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(57) ABSTRACT 

An exposure apparatus has a triangular shaped Stage which 
is movable in a two-dimensional plane while holding a 
Substrate. The Stage has a reflecting Surface provided on a 
Side face of the Stage So that the Surface extends in a specific 
direction interSecting Y axis and X axis. An interferometer 
radiates a beam onto the reflecting Surface to measure a 
position of the Stage in a direction perpendicular to the 
Specific direction. Using the measured position and an angle 
of the Specific direction, a calculator can calculate the 
position of the Stage on rectangular coordinate System 
defined by X and Y axes. The size and weight of the stage 
can be reduced, and the throughput of the exposure appa 
ratus is improved. 
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STAGE APPARATUS, SCANNING TYPE 
EXPOSURE APPARATUS, AND DEVICE 

PRODUCED WITH THE SAME 

CROSS REFERENCE 

0001. This application is a continuation application of 
International Application No. PCT/JP98/04223 filed on Sep. 
18, 1998 and priority-based on Japanese patent applications 
No.9-273420, No.9-279500, No.9-293249, and No.10 
2265OO. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0003. The present invention relates to a scanning type 
exposure apparatus and a Scanning exposure method used 
when a circuit device Such as a Semiconductor circuit 
element and a liquid crystal display element is produced in 
accordance with a lithography Step. In particular, the present 
invention relates to a Scanning type exposure apparatus and 
an exposure method preferably used to perform Scanning 
exposure with a large mask having a size of not less than 9 
inches. The present invention also relates to a device pro 
duced with the exposure method. 
0004 Especially, the present invention generally includes 
the following five concepts in order to achieve the common 
objects of the present invention as described later on. The 
first concept relates to a Scanning exposure method and a 
Scanning eXposure apparatus in which a Substrate is moved 
in Synchronization with a mask having a large pattern or a 
plurality of comparted patterns So that the large pattern is 
transferred to the Substrate in a Stitching manner, or the 
plurality of patterns are transferred to an identical area of the 
Substrate in a Superimposing or overlay manner. The Second 
concept relates to a Stage apparatus, for example, a triangu 
lar stage and a Scanning exposure apparatus including the 
Same, the Stage apparatus having a reflecting mirror extend 
ing obliquely with respect to a movement direction of the 
Stage, and an interferometer for transmitting a measuring 
beam (length-measuring beam) to the reflecting mirror. The 
third concept relates to an unbalanced load-preventive Stage 
apparatus for Supporting a Second movable member and a 
first movable member in a floating manner over a base board 
respectively, and a Scanning exposure apparatus including 
the Stage apparatus. The fourth concept relates to the timing 
control for the Stepping movement (stepping) of a Substrate 
in a direction perpendicular to a Scanning direction and the 
Scanning movement of the Substrate in the Scanning direc 
tion when the next comparted area is Subjected to Scanning 
exposure after Scanning exposure of a certain area com 
parted on the Substrate is completed, in the Scanning expo 
Sure for Synchronously moving a mask and the Substrate. 
The fifth concept relates to the control of the rate of 
acceleration during movement of a mask or a Substrate to 
Shorten the Settling time for Synchronizing the mask and the 
Substrate during Scanning exposure. These concepts are 
Specifically described and explained in the opening of the 
chapter of “Best Mode for Carrying Out the Invention” of 
this document. 

0005 2. Description of the Related Art 
0006. At present, in the production site for manufacturing 
the Semiconductor device, a reduction production exposure 
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apparatus, i.e., a So-called Stepper, which uses, as a illumi 
nation light beam, the i-ray of a mercury lamp having a 
wavelength of 365 nm, is used to mass-produce circuit 
devices (for example, 64 M (mega) bit D-RAM) having a 
minimum line width of about 0.3 to 0.35 um. Simulta 
neously, an exposure apparatus begins to be introduced to 
mass-produce next-generation circuit devices having a 
degree of integration of 1 G (giga) bit D-RAM class with a 
minimum line width of not more than 0.25 lum. 
0007. A prevailing exposure apparatus for producing the 
next-generation circuit device is a Scanning type exposure 
apparatus based on the Step-and-Scan manner in which an 
illumination light beam is an ultraViolet pulse laser beam 
having a wavelength of 248 nm Supplied from a Krf excimer 
laser light Source or an ultraViolet pulse laser beam having 
a wavelength of 193 nm supplied from an Arf excimer laser 
light Source. A mask or a reticle (hereinafter generally 
referred to as “reticle') on which a circuit pattern is 
depicted, and a wafer as a photoSensitive Substrate are 
Subjected to relative one-dimensional Scanning with respect 
to a projection field of a reduction projection optical System. 
Thus, the entire circuit pattern on the reticle is transferred to 
the inside of one shot area on the wafer to perform the 
Scanning exposure operation which is repeated together with 
the Stepping action between shots. 

0008. A micro-scan exposure apparatus made by Perkin 
Elmer is firstly commercially produced, and it is commer 
cially available as a Scanning type exposure apparatus based 
on the Step-and-Scan manner, which carries a reduction 
projection optical System comprising a refraction optical 
element (lens element) and a reflection optical element (for 
example, concave mirror). The micro Scan exposure appa 
ratus is explained in detail, for example, in SPIE, Vol. 11088 
pp. 424 to 433. That is, a part of a pattern on a reticle is 
projected onto a wafer via an effective projection area 
limited to have a circular arc Slit-shaped configuration, while 
the reticle and the wafer are relatively moved at a velocity 
ratio in conformity with the projection magnification (/4 
reduction). Thus, a shot area on the wafer is Subjected to 
eXposure. 

0009. Another projection exposure system based on the 
Step-and-Scan manner is known, in which an excimer laser 
beam is used as an illumination light beam to combine a 
So-called Scan-and-Stitching method which is a method for 
limiting an effective projection area of a reduction projection 
optical System having a circular projection field to be a 
polygonal configuration (hexagon) So that both ends of the 
effective projection area are partially overlapped with each 
other. Such a projection exposure System is disclosed, for 
example, in Japanese Patent Application Laid-Open No. 
2-229423 and U.S. Pat. No. 4,924,257 corresponding 
thereto. A projection exposure apparatus, which adopts Such 
a Scanning exposure System, is also disclosed, for example, 
in Japanese Patent Application Laid-Open No. 4-196513 and 
U.S. Pat. No. 5,473,410 corresponding thereto, and Japanese 
Patent Application Laid-Open No. 4-277612 and U.S. Pat. 
No. 5,194,893 corresponding thereto, and Japanese Patent 
Application Laid-Open No. 4-307720 and U.S. Pat. No. 
5,506,684 corresponding thereto. 

0010) A reticle having a size of not more than 6 inches is 
used for the conventional Scanning type exposure apparatus 
as described above. The device rule is not less than 0.2 um 
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L/S (line and Space). Therefore, the Scanning exposure has 
been performed by using a projection optical System having 
a projection magnification of 4. 

0.011 However, in the case of the scanning type exposure 
apparatus based on the Step-and-Scan manner, the exposure 
is performed while moving a reticle Stage and a wafer Stage 
at predetermined Scanning Velocities. Therefore, it is nec 
essary to perform, before the Start of the exposure, the 
pre-Scanning (acceleration until arrival at the target velocity 
(Scanning Velocity during the exposure)+Settling operation 
until convergence of the Velocity to the target Velocity within 
a predetermined error range after completion of the accel 
eration). In the case of the Scanning type exposure apparatus 
based on the Step-and-Scan manner, when the pattern on the 
reticle is Successively transferred to a plurality of Shot areas 
(hereinafter appropriately referred to as "shots”) on the 
wafer, the exposure is Successively performed for the next 
shot by alternately Scanning the reticle (reciprocating Scan 
ning) in ordinary cases in order to improve the throughput. 
For this reason, it is necessary to perform the following 
operation. That is, after completion of the transfer of the 
reticle pattern to one shot, the reticle is further moved from 
the exposure end point by the same distance as the move 
ment distance during the pre-Scanning before the Start of the 
exposure to return the reticle to the Scanning Start position 
for the next shot exposure (over-Scanning). Therefore, when 
the exposure is performed for a shot area having a size 
equivalent to a shot size for a full field exposure apparatus 
based on, for example, the Step-and-repeat System, there is 
a possibility that the throughput is lowered as compared with 
the full field exposure apparatus, due to the pre-Scanning and 
the over-Scanning to be performed before and after the 
Scanning exposure (exposure based on the Scanning). 

0012. In addition to the pre-scanning and the over-scan 
ning, the Scanning type exposure apparatus also requires the 
operation, i.e., the So-called Stepping for moving the expo 
Sure area of the wafer to the next shot (another shot adjacent 
to the one shot described above in the non-Scanning direc 
tion). 
0013 The movement operation of the wafer between the 
shots has been hitherto performed in accordance with the 
following procedures (1) to (3). (1) After completion of the 
exposure, the wafer stage (Substrate Stage) is once moved to 
the same coordinate position in the Scanning direction as that 
of the Scanning start position for the next shot. After that, (2) 
the Stepping is performed in the non-Scanning direction up 
to the Scanning start position for the next shot. (3) The 
Scanning is started for the exposure for the next shot. 
Therefore, the wafer has been moved along a -shaped route. 
0014) The improvement of the throughput (process abil 
ity) is one of the most important tasks for the exposure 
apparatus. In order to necessarily achieve the improvement, 
the rate of acceleration or deceleration of the reticle during 
the Scanning exposure is, for example, 0.5 G->4G which is 
large. The maximum velocity is also large, i.e., 350 mm/S-> 
1500 mm/s. Accordingly, the rate of acceleration, the rate of 
deceleration, and the maximum velocity of the wafer Stage 
during the Scanning exposure have the magnitude propor 
tional to 1/n of the projection magnification. Therefore, it is 
necessary that the movement distance during the pre-Scan 
ning and during the Over-Scanning, which is required before 
and after the exposure, is extended corresponding thereto. 
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However, the Scanning exposure is not performed during the 
period corresponding to the movement distance during the 
pre-Scanning and during the over-Scanning. The elongation 
of the distance causes an inconvenience Such that the 
throughput is reversely deteriorated. 
0015. A stage disposed on the wafer side, which has been 
used in the conventional Scanning type exposure apparatus 
described above, is a rectangular XY stage which is movable 
in the two-dimensional plane (XY plane). The position on 
the XY coordinate system on the XY stage has been mea 
Sured with interferometers for perpendicularly radiating 
length-measuring beams respectively onto reflecting Sur 
faces (also referred to as “movement mirrors”) provided 
along orthogonal two Sides of the XY stage. In recent years, 
there is Such a tendency that the wafer Size is increased from 
8 inches to 12, 14, and 14 inches. Accordingly, there is Such 
a tendency that the wafer Stage for holding the wafer has a 
large size and a heavy weight. It is necessary that the 
length-measuring axis of the interferometer is not deviated 
from the reflecting Surface of the movement mirror even 
when the movement distance is increased during the pre 
Scanning and during the over-Scanning described above. 
Therefore, the movement mirror becomes to have a large 
size. Accordingly, there is Such a tendency that the wafer 
Stage necessarily has a large size and a heavy weight. The 
large size and the heavy weight of the wafer Stage as 
described above necessarily deteriorate the response perfor 
mance in the positional control for the wafer Stage. For this 
reason, the Settling time is prolonged, resulting in Such an 
inconvenience that the throughput is reversely deteriorated 
although the rate of acceleration, the rate of deceleration, 
and the maximum Velocity are originally increased in order 
to improve the throughput. 

0016. In order to measure the rotation of the stage from 
a viewpoint to improve the positional control accuracy for 
the wafer Stage, a plurality of length-measuring beams are 
used for the interferometer. The interferometer, which has 
two or more length-measuring axes, is gradually used for the 
positional control for the wafer Stage. A So-called double 
path interferometer is now available in order to avoid any 
trouble in the length measurement with the interferometer, 
which would be otherwise caused by any rotation of the 
wafer Stage. Any of the arrangements, i.e., the plurality of 
the length-measuring axes of the interferometer and the 
double-path interferometer necessarily results in the elon 
gation of the length of the movement mirror. There is Such 
a tendency that the Stage has a larger size and a heavier 
weight. It has been feared that the large size of the wafer 
Stage brings about the inconvenience Such as the increase in 
movement area of the wafer Stage, and consequently the 
increase in installation area for the apparatus (increase in 
foot print). The inconvenience, which is involved in the 
large Size of the Stage as described above, is not limited to 
the exposure apparatus, and it may be caused in a similar 
manner in apparatuses and equipment provided with any 
positioning movement Stage. 

0017. The recent device rule is not more than 0.2 um L/S. 
In order to transfer Such a pattern onto the wafer Sufficiently 
accurately, the Krf excimer laser or the Arf excimer laser is 
used as the illumination light Source. However, the device 
rule will be certainly decreased in future. Those having been 
contrived as candidates for the next-generation exposure 
apparatus capable of responding to Such a device rule 



US 2002/0018192 A1 

include, for example, the X-ray exposure apparatus and the 
EB exposure apparatus (electron beam exposure apparatus). 
However, there is such a background that it is difficult to 
introduce Such an apparatus due the problems that the 
technical hurdle is high, and the throughput is remarkably 
low as compared with the optical exposure apparatus. 
0.018. The flatness technique is also introduced into the 
device, and the difference in height of the pattern and the 
thickness of the resist become extremely thin. Therefore, it 
has been tried that the double exposure method, in which the 
depth of focus is increased by performing the exposure twice 
for an identical wafer, is used for the KrE or the ArE 
exposure apparatus to perform the exposure up to 0.1 um 
L/S. However, it is necessary for the double exposure 
method that the exposure process is performed Several times 
by using a plurality of reticles. Therefore, the time, which is 
required for the exposure process, is twice or more as 
compared with the conventional apparatus, resulting in Such 
an inconvenience that the throughput is greatly deteriorated. 
0019. On the contrary, it is doubtless that the use of the 
double exposure method for the Krf or ArF exposure 
apparatus to realize the exposure up to 0.1 um L/S is a 
hopeful choice to develop the next-generation machine 
aimed at the mass-production of 256 M bit to 4 G bit 
DRAM. It is an urgent task to develop a new technique in 
order to improve the throughput which is the worst draw 
back of the double exposure method that is the bottleneck for 
this purpose. 

0020 FIG. 29(A) shows a plan view of a reticle stage 
RST of a conventional Scanning type exposure apparatus 
including a rectangular illumination slit Section ST (hatched 
Section) in an effective field of a projection optical System 
PL, which has approximately the same slit length in the 
longitudinal direction as the pattern length of a reticle R6 in 
the non-Scanning direction. The apparatus includes a move 
ment mirror 158 composed of a plane mirror which is 
provided at the first end in the non-Scanning direction 
orthogonal to the Scanning direction (arrow Y) of the reticle 
Stage RST to extend in the Scanning direction. A movement 
mirror 159, which is composed of a corner cube, is provided 
at a central portion of the first end in the Scanning direction. 
An interferometer 157X, which radiates two-axis length 
measuring beams RIX onto the movement mirror 158 and 
which receives reflected light beams therefrom, is used to 
measure the position of the reticle stage RST" in the non 
scanning direction. An interferometer 157Y, which radiates 
a length-measuring beam RIY onto a movement mirror 159 
and which receives a reflected light beam therefrom, is used 
to measure the position of the reticle stage RST" in the 
Scanning direction. In this arrangement, a So-called double 
path Structure is adopted as follows. That is, the corner cube 
is used as the movement mirror 159 which measures the 
position in the Scanning direction (Scan direction). The 
length-measuring beam RIY, which is radiated from the 
interferometer 157Y onto the movement mirror 159, is 
successively reflected by the movement mirror 159, a 
reflecting mirror 160, and the movement mirror 159. The 
returning light beam from the movement mirror 159 returns 
in the opposite direction along Substantially the same optical 
path as that of the incident optical path. This arrangement is 
adopted because it is intended that the length can be accu 
rately measured in the Scanning direction even when there is 
any in-plane rotation of the reticle Stage RST. In this case, 
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there is little discrepancy in the Scanning direction between 
the optical path of the radiating light beam from the inter 
ferometer 157Y and the optical path of the returning light 
beam. In other words, although the displacement (=2xLX0) 
occurs on the reflecting mirror 160, there is no discrepancy 
between the returning light flux and the reference light flux 
on the light-receiving plane even when Lis long, because the 
light returns along the identical optical path. AS for the 
non-Scanning direction, the amount of discrepancy 2L0 
between the returning light flux and the reference light flux 
can be made to be not more than a predetermined value by 
decreasing the distance L1 of the length-measuring beam 
RIX as short as possible. 
0021. The stitching technique for the large area exposure 
based on the use of the 9-inch reticle described above and 
the execution of the double exposure to improve DOF are 
conceived to be hopeful means in order that the exposure 
(hereinafter appropriately referred to as “next-generation 
exposure”) is realized up to 0.1 um L/S with the double 
exposure method for the Scanning type exposure apparatus 
which uses the exposure light Source of the Krf excimer 
laser or the Arf excimer laser, and the throughput is 
improved during Such a process. That is, in Such a case, no 
time is required to exchange the reticle. Therefore, it is 
conceived that the throughput can be improved as compared 
with the double exposure method and the Stitching based on 
the use of the conventional exposure apparatus. 

0022 FIG. 29(B) shows a plan view of a reticle stage 
RST which is directed to the case of realization of the 
next-generation exposure with a 9-inch reticle R9. FIG. 
29(B) illustrates a state in which a pattern area P of the 
9-inch reticle R9 is divided into divided pattern areas P1, P2 
each having an area of 100 mmx200 mm and adjoining in 
the non-Scanning direction. The length of each of the divided 
pattern areas P1, P2 in the non-Scanning direction is approxi 
mately the same as the Slit length in the longitudinal direc 
tion of a rectangular illumination slit Section St (hatched 
Section) in an effective field of a projection optical System 
PL. In FIG. 29(B), in addition to a movement mirror 
(reflecting surface) 158X which measures the position in the 
non-scanning direction, a movement mirror 158Y" for mea 
Suring the position in the Scanning direction is also a plane 
mirror, because it is necessary to move the reticle Stage RST 
in the non-Scanning direction as well in order to perform the 
exposure for the respective divided pattern areas P1, P2. 
0023) However, in the case of FIG. 29(B), the following 
inconvenience arises. That is, when the reticle Stage RST is 
rotated in response to the angle of rotation of the wafer, or 
when the rotational direction is corrected on the side of the 
reticle stage RST after the reticle R9 is loaded on the reticle 
stage RST, then length-measuring beams RIX, RIY from 
interferometers 157X, 157Y are not radiated vertically onto 
any one of the movement mirror 158X and the movement 
mirror 158Y'. It is feared that the measurement of the 
position of the reticle stage RST may be incorrect or 
difficult, because of the following reason. That is, in the case 
of FIG. 29(B), the plane mirror is used for any one of the 
movement mirrors in the Scanning direction and the non 
Scanning direction. The lengths L2, L3 of the length-mea 
Suring beams RIX, RIY are long corresponding to the fact 
that the movement distance (stroke) of the reticle stage RST 
is long as compared with the conventional apparatus. It is 
feared that the reflected light beams (returning light beams) 
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from the movement mirror 158X and the movement mirror 
158Y are greatly inclined. In such a case, the following 
relationships are given, i.e., beam width.<displacement (=2x 
L2x0) of optical axis of length-measuring beam on light 
receiving Surface, beam width.<displacement (=2xL3x0) of 
optical axis of length-measuring beam on light-receiving 
Surface. It is difficult to control the rotation on the side of the 
reticle stage RST. 
0024. If the plane mirror has a long length, it is extremely 
laborious to perform the accurate machining, which has 
caused the increase in cost as well. 

0.025 The present invention has been achieved in order to 
dissolve the inconveniences involved in the conventional 
technique as described above, a first object of which is to 
provide a Scanning type exposure apparatus and a Scanning 
exposure method which make it possible to realize highly 
accurate exposure based on the use of a fine pattern with a 
high throughput. 
0026. A second object of the present invention is to 
provide a Scanning type exposure apparatus and a Scanning 
exposure method which are preferably used for multiple 
eXposure. 

0027. A third object of the present invention is to provide 
a stage apparatus which makes it possible to realize a Small 
Size and a light weight of a Stage. 
0028. A fourth object of the present invention is to 
provide an exposure apparatus which is provided with a 
Stage having a Small size and a light Weight. 
0029. A fifth object of the present invention is to provide 
an exposure method which makes it possible to realize a 
Small size and a light weight of a stage of an exposure 
apparatuS. 

0030) A sixth object of the present invention is to provide 
a method for producing a novel Scanning type exposure 
apparatuS. 

0.031) A seventh object of the present invention is to 
provide microdevices with an exposure apparatus and an 
exposure method of the present invention. 

SUMMARY OF THE INVENTION 

0032. According to an aspect A of the present invention, 
there is provided a Scanning type exposure apparatus for 
transferring a pattern on a mask to a SubStrate via a projec 
tion optical System (PL) by Synchronously moving the mask 
(R) and the Substrate (W); the Scanning type exposure 
apparatus comprising a mask Stage (RST) arranged on a side 
of an object plane of the projection optical System; a 
Substrate stage (WST) arranged on a side of an image plane 
of the projection optical System; a plurality of corner cubes 
(31 Y1, 31Y2, 31Y3) provided on the mask stage and 
arranged in a Second direction perpendicular to a first 
direction in which the mask is Synchronously moved; and a 
first interferometer (30Y) which radiates a length-measuring 
beam (IY) to the mask Stage in the first direction, and 
receives the length-measuring beam reflected by one of the 
plurality of corner cubes Selected depending on a position of 
the mask Stage in the Second direction. 
0.033 According to the exposure apparatus, the plurality 
of corner cubes are arranged on the mask Stage in the Second 
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direction (non-Scanning direction) perpendicular to the first 
direction (Scanning direction) in which the mask is Synchro 
nously moved. The length-measuring beam is radiated in the 
first direction toward the mask Stage. The apparatus further 
comprises the first interferometer which receives the length 
measuring beam reflected by one of the plurality of corner 
cubes Selected depending on the position of the mask Stage 
in the Second direction. Therefore, the position of the mask 
Stage in the first direction can be managed by the aid of the 
first interferometer on the basis of the reflected light beam 
from one of the plurality of corner cubes Selected depending 
on the position of the mask Stage in the Second direction. 
Therefore, when the position of the mask Stage in the Second 
direction is located at a position at which any one of the 
plurality of mirrorS is Selected, the Substrate Stage is moved 
in the first direction in Synchronization with the mask Stage 
while managing the position of the mask Stage in the first 
direction by using the first interferometer. Thus, the pattern 
on the mask can be transferred onto the Substrate via the 
projection optical System. The pattern on a plurality of 
partial areas on the mask or a plurality of areas on the mask 
can be transferred onto the Substrate via the projection 
optical System without eXchanging the mask. In this arrange 
ment, the position of the mask Stage in the first direction is 
measured by the aid of the corner cubes to which the 
length-measuring beam is radiated from the first interfer 
ometer. Therefore, even when the rotation of the mask Stage 
is controlled in the same manner as in the conventional 
technique prior to the Synchronous movement (or during the 
Synchronous movement) of the mask Stage and the Substrate 
Stage, the returning light flux from the corner cube is always 
Superimposed on the reference light flux from the Side of the 
fixed mirror. Accordingly, the position of the mask Stage in 
the first direction (Scanning direction) can be accurately 
managed during the Scanning exposure. Therefore, when a 
large mask is used, the throughput can be improved by 
realizing the exposure over a large area by means of the 
Stitching. Further, the control of the rotation of the mask 
Stage makes it possible to perform the highly accurate 
exposure. When the multiple exposure Such as the double 
exposure is performed, it is possible to improve the through 
put and improve the exposure accuracy owing to the 
improvement in focal depth, because it is unnecessary to 
eXchange the mask. 
0034. In this international application, the term “corner 
cube” means a reflecting member which has at least two 
reflecting Surfaces, wherein the angle formed by the two 
reflecting Surfaces is determined to be the right angle. The 
corner cube is also referred to as “corner reflector” or 
“corner cube reflector'. The present applicant has disclosed 
an exposure apparatus based on the use of the corner cube 
in Japanese Patent Application Laid-Open No. 62-150106 
(and United States patent application corresponding 
thereto). The disclosure of the above-mentioned patent 
documents is incorporated herein by reference So long as the 
domestic laws of the countries designated in this application 
permit the incorporation. 
0035) In the Scanning type exposure apparatus according 
to the aspect A, it is desirable that the apparatus further 
comprises a driving control system (33, 80) which recipro 
cates the mask Stage (RST) in the first direction at least once 
and moving the mask Stage in the Second direction during 
the reciprocating movement in order to transfer the pattern 
on the mask (R) to the substrate (W); wherein two of the 
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plurality of corner cubes (31 Y1, 31Y2, 31Y3) are arranged 
and Separated from each other by a distance corresponding 
to an amount of movement of the mask Stage in the Second 
direction. In this arrangement, in order to transfer the pattern 
on the mask to the Substrate, the driving control System is 
used to reciprocate the mask Stage in the first direction at 
least once. During the reciprocating movement, the mask 
Stage is moved in the Second direction. However, the two of 
the plurality of corner cubes are arranged and Separated from 
each other by the distance corresponding to the amount of 
the movement. Therefore, the position of the mask Stage is 
reliably managed by the first interferometer at any position 
before and after the movement. The pattern in a different 
area on the mask can be transferred to an identical area or a 
different area on the Substrate during the one time of the 
reciprocating movement of the mask Stage. Also in this 
arrangement, it is unnecessary to exchange the mask. It is 
unnecessary that the Spacing distance between the two 
corner cubes in the Second direction is the same as the 
movement amount of the mask Stage in the Second direction. 
It is enough to provide Such a distance that the length 
measuring beam of the first interferometer is radiated onto 
the two corner cubes respectively before and after the 
movement of the mask Stage. 
0036). According to an aspect B of the present invention, 
there is provided a Scanning type exposure apparatus for 
transferring a pattern formed on a mask to a Substrate via a 
projection optical System (PL), while relatively moving the 
mask (R) and the Substrate (W) in a first direction in 
Synchronization with each other; the Scanning type exposure 
apparatus comprising a mask stage (RST) which is two 
dimensionally movable while holding the mask, a Substrate 
stage (WST) which is movable in the first direction while 
holding the Substrate; a first reflecting Surface (84a) pro 
Vided on the mask Stage and extending in the first direction; 
a plurality of corner cubes (31 Y1,31Y2, 31Y3) provided on 
the mask Stage and arranged at predetermined spacing 
distances in a Second direction perpendicular to the first 
direction; a first interferometer (30Y) which measures a 
position of the mask Stage in the first direction by radiating 
a length-measuring beam (IY) in the first direction onto one 
of the plurality of corner cubes depending on a position of 
the mask Stage in the Second direction, and receives a 
reflected light beam therefrom; and a Second interferometer 
(30X1) which measures a position of the mask stage in the 
Second direction by radiating a length-measuring beam 
(IX1) in the Second direction onto the first reflecting Surface, 
and receiving a reflected light beam therefrom. 
0037 According to the apparatus of the aspect B, the 
position of the mask Stage in the Second direction is mea 
Sured by the Second interferometer. The length-measuring 
beam in the first direction is radiated from the first interfer 
ometer to one of the plurality of corner cubes depending on 
the measured position. The reflected light beam therefrom is 
received, and thus the position of the mask Stage in the first 
direction is measured by the first interferometer. Therefore, 
the pattern in a plurality of partial areas on the mask or a 
plurality of areas on the mask can be transferred to the 
Substrate via the projection optical System without changing 
the mask. The position of the mask Stage in the first direction 
(Scanning direction) can be accurately managed during the 
Scanning exposure. Therefore, the throughput can be 
improved by realizing the exposure over a large area by 
means of the Stitching based on the use of a large size mask. 
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Further, the control of the rotation of the mask Stage makes 
it possible to perform the highly accurate exposure. When 
the multiple exposure Such as the double exposure is per 
formed, it is possible to improve the throughput and improve 
the exposure accuracy owing to the improvement in depth of 
focus, because it is unnecessary to exchange the mask as 
well. 

0038. The phrase “arranged at predetermined spacing 
distances in a Second direction' is intended to include not 
only a case in which the plurality of corner cubes are 
arranged at predetermined spacing distances on an identical 
Straight line in the Second direction, but also a case in which 
the position coordinate component in the Second direction 
mutually differs for the plurality of corner cubes. For 
example, if the positions of two corner cubes are represented 
by X-Y coordinates of (X1-Y1), (X2-Y2) respectively 
provided that the first direction resides in the X-axis and the 
Second direction resides in the Y-axis, it is enough that 
X1zX2 is given, and it is allowable that Y1=Y2 or Y1zY2 
is given. The predetermined spacing distance may be a 
preset arbitrary Spacing distance. That is, it is allowable that 
the mask Stage is rectangular, and the two corner cubes are 
arranged on the Side Surface of the Stage extending in the 
second direction. Alternatively, it is allowable that one of the 
corner cubes is arranged on the Side Surface of the Stage, and 
the other is arranged in the plane of the Stage. 
0039. A variety of arrangements are conceived for the 
plurality of corner cubes. It is also preferable that the 
plurality of corner cubes (31 Y1, 31Y2) are provided corre 
sponding to a plurality of areas (P1, P2) arranged on the 
mask in the Second direction respectively. In Such a case, 
when the pattern in any area is transferred, the first position 
of the mask Stage can be correctly managed with the first 
interferometer by using the corner cube corresponding to the 
concerning area. 
0040. In this arrangement, it is desirable that the plurality 
of corner cubes further include a corner cube (31Y3) 
arranged at a central portion of the mask in the Second 
direction. Such an arrangement is preferred for any of the 
ordinary exposure based on the use of an ordinary mask 
(reticle) having a single pattern area formed on the mask, the 
multiple exposure Such as the double exposure based on the 
use of a mask having a plurality of pattern areas arranged on 
the mask, and the Stitching. Further, it is possible to realize 
the multiple exposure without eXchanging the mask. 
0041. It is preferable that the apparatus according to the 
aspect B further comprises a reset unit (33) for resetting the 
first interferometer (30Y) in accordance with position infor 
mation in the second direction of the mask stage (RST). In 
this arrangement, the first interferometer can be reset in 
accordance with the position information in the Second 
direction of the mask Stage at the instant at which the 
length-measuring axis of the first interferometer hits any of 
the corner cubes during the movement of the mask Stage in 
the second direction. The term “reset' herein not necessarily 
means the fact that the measured value of the interferometer 
is returned to the Zero point. It is intended that the restoration 
may be performed to a predetermined value other than Zero. 
0042. It is desirable that the apparatus according to the 
aspect B further comprises a third interferometer (30X2) 
which radiates a length-measuring beam (IX2) in the Second 
direction onto the mask stage (RST) from a side opposite to 
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the second interferometer (30X1); the mask stage further has 
a second reflecting surface (84b) parallel to the first reflect 
ing Surface (84a) onto which the length-measuring beam 
from the third interferometer is radiated; and the apparatus 
further comprises a calculating unit (33) for calculating the 
position of the mask Stage in the Second direction on the 
basis of at least one of measured values of the Second and 
third interferometers. In this arrangement, the position of the 
mask Stage in the Second direction is calculated on the basis 
of at least one of the measured values of the Second and third 
interferometers. Therefore, the calculating unit can calculate 
the position of the mask Stage in the Second direction with 
the measured value of any one of the Second and third 
interferometers at which the length-measuring beam is 
Shorter up to each reflecting Surface. Accordingly, the mea 
Sured value is leSS affected by the rotation of the mask Stage. 
It is possible to more accurately determine the position of the 
mask Stage in the Second direction as well. If the length of 
the length-measuring beam is approximately identical from 
the Second and third interferometers to the respective reflect 
ing Surfaces, the calculating unit can make accurate deter 
mination owing to the averaging effect by determining the 
position of the mask Stage in the Second direction on the 
basis of /2 of the difference between the second and third 
interferometers. 

0043. It is also preferable that the calculating unit (33) 
determines the position of the mask Stage in the Second 
direction on the basis of one of or both of the measured 
values of the Second and third interferometers in accordance 
with information on an area (P1, P2) on the mask (R) located 
opposingly to a projection field of the projection optical 
System (PL), the information being one of position infor 
mation on the mask Stage (RST) in the Second direction. 
0044) It is also preferable for the apparatus according to 
the aspects A and B that a predetermined fiducial mark (Mr1, 
Mr2) is arranged on the substrate stage (WST), and the 
apparatus further comprises a measuring unit (50, 110) 
which measures a positional relationship between the mask 
(R) and the substrate stage (WST) with the fiducial mark in 
order to reset the first interferometer (30Y) depending on the 
position of the mask Stage (RST) in the Second direction. In 
this arrangement, when the first interferometer is reset 
depending on the position of the mask Stage in the Second 
direction with the measuring unit, the fiducial mark is used 
to measure the positional relationship between the mask and 
the Substrate Stage. Therefore, there is no inconvenience 
which would be otherwise caused such that the overlay 
accuracy between the mask and the Substrate is deteriorated 
even when the mask Stage is moved in the Second direction 
to perform exposure for a different area on the mask. 
0.045. It is also preferable that the apparatus according to 
the aspects A and B further comprises a first pedestal (16) 
which Supports the projection optical System (PL), a second 
pedestal (26, 28) which arranges the mask stage (RST) 
thereon, a vibration-preventive apparatus (20) which Sup 
ports the first pedestal; and a frame (72) which is provided 
on a floor to arrange the vibration-preventive apparatus 
thereon, and the frame having an actuator (74R, 74L) which 
applies a force corresponding to a reaction force generated 
by movement of the mask Stage, to the mask Stage or the 
Second pedestal. In this arrangement, the force, which cor 
responds to the reaction force generated by the movement of 
the mask Stage, is applied by the actuator to the mask Stage 
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or the Second pedestal. Therefore, it is possible to prevent 
the first pedestal from transmission of the vibration during 
the acceleration and deceleration of the mask Stage via the 
Second pedestal. In this case, it is desirable that the apparatus 
further comprises a base plate for placing the vibration 
preventive apparatus thereon, and an elastic member for 
connecting the base plate and the frame, because of the 
following reason. That is, Such an arrangement makes it 
possible to avoid the mutual transmission of vibration 
between the first pedestal and the frame by the aid of the 
elastic member. 

0046. It is desirable for the apparatus according to the 
aspects A and B that an extension line of the length 
measuring beam of the first interferometer (30Y) intersects 
an optical axis of the projection optical System (PL), because 
of the following reason. That is, in this arrangement, the 
position of the mask Stage in the first direction can be 
correctly measured without producing the So-called Abbe 
CO. 

0047. It is desirable for the apparatus according to the 
aspect B that the second interferometer (30X1) radiates two 
length-measuring beams (IX11, IX12) onto the first reflect 
ing Surface (84a) in the Second direction, and an extension 
line of one of the two length-measuring beams intersects an 
optical axis of the projection optical System (PL). In this 
arrangement, the position of the mask Stage in the Second 
direction can be correctly measured without involving the 
So-called Abbe error by using the length-measuring beam 
having the extension line which intersects the optical axis of 
the projection optical System. It is possible to independently 
measure the position with the two length-measuring beams, 
and it is possible to measure the rotation of the mask Stage 
on the basis of the obtained result. 

0048. In the apparatus according to the aspect B, it is a 
matter of course that a movement mirror composed of a 
plane mirror may be provided on the mask Stage, and its 
reflecting Surface may be utilized as the first reflecting 
surface (84a). However, it is desirable that the first reflecting 
Surface (84a) is formed on a side Surface of the mask Stage 
(RST), because of the following reason. That is, such an 
arrangement makes it possible to allow the mask Stage to 
have a light weight corresponding thereto. 

0049 According to an aspect C of the present invention, 
there is provided a Scanning exposure method for transfer 
ring a pattern formed on a mask to a Substrate, while 
relatively moving a mask stage (RST) which holds the mask 
(R) and a substrate stage (WST) which holds the substrate 
(W) in a predetermined first direction in synchronization 
with each other, the method comprising a first Scanning 
exposure Step of transferring a pattern in a first area (P1) on 
the mask to a predetermined area on the Substrate, while 
radiating a length-measuring beam (IX1) onto a first reflect 
ing Surface (84a) provided on the mask Stage to extend in the 
first direction and receiving a reflected light beam therefrom 
to manage a position of the mask Stage in a Second direction, 
and radiating a length-measuring beam (IY) onto a first 
corner cube (31 Y1) provided on the mask stage and receiv 
ing a reflected light beam therefrom to manage a position of 
the mask Stage in the first direction; and a Second Scanning 
exposure Step of transferring a pattern in a second area (P2) 
adjoining the first area in the Second direction on the mask 
to the predetermined area on the Substrate, while radiating 



US 2002/0018192 A1 

the length-measuring beam onto the first reflecting Surface 
and receiving a reflected light beam therefrom to manage the 
position of the mask Stage in the Second direction, and 
radiating the length-measuring beam (IY) onto a second 
corner cube (31Y2) different from the first corner cube 
provided on the mask Stage and receiving a reflected light 
beam therefrom to manage the position of the mask Stage in 
the first direction. 

0050. According to this method, in the first scanning 
exposure Step, the pattern in the first area on the mask is 
transferred to the predetermined area on the Substrate, while 
managing the position of the mask Stage in the Second 
direction on the basis of the reflected light beam of the 
length-measuring beam from the first reflecting Surface, and 
managing the position of the mask Stage in the first direction 
on the basis of the reflected light beam of the length 
measuring beam from the first corner cube. Accordingly, the 
position of the mask Stage is accurately managed in the first 
Scanning exposure Step even when any rotation or the like 
exists in the mask Stage. In the Second Scanning exposure 
Step, the pattern in the Second area adjoining the first area in 
the Second direction on the mask is transferred to the 
predetermined area on the Substrate, while managing the 
position of the mask Stage in the Second direction on the 
basis of the reflected light beam of the length-measuring 
beam from the first reflecting Surface, and managing the 
position of the mask Stage in the first direction on the basis 
of the reflected light beam of the length-measuring beam 
from the second corner cube which is different from the first 
corner cube. Accordingly, the position of the mask stage is 
accurately managed in the Second Scanning exposure Step 
even when any rotation or the like exists in the mask Stage. 
Therefore, the throughput can be improved even when the 
Stitching or the double exposure is realized by using a large 
mask without eXchanging the mask. Further, the control of 
the rotation of the mask Stage makes it possible to improve 
the overlay accuracy, and improve the exposure accuracy 
owing to the improvement in depth of focus. 
0051. According to an aspect D of the present invention, 
there is provided a method for producing a Scanning type 
exposure apparatus for transferring a pattern on a mask to a 
Substrate via a projection optical System (PL) by Synchro 
nously moving the mask (R) and the substrate (W), the 
method comprising: 
0.052 providing the projection optical system (PL); 
0053 providing a mask stage (RST) arranged on a side of 
an object plane of the projection optical System; 
0054 providing a substrate stage (WST) arranged on a 
Side of an image plane of the projection optical System; 

0055 providing a plurality of corner cubes (31 Y1,31Y2, 
31Y3) on the mask stage to be arranged in a second direction 
perpendicular to a first direction in which the mask is 
Synchronously moved; and 

0056 providing a first interferometer (30Y) which radi 
ates a length-measuring beam (IY) to the mask Stage in the 
first direction, and receives the length-measuring beam 
reflected by one of the plurality of corner cubes selected 
depending on a position of the mask Stage in the Second 
direction. It is desirable that the method further comprises 
providing a driving control System (33, 80) for reciprocating 
the mask Stage (RST) in the first direction at least once and 
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moving the mask Stage in the Second direction during the 
reciprocating movement in order to transfer the pattern on 
the mask (R) to the substrate (W), wherein two of the 
plurality of corner cubes (31 Y1, 31Y2, 31Y3) are arranged 
and Separated from each other by a distance corresponding 
to an amount of movement of the mask Stage in the Second 
direction. 

0057 According to an aspect E of the present invention, 
there is provided a method for producing a Scanning type 
exposure apparatus for transferring a pattern formed on a 
mask to a Substrate via a projection optical System (PL), 
while relatively moving the mask (R) and the substrate (W) 
in a first direction in Synchronization with each other, the 
method comprising: 
0.058 providing the projection optical system (PL); 
0059 providing a mask stage (RST) which is two-dimen 
Sionally movable while holding the mask, 
0060 providing a substrate stage (WST) which is mov 
able in the first direction while holding the substrate; 
0061 providing a first reflecting surface (84a) on the 
mask Stage to extend in the first direction; 
0062 providing a plurality of corner cubes (31 Y1, 31Y2, 
31Y3) on the mask Stage to be arranged at predetermined 
spacing distances in a Second direction perpendicular to the 
first direction; 
0063 providing a first interferometer (30Y) which mea 
Sures a position of the mask Stage in the first direction by 
radiating a length-measuring beam (IY) in the first direction 
onto one of the plurality of corner cubes depending on a 
position of the mask Stage in the Second direction, and 
receiving a reflected light beam therefrom; and 
0064 providing a second interferometer (30X1) which 
measures a position of the mask Stage in the Second direction 
by radiating a length-measuring beam (IX1) in the Second 
direction onto the first reflecting Surface, and receiving a 
reflected light beam therefrom. In this method, it is desirable 
that the plurality of corner cubes are provided corresponding 
to a plurality of areas arranged on the mask in the Second 
direction respectively. 
0065 According to an aspect F of the present invention, 
there is provided a Scanning exposure method for transfer 
ring a pattern on a mask onto a Substrate by reciprocatively 
moving the mask (R) in a first direction to irradiate, with an 
illumination light beam, first and second areas (P1, P2) 
respectively arranged in a Second direction perpendicular to 
the first direction on the mask, and moving the Substrate (W) 
in Synchronization with the movement of the mask; the 
method comprising driving a mask Stage in the first direction 
on the basis of an output of an interferometer (30Y) which 
radiates a length-measuring beam to a first mirror (31 Y1) 
provided on the mask stage (RST) which holds the mask in 
order to irradiate the first area (P1) on the mask with the 
illumination light beam; and driving the mask Stage in the 
first direction while radiating the length-measuring beam of 
the interferometer onto a second mirror (31Y2) which is 
different from the first mirror provided on the mask stage in 
order to irradiate the second area (P2) on the mask with the 
illumination light beam. 
0066 According to the method of the aspect F, when the 

first area on the mask is irradiated with the illumination light 
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beam, the mask Stage is driven in the first direction on the 
basis of the output of the interferometer which radiates the 
length-measuring beam onto the first mirror provided on the 
mask Stage which holds the mask. When the Second area on 
the mask is irradiated with the illumination light beam, the 
mask Stage is driven in the first direction while radiating the 
length-measuring beam of the interferometer onto the Sec 
ond mirror which is different from the first mirror provided 
on the mask Stage. Therefore, in each of the two cases, i.e., 
when the first area is subjected to the transfer and when the 
Second area is Subjected to the transfer, the mask Stage is 
driven in the first direction while managing the position of 
the mask Stage in the first direction by means of the identical 
interferometer, and the Substrate is driven in Synchronization 
with the mask Stage. Accordingly, the first area and the 
Second area on the mask are transferred onto the Substrate. 
According to this invention, a short reflecting Surface (for 
example, a plane mirror) can be used without using a single 
long reflecting Surface (plane mirror), as the mirror to 
measure the position of the mask Stage in the first direction 
(Scanning direction). Therefore, the cost can be reduced 
corresponding thereto. In this arrangement, a corner cube 
may be used for the first mirror and the second mirror. In this 
arrangement, the position of the mask Stage in the first 
direction is measured by the aid of the corner cube onto 
which the length-measuring beam is radiated from the 
interferometer. Accordingly, the returning light flux from the 
corner cube is always overlapped with the reference light 
flux from the side of the fixed mirror, even when the rotation 
of the mask Stage is controlled in the same manner as in the 
conventional technique prior to the Synchronous movement 
(or during the Synchronous movement) of the mask Stage 
and the Substrate Stage in the first direction. Therefore, it is 
possible to correctly manage the position of the mask Stage 
in the first direction (Scanning direction) during the Scanning 
exposure. Therefore, it is possible to realize the multiple 
exposure Such as the double exposure and the large area 
exposure based on the Stitching by using a large mask, and 
thus it is possible to improve the throughput. Further, it is 
possible to perform the highly accurate exposure by con 
trolling the rotation of the mask Stage. 
0067. In the method according to the aspect F, it is also 
preferable that the second area (P2) on the mask is overlay 
transferred to a comparted area (for example, S1) on the 
substrate (W) to which the first area (P1) on the mask (R) is 
transferred to form a combined pattern of a first pattern in 
the first area and a Second pattern in the Second area in the 
comparted area. In this arrangement, the double exposure 
can be realized without changing the mask. It is possible to 
improve the throughput and improve the exposure accuracy 
owing to the improvement of the depth of focus. 
0068. In the method according to the aspect F, it is also 
preferable that in order to Successively transfer the pattern 
on the mask (R) to a plurality of comparted areas (S1, S2, 
S3, ...) on the substrate (W), the first area (P1) on the mask 
is Successively transferred to the plurality of comparted 
areas, the mask is moved in the Second direction, and then 
the Second area (P2) on the mask is Successively transferred 
to the plurality of comparted areas. In this arrangement, 
before the second area (P2) on the mask (R) is transferred to 
the plurality of comparted areas (S1, S2, S3, . . . ), it is 
allowable to change the intensity distribution of the illumi 
nation light beam, i.e., at least one of the shape and the size 
of the illumination Source (for example, Secondary light 
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Source) for radiating the illumination light beam. In this 
arrangement, even when the illumination condition Suitable 
for the exposure differs between the pattern in the first area 
and the pattern in the Second area on the mask, it is possible 
to Set the appropriate illumination condition in conformity 
with the respective patterns. Accordingly, the exposure 
accuracy is further improved. 
0069. In the method according to the aspect F, it is also 
preferable that the mask Stage is moved obliquely with 
respect to the first direction during deceleration of the mask 
stage (RST) (or before the velocity component of the mask 
Stage in the first direction becomes Zero) after the first area 
(P1) on the mask (R) is irradiated with the illumination light 
beam. By doing So, when the pattern in the Second area is 
transferred onto the Substrate continuously to the transfer of 
the pattern in the first area, the mask Stage is moved not 
along the -shaped route but along a route shorter than it. 
Therefore, it is possible to improve the throughput owing to 
the reduction of the movement time. 

