, by using the 

detection result for the adjacent shot area and the detection 

result for the one point. Further, it may be previously 

determined that a detection result of what detecting point 

included in the plurality of detecting points (for example, FA! 

to FA9) is used for each of the plurality of shot areas (212) 

on the sensitive substrate (W), and when a certain shot area 

(212) on the sensitive substrate (W) is subjected to scanning 

exposure, the controller ( 90) adjusts the surface position of 

the sensitive substrate (W) by the aid of the substrate-driving 

. 
system (LS) by using only the detection result fo~ the detecting 

point determined for the shot area (212). As described above, 

the detecting point, which is suitable to detect the surface 

position corresponding to each of the shot areas, is previously 

determined, and thus it is possible to ad~ust the surface 

posi~ion (perform the focus/leveling control) with good 

efficiency and with less error. 

It is desirable that the effective area on the sensitive 

substrate is disposed inside a prohibition zone (pattern 
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prohibition zone) defined over an entire surface of the 

sensitive substrate (W) or at a circumferential edge portion 

of the sensitive substrate (W). In this embodiment, from the 

point of time at which at least one of the detecting points 

overlaps the inside of the sensitive substrate or the 

prohibition zone defined at.the circumferential edge portion 

of the sensitive substrate, the control of the substrate­

driving system is started in order to adjust the surface 

position of the sensitive substrate. 

the inside of the prohibition 

Especially, the use of 

zone defined at the 

circumferential edge portion of the sensitive substrate· makes 

it difficult to be affected by dust and camber existing in the 

vicinity of the outer circumference of the sensitive substrate. 

Therefore, it is possible to detect the surface position of the 

sensitive substrate more accurately. 

Various judgement standards are conceived to make 

judgement whether or not the area is the effective area. 

However, it is preferable that the controller (90) judges 

whether or not any detecting point ( FAl to FA9) for the 

position-detecting system (151, 161) overlaps. the effective 

area. on the sensitive substrate (W), on the basis o:e positional 

information on outer circumference of the sensitive substrate 

(W), positional information on the respective detecting points 

(for example, FAl to FA9) for the position-detecting system ( 151, 
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161), and positional information on the shot area (212) to be 

subjected to exposure. Accordingly, it is possible to 

accurately judge whether or not any of the detecting points for 

the position-detecting system overlaps the effective area on 

the sensitive substrate. Thus, it is possible to accurately 

start the control of the adjustment of the surface position of 

the sensitive substrate effected by the substrate-driving 

system. 

As another judgement standard to make judgement whether 

or not the area is the effective area, for example, it is 

preferable that the controller (90) judges whether or not any 

of the detecting points (FAl to FA9) for the position-detecting 

system ( 151, 161) overlaps the effective area on the sensitive 

substrate (W) by comparing a predetermined allowable value with 

the detection results for the plurality of detecting points (for 

example, FAl to FA9) for the position-detecting-system (151, 

161). In this embodiment, the effective area is judged in 

accordance with whether or not the detection value is included 

in the range of the predetermined allowable value. Even in the 

case of those included in the effective range, if any error 

factor exists due to any influence of dust or camber of the 

sensitive substrate, such a factor can be removed provided that 

it is excluded from the range of the allowable value. Therefore, 

this embodiment is advantageous in that an unexpected situation 
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can be dealt with. 

As for the timing to start adjustment for the inclination 

of the sensitive substrate by the aid of the substrate-driving 

system by using the control system, for example, the following 

procedure is available. That is, it is preferable that when 

the s}lot area ( 212) in the vicinity of the outer circumference 

of the sensitive substrate (W) is subjected scanning exposure, 

the controller (90) starts, from a point of time at which a 

plurality of detecting points (for example, FA! to FA9) overlap 

the shot area (212), adjustment for the inclination of the 

sensitive substrate (W) on the basis of only the detection 

results for the detecting points (FA! to FA9) which overlap the 

shot area ( 212), by the aid of the substrate-driving system (LS). 

Accordingly, when the plurality of detecting points overlap the 

shot area, the inclination of the surface of the shot area can 

be known. Thus, it is possible to perform the leveling control 

accurately. 

Various judgement standards are conceived to judge 

. ·. whether or. not any detecting point for the position-detecting 

system overlaps any shot area. However, it is preferable that 

the 9ontroller (90) judges whether or not any detecting point 

for the position-detecting system ( 151, 161) overlaps the shot 

area (212), on the basis of positional information on outer 

circumference of the sensitive substrate (W), positional 
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information on the respective detecting points (for example, 

FAl to FA9) for the position-detecting system (151, 161), and 

positional information on the shot area (212) to be subjected 

to exposure. Accordingly, it is possible to accurately judge 

whether or not any of the detecting points for the 

position-detecting system overlaps any shot area on the 

sensitive substrate. Thus, in the inventions, it is possible 

to accurately judge the number of detecting points overlapping 

the shot area. Alternatively, it is preferable that when the 

shot area (212) in the vicinity of the outer circumference of 

the sensitive substrate (W) is subjected to scanning exposure, 

if only one detecting point (for example, FAl to FA9) overlaps 

the shot area ( 212), then the controller ( 90) starts adjustment 

for the inclination of the sensitive substrate (W) by the aid 

of the substrate-driving system (LS) on the basis of detection 

results for a predetermined number of detecting .Points ( FAl to 

FA9) including the only one detecting point (one point included 

in FAl to FA9) and at least one detecting point (adjoining point 

included in FAl to FA9) adjacent thereto, and then the detecting 

point (FAl to FA9) to be used for the ad3ustment for the 

incl~nation is successively shifted toward the inside of the 

shot area (212). Even when only one detecting point overlaps 

the shot. area, the adjustment for the inclination of the 

sensitive substrate is started on the basis of the detection 
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results for the detecting points including at least one 

detecting point adjacent to the one detecting point, and the 

detecting point to be used for the inclination adjustment is 

successively shifted toward the inside of the shot area, in 

accordance with the increase in the number of detecting points 

disposed at the inside of the shot area. Thus, it is possible 

to perform the adjustment for the inclination more accurately. 

According to the seventeenth aspect of the present 

invention, there is provided a scanning exposure method for 

exposing a sensitive substrate (W) with an image of a pattern 

formed on a mask (R) by moving the sensitive substrate (W) in 

a scanning direction with respect to an exposure area (IF) which 

is conjugate to an illumination area (IA) illuminated with an 

illumination light beam (EL), in synchronization with movement 

of the mask (R) in the scanning direction with respect to the 

illumination area ( IA) , the scanning exposure met: hod comprising 

the steps of: 

projecting a plurality of slit images onto a surface of 

the sensitive substrate (W) in a direction inclined by a 

predetermined angle so that the plurality of slit images are 

arra.nged along a non-scanning direction in detecting areas (ABE, 

AFE) having a width in the non-scanning direction perpendicular 

to the scanning direction wider than that of an exposure area 

(IF} and disposed on one side and the other side in the scanning 
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direction with respect to the exposure area (IF) , during 

scanning exposure for the sensitive substrate (W); 

receiving reflected light beams of the respective slit 

images coming from the sensitive substrate (W) to calculate, 

on the basis of photoelectrically converted signals thereof, 

relative positions on the surface of the sensitive substrate 

(W) with respect to a predetermined reference plane at 

respective detecting points (for example, AFl to AF9) onto which 

the slit images are projected respectively; and 

adjusting a surface position of the sensitive substrate 

(W) in the exposure area (IF) on the basis of a result of the 

calculation. 

According to the scanning exposure method, the plurality 

of slit images are projected onto the surface of the sensitive 

substrate in the direction inclined by the predetermined angle 

so that the plurality of slit images are arra~ged along the 

non-scanning direction in the detecting areas having a width, 

in the non-scanning direction perpendicular to the scanning 

direction, wider than that of the exposure area, and disposed 

on one side and the other side in the scanning direction with 

res~ect to the exposure area, during scanning exposure for the 

sensitive substrate. The reflected light beams of the 

respective slit images coming from the sensitive substrate are 

received to obtain the photoelectrically converted signals on 
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the basis of which the relative positions of the surface of the 

sensitive substrate with. respect to the predetermined reference 

plane are calculated respectively at the respective detecting 

points onto which the slit images are projected. Further, the 

surface position of the sensitive substrate in the exposure area 

is adjusted on the basis of the result of the calculation. 

Accordingly, for example, when the scanning is performed from 

the outside to the inside of the sensitive substrate upon 

exposure for the area in the vicinity of the outer circumference 

of the sensitive substrate, it is possible to calculate the 

relative position of the surface of the sensitive substrate with 

respect to the predetermined reference plane at the detecting 

point on the basis of the photoelectrically converted signal 

of the reflected light beam of the slit image at the detecting 

point protruding over the outside of the exposure area. As a 

. resu·lt, it is possible to calculate the relatiye position of 

the surface of the sensitive substrate at the adjacent 'portion 

with respect to the predetermiri~d reference plane by using the 

detecting point protruding over the outside of the exposure area. 

It is possible to adjust the surface position of the sensitive 

subf!trate on the basis of the result of the calculation. 

Therefore, it is possible to avoid the decrease in throughput 

which would -by otherwise caused by the change in scanning 

direction·for the sensitive substrate, and it is possible to 
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perform the focus control more accurately by utilizing the 

calculated data. 

According to the eighteenth aspect of the present 

invention, there is provided a projection exposure method for 

exposing a plurality of shot areas (210) on a sensitive 

substrate (Wl or W2) respectively with an image of a pattern 

formed on a mask (R) via a projection optical system (PL) by 

moving the sensitive substrate (Wl or W2) in a scanning 

direction with respect to an exposure area (IF) which is 

conjugate to an illumination area (IA) illuminated with an 

illumination light beam (EL), in synchronization with movement 

of the mask (R) in the scanning direction with respect to the 

illumination area (IA), the projection exposure method 

characterized by comprising the steps of: 

selecting some of the plurality of shot areas (210) as 

sample shot areas so as to include shot area~ -( 210) in the 

vicinity of outer circumference which are set to be subjected 

. to scanning from the outside to the inside of the sensitive 

substrate (Wl or W2) with respect to the exposure area (IF); 

measuring coordinate positions of the sample shot areas 

resp~ctively; 

detecting a relative position of the sensitive substrate 

(Wl or W2) with respect to a predetermined reference plane for 

each of the sample shot areas when the coordinate positions of 
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the sample shot areas are measured; 

determining an arrangement of the plurality of shot areas 

( 210) on the sensitive substrate (Wl or W2) on the basis of the 

measured coordinate positions of the sample shot areas; 

performing positional adjustment of the respective shot 

areas with respect to the image of the pattern on the mask {R) 

on the basis of the determined arrangement of the shot areas 

(210) while adjusting a surface position of the sensitive 

substrate (Wl or W2) on the basis of the relative position 

detected by measuring the coordinate positions, when exposure 

are performed for the respective shot areas ( 21 O) in the 

vicinity of the outer circumference which are set to be 

subjected to scanning from the outside to the inside of the 

sensitive substrate (Wl or W2) with respect to the exposure area 

(IF). 

According to the projection exposure app~ratus., some of 

the plurality of shot areas are selected as the sample shot areas 

so as to include the shot areas in the vicinity of the outer 

circumference which are set to be subjected to scanning from 

the outside to the inside of the sensitive substrate with 

resP.ect to the exposure area, of the plurality of shot areas 

on the sensitive substrate. The coordinate positions of the 

some of sample shot areas are measured respectively. The 

relative position of the sensitive substrate with respect to 
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the predetermined reference plane for each of the some of sample 
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shot areas is detected when the coordinate positions of the some 

of sample shot areas are measured. After that, the arrangement 

of the plurality of shot areas on the sensitive substrate is 

determined on the basis of the measured coordinate positions 

of the sample shot areas. 

The positional adjustment with respect to the image of 

the pattern on the mask is performed for the shot area on the 

basis of the determined arrangement of the shot areas as 

described above when exposure is performed for the respective 

shot areas in the vicinity of the outer circumference which are 

set to be subjected to scanning from the outside to the inside 

of the sensitive substrate with respect to the exposure area, 

and the surface position of the sensitive substrate is adjusted 

on the basis of the detected relative position by measuring the 

•. 
coordinate positions. 

Accordingly, even in the case of exposure for the 

respective shot areas in the vicinity of the outer circumference 

which are set to be subjected to scanning from the outside to 

the inside of the sensitive substrate with. respect to the 

expo~ure area, it is possible to adjust the surface position 

of the sensitive substrate on the basis of the relative position 

detected when the coordinate position is measured. Therefore, 

it is possible to avoid an inconvenience that the scanning 
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direction is changed from the inside to the outside upon 

exposure for such shot areas, and the throughput is sacrificed. 

In this aspect, it is not necessarily indispensable that 

the sensitive substrate is moved in the same direction as that 

during the exposure to detect the relative position of the 

sensitive substrate with respect to the predetermined reference 

plane, when the coordinate position of the sample shot area in 

the vicinity of the outer circumference is measured. However, 

it is desirable that the relative position of the sensitive 

substrate (Wl or W2) with respect to the predetermined reference 

plane is detected while moving the sensitive substrate (Wl or 

W2) in the same direction as that used during exposure upon the 

measurement of the coordinate positions of the shot areas (210) 

in the vicinity of the outer circumference which are set to be 

subjected to scanning from the outside to the inside of the 

sensitive substrate (Wl or W2) with respect to th~ exposure area 

(IF) , of the sample shot areas, because of the following reason. 

That is, by doing so, it is possible to perform focus control 

in which, for example, the offset, which depends on the movement 

direction of the sensitive substrate (Wl or, W2), is removed. 

The exposure apparatus, the projection exposure 

apparatus and the exposure method of those aspects described 

above are extremely effective for the step and scan type 

projection exposure, especially suitable for performing the 
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double exposure in which high resolution is required in 

exposure. 

According to the nineteenth aspect of the invention, an 

exposure apparatus for forming a predetermined pattern on a 

sensitive substrate is provided, which comprises: 

a first substrate stage which moves on a two­

dimensional plane while holding a sensitive substrate; 

a second substrate stage which moves on a two­

dimensional plane independently of the first substrate 

stage while holding a sensitive substrate; 

a first interferometer system provided with a length­

measuring axis which never leaves a reflective surf ace 

fixed to the first substrate stage and measures positional 

information of the first substrate stage; 

a second interferometer system provided with a length­

measuring axis which never leaves a reflective surface 

fixed to the second substrate stage and measures positional 

information of the second substrate stage. 

In the exposure apparatus according to the nineteenth 

aspect, for example, as shown in Fig. 7, the length­

measuring axis (Bil or BI2) of the interferometer never 

leaves the reflective surface formed on the substrate stage 

(WSl or WS2) in any operations of exposure, alignment and 

wafer exchange. Thus, the length-measuring axis of the 

interferometer can always follow the stage without leaving 

the reflective surface, so that the interferometer always 
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can detect the position of the stage. 

In addition to the inventions according to· the first 

to nineteenth aspects, the present inventions also concerns 

the twentieth to thirties aspects which are obtained by . 
combinations of concepts thereof and/or extractions 

thereof. Namely, the twentieth aspect of the invention is 

directed to an exposure apparatus for Iorming a 

predetermined pattern on a sensitive substrate, which 

comprises a plurality of substrate stages and a driving 

system by means of an electromagnetic force. 

The twenty-first aspect of the invention is directed 

to an exposure apparatus for forming a predetermined 

pattern on a sensitive substrate, which comprises a mask 

stage, a plurality of substrate stages, and interferometers 

for positionally controlling these stages. 

The twenty-second aspect of the invention is directed 

to an exposure apparatus wherein a plurality of substrate 

stages move between an alignment information detecting 

section and an exposing section. 

The twenty-third aspect of the invention is directed 

to an exposure apparatus comprising a plurality of 

substrate stages and a plurality of detect.i,.n9 systems for 

detecting alignment information about alignment of the 

sensitive substrates held on the substrate stages. 

The twenty-fourth aspect of the invention is directed 

to an exposure apparatus comprising a plurality of 

substrate stages and a plurality of transport systems for 

transporting the sensitive substrates held on the substrate 

stages. 
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The twenty-fifth aspect of the invention is directed 

to an exposure apparatus comprising a plurality of 

substrate stages and a control system for preventing the 

exposure apparatus from vibrating due to movement of the 

stages. 

The twenty-sixth aspect of the invention is directed 

to an exposure apparatus comprising a plurality of 

substrate stages and a plurality of measuring systems for 

obtaining information about surface positions of the 

sensitive substrates held on the stages • 

The twenty-seventh aspect of the invention is directed 

to an exposure apparatus which comprises a plu~ality of 

substrate stages and moves an exposure light and the 

sensitive substrate relative to each other. 

The twenty-eighth aspect of the invention is directed 

to an exposure apparatus which comprises a plurality of 

substrate stages and can perform multiple-exposure using 

first and second patterns of a mask. 

The twenty-ninth aspect of the invention is directed 

to a scanning type exposure apparatus comprising a 

detecting system can obtain information about a surface 

position of a sensitive substrate by means of a plurality 

of detecting points and vary the detecting points during 

the exposure. 

The thirtieth aspect of the invention is directed to 

an exposure apparatus comprising first and second substrate 

stages and a controller for controlling the first and 
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second substrate stages to prevent the substrate stages 

from interfering with each other when an exposure operation 

is performed on one of the first and second substrate 

stages and a detecting operation of alignment information 
. 

is performed on the other of the first and second substrate 

stages. 

In addition, the present invention concerns the 

following thirty-first to thirty-fourth aspects. 

According to the thirty-first aspect of the present 

invention, an exposure apparatus for forming a 

predetermined pattern on a sensitive substrate (W) which 

comprises: 

a measuring section (PIS) which measures alignment 

information about a sensitive substrate; 

an exposure section (EPS} which exposes a sensitive 

substrate (W); 

a first substrate stage 

reference mark (FMl) and is 

sensitive substrate (W); 

(WSl) which has a first 

movable while holding a 

a second substrate stage (WS2) which has a second 

reference mark ( FM2) and is movable independently of the 

first substrate stage while holding a sensitive substrate; 

a control means for controlling one st.age of the first 

and second substrate stages to perform an operation in the 

measuring section (PIS) using the reference mark and 

controlling, in parallel with the operation of the one 

stage, the other stage of the first and second substrate 

stages to perform an operation in the exposure section 

(EPS) using the reference mar~ . 
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According to the thirty-second aspect of the present 

invention, an exposure apparatus for forming a 

predetermined pattern on a sens-itive substrate (W), which 

comprises: 

a first holding member (WSlb) which holds a sensitive 

substrate; 

a second holding member (WS2b) which holds a sensitive 

substrate; 

a first movable member (WSla) which is used commonly 

for the first and second holding members, and movable in a 

two-dimensional plane while supporting one holding member 

of the first and second holding members in order for an 

exposure of the sensitive substrate held by the one holding 

member; and 

a second movable member (WS2a) which is used commonly 

for the first and second holding members, and movable in a 

two-dimensional plane while supporting the other holding 

member of the first and second holding members in order for 

a measurement of the sensitive substrate held by the other 

holding member 

a first interferometer system (Xe, Ye) .which obtains 

positional information of the one holding member held by 

the first movable member; and 

a second interferometer system (Xa, Ya) which obtains 

positional information of the other holding member held by 

the second movable member. This aspect is exemplified by 

for example, the sixth embodiment. 

According to the thirty-third aspect of the present 

invention, a method for exposing a sensitive substrate by 

projecting an image of a pattern formed on a mask (R) 

through a projection optical system (PL) is provided, which 

comprises: 
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detecting positional information about a plurality of 

defined areas on a sensitive substrate held on one of two 

stages (WSl or WS2) which are movable independently, while 

exposing a sensitive substrate (W) held on the other of the 

two stages; and 

determining projective position information of a 

position on the sensitive substrate held on the one stage 

at which the image of the pattern formed on the mask is 

projected, in order ·to expose the defined areas on the 

sensitive substrate held on the one stage, after the 

exposure of the sensitive substrate held on the other stage 

is completed. This aspect is exemplified by for example, 

the second embodiment. 

According to the thirty-fourth aspect of the present 

invention, an exposure apparatus 

predetermined pattern on a sensitive 

provided, which comprises: 

for forming 

substrate (W) 

a 

is 

a first holding member (WSl) which holds a sensitive 

substrate; 

a second holding member (WS2) which holds a sensitive 

substrate and is used for one operation of . a measurement 

operation and an exposure operation when the first holding 

member is used for the other of the measurement operation 

and the exposure operation; 

an ~xchanging mechanism (2Gl,221) for exchanging one 

of the first and second holding members which has been used 

for the exposure operation with the other of the first and 

second holding members which has been used for the 

measurement operation; 

a first interferometer system (Xe, Ye) which obtains 

positional information of the holding member being used for 

the exposure operation; and 
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a second interferometer system (Xa, Ya) which obtains 

positional information of the other holding member being 

used for the measurement operation. This aspect is 

exemplified by, for example, the fifth embodiment. 

116 



BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 shows a schematic arrangement of the projection 

exposure apparatus according to the first embodiment of the 

present invention. 

Fig. 2 is a perspective view illustrating the 

positional relationship among the two wafer stages, the 

reticle stage, the projection optical system, and the 

• alignment systems, showing that the wafer stage WSl exists· 

in a position information measuring section and the wafer 

stage WS2 exists in an exposure section. 

Fig. 3 shows a plan view illustrating the arrangement 

of the driving mechanism for the wafer stages. 

Fig. 4 shows the AF/AL systems provided for the 

projection optical system and the alignment systems 
•. 

respectively. 

Fig. 5 shows a schematic arrangement of the projection 

exposure apparatus illustrating the layout of the AF/AL 

system and the TTR alig~ent system. 

Fig. 6 shows the shape of the pattern ,formation plate 

sho~n in Fig. 5. 

Fig. 7 shows· a plan view illustrating the state in 

which the wa~er exchange/alignment sequence and the 

exposure sequence are executed by using the two wafer 
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stages. 

Fig. 8 shows the state obtained after the change 

between the wafer exchange/alignment sequence and the 

exposure sequence shown in Fig. 7. 

Fig. 9 shows the reticle stage for the double exposure 

for holding the two reticles. 

Fig. lOA shows the state in which the wafer is exposed 

by using the reticle having the pattern A shown in Fig. 9, 

and Fig. !OB shows the state in which the wafer is exposed 

by using the reticle having the pattern B shown in Fig. 9. 

Fig. 11 shows the order of exposure for each of the 

respective shot areas on the wafer held on one of the two 

wafer stages. 

Fig. 12 shows the order of mark detection for each of 

the respective shot areas on the wafer held on the other of 

the two wafer stages. 

Fig. 13 shows a plan view of the wafer illustrating 

the order of exposure for the scanning type projection 

exposure apparatus, used when all shot arrays are included 

in the wafer. 

Fig. 14A shows a magnified plan view concerning-the AF 

measurement for pre-measurement performed at the position A 

shown in Fig. 13; 

Fig. 14B shows a magnified plan view concerning the AF 
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measurement for pre-measurement performed at the position B 

shown in Fig. 13 ; and 

Fig. 14C shows a magnified plan view concerning the AF 

measurement for pre-measurement performed at the position c 

shown in Fig. 13 •. 

Fig. 15 shows a diagram illustrating the result of 

pre-measurement control concerning Comparative Example, 

performed for the shot area located in the vicinity of the 

outer circumference of the wafer. 

Fig. 16 shows a plan view of the wafer illustrating 

the order of alignment for the scanning type projection 

exposure apparatus, used when all shot arrays are included 

in the wafer. 

Fig. 17 shows a diagram illustrating the result of 

pre-measurement control, obtained in the first embodiment. 

Fig. 1a· shows ~ diagram illustrating the. result of 

pre-measurement control, obtained when the reproducibility 

in measurement involves an error in the first embodiment. 

Fig. 19A illustrates the operation for detecting the 

reference mark on the fiducial mark plate based on the use 

of ~he alignment system, which shows a situation in which 

the reference mark MK2 on the fiducial mark plate FMl is 

positioned just under the alignment system 24a; 
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Fig. 19B shows an example of the shape of the 

reference mark MK2 and a situation of image pick-up for 

detecting the same by using the sensor of the FIA system of 

the alignment system 24a; and 

Fig. 19C shows a waveform signal obtained by the image 

processing· system whe·n the image of the mark MK2 is picked 

up by using the sensor of the FIA system. 

Fig. 20A explains the operation for measuring the mark 

on the fiducial mark plate based on. the use of the reticle 

alignment microscope, wherein a situation in which the 

reticle alignment microscope is used with the exposure 

light beam to detect the relative positions of the marks 

MKl, MK3 on the fiducial mark plate FMl and the projected 

images on the wafer surface, of the marks RMKl, RMK3 on the 

reticle corresponding thereto; 

Fig. 20B shows the projected image on th~ wafer, of 

the mark RMK on the reticle R; 

Fig. 20C shows the mark MK on the fiducial mark plate; 

Fig. 20D shows a situation of image pick-up performed 

in the system shown in Fig. 20A, and 

. Fig. 20E shows the waveform signal obtained by 

processing the picked up image. 

Fig. 21" shows the concept of a state in which each 

shot on the wafer is subjected to exposure in accordance 
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with the relative positional relationship between each shot 

and the exposure position finally calculated. 

Fig. 22 explains the operation of the second 

embodiment, illustrating a situation in which the 

interferometer having the length-measuring axis BI3Y is 

reset after completion of the alignment for the wafer Wl on 

the wafer stage WSl. 

Fig. 23 explains the operation of the second 

embodiment, illustrating a situation in which the wafer 

stage WSl is moved to the loading position, and the 

operation of the exposure sequence is performed on the side 

of the wafer stage WS2. 

Figs. 24A and B show a flow chart illustrating the 

timing control operation which is performed when the 

disturbance factor operation and the non-disturbance factor 

operation are performed on the two wafer·stag~s. 

Fig. 25A shows a plan view of the stages illustrating 

the non-interference condition which is used·. when the two 

wafer stages are moved and controlled independently from 

each other, and 

Fig. 25B shows a plan view of the stages illustrating 

the interference condition which is used when the two wafer 

stages are moved and controlled independently from each 

other. 
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Fig. 26 shows a flow chart illustrating the movement 

control operation of the two stages, which is used when the 

interference condition is satisfied or when the 

interference condition is not satisfied. 