0070. In the method according to the aspect F, it is also 
preferable that the mask stage (RST) is accelerated in a 
direction interSecting the first and Second directions to allow 
the Second area on the mask to approach the illumination 
light beam before the second area (P2) on the mask (R) is 
irradiated with the illumination light beam. Alternatively, it 
is also preferable that the acceleration of the mask Stage in 
the first direction is Started before the Stepping operation of 
the mask Stage in the Second direction is completed, or 
before the Velocity component of the mask Stage in the 
second direction becomes zero after the first area (P1) on the 
mask is irradiated with the illumination light beam. In view 
of the throughput, it is preferable that the movement is 
controlled Such that the movement locus of the mask Stage 
is parabolic (or U-shaped). 
0071. In the method according to the aspect F, it is 
desirable that the mask stage (RST) is driven without any 
stop between illumination of the illumination light beam 
onto the first area (P1) on the mask (R) and illumination of 
the illumination light beam onto the second area (P2) on the 
mask. In this arrangement, the mask Stage is not stopped. 
Therefore, the time required to move the mask Stage is 
approximately the shortest. 
0072. In the method according to the aspect F, it is 
desirable that a substrate stage (WST) which holds the 
Substrate is driven without any Stop between first Scanning 
exposure for transferring the first area (P1) on the mask (R) 
to a first comparted area on the Substrate (W) and Second 
Scanning exposure for transferring the Second area (P2) on 
the mask to a Second comparted area adjacent to the first 
comparted area on the Substrate, because of the following 
reason. That is, in this arrangement, the movement locus of 
the Substrate Stage is not necessarily the shortest. However, 
the Substrate Stage is not stopped, and hence the time 
required for the movement (stepping) of the Substrate Stage 
between adjoining areas is approximately the shortest. Espe 
cially, in the Stitching, when the mask Stage is driven without 
any Stop, and the Substrate Stage is driven without any Stop, 
then the time, which ranges from the completion of the first 
Scanning exposure to the Start of the Second Scanning 
exposure, is the Shortest. 
0073. In the method according to the aspect F, it is 
desirable that the substrate stage (WST) is accelerated in a 
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direction interSecting the first and Second directions before 
the Second Scanning exposure. In this arrangement, the 
Substrate Stage is accelerated while travelling obliquely with 
respect to the first and Second directions. 
0.074. In the method according to the aspect F, it is also 
preferable that the mask includes first and Second masks 
arranged in the Second direction, a first pattern in the first 
area is formed on the first mask, and a Second pattern in the 
Second area is formed on the Second mask. In other words, 
a plurality of masks may be placed on the mask Stage, 
because of the following reason. That is, even in the case of 
the plurality of masks, the inventions described above func 
tion as they are when the patterns on the respective masks 
are Successively transferred onto the Substrate. 
0075 According to an aspect G of the present invention, 
there is provided a Scanning exposure method for transfer 
ring a pattern on a mask onto a Substrate by reciprocatively 
moving the mask (R) in a first direction to irradiate, with an 
illumination light beam, first and second areas (P1, P2) 
respectively arranged in a Second direction perpendicular to 
the first direction on the mask, and moving the Substrate (W) 
in Synchronization with the movement of the mask, wherein 
the mask is moved without any Stop between illumination of 
the illumination light beam onto the first area on the mask 
and illumination of the illumination light beam onto the 
Second area on the mask. According to this aspect, the 
movement locus of the mask is not necessarily the shortest. 
However, the mask is not stopped, and hence the movement 
time of the mask is approximately the Shortest from the 
completion of the transfer of the pattern in the first area to 
the Start of the transfer of the pattern in the Second area on 
the mask. 

0.076 According to an aspect H of the present invention, 
there is provided a Scanning exposure method for transfer 
ring a circuit pattern onto a Substrate (W), comprising a first 
Step of moving a mask having first and Second divided 
patterns of the circuit pattern in a first direction to irradiate 
the first divided pattern with an illumination light beam, and 
moving the Substrate in Synchronization with the movement 
of the mask to transfer the first divided pattern to a com 
parted area (for example, S1) on the Substrate; and a second 
Step of moving the mask in the first direction, i.e., in the 
direction opposite to that used in the first Step to irradiate the 
Second divided pattern with the illumination light beam, and 
moving the Substrate in Synchronization with the movement 
of the mask to transfer the second divided pattern to the 
comparted area. According to this aspect, it is possible to 
realize the double exposure in which the first divided pattern 
and the Second divided pattern on the mask are transferred 
in an overlay manner to the identical comparted area on the 
Substrate only by reciprocating the Substrate once during the 
one-time of the reciprocating movement of the mask. AS a 
result, the circuit pattern, which is composed of the first 
divided pattern and the Second divided pattern, is accurately 
transferred. 

0077. In this method, it is desirable that the mask is 
moved between the first Step and the Second Step So that at 
least one of a Velocity component in the first direction and 
a Velocity component in a Second direction perpendicular 
thereto is not Zero. 

0078. According to an aspect I of the present invention, 
there is provided a stage apparatus comprising a first mov 
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able member (WST) which is movable in a two-dimensional 
plane while holding a Substrate (W); a first reflecting Surface 
(60a) which is provided on the first movable member (WST) 
to extend in a direction interSecting a predetermined first 
axis (Y axis) and a second axis (X axis) perpendicular 
thereto in the two-dimensional plane; a first interferometer 
(76X1) which measures a position of the first movable 
member in a third axis direction by perpendicularly radiating 
a length-measuring beam onto the first reflecting Surface and 
receiving a reflected light beam therefrom; and a calculating 
unit (78) which calculates a position coordinate on a rect 
angular coordinate System defined by the first axis and the 
Second axis of the first movable member, on the basis of a 
measured value obtained by the first interferometer. 
0079 According to the stage apparatus of the present 
invention, the first movable member is provided with the 
first reflecting Surface which extends in the direction inter 
Secting the predetermined first axis and the Second axis 
perpendicular thereto in the two-dimensional plane. The first 
interferometer measures the position in the third axis direc 
tion which is the direction of the length-measuring beam, of 
the first movable member by perpendicularly radiating the 
length-measuring beam onto the first reflecting Surface and 
receiving the reflected light beam therefrom. For example, 
the interferometer is reset when the length-measuring beam 
of the first interferometer is firstly radiated onto the first 
reflecting Surface So that the Stage position at this time is 
determined to be the origin position (0, 0) of the rectangular 
coordinate system defined by the first axis (Y axis) and the 
Second axis (Xaxis). The position(X,Y) after the movement 
of the Stage can be calculated from the movement distance 
in the third axis direction measured by the first interferom 
eter and the angle of interSection of the first reflecting 
Surface with respect to the first axis or the Second axis. That 
is, the calculating unit can be used to calculate the position 
coordinate of the first movable member on the rectangular 
coordinate System defined by the first axis and the Second 
axis only with the measured value obtained by the first 
interferometer. It is enough that only the first reflecting 
Surface in the direction interSecting the coordinate axis of 
the rectangular coordinate System is provided on the first 
movable member. Therefore, the number of interferometers 
and the number of reflecting Surfaces can be decreased, and 
the Stage apparatus having the Simple System can be real 
ized, as compared with the illustrative conventional appa 
ratus in which reflecting mirrors are provided on a movable 
member respectively in the orthogonal axis direction on the 
perpendicular coordinate System, and the position of the 
movable member in the Orthogonal axis direction is mea 
Sured by using a plurality of interferometers respectively. It 
is also possible to Simplify the measurement of the position 
of the Substrate, and consequently the control of the position. 
The degree of freedom is improved for the arrangement of 
the reflecting Surface. Consequently, the degree of freedom 
of the design is improved for the shape of the first movable 
member which holds the Substrate. As a result, it is unnec 
essary to use a rectangular stage having, for example, a 
Square or oblong configuration, as the first movable member. 
For example, when the reflecting Surface is arranged 
obliquely on Such a rectangular Stage, it is possible to 
eliminate portions disposed outside the reflecting Surface. 
Therefore, it is possible to realize a Small size and a light 
weight of the Stage which is movable two-dimensionally 
while holding the first movable member, i.e., the substrate. 
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0080. In this aspect, it is also preferable that the stage 
apparatus further comprises a Second reflecting Surface 
(60b) which is provided on the first movable member (WST) 
to extend in the Second axis direction; and a Second inter 
ferometer (76Y) which measures a position of the first 
movable member in the first axis direction by perpendicu 
larly radiating a length-measuring beam onto the Second 
reflecting Surface and receiving a reflected light beam there 
from; wherein the calculating unit (78) calculates a position 
coordinate of the first movable member in the second axis 
direction on the basis of the measured value obtained by the 
first interferometer. For example, the position of the first 
movable member in the first axis direction is measured by 
using the Second interferometer, and the position of the first 
movable member in the Second axis direction can be deter 
mined by using the first interferometer and the calculator. In 
this arrangement, it is necessary that the Second reflecting 
Surface is necessarily arranged perpendicularly to the first 
axis. However, the arrangement of the first reflecting Surface 
is free to Some extent. It is possible to realize a Small size of 
the first movable member, i.e., the Stage which is movable 
two-dimensionally while holding the substrate. 
0081. It is also preferable that the calculating unit (78) 
calculates at least one of the position in the first axis 
direction and the position in the Second axis direction of the 
first movable member (WST) on the basis of both of the 
measured value obtained by the first interferometer (76X1) 
and the measured value obtained by the Second interferom 
eter (76Y). In this arrangement, the measurement is per 
formed in the first axis direction with the measured value 
obtained by the second interferometer (76Y) to determine 
the difference between the obtained result and the measure 
ment result in the first axis direction of the first interferom 
eter (76X1), in accordance with which it is possible to 
correct any measurement error in the Second axis direction 
concerning the first interferometer (76X1). Accordingly, it is 
possible to perform the measurement in the first axis direc 
tion and the Second axis direction while allowing the Stage 
to have a Small size. 

0082 It is also preferable that the stage apparatus further 
comprises a third reflecting surface (60c) which is provided 
on the first movable member (WST), which intersects the 
first axis and the Second axis perpendicular thereto in the 
two-dimensional plane, and which extends in a direction 
different from that of the first reflecting surface; and a third 
interferometer (76X2) which measures a position of the first 
movable member in a fourth axis direction by perpendicu 
larly radiating a length-measuring beam onto the third 
reflecting Surface and receiving a reflected light beam there 
from; wherein the calculating unit (78) calculates a position 
of the first movable member in the second axis direction on 
a stage coordinate System defined by the first axis and the 
Second axis on the basis of measured values obtained by the 
first and third interferometers. 

0.083. That is, the position of the first movable member in 
the first axis direction is measured by using the Second 
interferometer. The position in the Second axis direction can 
be determined by means of the calculation on the basis of the 
measured values obtained by the first and third interferom 
eters which measure the positions in the respective direc 
tions of the first movable member from the direction differ 
ent from that of the first axis. The first, second, and third 
reflecting Surfaces can be arranged in a triangular configu 
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ration. As a result, it is possible to allow the first movable 
member itself to have a shape of rectangular configuration. 
Therefore, it is possible for the first movable member to 
realize a considerably Small size and a considerably light 
weight while maintaining the high rigidity as compared with 
the conventional rectangular stage. 
0084. It is also preferable for the stage apparatus that the 

first interferometer (76X1) radiates two length-measuring 
beam having respective length-measuring axes onto the first 
reflecting Surface (60a) to make mutual separation in a 
direction perpendicular to the two-dimensional plane, and 
receives respective reflected light beams therefrom in order 
to measures the position of the first movable member in the 
third axis direction for each of the length-measuring axes, 
and the calculating unit (78) also calculates inclination of the 
first movable member (WST) with respect to the two 
dimensional plane on the basis of the measured value 
obtained by the first interferometer. 
0085. It is also preferable for the stage apparatus that the 

first interferometer (76X1) radiates two length-measuring 
beam having respective length-measuring axes separated in 
a direction parallel to the two-dimensional plane onto the 
first reflecting Surface (60a), and receives respective 
reflected light beams therefrom in order to measure the 
position of the first movable member in the third axis 
direction for each of length-measuring axes, and the calcu 
lating unit (78) also calculates rotation of the first movable 
member (WST) in the two-dimensional plane on the basis of 
the measured value obtained by the first interferometer. 
0086. It is also preferable for the stage apparatus that the 
Second interferometer (76Y) radiates three length-measuring 
beam having respective length-measuring axes onto the 
Second reflecting Surface So that incoming points into the 
Second reflecting Surface (60b) are not arranged on an 
identical Straight line on the Second reflecting Surface, and 
receives respective reflected light beams therefrom, in order 
to measure the position of the first movable member (WST) 
in the first axis direction for the respective length-measuring 
axes; and the calculating unit (78) also calculates rotation of 
the first movable member in the two-dimensional plane and 
inclination of the first movable member with respect to the 
two-dimensional plane on the basis of the measured value 
obtained by the second interferometer. 
0087. It is also preferable for the stage apparatus that a 
reflecting mirror is arranged on the first movable member, 
and its reflecting Surface is used as the first reflecting 
surface. However, it is desirable that the first reflecting 
surface (60a) is formed on an end surface or a side wall of 
the first movable member (WST), because of the following 
reason. That is, Such an arrangement facilitates the realiza 
tion of a light weight of the first movable member. Further, 
it is possible to narrow the width of the first movable 
member in the direction perpendicular to the Substrate. 
Furthermore, it is also preferable that the first movable 
member (WST) has a substantially triangular configuration, 
and the second reflecting surface (60b) is formed on an end 
Surface of the first movable member. 

0088. When the first movable member of the stage appa 
ratus has the Substantially triangular configuration, it is also 
preferable that the Stage apparatus further comprises a 
driving unit for making driving movement in a direction 
perpendicular to the two-dimensional plane in response to an 
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output of at least one of first, Second, and third interferom 
eters, provided in the vicinity of at least one corner of three 
corners. In this arrangement, at least one point of predeter 
mined three points in the vicinity of the respective apex 
angles of the first movable member is driven by the driving 
unit in the direction perpendicular to the two-dimensional 
plane in response to at least one output of the first, Second, 
and third interferometers. That is, the inclination of the first 
movable member (substrate) with respect to the two-dimen 
Sional plane is adjusted. In this procedure, the inclination is 
adjusted by driving the portion in the vicinity of the three 
apex angles far from the position of the center of gravity of 
the first movable member. Therefore, it is possible to obtain 
the high control response (tilt driving control response). 
0089. It is also preferable for the stage apparatus that 
each of the interferometers (76X1,76Y, 76X2) radiates three 
length-measuring beam having respective length-measuring 
axes onto the corresponding reflecting Surface (60a, 60b, 
60c) So that their incoming points are not arranged on an 
identical Straight line, and receives reflected light beams 
therefrom, in order to measure a position of the first movable 
member (WST) in a direction of each of length-measuring 
axes for each of the length-measuring axes, and the calcu 
lating unit (78) calculates rotation of the first movable 
member (WST) in the two-dimensional plane and inclina 
tion with respect to the two-dimensional plane using a 
measured value or measured values obtained by the length 
measuring axis or the length-measuring axes of arbitrary one 
of, or arbitrary two of, or three of the first, second, and third 
interferometers. 

0090. In this arrangement, it is also preferable that the 
first movable member (WST) includes a second plate (52) 
movable in the two-dimensional plane, a leveling drive 
mechanism (58) carried on the second plate (52), and a first 
plate (TB) supported by the leveling drive mechanism which 
holds the substrate (W); the first, second, and third reflecting 
surfaces are provided on the first plate (TB); the leveling 
drive mechanism (58) includes three actuators (ZACX1, 
ZACY, ZACX2) which support the first plate at different 
three points Substantially on extension lines of the respective 
length-measuring axes of the first, Second, and third inter 
ferometers, the actuators being capable of making driving 
movement independently in a direction perpendicular to the 
two-dimensional plane at respective Support points; the 
calculating unit (78) calculates inclination of the first, Sec 
ond, and third reflecting Surfaces with respect to the two 
dimensional plane by using the measured values obtained by 
the first, Second, and third interferometers respectively; and 
the Stage apparatus further comprises an actuator control 
unit (56) for controlling the three actuators in accordance 
with a calculation result obtained by the calculating unit. In 
this arrangement, the actuators can be independently con 
trolled in accordance with the tilt angle of the corresponding 
reflecting Surface measured by each of the interferometers. 
Therefore, the inclination can be adjusted reliably and 
efficiently. In this arrangement, when the first plate (TB) has 
a regular triangular configuration, it is desirable that the 
three actuators are arranged in the vicinity of apexes of the 
regular triangle of the first plate. By doing So, it is possible 
to obtain the high tilt drive control response. 
0091. It is also preferable that the stage apparatus further 
comprises a base board (22); and a second movable member 
(38) which arranges the first movable member (WST) 
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thereon, the Second movable member being arranged on the 
base board and relatively movable with respect the base 
board and the first movable member respectively; wherein 
the Second movable member is moved in response to a 
reaction force generated by movement of the first movable 
member, because of the following reason. That is, when the 
foregoing arrangement is adopted, the unbalanced load, 
which is brought about by the movement of the center of 
gravity of the first movable member, can be canceled by the 
movement of the center of gravity of the Second movable 
member. Thus, it is possible to retain the center of gravity of 
the entire Stage apparatus at a predetermined position. 
0092. In this arrangement, it is desirable that the stage 
apparatus further comprises a driving System (44) capable of 
driving the second movable member (38) provided on the 
base board (22) at a predetermined response frequency; and 
a control unit (78) for controlling a position of the second 
movable member at a response frequency of not more than 
several HZ by the aid of the driving system, because of the 
following reason. That is, when the foregoing arrangement 
is adopted, for example, if the base board is inclined, the 
position can be controlled at the response frequency of not 
more than several HZ So that the second movable member is 
not moved freely due to its self-weight. 
0093. According to an aspect J of the present invention, 
there is provided a Scanning type exposure apparatus for 
exposing a Substrate by transferring a pattern formed on a 
mask onto the Substrate, the apparatus comprising: 
0094) a stage apparatus including a substrate stage (WST) 
which is movable in a two-dimensional plane while holding 
the Substrate, a first reflecting Surface which is provided on 
the Substrate Stage to extend in a direction interSecting a 
predetermined first axis and a Second axis perpendicular 
thereto in the two-dimensional plane, a first interferometer 
which measures a position of the Substrate Stage in a third 
axis direction by perpendicularly radiating a length-measur 
ing beam onto the first reflecting Surface and receiving a 
reflected light beam therefrom, and a calculating unit which 
calculates a position coordinate on a rectangular coordinate 
system defined by the first axis and the second axis of the 
substrate stage (WST), on the basis of a measured value 
obtained by the first interferometer; 
0.095 a mask stage (RST) which holds the mask (R); and 
a stage control system (33, 78,80) which relatively moves 
the mask stage (RST) and the substrate stage (WST) of the 
Stage apparatus in Synchronization with each other in a 
direction of the first axis (Y direction). The Scanning type 
exposure apparatus is characterized in that the pattern 
formed on the mask is transferred to the substrate (W) on the 
Substrate Stage during the relative movement of the mask 
Stage and the Substrate Stage effected by the Stage control 
System. Accordingly, a triangular Substrate Stage, which is 
considerably Small as compared with the conventional rect 
angular stage, can be used as the Substrate Stage as described 
above. Therefore, the position control response performance 
is improved for the Substrate Stage. It is possible to shorten 
the Synchronous Settling time for the mask Stage and the 
Substrate Stage during the relative movement in the first axis 
direction effected by the Stage control System. As a result, it 
is possible to improve the throughput. 
0096. In the aspect J, it is preferable that each of the first 
and third interferometers (76X1, 76X2) is an interferometer 
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having two axes, and the apparatus further comprises a 
projection optical System (PL) having an optical axis which 
is orthogonal to the mask (R) and the substrate (W) respec 
tively, and an alignment optical System (ALG) provided 
Separately from the projection optical System. In this case, it 
is desirable that the respective length-measuring axes of the 
first and third interferometers are Set So that a point of 
interSection obtained by extending one of the length-mea 
suring axes (RIX11, RIX21) of each of the first and third 
interferometers is Substantially coincident with a center of 
the projection optical System, and a point of interSection 
obtained by extending the respective remaining length 
measuring axes (RIX12, RIX22) is substantially coincident 
with a center of the alignment optical System, because of the 
following reason. That is, in this arrangement, the position 
of the Substrate can be managed in a State in which the 
So-called Abbe error does not exist during any of the 
exposure and the alignment. Thus, it is possible to improve 
the overlay accuracy. 
0097. It is desirable for the scanning type exposure 
apparatus according to the aspect J that rate of acceleration, 
maximum Velocity, and Settling time of the Substrate Stage 
(WST) during the exposure are determined so that any one 
of the length-measuring axes of the first, Second, and third 
interferometers (76RIX1, RIY, RIX2) is not deviated from 
the corresponding reflecting Surface of the first, Second, and 
third reflecting surfaces (60a, 60b, 60c) during the scanning 
exposure for peripheral areas of the Substrate (W), because 
of the following reason. That is, in this arrangement, the 
reflecting Surface can be set within a range of the three side 
Surfaces of the Substrate Stage. Therefore, the balance of the 
Substrate Stage is improved, and it is possible to enhance the 
rigidity thereof. 
0098. It is desirable for the scanning type exposure 
apparatus according to the aspect J that a fiducial mark (FM) 
and a sensor (KES) for performing predetermined measure 
ment in relation to exposure process with the measured 
values of the first, Second, and third interferometers are 
arranged at predetermined positions on the Substrate Stage 
(WST) at which any one of the length-measuring axes of the 
first, second, and third interferometers (76RIX1, RIY, RIX2) 
is not deviated from the corresponding reflecting Surface of 
the first, second, and third reflecting surfaces (60a, 60b, 
60c), because of the following reason. That is, in this 
arrangement, it is unnecessary to extend the reflecting Sur 
face, for example, for the measurement of the base line 
based on the use of the fiducial mark, and for the measure 
ment of the image formation characteristics and the mea 
Surement of the radiation amount based on the use of the 
Sensor. Therefore, this arrangement also results in the real 
ization of a light weight of the Substrate Stage. 
0099. The scanning type exposure apparatus according to 
the aspect J may be constructed Such that each of the 
interferometers radiates three length-measuring beam hav 
ing respective length-measuring axes which are not arranged 
on an identical Straight line on each of the reflecting Surfaces 
onto the corresponding reflecting Surface respectively, and 
receives reflected light beams therefrom, in order to measure 
a position of the Substrate Stage in a direction of each of the 
length-measuring axes for each of the length-measuring 
axes, and 
0100 the calculating unit calculates rotation of the Sub 
Strate Stage in the two-dimensional plane and inclination 
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with respect to the two-dimensional plane by using a mea 
Sured value or measured values obtained by the length 
measuring axis or the length-measuring axes of any arbitrary 
one of, or arbitrary two of, or three of the first, Second, and 
third interferometers. Alternatively, the Scanning type expo 
Sure apparatus according to the aspect J may be constructed 
Such that the Substrate Stage includes a Second plate movable 
in the two-dimensional plane, a leveling drive mechanism 
carried on the Second plate, and a first plate Supported by the 
leveling drive mechanism which holds the Substrate; 
0101 the first, second, and third reflecting surfaces are 
provided on the first plate; 
0102 the leveling drive mechanism includes three actua 
tors which Support the first plate at different three points 
Substantially on extension lines of the respective length 
measuring axes of the first, Second, and third interferom 
eters, the actuators driving the first plate independently in a 
direction perpendicular to the two-dimensional plane at 
respective Support points; 

0.103 the calculating unit calculates inclination of the 
first, Second, and third reflecting Surfaces with respect to the 
two-dimensional plane using the measured values obtained 
by the first, Second, and third interferometers respectively; 
and 

0104 the stage apparatus further comprises an actuator 
control unit for controlling the three actuators in accordance 
with a calculation result obtained by the calculating unit. In 
the arrangements described above, it is preferable that the 
mask stage (RST) is rotatable in the two-dimensional plane. 
In this arrangement, it is also preferable that the calculating 
unit (78) calculates a rotation discrepancy amount of the 
substrate stage (WST) in the two-dimensional plane on the 
basis of the measured value obtained by the second inter 
ferometer (RIY); and the stage control system (33, 78,80) 
controls rotation of the mask Stage So that the rotation 
discrepancy amount is corrected. By doing So, it is unnec 
essary to hold the rotation control mechanism on the Side of 
the Substrate Stage. Therefore, it is possible to realize a light 
weight of the Stage apparatus corresponding thereto. 
0105 The Scanning type exposure apparatus according to 
the aspect J may further comprises a base board; a Second 
movable member which arranges the Substrate Stage 
thereon, the Second movable member being arranged on the 
base board and movable relative to each of the base board 
and the Substrate Stage; a driving System capable of driving 
the second movable member provided on the base board at 
a predetermined response frequency; and a control unit for 
controlling a position of the Second movable member at a 
response frequency of not more than Several HZ by the aid 
of the driving System; wherein the Second movable member 
is moved in response to a reaction force generated by 
movement of the Substrate Stage. In this arrangement, it is 
allowable that the substrate stage (WST) has a weight which 
is not more than 1/6 of a weight of the second movable 
member (38); and the control unit (78) varies a response 
frequency of the Second movable member before exposure 
or alignment and the other response frequencies. Accord 
ingly, when the exposure or the alignment, which requires 
the accuracy of the position control of the Substrate Stage, is 
performed, the response frequency of the Second movable 
member is lowered to Such an extent that the response is 
incapable during the acceleration or deceleration of the 
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Substrate Stage. By doing So, the unbalanced load, which 
would be otherwise caused by the movement of the center of 
gravity of the Substrate Stage, can be canceled by the aid of 
the movement of the center of gravity of the second movable 
member. Further, the distance of the movement of the 
Second movable member in the opposite direction can be 
made to be not more than /10. The position control can be 
performed by increasing the response frequency of the 
Second movable member during the driving operation other 
than the exposure and the alignment described above. As a 
result, it is possible to decrease the footprint. Further, in this 
arrangement, it is also preferable that the Scanning type 
exposure apparatus further comprises a position-measuring 
unit (45) for monitoring a two-dimensional position of the 
second movable member (38); wherein the control unit (78) 
corrects the position of the Second movable member to a 
predetermined position on the basis of a measurement result 
obtained by the position-measuring unit during movement 
of the substrate stage (WST) other than exposure and 
alignment. 

0106 According to an aspect a of the present invention, 
there is provided a Scanning exposure apparatus for expos 
ing a photoSensitive Substrate with a pattern by Synchro 
nously moving a mask formed with the pattern and the 
photoSensitive Substrate across an area onto which an energy 
beam is radiated, the apparatus comprising: 

0107 a mask stage which is movable while placing the 
mask thereon; 

0.108 a Substrate stage which is movable while placing 
the photosensitive Substrate thereon, the Substrate Stage 
having, on a Side wall, at least first, Second, and third 
reflecting Surfaces, and the first to third reflecting Surfaces or 
extension lines thereof forming a triangle; and 
0109 an interferometer system which radiates length 
measuring beams to the first to third reflecting Surfaces 
respectively. The triangle for forming the first to third 
reflecting Surfaces may be a regular triangle. Those uSable as 
the energy beam may include light beams having an arbi 
trary wavelength Such as Visible light, ultraViolet light, and 
X-ray, electromagnetic wave, and particle beams Such as 
those composed of electrons. 
0110. According to an aspect K of the present invention, 
there is provided a Stage apparatus comprising a base board 
(22); a first movable member (WST) which is movable 
relative to the base board (22) and holds a substrate; a 
second movable member (38) which arranges the first mov 
able member thereon, the Second movable member being 
arranged on the base board and being movable relative to the 
base board and the first movable member respectively; and 
a driving unit (42) provided on the Second movable member, 
for moving the first movable member in a two-dimensional 
plane, wherein the Second movable member is moved in 
accordance with a reaction force generated by the movement 
of the first movable member. 

0111. According to the Stage apparatus of the aspect K, 
the unbalanced load, which is brought about by the move 
ment of the center of gravity of the first movable member, 
can be canceled by the aid of the movement of the center of 
gravity of the second movable member. Therefore, the 
center of gravity of the entire apparatus can be maintained 
at a predetermined position. In this arrangement, it is also 
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preferable that the driving unit (42) includes a linear actuator 
for driving the first movable member on the second movable 
member; and the first movable member (WST) and the 
Second movable member (38) are Supported in a non-contact 
manner by the second movable member and the base board 
respectively. 
0112. It is also preferable for the Stage apparatus accord 
ing to the aspect K that the first movable member (WST) has 
a first reflecting surface (60a) which extends in a direction 
interSecting first and Second axes respectively orthogonal to 
one another in the two-dimensional plane, a Second reflect 
ing Surface (60b) which extends in the Second axis direction, 
and a third reflecting surface (60c) which is arranged sub 
Stantially Symmetrically to the first reflecting Surface with 
respect to the first axis, and the apparatus further comprises 
three interferometers (76X1, 76X2, 76Y) which radiate 
length-measuring beams to the first, Second, and third 
reflecting Surfaces respectively. In this arrangement, it is 
possible to adopt an isosceles triangular first movable mem 
ber. Therefore, the Stage apparatus of the present invention 
can have a Small size as compared with the conventional 
Substrate Stage. 
0113. It is also preferable for the stage apparatus accord 
ing to the aspect K that the first movable member (WST) 
includes a first plate (TB) for placing the substrate (W) 
thereon; a driving mechanism (58) for moving the first plate 
in a direction perpendicular to the two-dimensional plane, 
and inclining the first plate relatively with respect to the 
two-dimensional plane; and a Second plate for placing the 
driving mechanism thereon. 
0114. In the Stage apparatus according to the aspect K, the 

first movable member may include a plurality of movable 
sections (WST1, WST2) as described in the second embodi 
ment of the present invention. The arrangement of the 
plurality of movable Sections on the Second movable mem 
ber is Significant as follows. That is, when any one of the 
movable sections is driven by the driving unit, then the 
Second movable member is moved in accordance with the 
reaction force of the driving force, and the unbalanced load, 
which is caused by the movement of the center of gravity of 
the movable Section, can be canceled by the movement of 
the center of gravity of the Second movable member. AS a 
result, it is possible to maintain the center of gravity of the 
entire Stage apparatus at a predetermined position. Similarly, 
when the plurality of movable Sections are simultaneously 
driven by the driving unit, the second movable member is 
moved in accordance with the reaction force corresponding 
to the combined force of the driving force so that the 
unbalanced load, which is caused by the movement of the 
center of gravity of the plurality of movable Sections, is 
canceled by the movement of the center of gravity of the 
Second movable member. As a result, it is possible to 
maintain the center of gravity of the entire Stage apparatus 
at a predetermined position. Therefore, it is unnecessary to 
perform any operation which would be otherwise performed 
Such that the operation of the movable Sections is mutually 
adjusted So that the operation of a certain movable Section 
functions as disturbance on the other movable Section. 
Therefore, the load on the control is mitigated. Further, it is 
possible to maintain the high position control performance 
for the respective movable Sections. 
0.115. It is desirable for the stage apparatus according to 
the aspect K that a mass of the first movable member (WST) 
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is not more than about 1/6 of a mass of the second movable 
member (38); and the apparatus further comprises a second 
driving unit (44,78) for driving the second movable member 
at a low response frequency on the base board (22). In this 
arrangement, the unbalanced load, which is brought about 
by the movement of the center of gravity of the first movable 
member, can be canceled by the movement of the center of 
gravity of the Second movable member. Further, during this 
process, the distance of the movement of the Second mov 
able member in the opposite direction can be made to be not 
more than /10. The second movable member is driven on the 
base board by the Second driving unit at the low response 
frequency of Such a degree that the Second movable member 
is incapable of making response to the reaction force during 
the acceleration or deceleration of the first movable member. 
Therefore, the second movable member can be driven with 
out affecting the movement of the first movable member. 

0116. According to an aspect L of the present invention, 
there is provided a Scanning type exposure apparatus com 
prising the Stage apparatus according to the aspect K, the 
Scanning type exposure apparatus further comprising a mask 
Stage (RST) which holds a mask (R); a projection optical 
System (PL) having an optical axis perpendicular to the 
mask (R) and the substrate (W) respectively; a first pedestal 
(16) which Supports the projection optical System and Sus 
pends the base board (22) thereby; and a vibration-preven 
tive apparatus (20) which Supports the first pedestal; wherein 
a pattern on the mask is transferred onto the Substrate via the 
projection optical system by synchronously moving the 
mask and the Substrate by the aid of the mask Stage and the 
Stage apparatus. Accordingly, the unbalanced load, which is 
brought about by the movement of the center of gravity of 
the first movable member for the substrate, for example, 
during the transfer of the mask pattern, can be canceled by 
the movement of the center of gravity of the second movable 
member. Therefore, the load on the vibration-preventive 
apparatus is mitigated. The distortion of the first pedestal 
section, which would be otherwise caused by the unbalanced 
load, can be Suppressed to the minimum. As a result, it is 
possible to improve the positioning accuracy for the mask 
and the Substrate. 

0117. It is also preferable that the scanning type exposure 
apparatus further comprises a second pedestal (26, 28) for 
placing the mask stage thereon, and a frame (72) provided 
on a floor on which the vibration-preventive apparatus (20) 
is arranged, and the frame having an actuator which applies 
a force corresponding to a reaction force generated by 
movement of the mask Stage, to the mask Stage or the Second 
pedestal. In this arrangement, the force, which corresponds 
to the reaction force generated by the movement of the mask 
Stage, is applied to the mask Stage or the Second pedestal by 
the aid of the actuator. Therefore, the first pedestal can be 
prevented from transmission of the vibration via the second 
pedestal during the acceleration or deceleration of the mask 
Stage. In this arrangement, it is also preferable that the 
actuator for moving the mask Stage is also used as the 
actuator which applies the force to the Second pedestal. In 
this case, it is desirable that the apparatus further comprises 
a base plate (BS) for placing the vibration-preventive appa 
ratus (20) thereon; and an elastic member (70) for connect 
ing the base plate and the frame (72), because of the 
following reason. That is, in this arrangement, it is possible 
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to avoid the mutual transmission of the vibration between 
the first pedestal and the frame, by the aid of the elastic 
member. 

0118. It is also preferable for the exposure apparatus 
according to the aspect L that the first movable member 
(WST) has a first reflecting surface (70a) which extends in 
a direction interSecting a Scanning direction for the Substrate 
(W) and a non-Scanning direction orthogonal thereto respec 
tively on the two-dimensional plane, a Second reflecting 
surface (70b) which extends in the non-scanning direction, 
and a third reflecting surface (70c) which is arranged sub 
Stantially Symmetrically to the first reflecting Surface in 
relation to the Scanning direction; and the apparatus further 
comprises three sets of interferometers (76X1,76X2, 76X3) 
which radiate length-measuring beams to the first, Second, 
and third reflecting Surfaces respectively. In this arrange 
ment, it is possible to adopt an isosceles triangular first 
movable member, and hence it is possible to realize a Small 
Size as compared with the conventional Substrate Stage. 
Therefore, it is possible to further decrease the foot print. 
The improvement in the response performance for the 
position control of the first movable member shortens the 
Synchronous Settling time for the mask and the Substrate, and 
it is possible to improve the throughput thereby. In this case, 
the Overlay accuracy is improved owing to the improvement 
in positioning accuracy. 

0119) It is desirable that the exposure apparatus according 
to the aspect L further comprises a position-measuring unit 
(45) for detecting a relative position of the second movable 
member (38) with respect to the base board (22); and a 
second driving unit (44, 78) for positioning the second 
movable member at a predetermined point on the base board 
on the basis of an output of the position-measuring unit 
during operation other than exposure operation for the 
Substrate (W) and alignment operation. In this arrangement, 
the Second driving unit positions the Second movable mem 
ber at the predetermined point on the base board on the basis 
of the output of the position-measuring unit during the 
operation other than the exposure operation for the Substrate 
and the alignment operation. As a result, it is possible to 
further decrease the foot print. 
0120 According to an aspect M of the present invention, 
there is provided a Scanning type exposure apparatus for 
transferring a pattern on a mask (R) onto a Substrate by 
synchronously moving the mask (R) and the substrate (W), 
the apparatus comprising a Substrate stage (WST) which 
places the Substrate thereon, the Substrate Stage having a first 
reflecting Surface (60a) extending in a direction intersecting 
a first direction in which the Substrate is Synchronously 
moved and a Second direction perpendicular thereto respec 
tively, and a second reflecting Surface (60b) extending in the 
Second direction; and first and Second interferometers 
(76X1, 76X2) which radiates length-measuring beams onto 
the first and Second reflecting Surfaces respectively. 

0121. It is also preferable that the exposure apparatus 
according to the aspect M further comprises a projection 
optical System (PL) having an optical axis Substantially 
perpendicular to the mask and the Substrate respectively; 
wherein the first and Second interferometers are arranged 
Such that their length-measuring axes make interSection at 
the optical axis of the projection optical System respectively. 
In this arrangement, it is preferable that the apparatus further 
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comprises an off-axis alignment Sensor (ALG) which radi 
ates a light beam onto a mark on the Substrate; wherein the 
first interferometer (76X1) has the first length-measuring 
axis (RIX11) which intersects the optical axis of the pro 
jection optical System (PL), and the Second length-measur 
ing axis (RIX12) which intersects a detection center of the 
off-axis alignment Sensor. 
0122) In this arrangement, it is desirable that the second 
interferometer (76Y) radiates two length-measuring beams 
Separated from each other in the Second direction, onto the 
second reflecting surface (60b); and the detection center of 
the off-axis alignment Sensor (ALG) is determined by the 
two length-measuring beams, and it is arranged on the 
length-measuring axis of the Second interferometer passing 
through the optical axis of the projection optical System 
(PL). In this arrangement, it is also preferable that the 
substrate stage (WST) has a third reflecting surface (60c) 
which is arranged Substantially Symmetrically to the first 
reflecting surface (60a) in relation to the first direction; and 
the apparatus further comprises a third interferometer 
(76X2) which radiates a length-measuring beam onto the 
third reflecting Surface. In this arrangement, it is desirable 
that the third interferometer (76X2) has a third length 
measuring axis (RIX21) which intersects the optical axis of 
the projection optical System, and a fourth length-measuring 
axis (RIX22) which intersects the detection center of the 
off-axis alignment Sensor. 
0123. According to an aspect N of the present invention, 
there is provided an exposure method for transferring a 
pattern on a mask onto a photosensitive Substrate by Syn 
chronously moving the mask (R) and the photosensitive 
Substrate (W), wherein exposure operation of the photosen 
sitive substrate (W) is performed while controlling a posi 
tion of the photosensitive substrate (W) with a length 
measuring beam directed in a direction different from a 
non-Scanning direction, with respect to at least the non 
Scanning direction, of a Synchronous movement direction 
for the photosensitive Substrate (W) and the non-Scanning 
direction perpendicular thereto. Accordingly, the position is 
controlled with the length-measuring beam in the direction 
different from the non-Scanning direction, concerning at 
least the non-Scanning direction. That is, the position is 
controlled in the non-Scanning direction with the length 
measuring beam in the direction which obliquely intersects 
the Scanning direction. Therefore, any Stage having any 
shape can be adopted for the Stage for the photoSensitive 
Substrate, provided that the Stage includes the reflecting 
Surface in the direction perpendicular to the length-measur 
ing beam. It is unnecessary to use a rectangular stage having, 
for example, a Square or oblong configuration. The degree of 
freedom is improved for the design of the shape of the Stage. 
AS a result, it is possible to realize a Small Size of the Stage 
for the photosensitive substrate. 
0.124. According to an aspect O of the present invention, 
there is provided a method for producing a stage apparatus, 
comprising: 

0.125 providing a first movable member which is mov 
able in a two-dimensional plane while holding a Substrate; 
0.126 providing a first reflecting surface which is pro 
vided on the first movable member to extend in a direction 
interSecting a predetermined first axis and a Second axis 
perpendicular thereto in the two-dimensional plane; 
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0127 providing a first interferometer which measures a 
position of the first movable member in a third axis direction 
by perpendicularly radiating a length-measuring beam onto 
the first reflecting Surface and receiving a reflected light 
beam therefrom; and 
0128 providing a calculating unit for calculating a posi 
tion coordinate on a rectangular coordinate System defined 
by the first axis and the second axis of the first movable 
member, on the basis of a measured value obtained by the 
first interferometer. 

0129. According to an aspect P of the present invention, 
there is provided a method for producing a Scanning type 
exposure apparatus which exposes a Substrate by transfer 
ring a pattern formed on a mask onto the Substrate, the 
method comprising: 
0.130 producing a stage apparatus by providing a Sub 
Strate Stage which is movable in a two-dimensional plane 
while holding the Substrate, a first reflecting Surface which 
is provided on the Substrate Stage to extend in a direction 
interSecting a predetermined first axis and a Second axis 
perpendicular thereto in the two-dimensional plane, a first 
interferometer which measures a position of the Substrate 
Stage in a third axis direction by perpendicularly radiating a 
length-measuring beam onto the first reflecting Surface and 
receiving a reflected light beam therefrom, and a calculating 
unit which calculates a position coordinate on a rectangular 
coordinate System defined by the first axis and the Second 
axis of the Substrate Stage, on the basis of a measured value 
obtained by the first interferometer respectively; 
0131 providing a mask stage which holds the mask; and 
0132 providing a stage control system which relatively 
moves the mask Stage and the Substrate Stage in Synchroni 
Zation with each other in a direction of the first axis, 
wherein: 

0.133 the Scanning type exposure apparatus is operated 
Such that the pattern formed on the mask is transferred to the 
Substrate on the Substrate Stage during relative movement of 
the mask Stage and the Substrate Stage effected by the Stage 
control System. 
0.134. According to an aspect Q of the present invention, 
there is provided a method for producing a Stage apparatus, 
comprising: 
0.135 providing a base board; 
0.136 providing a first movable member which is mov 
able relative to the base board and holds a Substrate; 
0.137 arranging, on the base board, a second movable 
member which arranges the first movable member thereon, 
the second movable member being movable relative to the 
base board and the first movable member respectively; and 
0.138 providing a driving unit on the second movable 
member, the driving unit moving the first movable member 
in a two-dimensional plane, wherein: 
0.139 the stage apparatus is constructed such that the 
Second movable member is moved in accordance with a 
reaction force generated by the movement of the first 
movable member. 

0140. According to an aspect R of the present invention, 
there is provided a method for producing a Scanning type 
exposure apparatus, comprising: 
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0141 producing a stage apparatus by providing a base 
board; a first movable member which is movable relative to 
the base board and holds a Substrate, a Second movable 
member which arranges the first movable member thereon, 
the Second movable member being arranged on the base 
board and being movable relative to the base board and the 
first movable member respectively; and a driving unit which 
is provided on the second movable member and moves the 
first movable member in a two-dimensional plane respec 
tively; whereby the second movable member is moved in 
accordance with a reaction force generated by the movement 
of the first movable member; 
0.142 providing a mask Stage which holds a mask, 
0.143 providing a projection optical System having an 
optical axis perpendicular to the mask and the Substrate 
respectively; 
0144) providing a first pedestal which supports the pro 
jection optical System and Suspends the base board thereby; 
and 

0145 providing a vibration-preventive apparatus which 
Supports the first pedestal, wherein: 
0146 the Scanning type exposure apparatus is operated 
Such that a pattern on the mask is transferred onto the 
Substrate via the projection optical System by Synchronously 
moving the mask and the Substrate by the aid of the mask 
Stage and the Stage apparatus. 
0147 According to an aspect S of the present invention, 
there is provided a method for producing a Scanning type 
exposure apparatus for transferring a pattern on a mask onto 
a Substrate by Synchronously moving the mask and the 
Substrate, the method comprising: 
0148 providing a substrate stage which places the Sub 
Strate thereon; 
0149 providing, on the Substrate stage, a first reflecting 
Surface extending in a direction interSecting a first direction 
in which the Substrate is Synchronously moved and a Second 
direction perpendicular thereto respectively, and a Second 
reflecting Surface extending in the Second direction; and 
0150 providing first and second interferometers which 
radiate length-measuring beams onto the first and Second 
reflecting Surfaces respectively. 

0151. According to an aspect T of the present invention, 
there is provided a Scanning type exposure apparatus for 
Successively transferring a pattern on a mask to a plurality 
of shot areas (for example, S1, S2) on a photosensitive 
substrate (W) by synchronously moving the mask (R) and 
the photosensitive Substrate (W); the apparatus comprising a 
substrate stage (WST) which is movable in a two-dimen 
sional plane while holding the photosensitive substrate (W); 
a mask stage (RST) which is movable while holding the 
mask; and a stage control system (33, 78,80) which controls 
the both Stages So that run-up operation for exposure for the 
next shot is performed for the Substrate Stage after comple 
tion of exposure Simultaneously with Stepping operation in 
a non-Scanning direction for the exposure for the next shot 
in a concurrent manner, and the Stepping operation in the 
non-Scanning direction is completed before a Synchronous 
Settling period for the both Stages before the exposure for the 
next shot. 
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0152. According to this aspect, when the pattern on the 
mask is Successively transferred to the plurality of shot areas 
on the photoSensitive Substrate, the both Stages are con 
trolled as follows. That is, the run-up operation (pre-scan 
ning and over-Scanning before and after the exposure period 
for performing Scanning exposure for the shot) for the 
exposure for the next shot after the completion of the 
exposure is performed for the Substrate Stage Simultaneously 
with the Stepping operation in the non-Scanning direction for 
the exposure for the next shot in the concurrent manner. 
Further, the Stepping operation in the non-Scanning direction 
is completed before the Synchronous Settling period for the 
both stages before the exposure for the next shot. Therefore, 
the run-up operation for the Substrate Stage in the Scanning 
direction and the Stepping operation for the next shot 
(adjoining shot in the non-Scanning direction) in the non 
Scanning direction are performed Simultaneously in the 
concurrent manner. The movement time is shortened as 
compared with the conventional control of the movement of 
the Substrate Stage between the Shots comprising the opera 
tions (1) to (3) described above. Of course, even in the case 
of the conventional technique, the operations (1) and (2) can 
be performed Simultaneously in a concurrent manner pro 
Vided that the Substrate Stage has a double Structure com 
prising a movement Stage in the Scanning direction and a 
movement Stage in the non-Scanning direction. However, in 
Such a case, the Scanning for the next shot is not started at 
the point of time at which the Stepping is completed. 
Therefore, it is clear that the throughput is improved in the 
present invention as compared with the conventional tech 
nique, because the Stepping operation is completed before 
the Synchronous Settling period for the both Stages before the 
exposure for the next shot, in other words, the operation (3) 
is already Started and the acceleration period is completed at 
the point of time at which the Stepping is completed. Further, 
according to the present invention, the Stepping is completed 
before the Synchronous Settling period for the mask Stage 
and the Substrate Stage before the exposure for the next shot. 
Accordingly, the control can be concentrated on only the 
constant Velocity Synchronous control for the both Stages 
during the Synchronous Settling period. Therefore, the Set 
tling time is not prolonged as well. 