Fig. 27A shows a plan view of the wafer illustrating 

the sample shots for which the alignment is performed, and 

Fig. 27B shows a plan view of the wafer illustrating 

the shot areas for which the exposure is performed. 

Fig. 28A shows a plan view of the wafer illustrating 

the order of shots used when the alignment sequence is 

performed, and 

Fig. 28B shows a plan view of the wafer illustrating 

the order of exposure used when the exposure sequence is 

performed. 

Fig. 29 shows a schematic arrangement of the 

projection exposure apparatus according to th~ second 

embodiment. 

Fig •. 30 shows a perspective view illustrating the 

arrangement of the AF detecting points for pre-measurement 

with respect to the exposure area • 

. Fig. 31 shows a side view of Fig. 30 as viewed in the 

scanning direction. 

Fig. 32- shows a plan view of Fig. 31. 

Fig. 33 shows a side view of Fig. 32 as viewed in the 
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non-scanning direction. 

Fig. 34 shows a plan view illustrating the pre­

measurement control m~thod based on the use of the AF/AL 

system according to the second embodiment. 

Fig. 35 shows the positional relationship between the 

exposure area IF and the AF detecting points during the 

focus measurement. 

Fig. 36 shows a selection procedure for designating 

the position of the AF detecting point used for the AF 

measurement for each shot area. 

Fig. 37 shows the positions of the AF detecting points 

used when the shot area belonging to the group A is 

exposed, and the wafer surface upon the start of the pre­

measurement control. 

Fig. 38 shows the AF detecting points used when the 

focus measurement is performed for the wafer ~urf ace by 

moving the AF detecting points without changing the number 

of the AF detecting· points to be used. 

Fig. 39 shows the AF detecting points used when the 

focus measurement is performed for the wafer surface by 

using all of the measurable AF detecting points. 

Fig. 40 shows the positions of the AF detecting points 

used when the shot area belonging to the group c is 

exposed, and the wafer surface upon the start of the pre-
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measurement control. 

Fig. 41 shows a diagram illustrating the result of the 

pre-measurement control performed as shown in Fig. 40. 

Fig. 42 shows Comparative Example concerning the pre-

measurement control performed when the shot array is larger 

than the outer circumference of the wafer w. 

Fig. 43 shows Comparative Example concerning the pre~ 

measurement control performed when the shot array is larger 

than the outer circumference of the wafer w. 

Fig. 44 is a view schematically showing the entire 

structure of an exposure apparatus related to the fifth 

embodiment. 

Fig. 45 is a schematic plan view of one wafer stage of 
--

Fig. 44. 

Fig. 46 is a schematic plan view of the apparatus of 

Fig. 44. 

Fig. 47 is a view showing a flow of actions in the 

apparatus of Fig. 44. 

Fig. 48 is a schematic plan view showing the structure 

of a main part of an exposure apparatus as,the sixth 

embqdiment. 
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BEST MODE FOR CARRYING OUT THE INVENTION 

(First Embodiment] 

A first embodiment of the present invention will be 

explained below with reference to Figs. 1 to 18. 

Fig. 1 shows a schematic arrangement of a projection 

exposure apparatus 1 O according to the first embodiment. The 

projection exposure apparatus 10 is a projection exposure 

apparatus of the scanning exposure type based on the so-called 

step-and-scan system. A structure and a controlling method of 

the step-and-scan system projection exposure apparatus are 

disclosed in u.s. Patent Nos •. 5,646,413 and 5,448,332, the 

disclosures of which are herein incorporated by reference. 

The projection exposure apparatus 10 comprises, for 

example, a stage apparatus provided with wafer stages WSl, WS2 

as first and second substrate stages which are independently 

movable in the two-dimensional direction on a base pedestal 12 

while holding wafers Wl, W2 as sensitive substrates, a 

projection optical system PL disposed over the stage apparatus, 

a reticle-driving mechanism disposed over the projection 

optical system PL, for driving a reticle R ~s a mask in a 

predetermined direction, i.e., in the Y axis direction in this 

embodiment (direction perpendicular to the plane of the paper 

in Fig. 1), ari illumination system for illuminating the reticle 

R from a position'thereover, and a control system for 
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controlling the respective components. 

The stage apparatus is supported over the base pedestal 

12 in a floating manner by the aid of an unillustrated air bearing. 

The stage apparatus comprises the two wafer stages WSl, ws2 

which are independently movable two-dimensionally in the X axis 

direction (lateral direction along the plane of the paper shown 

in Fig. 1) and in the Y axis direction (_direct.ion perpendicular 

t~ the plane of the paper shown in Fig. 1) , a stage-driving system 

for driving the wafer stages WSl, WS2, and an interferometer 

system for measuring the positions of the wafer stages WSl, WS2. 

As shown in Fig. 2, the wafer stage WSl exists in the positional 

information measuring section (PIS) and the wafer stage WS2 

exists in the exposure section(EPS), both stages WSl, WS2 can 

move between PIS and EPS, -respectively. 

The arrangement will be further described below. 
•. 

Unillustrated air pads (for example, vacuum-pre-loadable air 

bearings) are provided at a plurality of positions on bottom 

surfaces of the wafer stages WSl, WS2. The wafer stages WSl, 

WS2 are supported over the base pedestal 12 in a floating manner 

in a state in which a spacing distance of, for example, several 

mic~ons is maintained in accordance with the balance between 

thevacuum-pre-loadedforceandtheair-ejectingforceeffected 

by the air pads. 

As shown. in a plan view in Fig. 3, two X axis linear guides 
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(for example, fixed magnets of a linear motor of the so-called 

moving coil type) 122, 124, which extend in the X axis direction, 

are provided in parallel on the base pedestal 12. Two movable 

members 114 , 118 , 116, 12 O , which are movable along the X axis 

linear guides respectively, are attached to the X axis linear 

guides 122, 124 respectively. Unillustrated driving coils are 

attached to bottom portions of the four movable members 114, 

118, 116, 120 respectively so that the X axis linear guides 122, 

124 are surrounded thereby at upper and lateral sides. The 

moving coil type linear motors for driving the respective 

movable members 114, 116, 118, 120 in the X axis direction are 

constructed by the driving coils and the X a·xis linear guides 

122, 124 respectively. However, in the following description, 

the movable members 114, 116, 118, 120 are referred to as "X 

axis linear motor" for convenience. 

Among them, the two X axis linear motor~ 114, 116 are 

provided at both ends of a Y axis linear. guide 110 extending 

in the Y axis direction (for example, a fixed coil of a linear 

motor of the moving magnet type) respectively. The other two 

x axis linear motors 118, 120 are secured no both ends of a 

similar y axis linear guide 112 extending in they axis direction. 

Therefore, the Y axis linear guide 110 is driven along the X 

axis linear g·uides 122, 124 by means of the X axis linear motors 

114, 116, while the Y axis linear guide 112 is driven along the 
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X axis linear guides 122, 124 by means of the X axis linear motors 

118, 120 •. 

On the other hand, an unillustrated magnet, which 

surrounds one of the Y axis linear guides 110 at upper and lateral 

sides, is provided on the bottom of the wafer stage WSl. A 

moving magnet type linear motor for driving the wafer stage WSl 

in the Y axis direction is constructed by the magnet and the 

Y axis linear guide 110. Further, an unillustrated magnet, 

which surrounds the other Y axis linear guide 112 at upper and 

lateral sides, is provided on the bottom of the wafer stage WS2. 

A moving magnet type linear motor for driving the wafer stage 

WS2 in the Y axis direction is constructed by the magnet and 

the Y axis linear guide 112. 

That is, in the first embodiment of the present invention, 

the stage-driving system for two-dimensionally driving the 

wafer stages WSl, WS2 independently in the XY.direction is 

constructed, for example, by the X axis linear guides 122, 124, 

the x axis linear motors 114, 116, 118, 120, the Y axis linear 

guides 110, 112, and the unillustrated magnets disposed on the 

bottoms of the wafer stages WSl, WS2. The stage-driving system 

is gontrolled by a stage control unit 38 shown in Fig. 1. 

Minute yawing can be generated on the wafer stage WSl, 

or minute yawing can be removed therefrom, by slightly varying 

the torque of the pair of X axis linear motors 114, 116 provided 
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.' at the both ends of the Y axis linear guide 110. Similarly, 

minute yawing can be generated on the wafer stage WS2, or minute 

yawing can be removed therefrom, by slightly varying the torque 

of the pair of X axis linear motors 118, 120 provided at the 

both ends of the Y axis linear guide 112. 

Wafers Wl, W2. are fixed on the wafer stages WSl, WS2 by 

means of, for example, vacuum suction by the aid of 

unillustrated wafer holders. Each of the wafer holders is 

finely driven in the z axis direction perpendicular to the XY 

plane and in the 6 direction (rotational direction about the 

z axis) by means of an unillustrated z•e driving mechanism. 

Fiducial mark plates FMl, FM2, on which various fiducial marks 

are formed, are placed on upper surfaces of the wafer stages 

WSl, WS2 to be at the substantially same height as that of the 

wafers Wl, W2 respectively. The fiducial mark plates FMl, FM2 

are used, for example, when the reference positio·n of each of 

the wafer stages is detected. 

One side surface (left side surface in Fig. 1) 20 of the 

wafer stage WSl in the X axis direction, and one side surface 

(back side surface as viewed in the plane of 'the paper in Fig. 

1) 2·1 thereof in the Y axis direction are mirror-finished 

reflective surfaces. Similarly, the other side surface (right 

side surface in Fig. 1) 22 of the wafer stage WS22 in the X axis 

direction, and one side surface 23 thereof in the Y axis 
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. 
~ ' direct~on are mirror-finished reflective surfaces . 

Interferometer beams for respective length-measuring axes (for 

example, BilX, BI2X) for constructing an interferometer system 

as described later on are projected onto the reflective surfaces. 

Reflected light beams therefrom are received by respective 

interferometers so as to measure displacements of the 

respective reflective surfaces from the reference position (in 

general, a fixed mirror is disposed on a side surface of the 

projection optical system or on a side surface of the alignment 

optical system, and such a position is used as the reference 

surface). Thus, the two-dimensional positions of the wafer 

stages WSl, WS2 are measured respectively. The construction 

of the length-measuring axes of the interferometer system will 

be described in detail later on. 

A refractive optical system, which comprises a plurality 

of lens elements having a common optical axis.in t;he z axis 

direction and which is telecentric on both sides having a 

predetermined reduction magnification, for example, 1/5, is 

used as the projection optical system PL. Therefore, the 

velocity of movement of the wafer stage in.the scanning 

dir~ction during scanning exposure based on the step-and-scan 

system is 1/5 of the velocity of movement of the reticle stage. 

As shown in Fig. 1, alignment systems 24a, 24b having the 

same function based on the off-axis system are installed on both 
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sides in the X axis direction of the projection optical system 

PL at positions separated from the center of the optical axis 

of the projection optical system PL (coincident with the 

projection center of the image of the reticle pattern) by· an 

identical distance respectively. The alignment systems 24a, 

24b have three types of alignment sensors based on the LSA (Laser 

Step Alignment) system, the FIA (Field Image Alignment) system, 

and LIA (Laser Interferometric Alignment) system. The 

alignment systems 24a, 24b make it possible to perform 

measurement of the position in the X, Y two-dimensional 

direction of the reference mark on the fiducial mark plate and 

the alignment mark on the wafer. The LSA and LIA are disclosed 

in U.S. Patent No. 5,151,750 and the FIA is disclosed in U.S. 

Patent No. 5,493,403, the disclosures of which are herein 

incorporated by reference. 

The LSA system resides in a general-purp~se sensor most 

widely used to measure the mark position by irradiating the mark 

with a laser beam and utilizing a diffracted and scattered light 

beam. The LSA system has been hitherto widely used for process 

wafers. The FIA system resides in a sensor to measure the mark 

pos~tion by illuminating the mark with a broad band (wide zone) 

light beam such as a halogen lamp, and performing image 

processing for an obtained mark image. The FIA system is 

effectively used for asymmetric marks on aluminum layers and 
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wafer surfaces. The LIA system resides in a sensor to detect 

positional information of the mark from a phase measured by 

irradiating a diffraction grating-shaped mark with laser beams 

having slightly different frequencies in two directions, and 

interfering two generated diffracted light beams. The LIA 

system is effectively used for wafers having small differences 

in level and wafers having rough surfaces. 

In the first embodiment of the present invention, the 

three types of the alignment sensors are appropriately used 

depending on the purpose so that, for example, so-called search 

alignment is performed for measuring the approximate position 

of the wafer by detecting three points of one_;dimensional marks 

on the wafer, and fine alignment is performed for measuring the 

accurate position of each of shot areas on the wafer. 

In this embodiment, the alignment system 24a is used, for 
•. 

example, to measure positions of the alignment marks on the 

wafer Wl held on the wafer stage WSl and the reference marks 

formed on the fiducial mark plate FM!. The alignment system 

24b is used, for example, to measure positions of the alignment 

marks on the wafer W2 held on the wafer stage WS2 and the 

ref~rence marks formed on the fiducial mark plate FM2. 

The information, which is obtained and supplied from the 

respective alignment sensors for constructing the alignment 

systems 24a, 24b, is subjected to A/D conversion by the aid of 
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an alignment control unit 80 to obtain a digital waveform signal 

which is computed and processed to detect the mark position. 

An obtained result is supplied to a main control unit 90 which 

serves as the controller. The main control unit 90 instructs 

the stage control unit to perform, for example, correction for 

the synchronization position during the exposure depending on 

the obtained result. 

Further, in the exposure apparatus 10 according to the 

first embodiment of the present invention, although not shown 

in Fig. 1, a pair of reticle alignment microscopes 142, 144 are 

provided over the reticle R as shown in Fig. 5. Each of the 

reticle alignment microscopes 142, 144 comprises a TTR (Through 

The Reticle) alignment optical system based on the use of an 

exposure wavelength for simultaneously observing the reticle 

mark (not shown) on the reticle Rand the marks on the fiducial 

mark plates FMl, Fm2 via the projection optic~! system PL. 

Detection signals obtained by using the reticle alignment 

microscopes 142, 144 are supplied to the main control unit 90. 

In this embodiment, polarizing mirrors 146, 148 for introducing 

detected light beams from the reticle R in~o the reticle 

alignment microscopes 142, 144 respectively are movably 

arranged. When the exposure sequence is started, the 

polarizing m1rrors 146, 148 are retracted by means of 

unillustrated mirror-driving units in accordance with the 
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command supplied from the main control unit 90 respectively. 

A system equivalent to the reticle alignment microscopes 142, 

144 is disclosed, for example~ in Japanese Laid-Open Patent 

Publication No. 7-176468, corresponding to U.S. Patent No. 

5,646,413 of which detailed explanation will be omitted herein. 

Althqugh not shown in Fig. 1, autofocus/autoleveling 

measuring mechanisms (hereinafter referred to as "AF/AL 

system") 130, 132, 134 for investigating the focusing position 

are provided for the projection optical system PL and the 

alignment systems 24a, 24b respectively as shown in Fig. 4. 

Among them, the AF/AL system 132 as a second detecting system 

is provided to detect whether or not the exposure surf ace of 

the wafer w coincides with (focuses with) the image plane of 

the projection optical system PL within a range of the depth 

of focus, because it is necessary that the pattern formation 

plane on the reticle R is conjugate to the-expo~ure surface of 

the wafer W in relation to the projection optical system PL in 

order to accurately transfer the pattern on the reticle R onto 

the wafer (Wl or W2) by means of scanning exposure. In the first 

embodiment of the present invention, a so-called multi-point 

AF system is used as the AF/AL system 132. The AF/AL system 

is disclosed in U.S. Patent No. 5,502,311, the disclosure of 

which is herein incorporated by reference. 

Now, detailed arrangement of the multi-point AF system 
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for constructing the AF/AL system 132 will be explained with 

reference to Figs. 5 and 6. 

As shown in Fig. 5, the AF/AL system (multi-point AF 

system) 132 comprises an irradiating optical system 151 

including a bundle of optical fibers 150, a light-collecting 

lens 152, a pattern formation plate 154, a lens 156, a mirror 

158, and an irradiating objective lens 160; and a light­

collecting optical system 161 including a light-collecting 

objective lens 162, a rotary directional vibration plate 164, 

an image-forming lens 166, and a light receiving unit 168. 

The respective constitutive components of the AF/AL 

system (multi-point AF system) 132 will be now explained 

together.with their functions. 

An illumination light beam having a wavelength which is 

different from that of the exposure light beam EL and at which 

the photoresist on the wafer Wl (or W2) is not photosensitive 

is introduced from an unillustrated illumination light source 

via the optical fiber bundle 150. The illumination light beam 

radiated from the optical fibe.r bundle 150 passes through the 

light-collecting lens 152, and the pattern foDnation plate 154 

is illuminated therewith. The illumination light beam 

transmitted through the pattern formation plate 154 passes 

through the ·lens 156, the mirror 158, and the irradiating 

objective lens 160, and the illumination light beam is projected 
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.. onto the exposure surface of the wafer w. The image of the 

pattern on the pattern formation plate 154 is projected 

obliquely with respect to the optical axis AX, and the image 

is formed on the exposure surface of the wafer Wl (or W2) • The 

illumination light beam is reflected by the wafer Wl, and it 

is projected onto the light-receiving surface of the light 

receiving unit 168 via the light-collecting objective lens 162, 

the rotary directional vibration plate 164, and the image­

forming lens 166. The image of the pattern on the pattern 

formation plate 154 is formed again on the light receiving 

surface of the.light receiving unit 168. The main control unit 

90 is now operated to give predetermined vibration to the rotary 

directional vibration plate 164 by the aid of a vibrating unit 

172. Further, the main control unit 90 is operated to supply, 

to a signal-processing unit 170, detection signals from a large 

number of (specifically, the same number as t~at of slit 

patterns of the pattern formation plate 154) light-receiving 

elements of the light-receiving unit 168. The signal".'". 

processing unit 170 performs synchronized detection for the 

respective detection signals by using the driving signal of the 

vib~ating unit 172 to obtain a large number of focus signals 

which are supplied to the main control unit 90 via the stage 

control unit .. 38. 

In this embodiment, as shown in Fig. 6, a slit-shaped 
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aperture pattern 93-11 to 93-59, which comprises, for example, 

5 x 9 = 45 individuals, is formed vertically on the pattern 

formation plate 154. The image of the slit-shaped aperture 

pattern is projected obliquely (at 45°) with respect to the X 

axis and the Y axis, onto the exposure surface of the wafer w. 

As a result, as shown in Fig. 4, the slit images are formed, 

which are arranged in matrix, and inclined by 45° with respect 

to the X axis and the Y axis. Reference symbol IF in Fig. 4 

indicates an illumination field on the wafer conjugate to the 

illumination area on the reticle illuminated by the 

illumination system. As also clarified from Fig. 4, the 

detecting beam is radiated onto an area which is two­

dimensionally sufficiently larger than the illumination field 

IF under the projection optical system PL. 

The AF/AL systems 130, 134 as first detecting systems are 

constructed in the same manner as the AF/AL system 132. That 

is, the first embodiment of the present invention is constructed 

such that approximately the same area as that for the AF/AL 

system 132 used to detect the focus during exposure can be also 

irradiated with the detecting beam by using the AF/AL mechanisms 

130,·134 used when the alignment mark is measured. Accordingly, 

highly accurate alignment measurement can be performed by 

measuring the position of the alignment mark while executing 

the autofocus/autoleveling based on the use of the measurement 
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., . ,. and control of the AF/KL system similar to those performed 

during exposure, upon measurement by using the alignment 

sensors based on the use of the alignment systems 24a, 24b. In 

other words, no off set (error) occurs due to the posture of the 

stage, between the process of exposure and the process of 

alignment. 

Next, the reticle-driving mechanism will be explained 

with reference to Figs. 1 and 2. ·The reticle-driving mechanism 

comprises a reticle stage RST which is movable in the XY 

two-dimensional direction over a reticle base plate 32 while 

holding the reticle R, an unillustrated linear motor for driving 

the reticle stage RST, and a reticle interferometer system for 

managing the position of the reticle stage RST. 

The arrangement of the reticle-driving mechanism will be 

described in further detail below. As shown in Fig. 2, the 

reticle stage RST is constructed such that two sheets of 

reticles Rl, R2 are placed in series in the scanning direction 

(Y axis direction). The reticle stage RST is supported in a 

floating manner over the reticle base plate 32 by the aid of, 

for example, an unillustrated air bearing. The reticle stage 

RST ts subjected to fine driving in the X axis direction, minute 

rotation in the 6 direction, and scanning driving in they axis 

direction by the aid of a driving mechanism 30 (see Fig. l) 

comprising, for example, an unillustrated linear motor. The 
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driving mechanism 30 is a mechanism which use~ a linear motor 

as. a driving source similar to the stage apparatus described 

above. However, the driving mechanism 30 is indicated as a 

simple block in Fig. 1 for illustrative and explanatory purposes. 

Accordingly, the reticles Rl, R2 on the reticle stage RST are 

selectively used, for example, upon double exposure, in which 

each of the reticles can be subjected to scanning in 

synchronization with the wafer. 

A parallel flat plate movement mirror 34, which is 

composed of the same material (for example, a ceramic) as that 

of the reticle stage RST, is provided at an end on one side in 

the X axis direction on the reticle stage RST to extend in the 

Y axis direction. A refractive surface, which is formed by 

means of mirror-finish processing, is formed on one side surface· 

of the movement mirror 34 in the X axis direction. An 

interferometer beam is radiated onto the reflective· surface of 

the movement mirror 34 from the interferometer indicated by the 

length-measuring axis BI6X for constructing the interferometer 

system 36 shown in Fig. 1. The reflected light beam is received 

by the interferometer to measure the relative displacement with 

resRect to the reference plane in the same manner as performed 

for the wafer stage. Thus, the position of the reticle stage 

RST is measured. In this embodiment I the interferometer having 

the length-measuring axis BI6X actually has two interferometer 
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optical ax~s capable of performing measurement independently, 

making it possible to measure the position of the reticle stage 

in the X axis direction ~nd measure the yawing amount. The 

interferometer having the length-measuring axis BI6X is used 

to perform synchronization control in the X direction and 

rotational control of the reticle stage RST in the direction 

to cancel the relative rotation (rotational error) between the 

reticle and the wafer on the basis of the information on the 

X position and the information on the yawing of the wafer stages 

WSl, WS2 supplied from the interferometers 16, 18 having 

length-measuring axes BilX, BI2X disposed on the wafer stage 

side as described later on. 

on the other hand, a pair of corner cube mirrors 35, 37 

are installed on the other side (front side in the plane of the 

paper in Fig. 1) of the reticle stage RST in the Y axis direction 

as the· scanning direction. Interferometer. beqms, which are 

represented by length-measuring axes BI7Y, BIBY in Fig. 2, are 

radiated from a pair of unillustrated double-path 

interferometers to the corner cube mirrors 3 5, 3 7 . The beams 

are returned to the reflective surface of the Eeticle base plate 

32 by the corner cube mirrors 35, 37. The respective reflected 

light beams reflected thereby return via the same optical paths, 

and·they are· received by the respective double-path 

interferometers. Thus, the relative displacements of the 
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respective corner cube mirrors 35, 37 are measured with respect 

to the reference position (the reflective surface on the reticle 

base plate 32 as the reference position). Measured values 

obtained by the double-path interferometers are supplied to the 

stage control unit 38 shown in Fig. 1 to obtain an average value 

thereof on the basis of which the position of the reticle stage 

RST in the Y axis direction is measured. The information on 

the position in the Y axis direction is used for calculation 

of the relative position between the reticle stage RST and the 

wafer stage WSl or WS2 on the basis of the measured value obtained 

by the interferometer disposed on the wafer side and having the 

length-measuring axis BI3Y. Further, the information is used 

for synchronization control between the reticle and the wafer 

in the scanning direction ( Y axis direction) during the scanning 

exposure based thereon. 

That is, in the first embodiment of the pres.ent invention, 

the reticle interferometer system is constructed by the 

interferometer 3.6 and the pair of double-path interferometers 

represented by the length-measuring axes BI7Y, BIBY. 

Next, an interferometer system for managing the positions 

of tl).e wafer stages WSTl, WST2 will be explained with reference 

to Figs. 1 to 3. 

As shown in Figs. 1 to 3, the interferometer beam, which 

is represented by the first length-measuring axis BilX from the 
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interferometer 16 shown in Fig. 1, is radiated onto the surface 

of the wafer stage WSl on one side in the X axis direction along 

the first axis (X axis) passing through the projection center 

of the projection optical system PL and the respective detection 

centers of the alignment systems 24a, 24b. Similarly, the 

interferometer beam, which is represented by the second 

length-measuring axis BI2X from the interferometer 18 shown in 

Fig. 1, is radiated onto the surface of the wafer stage WS2 on 

the other side in the X axis direction along the first axis. 

Reflected light beams therefrom are received by the 

interferometers 16, 18 so as to measure the relative 

displacements of the respective reflective surfaces from the 

reference position and measure the positions of the wafer stages 

WSl, WS2 in the X axis direction. In this embodiment, as shown 

in Fig. 2, each of the interferometers 16, 18 is a three-axis 

interferometer having three optical axes, mak.i,ng it possibie 

to perform tilt measurement and 0 measurement, in addition to 

the measurement for the wafer stages WSl, WS2 in the x axis 

direction. Output values for the respective optical axes can 

be independently measured. In this embodimeht, unillustrated 

0 stages for performing 0 rotation for the wafer stages WSl, 

WS2, and Z-leveling stages RSl, RS2 as substrate-driving 

systems for performing minute driving and driving for 

inclination in the Z axis direction are actually disposed under 
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the reflective surfaces (20-23). Accordingly, all of the 

driving am~unts concerning tilt control of the wafer stages can 

be monitored by using the interferometers 16, 18 

(substrate-driving system). 

The respective interferometer beams represented by the 

first length-measuring axis BilX and the second length-

measuring axis BI2X always hit the wafer stages WSl, WS2 in the 

all regions of the movement range of the wafer stages WSl, WS2. 

Therefore, as for the x axis direction, the positions of the 

wafer stages WSl, WS2 are managed on the basis of measured values 

obtained by using the first length-measuring axis BilX and the 

second length-measuring axis BI2X at any time of, for example, 

the exposure based on the use of the projection optical system 

PL and the use of the alignment systems 24a, 24b. 