0153. In the exposure apparatus according to the aspect T, 
it is desirable that the stage control system (33, 78, 80) 
controls the both Stages So that a rate of acceleration of the 
Substrate stage (WST) in the non-Scanning direction, which 
corresponds to an over-Scanning period composed of a 
constant Velocity movement period and a deceleration 
period for the mask stage (RST) after the exposure for a 
previous shot, has an absolute value which is larger than that 
of a rate of deceleration in the non-Scanning direction 
concerning a portion corresponding to a pre-Scanning period 
for the mask stage (RST) before starting the exposure for the 
next shot. In this arrangement, for example, the Shaking 
(vibration) of the main exposure apparatus body, which is 
generated upon the Strong acceleration during the Stepping, 
is attenuated during the deceleration process. Therefore, the 
Vibration can be completely attenuated at the point of time 
at which the Stepping is completed, i.e., before the Synchro 
nous Settling period for the mask Stage and the Substrate 
Stage. The control performance is improved corresponding 
thereto. Further, the Settling time is shortened, and it is 
possible to improve the throughput. 
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0154 According to an aspect U of the present invention, 
there is provided a Scanning exposure method for Succes 
Sively transferring a pattern on a mask (R) to a plurality of 
comparted areas (S1, S2) on a substrate (W); the method 
comprising Synchronously moving the mask and the Sub 
Strate to perform Scanning exposure for a certain comparted 
area (S1) of the plurality of comparted areas; and starting 
acceleration of the Substrate in a first direction in which the 
Substrate is Synchronously moved before completing Step 
ping operation for the Substrate in a Second direction after 
completing the Scanning exposure for the certain comparted 
area (S1) in order to perform Scanning exposure for another 
comparted area (S2) adjacent to the certain comparted area 
in the Second direction perpendicular to the first direction. 
O155 According to this aspect, after the certain com 
parted area of the plurality of comparted areas is Subjected 
to the Scanning exposure by Synchronously moving the mask 
and the Substrate, the Stepping operation is performed for the 
Substrate in the Second direction after completing the Scan 
ning exposure for the certain comparted area in order to 
perform the Scanning exposure for the another comparted 
area adjacent to the certain comparted area in relation to the 
Second direction (non-Scanning direction) perpendicular to 
the first direction (Scanning direction). The acceleration of 
the substrate in the first direction is started before complet 
ing the Stepping operation. That is, the movement is started 
to the another comparted area adjacent to the certain com 
parted area in the non-Scanning direction after completing 
the exposure for the certain comparted area, however, the 
acceleration of the Substrate is started in the Scanning 
direction during the above process. Therefore, the period for 
the movement to the adjacent another comparted area in the 
non-Scanning direction can be at least partially overlapped 
with the period of the acceleration in the Scanning direction 
for the exposure for the adjacent area. Thus, it is possible to 
improve the throughput as compared with the illustrative 
conventional technique in which the acceleration in the 
Scanning direction is started for the exposure for the adjacent 
area after completing the Stepping operation in the non 
Scanning direction for the exposure for the adjacent another 
comparted area. 

0156 In this process, it is desirable that the substrate (W) 
is moved by the acceleration obliquely with respect to the 
first and Second directions before the Scanning exposure for 
the another comparted area (S2), and a movement Velocity 
in the first direction is Set to be a Velocity corresponding to 
a Sensitivity characteristic of the Substrate. In Such a process, 
the movement velocity in the first direction is set to be the 
Velocity corresponding to the Sensitivity characteristic of the 
Substrate before the Scanning exposure for the another 
comparted area (S2). Therefore, it is enough to Synchro 
nously control the mask while maintaining the Velocity 
during the exposure, and hence it is easy to perform the 
control. In the Scanning exposure method described above, 
it is also preferable that, after completing the Scanning 
exposure for the certain comparted area (S1), the Substrate 
is moved in the Second direction while decelerating the 
Substrate in the first direction until the Substrate is separated 
in the first direction by a run-up distance necessary to 
perform the Scanning exposure for the another comparted 
aca. 

O157. In the Scanning type exposure process, it is desir 
able that the substrate (W) is moved so that at least one of 
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a Velocity component in the first direction and a Velocity 
component in the Second direction is not Zero during a 
period between the Scanning exposure for the certain com 
parted area (S1) and the Scanning exposure for the another 
comparted area (S2), because of the following reason. That 
is, in Such a process, the Substrate is moved without any Stop 
during the period between the Scanning exposure for the 
certain comparted area (S1) and the Scanning exposure for 
the another comparted area (S2). Therefore, the throughput 
is improved corresponding thereto. 
0158. In the scanning type exposure process described 
above, it is also preferable that the substrate (W) is moved 
So that a position in the Second direction, at which a 
movement Velocity in the first direction is Zero, is nearer to 
the another comparted area than to the certain comparted 
area during a period between the Scanning exposure for the 
certain comparted area (S1) and the Scanning exposure for 
the another comparted area (S2). In Such a process, even 
when the rate of acceleration of the Substrate in the non 
Scanning direction is equal to the rate of deceleration during 
the period between the Scanning exposure for the certain 
comparted area and the Scanning exposure for the another 
comparted area, the Velocity in the non-Scanning direction is 
necessarily Zero before the Start of the Scanning exposure for 
the another comparted area by a certain period of time. 
Accordingly, the movement in the non-Scanning direction is 
completed at the point of the certain period of time before 
the Start of the Scanning exposure for the another comparted 
area. Therefore, it is unnecessary to increase the rate of 
deceleration after the acceleration of the Substrate in the 
non-Scanning direction during the period between the Scan 
ning exposure for the certain comparted area and the Scan 
ning exposure for the another comparted area. Any influence 
exerted thereby remains at the point of time of the start of the 
Scanning exposure for the another comparted area. The 
Synchronous Settling period is not unnecessarily prolonged. 

0159. According to an aspect V of the present invention, 
there is provided a method for performing Scanning expo 
Sure with a pattern on a mask for a first comparted area (S1) 
and a second comparted area (S2) on a Substrate respectively 
arranged in a Second direction Substantially perpendicular to 
a first direction in which the Substrate is Synchronously 
moved, by Synchronously moving the mask (R) and the 
Substrate (W); the method comprising moving the Substrate 
in the Second direction while decelerating the Substrate until 
a movement velocity of the substrate in the first direction is 
Zero after completing the Scanning exposure for the first 
comparted area, and moving the Substrate in the Second 
direction while accelerating the Substrate in the first direc 
tion before performing the Scanning exposure for the Second 
comparted area. According to this aspect, the Substrate is 
moved along a parabolic route after the completion of the 
Scanning exposure for the first comparted area. Therefore, 
the Substrate is moved along the route which is approximate 
to the Shortest distance. It is possible to improve the through 
put corresponding thereto. 
0160 According to an aspect W of the present invention, 
there is provided a Scanning exposure method for transfer 
ring a pattern on a mask to a first comparted area (S1) and 
a Second comparted area (S2) on a Substrate respectively 
arranged in a Second direction Substantially perpendicular to 
a first direction in which the substrate (W) is synchronously 
moved, by Synchronously moving the mask (R) and the 
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Substrate (W); the method comprising moving the Substrate 
So that its movement locus is Substantially parabolic after 
Scanning exposure for the first comparted area (S1), and then 
performing Scanning exposure for the Second comparted 
area (S2) with the pattern on the mask. According to this 
aspect, the Substrate is moved So that its movement locus is 
Substantially parabolic before starting the Scanning exposure 
for the Second comparted area after the Scanning exposure 
for the first comparted area. Accordingly, the Substrate is 
moved substantially in the first direction at a final part of the 
movement. The velocity component of the substrate in the 
non-Scanning direction does not affect the Scanning expo 
Sure after the Start of the Scanning exposure. 

0.161 In this process, it is desirable that acceleration is 
started for the mask (R) before a velocity component of the 
substrate (W) in the second direction is zero, because of the 
following reason. That is, in this process, the acceleration is 
started for the mask before the velocity component of the 
Substrate in the Second direction is Zero. Accordingly, the 
period of time, which is required to obtain a constant 
Velocity Synchronized State for the mask and the Substrate, 
is shortened, and the throughput can be improved corre 
sponding thereto, as compared with a case in which the 
acceleration of the mask is started after the Velocity com 
ponent of the Substrate in the Second direction is Zero. 
0162 According to an aspect X of the present invention, 
there is provided a Scanning exposure method for transfer 
ring a pattern on a mask to a first comparted area (S1) and 
a second comparted area (S2) on a Substrate respectively 
arranged in a Second direction Substantially perpendicular to 
a first direction in which the Substrate is Synchronously 
moved, by Synchronously moving the mask (R) and the 
Substrate (W); the method comprising moving the Substrate 
in a direction interSecting the first and Second directions 
during deceleration of the Substrate after completing Scan 
ning exposure for the first comparted area (S1) and during 
acceleration of the Substrate before performing Scanning 
exposure for the Second comparted area. According to this 
aspect, the Substrate is moved in the direction interSecting 
the first and Second directions during the deceleration of the 
Substrate after completing the Scanning exposure for the first 
comparted area and during the acceleration of the Substrate 
before performing the Scanning exposure for the Second 
comparted area. As a result, the movement locus of the 
Substrate is shortened as compared with the conventional 
-shaped route. The Substrate is moved along the route which 

is near to the shortest distance. The throughput can be 
improved corresponding thereto. 

0163. In this process, the movement locus of the substrate 
may be a V-shaped configuration. However, it is desirable 
that the Substrate is moved without any Stop during a period 
between the Scanning exposure for the first comparted area 
and the Scanning exposure for the Second comparted area So 
that the locus has a parabolic configuration (or a U-shaped 
configuration). In this case, the movement locus of the 
Substrate is not shortest. However, the Substrate is not 
stopped. Therefore, it is possible to obtain the shortest total 
time required for the over-Scanning, the Stepping, and the 
pre-Scanning (movement time for the Substrate between 
shots). 
0164. According to an aspect Y of the present invention, 
there is provided a Scanning exposure method for Succes 
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Sively transferring a pattern on a mask to a first comparted 
area (S1) and a Second comparted area (S2) on a Substrate, 
arranged in a Second direction perpendicular to a first 
direction in which the substrate (W) is synchronously 
moved, by Synchronously moving the mask (R) and the 
Substrate (W); the method comprising starting acceleration 
of the Substrate in order to perform Scanning exposure for 
the Second comparted area before a position of the Substrate 
in the Second direction is coincident with a position of the 
Second comparted area (S2) in the Second direction after 
completing Scanning exposure for the first comparted area 
(S1). According to this aspect, the movement of the Substrate 
is started in the Second direction toward the Second com 
parted area after completing the Scanning exposure for the 
first comparted area. During this process, the acceleration of 
the Substrate is started in the first direction for the Substrate 
in order to perform the Scanning exposure for the Second 
comparted area. Therefore, it is possible to improve the 
throughput as compared with a case in which the accelera 
tion is started for the Scanning exposure for the Second 
comparted area after completing the movement of the Sub 
Strate in the Second direction for the Scanning exposure for 
the Second comparted area. 
0.165. In this process, it is desirable that the substrate is 
moved obliquely with respect to the first direction before a 
velocity component of the substrate (W) in the first direction 
is Zero after completing the Scanning exposure for the first 
comparted area (S1), and the Substrate is moved so that 
respective Velocity components in the first and Second 
directions are not Zero immediately after starting the accel 
eration of the Substrate. 

0166 According to an aspect Z of the present invention, 
there is provided a Scanning exposure method for Succes 
Sively transferring a pattern on a mask to a first comparted 
area (S1) and a Second comparted area (S2) on a Substrate, 
arranged in a Second direction perpendicular to a first 
direction in which the Substrate is Synchronously moved, by 
synchronously moving the mask (R) and the substrate (W); 
the method comprising Starting acceleration of the Substrate 
in order to perform Scanning exposure for the Second 
comparted area before a Velocity component of the Substrate 
(W) in the Second direction is Zero after completing Scan 
ning exposure for the first comparted area (S1). According 
to this aspect, the Substrate is moved in the Second direction 
toward the Second comparted area after completing the 
Scanning exposure for the first comparted area. The accel 
eration of the substrate is started in order to perform the 
Scanning exposure for the Second comparted area, before the 
Velocity component of the Substrate in the Second direction 
is Zero after completing the movement. Therefore, it is 
possible to improve the throughput as compared with a case 
in which the acceleration is started for the Scanning exposure 
for the Second comparted area after completing the move 
ment of the Substrate in the Second direction in order to 
perform the Scanning exposure for the Second comparted 
aca. 

0167. In this process, it is desirable that the substrate (W) 
is accelerated in relation to the first direction, and it is 
decelerated in relation to the Second direction. In other 
words, it is desirable that the acceleration in the first 
direction is performed before the Scanning exposure for the 
Second comparted area during the deceleration of the Sub 
Strate in the Second direction. 
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0.168. In the method according to the aspect Z, it is 
desirable that the acceleration of the Substrate in the Second 
direction is started before a Velocity component of the 
Substrate in the first direction is Zero after completing the 
Scanning exposure for the first comparted area. 
0169. According to an aspect a of the present invention, 
there is provided a Scanning exposure method for Succes 
Sively transferring a pattern on a mask to a first comparted 
area (S1) and a Second comparted area (S2) on a Substrate, 
arranged in a Second direction perpendicular to a first 
direction in which the Substrate is Synchronously moved, by 
synchronously moving the mask (R) and the substrate (W); 
wherein a position of the Substrate in the Second direction, 
at which a velocity component of the substrate in the first 
direction is Zero after completing Scanning exposure for the 
first comparted area (S1), is deviated toward the first com 
parted area as compared with a position of the Second 
comparted area in the Second direction, and the Substrate is 
moved obliquely with respect to the first and Second direc 
tions in order to perform Scanning exposure for the Second 
comparted area. According to this aspect, the movement 
locus of the Substrate, which is obtained after completing the 
Scanning exposure for the first comparted area, is shorter 
than the conventional-shaped route. The Substrate is moved 
along the route which is approximate to the Shortest dis 
tance. The throughput can be improved corresponding 
thereto. In this process, the movement locus of the Substrate 
may be a V-shaped configuration. However, it is desirable 
that the Substrate is moved without any Stop during a period 
between the Scanning exposure for the first comparted area 
and the Scanning exposure for the Second comparted area So 
that the locus has a parabolic configuration (or a U-shaped 
configuration). 
0170 According to an aspect B of the present invention, 
there is provided a Scanning exposure method for Succes 
Sively transferring a pattern on a mask to a first comparted 
area (S1) and a Second comparted area (S2) on a Substrate, 
arranged in a Second direction perpendicular to a first 
direction in which the Substrate is Synchronously moved, by 
synchronously moving the mask (R) and the substrate (W); 
wherein a velocity component of the substrate in the first 
direction is Zero after completing first Scanning exposure in 
order to move the Substrate during the first Scanning expo 
Sure for the first comparted area (S1) in a direction opposite 
to a direction for moving the Substrate-during Second Scan 
ning exposure for the Second comparted area (S2), and the 
Substrate is accelerated So that respective Velocity compo 
nents in the first and Second directions are not Zero prior to 
the Second Scanning exposure. According to this aspect, the 
substrate is moved obliquely with respect to the first and 
Second directions along a curved (or Straight) route prior to 
the Second Scanning exposure. 
0171 According to an aspect Y of the present invention, 
there is provided a Scanning exposure method for Succes 
Sively transferring a pattern on a mask to a first comparted 
area (S1) and a Second comparted area (S2) on a Substrate, 
arranged in a Second direction perpendicular to a first 
direction in which the Substrate is Synchronously moved, by 
synchronously moving the mask (R) and the substrate (W); 
the method comprising moving the Substrate So that a 
position of the Substrate in the Second direction, at which a 
Velocity component in the first direction is Zero after com 
pleting first Scanning exposure, is located between a position 
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of the first comparted area in the Second direction and a 
position of the Second comparted area in the Second direc 
tion, during a period between the first Scanning exposure for 
the first comparted area (S1) and Second Scanning exposure 
for the Second comparted area (S2). According to this aspect, 
when the first Scanning exposure is completed, the move 
ment is performed in the Second direction while decelerating 
the velocity of the Substrate in the first direction. During this 
process, the Substrate is moved So that the position of the 
Substrate in the Second direction, at which the Velocity 
component in the first direction is Zero, is located between 
the position of the first comparted area in the Second 
direction and the position of the Second comparted area in 
the Second direction. Therefore, when the first Scanning 
exposure is completed, the Substrate is moved obliquely 
with respect to the first and Second directions along a curved 
(or Straight) route. 
0172 According to an aspect 8 of the present invention, 
there is provided a Scanning exposure method for Succes 
Sively transferring a pattern on a mask to a first comparted 
area (S1) and a Second comparted area (S2) on a Substrate, 
arranged in a Second direction perpendicular to a first 
direction in which the Substrate is Synchronously moved, by 
synchronously moving the mask (R) and the substrate (W); 
the method comprising moving the Substrate while a Veloc 
ity component in the Second direction is not Zero during 
deceleration of the Substrate after first Scanning exposure 
and during acceleration of the Substrate before Second 
Scanning exposure So that a movement locus of the Substrate 
is Substantially parabolic during a period between the first 
Scanning exposure for the first comparted area (S1) and the 
Second Scanning exposure for the Second comparted area 
(S2). According to this aspect, the movement locus of the 
Substrate, which is obtained during the period between the 
first Scanning exposure for the first comparted area and the 
Second Scanning exposure for the Second comparted area, is 
substantially parabolic. Further, the substrate is moved while 
the Velocity component in the Second direction is not Zero. 
Therefore, the Substrate is not stopped, and it is possible to 
obtain the approximately shortest total time required for the 
over-Scanning, the stepping, and the pre-Scanning (move 
ment time for the substrate between shots). 
0.173) In this process, it is also preferable that the velocity 
component of the substrate (W) in the second direction is 
Substantially Zero immediately after completing the first 
Scanning exposure and immediately before Starting the Sec 
ond Scanning exposure. 
0.174. According to an aspect of the present invention, 
there is provided a Scanning exposure method for Succes 
Sively transferring a pattern on a mask to a first comparted 
area (S1) and a Second comparted area (S2) on a Substrate, 
arranged in a Second direction perpendicular to a first 
direction in which the Substrate is Synchronously moved, by 
synchronously moving the mask (R) and the substrate (W); 
wherein during a period between first Scanning exposure for 
the first comparted area (S1) and Second Scanning exposure 
for the Second comparted area (S2), acceleration of the 
Substrate in the Second direction is Started before a Velocity 
component of the Substrate in the first direction is Zero after 
completing the first Scanning exposure, and acceleration of 
the substrate in the first direction is started before a velocity 
component of the Substrate in the Second direction is Zero. 
According to this aspect, the movement locus of the Sub 
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Strate resides in a route having a U-shaped configuration of 
a configuration approximate thereto during the period 
between the first Scanning exposure for the first comparted 
area and the Second Scanning exposure for the Second 
comparted area. In this process, it is desirable that the 
acceleration of the Substrate in the first direction is started 
during deceleration of the Substrate concerning the Second 
direction. Further, it is desirable that the acceleration of the 
substrate (W) in the second direction is started during the 
deceleration of the Substrate after completing the first Scan 
ning eXposure. 

0.175. In the aspects V to described above, it is desirable 
that the Substrate is moved without any Stop during the 
period between the Scanning exposure for the first com 
parted area and the Scanning exposure for the Second com 
parted area. 
0176). According to an aspect m of the present invention, 
there is provided a Scanning exposure method based on 
Step-and-Scan manner for Successively transferring a 
patternonamasktoaplurality ofcomparted areas(S1, S2, S3,...) 
on a Substrate, by Synchronously moving the mask (R) and 
the Substrate for each of the comparted areas on the Substrate 
(W); the method comprising moving the substrate without 
any Stop during a period between Scanning exposure Steps 
for two of the comparted areas on the Substrate to which the 
pattern on the mask is transferred in accordance with recip 
rocating movement of the mask. According to this aspect, 
the Substrate is not stopped between the Scanning exposure 
Steps for the two of the comparted areas (usually adjacent 
areas) on the Substrate to which the pattern on the mask is 
transferred. Therefore, the throughput is further improved 
with respect to the concerning portion. 

0177. In this process, it is desirable that the substrate (W) 
is moved So that a Velocity component in at least one of a 
first direction in which the Substrate is synchronously moved 
and a Second direction perpendicular thereto is not Zero until 
completion of Scanning exposure for the last comparted area 
on the substrate to which the pattern on the mask (R) is to 
be transferred. In this process, the Substrate is not stopped 
consequently during the period in which the Scanning expo 
Sure based on the Step-and-Scan manner is performed for all 
of the plurality of comparted areas. Therefore, the most 
improved throughput is obtained. 
0.178 According to an aspect it of the present invention, 
there is provided an exposure apparatus for transferring a 
pattern on a mask onto a Substrate, the apparatus comprising 
a base board, at least two first movable members which are 
movable with respect to the base board and hold the Sub 
Strates respectively; a Second movable member for placing 
the respective first movable members thereon, the Second 
movable member being arranged on the base board and 
being movable relative to the base board and the respective 
first movable members respectively; and a driving unit 
provided for the second movable member, for driving the 
respective first movable members in a two-dimensional 
plane, wherein: 

0179 the second movable member is moved in accor 
dance with a reaction force generated when the respective 
first movable members are driven; and 

0180 the substrates for transferring the pattern on the 
mask thereto are held by the respective first movable mem 
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bers. In this exposure apparatus, a mass of each of the first 
movable members is about 1/6 of a mass of the second 
movable member. The apparatus may further comprise a 
Second driving unit for driving, at a low response frequency, 
the second movable member on the base board. When the 
apparatus further comprises a projection optical System for 
projecting the pattern on the mask onto the Substrate, it is 
also preferable that the first movable member, which holds 
the Substrate as an objective of the transfer of the pattern, is 
driven in a Scanning direction with respect to the projection 
optical System in Synchronization with the mask by the aid 
of the driving unit when the pattern on the mask is trans 
ferred to the substrate held by each of the first movable 
members. 

0181. According to an aspect of the present invention, 
there is provided a Scanning exposure method for transfer 
ring a pattern on a mask to one or two or more comparted 
areas on a SubStrate by Synchronously moving the mask and 
the Substrate; wherein at least one of the mask and the 
Substrate is accelerated in a direction of the Synchronous 
movement on the basis of a rate of acceleration variation 
curve along which a rate of acceleration is gradually con 
Verged to Zero, prior to the Synchronous movement of the 
mask and the Substrate when Scanning exposure is per 
formed for the respective comparted areas. 

0182. According to this aspect, when the Scanning expo 
Sure is performed for the respective comparted areas, at least 
one of the mask and the Substrate is accelerated in the 
direction of the Synchronous movement on the basis of the 
rate of acceleration variation curve along which the rate of 
acceleration is gradually converged to Zero, prior to the 
Synchronous movement of the mask and the Substrate. 
Accordingly, the rate of acceleration is not changed discon 
tinuously, i.e., Suddenly at the point of time of completion of 
the acceleration, which would be otherwise caused when the 
acceleration is performed to achieve a target Scanning Veloc 
ity at a constant rate of acceleration. Therefore, it is possible 
to Suppress the high frequency vibration of at least one of the 
mask and the Substrate resulting from the Sudden change in 
acceleration. The position error with respect to the target 
position (which is of course changed depending on the time) 
can be promptly converged to be within an allowable range. 
AS a result, it is possible to shorten the Synchronous Settling 
time for the mask and the Substrate. 

0183 The shortest settling time can be obtained when the 
mask and the Substrate are accelerated in the Synchronous 
movement direction on the basis of the rate of acceleration 
variation curve as described above. Usually, in the Scanning 
type exposure apparatus, the constraint condition is, for 
example, the maximum velocity of predetermined one of the 
mask (mask Stage) and the Substrate (Substrate stage). There 
fore, it is possible to obtain a sufficient effect when the 
foregoing acceleration method is applied to one of the mask 
and the Substrate which constitutes the constraint condition. 

0184. In this process, it is also preferable that when the 
pattern on the mask is Successively transferred to a first 
comparted area and a Second comparted area on the Sub 
Strate, arranged in a Second direction perpendicular to a first 
direction in which the Substrate is Synchronously moved; the 
Substrate is moved in a direction interSecting the first direc 
tion and the Second direction during deceleration of the 
Substrate in the first direction after completing Scanning 
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exposure for the first comparted area and during acceleration 
of the substrate in the first direction before performing 
Scanning exposure for the Second comparted area. In this 
process, the Substrate is consequently moved along a route 
which is approximate to the Shortest distance. Therefore, it 
is possible to further improve the throughput in combination 
of the reduction of the settling time as described above. 
0185. According to an aspect K of the present invention, 
there is provided a Scanning exposure method for Succes 
Sively transferring a pattern on a mask to a first comparted 
area and a Second comparted area on a Substrate, arranged in 
a Second direction perpendicular to a first direction in which 
the Substrate is Synchronously moved, by Synchronously 
moving the mask and the Substrate; wherein when Scanning 
exposure is performed for at least the first comparted area, 
at least one of the mask and the Substrate is accelerated in the 
first direction on the basis of a rate of acceleration variation 
curve along which a rate of acceleration is gradually con 
Verged to Zero prior to the Synchronous movement of the 
mask and the Substrate, and it is decelerated in the first 
direction at a constant rate of deceleration after completing 
the Synchronous movement. 
0186 According to this aspect, when the Scanning expo 
Sure is performed for the first comparted area, at least one of 
the mask and the Substrate is accelerated in the first direction 
on the basis of the rate of acceleration variation curve along 
which the rate of acceleration is gradually converged to Zero 
prior to the Synchronous movement of the mask and the 
Substrate, and it is decelerated in the first direction at the 
constant rate of deceleration after completing the Synchro 
nous movement. Accordingly, the rate of acceleration is not 
Suddenly changed, which would be otherwise caused when 
the acceleration is performed to a target Scanning Velocity at 
a constant rate of acceleration. Therefore, the position error 
of at least one of the mask and the Substrate can be promptly 
converged to be within an allowable range. As a result, it is 
possible to shorten the Synchronous Settling time for the 
mask and the Substrate. In addition, the deceleration is 
performed at a constant rate of deceleration (usually a rate 
of deceleration corresponding to the maximum rate of 
acceleration) during the deceleration after completing the 
Synchronous movement, and hence it is possible to shorten 
the period of time required to perform the deceleration as 
compared with a case in which the deceleration is performed 
on the basis of an acceleration curve which is Symmetrical 
to that used during the acceleration. Therefore, at least when 
the Scanning exposure for the first comparted area is per 
formed, it is possible for at least one of the mask and the 
substrate to further shorten the total period of time from the 
Start of acceleration and the end of deceleration. 

0187. Also in this case, when the acceleration control 
method described above is adopted for both of, or at least 
one which constitutes the constraint condition, of the mask 
(mask stage) and the Substrate (Substrate stage), it is possible 
to obtain a Sufficient effect. In the method described above, 
it is also preferable that the Substrate is moved in a direction 
interSecting the first direction and the Second direction 
during the deceleration of the Substrate in the first direction 
after completing the Scanning exposure for the first com 
parted area and during acceleration of the Substrate in the 
first direction before performing Scanning exposure for the 
Second comparted area. In this process, the Substrate is 
consequently moved along a route which is approximate to 
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the shortest distance. Therefore, it is possible to further 
improve the throughput in combination of the reduction of 
the Settling time and the deceleration time as described 
above. 

0188 According to an aspect of the present invention, 
there is provided a Scanning exposure method for transfer 
ring a pattern on a mask onto a Substrate by Synchronously 
moving the mask and the Substrate with respect to an-area 
onto which an energy beam is radiated, the method com 
prising: 
0189 starting the movement while accelerating the mask 
and the Substrate; 
0.190 allowing the mask and the substrate to arrive at a 
constant Velocity while continuously decreasing a rate of 
acceleration of one of the mask and the Substrate; and 
0191 executing Scanning exposure when the mask and 
the substrate are moved at the constant velocity. One of the 
mask and the Substrate may be decelerated at a constant rate 
of deceleration after the mask and the Substrate are moved 
at the constant Velocity. 
0.192 According to an aspect V of the present invention, 
there is provided a method for producing a Scanning type 
exposure apparatus which Successively transferS a pattern on 
a mask to a plurality of shot areas on a photosensitive 
Substrate by Synchronously moving the mask and the pho 
toSensitive Substrate, the method comprising: 
0193 providing a substrate stage which is movable in a 
two-dimensional plane while holding the photosensitive 
Substrate; 

0194 providing a mask stage which is movable while 
holding the mask, and 
0.195 providing a stage control system which controls the 
both Stages So that run-up operation for exposure for the next 
shot is performed for the Substrate Stage after completion of 
exposure Simultaneously with Stepping operation in a non 
Scanning direction for the exposure for the next shot in a 
concurrent manner, and the Stepping operation in the non 
Scanning direction is completed before a Synchronous Set 
tling period for the both Stages before the exposure for the 
next shot. 

0196. According to an aspect it of the present invention, 
there is provided a microdevice Such as a Semiconductor 
element and a liquid crystal Substrate produced by using the 
exposure method in accordance with any one of the aspects 
C, F, G, and H. 
0.197 According to an aspect p of the present invention, 
there is provided a microdevice Such as a Semiconductor 
element and a liquid crystal Substrate produced by using the 
exposure method in accordance with any one of the aspects 
N, U, V, W, X, Y, Z, C, B, Y, Ö, , m, , and K. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0198 FIG. 1 shows a perspective view illustrating a 
Scanning type exposure apparatus according to an embodi 
ment of the present invention. 
0199 FIG. 2 schematically shows an internal arrange 
ment of the Scanning type exposure apparatus shown in FIG. 
1. 
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0200 FIG. 3 illustrates a reaction actuator and a reaction 
frame. 

0201 FIG. 4(A) shows a plan view illustrating compo 
nents disposed in the vicinity of a reticle base board, and 
FIG. 4(B) shows a side view illustrating components dis 
posed in the vicinity of the reticle base board as viewed in 
the direction of the arrow B shown in FIG. 4(A). 
0202 FIG. 5 illustrates a laser interferometer system 
shown in FIG. 2 in further detail, wherein FIG. 5(A) shows 
a plan view illustrating interferometer beams from three 
interferometers which constitute the laser interferometer 
system together with a substrate table TB, FIG. 5 (B) shows 
further details of the interferometer beam from the second 
interferometer together with a part of an optical System 
which constitutes the interferometer, and FIG. 5 (C) illus 
trates the positional relationship between a length-measur 
ing beam RIY3 and a length-measuring beam RIY1 (or 
RIY2) from the second interferometer. 
0203 FIG. 6 schematically shows an arrangement of a 
Spatial image detector attached onto the Substrate table and 
an arrangement of a signal processing System related thereto. 

0204 FIG. 7 illustrates the role and the control method 
of a movable type base board, wherein FIG. 7 (A) shows a 
plan View illustrating components disposed in the vicinity of 
the base board, and FIG. 7 (B) shows a schematic front view 
as viewed in the direction of the arrow A shown in FIG. 7 
(A). 
0205 FIG. 8 (A) shows a plan view illustrating an 
example of 9-inch reticle, and FIG. 8 (B) shows a plan view 
illustrating another example of 9-inch reticle. 
0206 FIG. 9 illustrates the reticle alignment and the base 
line measurement. 

0207 FIG. 10(A) shows a plan view illustrating the 
relationship between a shot area S1 and a Slit-shaped illu 
mination area on a wafer inscribing an effective field of a 
projection optical system, FIG. 10(B) shows a diagram 
illustrating the relationship between the Stage movement 
time and the stage velocity, and FIG. 10(C) illustrates the 
relationship between the wafer peripheral shot S and the 
movement mirror extension amount when the exposure is 
performed for the shot area S disposed at the periphery of the 
wafer. 

0208 FIG. 11(A) shows a locus along which the center 
P of the illumination slit ST on the wafer passes over the 
respective shots when the shots S1, S2, S3 are successively 
exposed, FIG. 11(B) shows a diagram illustrating the rela 
tionship between the time and the Velocity of the wafer Stage 
in the scanning direction in the case of FIG.11(A), and FIG. 
11(C) shows a diagram illustrating the relationship between 
the time and the Velocity in the non-Scanning direction 
corresponding thereto. 

0209 FIG. 12 shows a plan view illustrating components 
disposed in the vicinity of the movable type base board when 
the wafer Stage is positioned at the loading position for 
eXchanging the wafer W. 
0210 FIG. 13 shows a plan view illustrating components 
disposed in the vicinity of the movable type base board 
depicting a Situation of movement of the wafer Stage upon 
the alignment measurement. 

22 
Feb. 14, 2002 

0211 FIG. 14 shows a plan view illustrating components 
disposed in the vicinity of the movable type base board when 
the wafer Stage is positioned at the exposure Start position. 
0212 FIG. 15 shows a plan view illustrating components 
disposed in the vicinity of the movable type base board when 
the wafer Stage is positioned at the exposure end position for 
the first area. 

0213 FIG. 16(A) shows a locus of movement of the 
reticle R (reticle stage RST) when modified double exposure 
is performed, and FIG. 16(B) shows an example of the 
pattern of the first area and the Second area on the reticle 
optimum for the modified double exposure. 
0214 FIG. 17 shows an effect of the embodiment of the 
present invention, illustrating the fact that the wafer Stage of 
the embodiment of the present invention can be made 
compact as compared with the conventional rectangular 
Stage even in the presence of the deteriorated amount of the 
movement mirror distance resulting from the multiple axes 
of the interferometer, the pre-Scanning, and the over-Scan 
ning. 

0215 FIG. 18(A) shows an example in which the pro 
jection optical System is a cata-dioptric System, and FIG. 
18(B) shows another example in which the projection opti 
cal System is a cata-dioptric System. 
0216 FIG. 19(A) shows a table illustrating the extension 
distance of the wafer Side movement mirror required when 
the reticle Scanning maximum velocity Vr is changed under 
three conditions of (rate of acceleration of reticle Ar, settling 
time t2)=(3 G, 22 ms), (4 G, 36 ms), (4 G, 22 ms) provided 
that the projection magnification is 4-fold, and FIG. 19(B) 
shows a table illustrating the period of time required to 
expose one sheet of wafer when the reticle Scanning maxi 
mum Velocity Vr is changed under the same conditions as 
those described in FIG. 19(A). 
0217 FIG.20(A) shows a graph corresponding to FIG. 
19(A) in which the horizontal axis is the reticle scanning 
maximum velocity and the vertical axis is the extension 
distance of the movement mirror, and FIG.20(B) shows a 
graph corresponding to FIG. 19(B) in which the horizontal 
axis is the reticle Scanning maximum Velocity and the 
Vertical axis is the period of time required to expose one 
sheet of wafer. 

0218 FIG. 21 shows a schematic arrangement of an 
exposure apparatus according to the Second embodiment. 
0219 FIG. 22 shows a perspective view illustrating the 
positional relationship among two wafer Stages, a reticle 
Stage, a projection optical System, and an alignment System. 
0220 FIG. 23 shows a schematic plan view illustrating 
components disposed in the vicinity of a base board of the 
apparatus shown in FIG. 21. 
0221 FIG. 24 shows a plan view illustrating a state in 
which the wafer eXchange/alignment Sequence and the expo 
Sure Sequence are performed by using the two wafer Stages. 
0222 FIG. 25 shows a state in which the wafer 
eXchange/alignment Sequence and the exposure Sequence 
shown in FIG. 24 are Switched. 

0223 FIG. 26 shows a schematic plan view illustrating a 
modified embodiment of the Second embodiment, depicting 
an example in which two triangular wafer Stages are used as 
first movable members. 
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0224 FIG. 27(A) shows a diagram illustrating the time 
dependent change of the Velocity command value in the 
Scanning direction of the reticle Stage when the first accel 
eration control method is adopted, FIG. 27(B) shows a 
diagram illustrating the time-dependent change of the Veloc 
ity command value in the Scanning direction of the reticle 
stage corresponding to FIG. 11(B), and FIG. 27(C) shows 
a diagram illustrating the time-dependent change of the 
Velocity command value in the Scanning direction of the 
reticle Stage when the Second acceleration control method is 
adopted. 

0225 FIGS. 28(A) and 28(B) show diagrams illustrating 
the time-dependent change of the position error with respect 
to the target position of the reticle Stage in the vicinity of the 
settling time Ts corresponding to FIGS. 27(A) and 27(B) 
respectively. 

0226 FIG. 29 shows plan views illustrating the reticle 
stage when 9-inch reticle is used, wherein FIG.29(A) shows 
a plan view illustrating the conventional illustrative reticle 
stage, and FIG.29(B) illustrates the object to be achieved by 
the invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS OF THE INVENTION 

0227. The invention concepts included in this interna 
tional application are common in that the object of the 
present invention described above is intended to be 
achieved. AS described above, the classification may be 
generally made into the following five concepts. However, 
the classification is based on the object to understand the 
Summary of the group of inventions disclosed in this speci 
fication and claims. The Scope of claims and the embodi 
ments of the invention should not be interpreted in a limited 
manner depending on the classification. 

0228. The first concept is a concept which relates to a 
Scanning exposure method and a Scanning exposure appa 
ratus in which a Substrate is moved in Synchronization with 
a mask having a large pattern or a plurality of comparted 
patterns So that the large pattern is transferred to the Sub 
Strate in a Stitching manner, or the plurality of patterns are 
transferred to an identical area of the Substrate in a Super 
imposing manner. The first concept is principally character 
ized, for example, by the method for moving the mask, the 
Structure and the arrangement of the reflecting mirror to be 
used for performing the position control, and the double 
exposure method. The feature of the first concept is exem 
plified, for example, by the aspects A to H and a of the 
present invention described above. 

0229. The second concept is a concept which relates to a 
Stage apparatus having a reflecting mirror extending 
obliquely with respect to a movement direction of the Stage, 
and an interferometer for transmitting a length-measuring 
beam thereto. The Second concept is characterized, for 
example, by the attachment position of the reflecting mirror, 
the shape and the Structure of the Stage apparatus, the 
method for radiating the length-measuring beam, the Scan 
ning exposure apparatus provided with the Stage apparatus, 
the Scanning exposure method for controlling the position of 
the Stage by radiating the length-measuring beam as 
described above, and the method for producing the Stage and 
the Scanning exposure apparatus. The feature of the Second 
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concept is exemplified, for example, by the aspects I, J., M., 
N, O, P, S, p, and O of the present invention. 
0230. The third concept is a concept which relates to an 
unbalanced load-preventive Stage apparatus which Supports 
a first movable member and a Second movable member in a 
floating manner over a base board respectively, and a 
Scanning exposure apparatus including the Stage apparatus. 
The third concept is characterized, for example, by the 
movement of the second movable member by utilizing the 
reaction force generated by the movement of the first 
movable member, the weight ratio between the first and 
Second movable members, the vibration-preventive appara 
tus, the structure of the first movable member and the second 
movable member, the exposure apparatus which uses the 
Stage apparatus as the Substrate Stage, and the method for 
producing the Stage apparatus and the exposure apparatus. 
The feature of the third concept is exemplified, for example, 
by the aspects K, L, Q, R, and u of the present invention. 
0231. The fourth concept is a concept which relates to the 
timing control for the stepping movement (stepping) of a 
Substrate in a direction perpendicular to a Scanning direction 
and the Scanning movement of the Substrate in the Scanning 
direction when the next comparted area is Subjected to 
Scanning exposure after a certain area comparted on the 
Substrate is Subjected to Scanning exposure. Especially, the 
fourth concept is characterized by the relationship between 
the timing of movement and the timing of Start or end of the 
Scanning exposure, and the relationship among the move 
ment locus of the Substrate, the Stepping movement, and the 
Scanning movement. The feature of the fourth concept is 
exemplified, for example, by the aspects T to Z, C, B, Y, Ö, 
m, and p of the present invention. 
0232 The fifth concept relates to a concept concerning 
the control of the rate of acceleration during movement of a 
mask or a Substrate to shorten the Settling time for Synchro 
nizing the mask and the Substrate during Scanning exposure. 
The fifth concept is characterized by the acceleration method 
to obtain a constant Velocity while continuously decreasing 
the rate of acceleration of the Substrate, and the method for 
performing deceleration at a constant rate of deceleration. 
The feature of the fifth concept is exemplified, for example, 
by the aspects L, K, ), and p of the present invention. 
0233. The first embodiment of the present invention will 
be explained below on the basis of FIGS. 1 to 20. In order 
to easily understand the contents of this specification, appro 
priate titles are given at portions at which the first to fifth 
concepts described above are principally represented. How 
ever, the description of the invention concept is not restricted 
at all depending on the portion affixed with the title. 

First Embodiment 

0234. In the first embodiment, the first to fourth concepts 
are specified. FIG. 1 shows a perspective view illustrating a 
Scanning type exposure apparatuS 10 according to an 
embodiment of the present invention. FIG. 2 schematically 
shows an internal arrangement of the Scanning type expo 
Sure apparatuS 10. The Scanning type exposure apparatus 10 
is a projection exposure apparatus for performing the expo 
Sure operation in accordance with the Step-and-Scan manner 
which is being dominantly used as a lithography apparatus 
for producing Semiconductor devices. The Scanning type 
exposure apparatus 10 transferS an entire circuit pattern on 
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a reticle R to a plurality of shot areas on a wafer W 
respectively in accordance with the Step-and-Scan manner by 
relatively scanning the reticle and the wafer W in the 
one-dimensional direction (Y direction in this case) with 
respect to the field of a projection optical System PL while 
projecting a part of the circuit pattern depicted on the reticle 
R as the mask (see FIG.2), onto the wafer Was the substrate 
via the projection optical System PL. 
0235. As shown in FIG. 1, the scanning type exposure 
apparatus 10 comprises an excimer laser light Source 11, a 
main exposure apparatus body 12, and a control rack 14 as 
a main control System for controlling these components in 
an integrated manner. Usually, the excimer laser light Source 
11 is installed in a separate room (Service room having a low 
degree of cleanness) isolated from a Super clean room in 
which the main exposure apparatus body 12 is installed. 
Usually, the main exposure apparatus body 12 is installed in 
the Super clean room with an internal Space which is highly 
protected from dust. The main exposure apparatus body 12 
is accommodated in an environmental chamber which is 
Subjected to highly accurate temperature control. However, 
FIG. 1 schematically shows only the main body structure 
accommodated in the chamber. 

0236 Next, explanation will be made for the arrangement 
of the excimer laser light Source 11, the main exposure 
apparatus body 12, and the control rack 14 with reference to 
FIGS. 1 and 2. 

0237) The excimer laser light source 11 is provided with 
an operation panel 11A. The excimer laser light Source 11 
contains a control computer 11B (not shown in FIG. 1, see 
FIG. 2) which is interfaced with the operation panel 11A. 
During the ordinary exposure operation, the control com 
puter 11B controls the pulse light emission of the excimer 
laser light Source 11 in response to the command of a main 
control unit 50 composed of a microcomputer for controlling 
the exposure apparatus. 

0238. The excimer laser light source 11 is used as an 
exposure light Source, and it emits, for example, pulses of a 
KrF eXcimer laser beam having a wavelength of 248 nm, or 
an ArF excimer laser beam having a wavelength of 193 nm. 
The reason why the pulse laser beam in the ultraViolet region 
emitted from the excimer laser light Source 11 is used as an 
illumination light beam for exposure is as follows. That is, 
it is intended to obtain a pattern resolution of a minimum 
line width of about 0.25 to 0.1082 required to mass-produce 
a microcircuit device having degrees of integration and 
fineness corresponding to a Semiconductor memory element 
(D-RAM) of not less than the 256 Mbit to 4 Gbit class. 
0239). The wavelength width of the pulse laser beam 
(excimer laser beam) has a narrow band to obtain an 
allowable range of chromatic aberration resulting from 
various refractive optical elements for constructing the illu 
mination System and the projection optical System PL of the 
exposure apparatus. The absolute value of the central wave 
length to give the narrow band and the value of the narrow 
band width (0.2 pm to 300 pm) are displayed on the 
operation panel 11A, and they can be finely adjusted from 
the operation panel 11A, if necessary. The operation panel 
11A can be used to Set the pulse light emission mode 
(represented by the three modes of Self-exciting oscillation, 
external trigger oscillation, and oscillation for maintenance). 
An example of the exposure apparatus, which uses an 
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excimer laser as a light Source, has been explained in the first 
embodiment. Reference may be made to the explanation. 
0240 The main exposure apparatus body 12 comprises, 
for example, a pedestal Section 16 as a first pedestal, a reticle 
Stage RST, an illumination optical System 18, a projection 
optical System PL, an image formation characteristic-adjust 
ing unit (hereinafter referred to as “LC/MAC system'), a 
Stage apparatus 1, a wafer transport robot 19, and an 
alignment System. 

0241 The arrangement will be further described below. 
As shown in FIG. 1, the pedestal section (first pedestal) 16 
is Supported by the aid of four vibration-preventive appara 
tuses 20 on the floor surface. Each of the vibration-preven 
tive apparatuses 20 includes various Sensors and an actuator 
which Supports the Self-weight of the main exposure appa 
ratus body 12 by the aid of an unillustrated air cylinder 
(vibration-preventive pad), and actively correcting the incli 
nation of the entire main exposure apparatus body 12, the 
displacement in the Z direction, and the displacement in the 
X, Y directions in FIG. 1 of the entire main exposure 
apparatus body in accordance with the feedback control or 
the feedforward control effected by an unillustrated control 
System. Such an active vibration-preventive apparatus is 
disclosed, for example, in Japanese Patent Application Laid 
Open No. 9-74061 and corresponding U.S. patent applica 
tion Ser. No. 707216 (filed on Sep. 3, 1996). The disclosure 
of the above-mentioned patent documents is incorporated 
herein by reference So long as the domestic laws of the States 
designated in this application permit the incorporation. 
0242. The pedestal section 16 comprises a base board 22 
which is parallel to the floor Surface, and a Support plate 
section 24 which is provided over the base board 22 oppos 
ing thereto. The pedestal Section 16 has a box-shaped 
configuration with an internal hollow portion. The Support 
plate Section 24 is composed of a rectangular plate-shaped 
member with a circular opening which is formed at a central 
portion. The projection optical System PL is inserted into the 
central opening in a State of being perpendicular to the 
Support plate Section 24. The projection optical System PL is 
held by the Support plate Section 24 at a flange Section which 
is provided at a part of the outer circumference of the 
projection optical System PL. 
0243 Four legs 26 are provided in an upstanding manner 
on the upper Surface of the Support plate Section 24 So that 
the projection optical System PL is Surrounded thereby. A 
reticle base board 28, which is supported by the four legs 26 
and which mutually connects the upper ends of the legs 26, 
is provided on the four legs 26. A second column (Second 
pedestal) is constructed by the four legs 26 and the reticle 
base board 28. Although not shown in FIG. 1, a first frame 
40, which is different from the second column as shown in 
FIG. 3, is actually provided in an upstanding manner on the 
upper Surface of the Support plate Section 24. A part of the 
illumination optical system 18 (portion in the vicinity of the 
outgoing end) is Supported by the first frame 40. An opening 
4.0a is provided at a portion of the first frame 40 opposing 
to the outgoing end of the illumination optical System 18. 
0244 An opening 28a (see FIG. 2) is formed at a central 
portion of the reticle base board 28. The outgoing end of the 
illumination optical System 18 is arranged opposingly to the 
opening 28a. The reticle stage RST, which is movable in the 
XY two-dimensional plane while Sucking and holding a 
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9-inch size reticle R as a large mask by means of vacuum 
Suction, electrostatic Suction or the like, is arranged on the 
reticle base board 28. FIG. 2 shows the X direction (second 
axis direction or Second direction), the Y direction (first axis 
direction or first direction), and the Z direction. The reticle 
R is Sucked by an unillustrated electroStatic chuck or the like 
on the reticle Stage RST at a strength of Such a degree that 
no lateral shift or the like is caused on the reticle R even 
when a rate of acceleration at 4G level is exerted thereon. 

0245. In the embodiment of the present invention, the 
reticle Stage RST is driven by a magnetically floating type 
two-dimensional plane motor. However, in FIG. 2, the 
magnetically floating type two-dimensional plane motor is 
illustrates as a motor driving System 29 for the convenience 
of illustration and explanation. An arbitrary driving System 
Such as a voice coil motor and a piezoelectric motor may be 
used for the driving System for the reticle Stage. In this 
embodiment, the reticle stage RST is constructed to be 
capable of fine driving by the driving system 29 in the 
rotational direction (0 direction) about the optical axis AX of 
the projection optical System PL as well. The position 
measuring System for the reticle Stage RST is one of the 
characteristic constitutive components of the embodiment of 
the present invention, which will be described in detail later 
O. 

0246. As shown in FIG. 1, the illumination optical sys 
tem 18 accommodates a beam-receiving System 32 at its 
back portion. The illumination optical system 18 is con 
nected to the excimer laser light Source 11 via the beam 
receiving system 32 and BMU (beam matching unit) com 
posed of a shielding tube 34 connected thereto. A plurality 
of movable reflecting mirrors (not shown) for optimally 
adjusting the incoming position and the incoming angle of 
the excimer laser beam into the illumination optical System 
18 is provided in the beam-receiving system 32 which 
constitutes BMU So that the excimer laser beam, which is 
introduced via the tube 34 from the exposure light source 11, 
always comes thereinto in a predetermined positional rela 
tionship with respect to the optical axis of the illumination 
optical system 18. 

0247 As shown in FIG. 2, the illumination optical sys 
tem 18 comprises, for example, a variable light-reducing 
unit 18A, a beam-shaping optical system 18(B), a first fly's 
eye lens system 18C, a vibration mirror 18D, a light 
collecting lens system 18E, an illumination NA correction 
plate 18F, a second fly's eye lens system 18G, an illumina 
tion System aperture diaphragm plate 18H, a beam splitter 
18J, a first relay lens 18K, a fixed reticle blind 18L, a 
movable reticle blind 18M, a second relay lens 18N, an 
illumination telecentric correction plate (tiltable quartz par 
allel planar plate) 18P, a mirror 18O, and a main condenser 
lens system 18R. The respective constitutive components of 
the illumination optical system 18 will now be explained. 

0248. The variable light-reducing unit 18A is provided to 
adjust the average energy of each pulse of the excimer laser 
beam. Those usable as the variable light-reducing unit 18A 
include, for example, a means for changing the light 
reducing ratio in a stepwise manner, for example, with a 
plurality of optical filters having different light-reducing 
ratios which are arranged in a Switching manner, and a 
means for continuously varying the light-reducing ratio by 
adjusting the Overlapping Situation of two optical filters with 
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transmission factors which are continuously changed. The 
optical filter of the variable light-reducing unit 18A is driven 
by a driving mechanism 35 which is controlled by the main 
control unit 50. 

0249 The beam-shaping optical system 18(B) is operated 
Such that the cross-sectional configuration of the excimer 
laser beam, which is adjusted to have a predetermined peak 
intensity by the variable light-reducing unit 18A, is shaped 
to be Similar to the entire shape of the incoming end of the 
first fly's eye lens System 18C for constructing the incoming 
end of the double fly's eye lens system described later on 
provided at the back of the optical path of the excimer laser 
beam to allow the light beam to efficiently come into the first 
fly's eye lens System 18c. The beam-shaping optical System 
18(B) is composed of, for example, a cylinder lens and a 
beam expander (any of which is not shown in the drawing). 
0250) The double fly's eye lens system is provided to 
obtain a uniform intensity distribution of the illumination 
light beam. The double fly's eye lens system comprises the 
first fly's eye lens system 18C, the light-collecting lens 18E, 
and the second fly’s eye lens system 18G which are suc 
cessively arranged on the optical path of the excimer laser 
beam at the back of the beam-shaping optical system 18B. 
In this arrangement, the vibration mirror 18D for smoothing 
the interference fringe and the weak Speckle generated on 
the objective irradiated Surface (reticle Surface or wafer 
Surface) is arranged between the first fly’s eye lens System 
18C and the light-collecting lens 18E. The vibration (deflec 
tion angle) of the vibration mirror 18D is controlled by the 
main control unit 50 by the aid of the driving system 36. 
0251) The illumination NA correction plate 18F for 
adjusting the orientation (illumination NA difference) of the 
numerical aperture of the illumination light beam on the 
objective irradiated Surface is arranged on the Side of the 
incoming end of the second fly’s eye lens system 18G. 
0252) The arrangement, in which the double fly’s eye 
lens system and the vibration mirror 18D are combined as in 
the embodiment of the present invention, is disclosed in 
detail, for example, in Japanese Patent Application Laid 
Open No. 1-235289 and U.S. Pat. No. 5,307,207 corre 
sponding thereto and in Japanese Patent Application Laid 
Open No. 7-142354 and U.S. Pat. No. 5,534,970 
corresponding thereto. The disclosure of the above-men 
tioned patent documents is incorporated herein by reference 
So long as the domestic laws of the States designated in this 
application permit the incorporation. 
0253) The illumination system aperture diaphragm plate 
18H composed of a disk-shaped member is arranged in the 
vicinity of the outgoing Surface of the Second fly's eye lens 
System 18G. The illumination System aperture diaphragm 
plate 18H is arranged at approximately equal angle intervals, 
for example, with an aperture diaphragm composed of an 
ordinary circular aperture, an aperture diaphragm (Small O 
diaphragm) composed of a small circular aperture to 
decrease the O Value as the coherence factor, a Zonal aperture 
diaphragm (Zonal diaphragm) for Zonal illumination, and a 
modified aperture diaphragm composed of four apertures 
arranged eccentrically for the modified light Source method. 
The illumination system aperture diaphragm plate 18H is 
rotated, for example, by an unillustrated motor controlled by 
the main control unit 50. Accordingly, any one of the 
aperture diaphragms is Selectively set on the optical path of 



US 2002/0018192 A1 

the pulse illumination light beam. The shape of the light 
Source surface obtained by the Koehler illumination is 
restricted to be, for example, Zonal, Small circular, large 
circular, or four-field configuration. 
0254 The beam splitter 18.J., which has a large reflectance 
and a Small transmittance, is arranged on the optical path for 
the pulse illumination light beam at the back of the illumi 
nation System aperture diaphragm plate 18H. The relay 
optical system, which is composed of the first relay lens 18K 
and the Second relay lens 18N, is arranged on the optical 
path at the back thereof with the fixed reticle blind 18L and 
the movable reticle blind 18M intervening therebetween. 
0255. The fixed reticle blind 18L is arranged on the 
Surface which is slightly defocused from the conjugate 
Surface with respect to the pattern Surface of the reticle R, 
and it is formed with an opening having a predetermined 
shape which determines the illumination area on the reticle 
R. In the embodiment of the present invention, it is assumed 
that the opening is formed to have a Slit-shaped configura 
tion or a rectangular configuration extending linearly in the 
X direction perpendicular to the movement direction (Y 
direction) of the reticle R during the Scanning exposure. 
0256 The movable reticle blind 18M, which has an 
opening with its position and width variable in the Scanning 
direction, is arranged in the vicinity of the fixed reticle blind 
18L. The illumination area is further restricted by the aid of 
the movable reticle blind 18M upon the start and the end of 
the Scanning exposure. Thus, unnecessary portions are pre 
vented from the exposure. The movable reticle blind 18M is 
controlled by the main control unit 50 by the aid of the 
driving System 42. 

0257 The illumination telecentric correction plate 18P is 
arranged at the outlet portion of the second relay lens 18N 
of the relay optical system. The mirror 18.Q for reflecting, to 
the reticle R, the pulse illumination light beam passed 
through the second relay lens 18N and the illumination 
telecentric correction plate 18P is arranged on the optical 
path of the pulse illumination light beam at the back thereof. 
The main condenser lens System 18R is arranged on the 
optical path of the pulse illumination light beam at the back 
of the mirror 18O. 

0258 Explanation will now be made for the function of 
the illumination optical System 18 constructed as described 
above. When the excimer laser beam from the excimer laser 
light Source 11 comes into the illumination optical System 18 
via the beam-receiving System 32, the excimer laser beam 
comes into the beam-shaping optical System 18B after being 
adjusted to have the predetermined peak intensity by the aid 
of the variable light-reducing unit 18A. The cross-sectional 
configuration of the excimer laser beam is shaped by the 
beam-shaping optical System 18B So that the laser beam 
efficiently comes into the first fly’s eye lens system 18C 
disposed at the back thereof. Subsequently, when the exci 
mer laser beam comes into the first fly's eye lens System 
18C, a large number of Secondary light Sources are formed 
on the Side of the outgoing end of the first fly's eye lens 
system 18C. The ultraviolet pulse beams, which are emitted 
from the large number of point light Sources, come into the 
second fly's eye lens system 18G via the vibration mirror 
18D, the light-collecting lens system 18E, and the illumi 
nation NA correction plate 18F. Accordingly, the large 
number of Secondary light Sources, which are composed of 
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individual light Source images obtained by uniformly dis 
tributing the large number of minute light Source images 
within an area having a predetermined shape, are formed at 
the outgoing end of the Second fly's eye lens System 18G. 
The pulse ultraviolet light beams, which are radiated from 
the large number of Secondary light Sources, pass through 
any one of the aperture diaphragms on the illumination 
System aperture diaphragm plate 18H, and they arrive at the 
beam splitter 18J having the large reflectance and the Small 
transmittance. 

0259. The pulse ultraviolet light beam as the exposure 
light beam, which is reflected by the beam splitter 18J, 
illuminates the opening of the fixed reticle blind 18L with 
the uniform intensity distribution by the aid of the first relay 
lens 18K. However, the intensity distribution may be super 
imposed at a contrast of about several % with the interfer 
ence fringe and the weak Speckle depending on the inter 
ference performance of the ultraViolet pulse beam from the 
excimer laser light Source 11. For this reason, any uneven 
neSS in exposure amount may arise due to the interference 
fringe and the weak Speckle. However, the unevenneSS in 
exposure amount is Smoothed by Swinging the vibration 
mirror 18D in synchronization with the oscillation of the 
ultraviolet pulse beam and the movement of the reticle R and 
the wafer W during the Scanning exposure, as described in 
Japanese Patent Application Laid-Open No. 7-142354 pre 
viously referred to. 
0260 The ultraviolet pulse beam, which has passed 
through the opening of the fixed reticle blind 18L, passes 
through the movable reticle blind 18M, and then it passes 
through the second relay lens 18N and the illumination 
telecentric correction plate 18P. The optical path is bent into 
the vertical downward direction by the mirror 18.Q. After 
that, the ultraViolet pulse beam passes through the main 
condenser lens system 18R, and it illuminates, with a 
uniform intensity distribution, the predetermined illumina 
tion area (Slit-shaped or rectangular illumination area 
extending linearly in the X direction) on the reticle R which 
is held on the reticle Stage RST. In this arrangement, the 
rectangular Slit-shaped illumination light beam, which is 
radiated onto the reticle R, is Set to extend in a slender 
configuration in the X direction (non-Scanning direction) at 
the central portion of the circular projection field of the 
projection optical system PL as shown in FIG. 1. The width 
of the illumination light beam in the Y direction (Scanning 
direction) is set to be approximately constant. 
0261) On the other hand, the pulse illumination light 
beam, which is transmitted through the beam splitter 18.J., 
comes into an integrator Sensor 46 composed of a photo 
electric conversion element, via an unillustrated collective 
lens, and it is Subjected to the photoelectric conversion 
therein. A photoelectric conversion signal obtained by the 
integrator sensor 46 is supplied to the main control unit 50 
via a peak hold circuit and an A/D converter as described 
later on. Those usable as the integrator Sensor 46 include, for 
example, a PIN-type photodiode which has sensitivity in the 
far ultraViolet region and which has a high response fre 
quency to detect the pulse light emission of the excimer laser 
light source 11. The correlation coefficient between the 
output of the integrator Sensor 46 and the illuminance 
(exposure amount) of the pulse ultraviolet light beam on the 
surface of the wafer W is previously determined, and it is 
stored in a memory in the main control unit 50. 
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0262 A refractive optical system having a reduction 
magnification of 4 (or '/S) is used as the projection optical 
system PL, which has a circular projection field with both of 
the object plane side (reticle R) and the image plane Side 
(wafer W) being telecentric and which is composed of only 
a refractive optical element (lens element) obtained by using 
quartz or fluorite as an optical Saltpeter material. The image 
forming light flux, which comes from the portion illumi 
nated with the pulse ultraviolet light beam of the circuit 
pattern area on the reticle R, passes through the projection 
optical System PL, and it is projected with reduction of 4 or 
/s onto the resist layer on the wafer W electrostatically 
Sucked (or vacuum Sucked) to the holder on the wafer Stage 
WST as described later on. 

0263. It is a matter of course that the projection optical 
System PL may be based on the So-called catadioptric System 
obtained by combining a refractive optical element and a 
reflective optical element (for example, a concave mirror 
and a beam splitter) as disclosed in Japanese Patent Appli 
cation Laid-Open No. 3-282527 and U.S. Pat. No. 5,220.454 
corresponding thereto. The disclosure of the above-men 
tioned patent documents is incorporated herein by reference 
So long as the domestic laws of the States designated in this 
application permit the incorporation. 

Description of the First Concept 
0264. Next, the position-measuring system for the reticle 
stage RST will be described in detail with reference to FIG. 
4. FIG. 4(A) shows a plan view illustrating components 
disposed in the vicinity of the reticle base board 28, and 
FIG. 4(B) shows a side view illustrating components dis 
posed in the vicinity of the reticle base board 28 as viewed 
in the direction of the arrow B. 

0265). As shown in FIG. 4(A), the field ST (correspond 
ing to the maximum Slit-shaped illumination area defined by 
the reticle blind) of the projection optical system PL is only 
100 mmx32 mm (four times the field projected onto the 
wafer W). One time of Scanning exposure merely makes it 
possible to perform the exposure for only any one of areas 
of a first area P1 and second area P2 (both of them are 100 
mmx200 mm) adjacent to one another in the non-Scanning 
direction (X direction) on the 9-inch reticle R or a central 
area P3 (100 mmx200 mm) indicated by dotted lines. 
0266. In order to perform the exposure (transfer of the 
pattern onto the wafer W) for all of the areas P1, P2, P3, it 
is necessary to shift the reticle stage RST in the non 
Scanning direction by 50 mm (in the case of the central area 
P3 indicated by the dotted lines) or by 100 mm (in the case 
of the area P2) on the basis of the exposure position of the 
area P1 shown in FIG. 4(A). 
0267 Accordingly, a first corner cube 31 Y1 as a first 
mirror, a Second corner cube 31 Y2 as a Second mirror, and 
a third corner cube 31 Y3 are provided corresponding to the 
respective areas P2, P3, P1, on the side surface on the first 
end side (lower end side in FIG. 4(A)) of the reticle stage 
RST in the Y direction. In this arrangement, the three corner 
cubes 31 Y1,31Y2,31Y3 are arranged in the X direction by 
intervals of 50 mm. However, there is no limitation thereto. 
Any interval is available provided that the interval is pre 
determined (usually, the interval is determined in conformity 
with the pattern arrangement of the reticle on the reticle 
stage RST). 
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0268 As shown in FIG. 4(A), the reticle base board 28 
is fixed with a reticle Y interferometer 30Y disposed thereon 
as the first interferometer which measures the position of the 
reticle Stage RST in the Scanning direction by radiating the 
length-measuring beam IY in the Y direction onto only any 
one of the three corner cubes 31 Y1, 31 Y2, 31Y3 and 
receiving the reflected light beam therefrom. In this arrange 
ment, the corner cubes 31 Y1, 31Y2, 31 Y3 are used as the 
movement mirror which measures the position in the Scan 
ning direction (Y direction). For example, in a State in which 
the reticle stage RST is located at the position in the 
non-scanning direction (X direction) shown in FIG. 4(A), 
the length-measuring beam IY, which is radiated from the 
interferometer 30Y to the reticle stage RST, is successively 
reflected by the corner cube 31 Y1, the reflecting mirror 82, 
and the corner cube 31 Y1. The returning light beam from the 
corner cube 31 Y1 returns in the opposite direction along 
approximately the same optical path as the incoming optical 
path (so-called double-path arrangement). Accordingly, 
even if the reticle stage RST is rotated by an angle 0, the 
reflected light beam can reliably return to the interferometer 
30. It is possible to correctly measure the position of the 
reticle Stage RST in the Scanning direction. In this arrange 
ment, the length-measuring axis of the reticle Y interferom 
eter 30Y (central position of the incident light beam and the 
returning light beam with respect to the corner cube 31 Y1) 
is located to make interSection with the center of the optical 
axis of the projection optical system PL. The position of the 
length-measuring beam IY in the Z direction from the reticle 
Y interferometer 30Y is coincident with the lower Surface 
(pattern formation plane) of the reticle R. Accordingly, the 
position of the reticle R in the Scanning direction is correctly 
measured without any Abbe error. 
0269. The two side surfaces of the reticle stage RST in 
the Scanning direction (Y direction) are mirror-finished to 
form a first reflecting Surface 84a and a Second reflecting 
surface 82b extending in the Y direction. A reticle X 
interferometer 30X1 as the second interferometer and a 
reticle X interferometer 30X2 as the third interferometer are 
provided respectively at both ends on the reticle base board 
28 in the non-Scanning direction (X direction), opposing to 
the reflecting Surfaces. Two-axes interferometers which 
radiate two length-measuring beams (length-measuring 
beams IX11, IX12 and length-measuring beams IX21, IX22) 
onto the first and second reflecting surfaces 84a, 84b are 
used for both of the reticle X interferometers 30X1, 30X2. 
The length-measuring axes (central positions of the respec 
tive length-measuring beams) of the reticle X interferom 
eters 30X1, 30X2 intersect the center of the optical axis of 
the projection optical System PL. The position of the length 
measuring beam IY in the Z direction from the reticle X 
interferometer 30X1, 30X2 is coincident with the lower 
surface (pattern formation plane) of the reticle R (see FIG. 
4(B)). Accordingly, the position of the reticle stage RST in 
the non-Scanning direction is also correctly measured with 
out any Abbe error. 
0270. Next, explanation will be made for the operation of 
the position-measuring System for the reticle Stage RST 
constructed as described above. 

0271 (a) At first, explanation will be made for the case of 
the Scanning exposure in which the pattern in the first area 
P1 on the reticle R is transferred onto the wafer W. In this 
case, as shown in FIG. 4(A), the length-measuring beams 
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IX11, IX12 are radiated from the first reticle X interferom 
eter 30X1 to the first reflecting surface 84a of the reticle 
stage RST, and the reflected light beams therefrom are 
received respectively. Accordingly, the position of the first 
reflecting surface 84a in the X direction is measured (sub 
jected to length measurement) at the radiating position of the 
respective length-measuring beams IX11, IX12. An average 
value of obtained measured values X1, X2 is used to 
determined the position of the reticle stage RST in the 
non-Scanning direction. The average value is calculated and 
determined by the reticle stage controller 33 (see FIG. 2) to 
which the output from the reticle X interferometer 30X1 is 
inputted. In this process, the reticle Stage controller 33 can 
also determine the 0 rotation of the reticle stage RST on the 
basis of the difference between X1 and X2. On the other 
hand, the position of the reticle Stage RST in the Scanning 
direction is measured by radiating the length-measuring 
beam IY to the first corner cube 31 Y1 by the reticle Y 
interferometer 30Y and receiving the reflected light beam 
therefrom. 

0272 (b) When the scanning exposure is performed to 
transfer the pattern in the second area P2 on the reticle R 
onto the wafer W, the Scanning exposure is carried out in a 
state in which the reticle stage RST is driven by the driving 
system 29 from the state shown in FIG. 4(A) in the +X 
direction by 100 mm. In this case, the length-measuring 
beams IX21, IX22 are radiated from the second reticle X 
interferometer 30X2 onto the second reflecting Surface 84b 
of the reticle stage RST, and the respective reflected light 
beams therefrom are received. Thus, the position of the 
second reflecting surface 84b in the X direction is measured 
(Subjected to length measurement) at the radiating position 
of the respective length-measuring beams IX21, IX22. An 
average value of obtained measured valueS X3, X4 is used 
to determined the position of the reticle stage RST in the 
non-Scanning direction by means of the reticle Stage con 
troller 33 in the same manner as described above. Similarly, 
the reticle stage controller 33 can also determine the 0 
rotation of the reticle stage RST on the basis of the difference 
between X3 and X4. On the other hand, the position of the 
reticle Stage RST in the Scanning direction is measured by 
radiating the length-measuring beam IY onto the Second 
corner cube 31Y2 by the reticle Y interferometer 30Y and 
receiving the reflected light beam therefrom. 
0273 (c) In the case of the scanning exposure in which 
the pattern in the third area P3 on the reticle R is transferred 
onto the wafer W, the Scanning exposure is performed in a 
state in which the reticle stage RST is driven by the driving 
system 29 in the +X direction from the state shown in FIG. 
4(A) by 50 mm. In this case, the position of the reticle stage 
RST in the non-Scanning direction is measured by using the 
reticle X interferometers 30X1, 30X2. That is, the measure 
ment processes for the reticle stage RST with the reticle X 
interferometers 30X1,30X2 as described in the items (a) and 
(b) are simultaneously performed. The reticle stage control 
ler 33 determines the position of the reticle stage RST in the 
non-Scanning direction in accordance with the following 
expression by using the measured values X1, X2, X3, X4 
obtained by the reticle X interferometers 30X1, 30X2. 

0274. In this case, when the rotation of the reticle stage 
RST is determined, the rotation is determined by the reticle 
Stage controller 33 in accordance with the calculation based 
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on the following expression provided that the spacing dis 
tance between the length-measuring beams X11, X12 and 
the Spacing distance between the length-measuring beams 
X21, X22 are L. 

0275 On the other hand, the position of the reticle stage 
RST in the Scanning direction is measured by radiating the 
length-measuring beam IY onto the third corner cube 31Y3 
by the reticle Y interferometer 30Y and receiving the 
reflected light beam therefrom. 
0276 AS clarified from the foregoing explanation, in the 
embodiment of the present invention, the position of the 
reticle Stage RST in the Scanning direction is measured 
during the Scanning exposure for transferring the pattern on 
the reticle R to the wafer W, by using any one of the first, 
second, and third corner cubes 31 Y1, 31Y2, 32Y3. There 
fore, the position of the reticle Stage RST in the Scanning 
direction can be correctly measured even when there is any 
0 rotation of the reticle stage RST (or rotation error) or the 
like. The position of the reticle stage RST is determined by 
using the measured value obtained by the reticle X interfer 
ometer with which the distance to the opposing reflecting 
Surface of the length-measuring beam is shorter. There is no 
possibility to cause any State of incapable measurement even 
when each of the first and Second reflecting SurfaceS 84a, 
84b is a plane mirror provided that the e rotation of the 
reticle stage RST is minute. 
0277 As described above, in the embodiment of the 
present invention, the position-measuring system for the 
reticle stage RST is constructed by the three corner cubes 
30Y1, 30Y2, 30Y3, the movement mirror composed of the 
first and second reflecting surfaces 84a, 84b, the reticle Y 
interferometer 30Y, and the two reticle X interferometers 
30X1, 30X2. However, in FIG. 2, these components are 
illustrated and represented by the reticle laser interferometer 
30 and the movement mirror 31. 

0278 In the embodiment of the present invention, the 
reticle Stage RST is Subjected to the position measurement 
for the X, Y, and 0 directions respectively by means of the 
reticle stage controller 33 on the basis of the measured 
values obtained by the reticle laser interferometer 30 as 
described above. The reticle stage controller 33 basically 
controls the driving System (magnetically floating type two 
dimensional plane motor) 29 for moving the reticle Stage 
RST so that the position information (or velocity informa 
tion) outputted from the interferometer 30 is coincident with 
the command value (target position, target velocity). 
0279. Further, the reticle stage controller 33, which func 
tions as a reset unit, resets the reticle Y interferometer 30Y 
in response to the position of the reticle Stage RST in the 
non-Scanning direction while monitoring the measured val 
ues of the reticle X interferometers 30X1, 30X2. The reset 
of the interferometer means the fact that the measured value 
of the interferometer is returned to a predetermined value, 
and it does not necessarily mean the fact that the measured 
value is returned to the Zero point. 
0280 When the pattern area objective of the scanning 
exposure is Switched, it is necessary to move the reticle Stage 
RST in the non-scanning direction (X direction). During this 
process, the length-measuring beam IY from the reticle Y 
interferometer 30Y does not hit any corner cube. Therefore, 



US 2002/0018192 A1 

a State is given, in which it is impossible to measure the 
position with the reticle Y interferometer 30Y. For this 
reason, in the embodiment of the present invention, a Sensor 
(not shown) is separately provided for roughly monitoring 
the position of the reticle during the period in which the 
measurement cannot be performed with the interferometer. 
For example, the Sensor may be a Sensor based on the 
heterodyne System which measures the position of the reticle 
stage RST as follows. That is, a lattice mark of a predeter 
mined pitch is formed at a lower halfportion of the reflecting 
surface 84a (or 84b) of the reticle stage RST. A pair of light 
fluxes, which have slightly different frequencies, are pro 
jected from an unillustrated light Source System onto the 
lattice mark at an extremely Small angle of incidence in a 
Symmetrical direction. Interference fringes, which move at a 
predetermined Velocity in the Y axis direction, are generated 
on the Surface on which the lattice mark is formed. A 
combined light flux of diffracted light beams generated from 
the lattice mark in the X axis direction is received to measure 
the position of the reticle stage RST on the basis of the phase 
change of the photoelectric conversion Signal of the com 
bined light flux. Such a Sensor is disclosed, for example, in 
Japanese Patent Application Laid-Open No. 5-40184. The 
disclosure is incorporated herein by reference. 
0281. In this case, it is also preferable for the reticle stage 
controller 33 that the reticle Y interferometer 30Y is reset 
immediately after the length-measuring beam IY from the 
reticle Y interferometer 30Y hits the corner cube 31 Y 
corresponding to the area (predetermined area of P1, P2, P3) 
on the reticle R to be Subsequently Subjected to the Scanning 
exposure. However, in the embodiment of the present inven 
tion, considering the possibility that the reticle Stage RST 
may be Subjected to any delicate positional discrepancy in 
the Scanning direction (Y direction), or the reticle stage RST 
may be Subjected to the 0 rotation during the movement of 
the reticle Stage RST in the non-Scanning direction, the 
reticle alignment and the base line measurement are per 
formed before resetting the interferometer as described later 
O. 

0282. In the non-Scanning direction, the length-measur 
ing beams from the reticle X interferometers 30X1, 30X2 
always hit the first reflecting Surface and the Second reflect 
ing Surface. Therefore, the reticle Stage controller 33 may 
optionally Select the measured value of any one of the 
interferometers or the measured values of the both. That is, 
the reticle Stage controller 33 Selects and uses the measured 
values of the reticle interferometers 30X1,30X2 on the basis 
of the position information on the area P1, P2, or P3 on the 
mask existing in the projection field of the projection optical 
system PL. 
0283 Although not shown in FIGS. 1 and 2, the scan 
ning type exposure apparatus 10 according to the embodi 
ment of the present invention is actually provided with an 
reaction actuator 74 in order to avoid transmission, via the 
Support pillar 26 to the pedestal Section 16, of the reaction 
force-ArxRm which acts on the reticle base board 28 from 
the reticle Stage RST having a mass Rim depending on the 
rate of acceleration or deceleration Argenerated during the 
pre-Scanning or the over-Scanning before and after the 
constant Velocity movement of the reticle Stage RST having 
a mass Rim during the Scanning exposure. 
0284. As shown in FIG. 3, the reaction actuator 74 is 
Supported by a reaction frame 72 which is roughly posi 
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tioned by an elastic member 70 with respect to the base plate 
BS for Supporting the pedestal section 16. The reaction 
actuator 74 is arranged at approximately the same height as 
that of the center of gravity which is determined by the 
weights of the reticle stage RST, the reticle base board 28, 
and other components. 

0285) Actually, as shown in FIG. 4(A), the reaction 
actuator 74 includes a pair of reaction actuators 74L, 74R 
disposed on the both Sides in the non-Scanning direction. 
However, these components are represented and illustrated 
by the reaction actuator 74 in FIG. 3. The reaction actuator 
74 is controlled by an unillustrated control unit so that the 
force opposite to the reaction force is applied to the reticle 
base board 28 to cancel the lateral shift of the center of 
gravity and the rotation during the acceleration and decel 
eration of the reticle Stage RST. Accordingly, the pedestal 
section 16 is prevented from transmission of the vibration 
during the acceleration and deceleration via the Support 
pillar 26. It is considered that the necessity and the effect of 
Such a reaction actuator are enhanced, for example, when the 
magnetically floating type two-dimensional linear actuator 
is used as in the embodiment of the present invention, as 
compared with a case in which a feed Screw System reticle 
Stage is used. In this case, for example, the reaction actuator 
74 comprises a voice coil motor. However, when the driving 
system for the reticle stage RST is constructed by the 
magnetically floating type two-dimensional plane motor as 
in the embodiment of the present invention, the reaction 
actuator may be constructed by a linear actuator which 
commonly uses, as a Stator, a part of a coil for constructing 
the plane motor to commonly use a part of constitutive 
components of the driving System (actuator) for moving the 
reticle Stage and the actuator which applies the force to the 
Second pedestal. 

0286 The LC/MAC system finely adjusts the various 
optical characteristics (image formation performance) of the 
projection optical system PL. In the embodiment of the 
present invention, as shown in FIG. 2, the LC/MAC system 
comprises MAC including a telecentric lens System G2 
which is disposed at a position near to the object plane in the 
projection optical System PL and which is capable of minute 
movement in the optical axis direction and minute inclina 
tion with respect to Surface orthogonal to the optical axis and 
a driving mechanism 96 for finely moving the lens system 
G2 in the optical axis direction (including the inclination), 
and a lens controller 102 for finely adjusting the image 
formation magnification of the projected image by increas 
ing and decreasing, with a pipe 94, within a range of, for 
example, about t20 mmHg, the gas preSSure in a Specified 
air space chamber (enclosed chamber) tightly enclosed 
against the external air in the projection optical System PL. 
MAC makes it possible to adjust the magnification or the 
distortion of the projected image (for example, isotropic 
distorted aberration, and non-isotropic distorted aberration 
Such as barrel, pincushion, and trapezoid). 
0287. In this arrangement, the lens controller 102 also 
serves as a control system for the driving mechanism 96 for 
the lens system G2. The Switching control or the combined 
control is performed for the change of the magnification of 
the projected image by driving the lens System G2 and the 
change of the magnification of the projected image by 
controlling the preSSure in the enclosed chamber in the 
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projection optical system PL. The lens controller 102 is also 
managed by the main control unit 50. 
0288 However, when the illumination light beam lies in 
an Arf excimer laser light Source having a wavelength of 
193 nm, the mechanism for increasing and decreasing the 
preSSure in the air space chamber may be omitted, because 
the interior of the illumination optical path and the interior 
of the lens barrel of the projection optical system PL are 
Substituted with nitrogen gas or helium gas, and hence it is 
difficult to change the refractive indeX in the Specified air 
Space chamber in the projection optical System PL. 
0289 Anastigmatism/frame aberration-correcting plate 
G3, which is used to reduce the astigmatism/frame aberra 
tion that is apt to occur at a portion of the projected image 
especially having a large image height (portion near to the 
periphery of the projection field), is contained at a position 
near to the image plane of the projection optical System PL. 
0290. In the embodiment of the present invention, an 
image Strain-correcting plate G1, which is used to effectively 
reduce the random distortion component contained in the 
projected image formed in the effective image projection 
area in the circular field (determined by the opening of the 
fixed reticle blind 18L), is arranged between the reticle R 
and the lens System G2 of the projection optical System PL. 
The correcting plate G1 is obtained by locally polishing the 
Surface of a parallel quartz plate having a thickness of about 
Several millimeters, and it is used to minutely deflect the 
image formation light flux passing through the polished 
portion. An example of the method for producing Such a 
correcting plate G1 is disclosed in detail in Japanese Patent 
Application Laid-Open No. 8-203805 and U.S. patent appli 
cation Ser. No. 581016 (filed on Jan. 3, 1996). The technique 
disclosed in the patent documents is basically applied in the 
embodiment of the present invention as well. The disclosure 
of the above-mentioned patent documents is incorporated 
herein by reference So long as the domestic laws of the States 
designated in this application permit the incorporation. 

Description of the Second Concept (I) 
0291 Next, explanation will be made for the stage appa 
ratuS 1 according to the present invention. As shown in 
FIGS. 1 and 2, the stage apparatus 1 comprises the base 
board 22 for constructing the pedestal Section (first pedestal 
or first column) 16, the movable type base board 38 to serve 
as the Second movable member Supported relatively mov 
ably in the XY plane on the base board 22, and the wafer 
stage WST (first movable member) to serve as the substrate 
Stage Supported relatively movably with respect to the 
movable type base board 38 in the XY plane on the movable 
type base board 38. 
0292. The wafer stage WST is supported in a floating 
manner by a first planar magnetically floating type linear 
actuator 42 (see FIG. 7(B)) to serve as a driving unit 
provided on the movable type base board 38 under the 
projection optical system PL. The wafer stage WST is freely 
driven in the XY two-dimensional plane perpendicular to the 
optical axis AX of the projection optical system PL. The 
movable type base board 38 is supported in an floating 
manner by a Second planar magnetically floating type linear 
actuator 44 (see FIG. 5(B)) provided on the base board 22, 
in the same manner as the wafer stage WST. The movable 
type base board 38 is freely driven in the XY two-dimen 
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sional plane. In FIG. 2, for convenience of illustration, the 
planar magnetically floating type linear actuators 42, 44 are 
collectively illustrated as the driving system 48. The driving 
System 48, i.e. each of the planar magnetically floating type 
linear actuators 42, 44 is controlled by the wafer Stage 
controller 78. For example, the method for controlling the 
movable type base board 38 and the role of the movable type 
base board 38 will be described in detail later on. 

0293. The wafer stage WST comprises a movable stage 
52 to serve as a second plate freely movable in the XY 
two-dimensional plane on the movable type base board 38, 
a leveling drive mechanism 58 carried on the movable stage 
52, and a substrate table TB to serve as a first plate for 
holding the wafer W Supported by the leveling drive mecha 
nism 58. 

0294. In this embodiment, the movable stage 52 is 
formed to have a regular triangular configuration with one 
end surface arranged on the movable type base board 38 in 
the direction perpendicular to the Y axis direction (first axis 
direction) as the Scanning direction for the reticle stage RST. 
0295) The substrate table TB is formed to have exactly 
the same regular triangular configuration as the configura 
tion of the movable stage 52, and it is supported by three 
actuators ZAC which constitute the leveling drive mecha 
nism 58, in a state in which the substrate stage TB is 
overlapped with the movable table 52 as viewed in a plan 
view. The substrate table TB is provided thereon with a 
substantially circular wafer holder 54 (see FIG. 5(C)). The 
wafer W is magnetostatically sucked by the wafer holder 54, 
and it is held while being corrected for its flatness. The wafer 
holder 54 is Subjected to temperature control to Suppress any 
expansion and deformation which would be otherwise 
caused by accumulation of heat during the exposure of the 
wafer W. 

0296. The leveling drive mechanism 58 comprises the 
three actuators (piezoelectric, voice coil motors or the like) 
ZACX1, ZACX2, ZACY (see FIG. 5(A)) which support the 
substrate table TB at positions in the vicinity of three apexes 
of the regular triangle respectively and which may be driven 
independently in the Z direction perpendicular to the XY 
plane at the respective Support points, and an actuator 
control unit 56 for finely moving the Substrate stage TB in 
the direction (Z direction) of the optical axis AX and 
inclining it with respect to the XY plane by independently 
controlling the three actuators ZACX1, ZACX2, ZACY. The 
driving command for the actuator control unit 56 is output 
ted from the wafer stage controller 78. 
0297 Although not shown in FIG. 2, a focus/leveling 
Sensor for detecting the inclination (leveling error) and the 
deviation (focus error) in the Z direction between the image 
formation plane of the projection optical System PL and the 
surface of the wafer W is provided in the vicinity of the 
projection optical system PL. The wafer stage controller 78 
outputs the driving command to the actuator control unit 56 
in response to the focus error Signal and the leveling error 
Signal from the Sensor. An example of Such a focus/leveling 
detection System is disclosed in Japanese Patent Application 
Laid-Open No. 7-201699 and U.S. Pat. No. 5,473,424 
corresponding thereto. The disclosure of the above-men 
tioned patent documents is incorporated herein by reference 
So long as the domestic laws of the countries designated in 
this application permit the incorporation. 
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0298 The directional positions of the respective interfer 
ometer beams shown in FIG. 5(C) concerning the wafer 
stage WST, i.e., the substrate table TB are successively 
measured by the laser interferometer system 76 shown in 
FIG. 2. The position information is fed to the wafer stage 
controller 78. The wafer stage controller 78 determines the 
XY coordinate position in accordance with the predeter 
mined calculation to output the command Signal for driving 
the wafer stage WST to the driving system 48 on the basis 
of the determined coordinate position and the target position 
information to be positioned. 
0299 The specified arrangement of the laser interferom 
eter system 76 will now be described in detail with reference 
to FIGS. 5(A) to 5(C). 
0300 FIG. 5(A) shows a plan view illustrating, together 
with the Substrate table TB, the first, second, and third 
interferometers 76X1, 76Y, 76X2 for constructing the laser 
interferometer system 76, and the interferometer beams 
RIX1, RIY, RIX2 from the three interferometers. 

0301 AS also understood from FIG. 5(A), the substrate 
table TB is formed to have the regular triangular configu 
ration as viewed in the plan view in this embodiment, with 
its three side Surfaces which are mirror-finished to form first, 
second, and third reflecting surfaces 60a, 60b, 60c. The 
second interferometer 76Y measures the position in the Y 
axis direction (or velocity) of the substrate table TB by 
perpendicularly radiating, onto the Second reflecting Surface 
60b, the interferometer beam RIY in the Y axis direction 
(first axis direction) which is the Scanning direction, and 
receiving the reflected light beam therefrom. The first inter 
ferometer 76X1 measures the position in the third axis 
direction (or velocity) which is the direction of the interfer 
ometer beam RIX1 by perpendicularly radiating, onto the 
first reflecting Surface 60a, the interferometer beam RIX1 in 
the direction inclined by a predetermined angle 01 
(01 is -60 in this case) with respect to the Y axis direction, 
and receiving the reflected light beam therefrom. Similarly, 
the third interferometer 76X2 measures the position in the 
fourth axis direction (or velocity) which is the direction of 
the interferometer beam RIX2 by perpendicularly radiating, 
onto the third reflecting surface 60c, the interferometer beam 
RIX2 in the direction inclined by a predetermined angle 02 
(02 is +60 in this case) with respect to the Y axis direction, 
and receiving the reflected light beam therefrom. 
0302) The interferometer having a plurality of axes is 
used for each of the interferometers for constructing the 
laser interferometer system 76 in the embodiment of the 
present invention considering the fact that the exposure 
accuracy is badly affected by the minute rotation error 
(including the yawing component), which may be caused in 
the XY plane by the XY movement of the wafer stage WST 
and the fine movement of the Substrate table TB. 

0303 FIG. 5(B) shows, in further detail, the interferom 
eter beam RIY from the second interferometer 76Y together 
with a part of the optical System for constructing the 
interferometer. As shown in FIG. 5(B), first and second 
length-measuring beams RIY1, RIY2, which are two axes 
length-measuring beams as viewed in the plan view and 
which are radiated from the interferometer 76Y., are radiated 
onto the second reflecting surface 60b of the substrate table 
TB. The length-measuring beams RIY1, RYI2 are radiated 
perpendicularly onto the second reflecting surface 60b while 
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being Separated from each other by a predetermined spacing 
distance in the X direction on the identical horizontal plane. 
The length-measuring beams RIY1, RYI2 are radiated from 
an unillustrated light Source, and then they are transmitted 
through polarized beam splitterS 62A, 62B respectively as 
linearly polarized incident light fluxeS. The length-measur 
ing beams RIY1, RYI2 form circularly polarized light beams 
through 2/4 plates 64A, 64B, and they radiates the second 
reflecting Surface 60b. The returning light beams are trans 
mitted through the 2/4 plates 64A, 64B again to form 
linearly polarized outgoing light fluxes perpendicular to the 
direction of the polarization of the incoming light fluxes, 
they are reflected by the polarized beam splitters 62A, 62B 
respectively, and they come into the corner cube Sections 
66A, 66B. In this arrangement, the light fluxes, which are 
reflected by the three Surfaces of the corner cubes, are 
transmitted through the polarized beam splitters 62A, 62B 
and the 2/4 plates 64A, 64B again to form circularly 
polarized light beams to arrive at the Second reflecting 
surface 60b. The reflected light beams form linear polarized 
light beams which are in the same polarization direction as 
the original one when the beams pass through the 2/4 plates 
64A, 64B, and they pass through the polarized beam splitters 
62A, 62b. After that, the beams return to the side of the main 
interferometer body in parallel to the incoming light fluxes. 
In other words, the measurement by the respective length 
measuring beams RIY1, RIY2 is performed in accordance 
with the So-called double-path arrangement. 
0304. The returning light flux is overlapped with the 
returning light flux of the reference beam from an unillus 
trated fixed mirror at the inside of the main interferometer 
body. When the interference fringes of the overlapped light 
fluxes are counted, it is possible to independently measure 
the positions of the second reflecting surface 60b of the 
substrate table TB on the axes Y1, Y2 indicated by dashed 
lines in FIG. 5(B) respectively at an accuracy which is twice 
the ordinary one. The rotation of the substrate table TB can 
be determined on the basis of the difference between mea 
sured values obtained by the length-measuring beams RIY1, 
RIY2. 

0305 However, only the ability to measure the rotation is 
insufficient especially, as in this embodiment, in the case of 
the arrangement in which the Side Surface of the Substrate 
table is mirror-finished to provide the movement mirror, 
because of the following reason. That is, in Such a case, the 
length-measuring beam from the interferometer cannot be 
set at the same height as that of the surface of the wafer W. 
Considering such a point, as shown in FIG. 5(C), the third 
length-measuring beam RIY3 is radiated from the second 
interferometer 76Y onto the position separated by a prede 
termined distance in the Surface direction (downward direc 
tion) perpendicular to the XY plane from the position of 
radiation of the length-measuring beam RIY1 (or RIY2). 
Therefore, it is possible to determine the inclination of the 
substrate table TB with respect to the XY plane on the basis 
of the difference between the length-measuring beam RIY1 
(or RIY2) and the length-measuring beam RIY3. 
0306 In this context, it is also preferable that the third 
length-measuring beam and the fourth length-measuring 
beam are radiated respectively onto the positions Separated 
by the predetermined distance in the Surface direction 
(downward direction) perpendicular to the XY plane respec 
tively from the position of radiation of the length-measuring 



US 2002/0018192 A1 

beam RIY1 or RIY2. In other words, it is desirable to use 
Such an arrangement that at least three length-measuring 
beams, which are not disposed on an identical Straight line 
on the Second reflecting Surface 60b, are radiated onto the 
second reflecting surface from the interferometer 76Y to 
make it possible to determine the inclination with respect to 
the XY plane and the rotation in the XY plane of the 
Substrate table TB. Of course, it is desirable that the mea 
Surement is performed by using the third and fourth length 
measuring beams in accordance with the double-path 
arrangement in order to improve the measurement accuracy. 

0307 The other interferometers 76X1, 76X2 are con 
structed in the same manner as the interferometer 76Y. That 
is, the positions of the first reflecting Surface and the third 
reflecting Surface at the radiation points of the respective 
length-measuring beams in the directions of the respective 
length-measuring beams are independently measured by 
radiating the three length-measuring beams onto the first 
reflecting surface 60a and the third reflecting surface 60c, 
and receiving the reflected light beams therefrom. In FIG. 
5(A), the respective three length-measuring beams (or four 
length-measuring beams) from the interferometers 76X1, 
76X2, 76Y are represented and indicated by the interferom 
eter beams RIX1, RIX2, RIY. 

0308 In this arrangement, as shown in FIG. 5(A), the 
interferometers 76X1, 76Y, 76X2 perpendicularly radiate 
the interferometer light fluxes composed of at least three 
length-measuring beams respectively onto the reflecting 
surfaces 60a, 60b, 60c on the respective side surfaces of the 
regular triangular substrate table TB. The actuators ZACX1, 
ZACY, ZACX2 for making the tilting and the driving in the 
Z direction are arranged at the positions in the vicinity of the 
respective apexes of the Substrate table TB opposing to the 
respective interferometer light fluxes. Accordingly, the 
actuators ZACX1, ZACY, ZACX2 can be independently 
controlled in accordance with the tilt angle of the corre 
sponding reflecting Surface measured by each of the inter 
ferometers. Therefore, it is possible to efficiently adjust the 
inclination of the substrate table TB. Additionally, the actua 
tors ZACX1, ZACY, ZACX2, which are disposed at the 
positions furthest from the center of gravity of the Substrate 
table TB, are driven and controlled. Thus, the arrangement 
makes it possible to obtain the high tilt driving control 
response. 

0309 With reference to FIG. 2 again, a spatial image 
detector KES, which is used to photoelectrically detect the 
image of the alignment mark and the image of the test 
pattern on the reticle R projected by the aid of the projection 
optical system PL, is fixed to a part of the Substrate table TB. 
The Spatial image detector KES is attached So that its Surface 
is at approximately the Same position as the height position 
of the surface of the wafer W. However, actually, the spatial 
image detector KES is Set So that the image formation plane 
of the projection optical system PL is coincident with the 
Surface of the Spatial image detector KES when the Substrate 
table TB is set at the center of the entire movement stroke 
(for example, 1 mm) in the Z direction. 
0310. The spatial image detector KES is used to measure, 
for example, the exposure amount, the illuminance uneven 
neSS, and the image formation characteristic. Explanation 
will now be made for the arrangement of the Spatial image 
detector KES and the image formation characteristic mea 
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surement based on the use of the same. FIG. 6 schematically 
shows the arrangement of the Spatial image detector KES 
attached onto the Substrate table TB shown in FIG.2 and the 
arrangement of a signal processing System related thereto. 

0311. With reference to FIG. 6, the spatial image detector 
KES comprises, for example, a shield plate 140 which is 
provided to give the Substantially same height as that of the 
surface of the wafer W on the Substrate table TB (for 
example, within a range of about it 1 mm), a rectangular 
opening (knife edge opening) 141 which is formed at a 
predetermined position of the shield plate 140 and which is 
of about Several tens um to Several hundreds um, an optical 
pipe 142 made of quartz for allowing the image-forming 
light flux from the projection optical System PL transmitted 
through the opening 141 to come thereinto at a large NA 
(numerical aperture), and a semiconductor light-receiving 
element (for example, silicon photodiode or PIN photo 
diode) 143 for photoelectrically detecting the light amount 
of the image-forming light flux transmitted by the optical 
pipe 142 Substantially without any loSS. 