As shown in Figs. 2 and 3, the projection exposure 

apparatus is provided with an interferometer flaving a third 

length-measuring axis BI3Y perpendicularly intersecting the 

first axis (X axis) at the projection center of the projection 

optical system PL, and interferometers having length-measuring 

axes BI4Y,"BI5Y respectively as fourth length-measuring axes 

perpendicularly intersecting the first axis (X axis) at the 

respective detection centers of the alig~ent systems 24a, 24b. 

However, only the length-measuring axes are shown in the 

drawings. 
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In the case of the first embodiment of the present 

invention, the measured values obtained by using.the 

interferometer having the length-measuring axis BI3Y passing 

through the projection center of the projection optical system, 

i.e.'· the optical axis AX are used to measure the positions of 

the ·wafer stages WSl, WS2 in the Y direction: during the exposure 

based on the use of the projection optical system PL. The 

measured value obtained by using the length~measuring axis BI4Y . ' 

passing through the detection center of the alignment system 

24a, i.e., the optical axis SX is used to measure the position 

of the wafer stage WSl in the Y direction during the use of the 

alignment system 24a. The measured value obtained by using the 

length-measuring axis BI5Ypassing through the detection center 

of the alignment system 24b, i.e., the optical axis SX is used 

to measure the position of the wafer stage WS2 in the Y direction 

during the use· of the alignment system 24b. 

Therefore, the length-measuring axis of the 

interferometer in the Y direction is deviated from the 

reflective surface of the wafer stage WSl, WS2 depending on the 

respective conditions of use. However, at least one of the 

leng~h-measuring axes, i.e., the length-measuring axes BilX, 

BI2X are not deviated from the reflective surfaces of the 

respective wafer stages WSl, WS2. Accordingly, it is possible 

to reset the interferometer on the Y side at an appropriate 
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position at which the optical axis of the interferometer to be 

used enters the reflective surface. The method for resetting 

the interferometer will be described in detail later on. 

The respective interferometers having the length-

measuring axes BI3Y, BI4Y, BISY for Y measurement are two-axis 

interferometers each having two optical axes. They are capable 

of performing tilt measurement in addition to the measurement 

in the Y axis direction for the wafer stages WSl, WS2. Output 

values concerning the respective optical axes can be measured 

independently. 

In the first embodiment of the present invention, the 

interferometer system for managing the two-dimensional 

coordinate positions of the wafer stages WSl, WS2 is constructed 

by the five interferometers in total including the 

interferometers 16, 18 and the three interferometers having the 
•. 

length-measuring axes BI3Y, BI4Y, BISY• 

In the first embodiment of the present invention, the 

exposure sequence is executed on one o~ the wafer stages WSl, 

WS2, while the wafer exchange/wafer alignment sequence is 

executed on the other of the wafer stages WSl / WS2 as described 

later on. During this process, in order not to cause any 

interference between the both stages, the movement of the wafer 

;.;. 

stages WSl, ··ws2 is managed by the stage control unit 38 in 

accordance with the command given by the main control unit 90 
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on the basis of the output values obtained by the respective 

interferometers. 

Further, the main control unit 90· shown in Fig. 1 is 

provided with a memory 91 as a storing device in which, for 

example, a conditional expression (for example, for 

interference condition) is stored for managing the movement of 

the wafer stages WSl, WS2. 

Next, the illumination system will be explained with 

reference to Fig. 1. As shown in Fig. 1, the illumination system 

comprises, for example, an exposure light source 40, a shutter 

42, a mirror 44, beam expanders 4 6, 4 8, a first fly' s eye lens 

50, a lens 52, a vibration mirror 54, a lens 56, a second fly' s 

eye lens 58, a lens 60, a fixed blind 62, a movable blind 64, 

and relay lenses 66, 68. 

The respective components of the illumination system will 

now be explained together with their functionsT A laser beam 

is radiated from the light source unit 40 composed of a KrF 

excimer laser as a light source and a light-reducing system (for 

example, a light-reducing plate, an aperture diaphragm). The 

laser beam passes through the shutter 42,. and then it is 

polarized by the mirror 44, followed by being shaped to have 

an appropriate beam diameter by means of the beam expanders 46, 

48. The laser beam comes into the first fly' s eye lens 50. The 

light beam coming into the first fly's eye lens 50 is divided 
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,-_.~ ~ into a plurality of light beams by elements of the fly's eye 

lens arranged two-dimensionally. The respective light beams 

come into the second fly' s eye lens 58 again at different angles 

respectively by the aid of the lens 52, the vibration mirror 

54, and the lens 56. The light beam outgoing from the second 

fly's eye lens 58 passes through the lens 60, and it arrives 

at the fixed blind 62 installed at a position conjugate to the 

reticle R. At this position, the light beam is defined to have 

a predetermined cross-sectional configuration, and it passes 

through the movable blind 64 disposed at a position slightly 

de-focused from the conjugate plane of the reticle R. The light 

beam passes through the relay lenses 66, 68, and it is used as 

a uniform illumination light beam to illuminate a predetermined 

shape, i.e., a rectangular slit-shaped illumination area IA 

(see Fig. 2) on the reticle R defined by the fixed blind 62. 

Next, the control system will be explained.with reference 

to Fig. 1. The control system centers the main control unit 

90 , as a controller, for controlling and supervising the entire 

apparatus, and it comprises, for example, the exposure amount 

control unit 70 and the stage control unit 36 which are under 

the ~ontrol of the main control unit 90. 

Explanation will now be made mainly for the operations 

of the respective constitutive components of the control system 

as well as the operation of the projection exposure apparatus 
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'. 10 according to the first embodiment of the present invention 

during the exposure. 

Prior to the start of the synchronized scanning for the 

reticle R and the wafer (Wl or W2) , the exposure amount control 

unit 70 inst~ucts a shutter-driving unit 72 to drive a 

shutter-driving unit 74 so that the shutter 42 is opened. 

After that, the stage control unit 38 starts synchronized 

scanning (scan control) for the reticle R and the wafer (Wl or 

W2), i.e., the reticle stage RST and the wafer stage (WSl or 

WS2) in accordance with the instruction given by the main 

control unit 90. The synchronized scanning is performed by 

controlling the respective linear motors for constructing the 

reticle-driving unit 30 and the driving system for the wafer 

stages by using the stage control unit 38 while monitoring the 

measured values obtained by the length-measuring axis BI3Y and 

the length-measuring axis BilX or BI2X·of the interferometer 

system and the length-measuring axes BI7Y, BI8Y and the 

length-measuring axis BI6X of the reticle interferometer. 

system. 

At the point of time at which the both-stages have been 

subj_ected to constant velocity control within a predetermined 

allowable range, the exposure amount control unit 70 instructs 

a laser control unit 76 to start pulse light emission~ 

Accordingly, the rectangular illumination area IA on the 
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reticle R, on which a pattern is chromium vapor-deposited on 

its lower surface, is illuminated with the illumination light 

beam emitted from the illumination system. The image of the 

pattern in the illumination area is reduced 1/5-fold by the aid 

of the projection optical system PL, and it is projected for 

exposure onto the wafer {Wl or W2) applied with a photoresist 

on its surface. In this embodiment, as also clarified from Fig. 

2 ~ the slit width of the illumination area IA in the scanning 

direction is narrow as compared with the pattern area on the 

reticle. The image of the entire surface of the pattern is 

successively formed on the shot area on the wafer by performing 

synchronized scanning for the reticle R and the wafer {Wl or 

W2) as described above. 

Simultaneously with the start of the pulse light emission 

described above, the exposure amount control unit 70 instructs 

a mirror-driving unit 78 to vibrate the vibration mirror 54 so 

that the vibration of the vibration mirror is continuously 

performed until the pattern area on the reticle R completely 

passes over the illumination area IA {see Fig. 2), i.e., until 

the image on the entire surf ace of the pattern is formed on the 

shot.area on the wafer. Thus, the non-uniformity of 

interference fringe is reduced, which would be otherwise 

produced on account of the two fly' s eye lenses 50, 58. The 

structure and the controlling method of the vibration mirror 
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are disclosed in U.S. Patent No. 5,534,970, the disclosure of 

which is herein incorporated by re~erence. 

The movable blind 64 is driven and controlled by the blind 

control unit 39 in synchronization with the scanning for the 

reticle R and the wafer W so that the illumination light does 

not leak out to the outside of the shielding area on the reticle 

at the shot edge portion during the scanning exposure. The 

series of synchronized operations are managed by the stage 

control unit 38. 

In relation to the pulse light emission effected by the 

laser .control unit 76 described above, it is necessary to emit 

light n times {n is a positive integer) during a period in which 

an arbitrary point on th~ wafer Wl, W2 passes over the width 

{w) of the illumination field. Therefore, it is necessary to 

satisfy the following expression {l) provided that the 
.. 

oscillation frequency is f, and the wafer scanning velocity is 

v. The control of the pulse light emission is disclosed in U.S. 

Patent No. 5,591,958, the disclosure of which is herein 

incorporated by reference. 

f In = V /w ·· · · · ·· ·· ·· · ··· · · · ( 1 ) 

Further, it is necessary to satisfy the following 

expression (2) provided that the radiation energy of one pulse 

radiated onto the wafer is P, and the resist sensitivity is E. 

nP = E · • ·· · · · · · · · · · · ·· · · · · · · · · ( 2 ) 
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As described above, the exposure amount control unit 70 

is constructed such that computing operation is performed for 

all variable quantities of the radiation energy P and the 

oscillation frequency f to give a command to the laser control 

unit 76 so that the light-reducing system provided in the 

exposure light source 40 is controlled. Thus, the radiation 

energy P and the oscillation frequency f are varied, and the 

s_hutter-driving unit 72 and the mirror-driving unit 78 are 

controlled. 

Further, for example, when correction is made for the 

movement start positions (synchronization positions) of the 

reticle stage and the wafer stage to be subjected to the 

synchronized scanning during the scanning exposure, the main 

control unit 90 instructs the stage control unit 38 which 

controls the movement of the respective stages to make 

correction for the stage position correspondi~g to an amount 

of correction.· 

The projection exposure apparatus according to the firs,t. 

embodiment of the present invention further comprises a first 

transport system for performing wafer exchange between itself 

and.the wafer stage WSl, and a second transport system for 

performing wafer exchange between itself and the wafer stage 

WS2. 

As shown in Fig. 7, the first transport system performs 
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wafer exchange as described later on between itself and the 

wafer stage WSl disposed at a wafer loading position on the left 

side. The first transport system comprises a first wafer loader 

including, for example, a first loading guide 182 which extends 

in the Y axis direction, first and second sliders 186, 190 which 

are movable along the loading guide 182, a first unload arm 184 

which is attached to the first slider 186, and a first load arm 

188 which is attached to the second slider 190, and a first 

center-up 180 including three vertically movable members 

provided on the wafer stage WSl. 

The operation of wafer exchange effected by the first 

transport system will now be briefly explained. As shown in 

Fig. 7, explanation will be made for a case in which the wafer 

Wl' placed on the wafer stage WSl disposed at the wafer loading 

position on the left side is exchanged with the wafer Wl 

transported by the first wafer loader. 

At first, the main control unit 90 is operated to turn-off 

vacuum attraction effected by the unillustrated wafer holder 

on the wafer stage WSl by the aid of an unillustrated switch 

so that attraction for the wafer Wl' is de~energized. 

. Next, the main control unit 90 is operated to drive and 

raise the center-up 180 by a predetermined amount by the aid 

of an unillustrated center-up-driving system. Accordingly, 

the wafer Wl' is lifted up to a predetermined position. In this 
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state, the main control unit 90 instructs an unillustrated wafer 

loader control unit to move the first unload arm 184. 

Accordingly, the first slider 186'is driven and controlled by 

the wafer loader control unit. The first unload arm 184 is moved 

to a position over the wafer stage WSl along the loading guide 

182, and it is located at the position just under the wafer Wl •. 

In this state, the main control unit 90 is operated to 

downwardly drive the center-up 180 to a predetermined position. 

During the downward movement of the center-up 180, the wafer 

Wl • is transmitted to and received by the. first unload arm 184. 

Therefore, the main control unit 90 instructs the wafer loader 

control unit to start vacuum attraction for the first unload 

arm 184. Accordingly, the wafer Wl' is attracted and held by 

the first unload arm 184. 

Next, the main control unit 90 instructs the wafer loader 

control unit to start retraction of the first unload arm 184 

and movement of the first load arm 188. Accordingly, the first 

unload arm 184 starts movement in the -Y direction in Fig. 7 

integrally with the first slider 186, simultaneously with which 

the second slider 190 starts movement in the +Y direction 

integrally with the first load arm 188 which holds the wafer 

Wl. When the first load arm 188 arrives at a position over the 
-

wafer stage WSl, the wafer loader control unit stops movement 

of the second slider 190, and the vacuum attraction for the first 
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load arm 188 is de-energized. 

In this state, the main control unit 90 is operated to 

upwardly drive the center-up 180. Thus, the underlying 

center-up 180 is allowed to lift up the wafer Wl. Next, the 

main control unit 90 instructs the wafer loader control unit 

to retract the load arm. Accordingly, the second slider 190 

starts movement in the -Y direction integrally with the first 

l~ad arm 188, and the first load arm 188 is retracted. 

Simultaneously with the start of retraction of the first load 

arm 188, the main control unit 90 starts downward driving for 

the center-up 180. Thus, the wafer Wl is placed on the 

unillustrated wafer holder on the wafer stage WSl, and vacuum 

attraction effected by the wafer holder is turned on. 

Accordingly, a series of sequence for wafer exchange is 

completed. 

Similarly, as shown in Fig. 8, a second tr.ansport system 

performs wafer exchange in the same manner as described above 

between itself and the wafer stage WS2 disposed at a wafer 

loading position on the right side. The second transport system 

comprises a second wafer loader including, for example, a second 

·loading guide 192 which extends in the Y axis direction, third 

and fourth sliders 196, 200 which are movable along the second 

loading guide 192, a second unload arm 194 which is attached 

to the third slider 196, and a second load arm 198 which is 
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attached to the fourth slider 200, and an unillustrated second 

center-up provided on the wafer stage WS2. 

Next, explanation will be made with reference to Figs. 

7 and 8 for the concurrent or parallel process based on the use 

of the two wafer stages, which is the feature of the first 

embodiment of the present invention. 

Fig. 7 shows a plan view of a state in which the wafer 

~s exchanged between the wafer stage WSl and the first transport 

system as described above at the left loading position, during 

the period in which the exposure operation is performed for the 

wafer W2 on the wafer stage WS2 by the aid of the projection 

optical system PL. In this process, after performing the wafer 

exchange, the alignment operation is continuously performed on 

the wafer stage WSl as described later on. In Fig. 7, the 

position of the wafer stage WS2 during the exposure operation 
•. 

is controlled on the basis of ·measured values obtained by using 

the length-measuring axes BI2X, BI3Y of the interferometer 

system. The position of the wafer stage WSl, on which the wafer 

exchange and the alignment operation are performed, is 

controlled on the basis of measured values obtained by using 

the-length-measuring axes BilX, BI4Y of the interferometer 

system. 

-
At the left loading position shown in Fig. 7, the 

arrangement is made such that the reference mark on the fiducial 
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mark plate FMl of the wafer stage WSl is disposed just under 

the alignment system 24a (See Fig. 19A). Accordingly, the main 

control unit 90 carries out reset for the interferometer having 

the length-measuring axis BI4Y of the interferometer system 

prior to the measurement of the reference mark on the fiducial 

mark plate FMl, performed by using the alignment system 24a. 

Fig. 19B shows an example of the reference mark MK2 and 

a situation of image pick-up for detecting the reference mark 

MK2 by using the sensor of the FIA system of the alignment system 

24a. In Fig. 19B, a symbol sx indicates an image pick-up range 

for cco. A cross-shaped mark indicated by a symbol M indicates 

an index included in the sensor of the FIA system. In this 

drawing, only the image pick-up range in the X axis direction 

is depicted. However, actually, it is a matter of course that 

a similar image pick-up procedure is also executed in the Y 

direction. 

Fig. 19C shows a waveform signal obtained by using an 

image processing system included in the alignment control unit 

80 when the image of the mark MK2 shown in Fig. 19B is picked 

up by using the sensor of the FIA system. The alignment control 

unit· 80 analyzes the waveform signal to detect the position of 

the mark MK2 on the basis of the index center. The main control 

unit 90 calculates the coordinate position of the mark MK2 on 

th.e fiducial mark plate FM in a coordinate system (hereinafter 
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referred to as "first stage coo.rdinate system", if necessary) 

based on the use of the length~measuring axes BilX, BI4Y, on 

the basis of the position of the mark MK2 and the result of 

measurement effected by using the length-measuring axes BilX, 

BI4Y. 

Search alignment is performed continuously after the 

wafer exchange and the reset for the interferometer described 

above. The search alignment, which is performed after the wafer 

exchange, is pre-alignment performed again on the wafer stage 

WSl, because the positional error is large if pre-alignment is 

performed· during only the period of transport of the wafer Wl. 

Specifically, positions of three search alignment marks (not 

shown), which are formed on the wafer Wl placed on the stage 

WSl, are measured by using, for example, the sensor of the LSA 

system of the alignment system 24a. Positional adjustment is 

performed for the wafer Wl in the x, y I e directio.ns on the basis 

of obtained results of the measurement. During the search 

alignment, the operations of the respective components are 

controlled by the main control unit 90. 

After completion of the search alignmen-t, fine alignment 

is p~rformed to determine the arrangement of the respective shot 

areas on the wafer Wl by using EGA in this embodiment. The 

method of EGA is disclosed in U.S. Patent No. 4,780,617, the 

disclosure of which is incorporated herein by reference. 
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Specifically, positions of the alignment marks of predetermined 

sample shots on the wafer Wl are measured by using, for example, 

the sensor of the FIA system of the alignment system 24a while 

successively moving the wafer stage WSl on the basis of designed 
. . 

shot array data (data on alignment mark positions), while 

managing the position of the wafer stage WSl by using the 

interferometer system (length-measuring axes BilX, BI4Y). All 

shot array data are computed in accordance with statistical 

operation based on the least square method on the basis of 

obtained results of the measurement and the designed coordinate 

data on the shot array. During the process of EGA, the 

operations of the respective components are controlled by the 

main control unit 90. The computing operation described above 

is performed by the main control unit 90. The main control unit 

90 calculates the relative positional relationship for the 

respective shots with respect to the mark MK2 ~y subtracting 

the coordinate position of the reference mark MK2 from the 

coordinate positions of the respective shots. 

As described above, in the case of the first embodiment 

of the present invention, the position of tbe alignment mark 

is m~asured while executing autofocus/autoleveling based on the 

measurement and control effected by the AF/AL system 132 (see 

Fig. 4) in the same manner as performed during the exposure, 

during the measurement performed by the alignment system 24a. 
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Thus, it is possible to avoid occurrence of any offset (error) 

which would be otherwise caused between the process of alignment 

and the process of exposure, due to the posture of the stage. 

During the period in which the wafer exchange and the 

alignment operation are performed for the wafer stage WSl as 

described above, double exposure is performed for the wafer 

stage WS2 in a continuous manner in accordance with the 

step-and-scan system while changing the exposure condition by 

using two reticles Rl, R2 as shown in Fig. 9. 

Specifically, the relative positional relationship for 

the respective shots with respect to the mark MK2 has been 

previously calculated in the same manner as performed for the 

wafer Wl. The shot areas on the wafer W2 are successively 

positioned under the optical axis of the projection optical 

system PL, on the basis of obtained results of the calculation 

and results of detection of relative positions o~ the marks MKl, 

MK3 on the fiducial mark plate FMl and projected images on the 

wafer surface, of the marks RMKl, RMK.3 on the reticle 

corresponding thereto based on the use of the reticle alignment 

microscopes 144, 142 (this process will be described in detail 

late! on) , while the reticle stage RST and the wafer stage WS2 

are subjected to synchronized scanning in the scanning 

direction every time when each of the shot areas is subjected 

to exposure. Thus, the scanning exposure is carried out. 
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The exposure for all of the shot areas on the wafer W2 

as described above is also continuously performed after the 

reticle exchange. Specifically, the exposure procedure of the 

double exposure proceeds in the following order as shown in Fig. 

lOA. That is, the respective shot areas on the wafer Wl are 

successively subjected to scanning exposure from Al to Al2 by 

using the reticle R2 (pattern A). After that, the reticle stage 

RST is moved in a predetermined amount in the scanning direction 

by using the driving system 30 to set the reticle Rl (pattern 

B) at the exposure position. Thereafter, scanning exposure is 

performed in an order from Bl to B12 as shown in Fig. !OB. In 

this procedure, the exposure condition (AF/AL, exposure amount) 

and the transmittance differ between the reticle R2 and the 

reticle Rl. Therefore, it is necessary that the respective 

conditions are.measured during the reticle alignment, and the 

conditions are changed depending on obtained ~esults. The 

operations of the respective components during the double 

exposure for the wafer W2 are also controlled by the main control 

unit 90. 

The exposure sequence and the wafer e~change/alignment 

seq~ence are concurrently performed in parallel on the two wafer 

stages WSl I WS2 shown in Fig. 7 described above. In this process I 

the-wafer stage of the two wafer stages WSl, WS2, on which the 

operation has been firstly completed, takes a waiting state. 
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At the point of time at which the operations for the both have 

been completed, the wafer stages WSl, WS2 are controlled and 

moved to the positions shown in Fig. 8 respectively. The wafer 

W2 on the wafer stage WS2, for which the exposure sequence has 

been completed, is subjected to wafer exchange at the right 

loading position. ThewaferWl on the wafer stageWSl, for which 

the alignment sequence has been completed, is subjected to the 

exposure sequence under the projection optical system PL. 

At the right loading position shown in Fig. B, the 

reference mark MK2 on the fiducial mark plate FM2 is positioned 

under the alignment system 24b in the same manner as operated 

for the left loading position. The wafer exchange operation 

and t_he alignment sequence are executed as described above. Of 

course, the reset operation for the interferometer having the 

length-measuring axis BISY of the interferometer system has 

been executed prior to the detection of the mark MK2 on the 

fiducial mark plate FM2 effected by the alignment system 24b. 

Next, explanation will be made for the reset operation 

for the interferometer, performed by the main control unit 90 

during the change from the state shown in Fiq. 7 to the state 

sho~n in Fig. 8. 

After the alignment is performed ~t the left loading 

position, the wafer stage WSl is moved to the position at which 

the reference mark (See Fig. 20A) on the fiducial plate FMl comes 
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just under the center (projection center) of the optical axis 

AX of the projection optical system PL shown in Fig. 8. During 

this movement, the interferometer beam for the length-measuring 

axis BI4Y does not comes into the reflective surface 21 of the 

wafer stage WSl. Therefore, it is difficult to move the wafer 

stage to the position shown in Fig. 8 immediately after 

completion of the alignment. For this reason, in the first 

embodiment of the present invention, the following artifice is 

conceived. 

That is, as explained above, the first embodiment of the 

present invention lies in the setting in which the fiducial mark 

plate FMl comes just under the alignment system 24a when the 

wafer stage WSl is disposed at the left loading position. The 

interferometer .having the length-measuring axis BI4Y is reset 

at this position. Therefore, the wafer stage WSl is once 

returned to this position. The wafer stage ws~ is moved from 

the position rightwardly in the X axis direction by a distance 

BL while monitoring the measured value obtained by using the 

interferometer 16 having the length-measuring axis BilX for 

which the interferometer beam is not intercepted, on the basis 

of t~e previously known distance (conveniently referred to as 

... BL") between the detection center of the alignment system 24a 

and the center (projection center) of the optical axis of the 

projection optical system PL. Accordingly, the wafer stage WSl 
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is moved to the position shown in Fig. 8. 

As shown in Fig. 20A, the main control unit 90 is operated 

to detect the relative positions of the marks MKl, MK3 on the 

fiducial mark plate FMl and projected images on the wafer 

surf ace, of the marks RMKl, RMK3 on the reticle corresponding 

thereto, based on the use of the exposure light beam by using 

the reticle alignment ~icroscopes 144, 142. 

As mentioned above, the Reticle Mark RMKl and RMK3 might 

generally correspond to or are positioned adjacent to MKl and 

MK3, as shown in Fig. 20A, because the wafer stage was moved 

using the known value BL. 

Fig. 20B shows the projected image on the wafer surface, 

of the mark RMI< (RMKl, RMK2) on the reticle R. Fig. 20C shows 

the mark MK (MKl, MK3) on the fiducial mark plate. Fig. 20D 

.shows a situation of image pick-up for simultaneously detecting 

the projected image on the wafer surface, of the ~ark RMK (RMKl, 

RMK2) on the reticle Rand the mark MK (MKl, MK3) on the fiducial 

mark plate, by using the reticle alignment microscope 144, 142, 

in the state shown in Fig. 20A. In Fig. 20D, a symbol SRx 

indicates an image pick-up range for CCD whi.chconstructs the 

ret~cle alignment microscope. Fig. 20E shows a waveform signal 

obtained by processing the image picked up as described above 

by the aid o·f an unillustrated image processing system. 

The shapes of the reticle mark RMK shown in Fig. 20B and 
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the mark MK shown in Fig. 20C are only examples and they may 

be in any shape. As shown in Fig. 21, MK2 is arranged so as 

to be positioned in the mid of MKl and MK3 on the fiducial plate 

FM, and a distance between MKl and MK3 is adjusted so as to 

correspond to a distance between the mark RMKl and the mark RMK2 

when these marks are observed by the reticle alignment 

microscope. Fig. 20D shows a state in which the reticle 

alignment mark RMK is just positioned in the center of the mark 

MK of the fiducial plate. 

The main control unit 90 resets the interferometer having 

the length-measuring axis BI3Y prior to the pick-up of ~h~ 

waveform signal. The reset operation can be executed at the 

point of time at which the length-measuring axis to be used next 

is available to radiate the side surface of the wafer stage. 

Accordingly, the coordinate positions of the marks MKl, 

MK3 on the fiducial mark plate FMl, and the coordi~ate positions 

of the marks RMK on the reticle R projected on the wafer surface 

are detected in the coordinate system (second stage coordinate 

system) based on the use of the length-measuring axes BilX, 

BI3Y • 

. For example, when the mark MKl (and the mark MK3) are 

observed by the alignment microscope, the measured value of the 

wafer stage WSl in the second stage coordinate system is (Xl, 

Yl), and the relative position of mark MKl to the position of 
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the reticle alignment mark RMKl·and the relative position of 

mark MKl to a projected position of reticle alignment mark RMK3 

are detected by the alignment micr~scope. Here, the center 

position of the two images obtained by projecting the mark RMKl 

and RMK3 on the reticle R means the exposure position of the 

recicle pattern, i.e. the projection center of the projection 

optical system. Further, MK2 is positioned in the middle of 

the mark MKl and MK3. Therefore, relative positions of the 

exposure position of the reticle pattern and the mark MK2 of 

the substrate plate FM can be determined by calculation, when 

the wafer stage WSl is on (Xl, Yl). 