0312. When the exposing illumination light beam is 
obtained from the exposure light Source 11 as in the embodi 
ment of the present invention, the photoelectric Signal, 
which is fed from the light-receiving element 143 of the 
Spatial image detector KES, has a pulse waveform in 
response to the pulse light emission of the exposure light 
Source 11. That is, it is assumed that MLe represents the 
image optical path from a certain object point on the 
unillustrated test reticle installed on the object plane of the 
projection optical System PL. When the exposure light 
Source 11 shown in FIG. 2 is allowed to make light emission 
in a state in which the substrate table TB (i.e., the wafer 
stage WST) is positioned in the X, Y directions so that the 
image optical path MLe conforms to the rectangular opening 
141 of the spatial image detector KES, then the photoelectric 
Signal from the light-receiving element 143 also has the 
pulse waveform having a time width of about 10 to 20 ns. 
0313 Considering the foregoing fact, in this embodi 
ment, the Signal processing System for the Spatial image 
detector KES is provided therein with a sample hold circuit 
(hereinafter referred to as "S/H circuit”) 150A for inputting 
and amplifying the photoelectric Signal from the light 
receiving element 143 and alternately performing the Sam 
pling operation and the holding operation in response to the 
counting pulse Signal for every 10 nm generated by a 
receiver 76E of the laser interferometer system 76. Addi 
tionally, the Signal processing System is provided therein 
with an A-D converter 152A for converting the output of the 
S/H circuit 150A into a digital value, a waveform memory 
circuit (RAM) 153A for storing the digital value, and a 
waveform-analyzing computer 154. In this arrangement, the 
System further comprises an up/down counter 151 for count 
ing the counting pulse signal for every 10 nm fed from the 
laser interferometer System 76, as the address counter for 
RAM 153A. 

0314. In the embodiment of the present invention, the 
control computer 11B (see FIG. 2) for the excimer laser 
light Source 11 triggers the pulse light emission in accor 
dance with the coordinate position information calculated by 
the wafer stage controller 78 on the basis of the measured 
value from the laser interferometer system 76 and fed to the 
synchronous control system and the main control unit 50 as 
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described later on. That is, in the embodiment of the present 
invention, the pulse light emission of the excimer laser light 
Source 11 is performed in conformity with the coordinate 
position of the substrate table TB. The S/H circuit 150A 
holds the peak value of the pulse Signal waveform from the 
light-receiving element 143 in Synchronization with the 
pulse light emission. The peak value, which is held by the 
S/H circuit 150A, is converted into the digital value by the 
A-D converter 152A. The digital value is stored in the 
waveform memory circuit (RAM) 153A. The address upon 
the storage operation of RAM 153A is generated by the 
up/down counter 151. The position of the substrate table TB 
is allowed to definitely correspond to the address upon the 
storage operation of RAM 153A. 

0315. The peak intensity of the pulse light beam from the 
excimer laser light Source 11 is Subjected to variation of 
about Several % for each pulse. Accordingly, in order to 
avoid any deterioration of the image measurement accuracy 
due to the variation, as shown in FIG. 6, the signal pro 
cessing circuit of the embodiment of the present invention is 
provided therein with an S/H circuit 150B (having the same 
function as that of the S/H circuit 150 described above) into 
which the photoelectric signal (pulse waveform) from the 
photoelectric detector (integrator Sensor) 46 provided in the 
illumination optical System described above to detect the 
intensity is inputted, an A-D converter 152B for converting 
the output of the S/H circuit 150B into a digital value, and 
a waveform memory circuit (RAM) 153B (to generate the 
address upon the Storage operation commonly with RAM 
153A) for storing the digital value. 
0316. Accordingly, the peak intensity of each of the pulse 
light beams from the excimer laser light Source 11 is Stored 
in RAM 153B in a state in which the position of the substrate 
table TB is allowed to definitely correspond to the address 
upon the storage operation of RAM 153B. 

0317. The digital waveforms, which are stored in respec 
tive RAM's 153A, 153B as described above, are read by the 
waveform-analyzing computer (CPU) 154. The measured 
waveform, which corresponds to the image intensity Stored 
in RAM 153A, is subjected to normalization (subtraction) 
with the intensity fluctuation waveform of the illumination 
pulse light beam stored in RAM 153B. The normalized 
measured waveform is temporarily Stored in the memory in 
the waveform-analyzing computer 154. The central position 
of the image intensity to be measured is determined with 
various waveform processing programs. 

0318. In the embodiment of the present invention, the test 
pattern image on the test reticle is detected by using the edge 
of the opening 141 of the Spatial image detector KES. 
Therefore, the central position of the image analyzed by the 
waveform-analyzing computer 154 is determined as the 
coordinate position of the substrate table TB (wafer stage 
14) measured by the laser interferometer system 76 when the 
center of the test pattern image coincides with the edge of 
the opening 141 in the XY plane. 

03.19. The information on the central position of the test 
pattern image thus analyzed is fed to the main control unit 
50. The main control unit 50 instructs the control computer 
11B for the excimer laser light source 11, the wafer stage 
controller 78, and the waveform-analyzing computer 154 to 
perform the operation for Successively measuring the posi 

Feb. 14, 2002 

tions of the respective projected images of the test pattern 
formed at a plurality of points (for example, ideal lattice 
points) on the test reticle. 
0320 The image formation performance of the projection 
optical System PL and the illumination characteristic of the 
illumination optical System are measured by using the 
Spatial image detector KES as described above. The various 
optical elements and the mechanisms shown in FIG. 2 can 
be adjusted on the basis of the obtained result of the 
measurement. 

0321) A fiducial mark plate FM, which has its surface 
disposed at approximately the same height position as that of 
the surface of the wafer W, is provided on the substrate table 
TB of the embodiment of the present invention (see FIG. 
7(A)). Fiducial marks (as described later on), which are 
detectable by various alignment Systems described later on, 
are formed on the surface of the fiducial mark plate FM. The 
fiducial marks are used, for example, to check the point of 
detection center of each of the alignment Systems (calibra 
tion), measure the base line length between the detection 
centers, check the position of the reticle R with respect to the 
wafer coordinate System, and check the position in the Z 
direction of the best image formation plane which is con 
jugate with the pattern plane of the reticle R. When the 
fiducial mark is formed on the Surface of KES described 
above, it is possible to perform the calibration in the X, Y, 
Z, and tilt directions with the identical fiducial plate. There 
fore, it is possible to mitigate the accumulated error corre 
sponding to each of the fiducial plates. Description will be 
made later on for the base line measurement and the reticle 
alignment based on the use of the fiducial mark plate FM. 

0322 The wafer transport robot 19 shown in FIG. 1 
constitutes a part of the wafer transport System to transport 
the wafer W from the unillustrated wafer-placing section to 
the wafer stage WST. The wafer transport robot 19 is 
provided with a robot arm (wafer load/unload arm) 21 for 
delivering the wafer W with respect to the holder of the 
wafer stage WST moved to the predetermined loading 
position (delivery position). 
0323 The Scanning type exposure apparatus 10 accord 
ing to the embodiment of the present invention is provided 
with the off-axis alignment Sensor (alignment optical Sys 
tem) as the alignment System for optically detecting the 
fiducial mark on the fiducial mark plate FM and the align 
ment mark formed for each of shot areas on the wafer W 
without using the projection optical System PL. AS Shown in 
FIG. 2, the alignment optical System ALG is arranged on the 
Side of the projection optical System PL. The alignment 
optical System ALG radiates, through the objective lens, a 
non-sensitive illumination light beam (uniform illumination 
or spot illumination) onto the resist layer on the wafer W. 
and it photoelectrically detects the reflected light beam from 
the alignment mark or the fiducial mark by the aid of the 
objective lens. The photoelectrically detected mark detec 
tion signal is inputted into the Signal processing circuit 68. 
The measured value of the laser interferometer system 76 is 
inputted into the Signal processing circuit 68 by the aid of the 
wafer Stage controller 78, the Synchronous control System 
88, and the main control unit 50. The signal processing 
circuit 68 performs the waveform processing in accordance 
with a predetermined algorithm for the photoelectrically 
detected mark detection Signal to determine, on the basis of 
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the result of the processing and the measured value of the 
laser interferometer System 76, the positional discrepancy 
amounts of the wafer mark and the fiducial mark with 
respect to the coordinate position of the wafer stage WST 
(shot alignment position) or the detection center So that the 
center of the mark coincides with the detection center of the 
alignment optical System ALG (for example, index mark, 
reference picture element on the image pickup plane, light 
receiving slit, or spot light beam). The information on the 
determined alignment position or the positional discrepancy 
amount is fed to the main control unit 50 so that it is used, 
for example, to position the wafer stage WST during the 
alignment and Set the Start position of the Scanning exposure 
for the respective shot areas on the wafer W. 

0324. As shown in FIG. 2, the scanning type exposure 
apparatus 10 of the embodiment of the present invention 
further comprises a reticle microScope for performing the 
reticle alignment, the reticle microscope being disposed over 
the reticle stage RST. Actually, two reticle microscopes 110 
are arranged at a predetermined spacing distance in the 
non-scanning direction. However, in FIG. 2, the reticle 
microscope 110, which is disposed on the back side with 
respect to the plane of the paper, is hidden by the reticle 
microscope 110 which is disposed on the front side. There 
fore, only one reticle microscope 110 is shown in FIG. 2. 
0325 The scanning type exposure apparatus 10 accord 
ing to the embodiment of the present invention is further 
comprises the synchronous control system 80 for synchro 
nously moving the reticle Stage RST and the wafer Stage 
WST, the synchronous control system 80 being provided in 
the control system. The synchronous control system 80 is 
operated as follows. That is, in order to mutually link the 
control of the driving system 29 performed by the reticle 
stage controller 33 and the control of the driving system 48 
performed by the wafer stage controller 78 when the reticle 
stage RST and the wafer stage WST are synchronously 
moved especially during the Scanning exposure, the States of 
the respective positions and the respective Velocities of the 
reticle R and the wafer W measured by the reticle laser 
interferometer system 30 and the interferometer system 76 
are monitored in real-time to make management So that the 
mutual relationship between them is predetermined. The 
synchronous control system 80 is controlled by various 
commands and parameters fed from the main control unit 
50. 

0326) Next, explanation will be made for the arrangement 
of the control rack 14 shown in FIG. 1. 

0327. The control rack 14 is constructed as a distributed 
type System for individually controlling the respective units 
(for example, excimer laser light Source 11, illumination 
optical system 18, reticle stage RST, wafer stage WST, and 
transport robot 19) of the main exposure apparatus body 12 
respectively. The control rack 14 is composed of a Single 
rack arrangement constructed by Stacking, for example, a 
processor board rack Section 104 for accommodating a 
plurality of processor boards for controlling the respective 
units, a rack Section for accommodating the main control 
unit (microcomputer) 50 (see FIG. 2) for collectively con 
trolling the respective processor boards, and a rack Section 
for accommodating, for example, an operation panel 106 for 
man-machine interface with respect to an operator and a 
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display 108. The overall operation of the main exposure 
apparatus body 12 is managed by means of the control rack 
14. 

0328. The unit side computer such as a microprocessor is 
provided in each of the processor boards in the processor 
board rack section 104. The unit side computers are linked 
to the main control unit (microcomputer) 50 to thereby 
execute the Series of exposure processes for a plurality of 
sheets of wafers. 

0329. The overall sequence for the series of exposure 
processes is collectively controlled in accordance with the 
predetermined proceSS program Stored in the unillustrated 
memory in the main control unit 50. 
0330. The process program is used to store, under the file 
name of the exposure process prepared by the operator, a 
package of parameter groups including the information 
concerning the wafer to be Subjected to the exposure (for 
example, number of Sheets to be processed, shot size, shot 
array data, alignment mark arrangement data, alignment 
condition), the information concerning the reticle to be used 
(for example, pattern type data, arrangement data of respec 
tive marks, and size of circuit pattern area), and the infor 
mation concerning the exposure condition (for example, 
exposure amount, focus offset amount, offset amount of 
Scanning Velocity, offset amount of projection magnifica 
tion, correction amount for various aberrations and image 
distortions, setting of (a value of illumination System and 
NA of illumination light beam, and setting of NA value of 
projection optical System). 
0331. The main control unit 50 analyzes the process 
program instructed to be executed, and it Successively 
instructs, as commands, the operations of the respective 
constitutive elements necessary for the exposure proceSS for 
the wafer, to the corresponding unit Side computer. During 
this process, when one command is normally ended, each of 
the unit Side computers feeds the Status to indicate this fact 
to the main control unit 50. The main control unit 50, which 
has received the Status, feeds the next command to the unit 
Side computer. 
0332 During the series of operations, for example, when 
the wafer eXchange command is fed from the main control 
unit 50, the wafer stage controller 78, which is the control 
unit for the wafer stage WST, is cooperated with the control 
unit for the wafer transport robot 19 to set the wafer stage 
WST and the arm 21 (wafer W) to be in the positional 
relationship as shown in FIG. 1. 
0333) A plurality of utility softwares are stored in the 
memory in the main control unit 50. The Softwares are 
represented by two types, i.e., (1) the measurement program 
for automatically measuring the optical characteristics of the 
projection optical System and the illumination optical SyS 
tem, and evaluating the quality of the projected image (for 
example, distortion characteristic, astigmatism/frame char 
acteristic, telecentric characteristic, and illumination 
numerical aperture characteristic), and (2) the correction 
program for carrying out the various correcting processes 
corresponding to the quality of the evaluated projected 
image. 

Description of the Third Concept 
0334) Next, the role and the control method of the mov 
able type base board 38 will be explained with reference to 
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FIGS. 7(A) and 7(B). FIG. 7(A) shows a schematic plan 
View illustrating components disposed in the vicinity of the 
base board 22, and FIG. 7(B) shows a schematic front view 
as viewed in the direction of the arrow A shown in FIG. 
7(A). In FIG. 7(A), the arrow C indicates the movement 
distance of the movable type base board 38 caused by the 
reaction force exerted on the movable type base board 38 in 
accordance with the acceleration and deceleration when the 
wafer stage WST is moved by the distance of the arrow B. 

0335) A plurality of coils (not shown), which constitute 
the planar magnetically floating type linear actuator 42, are 
Spread over the XY two-dimensional direction on the upper 
surface of the movable type base board 38 together with the 
unillustrated permanent magnet disposed at the lower Sur 
face of the wafer stage WST. The wafer stage WST is 
Supported in an floating manner over the movable type base 
board 38 by the aid of the planar magnetically floating type 
linear actuator 42. The wafer stage WST is driven in an 
arbitrary two-dimensional direction by controlling the cur 
rent allowed to flow through the coils. 

0336 Similarly, a plurality of coils (not shown), which 
constitute the planar magnetically floating type linear actua 
tor 44, are spread over the XY two-dimensional direction on 
the upper surface of the base board 22 together with the 
unillustrated permanent magnet disposed at the lower Sur 
face of the movable type base board 38. The movable type 
base board 38 is Supported in an floating manner over the 
base board 22 by the aid of the planar magnetically floating 
type linear actuator 44. The movable type base board 38 is 
driven in an arbitrary two-dimensional direction by control 
ling the current allowed to flow through the coils. 

0337. In this arrangement, no contact is made between 
the wafer stage WST and the movable type base board 38 
and between the movable type base board 38 and the base 
board 22 respectively. Therefore, the friction between these 
components is extremely Small. As a result, the law of 
conservation of momentum holds for the entire System 
including the wafer stage WST and the movable type base 
board 38. 

0338. Therefore, assuming that the mass of the wafer 
stage WST is m, and the mass of the movable type base 
board 38 is M, if the wafer stage WST is moved at a velocity 
V with respect to the movable type base board 38, then the 
movable type base board 38 is moved at a velocity of 
V=mV/(M+m) in the opposite direction with respect to the 
base board 22 according to the law of conservation of 
momentum. However, the rate of acceleration is obtained by 
differentiating the velocity with respect to the time. There 
fore, if the wafer stage WST is moved at a rate of accelera 
tion a (if the force F=ma is exerted), the movable type base 
board 38 receives a rate of acceleration A=ma/(M+m) in the 
opposite direction by the reaction force of the force F. 

0339. In this case, the wafer stage WST is placed on the 
movable type base board 38. Accordingly, the wafer Stage 
WST is moved with respect to the base board 22 at a velocity 
of Vx{1-m/(M+m)} and hence at a rate of acceleration of 
ax{1-m/(M+m)}. Therefore, if the mass m (weight: Mg) of 
the wafer stage WST is approximate to the mass M (weight: 
mg) of the movable type base board 38, it is impossible to 
obtain a desired rate of acceleration and a desired maximum 
velocity of the wafer stage WST. Since the movement 

Feb. 14, 2002 

distance is proportional to the Velocity, the movement 
amount of the movable type base board 38 is increased, and 
the foot print is deteriorated. 
0340 For example, it is assumed that there is given m: 
M=1:4. If it is intended to move the wafer stage WST in an 
amount of 300 mm in order to perform the exposure for the 
entire Surface of 12-inch wafer, it is necessary to ensure a 
stroke of the movable type base board 38 of an amount of 60 
mm which is /s of 300 mm according to the foregoing 
expression V=mV/(M+m). 
0341. Accordingly, in the embodiment of the present 
invention, in order to SuppreSS the deterioration of the rate 
of acceleration of the wafer Stage, the maximum Velocity, 
and the foot print to be not more than 1 figure, the Setting is 
made Such that the ratio of the mass m of the wafer Stage 
WST to the mass M of the movable type base board 38 is not 
more than m: M=1:9, i.e., the weight of the wafer stage WST 
is not more than 1/6 of the weight of the movable type base 
board 38. 

0342. In order to decrease the necessary stroke of the 
movable type base board 38, the wafer stage controller 78 
varies, between the period of exposure and alignment and 
the period of other operations, the control response fre 
quency for the planar magnetically floating type linear 
actuator 44 for driving the movable type base board 38. 
0343. The control response frequency will be described 
in further detail below. During the exposure, the wafer Stage 
WST and the reticle stage RST are moved in synchroniza 
tion with each other. If the control response frequency of the 
planar magnetically floating type linear actuator 44 for 
driving the movable type base board 38 is adjusted and used 
at several HZ, it is almost impossible to follow the reaction 
force to the movable type base board 38 of the planar 
magnetically floating type linear actuator 42 for driving the 
wafer stage WST controlled at several tens Hz. According to 
the law of conservation of momentum, the movable type 
base board 38 is freely moved to absorb the reaction force, 
and the influence of the reaction force is not exerted to the 
outside. 

0344) The wafer stage controller 78 is operated as fol 
lows. When the main exposure apparatus body 12 is inclined 
as a whole due to any change of the position of the reticle 
stage RST and the position of the wafer stage WST, it is 
possible to avoid the low frequency positional discrepancy 
in which the movable type base board 38 is moved in the 
direction of inclination, by controlling the control response 
of the planar magnetically floating type linear actuator 44 at 
several HZ. 

0345 Even when the setting is made to give m: M=1:9, 
if the wafer stage 300 is fully moved by 300 mm, then the 
movable type base board 38 is also moved by about 30 mm 
in the opposite direction. However, the Stepping length in the 
non-Scanning direction between the shot exposure processes 
is about 30 mm at most. Therefore, the movement of the 
movable type base board 38 at this time is about 3 mm. 
Accordingly, in the embodiment of the present invention, the 
wafer Stage controller 78 increases the response frequency in 
the same direction as the Stepping of the planar magnetically 
floating type linear actuator 44 for driving the movable type 
base board 38 to be several tens HZ during the deceleration 
of the wafer Stage (during the stepping acceleration in the 
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non-Scanning direction) which does not affect the Synchro 
nous control performance after the Scanning exposure to 
make control so that the movable type base board 38 is 
returned to the original position before the Stepping in 
accordance with the feedback control based on the use of the 
linear encoder 45 (see FIG. 7(B)) as the position-measuring 
unit for detecting the position of the relative movement in 
the XY direction of the movable type base board 38 with 
respect to the base board 22. Accordingly, it is possible to 
decrease the movement amount of the movable type base 
board 38 (see phantom lines 38' in FIG. 7(A)). Further, it 
can be assumed that the movable type base board 38 and the 
base board 22 are in a fixed State during the foregoing 
process. Therefore, it is possible to improve, by 10%, the 
rate of acceleration and the maximum Velocity of the wafer 
as well. 

0346 Such a control method is also applicable equiva 
lently to the movement of the wafer stage WST during the 
other alignment and the movement to the loading position 
when the wafer is exchanged. 

0347 An air pad for avoiding the high frequency vibra 
tion Such as the floor vibration and a linear actuator for 
removing the low frequency vibration accompanied thereto 
are carried on the vibration-preventive apparatus 20 for 
Supporting the pedestal Section 16. However, the apparatus 
is slightly inclined in Some cases due to the positions of the 
reticle stage RST and the wafer stage WST. In such a cases 
it is necessary to correct the inclination by continuously 
applying a predetermined Voltage to the linear actuator 
which constitutes the vibration-preventive apparatus 20. 
However, the Service life of any part Such as the actuator 
may be shortened, because the load is always applied to the 
actuator. In Such a case, in the embodiment of the present 
invention, the wafer stage controller 78 moves the movable 
type base board 38 by the predetermined amount as 
described above to correct the center of gravity of the entire 
apparatus. Thus, it is possible to correct the inclination of the 
apparatus So that the load is not applied to the linear actuator. 
Accordingly, it is possible to prolong the Service life of the 
part Such as the actuator. 

0348 Owing to the various improvements as described 
above, in the embodiment of the present invention, the shape 
and the movable range of the movable type base board 38 
are triangular with no apex (octagonal) indicated by Solid 
lines and phantom lines shown in FIG. 7(A) respectively 
corresponding to the shape and the movable range of the 
wafer Stage WST. In this arrangement, the Scanning direc 
tion for the wafer stage WST is the vertical direction on the 
plane of paper in FIG. 7(A). In this embodiment, the base 
board 22 is formed to be substantially square. The four 
Vibration-preventive apparatuses 20 for Supporting the base 
board 22 are arranged in a quadrilateral configuration in 
order to enhance the rigidity. However, in order to effec 
tively use the Space, the shape of the base board 22 may be 
a shape Similar to the shape indicated by the phantom lines 
38" in FIG. 7(A), and the vibration-preventive apparatuses 
20 may be arranged at three points indicated by the dotted 
lines in FIG. 7(A). Accordingly, it is clearly possible to 
improve the footprint. However, in this case, it is necessary 
to increase the rigidity of the vibration-preventive apparatus. 
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0349 Next, explanation will be made with reference to 
FIGS. 8 and 9 for the reticle alignment and the base line 
measurement to be performed prior to the Scanning expo 
SUC. 

0350 FIG. 8(A) shows a plan view illustrating a 9-inch 
size reticle R held on the reticle stage RST. As shown in 
FIG. 8(A), three reticle alignment marks MR1, MR2, MR3 
are formed on the reticle R in the X direction on the first end 
side in the Y direction of the shield band EB for comparting 
the pattern area P. 

0351. On the other hand, as shown in FIG.9, first fiducial 
marks Mr1, Mr2 and a second fiducial mark Mw are formed 
in a predetermined positional relationship on the fiducial 
mark plate FM. Accordingly, for example, before the Scan 
ning exposure for the area P1 on the reticle R, the reticle 
alignment and the base line measurement are performed as 
follows. 

0352 That is, the main control unit 50 moves the reticle 
Stage to a position at which the reticle alignment marks 
MR1, MR2 can be simultaneously measured with the two 
reticle microscopes 110, by the aid of the reticle stage 
controller 33. The main control unit 50 drives the wafer 
stage WST by the aid of the wafer stage controller 78 to a 
position at which the first fiducial marks Mr1, Mr2 on the 
fiducial mark plate FM can be measured with the two reticle 
microScopes 110 Simultaneously with the reticle alignment 
marks MR1, MR2. FIG. 9 shows a relative positional 
relationship at this time among the two reticle microScopes 
110, the fiducial mark plate FM, and the alignment sensor 
ALG. In this arrangement, as also clarified from FIG. 9, the 
Second fiducial mark Mw is measured by the alignment 
sensor ALG. That is, the first fiducial marks Mr1, Mr2 and 
the second fiducial mark Mw are formed on the fiducial 
mark plate FM in the positional relationship as described 
above. The positional relationship between the two reticle 
microScopes 110 and the alignment Sensor ALG are deter 
mined. 

0353. In the state shown in FIG. 9, the main control unit 
50 uses the alignment sensor ALG to measure the central 
position AW of the index Ma of the alignment sensor ALG 
with respect to the Second fiducial mark Mw. Approximately 
simultaneously therewith, the two reticle microscopes 110 
are used to measure the positions AR of the reticle alignment 
marks MR1, MR2 with respect to the first fiducial marks 
Mr1, Mr2. 

0354) In this case, the distance L from the first fiducial 
marks Mr1, Mr2 to the second fiducial mark Mw is known. 
Therefore, it is possible to determine the distance from the 
projection position of the first area P1 on the reticle R 
represented by the reticle alignment marks MR1, MR2 to the 
detection center of the alignment Sensor ALG (i.e., the center 
of the index Ma), i.e., the base line amount BL. As clarified 
from FIG. 9, the base line amount BL to be determined is 
given by the following expression considering the Sign of 
each of the amounts (direction of the arrow). 

0355 Accordingly, after measuring AW and AR as 
described above, the main control unit 50 performs the 
operation in accordance with the foregoing expression to 
calculate the distance (relative positional relationship) from 
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the projection position of the first area P1 on the reticle R to 
the detection center of the alignment Sensor ALG (i.e., the 
center of the index Ma). 
0356. In exactly the same manner as described above, the 
reticle alignment and the base line measurement are per 
formed before the Scanning exposure for the area P2 on the 
reticle R. However, in this case, the reticle alignment marks 
Mr2, Mr3 are used for the reticle alignment. 
0357 For example, as shown in FIG. 8(B), when the 
shield band EB exists at the boundary between the first area 
P1 and the second area P2 on the reticle R, reticle alignment 
marks MR4, MR5, MR6 may be provided on the shieldband 
EB at central portions in the longitudinal direction of the 
respective areas P1, P2. Similarly, if there is no trouble even 
when the reticle alignment mark is provided in the pattern 
area, the reticle alignment mark may be provided in the 
concerning area. 
0358 AS clarified from the foregoing expression, in the 
embodiment of the present invention, the driving System, 
which can drive the movable type base board 38 as the 
Second movable member at the predetermined response 
frequency, is constructed by the planar magnetically floating 
type linear actuator 44. The control unit, which controls the 
position of the movable type base board 38 at the response 
frequency of not more than several HZ by the aid of the 
driving System, is constructed by the wafer Stage controller 
78. In the embodiment of the present invention, the planar 
magnetically floating type linear actuator 44 and the wafer 
Stage controller 78 construct the Second driving unit for 
driving the movable type base board 38 at the low response 
frequency on the base board 22 and positioning the movable 
type base board 38 at the predetermined point on the base 
board 22 on the basis of the output of the position-measuring 
unit (linear encoder 45) during the operation other than the 
exposure operation for the wafer W and the alignment 
operation. 

Description of the Fourth Concept 
0359 Next, brief explanation will be made with reference 
to FIG. 10 for the basic scanning procedure for the wafer 
Stage during the one time of exposure for one shot area, 
performed by the stage control System (wafer stage control 
ler 78, reticle stage controller 33, synchronous control 
system 80) for relatively moving the reticle stage RST and 
the wafer stage WST in the scanning direction (Y direction). 
0360 FIG. 10(A) shows a plan view illustrating a rela 
tionship between a slit-shaped illumination area ST (area 
conjugate to the illumination area on the reticle R, herein 
after referred to as “illumination slit”) on the wafer inscrib 
ing the effective field PL' of the projection optical system PL 
and the shot area S1 as one comparted area. FIG. 10(B) 
shows a relationship between the Stage movement time t and 
the Stage Velocity Vy. Actually, the exposure is performed by 
allowing the shot area S1 to move in a direction opposite to 
the arrow Y with respect to the illumination slit ST. How 
ever, in this description, the drawing is depicted Such that the 
illumination slit ST on the wafer is moved with respect to the 
shot area S1 in order to give the corresponding relation with 
respect to the relationship table between the Stage movement 
time and the stage velocity shown in FIG. 10(B). 
0361. At first, the basic (general) Scanning procedure is 
performed such that the center P of the illumination slit ST 
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is positioned at a position Separated by a predetermined 
amount from the shot end of the shot area S1 to start the 
acceleration of the wafer stage WST. At a point of time at 
which the wafer stage WST approaches a predetermined 
velocity, the synchronous control is started for the reticle R 
and the wafer W. The time t1, which ranges from the point 
of time of the start of the acceleration to the point of time of 
the Start of the Synchronous control, is called “acceleration 
time'. The follow-up control is performed by the reticle 
stage RST after the synchronous control is started until the 
displacement error concerning the wafer and the reticle 
gives a predetermined relationship, and then the exposure is 
started. The time t2, which ranges from the start of the 
Synchronous control to the Start of the exposure, is called 
“settling time”. 
0362. The time (t1+t2), which ranges from the start of the 
acceleration to the Start of the exposure, is called “pre 
Scanning time'. ASSuming that the average rate of accelera 
tion at the acceleration time t1 is a, and the Settling time is 
t2, the movement distance during the pre-Scanning is rep 
resented by (%) at 1 +at1t2. 
0363 The exposure time t3 for performing the exposure 
in accordance with the constant Velocity movement is 
t3=(L+W)/(alt1) provided that the shot length is L., and the 
width of the illumination slit ST in the scanning direction is 
W. The movement distance is L+W. 

0364. At the point of time at which t3 comes to the end, 
the transfer of the reticle pattern to the shot area S1 is 
completed. However, in order to improve the throughput, in 
the case of the Step-and-Scan manner, usually the exposure 
is Successively performed for the next shot by effecting the 
alternate Scanning (reciprocating Scanning) of the reticle R. 
Therefore, it is necessary to further move the reticle R from 
the point of time of the exposure end by the same distance 
as that of the movement distance in the pre-Scanning So that 
the reticle R is returned to the Scanning Start position for the 
exposure for the next shot (therefore, the wafer W is also 
moved in the Scanning direction corresponding thereto). The 
period of time required for this proceSS is the constant 
Velocity over-Scanning time ta and the decelerating over 
Scanning time tS. In general, (tA+t5) is the over-Scanning 
time. ASSuming that the rate of deceleration in the deceler 
ating over-Scanning time t5 is b, the movement distance in 
the over-scanning time is -(%)bt5°-brts-tá. The parameters 
t4, t5 and the rate of deceleration b are set so that the distance 
is (%), at1°-a-t1t2. 
0365. In the case of the general control system, there is 
given a--b. Therefore, when the Setting is made to give 
t1=t5, t2=t4, the easiest control method is obtained. As 
described above, in the Scanning exposure, the pre-Scanning 
distance and the over-Scanning distance are required to 
perform the constant Velocity Synchronous Scanning. Even 
when the exposure is performed for the peripheral shot of the 
wafer, the interferometer light flux should not be deviated 
from the reflecting Surface (movement mirror) during the 
pre-Scanning and the over-Scanning. Therefore, it is neces 
Sary that the reflecting Surface is made long corresponding 
thereto. 

0366) Next, explanation will be made with reference to 
FIG. 10(C) for the setting of the length of each of the 
reflecting Surfaces of the substrate table TB in the embodi 
ment of the present invention. FIG. 10(C) shows the rela 
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tionship between the wafer peripheral shot S and the 
extended amount of the movement mirror (L0, L1+L2, L3) 
when the shot area S at the periphery of the wafer is 
subjected to the exposure by scanning the wafer stage WST 
(Substrate table TB) in the direction of the arrow Y. In FIG. 
10(C), the necessary minimum length of the reflecting 
surface is the length of the reflecting surface 60a, 60c when 
the extension line of the interferometer beam RIX1, RIX2 
intersects the outer circumference of the wafer W. Further, it 
is assumed that L3 represents the lacking imaginary shot 
length when the outer circumference of the wafer W can be 
exposed with the Shot S in a lacked State, L1+L2 represents 
the distance required for the pre-Scanning and the over 
Scanning, and L0 represents the total Sum of the predeter 
mined margin, the radii of the respective beams, and the 
distances to the centers of the respective length-measuring 
beams concerning the central positions (dotted lines) of the 
two length-measuring beams when the interferometer beams 
are the two length-measuring beams in the XY plane. The 
amount of extension of the reflecting surface is L0+L1+L2+ 
L3. The length of the reflecting surface is set so that the 
value is Smaller than the apex of the triangle of the Substrate 
table TB. Accordingly, it is possible to avoid Such an 
inconvenience that the length-measuring beam is deviated 
from the reflecting Surface during the Scanning exposure. 
However, it is unnecessary that the shot at the Outer circum 
ference of the wafer is Subjected to the exposure perfectly 
for the amount of the shot length L. Therefore, the extension 
amount of the movement mirror may be L0--L1+L2 by 
making control Such that only the portion eXposed on the 
wafer is Subjected to the exposure. 

Description of the Second Concept (II) 
0367 The basic scanning procedure for the wafer stage 
when one shot area is Subjected to the exposure has been 
explained above. Next, detailed explanation will be made for 
the movement control method for the wafer stage WST 
(Substrate table TB) when a plurality of adjacent shot areas 
are Successively exposed with the reticle pattern. Explana 
tion will now be made, for example, for a case in which 
adjacent shot areas S1, S2, S3 shown in FIG. 11(A) are 
Successively Subjected to the exposure. 

0368 FIG. 11(A) shows a locus along which the center 
P of the illumination slit ST on the wafer passes over the 
respective shots when the shots S1, S2, S3 are successively 
subjected to the exposure. As clarified from FIG. 11(A), the 
wafer Stage controller 78 and the Synchronous control SyS 
tem 80 perform, at the same timing, the pre-Scanning and the 
over-Scanning of the wafer Stage WST in the Scanning 
direction (Y direction) and the Stepping of the wafer Stage 
WST in the non-scanning direction (X direction). Accord 
ingly, the movement distance of the wafer stage WST 
between the shots is shortened, and hence the movement 
time required for this process is shortened. Thus, it is 
possible to improve the throughput. 

0369. As described above, the pre-scanning time includes 
the Settling time t2 for allowing the reticle R to completely 
follow the wafer W. Therefore, it is desirable that the control 
of the acceleration and deceleration concerning the non 
Scanning direction is completed before the point of time of 
the Start of the Settling time t2 as early as possible. In order 
to realize this object, in the embodiment of the present 
invention, the wafer stage controller 78 and the synchronous 
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control System 80 are operated Such that the Stepping in the 
non-scanning direction is started for the wafer stage WST 
during the constant Velocity over-Scanning time ta in the 
scanning direction of the wafer stage WST following the end 
of the exposure. The control is made Such that the accelera 
tion and deceleration control generated in the non-Scanning 
direction is completed earlier by the constant Velocity over 
scanning time tA. FIG. 11(B) shows the relationship 
between the time and the velocity Vy of the wafer stage WST 
in the scanning direction in this process, and FIG. 11(C) 
shows the relationship between the time and the velocity Vx 
in the non-Scanning direction corresponding thereto. 
According to the method for controlling the movement of 
the wafer Stage, the control in the non-Scanning direction is 
unnecessary during the Settling time t2, and it is enough to 
perform the Synchronous control in the Scanning direction. 

0370. It is assumed that the stepping direction is along the 
X axis, and the Scanning direction is along the Y axis. 
Discussion will be made specifically for the respective axes 
for the time allocation provided that the Scanning Velocity of 
the shot S1 during the exposure is -VY, and the maximum 
Velocity during the Stepping is VX. 

0371. At first, discussion will be made for the scanning 
direction. The deceleration of the wafer stage WST (accel 
eration in the +Y direction having the velocity in the -Y 
direction in FIG. 11(A)) is started after the over-scanning 
time ta after completing the exposure for the shot S1. It is 
assumed that the rate of deceleration during this process is 
ay. With the reference point of the point O (0, 0) in FIG. 
11(A), the wafer stage WST travels in the scanning direction 
by -VY-ta in the time ta. Subsequently, with the reference 
point of time at the point of time of passage of the time tak, 
the wafer stage WST is subjected to the change of -VY-t+ 
(%)ay it to arrive at the turning point B (see FIG.11(A)) at 
which the pre-Scanning is Started for the shot S2 as another 
comparted area at the point of time to satisfy -VY-t+ 
(%)ay-t=-VY-t(%), i.e., at the point of time to give t=ty5= 
VY/ay (see FIG.11(B)). After that, with the reference point 
of the time of the acceleration start point, the wafer Stage 
WST travels along a locus of "4:ayt during the acceleration 
period to continue the acceleration until ty1=VY/ay is given. 
Subsequently, the exposure is started after passage of t2 as 
the synchronous control period for the reticle R and the 
wafer W. The exposure time t3 is represented by t3=(shot 
length Ly+illumination slit width w/VY). 

0372 Next, discussion will be made for the stepping 
direction. The wafer stage WST starts the acceleration 
immediately after the completion of the exposure for the 
shot S1. ASSuming that the rate of acceleration is aX, the X 
coordinate of the wafer stage WST is (%)axt with the 
reference point of the point O in FIG. 11(A). The wafer 
stage WST arrives at the maximum velocity at t=tx5=VX/ax 
(see FIG. 11(C)). If there is given the stepping length 
LXsaxtx5°, the deceleration (acceleration in the -X direc 
tion having the Velocity in the +X direction) is started at the 
point of time of tx5=(LX/ax). After that, with the reference 
point of the time of the deceleration Start point, the wafer 
stage WST is subjected to the change of axitx5t-(%)axt 
during the deceleration period, and it is decelerated and 
stopped at the point of time to give axitx5t-(%)axt= 
(%)"axtX5t, i.e., at the point of time of the passage of the 
time tX1 from the deceleration Start point. 
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0373) That is, as shown in FIG.11(B), as for the scanning 
direction, the exposure is started for the next shot by 
t4+ty5+ty1+t2 from the point of time of the completion of 
the exposure for the previous shot. However, as shown in 
FIG.11(C), the acceleration and deceleration are completed 
in the stepping direction at the point of time of tx5+t4+tX1 
from the point of time of the completion of the exposure for 
the previous shot. Accordingly, if there are given ty1=tX1, 
ty5=tx5, considering the fact that there is given t2=t4 as 
described above, it is understood that the Stepping operation 
is completed earlier by t4 than the start of the synchronous 
control at the Settling time t2 in the Scanning direction. In 
this process, the locus of the wafer stage WST is parabolic. 
The actual parabola is represented by y=x or y=VX. If t is 
erased, a function is obtained, which contains x and VX. 
Therefore, conveniently, the parabolic configuration repre 
Sents those including Such functions. 
0374. This fact may be expressed in another way as 
follows. That is, the wafer stage controller 78 and the 
synchronous control system 80 control the movement of the 
wafer stage WST in the respective X and Y directions so that 
the Stepping operation in the non-Scanning direction is 
performed concurrently with the over-Scanning operation 
and the pre-Scanning operation of the wafer Stage WST in 
the Scanning direction in order that the X coordinate BX of 
the point B (BX, By) shown in FIG. 11(A) as the point at 
which the Velocity in the Scanning direction is Zero, i.e., the 
point at which the deceleration is completed and the accel 
eration for the exposure for the next shot is started is 
deviated toward S2 with respect to the boundary between the 
shots S1, S2. 

0375. In the foregoing explanation, the rate of accelera 
tion during the Stepping is tax. However, if the condition is 
Set Such that the rate of acceleration during the deceleration 
is -bX corresponding to aX during the acceleration to give 
-bx<ax, then the acceleration itself is Suppressed to be 
Small, although it takes a long Stepping time. Therefore, an 
effect is obtained in that the apparatus vibration itself can be 
Suppressed to be Small as well. 

0376. In the foregoing explanation, the case has been 
described, in which there is given the Stepping length 
LXsaxtx5°. However, if there is given LX-axitx5°, the 
position of the wafer stage WST in the X direction may be 
controlled Such that the deceleration operation is started 
after the Scanning at the maximum Velocity VX during the 
period of time tx6 to satisfy tx6=(LX-axitx5). However, in 
any case, it is important that the rate of acceleration aX and 
the maximum velocity VX are set to give ta+ty5+ty12tx5+ 
tX6+tX1. By doing So, the concurrent operation is performed 
with respect to the pre-Scanning and the Over-Scanning for 
all of the Stepping time. Thus, the throughput is improved. 

0377 That is, according to the scanning exposure method 
which adopts the method for controlling the movement of 
the wafer stage WST (substrate table TB) explained with 
reference to FIGS. 11A to 11(C), the reticle R and the wafer 
Ware synchronously moved in the Y direction (first direc 
tion) as the Scanning direction to perform the Scanning 
exposure for the shot S1, and then the acceleration of the 
wafer W in the scanning direction is started before the wafer 
Warrives at the position of the shot S2 adjacent to the shot 
S1 concerning the X direction (non-Scanning direction) 
(during the deceleration before the completion of the step 
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ping in the non-Scanning direction between the shots) to 
perform the Scanning exposure for the shot S2 with the 
pattern on the reticle R. In other words, the movement to the 
shot S2 is started after the completion of the exposure for the 
shot S1 while the acceleration of the wafer in the scanning 
direction is started during this process. Therefore, the move 
ment time of the shot S2 in the non-Scanning direction can 
be completely overlapped with the acceleration time in the 
Scanning direction for the exposure for the shot S2. It is clear 
that the throughput can be improved as compared with the 
illustrative conventional technique in which the acceleration 
in the Scanning direction is Started for the exposure for the 
shot S2 after the arrival of the wafer W at the position of the 
shot S2. 

0378. In the case of the arrangement shown in FIG. 11, 
the acceleration of the wafer W in the non-Scanning direc 
tion is started during the constant Velocity movement in the 
Scanning direction after the completion of the Scanning 
exposure of the shot S1, because of the following reason. 
That is, it is intended that the Stepping operation is com 
pleted earlier by t4 than the start of the synchronous control 
at the Settling time t2 in the Scanning direction. There is no 
limitation thereto. It is also preferable that the acceleration 
of the wafer W in the non-scanning direction is started 
during the deceleration of the wafer W. 
0379. In this arrangement, the wafer W is accelerated in 
the direction interSecting the Scanning direction before the 
Scanning exposure for the shot S2. The movement Velocity 
in the Scanning direction is set to be the Velocity correspond 
ing to the sensitivity characteristic of the wafer W. There 
fore, the Synchronous control may be made for the reticle 
while maintaining the Velocity during the exposure. Accord 
ingly, it is easy to perform the control. 
0380. As clarified from FIGS. 11(B) and 11(C), the wafer 
W is moved between the scanning exposure for the shot S1 
and the Scanning exposure for the Shot S2 So that at least one 
of the movement Velocity in the Scanning direction and the 
movement Velocity in the non-Scanning direction is not Zero. 
Therefore, the movement is performed without any Stop 
between the Scanning exposure for the Shot S1 and the 
Scanning exposure for the shot S2. Thus, the throughput is 
improved corresponding thereto. 

0381) As clarified from FIG. 11(A), the wafer W is 
moved between the Scanning exposure for the shot S1 and 
the Scanning exposure for the shot S2 So that the position of 
the point B in the X direction, at which the movement 
Velocity in the Scanning direction is Zero, is nearer to the shot 
S2 as compared with the shot S1. Accordingly, even when 
the rate of acceleration in the non-Scanning direction of the 
wafer W is equal to the rate of deceleration between the shot 
S1 and the shot S2, the Velocity in the non-Scanning direc 
tion is necessarily Zero, a certain period of time (t2 in the 
foregoing example) before the start of the exposure for the 
shot S2. Therefore, it is unnecessary to increase the rate of 
deceleration after the acceleration of the wafer W in the 
non-Scanning direction between the Scanning exposure for 
the shot S1 and the scanning exposure for the shot S2. No 
influence thereof remains at the point of time of the start of 
the exposure, and the Synchronous Settling time is not 
unnecessarily prolonged. 

0382. However, it is unnecessary that the wafer W is 
moved along the movement locus as shown in FIG. 11(A) 
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between the Scanning exposure for the Shot S1 and the 
Scanning exposure for the shot S2. For example, the follow 
ing procedure is available. That is, the position of the wafer 
in the non-Scanning direction (position of the point B in the 
X direction), at which the velocity component of the wafer 
W in the Scanning direction is Zero after completing the 
Scanning exposure for the Shot S1, is deviated toward the 
shot S1, and the wafer is moved obliquely with respect to the 
Scanning direction and the non-Scanning direction in order to 
perform the Scanning exposure for the shot S2. Alternatively, 
the wafer W may be moved between the scanning exposure 
for the shot S1 and the scanning exposure for the shot S2 
such that the position of the wafer W in the non-scanning 
direction (position of the point B in the X direction), at 
which the Velocity component in the Scanning direction is 
Zero after completing the Scanning exposure for the shot S1, 
is located between the position of the shot S1 in the 
non-Scanning direction and the position of the shot S2 in the 
non-Scanning direction. In these cases, when the Scanning 
exposure for the shot S1 is completed, the wafer W is moved 
in the non-Scanning direction while decelerating the Velocity 
in the Scanning direction. The Substrate is moved obliquely 
with respect to the Scanning direction and the non-Scanning 
direction along a curved (or Straight) route. Therefore, the 
movement locus of the wafer W after completing the scan 
ning exposure for the shot S1 is shorter than the conven 
tional-shaped route. The Substrate is moved along the route 
which is approximate to the shortest distance. It is possible 
to improve the throughput corresponding thereto. In this 
case, the movement locus of the wafer W may be V-shaped. 
However, it is desirable that the wafer W is moved without 
any Stop between the Scanning exposure for the shot S1 and 
the Scanning exposure for the shot S2 So that the locus is 
parabolic (or U-shaped). 
0383) As clarified from FIG. 11(A) (FIG. 11(C)), the 
wafer W is accelerated in the direction interSecting the 
Scanning direction and the non-Scanning direction after the 
Scanning exposure for the shot S1, and then the exposure is 
Started after the constant Velocity movement in the Scanning 
direction for the predetermined period of time (t2+C). There 
fore, the Velocity component of the Substrate in the Scanning 
direction does not affect the Scanning exposure. 
0384. In this process, the acceleration of the reticle R is 
started during the movement of the wafer W in the direction 
interSecting the Scanning direction and the non-Scanning 
direction, and hence before the Velocity component of the 
wafer W in the non-scanning direction is zero. Therefore, the 
time, which is required to give the constant Velocity Syn 
chronous state of the reticle R and the wafer W, is shortened 
as compared with the case in which the acceleration of the 
reticle R is started after the transition to the constant Velocity 
movement of the wafer. Accordingly, it is possible to 
improve the throughput corresponding thereto. The rate of 
acceleration and the rate of deceleration (negative rate of 
acceleration) described above refer to the average accelera 
tion and deceleration during the operation. It is needless to 
say that an effect equivalent to that of the embodiment of the 
present invention is obtained even in the case of the accel 
eration and deceleration map control in order to Smoothly 
perform the acceleration and deceleration. 
0385) Next, explanation will be made for the relationship 
with respect to the Scanning Velocity, of the extension 
distance of the measuring reflecting Surface (movement 
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mirror) in the non-Scanning direction of the wafer stage and 
the time required to perform the exposure for one wafer, 
required concerning the pre-Scanning and the over-Scanning 
described above. 