The main control unit 90 finally calculates the relative 

positional relationship between the exposure position and each 

of the shots in accordance with the previously determined 

relative positional relationship of each of the shots with 

respect to the mark MK2 on the fiducial mark pla:te FMl, and the 

relative relationship between the exposure position and the 

coordinate position of the mark MKl, MK3 on the fiducial mark 

plate FMl. Depending on an obtained result, the respective 

shots on the wafer Wl are subjected to the ~xposure as shown 

in ~ig. 21. 

The reason why the highly accurate alignment can be 

performed even when the reset operation is performed for the 

interferometer as described above is as follows. That is, the 

165 



•·· 

spacing distance between the reference mark and the imaginary 

position calculated in accordance with the measurement of the 

wafer mark is calculated by using the identical sensor by 

measuring the reference mark on the fiducial mark plate FMl by 

means of the alignment system 24a, and then measuring the 

alignment mark on each of the shot areas on the wafer Wl. At 

this point of time, the relative distance between the reference 

mark and the position to be subjected to exposure is determined. 

Accordingly, if the correspondence between the exposure 

positio~ and the reference mark position is established before 

the exposure by using the reticle alignment microscopes 142, 

144, it is possible to perform the highly accurate exposure 

operation by adding the relative distance to the obtained value, 

even when the interferometer beam for the interferometer in the 

Y axis direction is intercepted during the movement of the wafer 

stage, and the.reset is performed again. 

The reference marks MKl to MK3 always exist on the 

identical fiducial plate. Therefore, if the drawing error is 

determined beforehand, only the management for the offset is 

required, and there is no variable factor., There is a 

poss_ibility that the RMKl, RMK2 also involve any offset due to 

a·ny drawing error of the reticle. However, such a situation 

may be also d·ealt with by means of only the offset management, 

if the drawing error is reduced by using a plurality of marks 
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during the reticle alignment, or if the drawing error of the 

reticle mark is measured beforehand, as disclosed, for example, 

in Japanese Laid-Open Patent Publication No. 5-67271. 

When the length-measuring axis.BI4Y is not intercepted 

during the period of movement of the wafer stage WSl from the 

alignment completion position to the position shown in Fig. s, 

it is a matter of course that the wafer stage may be linearly 

moved to the position shown in Fig. 8 immediately after 

completion of the alignment while monitoring the measured 

values obtained by using the length-measuring axes BilX, BI4Y. 

In this case, it is preferable to perform the reset operation 

for the interferometer at any point of time at or after the point 

of time at which the length-measuring axis BI.3Y passing through 

the optical axis AX of the projection optical system PL overlaps 

the reflective surface 21 of the wafer stage WSl perpendicular 

to the Yax.is, and before the detection of the relative positions 

of the marks MKl, MK3 on the fiducial mark plate FMl and the 

projected images on the wafer, of the marks RMKl, RMK3 on the 

reticle corresponding thereto based on the use of the reticle 

alignment microscopes 144, 142. 

. The wafer stage WS2 may be moved from the exposure 

completion position to the right loading position shown in Fig. 

8 in the same manner as described above to perform the reset 

operation for the interferometer having the length-measuring 
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axis BISY. 

Alternatively, Fig. 11 shows an example of the ti.ming of 

the·exposure sequence for successively exposing the respective 

shot areas on the wafer Wl held on the wafer stage WSl. Fig. 

12 shows the ti.ming of the alignment sequence for the wafer W2 

held on the wafer stage WS2, performed concurrently in parallel 

thereto. In the first embodiment of the present invention, the 

exposure sequence and the wafer exchange/alignment sequence are 

concurrently performed in parallel to one another for the wafers 

Wl, W2 held on the respective wafer stages while independently 

moving the two wafer stages WSl, WS2 in the two-dimensional 

direction so that the throughput is improved. 

However, when the two operations are dealt with 

concurrently in parallel to one another by using the two wafer 

stages, the operation performed on one of the stages affects, 

as a.disturbance factor, the operation perform~d on the other 

wafer stage in some cases. On the contrary, some of the 

operations performed on one of the wafer stages do not affect 

the operations performed on the other wafer stage. Thus, in 

the first embodiment of the present invention, the operations 

per~ormed concurrently in parallel are divided into the 

operations which correspond to the disturbance factor, and the 

operations which do not correspond to the disturbance factor. 

Further, the timings of the respective operations are adjusted 
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so that the operations which correspond to the disturbance 

factor are mutually performed simultaneously, or the operations 

which do not correspond to the disturbance factor are mutually 

performed simultaneously. 

For example, during the scanning exposure, the 

synchronized scanning for the wafer Wl and the reticle R is 

performed at constant velocities, in which no disturbance 

factor is included. Further, it is necessary to exclude any 

external disturbance factor as less as possible. Therefore, 

during the scanning exposure performed on one of the wafer 

stages WSl, the timing is adjusted to give a stationary state 

in the alignment sequence effected for the wafer W2 on the other 

wafer stage WS2. That is, the measurement of the mark in the 

alignment sequence is performed in a state in which the wafer 

stage WS2 is allowed to stand still at the mark position. 

Therefore, the measurement of the mark is not the disturbance 

factor for the scanning exposure. Thus, it is possible to 

perform the measurement of the mark concurrently with the 

scanning exposure in parallel. In this context, with reference 

to Figs. 11 and 12, it is understood that the scanning exposure 

ef f e~ted for the wafer Wl indicated by the operation numbers 

of 11 1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23" shown in Fig. 

11 is performed in a mutually synchronized manner with respect 

to the mark measurement operation effected at the respective 
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alignment mark positions for the wafer W2 indicated by the 

operation numbers of "l, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 

23 11 shown in Fig. 12. On the other hand, in the case of the 

alignment sequence, the-constant velocity movement is also 

performed during the scanning exposure. Therefore, no 

disturbance occurs, and it is possible to perform the 

measurement highly accurately. 

The same situation as that described above is also 

considered for the wafer exchange. Especially, for example, 

any vibration, which is generated when the wafer is transmitted 

from the load arm to the center-up, may serve as a disturbance 

factor. Therefore, the wafer may be transmitted in conformity 

with acceleration or deceleration (which may serve as a 

disturbance factor) before or after the synchronized scanning 

is performed at a constant velocity. The timing adjustment 

described above is performed by using the main c9ritrol unit 90 • 

.. Next, explanation will be made for the method for 

performing the focus/leveling control during the exposure. In 

the projection exposure apparatus 10 according to the first 

embodiment of the present invention, AF measurement is 

per~ormed_ for the wafer during the alignment by using the AF/AL 

system 130 provided for the alignment system 24a, or by using 

the AF/AL system 134 provided for the alignment system 24b. The 

focus/leveling control is performed during the exposure on the 
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basis of obtained results of the measurement described above 

and results of AF measurement for the wafer by using the AF/AL 

system 132 provided for the projection optical system PL. 

As described above, the order of exposure for the 

respective shot areas on the wafer Wis determined, for example, 

by respective parameters of (1) to (4), i.e., (1) acceleration 

and deceleration times during scanning, (2) adjustment time, 

(3) exposure time, and (4) stepping time to adjacent shot. 

However, in general, -the acceleration and the deceleration give 

the rate-determininq condition. Therefore, it is most 

efficient that scanning is performed in an alternate manner for 

the wafer in the ±Y direction {the adjacent shots are 

successively subjected to scanning exposure in the X direction 

shown in Fig. 13), when the two-shot stepping effected by the 

vertical stepping (stepping in the Y direction shown in Fig. 

13) is not performed. 

Fig. 13 shows the order of exposure for the shot area 210 

on the wafer Wl, determined as described above. Fig. 13 

represents an example in which all shot arrays are included in 

the wafer Wl. 

The complete pre-measurement control as described in 

Japanese Laid-Open Patent Publication No. 6-283403 

corresponding to u.s. Patent No. 5,448,332 is also performed 

in the embodiment of the present invention prior to the exposure 
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for the respective shot areas. However, when it is intended 

to perform the exposure in the most efficient exposure order 

as shown in Fig. 13, AF detecting points appear in some parts, 

at which it is impossible to perform the measurement (detection) 

for the surface of the wafer Wl, because the AF detecting points 

for pre-measurement overlap the outer circumference of the 

wafer wl at respective positions indicated by symbols A, B, c 

in Fig. 13. In such a case, it is impossible to perform the 

complete pre-measurement control described above. 

This situation will be described in further detail below. 

Fig. 14A, B, C show magnified plan views respectively 

illustrating cases in which the AF measurement for pre­

measurement is performed at the respective positions shown by 

the symbols A, B, c in Fig. 13. Actually, for example, the AF 

detecting points AFl to AFS and the exposure area IF conjugate 

to the illumination area IA on the reticle ar~ fixed, with­

respect to which the wafer Wl is scanned. However, for 

convenience, Fig. 14A, B, c are illustrated such that the 

exposure area IF and the AF detecting points are scarined with 

respect to the wafer surface. Therefore, in the following 

desc~iption, explanation will be made assuming that the 

d-irection opposite to the actual scanning direction for the 

wafer Wl is the scanning direction. 

In this embodiment, it is assumed that the AF detecting 
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points AFl to AFS as the second detecting system are arranged 

in the non-scanning direction (lateral direction in the plane 

of the paper) on one side of the exposure area IF in the scanning 

direction (vertical direction in the plane of the paper) (see 

Fig. 14A. Further, it is assumed that the AF detecting points 

ABl to ABS as the second detecting system are arranged in the 

non-scanning directio~ on the other side of the exposure area 

IF in the scanning direction (see Fig. 14B). 

In Fig. 14A, when the AF measurement is performed while 

conducting scanning in the +Y direction, the pre-measurement 

control cannot be performed, because the detecting points AFl 

and AF2 are deviated from the surface of the wafer Wl. In the 

case of Figs. 14B and c, the pre-measurement control cannot be 

also performed, because the detecting points {ABl to ABS, AF4 

and AFS) are deviated from the surface of the wafer Wl • 

. In such a situation, the scanning direc~ion has been 

hitherto inverted so that the scanning (referred to as "internal 

scanning") is performed from the inside to the outside of the 

wafer Wl in order that the detecting points are not deviated 

from the surface of the wafer Wl at the positions of A, B, c 

described above. However, if the scanning direction is 

inverted, an inconvenience arises in that the exposure order 

determined as described above is changed, and consequently the 

throughput is decreased. 
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Now, an example of output results (as z directional 

position on the surface of the wafer) of an AF system in the 

state in which the outer edge of the wafer being moved by means 

of the wafer stage WS is within the detecting portion of the 

AF system is shown. As shown in Fig. 15 (Comparative Example), 

in order to avoid the decrease in throughput as described above, 

it is assumed that a method is adopted, in·which the AF 

measurement is started at a point of time D at which the 

measurement can be performed while all of the AF detecting 

points (for example AFl to AF5) for pre-measurelllent are located 

on the surf ace of the wafer, so that the autofocus I autoleveling . 

control (hereinafter referred to as "AF/AL control") is carried 

out. However, in the case of this method, an error occurs in 

a region between Point E and Point F which represent the 

completion of follow-up control, due to delay in phase of AF /AL 

follow-up. Point E in Fig. 15 indicates the ~osition of 

completion of follow-up obtained when normal pre-measurement 

control is performed. As clarified from Fig. 15, it is 

understood that such AF measurement deteriorates the AF/AL 

control accuracy. 

In consideration of the fact described above, in the first 

embodiment of the present invention, the AF measurement for the 

wafer Wl is performed during the alignment prior to the 

pre-measurement during the wafer exposure, under the same 
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condition as that used in the exposure, by using the AF/AL system 

130 provided for the alignment system 24a or by using the AF/AL 

system 134 provided for the alignment system 24b. Thus, it is 

intended to avoid deterioration of the AF /AL control accuracy 

as the error caused by the delay in phase of follow-up control 

of AF/AL described above. The AF/AL system 130 or the AF/AL 

system 134 is provided with the AF detecting points 

(corresponding to AFl to AFS, see Fig. 14A) and the AF detecting 

points (corresponding to ABl to ABS, see Fig. 14B) as the first 

detecting system capable of executing the AF /AL measurement for 

the surface of the wafer Wl under the same condition as that 

provided for the projection optical system PL described above. 

That is, as shown in Fig. 16, the wafer Wl, which is 

subjected to the alignment, includes a number of measuring 

points for EGA, i.e., ALl to AL6 (six points). In this range, 

the AF measurement is performed at the measuri~g.points c, A, 

B in the same direction as that for the exposure sequence. Also 

in this case, in order to avoid any mutual influence on the 

operations of the two substrate stages, the stepping operations 

(operations corresponding to the disturbance factor) are 

syn~hronized with each other, or the exposure operation and the 

alignment operation (operations not corresponding to the 

disturbance factor) are synchronized with each other, and the 

stages are moved in an order so that they cause no mutual 
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interference. In this procedure, it is assumed that there is 

given "exposure time> alignment time+ pre-measurement time". 

Fig. 17 shows results of measurement at Point A in Fig. 

16 for the detecting points AFl to AFS, obtained by the AF 

measurement during the alignment which is the feature of the 

present invention. In Fig. 17, for the purpose of simplified 

illustration, the wafer surface position is depicted as having 

the leveling of zero. However, the results for AFl to AFS are 

dispersed in ordinary cases. 

In this embodiment, as shown in Fig. 14A, the AF 

measurement can be normally performed at the detecting points 

AF4 and AFS. Therefore, the obtained values of the AF 

measurement also indicate the wafer surface position in Fig. 

17. On the contrary, the detecting points AF3, AF2, AFl 

gradually indicate the wafer surface position in accordance 

with the movement.in the scanning direction. When the focus 

measurement for the shot areas in the vicinity of the outer 

circumference of the wafer is performed beforehand as described 

above, it is possible to know what measured values are given 

in the following exposure sequence, for example, at the 

resp~ctive positions of A, B, c in Fig. 16. Accordingly, upon 

the actual pre-measurement control during the exposure, the 

position of the wafer is allowed to approach the target position 

( 0) within a range of error concerning reproducibility of the 
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measurement for the wafer surface position as shown in Fig. 18, 

as compared with the procedure shown in Fig. 15. That is, it 

is possible to perform quick driving for the focus. 

Originally, as described in Japanese Laid-open Patent 

Publication No. 6-283403, the follow-up control response in the 

autofocus lies in a condition under which an amount of 30 % of 

the absolute error can be followed as estimated as primary 

response. The follow-up completion point F appears earlier 

(because of an identical allowable value) by decreasing the 

initial absolute value error. It is possible to complete the 

follow-up earlier than at the follow-up completion point E which 

is given when the normal pre-measurement control is performed. 

As explained above, according to the projection exposure 

apparatus 10 concerning the first embodiment of the present 

invention, the two stages for holding the wafers are 

independently moved, and the wafer exchange a~d alignment 

operation is performed on one of the stages, while the exposure 

operation is concurrently performed in parallel on the other 

stage. The AF measurement for the wafer surface is performed 

by using the AF/AL system of the alignment system during the 

aliqnment. At the point of time at which the both operations 

are completed, the operations are mutually changed with each 

other. Therefore, the focus can be quickly driven even for shot 

areas which are located in the vicinity of the outer 
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circumference of the wafer where the wafer surf ace is not 

disposed at the pre-measurement position during the exposure 

and for which the scanning exposure is performed from the 

outside to the inside of the wafer, by previously carrying out 

the focus measurement at the outer circumference of the wafer 

and using results obtained by the measurement. Thus, it is 

possible to avoid any delay in follow-up in the pre-measurement 

control. Therefore, the focus/leveling control can be 
I 

performed highly accurately. It is unnecessary to adopt the 

internal scanning even when the shot areas in the vicinity of 

the outer circumference of the wafer are subjected to scanning 

exposure from the outside to the inside of the wafer. The 

respective shot areas can be exposed in the most efficient 

exposure order. Accordingly, it is possible to improve the 

throughput. 

The AF measurement during the alignment.is performed 

while conducting the scanning in the same direction as that for 

the scanning exposure for the shot areas located at the outer 

circumference of the wafer. Therefore, it is .possible to 

perform the focus control which is free from,, for example, the 

offs.et depending on, for example, the movement direction of the 

stage. 

According to the projection exposure apparatus 10 

concerning the first embodiment, there are provided the two 
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wafer stages for independently holding the two wafers 

respectively. The two wafer stages are independently moved in 

the XYZ directions, wherein the wafer exchange operation and 

the alignment operation are executed for one of the wafer stages, 

during which the exposure operation is executed for the other 

wafer stage. The operations of the both are mutually changed 

at the point of time at which the both operations are completed. 

Accordingly, it is possible to greatly improve the throughput. 

During the change of the operations described above, the 

interferometer having the length-measuring axis to be used for 

the operation after the change is reset, simultaneously with 

which the measurement sequence is also performed for the 

fiducial mark plate disposed on the wafer stage. Therefore, 

no special inconvenience occurs even when the length-measuring 

axis of the interferometer system is· deviated from the 

reflective surface of the wafer stage (or fro~ the movement 

mirror, if the movement mirror is separately provided). It is 

possible to shorten the reflective surface of the wafer stage 

(or the movement mirror, if the movement mirror is separately 

provided). Accordingly, it is possible to easily realize 

mini,,aturization of the wafer stage. Specifically, the length 

of one side of the wafer stage can be miniaturized to have a 

size of a degree which is slightly larger than the diameter of 

the wafer. Thus, it is possible to easily incorporate, into 
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the apparatus, the two wafer stages which are independently 

movable. In addition, it is possible to improve the positioning 

performance for the respective wafer stages. 

As for the wafer stage for which the exposure operation 

is performed, the mark on the fiducial mark plate is measured 

simultaneously with the reset for the length-measuring 

interferometer by using the reticle alignment microscope 142, 

144 (alignment sensor based on the use of the exposure light 

beam) by the aid of the projection optical system PL. As for 

the wafer stage for which the wafer exchange/alignment 

operation is performed, the mark on the fiducial mark plate is 

measured simultaneously with the reset for the length-measuring 

interferometer by using the alignment system 24a or 24b 

(off-axis alignment sensor). Therefore, it is also possible 

to change the length-measuring axis of the interferometer for 

managing the position of the wafer stage durin~ the alignment 

effected by each of the alignment systems and during the 

exposure effected by the projection optical system. In this 

process, the following procedure is adopted. That is, ( 1) when 

the mark on the fiducial mark plate is measured by using the 

aliqnment system 24a or 24b, the coordinate position of the mark 

is measured on the first stage coordinate system, (2) the 

alignment mark of a sample shot on the wafer is thereafter 

detected to determine the array coordinate (coordinate position 
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for the exposure) of each shot is determined on the first stage 

coordinate system in accordance with the EGA operation, ( 3) the 

relative positional relationship between the mark on the 

fiducial mark plate and the coordinate position for the exposure 

of each shot is determined from the results obtained in ( 1) and 

(2) described above, (4) the relative positional relationship 

between the mark on the fiducial mark plate and the coordinate 

position of those projected from the reticle is detected before 

the exposure on the second stage coordinate system by the aid 

of the projection optical system PL by using the reticle 

alignment microscope 142, 144, and the exposure is performed 

for each shot by using (3) and ( 4) described above. Accordingly, 

the exposure can be performed highly accurately even in the case 

of the change of the length-measuring axis of the interferometer 

for managing the position of the wafer stage. As a result, it 
. . 

is possible to perform the positional adjustmen~ ·for the wa.fer 

without performing the baseline measurement which has been 

hitherto carried out to measure the spacing distance between 

the projection center of the projection optical system and the 

detection center of the alignment system. .It is also 

unnecessary to carry a large fiducial mark plate as described 

in Japanese Laid-Open Patent Publication No. 7-176468. 

According to the first embodiment of the present 

invention, there are provided at least two alignment systems 
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for detecting the mark, the two alignment systems being disposed 

with the projection optical system PL interposed therebetween. 

Accordingly, the alignment operation and the exposure operation, 

which are performed by alternately using the respective 

alignment systems, can be concurrently dealt with in parallel 

to one another by alternately moving the two wafer stages. 

According to the first embodiment of the present 

invention, the wafer loader for exchanging the wafer is arranged 

in the vicinity of the alignment system, especially to perform 

the operation at the respective alignment positions. 

Accordingly, the change from the wafer exchange to the alignment 

sequence is smoothly performed. Thus, it is possible to obtain 

a higher throughput. 

According to the first embodiment of the present 

invention, the influence to cause deterioration of throughput 

disappears almost completely, even when the of f-:axis alignment 

system is installed at a position greatly separated from the 

projection optical system PL, because the high throughput is 

obtained as described above. Therefore, it is possible to 

design and install a straight cylinder type optical system 

hav~ng a high N.A. {numerical aperture) and having a small 

aberration. 

Accord-ing to the first embodiment of the present 

invention, each of the optical systems has the interferometer 
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beam radiated from the interferometer for measuring the 

approximate center of each of the optical axes of the two 

alignment systems and the projection optical system PL. 

Accordingly, the positions of the two wafer stages can be 

accurately measured in a state free from any Abbe error at any 

time of the alignment and the pattern exposure by the aid of 

the projection optical system. Thus, it is possible to 

independently move the two wafer stages. 

The length-measuring axes BilX, BI2X, which are provided 

toward the projection center of the projection optical system 

PL from the both sides in the direction (X axis direction in 

this embodiment) along which the two wafer stages WSl, WS2 are 

aligned, are always used to effect radiation to the wafer stages 

WSl, WS2 so that the positions of the respective stages in the 

X axis direction are measured. Therefore, it is possible to 

move and control the two stages so that they exert no 

interference with each other. 

The interferometers are arranged so that the length-

measuring axes BI3Y, BI4Y, BISY effect radiation in the 

direction (Y axis direction in this embodiment) intersecting 

per~endicularly toward the positions of the detection center 

of the alignment system and the projection center of the 

projection optical system PL with respect to the length-

measuring axes BilX, BI2X. The position of the wafer stage can 

183 



-·· ·' 

be accurately controlled by resetting the interferometers even 

when the length-measuring axis is deviated from the reflective 

surface due to movement of the wafer stage. 

The fiducial mark plates FMl, FM2 are provided on the two 

wafer stages WSl, WS2 respectively. The positional adjustment 

for the wafer can be performed by adding the spacing distance 

from the correction coordinate system obtained by previously 

measuring the mark position on the fiducial mark plate and the 

mark position on the wafer by using the alignment system, to 

the measured position of the fiducial plate before the exposure, 

without performing th_e baseline measurement for measuring the 

spacing distance between the projection optical system and the 

alignment system as performed in the conventional technique. 

It is unnecessary to carry a large fiducial mark plate as 

described in Japanese Laid-Open Patent Publication No. 7-

176468. 

According to the first embodiment of the present 

invention, the double exposure is performed by using a plurality 

of reticles R. Accordingly, an effect is obtained to increase 

the resolution and improve DOF (depth of focus) • However, in 

the ~ouble exposure method, it is necessary to repeat the 

e·xposure step at least twice. ·For this reason, in general, the 

exposure time is prolonged, and the throughput is greatly 

decreased. However, the use of the projection exposure 
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apparatus according to the first embodiment of the present 

invention makes it possible to greatly improve the throughput. 

Therefore, the effect is obtained to increase the resolution 

and improve DOF without decreasing the throughput. For example, 

it is assumed that the respective processing times of Tl (wafer 

exchange time) , T2 (search alignment time) , T3 (fine alignment 

time), and T4 (exposure time for one exposure) for an 8-inch 

wafer are Tl: 9 second, T2: 9 seconds, T3: 12 seconds, and T4: 

28 seconds. when the double exposure is performed in accordance 

with the conventional technique in which a series of exposure 

processes are performed by using one wafer stage, there is given 

a throughput ~HOR= 3600/ (Tl + T2 + T3 + T4x2) = 3600/ ( 30 + 28x2) 

= 41 [sheets/hour]. Therefore, the throughput is lowered to 

be up to 66 % as compared with a throughput (THOR= 3600/(Tl 

+ T2 + T3 + T4) = 3600/58 = 62 (sheets/hour]) obtained by using 

·a conventional apparatus in which the· single exposure method 

is carried out by using one wafer stage. However, when the 

double exposure is performed by using the projection exposure 

apparatus according to the first embodiment of the present 

invention while concurrently processing Tl; T2, T3, T4 in 

parqllel to one another, there is given a throughput THOR = 

3600/ (28 + 28) = 64 (sheets/hour], because it is sufficient to 

consider only the exposure time. Therefore, the throughput can 

be improved while maintaining the effect to increase the 
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resolution and improve DOF. The number of points for EGA can 

be increased in a degree corresponding to the long exposure time·. 

Thus, the alignment accuracy is improved. 

In the first embodiment of the present invention, 

explanation has been made for the case in which the present 

invention is applied to the apparatus for exposing the wafer 

based on the use of the double exposure method. However, such 

explanation has been made because of the following reason. That 

is, as described above, when the exposure is performed twice 

with the two reticles (double exposure) on the side of one of 

the wafer stages, during which the wafer exchange and the wafer 

alignment are concurrently carried out in parallel on the side 

of the other wafer stage which is independently movable, by 

using the apparatus according to the present invention, then 

the especially large effect is obtained in that the high 

throughput can be obtained as compared with t~e conventional 

single exposure, and it is possible to greatly improve the 

resolving power. However, the range of application of the 

present invention is not limited thereto. The present 

invention can be preferably applied when the exposure is 

per~ormed in accordance with the single exposure method. For 

example, it is assumed that the respective processing times (Tl 

to T4) for an ·a-inch wafer are the same as those described above. 

When the exposure process is performed i·n accordance with the 
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single exposure method by using the two wafer stages as in the 

present invention, if Tl, T2, T3 are dealt with as one group 

( 30 second in total), and the concurrent process is performed 

for T4 (28 seconds), then there is given a throughput THOR= 

3600/30 = 120 (sheets/hour). Thus, it is possible to obtain 

the high throughput which is approximately two times the 

conventional throughput (THOR= 62 [sheets/hour)) in which the 

s,ingle exposure is carried out by using one wafer stage. 
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(Second Embodiment] 

Next, the second embodiment of the present invention will 

be explained with reference to Figs. 22 and 23. In this 

embodiment, constitutive components which are the same as or 

equivalent to those referred to in the first embodiment 

described above are designated by the same reference numerals, 

explanation of which is simplified or omitted. 

As shown in Fig. 22, a projection exposure apparatus 

according to the second embodiment is characterized in that the 

length-measuring beam BI4Y {or BISY) is not deviated from the 

reflective surface of the stage during the movement of the wafer 

stage WSl (or WS2) from the completion position of the alignment 

sequence to the start position of the exposure sequence, because 

the length of one side of the wafer stage WSl (the length of 

one side of WS2 is identical thereto) is longer than the mutual 

distance BL between-the length-measuring axes BI~Y-and BI3Y {the 

mutual distance between the length-measuring axes BISY and BI3Y 

is identical thereto) • Accordingly, the projection exposure 

apparatus according to the second embodiment is different from 

the projection exposure apparatus according to the first 

embodiment described above in that-the reference mark on the 

fiducial mark plate can be measured after the reset for the 

interferometer as described later on. Other features are 

constructed in the same manner as the projection exposure 

188 



apparatus 10 according to the first embodiment descr.i,.bed above. 

Fig. 22 shows a situation in which the interferometer 

having the length-measuring axis BI3Y is reset after completion 

of the alignment for the wafer Wl on the wafer stage WSl. 

As also clarified from Fig. 22, the interferometers 

having the length-measuring axes BilX, BI4X for managing the 

position of the wafer stage WSl have their interferometer beams 

which are not deviated from the reflective surface formed on 

one end surface of the wafer stage WSl in the Y axis direction, 

after the fine alignment operation (effected by EGA described 

above) for the wafer Wl by the aid of the alignment system 24a. 

Accordingly, the main control unit 90 is operated to move the 

wafer stage WSl from the alignment completion position to the 

position shown in Fig. 22 at which the fiducial mark plate FMl 

is located under the projection lens PL, while monitoring 

measured values obtained by using the interfer~meters having 

the length-measuring axes BilX, BI4Y. During this process, the 

interferometer beam concerning the length-measuring axis BI3Y 

is reflected by the reflective surface of the wafer stage WSl 

immediately before positioning the fiducial mark plate FMl just 

unde~ the projection lens PL. 

In this embodiment, the position of the wafer stage WSl 

is controlled on the basis of the measured values obtained by 

using the interferometers having the length-measuring axes BilX, 

189 



... 

BI4Y. Therefore, unlike the first embodiment described above, 

the main control unit 90 can accurately manage the position Of 

the wafer stage WSl. At this point of time (i.e., immediately 

before positioning.the fiducial mark plate FMl just under the 

projection lens PL), the interferometer having the length­

measuring axis BI3Y is reset. After completion of the reset, 

the position of the wafer stage WSl is controlled on the basis 

~f measured values obtained by using the interferometers having 

the length-measuring axes BilX, BI3Y (the coordinate system is 

changed from the first stage coordinate system to the second 

stage coordinate system). 

After that, the main control unit 90 is operated so that 

the wafer stage WSl is positioned at the position shown in Fig. 

22 to perform the detection of the relative position between 

the marks MKl, MK3 on the fiducial mark plate FMl and the 

-projected images on the wafer surface, ·Of the m~rks RMKl, RMK3 

on the reticle corresponding thereto, i.e., the detection of 

the relative positional relationship between the marks MKl, MK3 

and the exposure position (projection center of the projection 

optical system PL) by using the exposure light beam based on 

the µse of the reticle microscopes 142, 144, in the same manner 

as performed in the first embodiment described above. After 

that, the main control unit 90 finally calculates the relative 

positional relationship between the exposure position and each 
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shot in accordance with the relative positional relationship 

of each shot with respect to the mark MK2 on the fiducial mark 

plate FMl previously determined and the relative positional 

relationship between the exposure position and the coordinate 

position of the mark MKl, MK3 on the fiducial mark plate FMl. 

Thus, the exposure (double exposure as described above) is 

performed in accordance with an obtained result (see Fig. 21). 

During the exposure, the length-measuring axis BI4Y is 

deviated from the reflective surface depending on the exposure 

position, and the measurement therewith becomes impossible. 

However, no inconvenience occurs because the length-measuring 

axis has been already changed for the control of the position 

of the wafer stage WSl. 

The operation of the exposure sequence is performed on 

the side of the one wafer stage WSl, during which the other wafer 

stage WS2 is subjected to the positional contr9l.on the basis 

of the measured values obtained by using the interferometers 

having the length...:measuring axes BI2X, BISY, in which the W 

exchange sequence and the wafer alignment sequence are executed. 

In this process, the double exposure is perf~rmed on the side 

of ~he wafer stage WSl as described above. Therefore, the 

operation of the wafer exchange sequence and the wafer alignment 

sequence performed on the side of the wafer stage WS2 are 

completed earlier, and then the wafer stage WS2 is in a waiting 
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state. 

At the point of time ~t which the exposure for all areas 

of the wafer Wl is completed, the main control unit 9 O is operated 

to move the wafer stage WSl to the position at which the 

interferometer beam concerning the length-measuring axis BI4Y 

is reflected by the reflective surface of the wafer stage WSl 

while monitoring measured values obtained by using the 

interferometers concerning the length-measuring axes BI!X, 

BI3Y so that the interferometer having the length-measuring 

axis BI4Y is reset. After completion of the reset operation, 

the main control unit 90 is operated to change the length­

measuring axes for controlling the wafer stage WSl into the 

length-measuring axes BilX, BI4Y again so that the wafer stage 

WSl is moved to the loading position. 

During the movement, the interferometer beam concerning 

the length-measuring axis BI3Y is once deviat~d from the 

reflective surface, and it falls into an immeasurable state. 

However, no inconvenience occurs because the length-measuring 

axis has been changed to control the position of the wafer stage 

WSl. 

The main control unit 90 is operated to start movement 

of the wafer stage WS2 so that the fiducial mark plate FM2 for 

the wafer stage WS2 is positioned under the projection optical 

system PL, concurrently with the movement of the wafer stage 
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WSl to the loading position. During the movement, the reset 

of the interferometer having the length-measuring axis BI3Y is 

executed in the same manner as described above. After that, 

the reticle microscopes 142, 144 are used to perform the 

detection of the relative positions of the marks MKl, MK3 on 

the fiducial mark plate FM2 and the projected images on the wafer 

surface, of th~ marks RMKl, RMK3 on the reticle corresponding 

thereto, i.e., the detection of the relative positional 

relationship between the marks MKl, MK3 and the exposure 

position (projection center of the projection optical system 

PL), in the same manner as described above. Subsequently, the 

main control unit 90 finally calculates the relative positional 

relationship between the exposure position and each shot in 

accordance with the relative positional relationship of each 

shot with respect to the mark MK2 on the fiducial mark plate 

FM2 previously determined and the relative po~itional 

relationship between the exposure position and the coordinate 

position of the mark MKl, MK3 on the fiducial mark plate FM2. 

Thus, the exposure (double exposure as described above) is 

started in accordance with an obtained result. 

Fig. 23 shows a situation in which the wafer stage WSl 

is moved to the loading position as described above, and the 

operation of--the exposure sequence is performed on the side of 

the wafer stage WS2. 
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At the loading position, the mark MK2 on the fiducial mark 

plate FMl is located under the alignment system 24a in the same 

manner as described in the first embodiment. The main control 

unit 90 is operated to detect the coordinate position of the 

mark MK2 on the first stage coordinate system (BilX, BI4Y) 

simultaneously with completion of the wafer exchange in the same 

manner as described in the first embodiment. Subsequently, the 

EGA measurement is carried out for the mark on the wafer Wl to 

calculate the coordinate position of each shot in the same 

coordinate system. That is, the relative positional 

relationship of each shot with respect to the mark MK2 is 

calculated by subtracting the coordinate position of the mark 

MK2 on the fiducial mark plate FMl from the coordinate position 

of each shot. The EGA operation is completed at this point of 

time, and the system waits for completion of the exposure for 

the wafer W2 on the wafer stage WS2 to make a qhange again to 

the state shown in Fig. 22. 

According to the projection exposure _apparatus 

concerning the second embodiment of the present invention 

explained above, it is possible to obtain effects equivalent 

to 't;hose obtained in the first embodiment described above. 

Besides, the reflection is allowed to occur simultaneously on 

the reflective surface of the wafer stage for the length­

measuring axes used before and after the change respectively 
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during the movement of the stage when the change is made to the 

operation of the exposure sequence after completion of the 

operation of the alignment sequence. Further, the reflection 

is allowed to occur simultaneously on the reflective surface 

of the wafer stage for the length-measuring axes used before 

and after the change respectively during the movement of the 

stage when the change is made to the operation of the wafer 

exchange/alignment sequence after completion of the operation . 
of the exposure sequence. Accordingly, it is possible that the 

mark on the fiducial mark plate is measured after the reset of 

the length-measuring interferometer by using the exposure light 

beam alignment sensor (reticle alignment microscope 142, 144) 

by the aid of the projection optical system PL, th_e reset for 

the length-measuring interferometer is executed prior to the 

wafer exchange, and the mark on the fiducial mark plate is 

measured after completion of the wafer ·exchange by using the 

off-axis alignment sensor (alignment system 24a, 24b). 

Therefore, the interferometer to be used for the stage control 

can be changed to the interferometer having the length-

measuring axis to be used for the operation after the change, 

during the change from the alignment operation based on the use 

of each alignment system to the exposure operation based on the 

use.of the projection optical system PL, and during the change 

from the exposure operation based on the use of the projection 
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optical system PL to the wafer exchange operation. Accordingly, 

it is possible to further improve the throughput, as compared 

with the case of the first embodiment in which the length­

measuring axis is changed simultaneously with the measurement 

of the mark on the fiducial mark plate. 

In the first and second embodiments described above, 

explanation has been made for the case in which the present 

invention is applied to the apparatus for exposing the wafer 

based on the use of the double exposure method. However, such 

explanation has been made because of the following reason. That 

is, as described above, when the exposure is performed twice 

with the two reticles (double exposure) on the side of one of 

the wafer stages, during which the wafer exchange and the wafer 

alignment are concurrently carried out in parallel on the side 

of the other wafer stage which is independently movable, by 

using the apparatus according to the present ipvention, then 

the especially large effect is obtained in that the high 

throughput can be obtained as compared with the conventional 

single exposure, and it is possible to greatly improve the 

resolving power. However, the range of application of the 

present invention is not limited thereto. The present 

invention can be preferably applied when the exposure is 

performed in accordance with the single exposure method. For 

example, it is assumed that the respective processing times (Tl 
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to T4) for an 8-inch wafer are the same as those described above. 

When the exposure process is performed in accordance with the 

single exposure method by using the two wafer stages as in the 

present invention, if Tl, T2, T3 are dealt with as one group 

( 3 0 second in total) , and the concurrent process is performed 

for T4 (28 seconds), then there is given a throughput. THOR= 

3600/30 = 120 [sheets/hour]. Thus, it is possible to obtain 

the high throughput which is approximately two times the 

throughput (THOR= 62 [sheets/hour]) of the conventional 

apparatus in which the single exposure is carried out by using 

one wafer stage. 

In the embodiment described above, explanation has been 

made for the case in which the scanning exposure is performed 

in accordance with the step-and-scan system. However, the 

present invention is not limited thereto. It is a matter of 

course that the present invention can be equiv~lently applied 

to a case in which the stationary exposure is performed in 

accordance with the step-and-repeat system, as well as those 

based on the use of the EB exposure apparatus and the X-ray 

exposure apparatus, and a process of the stitching exposure in 

which a chip is combined with another chip. 
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[Third embodiment] 

In the first embodiment of the present invention, the 

different operations are concurrently processed in parallel to 

one another by using the two wafer stages WSl, WS2. Therefore, 

there is a possibility that the operation performed on the one 

stage gives influence (disturbance) to the operation of the 

other stage. For this reason, as described above, it is 

necessary to adjust the timing for the operations performed on 

the two stages WSl, WS2. 

In this embodiment, explanation will be made for the 

timing adjustment for the operations performed on the two stages 

WSl, WS2, with reference to Figs. 11, 12 and 24. 

As explained in the first embodiment, Fig. 11 shows an 

example of the timing of the exposure sequence for successively 

exposing the respective shot areas on the wafer Wl held on the 

stage wsl. Fig. 12 shows the timing of the alig_runent sequence 

for the wafer W2 held on the stage WS2, which is processed 

concurrently in parallel thereto. 

As described above, the operations performed on the two 

stages WSl, WS2 include the disturbance faator operation in 

which the operation performed on one of the stages affects the 

operation performed on the ~ther stage, and the non-disturbance 

factor operation in which the operation performed on one of the 

stages does no affect the operation performed on the other stage 
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in a reverse manner. Accordingly, in the embodiment of the 

present invention, the operations to be concurrently processed 

are divided into disturbance factor operations and non­

disturbance factor operations to achieve the timing adjustment 

so that a disturbance factor operation is successfully 

performed simultaneously with another disturbance factor 

operations, and a non-disturbance factor operations is 

successfully performed simultaneously . with another non­

disturbance factor operation. 

Upon the start of the timing adjustment for the operations 

as shown in Fig. 24, at first, the main control unit 90 is 

operated so that the exposure start position of the wafer Wl 

held on the stage WSl is adjusted to be at the exposure position 

of the projection optical system PL for performing the exposure 

operation, and the detection start position for the mark on the 

wafer W2 held on the stage WS2 is adjusted to -be a~ the detection 

position of the alignment system 24b for performing the 

alignment operation. In this state, the main control unit 90 

waits for the input of a start command for the operation to be 

executed on the stage. 

When the operation start command is inputted, the main 

control unit 90 judges in a step 52 whether or not the exposure 

operation performed on the wafer W2 is an operation not to behave 

as a disturbance factor (non-disturbance factor operation). 
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The scanning exposure operation performed on the wafer Wl is 

a non-disturbance factor operation which does not affect the 

other stage, because the wafer Wl and the reticle Rare subjected 

to synchronized scanning at a constant velocity. However, 

during the stepping operation corresponding to the movement 

between shot areas and across acceleration and deceleration 

areas existing before and after the constant velocity scanning, 

the scanning exposure operation behaves as a disturbance factor 

operation, because the·stage WSl is driven in an accelerating 

or decelerating manner. When the alignment operation is 

performed on the wafer W2, the operation behaves as a non­

disturbance factor operation which does not affect the other 

stage, because the mark measurement is performed in a stationary 

state in which the mark is adjusted to the alignment system. 

However, the stepping operation corresponding to the movement 

between the marks to be measured behaves as a disturbance factor 

operation, because the stage WS2 is driven in an accelerating 

or decelerating manner. 

Accordingly, in the step 52, when the operation performed 

on the wafer Wl is a non-disturbance factor operation such as 

the ~peration during the scanning exposure, it is necessary to 

exclude the disturbance factor operation from the operation 

concurrently-processed on the wafer W2, because the exposure 

accuracy is lowered if the disturbance factor operation such 
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as an stepping operation is performed on the other stage WS2. 

Therefore, if the judgment in the step 52 is affirmed, the main 

control unit 90 judges whether or not the operation to be 

performed next on the wafer W2 is a non-disturbance factor 

operation which is simultaneously executable (step 54). The 

non-disturbance factor operation, which is simultaneously 

executable on the wafer W2, includes, for example, a mark-

detecting operation performed in a stationary state. In this 

embodiment, the non-disturbance factor operation as described 

above is executed simultaneously with another non-disturbance 

factor operation ·(step S6). 

In the step 54, if the operation timing is deviated, or 

if there is no mark to be detected, then the routine proceeds 

to a step 58 to execute the scanning exposure operation on the 

wafer Wl, and the processing operation on the wafer W2 is allowed 

to wait, because there is no non-disturbance faptor operation 

which is simultaneously executable. The main control unit 90 

judges in a step 510 whether or not the non-disturbance factor 

operations on the wafers Wl, W2 are completed. If the 

operations are not completed, the routine returns to the step 

56 to repeatedly perform the operation as described above. If 

the operations are completed, the presence or absence of the 

next processing operation is judged in the next step S12. If 

the next processing operation is present in the step 512, the 
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routine returns to the step S2 to repeat the operation as 

described above. If the next processing operation is absent, 

the routine ends. 

In the step S2, when the stage WSl is subjected to stepping 

movement to make movement between shot areas on the wafer Wl, 

then the main control unit 90 judges such movement to be a 

disturbance factor operation, and the routine proceeds to a step 

S14. The main control unit 90 judges whether or not an operation 

' 
to be performed next on the wafer W2 is a simultaneously 

executable disturbance factor operation (step 514). The 

disturbance factor operation, which is simultaneously 

executable on the wafer W2, includes, for example, stepping 

movement between measurement marks. Therefore, the 

disturbance factor operation as described above is executed in 

a step S16 simultaneously with another disturbance factor 

operation. 

In the step 514, if the operation timing is deviated, or 

if there is no stepping movement between measurement marks, then 

there is no simultaneously executable disturbance factor 

operation. Therefore, the routine proceeds, to a step Sl8 to 

execute the stepping operation on the wafer Wl, and the 

processing operation on the wafer W2 is allowed to wait. The 

main control- unit 90 judges whether or not the disturbance 

factor operations on the wafers Wl, W2 are completed in a step 
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520. If the operations are not completed, the routine returns 

to the step 516 to repeatedly perform the operation as described 

above. If the operations are completed, the routine proceeds 

to the step S12 to jud.ge the presence or absence of any operation 

to be processed next. In the step 512, if there is any operation 

to be processed next, the routine returns to the step 52 again 

to repeat the operation as described above. If there is no 

operation to be processed next, the routine ends. 

Next, explanation will be made for an example of 

adjustment for the operation timing on the two wafers Wl, W2 

with reference to Figs. 11 and 12. At first, on the wafer Wl 

shown in Fig. 11, the scanning exposure operation (non­

disturbance factor operation) indicated by the operation 

nuinbers of "1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23" is 

successively performed along arrows depicted by chain lines. 

It is understood that on the wafer W2 shown i~ Fig. 12,. the 

mark-measuring operation (non-disturbance factor operation) 

is performed in a stationary state at positions of respective 

alignment marks indicated by the operation numbers of "1, 3, 

s, 7, 9, 11, 13, 15, 17, 19, 21, 23, ••• " in synchronization with 

the . scanning exposure operation. On the other hand, no 

disturbance arises in the alignment sequence because the 

constant velocity movement is performed during the scanning 

exposure, and hence it is possible to perform highly accurate 

203 



•·· 

measurement. 

In the alignment sequence (EGA) shown in Fig. 12, the 

alignment marks are measured at two points for each of the shot 

areas. Some of the alignment marks shown in Fig. 12 do not have 

operation numbers, because of the following reason. That is, 

for example, when an upper mark (before the operation number 

4 in Fig. 12) of the next alignment shot is disposed in the 

vicinity of a lower mark (having the operation number 3 in Fig. 

12) of the first alignment shot, theri the upper mark is measured 

simultaneously with the lower mark, or the upper mark is 

measured after the wafer stage WS2 is moved by a minute distance 

at an acceleration of a degree at which the synchronization 

accuracy is not affected thereby with respect to the other wafer 

stage WSl. Therefore, these marks are indicated by the 

identical operation number ( 3 in this case). It is assumed that 

the measurement is performed in the same manne~ as described 

above for the alignment marks of the operation numbers other 

than the above. 

on the wafer Wl shown in Fig. 11, the stepping movement 

(disturbance factor operation) between saot areas to be 

subj~cted to the scanning exposure is performed at the timing 

indicated by the operation numbers of "2, 4, 6, 8, 10, 12, 14, 

16, 18, 20, 22". On the wafer W2 shown in Fig. 12, the stepping 

movement (disturbance factor operation) between measurement 
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marks is performed at the timing indicated by the operation 

numbers of "2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, ••• " in 

synchronization with the stepping movement of the wafer Wl. 

As shown in Fig. 7, when the wafer exchange operation is 

performed for the wafer Wl, and the scanning exposure is 

performed for the wafer W2, then the disturbance factor arises, 

for example, in the vibration generated when the wafer Wl is 

delivered from the first load arm 188 to the center-up 180. 

However, in this case, it is assumed that the main control unit 

90 performs the timing adjustment so that the wafer W2 is allowed 

to wait before and after the scanning exposure. Further, a 

disturbance factor arises concerning the wafer W2 in the process 

of acceleration or deceleration before or after the arrival at 

a constant velocity for the synchronized scanning for the wafer 

and the reticle. Therefore, the timing adjustment may be 

performed so that the wafer Wl is delivered in synchronization 

with this process. 

As described above, the main control unit 90 is operated 

to adjust the operation timing so that the operations which 

behave as disturbance factors are performed in synchronization 

with each other as far as possible, or the operations which 

behave as non-disturbance factors are performed in 

synchronization with each other as far as possible, of the 

operations to be concurrently processed on the wafers Wl, W2 
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held on the two stages respectively. Thus, it is possible to 

avoid the mutual influence which would be othet"Wise exerted by 

the disturbance, even when the respective operations are 

concurrently processed in parallel to one another on the two 

stages. All of the timing adjustment described above is 

performed by using the main control unit 90. 

Next, explanation will be made for the interference 

condition to determine whether or not the two wafer stages WSl, 

WS2 make contact with each other, with reference to Figs. 25A 

and 25B. Fig. 25A shows a state in which the wafer stage WS2 

is located under the projection optical system PL, and the 

reference mark on the fiducial mark plate FM2 on the wafer stage 

WS2 is observed by using the TTR alignment system described 

above. It is assumed that the coordinate position (x, y) of 

the wafer stage WS2 at this time is (0, 0). Assuming that the 

X coordinate at the left end .of the wafer stag~ WS2 is (-Wa) 

with respect to the reference mark on the fiducial mark plate 

FM2, the coordinate position at the left end of the wafer stage 

WS2 is (-Wa, Y). 

The coordinate position concerning the wafer stage WSl 

is assumed as follows in the same manner as described above. 

That is, the coordinate position, which is obtained when the 

reference mark is measured by moving the fiducial mark plate 

FMl on the wafer stage WSl up to the position unsf.er the projection 

206 



--------'------------~--------------··--------· --

... ·· 

optical system PL, is ( O, O). The amount of movement from this 

position to the position of the wafer stage WSl shown in Fig. 

25A is (-Xb). The X coordinate· at the right end of the wafer 

stage WSl with respect to the reference mark on the fiducial 

mark plate FM! is (Wb). On this assumption, the coordinate 

position at the right end of the wafer stage WSl is (-Xb+Wb, 

y). 

The condition, under which the both wafer stages WSl, WS2 

make no interference with each other, lies in a state in which 

the left end of the wafer stage WS2 makes no contact with the 

right end of the wafer stage WSl. Therefore, this condition 

may be represented by a conditional expression of O < -wa -

(-Xb+Wb). 

On the contrary, Fig. 25B assumes a state in which the 

wafer stage WSl is moved in the direction of ( -Xa) by a 

predetermined distance from the state shown i~ Fig. 25A, and 

the two wafer stages WSl, WS2 are overlapped with each other 

(actually, the two wafer stages are not overlapped with each 

other, however, when the respective wafer stages are 

independently controlled, there is a possibility that target 

val~es for the respective stages may be set as shown in Fig. 

25B) • The coordinate position at the left end of the wafer stage 

WS2 is (-Xa-wa, y). The condition, under which the both wafer 

stages WSl, WS2 cause interference with each other, lies in a 
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state in which the left end of the wafer stage WS2 is contacted 

or overlapped with the right end of the wafer stage WSl. 

Therefore, this condition may be repz;esented by a conditional 

expression depicted by O > -xa - wa - (-Xb+Wb). 

The conditional expression may be represented by the 

following general expression by using a certain reference point 

based on the use of the same coordinate: 

Wa + Wb < Xb - Xa •.• conditional expression 1 

If the conditional expression 1 is satisfied, the two 

wafer stages can be freely moved without any interference with 

each other. 

on the other hand, if the following conditional 

expression 2 is satisfied, the two wafer stages make contact 

with each other to cause interference. 

Wa + Wb ~ Xb - Xa .•• conditional expression 2 

Therefore, the main control unit 90 controls the movement 

of the respective wafer stages WSl, WS2 to satisfy the 

conditional expression 1 as far as possible, while if a 

situation in which the conditional expression 2 is satisfied 

is postulated, it is necessary to make control in order to allow 

any .one of the stages to wait so that the occurrence of mutual 

interference between the stages is avoided. The conditional 

expressions · 1 and 2 have been explained as two separate 

individuals for the purpose of more comprehensive explanation. 
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However, the two conditional expressions are substantially one 

conditional expression, because there is a relationship in 

which one of the conditional expressions is in contradiction 

to the other. 

Explanation will be made with reference to a flow chart 

shown in Fig. 26 for a sequence to perform control of the movement 

without causing any interference between the both wafer stages 

by using the main control unit 90 on the basis of the conditional 

expression described above. At first, upon the start of the 

control operation, the main control unit 90 measures the 

coordinate positions of the two wafer stages WSl, WS2 by using 

values obtained by the interferometers based on the use of the 

origin ( O, O) of the same reference position (position of the 

optical axis of the projection optical system PL in this case). 

The conditional expression 1, which is previously stored in the 
. 

memory 91, is substituted with necessary parameters (Wa and Wb 

in this case) • 

When the stage movement control is started, the main 

control unit 90 grasps the present positions of the two wafer 

stages WSl, WS2 on the basis of values obtained by using the 

leng_th-measuring axes (for example, BilX, BI2X) of the 

interferometers. The main control unit 90 is able to calculate 

and -postulate the coordinate positions of the stages WSl, WS2 

in future, on the basis of driving target values inputted into 
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the stage control unit 38. The main control unit 90 determines, 

from these coordinate positions, the movement direction and the 

movement distance (Xb and xa in this embodiment) of the two 

stages WSl, WS2 with respect to the reference position to 

substitute the conditional expression 1 therewith. Thus, it 

is possible to judge whether or not the conditional expression 

1 (Wa + Wb < Xb - Xa) is satisfied (step S30). 

If the conditional expression 1 is satisfied, no mutual 

interference occurs between the two wafer stages WSl, WS2. 