0386 FIGS. 19(A) and 19(B) show the data actually 
measured with the projection exposure apparatus of the 
Step-and-Scan manner based on the use of the conventional 
rectangular stage in the case of tA+ty5+ty12tx5+(tx6)+tx1 
described above with the slit width: 8 mm, the shot length: 
33 mm, the shot length: 25 mm, the shot number: 65 (wafer 
shot number obtained for 33x25 shot size on 12-inch wafer), 
the minimum pulse number of the laser pulse necessary to 
perform the exposure for one shot: 32, the modulation 
frequency of the exposing pulse laser: 1 k to 2 kHz variable 
control, the interferometer beam diameter: 5 mm, the 
double-path interferometer spacing distance: 19 mm, and the 
interferometer spacing distance for measuring the yawing: 
35 mm. Especially, FIG. 19(A) shows the extension distance 
of the wafer Side movement mirror necessary when the 
reticle Scanning maximum velocity Vr is changed under 
three conditions of (reticle rate of acceleration Ar, settling 
time t2)=(3 G, 22 ms), (4 G, 36 ms), (4 G, 22 ms) provided 
that the projection magnification is 4-fold. FIG. 19(B) 
shows the time required to perform the exposure for one 
sheet of wafer when the reticle Scanning maximum Velocity 
Vr is changed under the same conditions as those used for 
FIG. 19(A). 
0387 FIG.20(A) shows a graph corresponding to FIG. 
19(A) in which the horizontal axis is the reticle scanning 
maximum velocity, and the vertical axis is the extension 
distance of the movement mirror. FIG.20(B) shows a graph 
corresponding to FIG. 19(B) in which the horizontal axis is 
the reticle Scanning maximum velocity, and the vertical axis 
is the time required to perform the exposure for one sheet of 
wafer (the rate of acceleration and the velocity of the wafer 
are obtained by multiplying the reticle condition by the 
projection magnification). 
0388. As understood from FIG. 19 and FIG. 20, for 
example, when Vr is changed under the condition of (4G, 
36 ms), if Vr is increased to a range of 1600 to 2000 mm/s, 
then the exposure time is 16.5 Seconds/wafer, and the 
throughput is improved. However, in the case of Vr of not 
less than 1600 mm/s, the exposure time is not further 
shortened. On the other hand, if the velocity Vr is increased 
from 1600 to 2000 mm/s, the movement mirror extension 
distance is increased. The movement mirror extension dis 
tance is 61 mm at 2000 mm/s. That is, there is merely a slight 
difference of 0.2 Second concerning the time required for the 
exposure between those obtained when Vr is 1500 mm/s and 
2000 mm/s. AS for other conditions such as the wafer 
eXchange time, even when the alignment time is 15 Seconds, 
the number of sheets of wafers processed per unit time is 
3600/(16.7+15)=114.28 sheets/h, 3600/(16.5+15)=113.56 
sheets/h. There is only a difference of one sheet. On the 
contrary, the difference in the extension amount of the 
movement mirror under the same condition is 61.0-41.1 = 
19.9 mm (one direction). ASSuming a rectangular stage with 
one Side of 300 mm, the amount of increase in the Stage areal 
size, i.e., the amount of increase in the weight is about 13% 
of 19.9x2/300, giving a great influence on the control 
performance. Therefore, in View of the wafer Stage control 
performance, it is more efficient that the rate of acceleration 
Ar/4 during the Scanning (ay as the wafer side rate of 
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acceleration) and the scanning velocity Vr/4 (VY as the 
wafer side Velocity) are set by degrading the Velocity 
condition up to a limit at which the deterioration of the 
throughput is Suppressed to be within 1% with respect to the 
condition in which ty1+12+13+14+ty5 is minimum (it is 
assumed that there are given ty1=ty5, t2=t4, and ay is fixed), 
i.e., the wafer velocity condition determined by the local 
minimum point of VY/ay+t2+(Ly+w)/VY. 
0389 For example, when comparison is made for the 
conditions of (4G, 36 ms) and (4 G, 22 ms), it is confirmed 
that the throughput is extremely deteriorated by the deterio 
ration of the Settling time due to the decrease in the wafer 
Stage control performance. 
0390 The foregoing description is directed to the con 
ventional rectangular Stage. Although there is any difference 
in degree of influence as compared with the conventional 
Stage, the same fact is affirmed for the triangular wafer Stage 
WST according to the embodiment of the present invention. 
It is desirable that the velocity condition is set from the same 
Viewpoint as described above. 
0391 Next, with reference to FIG. 12, detailed descrip 
tion will be made, for example, for the arrangement, in the 
apparatus, of the length-measuring beams of the first, Sec 
ond, and third interferometers 76X1, 76Y, 76X2 for con 
structing the interferometer system shown in FIG. 2, and the 
method for calculating the X, Y position and the rotation of 
the substrate table TB, performed by the wafer stage con 
troller 78. FIG. 12 shows a plan view illustrating compo 
nents disposed in the vicinity of the movable type base board 
38 when the wafer stage WST is positioned at the loading 
position for exchanging the wafer W. 
0392. As shown in FIG. 12, the interferometers 76X1, 
76Y, 76X2, which are used to monitor the position of the 
wafer stage WST on the XY control system (stage control 
System), have the two length-measuring beams respectively 
as viewed in the plan view. The respective two length 
measuring beams Serve as two independent light fluxes for 
measuring the yawing, and they effect radiation onto the 
three reflecting surfaces 60a, 60b, 60c of the substrate table 
TB (the interferometer length-measuring beam for the mea 
Surement in the inclination direction is not shown in the 
drawing). 
0393. The optical axis of the projection optical system PL 
is located at the position at which the extension line of one 
of the length-measuring beams (length-measuring beams of 
the first length-measuring axis RIX11 and the third length 
measuring axis RIX21) radiated from the first and third 
interferometers 76X1, 76X2 respectively intersects the 
extension line of the center line of the two length-measuring 
beams radiated from the second interferometer 76Y. The 
detection center of the alignment optical System ALG is 
located at the position at which the extension lines of the 
remaining length-measuring beams (length-measuring 
beams of the Second length-measuring axis RIX12 and the 
length-measuring beam of the fourth length-measuring axis 
RIX22) radiated from the interferometers 76X1, 76X2 
respectively make interSection, and at which the extension 
line of the center line of the two length-measuring beams 
radiated from the second interferometer 76Y makes inter 
Section. 

0394. In this arrangement, the wafer stage controller 78 
always calculates, as the Yposition of the Substrate table TB, 
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the average value (y1+y2)/2 of the measured values y1, y2 
of the positions in the Y axis direction obtained by using the 
two length-measuring beams radiated from the interferom 
eter 76Y. That is, the substantial length-measuring beam of 
the interferometer 76Y is the Y axis which passes through 
the optical axis of the projection optical System PL and the 
detection center of the alignment optical System ALG. The 
two length-measuring beams, which are radiated from the 
interferometer 76Y, are not deviated from the second reflect 
ing surface 60b of the substrate table TB in any case, i.e., 
even when the wafer stage WST is located at any position in 
the X direction. The rotation (yawing) of the substrate table 
TB can be also determined by using any two measured 
values of the interferometers 76X1,76X2, 76Y. However, as 
described later on, there is a possibility that one of the 
length-measuring beams of the interferometers 76X1, 76X2 
is deviated from the reflecting surface of the Substrate table 
during the alignment. Therefore, the wafer Stage controller 
78 also calculate the rotation of the Substrate table TB on the 
basis of the difference between the measured values y1, y2 
of the positions in the Y axis direction obtained by using the 
two length-measuring beams radiated from the interferom 
eter 76Y. When the rotation can be determined on the basis 
of the measured values with the interferometers 76X1, 
76X2, 76Y respectively, the wafer stage controller 78 may 
determine the rotation on the basis of any arbitrary one of the 
rotation amounts determined respectively, or an arithmetic 
mean of arbitrary two or three. 
0395. In the embodiment of the present invention, the 

first interferometer 76X1 perpendicularly radiates, onto the 
first reflecting Surface 60a, the interferometer beam RIX1 in 
the direction inclined by a predetermined angle 01 (01 is 
-60 in this case) with respect to the Y axis direction. The 
third interferometer 76X2 perpendicularly radiates, onto the 
third reflecting surface 60c, the interferometer beam RIX2 in 
the direction inclined by a predetermined angle 02 (02 is 
+60 in this case) with respect to the Y axis direction. 
0396 Therefore, assuming that X1 represents the mea 
Sured value measured on the basis of the reflected light beam 
of the interferometer beam RIX1, and X2 represents the 
measured value measured on the basis of the interferometer 
beam RIX2, the X coordinate position of the wafer stage 
WST can be determined in accordance with the following 
expression (1). 

0397. In this case, the interferometer beams RIX1 and 
RIX2 are in the symmetrical direction with respect to the Y 
axis, and hence there is given sin 01=sin 02=sin 0. There 
fore, the X coordinate position of the wafer stage WST can 
be determined in accordance with the following expression. 

0398. However, it is important that the so-called Abbe 
error is not produced. Accordingly, the wafer Stage control 
ler 78 calculates the X position of the wafer stage WST in 
accordance with the foregoing expression (1)" by using the 
measured values of the first and third length-measuring 
beams radiated from the interferometers 76X1, 76X2 to the 
optical axis of the projection optical System PL during the 
exposure. The wafer stage controller 78 calculates the X 
position of the wafer stage WST in accordance with the 
foregoing expression (1)" by using the measured values of 
the Second and fourth length-measuring beams radiated from 
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the interferometers 76X1, 76X2 to the detection center of the 
alignment optical System ALG during the alignment. 

0399. However, it is necessary to make the setting so that 
the inclinations of the first and third reflecting surfaces 60a, 
60c are predetermined angles (0.1+90°), (02-90) respec 
tively with respect to the Scanning direction of the wafer 
stage WST. The position of the stage can be stably measured 
by adjusting the inclinations of the first and third reflecting 
surfaces 60a, 60c to satisfy the foregoing condition before 
hand, thereafter measuring the residual inclination differ 
ence of 01 and 02 during the reticle alignment based on the 
use of the fiducial mark plate FM on the wafer stage WST, 
and correcting X determined in accordance with the fore 
going expression (1) or (1)' on the basis of the difference 
obtained by the measurement. 
0400. The embodiment of the present invention is differ 
ent from the conventional two directional interferometer in 
that the respective interferometer light fluxes are disposed at 
the positions of rotation separated from each other by 120. 
Therefore, if the air conditioning is performed for the optical 
path of the interferometer in one direction, it is difficult to 
perform the air conditioning for the interferometer light flux 
disposed at least at one place, because it is hidden by the 
wafer stage WST. For this reason, blowing ports are pro 
vided for at least two ones of the interferometer light fluxes 
disposed at three places, for independently performing the 
air conditioning. In this arrangement, the air-conditioned air 
without any unevenneSS can be fed to the interferometer 
light fluxes disposed at the three places. The air-blowing 
method includes an air-conditioning method parallel to the 
light flux in which the air is fed from the interferometer side 
to the Stage, and an air-conditioning method perpendicular to 
the light flux in which the air is fed downwardly from the 
position over the light flux. However, the air-conditioning 
method may be independently Selected for the respective 
axes. So that the heat Source is disposed downwind depend 
ing on the position of the heat Source. 

First Exposure Method 

0401 Next, the operation from the wafer exchange to the 
completion of the exposure in the Scanning type exposure 
apparatus 10 according to this embodiment will be explained 
with reference to FIGS. 12 to 15 principally for the operation 
concerning the wafer Stage WST, as exemplified by a case of 
the double exposure in which the first pattern in the first area 
P1 on the reticle R shown in FIG. 4(A) and FIG. 8(A) is 
Successively transferred to the Shot areas S1, S2, ... on the 
wafer W, and then the second pattern in the second area P2 
is overlay-transferred to the shot areas S1, S2,. . . . 
0402. The apparatus is designed such that all of the 
length-measuring beams from all of the interferometers of 
the interferometer system 76 are radiated onto the respective 
reflecting surfaces of the substrate table TB at the wafer 
loading position shown in FIG. 12, because of the following 
reason. That is, it is intended that the reticle alignment and 
the base line measurement, which have been explained in 
relation to FIG. 9, are executed simultaneously with the 
wafer exchange. That is, the fiducial mark plate FM is 
arranged at one end of the apex of the triangle of the 
substrate table TB at the position of the wafer stage WST 
shown in FIG. 12. Therefore, the first fiducial marks Mr1, 
Mr2 on the fiducial mark plate FM are observed with the pair 
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of reticle microscopes 110 based on the use of the exposure 
light beam transmitted through the projection optical System 
PL. Simultaneously, the second fiducial mark Mw can be 
observed with the alignment optical System (off-axis align 
ment Sensor) ALG. The length-measuring beam is not devi 
ated from each of the reflecting Surfaces of the Substrate 
table TB so that the position of the stage may be measured 
with the length-measuring beam during the observation. 
Accordingly, it is possible to Simultaneously perform, during 
the wafer exchange, (1) the reticle alignment and the base 
line measurement described above, (2) the reset operation of 
the reticle Y interferometer 30Y for the exposure for the first 
area after completing the exposure for the Second area P2, 
and (3) the reset operation of the interferometer for the 
alignment optical System ALG with the length-measuring 
beam deviated from the reflecting Surface (movement mir 
ror) during the exposure for the exposed wafer to be 
unloaded. The quick alignment mode, which is disclosed in 
Japanese Patent Application Laid-Open No. 7-176468, may 
be used for the reticle alignment and the base line measure 
ment. The disclosure of the above-mentioned patent docu 
ments is incorporated herein by reference So long as the 
domestic laws of the countries designated in this application 
permit the incorporation. In FIG. 12, the shots, which are 
capable of being Subjected to the exposure in one time of 
Scanning on the wafer W, are depicted by Solid line Square 
frames. Broken lines of Square frames indicate the position 
over which the wafer stage WST should be moved in the 
pre-Scanning and the over-Scanning. 

0403. The wafer stage WST is operated at the point of 
time of completion of the wafer exchange, the interferometer 
reset, the reticle alignment, and the base line measurement 
Such that the alignment marks, which are formed on the 
respective shots on the wafer W, are detected with the 
alignment optical System ALG, for example, in accordance 
with the sequence to follow the arrows (->) depicted on the 
wafer W shown in FIG. 13. Further, the EGA (enhanced 
global alignment) measurement for measuring the positions 
of a plurality of representative marks is performed by using 
the measured value of the interferometer length-measuring 
beam for the alignment optical System at the detection 
position of each of the marks. The EGA measurement is 
disclosed, for example, in Japanese Patent Application Laid 
Open No. 61-44429 and U.S. Pat. No. 4,780,617 corre 
sponding thereto. The disclosure of the above-mentioned 
patent documents is incorporated herein by reference So long 
as the domestic laws of the countries designated in this 
application permit the incorporation. In this case, for 
example, the alignment mark measurement Sequence is 
determined as follows. 

04.04 That is, on the assumption that the double exposure 
is performed in accordance with the completely alternate 
Scanning having the highest throughput considering the 
factors including, for example, the loading position, the even 
rows, and the odd rows of the total exposure shot rows, the 
wafer Stage controller 78 determines the alignment mark 
measurement Sequence with good efficiency (in a short 
period of time of the process) in which the alignment is 
Started, after the measurement with the fiducial mark plate 
FM, from the shot disposed near to the concerning position, 
and the alignment is completed at the position near to the 
exposure Start shot. 
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04.05) When the EGA measurement is completed in 
accordance with the measurement Sequence described 
above, the wafer stage controller 78 Switches the length 
measuring axis of the interferometer to be used for measur 
ing the position of the wafer stage WST into the optical axis 
(first and third length-measuring axes based on the length 
measuring beam RIX11 and the length-measuring beam 
RIX21) of the interferometer for the exposure. After that, the 
exposure based on the Step-and-Scan manner is started to 
transfer the first area P1 on the reticle R to the plurality of 
shot areas on the wafer W. In this case, as also shown in 
FIG. 14, the total number of exposure rows is even. There 
fore, the exposure is started from the left-downward position 
to perform the Scanning eXposure Successively and alter 
nately. When the first row is subjected to the exposure in an 
order of left->right, the Stepping is alternately performed for 
the next row in an order of right->left. At the point of time 
at which the exposure for the left-upward position is finally 
completed as shown in FIG. 15, the scanning exposure (first 
Scanning exposure) for transferring the first area P1 on the 
reticle R is completed. 
04.06) Subsequently, the preparatory operation is per 
formed to transfer the second area P2 on the reticle R. The 
preparatory operation includes, for example, the change of 
the illumination condition in addition to the Same operations 
as the operations (1) to (3) described above, i.e., the reticle 
alignment and the base line measurement described above, 
the reset operation of the reticle Y interferometer 30Y for the 
exposure for the Second area after completing the exposure 
for the first area P2, and optionally the reset operation of the 
interferometer for the alignment optical System ALG with 
the length-measuring beam deviated from the reflecting 
Surface (movement mirror) during the exposure for the first 
aca. 

0407. The change of the illumination condition is per 
formed, for example, as follows. That is, when the pattern in 
the first area P1 is an L/S cluster pattern, and the pattern in 
the Second area is, for example, contact hole or isolated 
pattern, then the optimum illumination condition differs 
between the respective patterns. Therefore, the aperture 
diaphragm plate 18H of the illumination system shown in 
FIG. 2 is rotated to make change, for example, from the 
Zonal illumination condition to the Small a illumination 
condition in which N.A. of the illumination system is 
decreased. That is, the change of the illumination condition 
means the change of at least one of the intensity distribution 
of the Slit-shaped illumination light beam (illumination 
beam) for radiating the reticle R, in other words, the shape 
and the size of the illumination Source (Secondary light 
source formed by the fly’s eye lens) for radiating the 
illumination light beam. Accordingly, when the illumination 
condition suitable for the exposure is different between the 
pattern in the first area P1 and the pattern in the Second area 
P2 on the reticle R, then the Suitable illumination condition 
can be set in conformity with the respective patterns, and it 
is possible to further improve the exposure accuracy. 
0408 Subsequently, the scanning exposure based on the 
Step-and-Scan manner is performed to transfer the pattern in 
the second area P2 while moving the wafer stage WST along 
a route opposite to that used in the first Scanning exposure 
described above, by using the result of the EGA measure 
ment previously performed. Accordingly, the Second pattern 
in the Second area P2 is transferred in a Superimposing 

Feb. 14, 2002 

manner (overlay exposure) to all of the shot areas on the 
wafer W to which the first pattern in the first area P1 has 
been already transferred. When the exposure for the final 
shot (i.e., shot S1) is completed, the wafer stage WST is 
moved to the wafer exchange position shown in FIG. 12. 
After that, the same operation is repeated for the next wafer. 
During the alternate Scanning described above, the reticle 
Stage RST merely repeats the reciprocating movement in the 
Scanning direction. However, the efficient Stepping control 
described above is performed for the wafer stage WST, as 
understood from FIGS. 14 and 15 as well. 

04.09 The scanning exposure method based on the step 
and-Scan manner for Successively transferring the pattern on 
the reticle R onto the plurality of shot areas S1, S2, S3, . . 
... on the wafer W by synchronously moving the reticle R and 
the wafer W described above is desirably performed such 
that the wafer W is moved without any stop between the 
Scanning exposure operations for arbitrary two shot areas on 
the wafer W to which the pattern on the reticle R is 
transferred in accordance with the reciprocating movement 
of the reticle R, for example, for the shots S1, S2, because 
of the following reason. That is, in this case, the wafer W is 
not stopped between the Scanning exposure operations for 
the adjacent areas on the wafer W to which the pattern on the 
reticle R is Successively transferred, for example, for the 
shots S1, S2. Therefore, the throughput is further improved 
concerning Such portions. 
0410. In this context, it is more desirable that the wafer 
W is moved so that at least one of the velocity components 
of the wafer W in the Scanning direction and the non 
Scanning direction is not Zero until the completion of the 
Scanning exposure for the final shot area on the wafer W to 
which the pattern on the reticle R is to be transferred, 
because of the following reason. That is, in this case, the 
wafer is not consequently stopped during the period in 
which the Scanning exposure based on the Step-and-Scan 
manner is performed for all of the plurality of shot areas. 
Therefore, the most improved throughput is obtained. In the 
embodiment of the present invention, the illumination con 
dition is changed between the transfer of the first area on the 
reticle to the respective shots and the transfer of the Second 
area to the respective shots. However, the illumination 
condition may not be changed depending on the patterns in 
the first area and the Second area on the reticle. For example, 
only the numerical aperture of the projection optical System 
PL may be changed. Alternatively, both of the illumination 
condition and the numerical aperture of the projection 
optical System PL may be changed. 

Second Exposure Method 
0411 The flow of the operation of the ordinary double 
exposure in the Scanning type exposure apparatuS 10 accord 
ing to the embodiment of the present invention has been 
described above. However, there is no limitation thereto. For 
example, it is also possible to perform modified double 
exposure as follows. That is, the double exposure is executed 
such that the first pattern in the first area P1 on the reticle R 
and the Second pattern in the Second area P2 are Successively 
overlay-transferred to the identical shot area S1, and then the 
next shot area S2 is overlay-exposed, in a Sequence opposite 
to the above, with the second pattern in the second area P2 
and the first pattern in the first area P1. 
0412. In this case, reversely to the above, the reticle stage 
RST makes reciprocating movement along a route similar to 
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that of the wafer stage WST used when the adjacent shot 
areas S1, S2 are exposed in the case of the ordinary double 
exposure described above, during the period in which the 
wafer Stage WST makes reciprocating movement in the 
Scanning direction (Y direction) during the exposure for the 
identical shot area S. FIG. 16(A) shows a movement locus 
T of the reticle R (reticle stage RST) in this case. Actually, 
the exposure is performed by moving the reticle R oppos 
ingly to the locus T with respect to the illumination slit ST. 
However, for convenience of the explanation, the drawing is 
depicted such that the illumination slit ST (center Q) is 
moved on the reticle R with respect to the reticle R. The 
movement along the locus T is achieved by performing the 
Velocity control of the reticle Stage RST in the Scanning 
direction and the non-Scanning direction, in the same man 
ner as the control of the wafer stage WST explained with 
reference to FIGS. 11(B) and 11(C). 
0413 When the area on the reticle R as the exposure 
objective is switched from the first area P1 to P2 (or 
reversely), the reticle Y interferometer 30Y is in the state of 
incapable of performing the measurement as described 
above. However, when the modified double exposure is 
performed, the change of the position of the reticle Stage in 
the Scanning direction is previously measured by experiment 
when the Switching is made from the first area P1 to P2 (or 
reversely) respectively. The obtained result is stored as the 
correction data in the memory. When the exposure is actu 
ally performed, the measured value of the reticle Y inter 
ferometer 30Y before the Switching of the area is stored. The 
Y coordinate of the reticle stage RST, which is obtained at 
the moment at which the reticle Yinterferometer 30Y is reset 
after Switching the area, is regarded as the value to be 
determined from the correction value and the measured 
value of the reticle Y interferometer 30Y before Switching 
the area as described above to measure the position in the 
Scanning direction. 
0414. The modified double exposure explained herein is 
performed, for example, most appropriately for the case in 
which a Y direction L/S pattern at a predetermined pitch (for 
example, 2 um) is formed in the first area P1, and a Y 
direction L/S pattern at the same pitch, which is obtained by 
deviating the above by % pitch in the Y direction, is formed 
in the second area P2, as shown in FIG. 16(B), because of 
the following reason. That is, in the case of the modified 
double exposure, it is unnecessary to change the illumina 
tion condition between the transfer of the pattern in the first 
area and the transfer of the pattern in the Second area, and 
there is no decrease in throughput which would be otherwise 
caused by such change. In the case of FIG. 16(B), the L/S 
pattern of 0.25 um is finally formed on the wafer W provided 
that the reduction magnification of the projection optical 
system PL is 4. In this method, the first pattern and the 
Second pattern on the reticle R are Successively transferred 
to the shot area S1 on the wafer W, and then the second 
pattern and the first pattern are transferred to the next shot 
area S2 in the Sequence opposite to the above. However, it 
is also preferable that the movement of the reticle stage RST 
is controlled So that the movement locus is parabolic after 
irradiating the second area P2 on the reticle R with the 
illumination light beam in order that the reticle stage RST is 
driven without any Stop between the Scanning exposure 
operations for the two shot areas. Accordingly, the first 
pattern and the Second pattern on the reticle R are transferred 
in the same Sequence to the respective shot areas on the 

44 
Feb. 14, 2002 

wafer W. The reticle stage RST is driven without any stop 
until the completion of the Scanning exposure for the final 
shot area on the wafer W. Further alternatively, in the same 
manner as the first exposure method described above, it is 
also preferable that the wafer stage WST is driven without 
any Stop between the two shots by controlling the movement 
so that the movement locus of the wafer stage WST is 
parabolic between the two adjacent shot areas. 

Third Exposure Method 

0415 Additionally, when the scanning type exposure 
apparatus 10 according to the embodiment of the present 
invention is used, it is also possible to perform the patching 
exposure (Stitching exposure) in which the patterns in the 
first area P1 and the second area P2 on the reticle R are 
transferred to the adjacent areas on the wafer W in the 
non-Scanning direction respectively. This process is 
achieved by Simultaneously and Synchronously performing 
the movement control for the wafer stage WST used when 
the ordinary double exposure (first exposure method) 
described above is performed and the movement control for 
the reticle stage RST used when the modified double expo 
Sure method (second exposure method) is performed. In this 
case, a pattern having a large area, in which the patterns in 
the first area P1 and the second area P2 on the reticle R are 
Stitched, is formed on the wafer W. 

0416) In the second and third exposure methods 
described above, it is also preferable that the reticle Stage 
RST is moved obliquely with respect to the Scanning direc 
tion during the deceleration of the reticle stage RST after 
irradiating the first area P1 on the reticle R with the 
illumination light beam, or before the Velocity component of 
the reticle stage RST in the scanning direction (Y direction) 
is Zero. By doing So, when the pattern in the Second area is 
transferred onto the wafer W continuously to the transfer of 
the pattern in the first area, then the reticle stage RST is 
move not along the -shaped rout but along the route shorter 
than this route. Therefore, it is possible to improve the 
throughput owing to the reduction of the movement time. 
0417. It is also preferable that the reticle stage RST is 
accelerated in a direction interSecting the Scanning direction 
and the non-Scanning direction So that the Second area P2 on 
the reticle R approaches the illumination light beam before 
irradiating the second area P2 on the reticle R with the 
illumination light beam. Alternatively, it is also preferable 
that the acceleration of the reticle Stage RST in the Scanning 
direction is Started before the Stepping operation of the 
reticle stage RST in the non-Scanning direction (X direction) 
is completed, or before the Velocity component of the reticle 
Stage RST in the non-Scanning direction is Zero after irra 
diating the first area on the reticle R with the illumination 
light beam. It is preferable that the movement is controlled 
so that the movement locus of the reticle stage RST is 
parabolic (or U-shaped), in View of the throughput. 
0418. In the second and third exposure methods 
described above, it is desirable that the reticle stage RST is 
moved without any stop between the radiation of the illu 
mination light beam onto the first area P1 on the reticle R 
and the radiation of the illumination light beam onto the 
Second area P2 on the reticle R. In this arrangement, the 
reticle Stage RST is not stopped, and hence the time required 
to move the reticle Stage is Substantially the shortest. 
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0419. In the third exposure method described above, it is 
desirable that the wafer stage WST is driven without any 
Stop between the first Scanning exposure for transferring the 
first area P1 on the reticle R to the shot area S1 on the wafer 
W and the Second Scanning exposure for transferring the 
Second area on the reticle R to the shot area S2 on the wafer 
W. because of the following reason. That is, in this process, 
the movement locus of the wafer stage WST is not neces 
sarily the shortest, but the wafer stage WST is not stopped. 
Therefore, the time, which is required to move the wafer 
Stage WST between the adjacent areas (stepping), is Sub 
Stantially the shortest. Especially, in the Stitching, when the 
reticle stage RST is moved without any stop, and the wafer 
stage WST is driven without any stop, then the time, which 
is required from the end of the first Scanning exposure to the 
Start of the Second Scanning exposure, is the shortest. 
Further, it is desirable that the wafer stage WST is acceler 
ated in a direction interSecting the Scanning direction and the 
non-Scanning direction before the Second Scanning expo 
sure. In this case, the wafer stage WST is accelerated while 
traveling obliquely with respect to the Scanning direction 
and the non-Scanning direction. 
0420 AS explained above, according to the Scanning type 
exposure apparatus 10 concerning the embodiment of the 
present invention, the position of the reticle Stage RST in the 
non-Scanning direction is measured by at least one of the 
interferometers 30X1,30X2. The length-measuring beam IY 
in the Scanning direction is radiated from the interferometer 
30Y depending on the measured position to one of the three 
corner cubes 31 Y1, 31Y2, 31Y3. The reflected light beam 
therefrom is received, and thus the position of the reticle 
Stage RST in the Scanning direction is measured by the 
interferometer 30Y. The position of the reticle stage RST in 
the Scanning direction can be managed by the interferometer 
30Y. Accordingly, when the position of the reticle stage RST 
is located at the position at which any one of the corner 
cubes is Selected, the pattern on the reticle R can be 
transferred onto the wafer W via the projection optical 
system PL by moving the wafer stage WST in the scanning 
direction in synchronization with the reticle stage RST while 
managing the position of the reticle Stage RST in the 
scanning direction by using the interferometer 30Y. The 
patterns in the plurality of partial areas on the reticle R or in 
the plurality of areas on the reticle R can be transferred onto 
the wafer W via the projection optical system PL without 
eXchanging the reticle R. 
0421. In this arrangement, the position of the reticle Stage 
RST in the scanning direction is measured by the aid of the 
corner cube irradiated with the length-measuring beam IY 
from the interferometer 30Y. Accordingly, even when the 
rotation of the reticle stage RST is controlled in the same 
manner as in the conventional technique prior to the Syn 
chronous movement of the reticle stage RST and the wafer 
W state WST in the scanning direction (or during the 
Synchronous movement), the position of the reticle Stage 
RST in the Scanning direction during the Scanning exposure 
can be correctly managed, because the returning light flux 
from the corner cube is always overlapped with the refer 
ence light flux from the side of the fixed mirror. Therefore, 
the patterns in the plurality of partial areas on the reticle R 
or in the plurality of areas on the reticle R can be transferred 
onto the wafer W via the projection optical system PL 
without eXchanging the reticle R. The position of the reticle 
Stage RST in the first direction (Scanning direction) can be 
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correctly managed during the Scanning exposure. Therefore, 
the throughput can be improved by realizing the large area 
exposure by means of the Stitching based on the use of the 
large reticle. Further, the exposure can be performed highly 
accurately by controlling the rotation of the reticle Stage 
RST. When the double exposure is performed, the exposure 
accuracy can be improved owing to the improvement in the 
throughput and the improvement in the depth of focus as 
well from the viewpoint that it is unnecessary to exchange 
the reticle. 

0422. In the embodiment of the present invention, the 
corner cubes 31 Y1, 31 Y2,31Y3 are provided corresponding 
to the areas P1, P2, P3 on the reticle R respectively. 
Therefore, when the pattern in any area is transferred, the 
position of the reticle Stage RST in the Scanning direction 
can be managed reliably and correctly with the interferom 
eter 30Y by using the corner cube corresponding to the 
concerning area. The corner cube 31Y3 is arranged at the 
position corresponding to the central portion of the reticle R 
in the non-Scanning direction. Therefore, it is possible to 
respond to any of the ordinary exposure based on the use of 
the ordinary reticle (reticle), the multiple exposure Such as 
double exposure based on the use of the reticle arranged with 
the plurality of pattern areas on the reticle R, and the 
Stitching exposure. 
0423 In the embodiment described above, the function to 
reset the interferometer 30Y corresponding to the position 
information in the non-Scanning direction of the reticle Stage 
RST is possessed by the reticle stage controller 33. There 
fore, at the moment at which the length-measuring axis of 
the interferometer 30Y hits any of the corner cubes during 
the movement of the reticle Stage RST in the non-Scanning 
direction, it is possible to reset the interferometer 30Y 
corresponding to the position information in the non-Scan 
ning direction of the reticle stage WST. 
0424 Further, the first reflecting surface 84a and the 
second reflecting surface 84b are provided on the both side 
Surfaces of the reticle Stage RST in the non-Scanning direc 
tion. The interferometers 30X1, 30X2 are provided oppos 
ingly thereto. The reticle Stage controller 33 calculates the 
position of the reticle Stage RST in the non-Scanning direc 
tion by using the measured value obtained by one with 
which the length-measuring beam to each of the reflecting 
Surfaces is shorter, of the interferometers 30X1, 30X2. 
Accordingly, it is possible to decrease the influence of the 
rotation of the reticle stage RST on the measured value. It is 
possible to more correctly determine the position of the 
reticle Stage RST in the non-Scanning direction as well. 
0425. In the embodiment of the present invention, the 
fiducial mark plate FM is arranged on the wafer stage WST. 
The interferometer 30Y is reset corresponding to the posi 
tion of the reticle Stage RST in the non-Scanning direction. 
Accordingly, the main control unit 50 measures the posi 
tional relationship between the reticle R and the substrate 
stage WST by measuring the fiducial mark on the fiducial 
mark plate FM by using the reticle microscope 110 and the 
alignment optical System ALG respectively. Therefore, there 
is no Such an inconvenience that the Overlay accuracy of the 
reticle and the wafer W is deteriorated, even when the reticle 
Stage RST is moved in the non-Scanning direction in order 
to perform the exposure for the different area on the reticle 
R during the ordinary exposure and the ordinary double 
eXposure. 



US 2002/0018192 A1 

0426 In the embodiment of the present invention, there 
is provided the frame 72 having the actuators 74R, 74L 
which apply the force corresponding to the reaction force 
generated by the movement of the reticle stage RST, to the 
reticle stage RST or the second pedestal (26, 28). Accord 
ingly, the force, which corresponds to the reaction force 
generated by the movement of the reticle Stage RST, is 
applied to the reticle stage RST or the second pedestal by the 
actuators 74R, 74L. Therefore, it is possible to avoid the 
transmission of the vibration of the reticle stage RST during 
the acceleration and deceleration via the Second pedestal to 
the pedestal Section 16. 
0427. In the case of the second and third exposure 
methods described above, the reticle stage RST is recipro 
cated at least once in the Scanning direction by the aid of the 
driving control System (constituted by the Synchronous 
control system 80 and the reticle stage controller 33 for 
constructing the stage control System) in order to transfer the 
pattern on the reticle R to the wafer W. Further, the reticle 
Stage RST is moved in the non-Scanning direction during the 
reciprocating movement. The two corner cubes 31 Y1, 31 Y2 
are arranged by being Separated from each other in the 
non-Scanning direction by the distance corresponding to the 
movement amount. Accordingly, the position of the reticle 
stage RST is reliably managed by the interferometer 30Y at 
any position before and after the movement. The patterns in 
the different areas on the reticle R can be transferred to the 
identical area or the different areas on the wafer W during 
the one time of the reciprocating movement of the reticle 
Stage RST. Also in this case, it is unnecessary to exchange 
the reticle. 

0428 According to the Scanning type exposure apparatus 
10 of the embodiment of the present invention, when the first 
exposure method, the third exposure method, or the ordinary 
Scanning exposure is performed, the Stepping of the wafer in 
the non-Scanning direction (direction of non-Scanning) is 
performed for the exposure for the next shot in Synchroni 
Zation with the pre-Scanning based on the wafer run-up 
(acceleration time) before the exposure for the reticle R and 
the wafer w and the over-Scanning based on the constant 
Velocity movement time and the deceleration time after the 
exposure for the wafer. The Stepping operation in the non 
Scanning direction is completed before the Settling time until 
the transition from the wafer pre-Scanning to the exposure 
operation. Accordingly, the pre-Scanning and over-Scanning 
time before and after the Scanning exposure can be com 
pletely overlapped with the Stepping time to perform the 
Stepping to the adjacent shot. It is possible to improve the 
throughput as compared with the illustrative conventional 
technique in which the pre-Scanning and over-Scanning 
operations and the Stepping operation for making Stepping to 
the adjacent shot have been Separately performed. concern 
ing the Settling time, it is enough to perform only the 
synchronous control for the wafer and the reticle in the 
Scanning direction. As a result, it is possible to shorten the 
Settling time, and it is possible to improve the throughput 
corresponding thereto. 

0429. In the embodiment of the present invention, the 
control can be also made Such that the absolute value of the 
rate of acceleration in the non-Scanning direction of the 
portion corresponding to the over-Scanning concerning the 
constant Velocity movement time and the deceleration time 
after the exposure of the wafer is larger than that of the 
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negative rate of acceleration in the non-Scanning direction of 
the portion corresponding to the pre-Scanning concerning 
the wafer run-up (acceleration time). Accordingly, for 
example, any fluctuation of the body due to the high 
acceleration can be completely attenuated before the Settling 
time for the synchronous control. Therefore, the control 
performance is improved corresponding thereto, and it is 
possible to improve the throughput. 
0430. According to the Scanning type exposure apparatus 
10 and the Stage apparatus 1 concerning the embodiment of 
the present invention, the position of the wafer W in the 
non-Scanning direction is determined by the calculation 
during the exposure on the basis of the measured values of 
the first and third interferometers 76X1, 76X2 having the 
optical axes in the two different directions to form the angles 
of 01, 02 with respect to the Y axis as the scanning direction 
respectively. The length measurement is performed for the 
position of the wafer W in the scanning direction with the 
Second interferometer 76Y having the length-measuring axis 
in the Y axis direction. Therefore, the shape of the substrate 
table TB (and hence the wafer stage WST) can be made 
triangular (regular triangular in the case of the embodiment 
described above). Accordingly, as shown in FIG. 17, it is 
possible to realize the light weight of the wafer stage WST 
as compared with the conventional rectangular State St3. The 
realization of the light weight of the Stage is more effective 
when the acceleration and deceleration of the wafer Stage are 
increased or when the maximum velocity is increased in 
future. The triangular stage makes it possible to decrease the 
footprint, and it is possible to improve the throughput. FIG. 
17 shows the fact that the rectangular Stage St3 is conspicu 
ously larger than the rectangular stage St1 having the nec 
essary and minimum size to hold the wafer due to the 
amounts of the additional distances DX, Dy for the move 
ment mirror provided to avoid the deviation of the interfer 
ometer optical axis indicated by the arrow (->) in the 
drawing due to the multiple axes of the interferometer, the 
pre-Scanning, and the over-Scanning, while the Stage WST of 
the embodiment of the present invention has the Stage shape 
which is extremely Smaller than that of the rectangular Stage 
St3 even when the Same amounts of additional distances DX, 
Dy are provided. 

0431. The yawing of the wafer stage WST is calculated 
on the basis of the measured value of the second interfer 
ometer 76Y for measuring the position of the wafer stage 
WST in the scanning direction. The yawing amount can be 
corrected as the rotation error of the wafer Stage during the 
exposure on the Side of the reticle Stage for holding the 
reticle R. Accordingly, it is unnecessary to provide any 
rotation control mechanism for the wafer stage WST. It is 
possible to realize the light weight of the wafer Stage 
corresponding thereto. 

0432. The point of intersection, which is obtained by 
extending the respective first optical axes of the first and 
third interferometers 76X1, 76X2 (length-measuring beam 
RIX11 (first length-measuring axis), length-measuring axis 
RIX21 (third length-measuring axis)), is coincident with the 
optical axis of the projection optical System PL. The point of 
interSection, which is obtained by extending the respective 
Second optical axes thereof (length-measuring beam RIX12 
(second length-measuring axis), length-measuring axis 
RIX22 (fourth length-measuring axis)), is coincident with 
the detection center of the alignment optical System ALG. 
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Accordingly, it is possible to measure the position of the 
Stage without any Abbe error even when the exposure and 
the alignment are performed, and thus the Overlay accuracy 
is improved. 

0433. The first, second, and third interferometers 76X1, 
76X2, 76Y measure the distances to the reflecting surfaces 
60a, 60b, 60c which are formed on the different side Surfaces 
of the wafer stage WST for holding the wafer W respec 
tively. The rate of acceleration of the wafer stage WST, the 
maximum Velocity, and the Settling time are determined So 
that the respective interferometer optical axes are not devi 
ated from the respective different reflecting surfaces 60a, 
60b, 60c of the wafer stage WST owing to the over-scanning 
distance based on the constant Velocity movement time and 
the deceleration time after the exposure for the wafer W and 
the pre-Scanning distance based on the Settling time until the 
constant Velocity movement and the run-up of the wafer 
upon the relative scanning for the reticle R and the wafer W 
when the exposure is performed for the peripheral portion on 
the wafer Stage. Therefore, it is unnecessary to extend an 
extra amount of the reflecting Surface. Accordingly, the 
reflecting Surface can be set within the range of the three side 
surfaces of the wafer stage (substrate table TB). Therefore, 
the wafer stage WST is well-balanced, and it is possible to 
enhance the rigidity of the Stage. As a result, it is possible to 
improve the focus and tilt control response of the wafer 
Stage. 

0434. The spatial image detector KES and the fiducial 
mark plate FM for performing the base line measurement, 
the image formation characteristic measurement, and the 
radiation amount measurement are arranged at the positions 
on the wafer Stage at which the optical axes of the first, 
second, and third interferometers 76X1, 76X2, 76Y are not 
deviated from the respective different reflecting Surfaces 
60a, 60b, 60c of the wafer stage described above. Accord 
ingly, it is unnecessary to extend the movement mirror (or 
the reflecting Surface) for the measurement based on the use 
of the fiducial mark plate FM and the Spatial image detector 
KES, which results in the realization of the light weight of 
the wafer stage WST as well. 

0435 The movable type base board 38, which is installed 
with the driving system for driving the wafer stage WST, is 
constructed to move in response to the reaction force 
brought about by the acceleration and deceleration during 
the movement of the wafer stage WST. Therefore, the 
unbalanced load, which is caused by the movement of the 
center of gravity of the wafer stage WST, can be canceled by 
the movement of the center of gravity of the movable type 
base board 38. Accordingly, it is possible to mitigate the load 
on the vibration-preventive apparatus 20, and the distortion 
of the body, which would be otherwise caused by the 
unbalanced load, can be Suppressed to the minimum. Thus, 
it is possible to improve the positioning accuracy of the 
reticle R and the wafer W. 

0436 The driving of the movable type base board 38 can 
be controlled at the response frequency at Several HZ. The 
driving is controlled to counteract the reaction force during 
the acceleration and deceleration upon the movement of the 
wafer stage WST. Further, the control can be made with the 
response frequency so that the movable type base board 38 
is not moved in an arbitrary direction due to the attitude 
(unbalanced load) of the Stage. Therefore, it is possible to 
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avoid the unbalanced load which would be otherwise caused 
by the variation of the position of the reticle and the change 
of the environment. 

0437. The weight of the wafer stage WST is designed to 
be not more than 1/6 of the weight of the movable type base 
board 38. Therefore, the distance of the movement of the 
movable type base board 38 in accordance with the reaction 
force brought about by the acceleration and deceleration 
during the movement of the wafer stage WST is not more 
than /10 of the movement distance of the wafer stage WST. 
Thus, it is possible to Set the Small necessary movement 
range of the movable type base board 38. 
0438. The response frequency of the movable type base 
board 38 before the exposure and the alignment which 
require the position control accuracy is variable, and the 
other response frequencies are variable. The movable type 
base board 38 is monitored for the positions in the two 
directions by the linear encoder 45. The position of the 
movable type base board 38 is corrected to be the predeter 
mined position during the driving operation other then the 
exposure and the alignment which require the position 
control accuracy. Therefore, the distance of the movement of 
the movable type base board 38 in the opposite direction due 
to the reaction during the acceleration and deceleration of 
the wafer can be decreased by one figure or more. That is, 
the control can be made highly accurately during the expo 
Sure and the alignment. Additionally, the position of the 
movable type base board 38 can be reset to an arbitrary 
position under the other conditions. Thus, it is possible to 
decrease the foot print. 
0439. In the embodiment described above, explanation 
has been made for the case in which the corner cube is used 
as the mirror for measuring the position of the reticle Stage 
RST in the scanning direction. However, there is no limi 
tation thereto in order to realize the Scanning exposure 
method according to the present invention. It is also pref 
erable to use a short reflecting Surface (for example, a plane 
mirror). In this case, the production is easy as compared with 
the conventional plane mirror. Accordingly, it is possible to 
reduce the cost corresponding thereto. 
0440. In the embodiment described above, explanation 
has been made for the reticle for the double exposure 
including the two areas of the first area and the Second area 
which exist on the reticle R. However, there is no limitation 
thereto. It is needless to Say that the present invention is also 
applicable to a case in which three or more slender areas (or 
divided areas) exist on the reticle R by using a projection 
optical System PL having a Smaller diameter. 

0441. In the embodiment described above, explanation 
has been made for the case in which the Single reticle R is 
held on the reticle stage RST. However, for example, it is 
also preferable that reticles R1 R2 are arranged in the 
non-Scanning direction, the first pattern in the first area P1 
is formed on the reticle R1 and the second pattern in the 
Second area is formed on the reticle R2. Even in the case of 
the plurality of reticles, when the patterns on the respective 
reticles are successively transferred onto the wafer W, the 
function of the foregoing embodiment is effected exactly as 
it is. 

0442. In the embodiment described above, the method for 
moving the wafer stage WST has been explained in detail 
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with reference to FIGS. 11A to 11(C). However, it is a 
matter of course that the present invention is not limited 
thereto. Another example will be explained by using the 
Same reference numerals as those used in the foregoing 
explanation. That is, it is also preferable that the wafer W is 
moved in a direction interSecting the Scanning direction 
while decelerating the wafer W until the movement velocity 
of the wafer W in the scanning direction is zero after 
completing the Scanning exposure for the shot S1, and the 
wafer W is moved in a direction interSecting the Scanning 
direction while accelerating the wafer W before performing 
the Scanning exposure for the shot S2. By doing So, the 
wafer W is moved along a V-shaped route after completing 
the scanning exposure for the shot S1. Therefore, the wafer 
W is moved along the route which is approximate to the 
Shortest distance. It is possible to improve the throughput 
corresponding thereto. Alternatively, it is also preferable that 
the wafer W is moved in a direction interSecting the Scan 
ning direction and the non-Scanning direction during the 
deceleration of the wafer W after completing the Scanning 
exposure for the shot S1 and during the acceleration of the 
wafer W before performing the Scanning exposure for the 
shot S2. In such a case, the wafer W is consequently moved 
along a V-shaped route. Therefore, the wafer W is moved 
along the route which is approximate to the Shortest dis 
tance. It is possible to improve the throughput corresponding 
thereto. 

0443). It is needless to say that the wafer W is desirably 
moved without any Stop between the Scanning exposure for 
the shot S1 and the Scanning exposure for the shot S2 in 
these cases as well. 

0444. In the embodiment described above, explanation 
has been made for the case in which the regular triangular 
Stage is adopted as the wafer Stage WST, and the interfer 
ometer system 76 is adopted in conformity therewith, which 
is composed of the three of the first, Second, and third 
interferometers 76X1, 76Y, 76X2 for measuring the position 
of the wafer stage WST in the three different directions 
respectively. However, this arrangement is made in View of 
the object of the present invention to more effectively 
achieve the improvement in the throughput. It is a matter of 
course that the present invention is not limited thereto. That 
is, the present invention is also applicable preferably to 
ordinary Square and oblong wafer Stages in the same manner 
as in the embodiment of the present invention. Although 
there is any difference in degree, if any, the effect of the 
improvement in the throughput is Sufficiently obtained. 