Accordingly, the both stages WSl, WS2 can be independently moved 

and controlled (step S32). 

If the conditional expression 1 is not satisfied in the 

step S30, the interference occurs between the wafer stages WSl 

and WS2. Therefore, the main control unit 90 compares the time 

until completion of the operation performed on the stage W51 

.with that on the stage W52 (step 534). ·If the operation on the 

stage W51 is completed earlier, then the main control unit 90 

allows the stage W51 to wait, and the wafer stage W52 is 

preferentially moved and controlled (step S36). During the 

control of the movement of the wafer stage W52., the main control 

unit_ 90 always judges whether or not a situation is given, in 

which the conditional expression 1 is satisfied (step 538). 

During the period in which the conditional expression 1 is not 

satisfied, the routine returns to the step 536 to preferentially 
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move and control_ the wafer stage WS2. If the conditional 

expression 1 is satisfied in the step S38, the main control unit 

90 is operated so that the waiting state of the wafer stage WSl 

is canceled (step S40) to independently move and control the 

wafer stages WSl, WS2 respectively (step S32). 

In the step S34, if the operation of the stage WS2 is 

completed earlier, then the main control unit 90 allows the 

stage WS2 to wait, and the wafer stage WSl is preferentially 

moved and controlled (step S42). During the control of the 

movement of the wafer stage WSl, the main control unit 90 always 

judges whether or not a situation is given, in which the 

conditional expression 1 is satisfied (step 544). During the 

period in which the conditional expression l is not satisfied, 

the routine returns to the step S42 to preferentially move and 

control the wafer stage WSl. If a state is given, in which the 

conditional expression 1 is satisfied in the.step S44, the 

waiting state of the wafer stage WS2 is canceled by the main 

control unit 90 (step S40) to independently move and control 

the wafer stages WSl, WS2 respectively (step S32). 

If the stage movement control is continuously performed 

by u~ing the main control unit 90, the routine returns from the 

step S46 to the step 530 to repeatedly perform the movement 

control as described above. If the stage movem~nt control is 

not performed, the control operation is ended. 
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As described above, the main control unit 90 controls the 

movement of the two stages WSl, WS2 by the aid of the conditional 

expression and the stage control unit 38. Thus, it is possible 

to prevent the both stages from mutual interference. 

When the double exposure method described above is 

carried out, the operation completion time on the stage for 

performing the exposure operation is later than that on the 

stage for performing the alignment operation, because the 
.. . 

exposure operation is repeated twice. For this reason, when 

the mutual interference occurs between the stages, then the 

stage for the alignment, on which the operation is completed 

earlier, is allowed to wait, and the stage for the exposure is 

preferentially moved. 

However, on the stage for the alignment, it is allowable 

to concurrently perform not only the fine alignment operation 

as described above but also the wafer exchange ~peration-, the 

search alignment operation, and operations other than the above 

in parallel to one another. Therefore, it is desirable that 

the operation time on the stage for the alignment is shortened 

as short as possible. 

Accordingly, as shown in Fig. 27B, the most efficient 

stepping order (El to El2) is set for the wafer W2 for performing 

the · exposure operation, because the exposure operation 

constitutes the rate-limiting condition for the throughput. 
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on the contrary, as shown in Fig. 27A, several shots of the 

exposure shots are selected as sample shots on the wafer Wl for 

performing the alignment operation based on EGA. In this 

embodiment, it is assumed, for example, that four shots 

indicated by symbol "A" are selected. The stepping order on 

the alignment side {Wl) is determined to make movement 

corresponding to the stepping order in the exposure operation 

for the wafer W2, as on the wafer Wl disposed on the alignment 

' side as shown in Fig. 28A. As for the wafer W2 shown in Fig. 

28B, operations during the exposure, for which the influence 

of disturbance should be suppressed, are designated by 

numerical numbers (l to 12), while stepping operations which 

are not affected by disturbance are indicated by arrows(-..). 

As shown in Fig. 28A, when the fine alignment operation 

based on EGA is performed on the wafer Wl, the movement order 
•. 

is determined so that the alignment operation is performed for 

the shot areas corresponding to those on the wafer W2 to perform 

the scanning exposure as shown in Fig. 17B for the operation 

numbers 1 to 5. Accordingly, when the movement order of the 

alignment shots is made to be the same as that for the exposure 

shots, the two stages are moved in parallel to one another while 

maintaining a constant spacing distance therebetween. 

Therefore, it is possible to control the movement without 

satisfying the interference condition. 
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In the case of the wafer Wl shown in Fig. 28A, the alignment 

order is determined as follows. That is, when the operation 

number is moved from 5 to 6 in a stepping manner, the operation 

skips to the shot area A3 located thereover by one row, and when 

the operation number becomes 7, the operation skips to the shot 

area A4 • This is because of the following reason. That is, 

when the shot area, which is indicated by the operation number 

6 or 7 on the wafer W2 shown in Fig. 28B to be subjected to the 

scanning exposure, is disposed under the projection optical 

system PL, the wafer stage WS2 is at a position spaced apart 

from the wafer stage WS! (the wafer W2 is disposed at the most 

rightward position concerning the position of the operation 

number 6 or 7, because the alignment system is fixedly secured, 

and the wafer is moved). Accordingly, it is possible to 

·relatively freely move the wafer stage WS! for performing the 

alignment operation. As described above, the !fne alignment 

time can be further shortened by moving the wafer Wl as shown 

in Fig. 28A to perform the alignment operation. 

Alternatively, when an alignment mark at one point is 

detected for every one shot area to use all shot areas as sample 

shot~, unlike the sample shots used in the alignment sequence 

described above, it is possible to avoid deterioration of 

throughput. -In this procedure, the alignment marks in the shot 

areas corresponding to the exposure order on the wafer W2 are 

214 



' ___ ,,.. 

successively measured. The occurrence of interference between 

the stages disappears as d~scri'.b.ed above. Further, when such 

EGA is performed, it is possible to expect further improvement 

in alignment accuracy owing to the averaging effect. 

As explained above, according to the projection exposure 

apparatus 10 concerning the embodiment of the present invention, 

the operations of the both stages are controlled so that the 

operations which behave as disturbance factors are performed 

in synchronization with each other, or the operations which do 

not behave as disturbance factors are performed in 

synchronization with each other, of the operations to be 

performed on the two wafer stages which independently hold the 

two wafers respectively. Accordingly, the alignment operation 

can be processed concurrently with the exposure operation 

without decreasing the synchronization accuracy when the 

. scanning exposure is performed and without decr~asing the mark 

measurement accuracy when the alignment is performed. Thus, 

it is possible to improve the throughput. 

According to the embodiment described above, when the two 

wafer stages are independently moved and controlled in the XY 

two-.dimensional direction, then the condition of interference 

between the two wafer stages (interference condition) is 

previously stored, and the movement is controlled so that the 

interference condition is not satisfied as far as possible. 
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Accordingly, the movement ranges of the both stages can be 

overlapped with each other. Therefore, it is possible to 

decrease the foot print. 

Accordin9 to the embodiment described above, when the two 

wafer stages are independently moved in the XY direction, if 

the interference condition is satisfied in each of the stages, 

then the stage on which the operation is completed earlier is 

allowed to wait until the operation is changed, and the other 

stage is preferentially subjected to the movement control. 

Accordingly, it is possible to avoid the interference between 

the stages without deteriorating the throughput. 

According to the embodiment described above, when 

arbitrary shots are selected as alignment shots from a plurality 

of shot areas on the wafer to be used in the alignment sequence 

for performing the mark measurement, the order of measurement 

of the alignment Shots is determined so that th~·interference 

is avoided between the both stages as less as possible. 

Accordingly, it is possible to appropriately suppress the case 

of the interference condition between the stages and the case 

in which one of the stages is allowed to wait as described above. 

In the embodiment described above, the order of alignment 

shots and the order of exposure shots are determined so that 

the two wafer-stages are moved in the same direction, if possible. 

Accordingly, the range of movement of the two wafer stages can 
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be decreased as small as possible, and it is possible to 

miniaturize the apparatus. However, when the projection 

optical system and the alignment system can be installed while 

they are spaced apart from each other by a certain distance, 

then the two wafer stages, which are movable on the base pedestal, 

may be moved in mutually opposite directions in a left-right 

symmetric manner. Accordingly, the loads act on the 

vibration-preventive mechanism for supporting the base 

pedestal so that the loads are off set with each other. 

Therefore~ the output of the vibration-pJ;eventivemechanismcan 

be suppressed to be small, the inclination of the stage and the 

occurrence of vibration are decreased, and the vibration 

convergence time can be shortened. Thus, it is possible to 

further improve the operation accuracy and the throughput. 

In the embodiment described above, explanation has been 

made for the case in which the alignment operati~n and the wafer 

exchange operation are processed concurrently with the exposure 

operation. Of course, the present invention is not limited 

thereto. The operation, which may be performed concurrently 

with the exposure operation, includes, for example, base line 

chec:k (BCHK). A sequence such as those for calibration which 

is performed every time when the wafer exchange is performed 

may be processed concurrently with the exposure operation in 

the same manner as described above. 
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[Fourth Embodiment] 

Next, the fourth embodiment of the present invention will 

be explained with reference to Figs. 29 to 43. In the fourth 

embodiment of the present invention, the pre-measurement AF/AL 

is performed by using one wafer stage ws, while the 

focus/leveling control is performed on the basis of obtained 

results of the measurement so that the exposure process is 

executed. 

Fig. 29 shows a schematic arrangement of a projection 

exposure apparatus 214 according to the fourth embodiment. The 

projection exposure apparatus 214 is a scanning exposure type 

projection exposure apparatus based on the step-and-scan system 

in the same manner as described in the first embodiment. Basic 

constitutive components of the projection exposure apparatus 

214 are the same as those of the projection exposure apparatus 

10 according to the first embodiment shown in Fig." 1. The same 

parts or components are designated by the same reference 

numerals, explanation for the construction of which will be 

omitted. The projection exposure apparatus 214 is different 

from the projection exposure apparatus 10 of the first 

embo_diment in the following points. That is, the wafer stage 

WS is constructed as one individual, and the AF/AL systems for 

measuring the surface position on the wafer W for pre­

measurement control are provided on one side and the other side 
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of the exposure area IF in the scanning direction. Further, 

the projection exposure apparatus 214 comprises an irradiating 

optical system 151 and a light-collecting optical system 161 

based on the oblique incidence system constructed so that a 

plurality of detecting points are arranged over a range wider 

than the width of the exposure area IF in the non-scanning 

direction. Moreover, the wafer stage ws according to the fourth 

embodiment of the present invention is provided.with a z-

leveling stage LS as a substrate-driving system for making fine 

driving and oblique driving in the z axis direction while 

holding the wafer w. 

As viewed in Fig. 30 illustrating, in a perspective view, 

the arrangement of the AF detecting points for the pre-

measurement control with respect to the exposure area IF, a 

detecting area AFE (see Fig. 35), which is constructed by the 

detecting points AFl to AF9 in the non-scanning direction (±X 

direction), is provided in the scanning direction (+Y 

direction) for the exposure area IF. The detecting area AFE 

is arranged over a range larger than the width of the exposure 

area IF in the non-scanning direction. Further, a detecting 

arect ABE (see Fig. 35), which is constructed by the detecting 

points ABl to AB9 in the non-scanning direction (±X direction), 

is provided in the scanning direction (-Y direction} for the 

exposure area IF. The detecting area ABE is arranged over a 
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range larger than ~he width of the exposure area IF in the 

non-scanning direction. The detecting points AFl to AF9 and 

the detecting points ABl to AB9 are arranged on the front sides 

in the scanning directions (+Y direction, -Y direction) for 

scanning the exposure area IF respectively. The relative 

position, which indicates the degree of discrepancy of the 

surface of the wafer W at each of the detecting points with 

respect to a predetermined reference plane, is detected prior 

to the exposure for the shot area. 

Fig. 31 shows a side view of Fig. 30 as viewed in the 

scanning direction, Fig. 32 shows a plan view of Fig. 31, and 

Fig. 33 shows a side view of Fig. 32 as viewed in the non-scanning 

direction. 

As shown in Figs. 32 and 33, the light beams, which are 

radiated from the irradiating optical systems lSla, lSlb of the 

' oblique incidence type AF/AL system, form the d~tecting points 

ABl to AB9 and the detecting points AFl to AF9 extending over 

the .surface of the wafer W in the non-scanning direction. The 

light beams reflected by the surface of the wafer Ware received 

by the light-collecting optical systems 16la, 16lb of the 

oblique incidence type AF/AL system. This arrangement is 

provided because of .the following reason. That is, in general, 

it is impossible to perform measurement for the inside of the 

exposure area IF by using the oblique incidence AF system, 
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because the working distance between the wafer W and the lower 

surface of the projection lens ;ts· narrowed in accordance with 
.·.· .. 

the increase in N.A. (numerical aperture) of the projection lens 

of the projection optical system PL. However, in the present 

invention, even in such a case, it is intended to execute the 

complete pre-measurement. 

As shown in Figs. 31 and 33, the fourth embodiment of the 

present invention is constructed as follows. That is, the shape 

of the projection optical system PL in the vicinity of its lower 

end is an inverted truncated cone. A plurality of irradiating 

light beams coming from the irradiating optical systems 151a, 
-::?· 

151b are radiated onto the respective positions of the detecting 

points on the wafer w. The reflected light beams coming from 

the surface of the wafer W pass through the both sides of the 

projection optical system PL, and they are received by the 

light-collecting optical systems 161a, l~lb. Tpe arrangement 

as described above is provided in order that the AF light beams 

are not intercepted in the vicinity of the lower end of the 

projection optical system PL. A parallel flat plate 216 having 

a rectangular configuration is disposed at the lowermost plane 

of the projection optical system PL in conformity with the 

scanning direction in order to harmonize the extending portion 

of N·.A. with "the direction of 45° of the projection optical 

system PL, and in order to correct the aberration of the 
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projection lens which constructs the projection optical system 

PL. The AF detecting points , which extend one-dimensionally 

in the non-scanning direction, are arranged at two places as 

those for +Y scanning and -Y scanning, in front of and at the 

back of the parallel flat plate 216 in the scanning direction. 

For example, when this system is compared with a two-dimensional 

detection type AF mechanism as described in Japanese Laid-Open 

Patent Publication No. 6-283403 corresponding to U.S. Patent 

No. 5,448,332, then the AF measurement cannot be performed at 

the exposure position, while it is possible to form a long spot 

group extending in the non-scanning direction, and the 

detecting points are arranged one-dimensionally. Accordingly, 

this system is advantageous in that the offset error, which is 

caused by intra-plane curvature.of the respective AF spots in 

the z direction, can be easily corrected. Further, for example, 

when a method for forming the interference fr~nge.in the 

non-scanning direction by means of two-directional incidence 

is adopted, the present invention is easily and advantageously 

applied, because the present invention resides in the pre-

measurement control method for the one-dimens.iorial process for 

dete~ting the AF/AL position by means of one-dimensional image 

processing in accordance with the distance error and the 

positional variation of the interference fringe. Moreover, 

the light beams are divided into those for the two places of 
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the detection areas AFE, ABE. Accordingly, when a cover which 

does not intercept the respectivelight beams is provided so 

that the AF/AL accuracy, which varies depending on the 

temperature change, is improved by allowing a temperature­

controlled gas to flow through the inside of the cover, then 

an effect is obtained in that the detection error is further 

reduced. 

Next, explanation will be made for the pre-measurement 

control based on the use of the projection exposure apparatus 

214 according to the fourth embodiment of the present invention, 

in which the shot array is larger than the outer circumference 

of the wafer W. For example, Fig. 42 shows Comparative Example 

concerning pre-measurement control, in which the shot array is 

larger than the outer circumference of the wafer w. In Fig. 

42, AF detecting points AFl to AFS, which are arranged in the 

non-scanning direction, are disposed on the frqnt side in the 

scanning direction with respect to the exposure area IF 

subjected to scanning exposure (in the direction indicated 

upwardly by an arrow in the plane of the paper; actually, the 

exposure area IF and the AF detecting points AFl to AFS are fixed, 

and ~he wafer Wis scanned with respect thereto, however, for 

convenience, the illustration is given such that the exposure 

area IF and the AF detecting points shown in the drawing are 

scanned with respect to the wafer surface). A detecting area 

223 



.. -~ 

AFB, which is constructed by the AF detecting points AFl to AFS, 

is provided to perform AF measurement for executing complete 

pre-measurement control. The width of the detecting area AFB 

is approximately the same as the width of the exposure area IF 

in the non-scanning direction. When the pre-measurement 

control is made by using the projection exposure apparatus 

constructed as shown in Fig. 42 (Comparative Example), AF output 

values ranging from AFl to AF5 are obtained in accordance with 

the movement of the stage as shown in Fig. 43. In Fig. 43, the 

horizontal axis indicates the movement time [t] of the stage, 

and the vertical axis indicates the relative position [µm] in 

the z direction with respect to the surface position of the wafer. 

As shown in the diagram in Fig. 43, the detecting points AFS 

to AF3, which overlap the surface of the wafer W, gradually 

represent the surface position of the wafer in accordance with 
•. 

the movement of the detecting points in the scanning direction.· 

However, the detecting points AF2 and AFl do not pass over the 

wafe~ surface until the end. Therefore, no normal output value 

is obtained for the detecting points AF2 and AFl. As described 

above, when it is intended to carry out the pre-measurement 

control for all shot areas based on the five-point measurement 

as illustrated in Comparative Example shown in Figs. 42 and 43, 

then an error occurs for the shot area in the vicinity of the 

outer circumference of the wafer, and it is impossible to 
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perform the AF /AL control in some cases. In order to avoid this 

inconvenience, it is necessary to make change into an AF/AL 

control sequence for incomplete shot areas so that the pre-

measurement control is carried out while performing scanning 

from the inside to the outside of the wafer W, or the exposure 

process is carried out by using measurement data on the surface 

position of the wafer concerning the adjacent shot. 

on the contrary, as shown in Fig. 30, in the fourth 

embodiment of the present invention, the width of the AF 

detecting points in the non-scanning direction is widened as 

compared with the exposure area IF, and thus the surface 

position of the wafer of the adjacent shot area can be measured. 

Accordingly, the pre-measurement control, which scarcely 

suffers from error, is performed by utilizing the result of the 

measurement. 

Fig. 34 shows a plan view of the wafer W, ~hich explains 

the pre-measurement control method based on the use of the AF/AL 

system according to the fourth embodiment. Fig. 34.shows 

grouping for respective shot areas, designated when the 

pre-measurement control is carried out in an order in which the 

waf~r W can be exposed most quickly. Fig. 35 shows a positional 

relationship between the exposure area IF and the AF detecting 

points during the focus measurement. In this embodiment, it 

is previously determined that what AF detecting points (AFl to 
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AF9, ABl to AB9) are used for each of the shot areas to perform 

the AF measurement, by making g'rouping such as "A, B, c, D, E, 

F, AF, AB", so as to previously determine the positions of the 

detecting points used for respective groups, as shown in a table 

in Fig. 36. In the table shown in Fig. 36, the position of the 

AF detecting point (AFl to AF9, ABl to AB9) to be used is 

indicated in the lateral direction, and the name of the group 

obtained by grouping the respective shot areas is indicated in 

the vertical direction. The control is made by the main control 

unit 90 so that the pre-measurement control is performed by 

using the AF detecting points (sensors) affixed with circle 

symbols at the crossing positions thereof. 

For example, Fig. 37 shows the positional relationship 

at the point of time to start the pre-measurement control for 

the wafer surface and the AF detecting points used when the shot 

area· 212 of the group A is exposed (for example,. when the shot 

area located at the upper-left end in Fig. 34 is exposed). In 

this case, the control is made by the main control unit 90 so 

as to use the AF detecting points AF7, AFB, AF9 which are located 

at positions separated from the exposure area IF by a distance 

L in.the scanning direction. In this procedure, at the point 

of time to start the pre-measurement control shown in Fig. 37, 

all of the three AF detecting points (AF7, AFB, AF9) designated 

by the main control unit 90 are located on the wafer surface. 
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Therefore, the pre-measurement control is performed on the 

basis of measured values measured at the three AF detecting 

points AF7, AF8, AF9 until completion of the exposure for the 

shot area 212 indicated by broken lines. 

The process shown in Figs. 36 and 37 resides in the "AF 

detecting point fixation method" in which the AF detecting 

points to be used are previously fixed corresponding to the shot 

area. In the example shown in Fig. 37, only the detecting point 

AF7 is actually measured in the shot area 212 • The AF I AL control 

based on the pre-measurement can be performed by using measured 

values for the detecting points AF8, AF9 disposed on the 

adjacent shot area. 

When no incomplete AF detecting point is included in the 

shot area during the pre-measurement control, namely when the 

group AF or the group AB shown in Fig. 34 is processed, the 
. . 

measurement is performed by using only the detec~ing points AF3 

to AF7 and AB3 to AB7 located in the shot area designated in 

the table in Fig. 36_. The detecting points AFl, AF2, AF8, AF9 

located outside the shot area are not used. 

In the case of the group E shown in Fig. 34, the measurement 

is P.erformed by using the detecting points AFl to AFS as 

designated in the table in Fig. 36. In the case of the group 

E, the detecting points AF6, AF7 can be measured on the way of 

the process of the pre-measurement control as shown in Fig. 34. 

227 



. _./ .......... 

Accordingly, the accuracy is increased when measured values for 

the detecting points AF6, AF7 arehised. However, an advantage 

is obtained in that the control process effected by the main 

control unit 90 can be simplified in a degree corresponding to 

the nonnecessity to change the AF detecting point used in one 

time of exposure operation during setting for the shot array. 

Therefore, if the control process has a certain margin, it is 

preferable that the measured values for the detecting points 

AF6, AF7 are used to perform more highly accurate focus/leveling 

control. 

Next, explanation will be made for pre-measurement 

control methods other than the above. Fig. 38 lies in the "AF 

detecting point movement type" in which the focus measurement 

for the wafer surf ace is performed for a predetermined shot area 

by moving the AF detecting points in conformity with successive 

movement in the scanning direction of ·the sensprs capable of 

performing AF measurement on the surface of the wafer w without 

changing the number of AF detecting points to be used. In 

principle, this method is the most excellent measuring method 

having the highest accuracy, of AF measurement methods based 

on tpe pre-measurement control. When the "AF detecting point 

movement type" is carried out, the main control unit 90 makes 

control so that the AF detecting points are changed on the basis 

of positional information on the outer circumference of the 
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wafer, positional information on the AF detecting points, and 

positional information on the shot area as the exposure 

objective, in order to recognize what AF detecting point 

overlaps the effective area located inside the prohibition zone 

defined at the circumferential edge portion of the wafer w, 

while moving the wafer win the scanning direction. For example, 

in the case of the procedure shown in Fig. 3B, the measurement 

is firstly performed by using three detecting points AF7, AFB, 

AF9. Secondly, detecting points AF6, AF7, AFB are used. 

Thirdly, detecting points AFS, AF6, AF7 are used. Finally, 

detecting points AF4, AFS, AF6 are used. In such a way, the 

sensors are changed so as to select the three detecting points, 

if possible, within the shot area 212 within the effective area 

on the wafer surface. Accordingly, even when the outer 

circumferential portion of the wafer W, at which the shot area 

is provided, is subjec-ted to scanning exposure f~om the outside 

to the inside by moving the exposure area IF (actually, the 

relative scanning is performed by moving the wafer W with 

respect to the exposure area IF which does not make movement) , 

it is possible to quickly drive the wafer surtace position into 

the pnage formation plane of the projection optical system PL 

by performing the pre-measurement control. Thus, it is 

possible to perform quick and highly accurate focus/leveling 

control. As for the method for the change, it is preferable 
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to perform grouping as described above, or it is preferable to 

always monitor the outputs of all ot the sensors to use the 

detecting point which comes within an allowable value. 

Fig. 39 resides in the "AF sensor number and position 

variable type" in which all detecting points are. used provided 

that the measurement can be performed therefor, regardless of 

the number of the AF detecting points to be used. This procedure 

is characterized in that the averaging effect is enhanced owing 

to the use of a plurality of AF detecting points, making it 

possible to be scarcely affected by camber or the like possibly 

existing at the outer circumferential portion of the wafer. For 

example, when the reproducibility is unsatisfactory in the AF 

measurement, this effect is further enhanced. In the case of 

the procedure shown in Fig. 39, like in Fig. 38, the main control 

unit 90 also makes control so that the AF detecting points are 
•. 

· changed on the basis of positional informatio~ on the outer 

circumference of the wafer, positional information on the AF 

detecting points, and positional information on the shot area 

as the exposure objective, in order to recognize what AF 

detecting point overlaps the effective area located inside the 

pro~ibition zone defined at the circumferential edge portion 

elf the wafer W, while moving the wafer w in the scanning direction. 

In this procedure, the number of the AF detecting points is not 

limited. Therefore, the AF/AL measurement is performed by 
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using all of the detecting points included in the effective area, 

of the detecting points AFl to AF9. Accordingly, even when the 

shot area located in the vicinity of the outer circumferential 

of the wafer Wis subjected to scanning exposure from the outside 

to the inside, it is possible to quickly drive the wafer surface 

position into the image formation plane of the projection 

optical system PL by performing the pre-measurement control. 

Thus, it is possible to perform quick and highly accurate 

focus/leveling control. 

The use of the pre-measurement control method as 

described above may be used to make addition to the technique 

described, for example, in Japanese Laid-Open Patent 

Publication No. 6-283403 corresponding to U.S. Patent 5, 448, 332. 

Thus, it is possible to perform quick and highly accurate 

scanning exposure for the respective shot areas on the wafer 

surface in accordance with the most rapid exP9sure order, 

regardless of classification of shot areas into those located 

inside the wafer and those located in the vicinity of the outer 

circumference of the wafer. 

Next, explanation will be made for wha't data are adopted 

as p~e-measurement data when the pre-measurement control is 

performed as described above. It is assumed, for example, that 

the width of the exposure area IF in the scanning direction is 

6 to 8 mm, and the scanning velocity of the wafer during the 
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exposure is 80 to 90 mm/sec. While being affected by the 

waviness frequency of the wafer surface, it is desirable for 

the throughput to give a relationship of the acceleration until 

the pre-measurement AF detecting point arrives at the wafer 

scanning velocity during exposure+ the adjustment distance (L 

= 8 to 10 mm), in a degree corresponding to the absence of 

unnecessary run-up. This procedure is executed as follows. 