0445. In the embodiment described above, explanation 
has been made for the case in which the wafer stage WST is 
provided, for example, with the movable stage 52, the 
leveling drive mechanism, and the substrate table TB. How 
ever, the present invention is not limited thereto. For 
example, it is allowable to use a simple plate-shaped mem 
ber as the Substrate Stage, because of the following reason. 
That is, even in the case of Such a plate-shaped member, 
when a So-called two-dimensional plane motor or the like 
(provided with Z driving coil) is used, it is possible to 
perform the inclination driving with respect to the XY plane 
and the driving in the Z direction. 

0446. In the embodiment described above, explanation 
has been made for the Stage apparatus 1 and the Scanning 
type exposure apparatuS 10 containing the same in which the 
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wafer stage WST as the first movable member is provided 
with all of the first, Second, and third reflecting Surfaces 
(60a, 60b, 60c), and the interferometer is also provided with 
the first, Second, and third interferometers corresponding 
thereto. However, it is a matter of course that the present 
invention is not limited thereto. The first movable member 
may be provided with only the first reflecting surface, with 
only the third reflecting Surface, or with any one of them and 
the Second reflecting Surface. The interferometer may be 
provided with only the first interferometer, with only third 
interferometer, or with any one of them and the Second 
interferometer corresponding thereto. 

0447 For example, explanation will be made for an 
arrangement in which the first movable member is provided 
with only the first reflecting Surface interSecting the Scan 
ning direction (first axis direction) and the non-Scanning 
direction (Second axis direction) with the reference numerals 
used in the foregoing embodiment. That is, the measured 
value X1 of the first interferometer is used for the non 
scanning direction. According to X=X1/sin 01 and Y=X1/ 
cos 01 for the Scanning direction, it is possible to calculate 
the (X,Y) coordinate position of the first movable member. 
Therefore, the wafer stage controller 78 to serve as the 
calculating unit preferably performs the calculation as 
described above. 

0448. For example, when the first movable member is 
provided with the first reflecting Surface interSecting the 
Scanning direction (first axis direction) and the non-Scanning 
direction (second axis direction) and the second reflecting 
Surface in the non-Scanning direction, the wafer Stage con 
troller 78 to serve as the calculating units preferably per 
forms the calculation of X=X1/sin 01 for the non-scanning 
direction. AS for the Scanning direction, the measured value 
of the Second interferometer is preferably used as it is. 

0449 In the embodiment described above, explanation 
has been made for the case in which the wafer stage WST as 
the first movable member is provided with, for example, the 
movable Stage 52, the leveling drive mechanism, and the 
substrate table TB. However, the present invention is not 
limited thereto. For example, it is allowable to use a simple 
plate-shaped member as the first movable member, because 
of the following reason. That is, even in the case of Such a 
plate-shaped member, when a So-called two-dimensional 
plane motor or the like (provided with Z driving coil) is 
used, it is possible to perform the inclination driving with 
respect to the XY plane and the driving in the Z direction. 
In this case, when the first movable member is triangular, if 
the inclination driving is performed with respect to the XY 
plane, it is desirable that the driving force in the Z direction 
is given with a coil corresponding to at least one point of 
predetermined three points disposed in the vicinity of 
respective apexes of the first movable member, of coils for 
constructing the two-dimensional plane motor as the driving 
unit to make the driving in the direction perpendicular to the 
XY plane in response to at least one of the outputs of the 
first, second, and third interferometers (76X1, 76Y, 76X2), 
because of the following reason. That is, by doing So, the 
inclination is adjusted by driving the portion disposed in the 
vicinity of the three apexes far from the position of the 
center of gravity. Therefore, it is possible to obtain the high 
control response (tilt drive control response) during this 
proceSS. 
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0450. In the embodiment described above, explanation 
has been made for the case in which all of the first, Second, 
and third reflecting surfaces 60a, 60b, 60c are formed by 
means of the mirror finish on the side Surfaces of the 
substrate table TB. However, the present invention is not 
limited thereto. It is a matter of course that any arbitrary one 
or two of them may be constructed by a reflecting Surface of 
a movement mirror composed of a plane mirror. 
0451. In the embodiment described above, explanation 
has been made for the case in which all of the reticle Y 
interferometer 30Y as the first interferometer and the reticle 
X interferometers 30X1, 30X2 as the second and third 
interferometers are provided on the Second pedestal. How 
ever, the present invention is not limited thereto. It is also 
preferable that at least one of the interferometers is provided 
on another frame Such as the first frame 40 as shown in FIG. 
3. 

0452. In the embodiment described above, explanation 
has been made for the case in which the reduction projection 
lens, which is constructed by only the refractive optical 
element (lens) based on the use of quartz or fluorite as the 
optical Saltpeter material, is used for the projection optical 
system PL. However, the present invention is not limited 
thereto. A projection optical System of another type is also 
applicable in the same manner as described above. The 
projection optical System of the another type will be briefly 
described with reference to FIG. 18. 

0453 FIG. 18(A) shows a reduction projection optical 
System based on a combination of refractive optical ele 
ments (lens system) GS1 to GS4, a concave mirror MRS, and 
a beam splitter PBS. The system is characterized in that the 
focusing light flux from the reticle R is reflected by the 
concave mirror MRS by the aid of the large beam splitter 
PBS to return the light flux to the beam splitter PBS again, 
and the image is formed on a projection image plane PF3 
(wafer W) by enhancing the reduction ratio with the refrac 
tive lens System GS4. Details are disclosed in Japanese 
Patent Application Laid-Open No. 3-282527 and U.S. Pat. 
No. 5,220,454. The disclosure of the above-mentioned 
patent documents is incorporated herein by reference So long 
as the domestic laws of the States designated in this appli 
cation permit the incorporation. 
0454 FIG. 18(B) shows a reduction projection optical 
System based on a combination of refractive optical ele 
ments (lens system) GS1 to GS4, a small mirror MRa, and 
a concave mirror MRS. The system is characterized in that 
the image-forming light flux from the reticle R is focused on 
a projection image plane PF3 (wafer W) via the lens system 
GS1, GS2, the first image formation system PL1 of approxi 
mately 1x magnification composed of the concave mirror 
MRS, the small mirror MRa arranged eccentrically, and the 
Second image formation System PL2 having an approxi 
mately desired reduction ratio composed of the lens System 
GS3, GS4. Details are disclosed in Japanese Patent Appli 
cation Laid-Open No. 8-304705 and U.S. Pat. No. 5,691,802 
corresponding thereto. The disclosure of the above-men 
tioned patent documents is incorporated herein by reference 
So long as the domestic laws of the countries designated in 
this application permit the incorporation. 

0455. In the embodiment described above, explanation 
has been made for the case in which the off-axis alignment 
Sensor ALG is used as the alignment optical System. How 
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ever, there is no limitation thereto. It is a matter of course 
that an on-axis alignment optical System Such as those of the 
TTL (through the lens) type is preferably used. In such an 
arrangement, the optical axis of the projection optical Sys 
tem PL is located at the position of intersection of the 
extension line of center line of the two light fluxes (length 
measuring beams) radiated from the interferometers 76X1, 
76X2 in the same manner as in the interferometer 76Y. The 
wafer Stage yawing is determined on the basis of the average 
value of resultant differences obtained by the measurement 
with the two-axis light fluxes for all of the three places. By 
doing So, the yawing measurement accuracy is improved to 
be 1/V3. 

0456. In the embodiment described above, the double 
fly's eye lens System is used. Only a single fly's eye lens (or 
a rod type integrator) may be used. Alternatively, a fly's eye 
lens and a rod type integrator may be used in combination. 
In the case of the illumination optical System arranged with 
the rod type integrator, the following operation is available 
in order to realize the change of the O Value and the modified 
illumination Such as the Zonal illumination. That is, for 
example, at least one optical element (lens element), which 
is arranged on the Side deviated toward the light Source as 
compared with the rod type integrator, may be moved or 
eXchanged to change the intensity distribution of the illu 
mination light beam on the incident plane of the rod type 
integrator. 

0457 For Example, an F excimer laser having a wave 
length of 157 nm may be used as the illumination light beam 
for the exposure, other than the Krf excimer laser and the 
ArF excimer laser. The Scanning type exposure apparatus, 
which uses the F excimer laser as the light Source, adopts 
a cata-dioptric System as the projection optical System. All 
of the optical elements (lens elements) used for the illumi 
nation optical System and the projection optical System are 
made of fluorite. The air in the illumination optical System 
and the projection optical System is Substituted with helium 
gas. In place of the excimer laser, it is also preferable to use 
a higher harmonic wave of a Solid State laser Such as YAG 
laser having an oscillation spectrum, for example, at a 
wavelength of any one of 248 nm, 193 nm, and 157 nm. 
0458. The embodiment described above has been 
explained for the case in which the excimer laser beam 
having the wavelength of not less than 100 nm is used as the 
illumination light beam for the exposure. However, it is a 
matter of course that the present invention is not limited 
thereto. For example, in recent years, in order to perform the 
exposure for a pattern of not more than 100 nm or 70 nm, 
the development of an EUV exposure apparatus is made, 
which is based on the use of a light source of SOR or a 
plasma laser with an EUV (Extra Ultra Violet) beam having 
an exposure wavelength of 13.5 to 6 nm, a reflection 
reduction optical System, and a reflection type reticle. In this 
apparatus, an arrangement is conceived, in which the circu 
lar-arc illumination is used to perform Scanning exposure by 
Synchronously Scanning the reticle and the wafer. Therefore, 
Such an apparatus is also included in an applicable range of 
the present invention. ASSuming that the inside of the 
chamber for accommodating the EUV exposure apparatus is 
vacuum as well, the embodiment described above is 
improved, for example, Such that the driving System for the 
Stage is based on the magnetically floating type linear 
actuator, and the electroStatic Suction System is used for the 
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chuck System as well. However, in the case of the optical 
exposure apparatus with the exposure wavelength of not leSS 
than 100 nm, it is allowable to use a stage driving apparatus 
based on air flow, and it is allowable to use vacuum for 
Suction. 

0459. In view of the object to principally improve the 
throughput during the double exposure, the present inven 
tors have already proposed an exposure apparatus compris 
ing two wafer stages (Substrate stages), wherein other opera 
tions Such as wafer eXchange and alignment are concurrently 
performed on the Second wafer Stage during the exposure 
operation for the wafer on the first wafer stage (see Japanese 
Patent Application Laid-Open Nos. 10-163097 and 
10-163098 and International Patent Publication WO 
98/24115 corresponding thereto). When the exposure appa 
ratus described in these patent documents is used for the 
ordinary exposure not for the double exposure, it is clear that 
the throughput is further improved as compared with the 
double exposure. When the Scanning exposure method as 
explained in the first embodiment is adopted for the expo 
Sure apparatus described in the patent documents, it is 
possible to further improve the throughput even in any case 
of the ordinary exposure and the double exposure. Japanese 
Patent Application Laid-Open Nos. 10-163097 and 
10-163098 and International Patent Publication WO 
98/24115 corresponding thereto are incorporated herein by 
reference. 

0460. However, in such a case, for example, in addition 
to the improvement of the control that the operations, which 
exert no mutual influence, are performed Synchronously 
concerning the operations to be performed on the Side of the 
first wafer Stage and the Side of the Second wafer Stage, it is 
necessary to perform the control of the wafer Stage as 
explained in the first embodiment. Therefore, the control 
program for the Stage control System is extremely compli 
cated. In order to improve Such an inconvenience, the 
following Second embodiment has been made. 

Second Embodiment 

0461) Next, the second embodiment of the present inven 
tion will be explained with reference to FIGS. 21 to 25. The 
Second embodiment especially discloses the Second to fifth 
concepts of the present invention. 
0462 FIG. 21 shows a schematic arrangement of an 
exposure apparatuS 110 according to the Second embodi 
ment. The same components as those of the first embodi 
ment described above or components equivalent thereto are 
designated by the same reference numerals, explanation of 
which will be simplified or omitted. The exposure apparatus 
100 is a projection exposure apparatus based on the So 
called Step-and-Scan manner. 
0463 The exposure apparatus 110 comprises, for 
example, a Stage apparatuS 101 which is provided with two 
square wafer stages WST1, WST2 as the first movable 
members for making movement in the two-dimensional 
direction while independently holding wafers W1, W2 as the 
Substrate respectively, a projection optical System PL which 
is arranged over the Stage apparatuS 101, a reticle-driving 
mechanism for driving a reticle R as the mask over the 
projection optical System PL principally in a predetermined 
Scanning direction, i.e., in the Y axis direction (direction 
perpendicular to the plane of the paper of FIG. 21) in this 
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embodiment, an illumination optical system 18 which is 
disposed over the reticle R for radiating the reticle R, and a 
control System for controlling the respective components 
described above. 

0464) The stage apparatus 101 includes a base board 22 
for constructing the pedestal Section (first column) 16, a 
rectangular movable type base board 138 as the second 
movable member which is supported by the base board 22 
relatively movably in the XY plane, the two wafer stages 
WST1, WST2 which are supported on the movable type 
base board 138 relatively movably in the XY plane with 
respect to the movable type base board 138, and an inter 
ferometer System for measuring the positions of the wafer 
stages WST1, WST2. A movable type base board having a 
Structure equivalent to that of the movable type base board 
38 of the first embodiment described above is used as the 
movable type base board 138. The role or the like of the 
movable type base board 138 will be in detail later on. 
0465. The wafer stages WST1, WST2 are supported in an 
floating manner by planar magnetically floating type linear 
actuators 42a, 42b as the driving units provided on the 
movable type base board 138 under the projection optical 
System PL respectively, and they are driven mutually inde 
pendently in the XY two-dimensional plane perpendicular to 
the optical axis AX of the projection optical System PL. In 
the same manner as the wafer stages WST1, WST2, the 
movable type base board 138 is supported in an floating 
manner by a planar magnetically floating type linear actuator 
44 as the second driving unit provided on the base board 22, 
and it is freely driven in the XY two-dimensional plane. The 
planar magnetically floating type linear actuators 42a, 42b, 
44 are controlled by a stage control unit 160 shown in FIG. 
21. 

0466. The wafers W1, W2 are fixed, for example, by 
electroStatic Suction or vacuum Suction, on the wafer Stages 
WST1, WST2 by the aid of unillustrated wafer holders. The 
wafer holder is finely driven by an unillustrated Z-0 driving 
mechanism in the Z axis direction perpendicular to the XY 
plane and in the 0 direction (direction of rotation about the 
Z axis). Fiducial mark plates FM1, FM2, which are formed 
with various fiducial marks, are installed on the upper 
surfaces of the wafer stages WST1, WST2 so that they are 
approximately at the same height as that of the wafers W1, 
W2 respectively. The fiducial mark plates FM1, FM2 are 
used, for example, when the reference position of each of the 
wafer Stages is detected. 

0467 As shown in FIG. 22, a surface 120 (left side 
surface in FIG. 21) on the first side in the X axis direction 
and a Surface 121 (Surface disposed at the back of the paper 
in FIG. 21) on the second side in the Y axis direction of the 
wafer stage WST1 are mirror-finished reflecting surfaces. 
Similarly, a surface 122 (right side surface in FIG. 21) on 
the Second Side in the X axis direction and a Surface 123 on 
the first side in the Y axis direction of the wafer stage WST2 
are mirror-finished reflecting Surfaces. Interferometer beams 
of respective length-measuring axes (for example, BI1X and 
BI2X) for constructing the interferometer system as 
described later on are radiated onto the reflecting Surfaces. 
Reflected light beams therefrom are received by the respec 
tive interferometers to thereby measure the displacement 
from the reference position of each of the reflecting Surfaces 
(in general, a fixed mirror is arranged on the side Surface of 
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the projection optical System and the Side Surface of the 
alignment optical System to use the concerning portion as 
the reference plane). Accordingly, it is possible to measure 
the two-dimensional positions of the wafer stages WST1, 
WST2 respectively. The arrangement of the length-measur 
ing axis of the interferometer system will be described in 
detail later on. 

0468. As shown in FIG. 21, alignment systems 124,124b 
based on the off-axis System having the same function are 
installed at positions Separated by an identical distance from 
the center of the optical axis of the projection optical System 
PL (coincident with the projection center of the reticle 
pattern image) respectively on the both sides of the projec 
tion optical System PL in the X axis direction. The alignment 
Systems 124a, 124b include three types of alignment Sensors 
of the LSA (Laser Step Alignment) system, the FIA (Field 
Image Alignment) System, and the LIA (Laser Interferomet 
ric Alignment) System. It is possible to measure the positions 
in the X,Ytwo-dimensional direction of the fiducial mark on 
the fiducial mark plate and the alignment mark on the wafer. 
0469 The LSA system resides in the most versatile 
Sensor for measuring the mark position by radiating the laser 
beam onto the mark to utilize the diffracted and Scattered 
light, and it has been hitherto widely used for the proceSS 
wafer. The FIA System resides in the Sensor for measuring 
the position of the mark by illuminating the mark with a 
broadband light beam Such as a halogen lamp and image 
processing the mark image, and it is effectively used for the 
asymmetric mark on the aluminum layer and the wafer 
Surface. The LIA System resides in the Sensor for detecting 
the position information of the mark from the phase Such 
that the laser beams having slightly varied frequencies are 
radiated onto the diffraction grating-shaped mark in two 
directions to interfere two generated diffracted light beams, 
and it is effectively used for the wafer having low difference 
in height and Surface roughness. 
0470. In the second embodiment of the present invention, 
the three types of the alignment Sensors are appropriately 
used Separately depending on the object to perform, for 
example, the So-called Search alignment in which the posi 
tions of one-dimensional marks at three points on the wafer 
are detected to roughly measure the position of the wafer and 
the fine alignment in which the accurate position of each of 
shot areas on the wafer is measured. 

0471. In this arrangement, the alignment system 124a is 
used, for example, to measure the positions of the alignment 
mark on the wafer W1 held on the wafer stage WST1 and the 
fiducial mark formed on the fiducial mark plate FM1. The 
alignment System 124b is used, for example, to measure the 
positions of the alignment mark on the wafer W2 held on the 
wafer stage WST2 and the fiducial mark formed on the 
fiducial mark plate FM2. 
0472. The information from the respective alignment 
Sensors for constructing the alignment Systems 124a, 124b 
is Subjected to A/D conversion by an alignment control unit 
180. The digitized waveform signal is subjected to the 
operation processing to detect the mark position. An 
obtained result is fed to a main control unit 190. The main 
control unit 190 instructs, depending on the result, for 
example, the Stage control unit 160 to perform the correction 
of the Synchronized position during the exposure. 
0473 Although not shown in the drawing, an autofocus/ 
autoleveling (AF/AL) measuring mechanism for investigat 
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ing the focusing position is provided for each of the pro 
jection optical System PL and the alignment Systems 124a, 
124b respectively as disclosed in Japanese Patent Applica 
tion Laid-Open No. 10-163098 described above. 
0474 Next, the reticle-driving mechanism will be 
explained on the basis of FIGS. 21 and 22. 
0475. The reticle-driving mechanism includes the reticle 
stage RST which is movable in the XY two-dimensional 
directions on the reticle base board 28 while holding the 
reticle R, the driving system 29 which is composed of, for 
example, an unillustrated linear motor for driving the reticle 
stage RST, and the reticle laser interferometer 30 for mea 
Suring the position of the reticle stage RST by the aid of the 
movement mirror 31 fixed to the reticle stage RST. 
0476. The arrangement will be described in further detail 
below. As shown in FIG. 22, the two reticles R1,R2 can be 
placed in Series in the Scanning direction (Y axis direction) 
on the reticle stage RST. The reticle stage RST is supported 
in an floating manner on the reticle base board 28 by the aid 
of, for example, an unillustrated air bearing. The reticle 
stage RST is subjected to the fine driving in the X axis 
direction, the fine rotation in the 0 direction, and the 
Scanning driving in the Y axis direction by the aid of the 
driving system 29. The driving system 29 is a mechanism 
including a linear motor as a driving Source. However, the 
driving system 29 is depicted as a simple block in FIG. 21 
for the convenience of illustration and explanation. Accord 
ingly, the reticles R1, R2 on the reticle stage RST are 
Selectively used, for example, when the double exposure is 
performed. The System is constructed Such that any of the 
reticles can be Subjected to the Scanning in Synchronization 
with the wafer. 

0477. A parallel planar movement mirror 31X, which is 
composed of the same material as that of the reticle Stage 
RST (for example, ceramic), is provided to extend in the Y 
axis direction at the end on the Second Side in the X axis 
direction on the reticle Stage RST. A reflecting Surface is 
formed by mirror-finishing on the Surface on the Second Side 
in the X axis direction of the movement mirror 31X. The 
interferometer beam from the interferometer (not shown), 
which is indicated by the length-measuring axis BI6X, is 
radiated toward the reflecting Surface of the movement 
mirror 31X. The interferometer receives the reflected light 
beam therefrom to measure the relative displacement with 
respect to the reference Surface. Thus, the position of the 
reticle Stage RST is measured. Actually, the interferometer, 
which has the length-measuring axis BI6X, has two inter 
ferometer optical axes capable of performing the measure 
ment independently. It is possible to measure the position of 
the reticle Stage in the X axis direction and measure the 
yawing amount. The measured value of the interferometer 
having the length-measuring axis BI6X is used to perform 
the Synchronized control in the X axis direction and the 
rotation control for the reticle stage RST in the direction to 
cancel the relative rotation (rotation error) of the reticle and 
the wafer on the basis of the X position information and the 
yawing information on the wafer stages WST1, WST2 from 
the interferometers 116, 118 having the length-measuring 
axes BI1X, BI2X on the side of the wafer stage as described 
later on. 

0478. On the other hand, a pair of corner cube mirrors 
31,312 are installed on the second side (front side of the 
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plane of paper in FIG. 21) in the Y axis direction as the 
Scanning direction (direction of scanning) of the reticle Stage 
RST. Interferometer beams, which are depicted as length 
measuring axes BITY, BI8Y in FIG.22, are radiated onto the 
corner cube mirrors 31, 312 from a pair of unillustrated 
double-path interferometers. The beams are returned by the 
corner cube mirrors 31, 312 to the reflecting Surface on 
the reticle base board 28. The reflected light beams reflected 
thereby are returned along the identical optical paths respec 
tively, and they are received by the respective double-path 
interferometers to measure the relative displacement from 
the reference position of the respective corner cube mirrors 
31,312 (reference position as the reflecting Surface on the 
reticle base board 28 described above). The measured values 
of the double-path interferometers are Supplied to the Stage 
control unit 160 shown in FIG. 21 to measure the position 
of the reticle stage RST in the Y axis direction on the basis 
of an average value thereof. The information on the position 
in the Y axis direction is used to calculate the relative 
position of the reticle stage RST and the wafer stage WST1 
or WST2 on the basis of the measured value of the inter 
ferometer having the length-measuring axis BI3Y on the 
wafer Side and Synchronously control the reticle and the 
wafer in the Scanning direction (Y axis direction) during the 
Scanning exposure on the basis thereof. 
0479. As described above, in the second embodiment of 
the present invention, the reticle laser interferometer 30 
shown in FIG. 21 is constructed by the three interferometers 
in total of the interferometer indicated by the length-mea 
suring beam BI6X and the pair of double-path interferom 
eters indicated by the length-measuring axes BITY, BI8Y. 
0480. Next, the interferometer system for managing the 
positions of the wafer stages WST1, WST2 will be explained 
with reference to FIGS. 21 to 23. 

0481. As shown in these drawings, the interferometer 
beam, which is indicated by the length-measuring axis BI1X 
from the interferometer 116 shown in FIG. 21, is radiated 
onto the surface on the first side of the wafer stage WST1 in 
the X axis direction, along the X axis passing through the 
projection center of the projection optical System PL and the 
respective detection centers of the alignment Systems 124a, 
124b. Similarly, the interferometer beam, which is indicated 
by the length-measuring axis BI2X from the interferometer 
118 shown in FIG. 21, is radiated onto the Surface on the 
second side of the wafer stage WST1 in the X axis direction, 
along the X axis. The interferometers 116, 118 measure the 
relative displacement of each of the reflecting Surfaces from 
the reference position by receiving the reflected light beams 
therefrom to measure the positions of the wafer Stages 
WST1, WST2 in the X axis direction. 
0482. As shown in FIG. 22, each of the interferometers 
116, 118 is a three-axis interferometer having three optical 
axes. The interferometers 116, 118 are capable of perform 
ing the tilt measurement and the 0 measurement in addition 
to the measurement in the X axis direction for the wafer 
stages WST1, WST2. In this arrangement, the unillustrated 
0 Stage for performing the 0 rotation of the wafer Stages 
WST1, WST2 and the unillustrated Z-leveling stage for 
performing the inclination driving and the fine driving in the 
Z axis direction are actually disposed under the reflecting 
surfaces (120 to 123). Therefore, all of the driving amounts 
during the tilt control of the wafer Stage can be monitored by 
using the interferometers 116, 118. 
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0483 The respective interferometer beams of the length 
measuring axes BI1X, BI2X always hit the wafer stages 
WST1, WST2 in all of the regions of the movement ranges 
of the wafer stages WST1, WST2. Therefore, as for the X 
axis direction, the positions of the wafer stages WST1, 
WST2 are managed on the basis of the measured values 
obtained by using the length-measuring axes BI1X, BI2X, 
for example, in any case of the exposure based on the use of 
the projection optical System PL and the use of the alignment 
systems 124a, 124b. 
0484 As shown in FIGS. 22 and 23, there are provided 
an interferometer 132 which has a length-measuring axis 
BI3Y perpendicularly interSecting the X axis at the projec 
tion center of the projection optical System PL, and inter 
ferometers 131, 133 respectively having length-measuring 
axes BI4Y, BI5Y perpendicularly intersecting the X axis at 
the respective detection centers of the alignment Systems 
124a, 124b respectively. 
0485. In the case of the embodiment of the present 
invention, the measured value, which is obtained by the 
interferometer 132 of the length-measuring axis BI3Y pass 
ing through the projection center of the projection optical 
System PL, i.e., the optical axis AX, is used to measure the 
positions of the wafer stages WST1, WST2 in the Y direc 
tion during the exposure based on the use of the projection 
optical system PL. The measured value, which is obtained 
by the interferometer 131 of the length-measuring axis BI4Y 
passing through the detection center of the alignment System 
124a, i.e., the optical axis SX, is used to measure the 
position of the wafer stage WST1 in the Y direction during 
the use of the alignment System 124a. The measured value, 
which is obtained by the interferometer 133 of the length 
measuring axis BI5Y passing through the detection center of 
the alignment System 124b, i.e., the optical axis SX, is used 
to measure the position of the wafer stage WST2 in the Y 
direction during the use of the alignment System 124b. 
0486 Therefore, the length-measuring axis of the inter 
ferometer in the Y axis direction is deviated from the 
reflecting surface of the wafer stage WST1, WST2 depend 
ing on the respecting condition of use. However, at least one 
of the length-measuring axes, i.e., the length-measuring axes 
BI1X, BI2X is not deviated from the reflecting surface of 
each of the wafer stages WST1, WST2. Therefore, the 
interferometer on the Y side can be reset at an appropriate 
position at which the optical axis of the interferometer to be 
used enters the reflecting Surface. 
0487. Each of the interferometers 132, 131, 133 of the 
length-measuring axes BI3Y, BI4Y, BI5Y for the Y mea 
Surement is the two-axis interferometer having two optical 
axes respectively, making it possible to perform the tilt 
measurement in addition to the measurement in the Y axis 
direction of the wafer stages WST1, WST2. In the embodi 
ment of the present invention, the total five of interferom 
eters 116, 118, 131, 132, 133 are used to construct the 
interferometer System for managing the two-dimensional 
coordinate positions of the wafer stages WST1, WST2. 
0488. The main control unit 190 shown in FIG. 21 is 
provided with a memory 191 for storing conditional expres 
Sions (for example, the interference condition) for managing 
the movement of the wafer stages WST1, WST2. 
0489. In the second embodiment of the present invention, 
as described later on, during the period in which the expo 
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Sure Sequence is executed for one of the wafer Stages WST1, 
WST2, the wafer alignment sequence is executed for the 
other. During this process, in order to cause no interference 
between the both Stages, the movement of the wafer Stages 
WST1, WST2 is managed by the stage control unit 160 in 
response to the command of the main control unit 190 on the 
basis of the output values of the respective interferometers. 
0490 Next, brief explanation will be made, for example, 
the role and the control method of the movable type base 
board 138. The movable type base board 138 basically has 
its role equivalent to that of the movable type base board 38 
of the first embodiment described above, and it is controlled 
by the Stage control unit 160 in the same manner as 
described above. 

0491 That is, a plurality of coils (not shown) for con 
Structing planar magnetically floating type linear actuators 
42a, 42b are spread all over in the XY two-dimensional 
direction at the upper Surface of the movable type base board 
138 together with unillustrated permanent magnets provided 
at the lower surfaces of the wafer stages WST1, WST2. The 
wafer stages WST1, WST2 are arranged such that they are 
Supported in an floating manner over the movable type base 
board 138 by the aid of the planar magnetically floating type 
linear actuators 42a, 42b, and they are independently driven 
in an arbitrary two-dimensional direction by controlling the 
current which is allowed to flow through the coil of the coils 
described above, disposed at the portion opposed to the 
respective wafer stages WST1, WST2. 
0492. The movable type base board 138 is arranged such 
that it is Supported in an floating manner over the base board 
22 by the aid of the planar magnetically floating type linear 
actuator 44, and it is driven in an arbitrary two-dimensional 
direction by controlling the current which is allowed to flow 
through the coil, in the Same manner as the movable type 
base board 38 of the first embodiment. 

0493. In this arrangement, no contact is made between 
the wafer stages WST1, WST2 and the movable type base 
board 138 and between the movable type base board 138 and 
the base board 22 respectively. Therefore, the friction ther 
ebetween is extremely Small. As a result, the law of con 
Servation of momentum holds for the entire System includ 
ing the wafer stages WST1, WST2 and the movable type 
base-board 138, because of the following reason. That is, 
when one of the wafer stages WST1, WST2 is moved, the 
proceSS is exactly the Same as that explained in the first 
embodiment described above. When the wafer stages 
WST1, WST2 are simultaneously moved, the movable type 
base board 138 is moved by the reaction force which 
corresponds to the combined force of the driving forces of 
the Stages. 
0494. The following setting is also made in the second 
embodiment in the same manner as in the first embodiment 
described above. That is, in order to SuppreSS the deterio 
ration of the foot print, the maximum velocity, and the 
acceleration of the wafer Stage to be not more than one 
figure, the Setting is made Such that the ratio of the mass m 
of the wafer stages WST1, WST2 to the mass M of the 
movable type base board 138 is not more than m: M=1:9, 
i.e., the weight of the wafer stages WST1, WST2 is not more 
than % of the movable type base board 138. 
0495. In order to decrease the necessary stroke of the 
movable type base board 138, the stage control unit 160 

Feb. 14, 2002 

varies the control response to the planar magnetically float 
ing type linear actuator 44 for driving the movable type base 
board 138 between the processes of the exposure and the 
alignment and the other processes. 
0496 Therefore, when the exposure is performed, the 
wafer stage WST1 or WST2 and the reticle stage RST are 
moved in synchronization with each other. However, when 
the control response of the planar magnetically floating type 
linear actuator 44 for driving the movable type base board 
138 is controlled at several HZ, it is almost impossible to 
follow the reaction force on the movable type base board 
138 of the planar magnetically floating type linear actuators 
42a, 42b for driving the wafer stages WST1, WST2 con 
trolled at Several tens HZ. According to the law of conser 
vation of momentum, the movable type base board 138 
freely makes motion, and it absorbs the reaction force. No 
influence of the reaction force is exerted to the outside. 

0497 Further, the stage control unit 160 is operated as 
follows. That is, when the main exposure apparatus body 12 
is inclined as a whole due to any change of the position of 
the reticle Stage RST and the positions of the wafer Stages 
WST1, WST2, the low frequency positional discrepancy, in 
which the movable type base board 138 is moved in the 
inclination direction, is prevented by controlling the control 
response of the planar magnetically floating type linear 
actuator 44 at several HZ. 

0498. This embodiment also adopts the feedback control 
as follows, based on the use of a linear encoder 45 (see FIG. 
21) as the position-measuring unit for detecting the position 
of the relative movement in the XY direction of the movable 
type base board 138 with respect to the base board 22, in the 
Same manner as in the first embodiment. That is, the Stage 
control unit 160 decreases the movement amount of the 
movable type base board 138 (maintains it approximately at 
a predetermined position), at a predetermined timing, for 
example, by means of the operation to increase the response 
frequency of the planar magnetically floating type linear 
actuator 44 for driving the movable type base board 138 to 
be several tens HZ. 

0499. The control system principally comprises the main 
control unit 190 for collectively controlling the entire appa 
ratus, and it further comprises, for example, the exposure 
amount control unit 170 and the stage control unit 160 which 
are managed by the main control unit 190. 
0500 Explanation will now be made for the operation of 
the exposure apparatus 110 during the exposure, principally 
referring to the operations of the respective constitutive 
components of the control System described above. 
0501) The exposure amount control unit 170 opens an 
unillustrated shutter in the illumination optical system 18 by 
the aid of an unillustrated Shutter-driving Section before 
Starting the Synchronous Scanning of the reticle R and the 
wafer (W1 or W2). 
0502. After that, the stage control unit 160 starts the 
Synchronous Scanning (Scanning control) for the reticle R 
and the wafer (W1 or W2), i.e., for the reticle stage RST and 
the wafer stage (WST1 or WST2) in response to the instruc 
tion of the main control unit 190. The synchronous scanning 
is performed by controlling the reticle-driving section 29 
and the wafer stage driving System (planar magnetically 
floating type linear actuator 42a or 42b) by using the Stage 
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control unit 160 while monitoring the measured values of 
the length-measuring axis BI3Y and the length-measuring 
axis BI1X or BI2X of the interferometer system and the 
length-measuring axes BITY, BI8Y and the length-measur 
ing axis BI6X of the reticle laser interferometer 30. 
0503) The exposure amount control unit 170 starts the 
pulse light emission of the excimer laser at the point of time 
at which the both Stages are Subjected to the constant 
velocity control within a predetermined allowable error. 
Accordingly, the rectangular illumination area IA on the 
reticle R, which has the pattern Vapor-deposited with chro 
mium on the lower Surface, is illuminated with the illumi 
nation light beam from the illumination optical system 18. 
The image of the pattern in the illumination area is reduced 
4-fold (or '/s-fold) by the projection optical system PL, and 
it is projected to perform the exposure of the wafer (W1 or 
W2) having the photoresist applied to the Surface. AS also 
clarified from FIG. 22, the slit width in the scanning 
direction of the illumination area IA is narrow as compared 
with the pattern area on the reticle R. The image of the entire 
Surface of the pattern is Successively formed on the Shot area 
on the wafer by Synchronously Scanning the reticle R and the 
wafer (W1 or W2) as described above. 
0504) The exposure amount control unit 170 drives the 
vibration mirror 18D simultaneously with the start of the 
pulse light emission to continuously perform the control 
until the pattern area on the reticle R completely passes over 
the illumination area IA (see FIG. 22), i.e., until the image 
of the entire Surface of the pattern is formed on the shot area 
on the wafer. Thus, uneven interference fringes are reduced, 
which would be otherwise generated for the two fly's eye 
lenses. 

0505) The movable blind 18M is driven and controlled by 
the driving System 43 in Synchronization with the Scanning 
for the reticle R and the wafer W So that the illumination 
light beam is not leaked to the outside of the shield area on 
the reticle at the shot edge portion during the Scanning 
eXposure. 

0506 The system is arranged as follows as disclosed in 
Japanese Patent Application Laid-Open No. 10-163098 so 
that the cumulative exposure amount corresponding to the 
resist Sensitivity is obtained during the Scanning exposure 
(exposure by Scanning) described above. That is, the main 
control unit 190 or the exposure amount control unit 170 
calculates all of the variable amounts of the radiation energy 
and the oscillation frequency to control the light-reducing 
System provided at the inside of the light Source Section So 
that the radiation energy and the oscillation frequency are 
varied, and the Shutter and the vibration mirror are con 
trolled. 

0507 For example, when the movement start position 
(Synchronized position) is corrected for the reticle stage and 
the wafer Stage to perform the Synchronous Scanning during 
the Scanning exposure, the main control unit 190 instructs 
the stage control unit 160 for controlling the movement of 
the respective Stages to perform the correction of the Stage 
position corresponding to the correction amount. 
0508 The exposure apparatus 110 according to the 
embodiment of the present invention further comprises a 
first transport System for exchanging the wafer with respect 
to the wafer stage WST1, and a second transport system for 
exchanging the wafer with respect to the wafer stage WST2. 
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0509 As shown in FIG. 24, the first transport system 
performs the wafer eXchange as described later on for the 
wafer stage WST1 at the left wafer loading position. The 
first transport System comprises a first wafer loader includ 
ing, for example, a first loading guide 182 which extends in 
the Y axis direction, a first slider 186 and a second slider 187 
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 
187, and a first center-up 181 including three vertical 
movement members which are provided on the wafer Stage 
WST1. 

0510) The operation of the wafer exchange performed by 
the first transport system will now be briefly explained. 
Explanation will be made for a case as shown in FIG. 24 in 
which the wafer W1" placed on the wafer stage WST1 
disposed at the left wafer loading position is exchanged with 
the wafer W1 transported by the first wafer loader. 

0511. At first, the main control unit 190 turns off the 
vacuum Suction of the unillustrated wafer holder on the 
wafer stage WST1 by the aid of an unillustrated Switch to 
release the wafer W1" from the vacuum Suction. 

0512 Subsequently, the main control unit 190 upwardly 
drives the center-up 181 by a predetermined amount by the 
aid of an unillustrated center-up driving System. Accord 
ingly, the wafer W1" is lifted up to a predetermined position. 
In this state, the main control unit 190 instructs the unillus 
trated 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 WST1 along the 
loading guide 182, and it is disposed just under the wafer 
W1". 

0513. In this state, the main control unit 190 downwardly 
drives the center-up 181 to a predetermined position. During 
the downward movement of the center-up 181, the wafer 
W1" is delivered to the first unload arm 184. Accordingly, the 
main control unit 190 instructs the wafer loader control unit 
to start the vacuum Suction of the first unload arm 184. 
Accordingly, the wafer W1" is sucked and held by the first 
unload arm 184. 

0514 Subsequently, the main control unit 190 instructs 
the wafer loader control unit to retract the first unload arm 
184 and start the movement of the first load arm 188. 
Accordingly, the first unload arm 184 starts the movement in 
the -Y direction in FIG. 24 integrally with the first slider 
186, simultaneously with which the second slider 187 starts 
the movement in the +Y direction integrally with the first 
load arm 188 which holds the wafer W1. When the first load 
arm 188 arrives at a position over the wafer stage WST1, 
then the wafer loader control unit stops the Second Slider 
187, and the vacuum Suction of the first load arm is released. 

0515. In this state, the main control unit 190 upwardly 
drives the center-up 181 to lift-up the wafer W1 from the 
lower position by the aid of the center-up 181. Subsequently, 
the main control unit 190 instructs the wafer loader control 
unit to retract the load arm. Accordingly, the Second Slider 
187 starts the movement in the -Y direction integrally with 
the first load arm 188 to retract the first load arm 188. 
Simultaneously with the start of the retraction of the first 
load arm 188, the main control unit 190 starts the downward 
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driving of the center-up 181 to place the wafer W1 on the 
unillustrated wafer holder on the wafer stage WST1, and the 
Vacuum Suction is turned on for the concerning wafer holder. 
Accordingly, the Series of Sequence for the wafer eXchange 
comes to an end. 

0516 Similarly, as shown in FIG. 25, the second trans 
port System performs the wafer exchange for the wafer Stage 
WST2 at the right wafer loading position in the same manner 
as described above. The Second transport System comprises 
a Second wafer loader including, for example, a Second 
loading guide 192 which extends in the Y axis direction, a 
third slider 196 and a fourth slider 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 attached to the fourth slider 200, and 
an unillustrated Second center-up provided on the wafer 
stage WST2. 
0517 Next, the concurrent process performed by the two 
wafer stages WST1, WST2 will be explained with reference 
to FIGS. 24 and 25. 

0518 FIG. 24 shows a plan view illustrating the state in 
which the wafer exchange is performed between the wafer 
stage WST1 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 WST2 by the aid of the projection optical system 
PL. In this case, the alignment operation is performed as 
described later on continuously to the wafer exchange on the 
wafer stage WST1. In FIG. 24, the position of the wafer 
Stage WST2 during the exposure operation is controlled on 
the basis of the measured values of the length-measuring 
axes BI2X, BI3Y of the interferometer system. The position 
of the wafer stage WST1 for performing the wafer exchange 
and the alignment operation is controlled on the basis of the 
measured values of the length-measuring axes BI1X, BI4Y 
of the interferometer System. 
0519) At the left loading position shown in FIG. 24, the 
fiducial mark on the fiducial mark plate FM1 of the wafer 
Stage WST1 is arranged just under the alignment System 
124a. Accordingly, the main control unit 190 resets the 
interferometer having the length-measuring axis BI4Y of the 
interferometer system before the fiducial mark on the fidu 
cial mark plate FM1 is measured by the alignment System 
124a. 

0520. The search alignment is performed continuously to 
the wafer eXchange and the reset of the interferometer 
described above. The Search alignment, which is performed 
after the wafer eXchange, is the pre-alignment performed 
again on the wafer Stage WST1, because the position error 
is large only with the pre-alignment which is performed 
during the transport of the wafer W1. Specifically, positions 
of three search alignment marks (not shown) formed on the 
wafer W1 placed on the wafer stage WST1are measured by 
using, for example, the Sensor of the LSA System of the 
alignment system 124a. The position of the wafer W1 is 
adjusted in the X, Y, and 0 directions on the basis of the 
obtained result of the measurement. The operation of the 
respective components during the Search alignment is con 
trolled by the main control unit 190. 
0521. After completing the search alignment, the fine 
alignment is performed to determine the array of the respec 
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tive shot areas on the wafer W1 by using EGA in this 
embodiment. Specifically, the alignment mark position of a 
predetermined sample shot on the wafer W1 is measured, for 
example, with the Sensor of the FIA System of the alignment 
System 124a while Successively moving the wafer Stage 
WST1 on the basis of the designed shot array data (align 
ment mark position data) while managing the position of the 
wafer stage WST1 by using the interferometer system 
(length-measuring axes BI1X, BI4Y). The array data is 
calculated for all shots in accordance with the Statistic 
operation based on the least Square method on the basis of 
the obtained result of the measurement and the designed 
coordinate data of the shot array. The operation of the 
respective components during EGA is controlled by the 
main control unit 190. The calculating operation is per 
formed by the main control unit 190. It is desirable that the 
calculation result is converted into those based on the 
coordinate System with reference to the fiducial mark posi 
tion of the fiducial mark plate FM1. 

0522. In the case of the embodiment of the present 
invention, as described above, the position of the alignment 
mark is measured while executing the autofocus/autolevel 
ing based on the measurement and control of the AF/AL 
mechanism in the same manner as in the process of the 
exposure, during the measurement performed by the align 
ment System 124a. It is possible to cause no offset (error) 
which would be otherwise caused by the attitude of the stage 
between the alignment proceSS and the exposure process. 

0523 The double exposure is performed in accordance 
with the Step-and-Scan manner continuously while changing 
the exposure condition by using the two reticles R1, R2 on 
the side of the wafer stage WST2 during the period in which 
the wafer eXchange and the alignment operation are per 
formed on the side of the wafer stage WST1 as described 
above. 

0524) Specifically, the fine alignment is previously per 
formed in the same manner as performed on the Side of the 
wafer W1 described above. The movement operation (step 
ping) between the shots is Successively performed to step to 
the adjacent shot on the wafer W2 on the basis of the 
resultant shot array data (based on the fiducial mark on the 
fiducial mark plate FM2) on the wafer W2. The scanning 
exposure described above is Successively performed for the 
respective shot areas on the wafer W2. During the move 
ment operation between the shots, the movement of the 
wafer stage WST2 is controlled in the same manner as that 
explained with reference to FIGS. 11A to 11(C) in the first 
embodiment described above. 

0525) The exposure for all of the shot areas on the wafer 
W2 as described above is also continuously performed after 
eXchanging the reticle. Specifically, the following exposure 
Sequence is available for the double exposure. That is, for 
example, the respective shot areas on the wafer W1 are 
Successively Subjected to the Scanning exposure by using the 
reticle R2, and then the reticle stage RST is moved by a 
predetermined amount in the Scanning direction to Set the 
reticle R1 at the exposure position, followed by performing 
the Scanning exposure in the Sequence reverse to the above. 
During this process, the exposure condition (AF/AL, expo 
Sure amount) and the transmittance are different between the 
reticle R2 and the reticle R1. Therefore, it is necessary that 
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the respective conditions are measured during the reticle 
alignment, and the condition is changed depending on the 
obtained result. 

0526. The operation of the respective components during 
the double exposure for the wafer W2 is also controlled by 
the main control unit 190. 

0527 The exposure sequence and the wafer exchange/ 
alignment Sequence, which are performed concurrently on 
the two wafer stages WST1, WST2 shown in FIG. 24 
described above, are executed as follows. That is, the wafer 
Stage, on which the operation is completed earlier, is in the 
waiting State. At the point of time at which the operations for 
the both are completed, the wafer stages WST1, WST2 are 
controlled and moved to the positions shown in FIG. 25. 
The wafer W2 on the wafer stage WST2, for which the 
exposure Sequence is completed, is Subjected to the wafer 
eXchange at the right loading position. The wafer W1 on the 
wafer stage WST1, for which the alignment sequence is 
completed, is Subjected to the exposure Sequence under the 
projection optical System PL. 

0528. The right loading position shown in FIG. 25 is 
arranged Such that the fiducial mark on the fiducial mark 
plate FM2 is located under the alignment system 124b in the 
Same manner as the left loading position. The wafer 
eXchange operation and the alignment Sequence are 
executed. Of course, the reset operation for the interferom 
eter of the length-measuring axis BI5Y of the interferometer 
System is executed prior to the detection of the mark on the 
fiducial mark plate FM2 by the alignment system 124b. 
0529. The reset operation for the interferometer, which is 
performed by the main control unit 190 during the process 
of the Series of concurrent proceSS operation described 
above, is exactly the same as the operation disclosed in 
Japanese Patent Application Laid-Open No. 10-163098 
described above, which is known, and detained explanation 
of which will be omitted. 

0530 When the different operations are subjected to the 
Simultaneous concurrent process by using the two wafer 
stages WST1, WST2 as in the embodiment of the present 
invention, there is a possibility that the operation performed 
on one stage may affect (give any disturbance to) the 
operation performed on the other Stage. In Such a case, in the 
exposure apparatus described in Japanese Patent Application 
Laid-Open No. 10-163098 described above, the control 
operation is complicated, because the timing is adjusted for 
the operations performed on the two stages WST1, WST2 as 
disclosed in FIGS. 11 to 13 and the corresponding descrip 
tion thereof disclosed in the foregoing patent document. 