That is, the pre-measurement position is calculated from 

information in the data file on the position of the outer 

circumference of the wafer, the coordinate position of the shot 

area, and the distance L from the exposure area IF to the AF 

detecting point. When the pre-measurement start position is 

located inside the pattern prohibition zone (usually about 30 

mm; see Fig. 30) at the outer circumference of the wafer, the 

sensor corresponding thereto is adopted. However, the outer 

circumference of the wafer tends to be af f ecteq by camber and 

dust. Even in the case of the pre-measurement start position 

set in the data file, the position does not necessarily 

represent the accurate position of the wafer surface. 

Explanation will now be made for the procedure in which 

the control error caused in the aforementioned case is made as 

small as possible, with reference to Figs. 40 and 41. In Fig. 

40, it is assumed that, for example, when the AF detecting points 

AF6 to AF9 are used as in the group C in the "AF detecting point 
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fixation method" described above, the pre-measurement control 

start coordinate is located at a position (1) shown in Fig. 41 

according to calculation based on the use of the data file, 

however, the position ( 1) is affected by the pattern prohibition 

zone, and it fairly suffers from de-focusing. In this case, 

as shown in Fig. 41, when the pre-measurement control is started 

at the position ( 1), the output values of the respective sensors 

are affected by the detecting point AF6. If the result of 

measurement obtained by the pre-measurement involves a sizeable 

error with respect to the target, it seriously affects the 

leveling control, because the corresponding sensor is disposed 

at the most right end of the AF detecting points. 

If the system is designed such that the pre-measurement 

point is moved at 80 mm/sec, and 70 % thereof can be subjected 

to control during scanning, and if the detecting point AF6 

disposed at the most right end involves an errpr of not·more 

than several µmin the z axis direction, then the system merely 

suffers from a small error owing to the averaging effect 

obtained during the pre-measurement control. However, if 

there is an error of several tens µm in the Z axis direction, 

and if the leveling control is performed by using, as a target 

value, a result obtained by adding such a value including the 

error, then an error of an una1lowable degree is produced. For 

this reason, it is desirable that the pre-measurement is started 
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when the result obtained by monitoring data upon the start of 

the measurement for the pre-measurement detecting point is 

within an allowable range, while when the result exceeds the 

allowable range, the measurement result obtained by the 

pre-measurement control is not used until arrival at the point 

(2) at which the result is within the allowable range. 

In the case of the "AF sensor position movement type" and 

the "AF sensor number and position variable type" described 

above, it is possible to use only the AF detecting points 

included in the allowable range. 

Further, a certain allowable range may be also set for 

the measurement error concerning the respective detecting 

points, and the AF detecting points except for the AF detecting 

point which involves a cause to exceed the allowable range may 

be used. By doing so, for example, it is possible to decrease 

the frequency ·of occurrence of AF error caused by the influence 

of dust or the like attached to the back surface side of _the 

wafer. However, in such a method, it is necessary to allow the 

wafer surface to be previously included within an allowable 

range with respect to the position for making driving into the 

target AF. Therefore, it is necessary to execute global AF or 

global AF/AL beforehand on the basis of the result of focus 

measurement ·during the wafer alignment. 

As explained above, according to the projection exposure 
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apparatus 214 ·concerning the fourth embodiment of the present 

invention, a plurality of AF detecting points are arranged for 

the area which is wider in the non-scanning direction than the 

exposure area IF on the wafer W, when the pattern on the reticle 

R is subjected to the scanning exposure onto the wafer W by the 

aid of the projection optical system PL. Further, prior to the 

exposure for the shot area 212 located in the vicinity of the 

outer circumference of the wafer W, the pre-measurement for the 

focus is started at the point of time at which a part of the 

plurality of AF detecting points overlap the surface of the 

wafer w. The focus control is started on the basis of the .result 

of the measurement. Accordingly, the focus information on 

those located at the inside, which has not been able to be 

measured by using the pre-measurement control based on the use 

of the conventional scanning type projection exposure apparatus, 

can be used for the focus control as the pre-me~surement data. 

Therefore, it is possible to perform the highly accurate focus 

control without deteriorating the throughput. 

When one AF detecting point on the surface of the wafer 

W, of the plurality of AF detecting points is used, the leveling 

control during the exposure is performed by using the leveling. 

information on the adjacent shot, or by using the fixed value 

(for example·, both of the inclination amount in the X direction 

and the inclination amount in the Y direction are 11 0"). 
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Accordingly, the pre-measurement control can be started even 

for the incomplete shot area located in the v.icinity of the outer 

circumference of the wafer. 

Further, upon execution of the pre-measurement control 

by using one point of. the AF detecting point on the surface of 

the wafer w, when the AF detecting point different from the 

aforementioned point overlaps the surface of the wafer W, the 

pre-measurement is started at the corresponding position. 

When the leveling control can be performed by using the both 

results of the pre-measurement until the start of exposure, the 

leveling process based on the use of the adjacent shot or the 

leveling correction process based on the use of the fixed value 

as described above is changed to the leveling control process 

based on the pre-measurement for the inside of the shot. By 

doing so, even in the case of the pre-measurement control for 

·the incomplete shot located at the outer circumf~rence portion, 

it is possible to perform. the focus/leveling control highly 

accurately. 

The AF detecting points to be used when the pre­

measurement is performed are determined on-the basis of the 

posi.tional information on the outer circumference of the wafer 

W, the positional information on the plurality of the AF 

detecting points, and the coordinate positions of the shot areas 

on the wafer W, at the point of time at which the shot array 
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on the wafer W ls determined. Alternatively, the detection 

process based on the use of the AF detecting points to be. used 

for the pre-measurement control is always executed during the 

scanning for the wafer. The pre-measurement control is started 

from the point of time at which the detection result obtained 

at any of the detecting points is within the allowable value. 

Accordingly, even if the influence of the outer circumferential 

edge of the wafer is unexpectedly larger than that assumed from 

' the designed coordinate, the focus control is not started at 

that point of time. Therefore, it is possible to avoid 

occurrence of a large focus/leveling error. 

In the fourth embodiment described above, explanation has 

been made for the case in which one wafer stage is used. However, 

it is a matter of course that the present invention can be carried 

out in the case of the use of two stages as explained in the 

first to the third embodiments. In this case,. it is not 

necessarily indispensable to previously perform the focus 

measurement by using the alignment system. However,. for the 

purpose of higher accuracy, it is preferable to perform the 

focus measurement by using the alignment system. When the focus 

aliqnment based on the use of the alignment system is not 

performed, an advantage is obtained in that the operation time 

therefor can ·be used for the operation time for other purposes. 
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[Fifth Embodiment] 

The fifth embodiment of the present invention will now 

be described with reference to Figs. 44 to 47. 

Fig. 44 shows the constitution of an exposure 

apparatus 100 related to th~ first embodiment. This 

exposure apparatus 100 is a step-and-repeat reduced 

projection exposure apparatus .(a so-called stepper) • 

The projection exposure apparatus 100 comprises an 

illumination system IOP, a reticle stage RST for holding a 

reticle R as a mask, a projection optical system PL for 

projecting the image of a pattern formed in the reticle R 

onto a wafer W as a sensitive substrate, a wafer stage WSl 

as a first substrate stage movable on a base 12 in a two­

dimensional direction XY while holding the wafer w, a wafer 

stage WS2 as a second substrate stage movable on the base 

12 in the two-dimensional direction XY indepe~dently of the 

wafer stage WSl while holding the wafer w, an 

interferometer system 26 for measuring the positions of the 

two wafer stages WSl, WS2, and a main controller 28 as 

controller comprising a minicomputer (or a.microcomputer) 

including CPU, ROM, RAM and I/O interface, for supervising 

and controlling the entire apparatus. 

The illumination system IOP is composed of a light 

source (mercury lamp or excimer laser), and an illumination 
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optical system comprising a fly eye lens, a relay lens, and 

a condenser lens. This illumination system IOP illuminates 

a pattern of the lower surface of the reticle R (pattern 

formation surface) with a uniform illuminance distribution 

by illumination light IL for exposure from the light 

source. The illumination light IL for exposure used is an 

emission line such as i-line from a mercury lamp, or 

excimer laser light from, say, KrF or ArF. 

Onto.the reticle stage RST, the reticle R is fixed via 

fixing means (not shown). The reticle stage RST is finely 

drivable by a driving system {not shown) in an X-axis 

direction (the right-and-left direction in the sheet face 

of Fig. 44), a Y-axis direction (the direction 

perpendicular to the sheet face of Fig. 44), and a 0 

direction (the direction of rotation in the XY plane). 

This measure enables the reticle stage RST to:perfo.i:m 

positioning of the reticle R {reticle alignment) such that 

the center of the pattern of the reticle R (the reticle 

center) practically agrees with the optical axis Ae of the 

projection optical system PL. In Fig. 44, 'the state in 

which this reticle alignment has been performed is 

illustrated. 

· The pro)ection optical system P~ has the optical axis 

Ae lying in a Z-axis direction perpendicular to the moving 
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plane of the reticle stage RST. Here, a both-sided 

telecentric system with a predetermined reduction ratio ~ 

(~ of, say, 1/5) is used. Thus, when the reticle R is 

illuminated at a uniform illuminance by the illumination 

light IL with the pattern of the reticle R being aligned 

with the shot areas on the wafer w, the pattern on the 

pattern formation surface is reduced by the projection 

optical system PL at the reduction ratio ~- The so reduced 

pattern is projected onto the wafer W coated with a 

photoresist, whereby the reduced image of the pattern is 

formed in each shot area on the wafer w. 

In the instant embodiment, an X fixed mirror 14X 

serving as a reference for x-axis direction position 

control during exposure of the wafer stages WSl, WS2 is 

fixed to one side (left side in Fig. 44) surface of the 

projection optical system PL in the X-direction. 

Similarly, a Y fixed mirror 14Y serving as a reference for 

Y-axis direction position control during exposure of the 

wafer stages WSl, WS2 is fixed to one side (rear side of 

' the sheet face of Fig. 44) surface of the projection 

optieal system PL in the Y-direction (see Fig. 46). 

On the bottom surface of each of the wafer stages WSl, 

WS2, a gas static pressure bearing (not shown) is provided. 

By these gas static pressure bearings, the wafer stages 
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WSl, WS2 are supported floatingly above the base 12 with a 

clearance of about several microns kept between them and 

the upper surface of the base 12. One side (left side in 

Fig. 44) surface in the x-axis direction of each of the 

wafer stages WSl, WS2, and one side (rear side of the sheet 

face in Fig. 44) surface in the Y-axis direction of each of 

the wafer stages WSl, WS2 are· mirror finished to form 

reflecting surfaces that function as moving mirrors for 

reflecting a measuring beam from the interferometer system 

26. 

Onto the bottom surfaces of the wafer stages WSl, WS2, 

magnets are fixed. Under an electromagnetic .force 

generated by driving coils (not shown) embedded in 

predetermined ranges of the base (concretely, a 

predetermined region near a site below the projection 

optical system PL, and a predetermined-region.near a site 

below the alignment microscope WA), the wafer stages wsl, 

WS2 are moved on the base 12 in the two-dimensional 

direction XY. That is, the magnets on the bottom surfaces 

of the wafer stages WSl, WS2 and the driving coils embedded 

in t~e base 12 constitute a so-called moving magnet type 

1inear motor as driving means for the wafer stages WSl, 

WS2. The driving current of the driving coils of this 

linear motor is controlled by the main controller 28. 
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on the wafer stages WSl, WS2, wafers W are held by 

vacuum suction or the like via wafer holders (not shown). 

onto the wafer stages WSl, WS2, too, reference mark plates 

FMl, FM2 whose surface is as high as the surface of the 

waf.er W are fixed. On the surface of the reference mark 

plate FMl, as shown in the plan view of Fig.45, a mark WM 

for measurement with a wafer alignment.microscope WA to be 

described later on is formed at the center.in the 

longitudinal direction of the surface. On both sides of 

the mark WM in the longitudinal direction, a pair of marks 

RM are formed for use in measuring the relative positional 

relation with the reticle R via the projection optical 

system PL. On the other reference mark plate FM2, exactly 

the same marks WM, RM are formed. 

In the instant embodiment, moreover, an off-axis 

alignment microscope WA as an alignment system for 

detecting a position detecting mark (alignment mark) formed 

on the wafer W is provided at a predetermined distance of, 

say, 3,000 mm from the objection optical system PL in a 

direction at an angle of nearly 45° to the•XY axis. The 

waf ~r W has l~vel differences formed by exposure and 

processing for the previous layers. They include position 

detecting marks (alignment marks) for measurement of the 
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positions of shot areas on the wafer. These alignment 

marks are measured by the alignment microscope WA. 

The alignment microscope WA used here is an FIA (field 

image alignment) type alignment microscope relying on image 

processing. According to this microscope, illumination 

light emitted from a light source (not shown) which 

produces broad band illumination light, such as a halogen 

lamp, is cast on the wafer w (or the reference mark plate 

FM) after passing an objective lens (not shown). Reflected 

light from a wafer mark region (not shown) on the surface 

of the wafer W passes sequentially through the objective 

lens and an indicator plate (not shown), forming an image 

of the wafer mark and an image of the indicator on the 

indicator plate on an imaging surface of a CCD or the like 

(not shown). Photoelectric conversion signals of these 

images are processed by a signal processing c~rcuit (not 

shown) in a signal processing unit 160. The relative 

positional relation between the wafer mark and the 

indicator is calculated by a computing circuit (not shown), 

and this relative positional relation is conveyed to the 

maiq controller 28. The main controller 28 calculates the 

position of the alignment mark on the wafer W on the basis 

of the relative positional relation and the measured values 

of the interferometer system 26. 
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To one side (left side in Fig. 44) surface of the 

alignment microscope WA in the x;:.axis direction, an X fixed 

mirror 18X is fixed for serving as a reference for position 

control in the x-axis direction during the alignment action 

of the wafer stages WSl, WS2. Similarly, to one side (rear 

side of the sheet face of Fig. 44) surface of the alignment 

microscope WA in the Y-axis direction, a Y fixed mirror 18Y 

is fixed for serving as a reference for position control in 

the Y-axis direction during the exposure action of the 

wafer stages WSl, WS2. 

Available as the alignment microscope are not only the 

FIA type, but other optical alignment devices such as LIA 

(laser interferometric alignment) or LSA (laser step 

alignment) devices, other optical devices such as a phase 

contrast microscope and a differential interference 

microscope, and non-optical devices such as S~M (scanning 

tunnel microscope) for detecting the atomic-level 

irregularities of the surface of a specimen by utilizing 

the tunnel effect, and AFM (atomic force microscope) for 

detecting the atomic- and molecular-level irregularities of 

the.surface of a specimen by utilizing atomic force 

(gravity, repulsion). 

· In the projection exposure apparatus 100 of the 

instant embodiment, reticle alignment microscopes 52A, 52B 
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as mark detecting system for simultaneously observing an 

image of the reference mark RM on the reference mark plate 

FM and a reticle alignment mark (not shown) on the reticle 

R through the projection optical system PL are provided 

above the reticle R. Detection signals Sl, S2 from the 

reticle alignment microscqpes 52A, 52B are supplied to the 

main controller 28. In this case, deflecting mirrors 54A, 

54B for guiding detection light from the reticle R to the 

reticle alignment microscopes 52A, 52B are unitized 

integrally with the relevant reticle alignment microscopes 

52A, 52B to constitute a pair of microscope units 56A, 56B. 

Upon start of an exposure sequence, these microscope units 

56A, 56B are retreated by a mirror driving device (not 

shown) to positions beyond the reticle pattern sqrface 

under a command from the main controller 28. 

Next, the interferometer system 26 of Fig. 44 which 

manages the positions of the wafer stages WSl·, WS2 will be 

described in detail. 

This interferometer system 26, actually, is composed 

of a first laser interferometer 26Xe for X-axis direction 

position measurement, a second laser interferometer 26Ye 

for Y-axis direction position measurement, a third laser 

interferometer 26Xa for X-axis direction position 

measurement, and a fourth laser interferometer 26Ya for Y-
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axis direction position measurement, as illustrated in Fig. 

46. These components are representatively shown in Fig. 44 

as the interferometer system 26. 

The first laser interf eroineter 26Xe projects onto the 

X fixed mirror 14X a reference beam x.1 in the X-axis 

direction that passes through the center of projection of 

the projection optical system PL. The first laser 

interferometer 26Xe also projects a measuring beam x.2 onto 

the reflecting surface of the wafer stage (WSl or WS2). 

Reflected light waves from these two beams are superposed 

into one for interference. Based on this interference 

state, the displacement of the reflecting surface of the 

wafer stage relative to the fixed mirror 14X is measured. 

The second laser interferometer 26Ye projects onto the 

Y fixed mirror 14Y a reference beam Y.1 in the Y-axis 

direction that passes through the· center of p~ojection of 

the projection optical system PL. The second laser 

interferometer 26Ye also projects a measuring beam Y.2 onto 

the reflecting surface of the wafer stage (WSl or WS2). 

Refl~cted light waves from these two beams-are superposed 

into one for interference. Based on this interference 

state, the displacement of the reflecting surface of the 

wafer stage relative to the fixed mirror 14Y is measured. 
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The third laser interferometer 26Xa projects onto the 

x fixed mirror 18X a reference beam x.1 in the X-axis 

direction that passes through the center of detection of 

the alignment microscope WA. The third laser 

interferometer 26Xa also projects a measuring beam x.2 onto 

the reflecting surface of the wafer stage (WSl or WS2). 

Reflected light waves from these two beams are superposed 

into one for interference. Based on this interference 

state, the displacement of the reflecting surface of the 

wafer stage relative to the fixed mirror 18X is measured. 

The fourth laser interferometer 26Ya projects onto the 

Y fixed mirror 18Y a reference beam Y.1 in the Y-axis 

direction that passes through the center of detection of 

the alignment microscope WA. The fourth laser 

interferometer 26Ya also projects a measuring beam Y.2 onto 
•. 

the reflecting surface of the wafer stage (WSl or WS2)• 

Reflected light waves from these two beams are superposed 

into one for interference. Based on this interference 

state, the displacement of the reflecting surface of the 

wafer stage relative to the fixed mirror 18Y is measured • 

. Here, the measuring axis of the first laser 

interferometer 26Xe that consists of the reference beam x.1 

and·the measuring beam x.2 is called the first measuring 

axis Xe. The measuring axis of the second laser 
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interferometer 26Ye that consists of the reference beam Y.1 

and the measuring beam Y.2 is called the second measuring 
• 

axis Ye. The measuring axis of the third laser 

interferometer 26Xa that consists of the reference beam Xai 

and the measuring beam x.2 is called the third measuring 

axis xa. The measuring axis of the fourth laser 

interferometer 26Ya that consists of the reference beam Y.1 

and the measuring beam Y.2 is called the fourth measuring 

axis Ya. The first measuring axis Xe and the second 

measuring axis Ye intersect each other perpendicularly at 

the center of projection of the projection optical system 

PL (consistent with the center of the optical axis Ae), 

while the third measuring axis Xa and the fourth measuring 

axis Ya intersect each other perpendicularly at the center 

of detection of the alignment microscope WA. Because of 

this constitution, the position of the wafer ~tage can be 

measured precisely in the direction of each measuring axis, 

without Abbe's error due to yawing or the like of the wafer 

stage, both during measurement of the position detecting 

mark on the wafer W (alignment mark) and during exposure of 

the ~afer w with the pattern. To raise the accuracy of 

measurement, it is more desirable to use two-frequency 

heterodyne interferometers as the above first to fourth 

laser interferometers. 
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Returning to Fig. 44, the measured values of the 

interferometer system 26 are supplied to the main 

controller 28. The main controller 28 controls the 

positions of the wafer stages WSl, WS2 via the 

aforementioned linear motors while monitoring the measured 

values of the interferometer system 26. 

As clear also from Fig. 46, the instant fifth 

embodiment is constructed such that during the exposure of 

the wafer W on the wafer stage WSl or WS2 with the reticle 

pattern through the projection optical system PL, the 

position of the wafer stage is managed by the first and 

second laser interferometers 26Xe, 26Ye. During the 

measurement of the position detecting mark on the wafer W 

(alignment mark) by the alignment microscope WA, on the 

other hand, the position of the wafer stage is managed by 

the· third and fourth laser interferometers 26Xa, 26Ya. 

After completion of the exposure, or after completion of 

the alignment mark measurement, however, each measuring 

axis does not hit the reflecting surf ace of each wafer 

stage. Thus, the positional control of the wafer stage by 

the ~nterference system 26 becomes difficult. 

The projection exposure apparatus 100 of the instant 

embodiment, therefore, has a first robot arm 201 as a 

moving device for freely moving the wafer stage WSl among 
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three locations, i.e., a third position indicated by a 

virtual line in Fig. 46, a second position indicated by a 

solid l~ne in Fig. 46, and a first position at which the 

wafer stage WS2 is located in Fig. 46; and a second robot 

arm 221 as a moving device for freely moving the wafer 

stage WS2 similarly among the three locations, the first 

position, the second position and the third position. 

These first and second robot arms 201, 221 are also 

controlled by the main controller 28, and the wafer stage 

position control accuracy of these first and second robot 

arms 201, 221 is generally about ±1 µm. As these robot 

arms 201, 221, articulated robot arms of a known structure 

are used, and their detailed description is omitted. To 

realize that position control accuracy without fail, 

upward/downward moving pins as illustrated by the numerals 

24A, 24B in Fig. 46 may be provided· as stoppers. 

A brief explanation for the third, second and first 

positions will be offered here. The third position refers 

to a wafer replacement position at which the wafer w is 

passed on between a carrier arm 500 consti~uting part of an 

exte~nal substrate carrier mechanism and the wafer stage 

fWSl, WS2). The second position refers to a position at 

which the alignment of the wafer W on the wafer stage is 

performed after loading of the wafer W is completed, and 
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also an arbitrary position at which the third measuring 

axis xa and the fourth measuring axis Ya both hit the 

reflecting surfaces of the wafer stage. The first position 

refers to a position at which the exposure of the wafer w 

on the wafer stage is performed after alignment of the 

wafer is completed, and also an arbitrary position at which 

the first measuring axis Xe and the second measuring axis 

Ye both hit the reflecting surfaces of the wafer stage. 

In the instant embodiment, as described above, the 

positions illustrated in Fig. 46 are determined as the 

first, .second and third positions. However, the second 

position may be any position if it satisfies the above­

mentioned definition. For example, a position at which the 

mark WM on the reference mark plate FM rests in the 

detection area of the alignment microscope WA may be set as 

the second position. Likewise, the first position may be 

any position if it satisfies the above-mentioned 

definition. For example, a position at which the mark RM 

on the reference mark plate FM rests in the projection area 

of the projection optical system PL may be~set as the first 

position. 

The following is an explanation for the overall flow 

of actions of the projection exposure apparatus 100 of the 

instant embodiment constructed as stated above. 

251 



Assume that the wafer stage WSl lies at the third 

position, while the wafer stage WS2 lies at the first 

position. 

First of all, wafer replacement is performed between 

the wafer stage WSl and the carrier arm 500. This wafer 

replacement is carried out by a center lifting (wafer 

lifting) mechanism above the wafer stage WSl and the 

carrier arm 500 as done in the above-mentioned embodiment. 

Thus, a detailed description is omitted. As stated 

previously, the positioning accuracy of a robot arm is 

generally abut ±1 µm or less, so that the positioning 

accuracy of the carrier arm 500 is also comparable to this 

value. Prior to this wafer replacement, the wafer W has 

roughly been positioned by a prealignment device (not 

shown) in the directions of X, Y and 0. Thus, its position 

of loading on the wafer stage does not deviate markedly. 

The loading position of the wafer W relative to the 

reference mark plate FM!, for example, is within the error 

of ±1 µm or less. 

' During the wafer replacement, the wafer stage WSl is 

not position-controlled by a laser interferometer. 

However, the first robot arm 201 grasps the wafer stage 

WSl, so that the disadvantage of the wafer stage WSl 

wandering about does not occur. During the grasp by the 
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first robot arm 201, the linear motor that drives the wafer 

stage WSl is at a halt (the same holds in the following 

description). 

Upon completion of wafer replacement (loading of the 

wafer w onto the wafer stage WSl), the main controller 28 

controls the first robot arm 201 to move the wafer stage 

WSl to the second position indicated by the solid line in 

F~g. 46. At this position, the main controller 28 resets 

the-third and fourth laser interferometers 26Xa, 26Ya 

simultaneously. Upon completion of this resetting, the 

first robot arm 201 finishes its role. Thus, the first 

robot arm 201 is retreated, away from the wafer stage WSl, 

by a drive system (not shown) to a non-interfering position 

in accordance with a command from the main controller 28. 

After resetting of the third and fourth laser 

interferometers 26Xa, 26Ya is completed, the main 

controller 28 controls the wafer stage WSl via the 

aforementioned linear motor, while monitoring the measured 

values of the interferometers 26Xa, 26Ya, so that the mark 

WM on the reference mark plate FMl on the wafer stage WSl 

is positioned in the detection area of the alignment 

microscope WA. The accuracy of positioning to the second 

position by the first robot arm 201 can be generally about 

±1 µm or less, as stated earlier. Since the 
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interferometric measuring axes have been reset at this 

second position, position control can be performed 

afterwards with a resolving power of about 0.01 µm on the 

basis of the design value (the relative positional relation 

in design between the reflecting surface of the wafer stage 

WSl and the mark WM on the reference mark plate). As a 

result, the wafer stage WSl is positioned with sufficient 

~ccuracy for measurement of the mark WM by the alignment 

microscope WA. When the second position is set at a 

position at which the mark WM on the reference mark· plate 

FMl on the wafer stage WSl is positioned in the detection 

area of the alignment microscope WA, the movement of the 

wafer stage ·wsl after resetting of the interferometers is 

not necessary. This is more desirable from the aspect of 

throughput. 

Then, the alignment microscope WA measures the 

posit ion of the mark WM ( AWxt AWy) on the reference mark 

plate FMl relative to the center of detection (center of 

indicator) of the alignment microscope WA. The main 

controller 28 obtains the average values (X0 , Y0 ) of the 

measured values of the third and fourth laser 

interferometers 26Xa, 26Ya during this measurement. The 

outcome shows that when the measured values of the laser 

interferometers 26Xa, 26Ya show (X0 - AWx, Y0 - 8Wr), the 
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mark WM on the reference mark plate FMl lies directly below 

the center of detection (center of indicator) of the 

alignment microscope WA. A series of actions of the third 

and fourth laser interferometers 26Xa, 26Ya will be called 

W-SET in the following description. 

While wafer replacement, interferometer resetting, and 

a series of actions of the W-SET are being performed on the 

one wafer stage, WSl, in the above manner, the actions 
I 

described below are carried out on the other wafer stage, 

WS2. 

That is, the wafer stage WS2 is moved to the first 

position by the second robot arm 221 as described 

previously. The control for positioning to the first 

position is also performed with an accuracy of ±1 µm or 

less. At the same time that the movement of the wafer 
•. 

·stage WS2 to the first position is completed,. the main 

controller 28 resets the first and second laser 

interferometers 26Xe, 26Ye. 

Upon completion of this resetting by the first and 

second laser interferometers 26Xe, 26Ye, the second robot 

arm-221 finishes its role. Thus, the second robot arm 22 

is retreated, away from the wafer stage WS2, by a drive 

system (not shown) to a non-interfering position in 

accordance with a command from the main controller 28. 
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Then, the main controller 28 controls the position of 

the wafer stage WS2 via the linear motor, while monitoring 

the measured values of the laser interferometers 26Xe, 

26Ye, so that the mark RM on the reference mark plate FM2 

is positioned at a position at which it overlaps via the 

projection optical system PL the reticle alignment mark 

(not shown) formed on the reticle R in the projection area 

of the projection optical system. In this case, the 

accuracy of positioning to the first position by the second 

robot arm 22 can be generally about ±1 µm or less, as 

stated earlier. Since the interferometric measuring axes 

have been reset at this first position, position control 

can be performed afterwards with a resolving power of about 

0.01 µm on the basis of the design values (the relative 

positional relation in design between the reflecting 

surfaces of the wafer stage WS2 and the marks.RM on the 

reference mark plate FM2). As a result, the wafer stage 

WS2 is positioned with necessary and sufficient accuracy 

for the simultaneous observation of the reticle alignment 

mark and the mark RM on the reference mark'plate FM by the 

reti-cle alignment microscopes 52A, 52B. 

Then, the reticle alignment microscopes 52A, 52B 

measure the relative spacings (Allx, ARy) between the 

reticle alignment mark on the reticle R and the mark RM on 
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the reference mark plate FM2, namely, the positional 

deviations (ARx, ARy) of the center of the reference mark 

RM as the reference point on the wafer stage WS2 from the 

center of projection of the pattern image of the reticle R 

as the predetermined reference point in the projection area 

of the projection optical system PL. The main controller 

28 takes in these measured values of the reticle alignment 

~icroscopes 52A, 52B, and simultaneously read the measured 

values (X1 , Y1 ) of the laser interferometers 26Xe, 26Ye. 

The results show that the positions at which the measured 

values of the laser interferometers 26Xe, 26Ye become (X1 -

ARx, Y1 - ARy) are the positions at which the reticle 

alignment mark and the mark RM on the reference mark plate 

FM2 just overlap each other via the projection optical 

system PL. This series of actions after resetting of the 

first and second laser interferometers 26Xe, l6Ye will be 

called R-SET in the following description. 

<ID Then, wafer alignment on the wafer stage WSl side and 

exposure on the wafer stage WS2 side are performed in 

parallel. 

After resetting of the third and fourth laser 

interferometers 26Xa, 26Ya, the position of the wafer stage 

WSl is managed based on the measured values of the laser 

interferometers 26Xa, 26Ya. The main controller 28 
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measures the positions o~ the position detecting marks 

(alignment marks) for predetermined specific sample shots 

among a plurality of shot areas on the wafer w. The main 

controller 28 measures these positions on the (Xa, Ya) 

coordinate system based on output from the alignment 

microscope WA, by moving the wafer stage WSl sequentially 

via the linear motor, while monitoring the measured values 

of the interferometers 26Ya, 26Xa. In this case, the 

measured values of the interferometers (X0 - llx, Y0 - Ay) 

when the mark WM on the reference mark plate FMl comes 

directly below the center of detection of the alignment 

microscope WA have been obtained. Based on these values 

and the design values for the relative positions of each 

alignment mark to the reference mark WM, it is determined 

by computation what the measured values of the laser 
•. 

interferometers 26Ya, 26Xa should be in order.to position 

each alignment mark on the wafer W in the detection area of 

the wafer alignment microscope WA, and what position the 

wafer stage WSl should be moved to in order to achieve 

those values. Based on the results of these computations, 

the-wafer stage WSl is moved sequentially. 

To position the wafer W in the directions of x, Y and 

0, it suffices to measure, at least, two X measurement· 

marks and one Y measurement mark (or one X measurement mark 
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and two Y measurement marks). Here, three or more X 

measurement marks not on a straight line, and three or more 

Y measurement marks not on a straight line should be 

measured as EGA sample shots. 

The measured alignment mark (wafer mark) positions of 

the respective sample shots and the data on arrangement of 

the designed shot areas are used to perform statistical 

calculation by the least-squares method as disclosed in 

Japanese Laid-Open Patent Publication No. 61-44429, 

corresponding to u.s. Patent No. 4,780,617, thereby 

obtaining all data on the arrangement of the plurality of 

shot areas on the wafer w. However, it is desirable to 

subtract £rom the results of calculation the aforementioned 

value of the interferometers (X0 - Ax, Y0 - Ar), which is 

obtained when the mark WM on the reference mark plate FMl 

comes directly below the center of detection of the 

alignment microscope WA, so as to convert into data 

relative to the reference mark MA on the reference mark 

plate FMl. This measure gives a necessary and sufficient 

knowledge of the relative positional relation between the 

mark WM on the reference mark plate FMl and the reference 

point of each shot area on the wafer w. 

In parallel with the fine alignment (EGA) on the wafer 

stage WSl side, superposed exposure of the pattern image of 
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the reticle R and a known pattern of shot areas on the 

wafer w is performed on the wafer stage WS2 side in the 

following manner: 

That is, the main controller 28 positions each shot 

area on the wafer w in the exposure position, while 

monitoring the measured values of the interferometers 26Ye, 

26Xe, based on the results of measurement of the positional 

deviations, the coordinate position (Xe, Ye) of the wafer 

stage WS2 at that time, and the coordinate data on the 

arranged shots relative to the reference mark WM on the 

reference mark plate FM2 calculated in the same way as in 

the alignment action. Performing this positioning, the 

main controller 28 exposes the wafer w with the reticle 

pattern sequentially in the step-and-repeat manner, while 

controlling the opening and closing of the shutter in the 

illumination optical system. Here, high precision-

superposition is possible although the interferometers 

26Xe, 26Ye are reset (the measuring axes of the 

interferometers are interrupted) prior to the exposure of 

the wafer Won the wafer stage WS2. Detail~d reasons for 

this.are as follows: The spacing between the mark WM and 

the mark RM on the reference mark plate FM2 is known. As a 

result of fine alignment (EGA) performed previously, the 

relative positional relation between the mark WM on the 
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reference mark plate FM2 and the reference. point of each 

shot area on the wafer W has been calculated in the same 

manner as described earlier. Also, it has been measured 

where on the wafer stage WS2 the reticle alignment mark on 

the reticle R is situated (namely, what is the relative 

positional relation between the center of projection of the 

pattern image of the reticle (almost consistent with the 

center of projection of the projection optical system PL) 

as the predetermined reference point in the projection area 

of the projection optical system PL and the mark RM as the 

reference point on the wafer stage WS2). Based on the 

results of these measurements, it is clear what measured 

values of the first and second laser interferometers 26Xe, 

26Ye result in the exact superposition of the pattern image 

of the reticle R with each shot area on the wafer w. 

<ID · In the foregoing manner, fine alignment {EGA) is 

completed on the wafer stage WSl side, while exposure with 

the reticle pattern for all the shot areas on the wafer W 

is completed on the wafer stage WS2 side. Then, the wafer 

stage WSl is moved to the first position below the 

projection optical system PL, while the wafer stage WS2 is 

moved to the third position, the position of wafer 

replacement. 
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•. 
.,;' In 'detail, the wafer stage WSl is grasped by the first 

robot arm 201 and moved to the first position in accordance 

with an instruction from the main controller 28. The 

control for positioning to the first position is performed 

with an accuracy of ±1 µm or less. Simultaneously with the 

completion of movement of the wafer stage WSl to the first 

position, the main controller 28 resets the first and 

second laser interferometers 26Xe, 26Ye. 

Upon completion of this resetting, the first robot arm 

201 finishes its role. Thus, the first robot arm 201 is 

retreated, away from the wafer stage WSl, by the drive 

system (not shown) to a non-interfering position in 

accordance with an instruction from the main controller 28. 

Then, the main controller 28 carries out R-SET in the 

same manner as for the wafer stage WS2 side stated earlier. 

This step results in the measurement of the r~iative 

spacings (ARx, Ally) between the reticle alignment mark and 

the mark RM on the reference mark plate FMl, namely, the 

positional deviations (AR.x, AR.y) of the center of the 

reference mark RM as the reference point on the wafer stage 

WS2 "from the center of projection of the pattern image of 

the reticle R as the predetermined reference point in the 

projection area of the projection optical system PL, as 
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well as the stage coordinate position (X1 , Y1 ) at the time 

of measuring the positional deviations. 

While the interferometer resetting and the R-SET are 

being performed on the wafer stage WSl side in the above 

manner, the second robot arm 221 grasps the wafer stage 

WS2, whose exposure action has been completed, in 

accordance with an instruction from the main controller 28. 

The second robot arm 22 moves this wafer stage WS2 to the 

wafer passing-on position. (third position) for wafer 

replacement. Then, wafer replac_ement, interferometer 

resetting and W-SET are performed in the same manner as on 

the wafer stage WSl side that has been mentioned 

previously. 

~ Then, the main controller 28, as stated earlier, 

controls the actions of the wafer stages WSl and WS2 so 

that fine alignment (EGA) is performed on the-wafer stage 

WS2 side, while the wafer W is sequentially exposed with 

the reticle pattern by the step-and-repeat method on the 

wafer stage WSl side in parallel with EGA. 

(ID Thereafter, the main controller 28 controls the 

actions of the stages WSl, WS2 and the actions of the first 

and second robot arms so that the actions of <D to (4) 

explained above will be repeated in sequence. 
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A flow of the above-described parallel actions taking 

place on the two stages, WSl and WS2, is illustrated in 

Fig. 47. 

As described above, the projection exposure apparatus 

100 related to the fifth embodiment can perform an exposure 

action on one of the wafer stage WSl and the wafer stage 

WS2, and a fine alignment action on the other stage in 

p~rallel. Thus, throughput can be expected to improve 

markedly in comparison with earlier technologies by which 

wafer replacement (including search alignment), fine 

alignment and exposure were performed sequentially. This 

is because a fine alignment action and an exposure action 

account for a high proportion of the time required for an 

exposure sequence. 

The above embodiment also makes it a precondition that 

the measuring axes of the interferometer syst~m 26 are 

interrupted. Thus, it suffices for the reflecting surface 

(a moving mirror, if any) of each wafer stage to be 

slightly longer than the wafer diameter. Compared with 

earlier technologies requiring uninterrupted measuring 

axe~, therefore, the wafer stage can be compact and light­

weight, so that an improvement in stage controlling 

performance can be expected. 
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The embodiment, moreover, makes it a precondition that 

the measuring axes of the interferometer system are 

interrupted, and the.position of the mark on the reference 

mark plate FM on the stage is measured each before 

alignment and exposure. Thus, it produces no disadvantage 

however long the center distance (baseline amount) between 

the center of projection of the projection optical system 

PL and the center of detection of the alignment microscope 

WA will be. By providing a somewhat large spacing between 

the projection optical system PL and the alignment 

microscope WA, wafer alignment and exposure can be 

performed in a time-parallel manner, with no interference 

between the wafer stage WSl and the wafer stage WS2. 

In the above embodiment, furthermore, the 

interferometer system 26 has the first measuring axis Xe 

and the second measuring axis·Ye intersecting, 

perpendicularly at the center of projection of the 

projection optical system PL, and the third measuring axis 

Xa and the fourth measuring axis Ya intersecting 

perpendicularly at the center of detection -0f the alignment 

system WA. Thus, the two-dimensional position of the wafer 

stage can be managed accurately both during an alignment 

action and during exposure. 
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In addition, the fixed mirrors 14X, 14Y, 18X, 18Y for 

interferometers are fixed to the side surfaces of the 

_ ... · 

projection optical system PL and the side surfaces of the 

alignment microscope WA. Unless the positions of the fixed 

mirrors change during alignment and exposure, therefore, 

disadvantages, such as a fall in the position control 

accuracy of the wafer stage, will ,not emerge, even if the 

positions of the fixed mirrors change owing to changes over 

time or vibrations of the apparatus. Thus, constructing 

the alignment microscope WA so as to be movable upward and 

downward would not cause any disadvantage. 

The foregoing fifth embodiment has been described such 

that the wafer stages WSl and WS2 are moved by the first 

and second robot arms 201, 221 among three locations, i.e., 

the first, second and third positions. However, the 

present invention is in no way limited to thi~ 

constitution. If the wafer is replaced at the se·cond 

position, for example, the wafer stages WSl and WS2 may be 

moved by the first and second robot arms 201, 221 between 

the first and second positions. In this case, the main 

controller 28 controls the actions of the wafer stages WSl 

and WS2 so that an exposure action for the wafer w on one 

of these stages and an alignment action for the wafer W on 

the other stage are performed in parallel. Then, the main 
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controller 28 causes the first and second robot arms 201, 

221 to interchange the positions of both stages. 

The fifth embodiment has also been described such that 

step-and-repeat type exposure is performed for the wafer W 

on the stage on the basis of EGA. However, the present 

invention is in no way limited to this constitution, and 

the pattern image of the reticle may be projected 

sequentially onto each shot area on the wafer w with 

alignment and exposure being repeated die by die. In this 

case, the relative position of each alignment mark relative 

to the mark WM formed on the reference mark plate FM on the 

stage is measured during alignment. Thus, the reticle 

pattern image can be superimposed on each shot area based 

on this relative position in the same manner as described 

above. Such a die-by-die method is desirably adopted when 

the number of the shot areas on the wafer·W i~ small. If 

the number of the shot areas is large, the aforementioned 

EGA method is desirable from the point of view of 

preventing a decrease in throughput. 

The fifth embodiment has also been described such that 

the .first robot arm 201 moves one stage, WSl, among three 

locations, i.e., the first, second and third positions, 

while the second robot arm 221 moves the other stage, WS2, 

among the three locations, i.e., the first, second and 
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third positions. However, the present invention is in no 

way limited to this constitution. It is permissible, for 

example, to employ a method by which one robot arm 201 

carries the stage WSl (or WS2) to a position other than the 

first, second or third position and frees it there during 

its carriage from the first position to the third position, 

while the other robot arm 221 moves this stage WSl (or WS2) 

from this position to the third position. This makes it 

possible to use one robot arm 201 exclusively for carriage 

between the second and first positions of both stages, and 

use the other robot arm 221 exclusively for carriage 

between the third and second positions of both stages. 

Also, each laser interferometer constituting the 

interferometer system 26 may be a multi-axis interferometer 

which can measure not only the rectilinear positions of the 

wafer stage in the X- and Y-direction, but al~o its yawing 

or pitching. 
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[Sixth embodiment] 

Next, the sixth embodiment of the present invention 

will be described with reference to Fig. 48. The 

constituent parts identical with or comparable to those in 

the fifth embodiment will be assigned the same numerals or 

symbols, and their explanations will be omitted. 

The sixth embodiment is characterized in that a wafer 

stage WSl is constituted to be divisible into two parts, 

i.e., a stage body WSla and a substrate holding member WSlb 

detachably mounted on the stage body WSla and having the 

same shape as the stage body WSla; and that likewise, a 

wafer stage WS2 is constituted to be divisible into two 

parts, i.e., a stage body WS2a and a substrate holding 

member WS2b detachably mounted on the stage body WS2a and 

having the same shape as the stage body WS2a. 

On the substrate holding members WSlb, W~2b, the wafer 

Wis held by suction via a wafer holder (not shown). 

Reflecting surfaces functioning as moving mirrors for an 

interferometer are formed on the side surfaces thereof. On 

these substrate holding members WSlb, WS2b,· reference mark 

plates FMl, FM2 are provided, respectively, on their upper 

s·urfaces. 

In this sixth embodiment, parallel processings are 

performed on the wafer stages WSl, WS2 in practically the 
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same manner as in the aforementioned fifth embodiment. At 

a time when an alignment action is completed on one stage 

side, and an exposure action is completed on the other 

stage side, the main controller 28 controls a first and a 

second robot arm 201, 221. As a result, the substrate 

holding member WSlb (or WS2b) on the alignment-completed 

stage side is carried (moved) onto the stage body WS2a that 

has stopped at the first position. In parallel, the 

substrate holding member WS2b (or WSlb) on the exposure­

completed stage side is carried onto the stage body WSla 

that has stopped at the second position. In this manner, 

the substrate holding members WSlb, WS2b are replaced. 

During replacement of the substrate holding members WSlb, 

WS2b, the measuring axes of an interferometer system 26 are 

interrupted, making the position control of the wafer 

stages WSl, WS2 impossible. During this peri9d, stage 

stoppers 30a, 30b appear and hold the stage bodies WSla, 

WS2a in place. In this case, wafer replacement is 

performed at the second position by a carrier arm (not 

shown). 

In the instant sixth embodiment, as will be easily 

imagined from Fig. 48, the position at which the mark WM on 

the ·reference mark plate FM lies in the detection area of 

the alignment microscope WA is determined as the second 
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position; whereas the position at which the mark RM on the 

reference mark plat~ FM lies in the projection area of the 

projection optical system PL is determined as the first 

position. Thus, the main controller 28 carries out the 

movement of the substrate holding members WSlb, WS2b onto 

the stage bodies, resetting of the measuring axes of the 

interferometer system 26, and the R-SET or W-SET. 

The sixth embodiment can obtain comparable effects to 

those by the fifth embodiment. 

The sixth embodiment has been described such that the 

first and second robot arms 201, 221 move the substrate 

holding member between the first and second positions. 

• ·However, as in the first embodiment, the first and second 

robot arms 201, 221 may move the substrate holding member 

among three locations, i.e., the first, second and third 

positions. In this case, wafer replacement c~n be 

performed at a site unrelated to the projection optical 

system PL or the alignment microscope WA. Hence, even if 

the working distance below the alignment microscope WA is 

narrow, for example, there are none of disadvantages such 

that the alignment microscope WA impedes wafer replacement. 

The fifth and sixth embodiments have been described 

such that robot arms or stage stoppers are used as measures 

during the interruption of the measuring axes of the 
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interferometer system 26. The present invention is not 

limited to this constitution. · For instance, a two-

dimensional grating may be formed on the lower surface of 

the wafer stage, so that the position can be read by an 

optical encoder from below the stage travel surface. 

Alternatively, there may be employed means capable of 

precisely moving the stage to a next position once the 

i~terferometer measuring axes are interrupted, or means 

capable of holding the stage body at a predetermined 

position while stopping it there. 

The fifth and sixth embodiments have also been 

described such that two wafer stages movable independently 

are provided. However, three or more wafer stages which 

are movable independently may be provided. If three wafer 

stages are provided, ari exposure action, an alignment 

action, and a wafer .flatness measuring action, for example, 

can be performed in parallel. There may be a plurality of 

the projection optical systems PL and alignment microscopes 

WA. If a plurality of the projection optical systems PL 

are present, an alignment action and two different patterns 

of exposure actions can be performed in parallel. This is 

suitable for double exposure or the like. 

The above embodiments have been illustrated in which 

the present invention was applied to a step-and-repeat 
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projection exposure apparatus. However, the range of 

application of this invention is not restricted to this 

constitution. This invention is applicable not only to a 

step-and-scan projection exposure apparatus, but to other 

types of exposure apparatuses, such as an electron beam 

direct drawing device. 

INDUSTRIAL APPLICABILITY 

As explained above, according to the projection 

exposure apparatus and the projection exposure method of 

the invention, it possible to further improve the 

throughput. According to the projection exposure apparatus 

and the projection exposure method of the invention, an 

excellent effect, which has not been obtained in the 

conventional technique, is obtained in that it is possible 

to improve the throughput, miniaturize the supstrate stage, 

and reduce the weight of the substrate stage. 

According to the projection exposure apparatus and the 

projection exposure method of the invention, it is possible 

to further improve the throughput and avoid any mutual 

inflJlence of disturbance between two substrate stages. 

According to the projection exposure apparatus and the 

projection exposure method of the invention, it is possible 

to further improve the throughput and avoid any mutual 
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interference between the two substrate stages. According 

the exposure method of the invention, it is possible to 

improve throughput and determine the size of the substrate 

stage regardless of the baseline amount. According to the 

exposure apparatus of the invention, it is possible to 

improve throughput by the parallel execution of an exposure 

action on one substrate stage and an alignment action on 

the other substrate stage. 

According to the projection exposure apparatus and 

the projection exposure method of the invention, it is 

possible to perform the highly accurate focus/leveling 

control while further improving the throughput. According 

to the projection exposure method of the invention, it is 

possible to perform the highly accurate focus/leveling 

control while further improving the throughput, even in the 

case of the use of EGA in which the positional adjustment 

is performed with respect to the mask on the basis of the 

arrangement of the sample shot areas. According to the 

projection exposure apparatus of the invention, it is 

possible to perform the highly accurate focus/leveling 

control while improving the throughput, by using, as the 

pre-measurement data for the focus control, the focus 

information on those located at the inside which could not 

be subjected to pre-measurement when the shot areas located 
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in the vicinity of the outer circumference of the sensitive 

substrate are exposed. 

·According to the scanning exposure method of the 

invention, it is possible to perform the highly accurate 

focus/leveling control while further improving the 

throughput. Therefore, the exposure apparatus and the 

exposure method of the invention are extremely suitable for 

producing semiconductor elements and liquid crystal display 

elements by means of the photolithography process. 
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CLAIMS 

I. A lithographic device comprising: 

a base surface extending parallel to an X-direction and parallel to a 

Y-direction; 

first and second object holders each of which is moved over said base surface 

and is displaceable parallel to the X-direction and parallel to the Y-direction from a first 

position into a third position, the first position being included in an exposure section; and 

a displacement system for displacing the first object holder and the second 

object holder over the base surface, wherein the displacement system includes a first 

displacement unit and a second displacement unit to which the first object holder and the 

second object holder can be coupled alternately, the first displacement unit being suitable 

for displacing the object holders between the third position and a second position which 

is located between the first position and the third position, and being suitable for 

displacing the objeci holders from the second position to the third position, and the 

second displacement unit being suitable for displacing the object holders between the 

second position and the first position, and being suitable for displacing the object holders 

from the first position to the second position. 

2. A lithographic device according to claim l, wherein each of the first and 

second displacement units includes a robot arm system. 

3. A lithographic device according to claim I, further comprising: 

a first interferometer system which monitors the first object holder in the 

exposure section. 

4. A lithographic device according to claim 3, said first interferometer system 

monitors a position of the first object holder in the X-direction and in the Y-direction. 

5. A lithographic device according to claim 4, said first interferometer system 

monitors a yaw of the first object holder. 
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6. A lithographic device according to claim 4, said first interferometer system 

monitors a pitch of the first object holder. 

7. A lithographic device according to claim 3, further comprising: 

a second interferometer system which monitors the second object holder 

outside the exposure section. 

8. A lithographic device according to claim 7, wherein said second 

interferometer monitors the second object holder during 

a measuring operation for an object held by the second object holder. 

9. A lithographic device according to claim 8, wherein in said measuring 

operation, alignment marks of the object on the second object holder are detected. 

10. A lithographic device according to claim 4, each of the object holders has a 

reflecting surface for the interferometer system. 

11. A lithographic device according to claim 10, further comprising: 

a reference mark provided on each of the object holders; and 

a detecting system which detects the reference mark on the first object 

holder displaced in the exposure section, a plurality of shot areas on an object held by the 

first object holder being positioned in place, on the basis of information obtained by 

detecting the reference to be exposed, respectively. 

12. An exposure method comprising: 

displacing a first object holder from a third area to a second area by using a 

first displacement unit, the first object holder being displaceable parallel to an 

X-direction and parallel to a Y-direction; 

displacing a second object holder from a first area to the second area by using 

a second displacement unit, the second object holder being displaceable parallel to the 

X-direction and parallel to the Y-direction, and the second area being between the first 
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area and the third area; 

displacing the first object holder from the second area to the first area by 

using the second displacement unit, the first object holder and the second object holder 

being alternately coupled to the second displacement unit; 

displacing the second object holder from the second area to the third area by 

using the first displacement unit, the first object holder and the second object holder 

being alternately coupled to the first displacement unit; and 

wherein after completion of an exposure operation for a second object on the 

second object holder in the first area, the second object is moved from the first area to 

the third area via the second area, and then a first object to be exposed on the first object 

holder is transferred from the third area to the first area via the second area 

13. An exposure method according to claim 12, further comprising: 

during said exposure operation, performing a measuring operation for the 

first object on the first object holder. 

14. An exposure method according to claim 13, wherein in the measuring 

operation, alignment marks formed on the first object are detected. 

15. An exposure method according to claim 12, further comprising, during said 

exposure operation, performing an object exchange operation in the third area in which 

the first object is exchanged on the first object holder with a third object. 

16. An exposure method according to claim 12, further com.prising, during said 

exposure operation. monitoring the second object holder by using an interferometer 

system. 

17. An exposure method according to claim 16, wherein said interferometer 

system can monitor a_.yaw. a pitch and positions in the X-direction and the Y-direction of 

the second object holder. 
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18. An exposure method according to claim 16, further comprising, before an 

exposure operation for the first object on the first object holder, beginning to monitor the 

first object holder which has been displaced into the first area by using said 

interferometer system. 

19. An exposure method according to claim 18, further comprising: 

detecting a reference mark provided on the first object holder displaced into 

the first area; and 

after the detection of the reference mark, performing the exposure operation 

for the first object on the first object holder, wherein a plurality of shot areas of the first 

object on the first o_bject holder are positioned in place, on the basis of information 

obtained by the detection of the reference mark, to be exposed, respectively. 

20. A microdevice manufacturing method using the exposure method as defined in 

claim 12. 
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