0531. On the contrary, in the case of the embodiment of 
the present invention, as described above, the wafer Stages 
WST1, WST2 are arranged on the base board 22 with the 
movable type base board 138 intervening therebetween. 
Accordingly, when any one of the wafer stages (WST1 or 
WST2) is driven by the planar magnetically floating type 
linear actuator 42a or 42b, then the movable type base board 
138 is moved in accordance with the reaction force of the 
driving force, and the unbalanced load, which is caused by 
the movement of the center of gravity of the wafer Stage 
(WST1 or WST2), can be canceled by means of the move 
ment of the center of gravity of the movable type base board 
138. AS a result, the center of gravity of the entire Stage 
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apparatuS 101 can be retained at the predetermined position. 
Additionally, when the wafer stages WST1, WST2 are 
Simultaneously driven by the planar magnetically floating 
type linear actuators 42a, 42b, the movable type base board 
138 is moved so that the unbalanced load, which is caused 
by the movement of the centers of gravity of the wafer Stages 
WST1, WST2, is canceled by the movement of the center of 
gravity of the movable type base board 138 in accordance 
with the reaction force corresponding to the combined force 
of the driving forces. As a result, the center of gravity of the 
entire Stage apparatuS 101 can be retained at the predeter 
mined position. Therefore, it is unnecessary to adjust the 
operations of the both wafer Stages Such that the operation 
of one of the wafer stages WST1, WST2 does not act as any 
disturbance on the other. Therefore, the control load is 
mitigated, and it is possible to maintain the high position 
control performance for the respective Stages. 

0532. When the double exposure is performed by using 
the plurality of reticles R as described above, the effect is 
obtained for the high resolution and the improvement of 
DOF (depth of focus). However, in the double exposure 
method, it is necessary to repeat the exposure Step at least 
twice. Therefore, in the case of the conventional exposure 
apparatus, an inconvenience arises in that the exposure time 
is prolonged, and the throughput is greatly deteriorated. On 
the contrary, in the Second embodiment of the present 
invention, the throughput can be remarkably improved 
owing to the Simultaneous concurrent process, for example, 
for the exposure operation on one of the wafer Stages and the 
alignment/wafer exchange operation on the other wafer 
stage. Therefore, it is possible to obtain the effect of the high 
resolution and the improvement of DOF without deteriorat 
ing the throughput. 

0533 AS also disclosed in Japanese Patent Application 
Laid-Open No. 10-163098 described above, in the case of 
the exposure apparatus provided with the double wafer 
Stages, for example, when it is assumed that the respective 
process periods of time are T1 (wafer exchange time), T2 
(search alignment time), T3 (fine alignment time), and T4 
(one time of exposure time), if the double exposure is 
performed while executing the concurrent process for T1, 
T2, T3, and T4, then the exposure time constitutes the 
constraint condition to determine the overall throughput in 
the case of the 8-inch wafer, because the exposure time is 
greater. However, in the Second embodiment of the present 
invention, it is possible to shorten the exposure time T4 
owing to the reduction of the movement time between the 
shots of the wafer stages WST1, WST2. It is possible to 
realize the double exposure with the high throughput which 
is approximately equivalent to that obtained in the ordinary 
Single exposure. 

0534. The second embodiment described above is illus 
trative of the case in which the Stage apparatus according to 
the present invention is applied to the apparatus for per 
forming the exposure for the wafer by using the double 
exposure method. However, the present invention is also 
applicable to the Stitching which is a similar technique. In 
this case, during the period in which the exposure is per 
formed twice with the two reticles on the side of one wafer 
Stage, the wafer eXchange and the wafer alignment are 
concurrently carried out on the Side of the other wafer Stage 
which is independently movable. Accordingly, it is possible 
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to obtain the throughput which is higher than that obtained 
by the Stitching performed with the ordinary exposure 
apparatuS. 

0535. However, the applicable range of the stage appa 
ratus according to the present invention is not limited 
thereto. The present invention is also preferably applicable 
to the case in which the exposure is performed in accordance 
with the Single exposure. 

0536 The second embodiment described above is illus 
trative of the case in which the alignment operation and the 
wafer exchange operation and the exposure operation are 
Subjected to the concurrent proceSS. However, there is no 
limitation thereto. For example, the concurrent process may 
be performed together with the exposure operation in the 
Same manner as described above for the Sequence including, 
for example, the base line check (BCHK) and the calibration 
which is performed every time when the wafer eXchange is 
performed. 

0537) The second embodiment described above is illus 
trative of the exposure apparatus in which the Square Stages 
are used for the two wafer stages WST1, WST2. However, 
there is no limitation thereto. For example, as shown in FIG. 
26, triangular wafer stages WST3, WST4, which are similar 
to the Stage used in the first embodiment, may be arranged 
on the movable type base board 138 on the base board 22. 
As shown in FIG. 26, in the case of the apparatus shown in 
FIG. 26, it is preferable that the interferometer system for 
measuring the positions of the wafer stages WST3, WST4 
compriseS respective pairs of, i.e., total Six of interferom 
eters 211, 212, 213,214, 215, 216 having length-measuring 
axes inclined by predetermined angles with respect to the 
XY axes interSecting at the centers of the projection optical 
system PL and the alignment optical systems 124a, 124b. 

0538. The second embodiment described above is illus 
trative of the case in which the wafer stages WST1, WST2 
as the first movable members for constructing the Stage 
apparatuS 101 are driven by the planar magnetically floating 
type linear actuators. However, the Stage apparatus accord 
ing to the present invention is not limited thereto. The 
driving unit for driving each of the first movable members 
may be, for example, an ordinary linear motor. 

0539. The second embodiment described above is illus 
trative of the case in which the Scanning eXposure is per 
formed in accordance with the Step-and-Scan System. How 
ever, the applicable range of the Stage apparatus according 
to the present invention is not limited thereto. It is a matter 
of course that the present invention is also applicable 
equivalently, for example, to the projection exposure appa 
ratuS Such as a Stepper for performing the Stationary expo 
Sure in accordance with the Step-and-repeat System, the 
proximity exposure apparatus for transferring the pattern on 
the mask to the Substrate by making tight contact between 
the mask and the Substrate without using the projection 
optical System, the EB exposure apparatus, and the X-ray 
eXposure apparatuS. 

0540. In the description of the embodiment described 
above, the Velocity control method has been explained, in 
which the movement locus during the movement between 
the shots of the wafer stage WST is set to be U-shaped as 
shown in FIG. 11(A), with reference to FIGS. 11(B) and 
11(C). Explanation has been made concerning this process 
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in which the wafer stage WST (and the reticle stage RST) is 
accelerated in the Scanning direction up to the target Scan 
ning Velocity (velocity of Scanning) at the constant rate of 
acceleration, and the Stage is decelerated at the constant rate 
of acceleration (constant rate of deceleration) after complet 
ing the Scanning exposure at the target Scanning Velocity 
(see FIGS. 10(B) and 11(B)). However, the throughput can 
be further improved by changing the method for controlling 
the rate of acceleration of the reticle stage RST and the wafer 
Stage WST concerning the Scanning direction. 

0541 Explanation will be made below with reference to 
FIGS. 27 and 28 for the method for controlling the rate of 
acceleration of the Stage based on the use of the Stage control 
system when the adjacent shots S1, S2, S3 shown in (A) are 
Successively exposed in accordance with the alternate Scan 
ning by using the Scanning type exposure apparatus 10 
according to the first embodiment described above. 

Description of the Fifth Concept 

0542. In the case of the Scanning type exposure apparatus 
10, it is necessary to Scan the reticle Stage RST at the target 
scanning velocity which is 4-fold (or 5-fold) that of the 
wafer stage WST. Therefore, it is estimated that the con 
Straint condition is the acceleration ability of the reticle 
Stage. Accordingly, explanation will be made principally for 
the control of the rate of acceleration of the reticle Stage 
RST 

0543 FIG. 27(A) shows the time-dependent change of 
the Velocity command value in the Scanning direction (Y 
direction) of the reticle stage RST when the first method for 
controlling the rate of acceleration is adopted for the Scan 
ning exposure for the respective shots in the Scanning 
exposure method according to the present invention. FIG. 
27(B) shows Comparative Example of the time-dependent 
change of the Velocity command value in the Scanning 
direction (Y direction) of the reticle stage RST correspond 
ing to FIG. 11(B) explained above. FIG. 27(C) shows the 
time-dependent change of the Velocity command value in 
the scanning direction (Y direction) of the reticle stage RST 
when the Second method for controlling the rate of accel 
eration is adopted for the Scanning exposure for the respec 
tive shots. In these drawings, the horizontal axis indicates 
the time, and the vertical axis indicates the Velocity com 
mand value Vry in the Y direction of the reticle Stage. 

0544. In the following description, it is assumed that Ta 
represents the acceleration time from Zero to the target 
Scanning Velocity Vr, TS represents the Synchronous Settling 
time for the reticle and the wafer, Te represents the exposure 
time, TW represents the adjustment time, i.e., the constant 
Velocity over-Scanning time, and Tcl represents the decel 
eration time from the target Scanning Velocity VR to Zero. 

0545) As shown in FIG. 27(A), the first method for 
controlling the rate of acceleration does not resides in the 
constant rate of acceleration control based on the maximum 
rate of acceleration obtained by the maximum thrust force 
capable of being generated by the linear motor for construct 
ing the driving system 29 shown in FIG. 2. The reticle stage 
RST is accelerated in the synchronous movement direction 
(Y direction) from the Velocity Zero to the target Scanning 
Velocity Vr on the basis of a rate of acceleration change 
curve in which the rate of acceleration is gradually con 
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verged to Zero. In this case, a quadric curve (parabola) or a 
higher-order curve is used as the rate of acceleration change 
CWC. 

0546 According to the first method for controlling the 
rate of acceleration, the reticle R is accelerated in the Y 
direction on the basis of the rate of acceleration change 
curve in which the rate of acceleration is gradually con 
Verged to Zero, before the Synchronous movement of the 
reticle R and the wafer W when the scanning exposure is 
performed for the respective shots. Therefore, the rate of 
acceleration is not changed discontinuously, i.e., Suddenly at 
the point of time of completion of the acceleration, unlike 
the case in which the acceleration is performed at a constant 
rate of acceleration to the target Scanning Velocity Vr as 
shown in FIG. 27(B). 
0547 FIGS. 28(A) and 28(B) show the time-dependent 
change of the position error with respect to the target 
position of the reticle stage RST in the vicinity of the settling 
time TS corresponding to FIGS. 27(A) and 27(B) respec 
tively. The target position is of course changed in a time 
dependent manner. However, FIGS. 28(A) and 28(B) illus 
trate the position error on the basis of the target position (0 
in the drawings) at the respective points of time. AS clarified 
from the comparison between FIGS. 28(A) and 28(B), it is 
understood that according to the first method for controlling 
the rate of acceleration, the position error with respect to the 
target position can be quickly converged to be within an 
allowable range, as compared with the case shown in FIG. 
27(B), because of the following reason. That is, it is possible 
to Suppress the high frequency vibration of the reticle Stage 
RST resulting from the Sudden change of the rate of accel 
eration. In this case, it is possible to realize the prompt 
convergence to the target position of the reticle Stage RST 
that is the Stage in which the acceleration ability is the 
constraint condition, and hence to the target Scanning Veloc 
ity. It is clear that the Synchronous Settling time TS for the 
reticle R (reticle stage RST) and the wafer W (wafer stage 
WST) can be consequently shortened (see FIGS. 27(A) and 
27(B)). 
0548) When the first method for controlling the rate of 
acceleration is adopted, there is Such a tendency that the 
acceleration time Ta itself is prolonged as compared with the 
case of the acceleration with the constant rate of accelera 
tion. However, the reduction of the Synchronous Settling 
time TS Sufficiently Supplements the increase of the accel 
eration time. AS clarified from the comparison between 
FIGS. 27(A) and 27(B), the pre-scanning time (Ta+Ts) is 
shorter by Atl when the first method for controlling the rate 
of acceleration is adopted. AS described above, the Synchro 
nous Settling time TS and the constant Velocity over-Scanning 
time Tw are set to be the same time. Therefore, the constant 
Velocity over-Scanning time TW is also short in the case of 
FIG. 27(A). In the case of FIG. 27(A) in which the velocity 
change on the acceleration Side at the left is Symmetrical to 
that on the deceleration Side at the right in which the control 
is extremely easy, it is possible to shorten, by 2At1, the total 
period of time from the start of acceleration to the end of 
deceleration of the reticle stage RST. It is possible to 
improve the throughput corresponding thereto. 

0549 Concerning the first method for controlling the rate 
of acceleration described above, explanation has been made 
for the case in which the Velocity change on the acceleration 
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side at the left is set to be symmetrical to that on the 
deceleration Side at the right, because the control is 
extremely easy. However, there is no trouble at all even 
when the rate of acceleration is Suddenly changed during the 
deceleration, because there is no Settling time for Synchro 
nously controlling the reticle and the wafer at the completion 
of the deceleration. 

0550. In view of this fact, in the second method for 
controlling the rate of acceleration, as shown in FIG. 27(C), 
the reticle Stage RST is decelerated only during the decel 
eration at a constant rate of acceleration (negative rate of 
acceleration) corresponding to the maximum rate of accel 
eration. In this case, the constant Velocity over-Scanning 
time TW is long as compared with the case of the first method 
for controlling the rate of acceleration shown in FIG.27(A). 
However, the deceleration time Td is extremely short. 
Therefore, it is understood that the total over-Scanning time 
(Tw--Td) is shorter by the time At2 than that of the first 
method for controlling the rate of acceleration (see FIGS. 
27(A) and 27(C)). Therefore, when the scanning exposure is 
performed for the shots S1, S2, S3, it is possible to further 
Shorten the total time required from the Start of the accel 
eration to the end of the deceleration of the reticle R. If the 
areal size of the hatched portion shown in FIG. 27(A) is 
equal to that shown in FIG. 27(C), it is possible to correctly 
Stop the reticle Stage RST at the Scanning Start position for 
the next shot. 

0551. The first and second methods for controlling the 
rate of acceleration described above are also applicable to 
the wafer stage in the same manner as described above. The 
application of the first and Second methods for controlling 
the rate of acceleration to both of the reticle Stage and the 
wafer Stage is most preferred from a viewpoint of the 
improvement of the throughput. 
0552. The first and second methods for controlling the 
rate of acceleration may be adopted for the acceleration 
control in the Scanning direction (Y direction) used when the 
wafer stage WST is moved along the U-shaped (or 
V-shaped) movement locus as shown in FIG.11(A) between 
the Scanning exposure for the shot S1 and the Scanning 
exposure for the shot S2 shown in FIG.11(A). For example, 
when the first method for controlling the rate of acceleration 
is adopted, the wafer W is consequently moved along the 
route near to the Shortest distance. Therefore, it is possible 
to further improve the throughput in combination with the 
reduction of the settling time described above. When the 
Second method for controlling the rate of acceleration is 
adopted, it is possible to further improve the throughput, 
because the deceleration time can be shortened as well. 

0553 The first and second methods for controlling the 
rate of acceleration can be also performed by determining 
the control amount of the rate of acceleration by means of 
predetermined calculation on the basis of, for example, the 
measured value of the interferometer every time when the 
Scanning exposure is performed for each of the shots. 
However, it is also preferable that a predetermine rate of 
acceleration control map is previously prepared, and the 
method is executed on the basis of the time by using the rate 
of acceleration control map. 
0554. The first and second methods for controlling the 
rate of acceleration are also applicable to the exposure 
apparatus 110 according to the Second embodiment, in the 
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Same manner as described above. It is needless to Say that 
the effect of improvement of the throughput is obtained as 
well. 

0555. The first and second embodiments have been 
explained for the case in which the present invention is 
applied to the exposure apparatus for producing Semicon 
ductors. However, there is no limitation thereto. The present 
invention is applicable, for example, to an exposure appa 
ratus for liquid crystals for exposing an angular glass plate 
with a liquid crystal display element pattern, an exposure 
apparatus for transferring a thin film magnetic head to a 
ceramic wafer, and an exposure apparatus for producing an 
image pick-up element (for example, CCD). For example, 
when the far ultraviolet (DUV) light or the vacuum ultra 
violet light (VUV) is used as the exposure laser beam in 
order to produce the reticle or the mask, the present inven 
tion is applicable to those composed of quartz glass, quartz 
glass doped with fluorine, and fluorite. For example, when 
the EUV (Extreme Ultra Violet) light in the soft X-ray 
region, the hard X-ray, or the electron beam is used as the 
exposure laser beam, the present invention is widely appli 
cable to the exposure apparatus for transferring the circuit 
pattern to a Silicon wafer or the like. 

0556. The illumination light beam for the exposure of the 
exposure apparatus of the respective embodiments is not 
limited to the KrF excimer laser beam (248 nm) and the ArF 
excimer laser beam (193 nm). It is a matter of course that the 
F laser beam (157 nm) is usable. It is possible to use the 
g-ray (436 nm), the i-ray (365 nm), the X-ray, and the 
charged particle beam Such as the electron beam. For 
example, when the electron beam is used, it is possible to 
use, as the electron gun, lanthanum hexaboride (LaB) and 
tantalum (Ta) of the thermoelectron radiation type. 
0557. The present invention is also applicable to the 
projection exposure apparatus (stepper) based on the step 
and-repeat System for transferring the pattern on the reticle 
to the wafer via the projection optical System in a State in 
which the reticle and the wafer are stopped Substantially 
Stationarily, the mirror projection aligner, and the exposure 
apparatus based on the proximity System (for example, the 
Scanning type X-ray exposure apparatus for relatively mov 
ing the mask and the wafer integrally with respect to a 
circular arc-shaped illumination area irradiated with the 
X-ray). The present invention is also applicable, for 
example, to various apparatuses other than the exposure 
apparatus to be used in the photolithography Step, for 
example, the laser repair apparatus and the inspection appa 
ratuS. 

0558. The projection optical system is not limited to the 
reduction System, for which it is preferable to use the 
1xmagnification System. However, it is necessary to use a 
different Saltpeter material for the projection optical System 
depending on the illumination light beam. When the far 
ultraViolet light Such as the excimer laser is used, a material 
for transmitting the far ultraViolet light Such as quartz and 
fluorite is used as the saltpeter material. When the F laser 
or the X-ray is used, it is preferable to use the optical System 
of the cata-dioptric System or the reflection System (the 
reflective type reticle is used as well). When the electron 
beam is used, the electron optical System composed of the 
electron lens and the deflector may be used as the optical 
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System. It is needless to Say that the optical path for allowing 
the electron beam to pass therethrough is in the vacuum 
State. 

0559 The projection optical system and the illumination 
optical System composed of the plurality of lenses are 
incorporated into the main exposure apparatuS body to 
perform the optical adjustment. The wafer Stage and the 
reticle Stage composed of a large number of mechanical 
parts are attached to the main exposure apparatus body, and 
wiring and piping are connected thereto, followed by per 
forming the overall adjustment (for example, electric adjust 
ment and confirmation of operation). Thus, it is possible to 
produce the exposure apparatuses according to the respec 
tive embodiments described above. It is desirable that the 
exposure apparatus is produced in a clean room in which, for 
example, the temperature and the cleanneSS are managed. 
0560. The semiconductor device is produced by carrying 
out, for example, the Step of designing the function and the 
performance of the device, the Step of manufacturing the 
reticle on the basis of the designing Step, the Step of 
manufacturing the wafer from the Silicon material, the Step 
of transferring the pattern on the reticle to the wafer by using 
the exposure apparatus according to the embodiment 
described above, the step of assembling the device (includ 
ing the dicing Step, the bonding Step, and the packaging 
Step), and the inspection step. 
0561 AS explained above, according to the Scanning type 
exposure apparatus and the Scanning exposure method con 
cerning the present invention, it is possible to improve the 
throughput owing to the various improvements in relation to 
the method for moving the Substrate (Substrate Stage) from 
the end of the exposure for one comparted area on the 
Substrate to the Start of the exposure for another comparted 
area. Further, according to the Stage apparatus concerning 
the present invention, it is possible to mitigate the control 
load, and it is possible to maintain the high position control 
performance of each of the first movable members for 
holding the Substrate. Furthermore, it is possible to realize 
the Small Size and the light weight of the Stage apparatus 
itself. Therefore, the present invention is preferably applied 
to the Substrate Stage of the Scanning exposure apparatus. 
Especially, the present invention is extremely useful for the 
Scanning exposure apparatus for exposing the large wafer of 
not less than 9 inches. 

1. A Scanning type exposure apparatus for transferring a 
pattern on a mask to a Substrate via a projection optical 
System by Synchronously moving the mask and the Sub 
Strate, the Scanning type exposure apparatus comprising: 

a mask Stage arranged on a side of an object plane of the 
projection optical System; 

a Substrate Stage arranged on a Side of an image plane of 
the projection optical System; 

a plurality of corner cubes provided on the mask Stage and 
arranged in a Second direction perpendicular to a first 
direction in which the mask is Synchronously moved; 
and 

a first interferometer which radiates a measuring beam to 
the mask Stage in the first direction, and receives the 
measuring beam reflected by one of the plurality of 
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corner cubes Selected depending on a position of the 
mask Stage in the Second direction. 

2. The Scanning type exposure apparatus according to 
claim 1, further comprising: 

a driving control System which reciprocates the mask 
Stage in the first direction at least once and moves the 
mask Stage in the Second direction during the recipro 
cating movement in order to transfer the pattern on the 
mask to the Substrate, wherein: 

two of the plurality of corner cubes are arranged and 
Separated from each other by a distance correspond 
ing to an amount of movement of the mask Stage in 
the Second direction. 

3. The Scanning type exposure apparatus according to 
claim 1, wherein: 

a predetermined fiducial mark is arranged on the Substrate 
Stage, and 

the apparatus further comprises a measuring unit which 
measures a positional relationship between the mask 
and the Substrate Stage with the fiducial mark in order 
to reset the first interferometer depending on the posi 
tion of the mask Stage in the Second direction. 

4. The Scanning type exposure apparatus according to 
claim 1, further comprising: 

a first pedestal which Supports the projection optical 
System; 

a Second pedestal which arranges the mask Stage thereon; 
a vibration-preventive apparatus which Supports the first 

pedestal, and 

a frame which is provided on a floor to arrange the 
Vibration-preventive apparatus thereon, and the frame 
having an actuator which applies a force corresponding 
to a reaction force generated by movement of the mask 
Stage, to the mask Stage or the Second pedestal. 

5. The Scanning type exposure apparatus according to 
claim 1, wherein an extension line of the measuring beam of 
the first interferometer intersects an optical axis of the 
projection optical System. 

6. A Scanning type exposure apparatus for transferring a 
pattern formed on a mask to a Substrate via a projection 
optical System, while relatively moving the mask and the 
Substrate in a predetermined first direction in Synchroniza 
tion with each other, the Scanning type exposure apparatus 
comprising: 

a mask Stage which is two-dimensionally movable while 
holding the mask, 

a Substrate Stage which is movable in the first direction 
while holding the substrate; 

a first reflecting Surface provided on the mask Stage and 
extending in the first direction; 

a plurality of corner cubes provided on the mask Stage and 
arranged at predetermined spacing distances in a Sec 
ond direction perpendicular to the first direction; 

a first interferometer which measures a position of the 
mask Stage in the first direction by radiating a measur 
ing beam in the first direction onto one of the plurality 

60 
Feb. 14, 2002 

of corner cubes depending on a position of the mask 
Stage in the Second direction, and receiving a reflected 
light beam therefrom; and 

a Second interferometer which measures a position of the 
mask Stage in the Second direction by radiating a 
measuring beam in the Second direction onto the first 
reflecting Surface, and receiving a reflected light beam 
therefrom. 

7. The Scanning type exposure apparatus according to 
claim 6, wherein the plurality of corner cubes are provided 
corresponding to a plurality of areas arranged on the mask 
in the Second direction respectively. 

8. The Scanning type exposure apparatus according to 
claim 7, wherein the plurality of corner cubes further include 
a corner cube arranged at a central portion of the mask in the 
Second direction. 

9. The Scanning type exposure apparatus according to 
claim 6, further comprising a reset unit which resets the first 
interferometer in accordance with position information in 
the Second direction of the mask Stage. 

10. The Scanning type exposure apparatus according to 
claim 6, wherein: 

the apparatus further comprises a third interferometer 
which radiates a measuring beam in the Second direc 
tion onto the mask Stage from a Side opposite to the 
Second interferometer; 

the mask Stage further has a Second reflecting Surface 
parallel to the first reflecting Surface onto which the 
measuring beam from the third interferometer is radi 
ated; and 

the apparatus further comprises a calculating unit which 
calculates the position of the mask Stage in the Second 
direction on the basis of at least one of measured values 
of the second and third interferometers. 

11. The Scanning type exposure apparatus according to 
claim 10, wherein the calculating unit determines the posi 
tion of the mask Stage in the Second direction on the basis of 
one of or both of the measured values of the second and third 
interferometers in accordance with information on an area 
on the mask located opposingly to a projection field of the 
projection optical System, the information being one of 
position information on the mask Stage in the Second direc 
tion. 

12. The Scanning type exposure apparatus according to 
claim 6, wherein: 

a predetermined fiducial mark is arranged on the Substrate 
Stage, and 

the apparatus further comprises a measuring unit which 
measures a positional relationship between the mask 
and the Substrate Stage with the fiducial mark in order 
to reset the first interferometer depending on the posi 
tion of the mask Stage in the Second direction. 

13. The Scanning type exposure apparatus according to 
claim 10, wherein: 

a predetermined fiducial mark is arranged on the Substrate 
Stage, and 

the apparatus further comprises a measuring unit which 
measures a positional relationship between the mask 
and the Substrate Stage with the fiducial mark in order 
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to reset the first interferometer depending on the posi 
tion of the mask Stage in the Second direction. 

14. The Scanning type exposure apparatus according to 
claim 6, further comprising: 

a first pedestal which Supports the projection optical 
System; 

a Second pedestal which arranges the mask Stage thereon; 
a vibration-preventive apparatus which Supports the first 

pedestal, and 
frame provided on a floor on which the vibration 
preventive apparatus is arranged, and the frame having 
an actuator which applies a force corresponding to a 
reaction force generated by movement of the mask 
Stage, to the mask Stage or the Second pedestal. 

15. The Scanning type exposure apparatus according to 
claim 10, further comprising: 

a first pedestal which Supports the projection optical 
System; 

a Second pedestal which arranges the mask Stage thereon; 
a vibration-preventive apparatus which Supports the first 

pedestal, and 
frame provided on a floor on which the vibration 
preventive apparatus is arranged, and the frame having 
an actuator which applies a force corresponding to a 
reaction force generated by movement of the mask 
Stage, to the mask Stage or the Second pedestal. 

16. The Scanning type exposure apparatus according to 
claim 6, wherein an extension line of the measuring beam of 
the first interferometer intersects an optical axis of the 
projection optical System. 

17. The Scanning type exposure apparatus according to 
claim 10, wherein an extension line of the measuring beam 
of the first interferometer intersects an optical axis of the 
projection optical System. 

18. The Scanning type exposure apparatus according to 
claim 12, wherein an extension line of the measuring beam 
of the first interferometer intersects an optical axis of the 
projection optical System. 

19. The Scanning type exposure apparatus according to 
claim 16, wherein the Second interferometer radiates two 
measuring beams onto the first reflecting Surface in the 
Second direction, and an extension line of one of the two 
measuring beams intersects an optical axis of the projection 
optical System. 

20. The Scanning type exposure apparatus according to 
claim 6, wherein the first reflecting Surface is formed on a 
Side Surface of the mask Stage. 

21. The Scanning type exposure apparatus according to 
claim 10, wherein the first reflecting Surface is formed on a 
Side Surface of the mask Stage. 

22. The Scanning type exposure apparatus according to 
claim 12, wherein the first reflecting Surface is formed on a 
Side Surface of the mask Stage. 

23. A Scanning exposure method for transferring a pattern 
formed on a mask to a Substrate, while relatively moving a 
mask Stage which holds the mask and a Substrate Stage 
which holds the Substrate in a predetermined first direction 
in Synchronization with each other, the method comprising: 

a first Scanning exposure Step of transferring a pattern in 
a first area on the mask to a predetermined area on the 
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Substrate, while radiating a measuring beam onto a first 
reflecting Surface provided on the mask Stage to extend 
in the first direction and receiving a reflected light beam 
therefrom to manage a position of the mask Stage in a 
Second direction, and radiating a measuring beam onto 
a first corner cube provided on the mask Stage and 
receiving a reflected light beam therefrom to manage a 
position of the mask Stage in the first direction; and 

a Second Scanning exposure Step of transferring a pattern 
in a Second area adjoining the first area in the Second 
direction on the mask to the predetermined area on the 
Substrate, while radiating the measuring beam onto the 
first reflecting Surface and receiving a reflected light 
beam therefrom to manage the position of the mask 
Stage in the Second direction, and radiating the mea 
Suring beam onto a Second corner cube different from 
the first corner cube provided on the mask Stage and 
receiving a reflected light beam therefrom to manage 
the position of the mask Stage in the first direction. 

24. The Scanning exposure method according to claim 23, 
wherein the pattern in the first area and the pattern in the 
Second area are Subjected to overlay exposure on the Sub 
Strate to form a predetermined circuit pattern. 

25. The Scanning exposure method according to claim 23, 
wherein the first corner cube is provided at a mask Stage 
position corresponding to the pattern in the first area, and the 
Second corner cube is provided at a mask Stage position 
corresponding to the pattern in the Second area. 

26. A method for producing a Scanning type exposure 
apparatus which transfers a pattern on a mask to a Substrate 
via a projection optical System by Synchronously moving the 
mask and the Substrate, the method comprising: 

providing the projection optical System; 

providing a mask Stage arranged on a Side of an object 
plane of the projection optical System; 

providing a Substrate Stage arranged on a side of an image 
plane of the projection optical System; 

providing a plurality of corner cubes on the mask Stage to 
be arranged in a Second direction perpendicular to a 
first direction in which the mask is Synchronously 
moved; and 

providing a first interferometer which radiates a measur 
ing beam to the mask Stage in the first direction, and 
receives the measuring beam reflected by one of the 
plurality of corner cubes Selected depending on a 
position of the mask Stage in the Second direction. 

27. The method according to claim 26, further comprising 
providing a driving control System which reciprocates the 
mask Stage in the first direction at least once and moving the 
mask Stage in the Second direction during the reciprocating 
movement in order to transfer the pattern on the mask to the 
Substrate, wherein two of the plurality of corner cubes are 
arranged and Separated from each other by a distance 
corresponding to an amount of movement of the mask Stage 
in the Second direction. 

28. A method for producing a Scanning type exposure 
apparatus which transferS a pattern formed on a mask to a 
Substrate via a projection optical System, while relatively 
moving the mask and the Substrate in a first direction in 
Synchronization with each other, the method comprising: 
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providing the projection optical System; 
providing a mask Stage which is two-dimensionally mov 

able while holding the mask; 
providing a Substrate Stage which is movable in the first 

direction while holding the substrate; 
providing a first reflecting Surface on the mask Stage to 

extend in the first direction; 
providing a plurality of corner cubes on the mask Stage to 

be arranged at predetermined spacing distances in a 
Second direction perpendicular to the first direction; 

providing a first interferometer which measures a position 
of the mask Stage in the first direction by radiating a 
measuring beam in the first direction onto one of the 
plurality of corner cubes depending on a position of the 
mask Stage in the Second direction, and receiving a 
reflected light beam therefrom; and 

providing a Second interferometer which measures a 
position of the mask Stage in the Second direction by 
radiating a measuring beam in the Second direction 
onto the first reflecting Surface, and receiving a 
reflected light beam therefrom. 

29. The method according to claim 28, wherein the 
plurality of corner cubes are provided corresponding to a 
plurality of areas arranged on the mask in the Second 
direction respectively. 

30. The method according to claim 28, further compris 
Ing: 

providing a third interferometer which radiates a measur 
ing beam in the Second direction onto the mask Stage 
from a Side opposite to the Second interferometer; 

providing, on the mask Stage, a Second reflecting Surface 
parallel to the first reflecting Surface onto which the 
measuring beam from the third interferometer is radi 
ated; and 

providing a calculating unit which calculates the position 
of the mask Stage in the Second direction on the basis 
of at least one of measured values of the Second and 
third interferometers. 

31. A Scanning exposure method for transferring a pattern 
on a mask onto a Substrate by reciprocatively moving the 
mask in a first direction to irradiate, with an illumination 
light beam, first and Second areas respectively arranged in a 
Second direction perpendicular to the first direction on the 
mask, and moving the Substrate in Synchronization with the 
movement of the mask, the method comprising: 

driving a mask Stage in the first direction on the basis of 
an output of an interferometer which radiates a mea 
Suring beam to a first mirror provided on the mask Stage 
which holds the mask in order to irradiate the first area 
on the mask with the illumination light beam; and 

driving the mask Stage in the first direction while radiating 
the measuring beam of the interferometer onto a Second 
mirror which is different from the first mirror provided 
on the mask Stage in order to irradiate the Second area 
on the mask with the illumination light beam. 

32. The Scanning exposure method according to claim 31, 
wherein the Second area on the mask is overlay-transferred 
to a comparted area on the Substrate to which the first area 
on the mask is transferred to form a combined pattern of a 
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first pattern in the first area and a Second pattern in the 
Second area in the comparted area. 

33. The Scanning exposure method according to claim 31, 
wherein in order to Successively transfer the pattern on the 
mask to a plurality of comparted areas on the Substrate, the 
first area on the mask is Successively transferred to the 
plurality of comparted areas, the mask is moved in the 
Second direction, and then the Second area on the mask is 
Successively transferred to the plurality of comparted areas. 

34. The Scanning exposure method according to claim 33, 
wherein intensity distribution of the illumination light beam 
is changed before the Second area on the mask is transferred 
to the plurality of comparted areas. 

35. The Scanning exposure method according to claim 31, 
wherein the mask Stage is moved obliquely with respect to 
the first direction during deceleration of the mask Stage after 
the first area on the mask is irradiated with the illumination 
light beam. 

36. The Scanning exposure method according to claim 31, 
wherein the mask Stage is accelerated in a direction inter 
Secting the first and Second directions to allow the Second 
area on the mask to approach the illumination light beam 
before the Second area on the mask is irradiated with the 
illumination light beam. 

37. The Scanning exposure method according to claim 31, 
wherein the mask Stage is driven without any Stop between 
illumination of the illumination light beam onto the first area 
on the mask and illumination of the illumination light beam 
onto the Second area on the mask. 

38. The Scanning exposure method according to claim 36, 
wherein the mask Stage is driven without any Stop between 
illumination of the illumination light beam onto the first area 
on the mask and illumination of the illumination light beam 
onto the Second area on the mask. 

39. The Scanning exposure method according to claim 31, 
wherein a Substrate Stage which holds the Substrate is driven 
without any Stop between first Scanning exposure for trans 
ferring the first area on the mask to a first comparted area on 
the Substrate and Second Scanning exposure for transferring 
the Second area on the mask to a Second comparted area 
adjacent to the first comparted area on the Substrate. 

40. The Scanning exposure method according to claim 36, 
wherein a Substrate Stage which holds the Substrate is driven 
without any Stop between first Scanning exposure for trans 
ferring the first area on the mask to a first comparted area on 
the Substrate and Second Scanning exposure for transferring 
the Second area on the mask to a Second comparted area 
adjacent to the first comparted area on the Substrate. 

41. The Scanning exposure method according to claim 40, 
wherein the Substrate Stage is accelerated in a direction 
interSecting the first and Second directions before the Second 
Scanning exposure. 

42. The Scanning exposure method according to claim 31, 
wherein the mask includes first and Second masks arranged 
in the Second direction, a first pattern in the first area is 
formed on the first mask, and a Second pattern in the Second 
area is formed on the Second mask. 

43. The Scanning exposure method according to claim 35, 
wherein the mask includes first and Second masks arranged 
in the Second direction, a first pattern in the first area is 
formed on the first mask, and a Second pattern in the Second 
area is formed on the Second mask. 

44. The Scanning exposure method according to claim 40, 
wherein the mask includes first and Second masks arranged 
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in the Second direction, a first pattern in the first area is 
formed on the first mask, and a Second pattern in the Second 
area is formed on the Second mask. 

45. The Scanning exposure method according to claim 31, 
wherein each of the first and Second mirrorS is a corner cube. 

46. A Scanning exposure method for transferring a pattern 
on a mask onto a Substrate by reciprocatively moving the 
mask in a first direction to irradiate, with an illumination 
light beam, first and Second areas respectively arranged in a 
Second direction perpendicular to the first direction on the 
mask, and moving the Substrate in Synchronization with the 
movement of the mask, wherein: 

the mask is moved without any Stop between illumination 
of the illumination light beam onto the first area on the 
mask and illumination of the illumination light beam 
onto the Second area on the mask. 

47. A Scanning eXposure method for transferring a circuit 
pattern onto a Substrate, comprising: 

a first Step of moving a mask having first and Second 
divided patterns of the circuit pattern in a first direction 
to irradiate the first divided pattern with an illumination 
light beam, and moving the Substrate in Synchroniza 
tion with the movement of the mask to transfer the first 
divided pattern to a comparted area on the Substrate; 
and 

a Second step of moving the mask in the first direction, 
i.e., in the direction opposite to that used in the first Step 
to irradiate the second divided pattern with the illumi 
nation light beam, and moving the Substrate in Syn 
chronization with the movement of the mask to transfer 
the Second divided pattern to the comparted area. 

48. The Scanning exposure method according to claim 47, 
wherein the mask is moved between the first step and the 
Second Step So that at least one of a Velocity component in 
the first direction and a Velocity component in a Second 
direction perpendicular thereto is not Zero. 

49. A stage apparatus comprising: 
a first movable member which is movable in a two 

dimensional plane while holding a Substrate; 
a first reflecting surface which is provided on the first 
movable member to extend in a direction interSecting a 
predetermined first axis and a Second axis perpendicu 
lar thereto in the two-dimensional plane; 

a first interferometer which measures a position of the first 
movable member in a third axis direction by perpen 
dicularly radiating a measuring beam onto the first 
reflecting Surface and receiving a reflected light beam 
therefrom; and 

a calculating unit which calculates a position coordinate 
on a rectangular coordinate System defined by the first 
axis and the Second axis of the first movable member, 
on the basis of a measured value obtained by the first 
interferometer. 

50. The Stage apparatus according to claim 49, further 
comprising: 

a Second reflecting Surface which is provided on the first 
movable member to extend in the Second axis direction; 
and 

a Second interferometer which measures a position of the 
first movable member in the first axis direction by 
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perpendicularly radiating a measuring beam onto the 
Second reflecting Surface and receiving a reflected light 
beam therefrom, wherein: 
the calculating unit calculates a position coordinate of 

the first movable member in the second axis direc 
tion on the basis of the measured value obtained by 
the first interferometer. 

51. The Stage apparatus according to claim 49, wherein 
the calculating unit calculates at least one of the position in 
the first axis direction and the position in the Second axis 
direction of the first movable member on the basis of both 
of the measured value obtained by the first interferometer 
and the measured value obtained by the Second interferom 
eter. 

52. The Stage apparatus according to claim 49, further 
comprising: 

a third reflecting surface which is provided on the first 
movable member, which intersects the first axis and the 
Second axis perpendicular thereto in the two-dimen 
Sional plane, and which extends in a direction different 
from that of the first reflecting Surface; and 

a third interferometer which measures a position of the 
first movable member in a fourth axis direction by 
perpendicularly radiating a measuring beam onto the 
third reflecting Surface and receiving a reflected light 
beam therefrom, wherein: 
the calculating unit calculates a position of the first 

movable member in the Second axis direction on a 
Stage coordinate System defined by the first axis and 
the Second axis on the basis of measured values 
obtained by the first and third interferometers. 

53. The Stage apparatus according to claim 49, wherein: 
the first interferometer radiates the two measuring beams 

having respective measuring axes onto the first reflect 
ing Surface So as to be separated each other in a 
direction perpendicular to the two-dimensional plane, 
and receives respective reflected light beams therefrom, 
in order to measure the position of the first movable 
member in the third axis direction for each of measur 
ing axes, and 

the calculating unit also calculates inclination of the first 
movable member with respect to the two-dimensional 
plane on the basis of the measured value obtained by 
the first interferometer. 

54. The Stage apparatus according to claim 49, wherein: 
the first interferometer radiates two measuring beam 

having respective measuring axes Separated in a direc 
tion parallel to the two-dimensional plane onto the first 
reflecting Surface, and receives respective reflected 
light beams therefrom in order to measure the position 
of the first movable member in the third axis direction 
for each of measuring axes, and 

the calculating unit also calculates rotation of the first 
movable member in the two-dimensional plane on the 
basis of the measured value obtained by the first 
interferometer. 

55. The Stage apparatus according to claim 53, wherein: 
the first interferometer radiates two measuring beam 

having respective measuring axes Separated in a direc 
tion parallel to the two-dimensional plane onto the first 
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reflecting Surface, and receives respective reflected member in a direction of each of the measuring axes for 
light beams therefrom, in order to measure the position each of the measuring axes, and 
of the first movable member in the third axis direction 
for each of the measuring axes, and the calculating unit calculates rotation of the first movable 

member in the two-dimensional plane and inclination 
the calculating unit also calculates rotation of the first with respect to the two-dimensional plane using a 

movable member in the two-dimensional plane on the measured value or measured values obtained by the 
basis of the measured value obtained by the first inter measuring axis or the measuring axes of at least one of 
s"R. di laim 50, wherein: the first, Second, and third interferometers. 

. The Stage apparatus according to claim 50, wherein: 65. The Stage apparatus according to claim 64, wherein: 
the Second interferometer radiates three measuring beams 

having respective measuring axes onto the Second the first movable member includes a Second plate mov 
reflecting Surface So that incoming points into the able in the two-dimensional plane, a leveling drive 
Second reflecting Surface are not arranged on an iden- mechanism carried on the Second plate, and a first plate 
tical Straight line on the Second reflecting Surface, and which is Supported by the leveling drive mechanism 
receiving respective reflected light beams therefrom, in and holds the Substrate; 
order to measure the position of the first movable 
member in the first axis direction for the respective the first, Second, and third reflecting Surfaces are provided 
measuring axes, and on the first plate; 

the calculating unit also calculates rotation of the first the leveling drive mechanism includes three actuators 
movable member in the two-dimensional plane and which support the first plate at different three points 
inclination of the first movable member with respect to Substantially on extension lines of the respective mea 
the two-dimensional plane on the basis of the measured Suring axes of the first, Second, and third interferom 
value obtained by the second interferometer. eters, the actuators driving the first plate independently 

57. The Stage apparatus according to claim 49, wherein in a direction perpendicular to the two-dimensional 
the first reflecting Surface is formed on an end Surface of the plane at respective Support points; 
first movable member. - 

58. The Stage apparatus according to claim 53, wherein the calculating unit calculates inclination of the first, 
the first reflecting Surface is formed on an end Surface of the Second, and third reflecting Surfaces with respect to the 
first movable member. two-dimensional plane using the measured values 

59. The Stage apparatus according to claim 56, wherein obtained by the first, second, and third interferometers 
the first reflecting Surface is formed on an end Surface of the respectively; and 
first movable member. 

the Stage apparatus further comprises an actuator control 
60. The Stage apparatus according to claim 50, wherein it which trols the th tuators i d 

the first movable member has a Substantially triangular unit wnicn controls tne unree actuators in accordance 
configuration, and the Second reflecting Surface is formed on with a calculation result obtained by the calculating 
an end Surface of the first movable member. unt. 

61. The Stage apparatus according to claim 56, wherein 66. The stage apparatus according to claim 49, further 
the first movable member has a Substantially triangular compriSIng: 
configuration, and the Second reflecting Surface is formed on a base board; and 
an end Surface of the first movable member. 

62. The Stage apparatus according to claim 60, further a Second movable member which arranges the first mov 
comprising a driving unit which drives the first movable able member thereon, the second movable member 
member in a direction perpendicular to the two-dimensional being arranged on the base board and movable relative 
plane in response to an output of at least one of first, Second, to the base board and the first movable member respec 
and third interferometers, provided in the vicinity of at least tively, wherein: 
one corner of three corners of the Substantially triangular 
first movable member. the Second movable member is moved in response to a 

63. The Stage apparatus according to claim 61, further SR enerated by movement of the first 
comprising a driving unit which drives the first movable OWOIC COC. 
member in a direction perpendicular to the two-dimensional 67. The stage apparatus according to claim 53, further 
plane in response to an output of at least one of first, Second, compriSIng: 
and third interferometers, provided in the vicinity of at least a base board; and 
one corner of three corners of the Substantially triangular 
first movable member. a Second movable member which arranges the first mov 

64. The Stage apparatus according to claim 52, wherein: able member thereon, the second movable member 
being arranged on the base board and movable relative 

each of the interferometers radiates three measuring beam to the base board and the first movable member respec 
having respective measuring axes onto the correspond- tively, wherein: 
ing reflecting Surface So that their incoming points are 
not arranged on an identical Straight line on the reflect- the Second movable member is moved in response to a 
ing Surface, and receives reflected light beams there- reaction force generated by movement of the first 
from, in order to measure a position of the first movable movable member. 
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68. The Stage apparatus according to claim 57, further 
comprising: 

a base board; and 

a Second movable member which arranges the first mov 
able member thereon, the second movable member 
being arranged on the base board and movable relative 
to the base board and the first movable member respec 
tively, wherein: 

the Second movable member is moved in response to a 
reaction force generated by movement of the first 
movable member. 

69. The Stage apparatus according to claim 66, further 
comprising: 

a driving System which drives the Second movable mem 
ber provided on the base board at a predetermined 
response frequency; and 

a control unit which controls a position of the Second 
movable member at a response frequency of not more 
than several HZ by the aid of the driving system. 

70. The Stage apparatus according to claim 67, further 
comprising: 

a driving System which drives the Second movable mem 
ber provided on the base board at a predetermined 
response frequency; and 

a control unit which controls a position of the Second 
movable member at a response frequency of not more 
than several HZ by the aid of the driving system. 

71. The Stage apparatus according to claim 68, further 
comprising: 

a driving System which drives the Second movable mem 
ber provided on the base board at a predetermined 
response frequency; and 

a control unit which controls a position of the Second 
movable member at a response frequency of not more 
than several HZ by the aid of the driving system. 

72. A Scanning type exposure apparatus for exposing a 
Substrate by transferring a pattern formed on a mask onto the 
Substrate, the apparatus comprising: 

a Stage apparatus including a Substrate Stage which is 
movable in a two-dimensional plane while holding the 
Substrate, a first reflecting Surface which is provided on 
the Substrate Stage to extend in a direction interSecting 
a predetermined first axis and a Second axis perpen 
dicular thereto in the two-dimensional plane, a first 
interferometer which measures a position of the Sub 
Strate Stage in a third axis direction by perpendicularly 
radiating a measuring beam onto the first reflecting 
Surface and receiving a reflected light beam therefrom, 
and a calculating unit which calculates a position 
coordinate on a rectangular coordinate System defined 
by the first axis and the second axis of the substrate 
Stage, on the basis of a measured value obtained by the 
first interferometer; 

a mask Stage which holds the mask, and 
a stage control System which relatively moves the mask 

Stage and the Substrate Stage in Synchronization with 
each other in a direction of the first axis, wherein: 
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the pattern formed on the mask is transferred to the 
Substrate on the Substrate Stage during the relative 
movement of the mask Stage and the Substrate Stage 
effected by the Stage control System. 

73. The Scanning type exposure apparatus according to 
claim 72, further comprising: 

a Second reflecting Surface provided on the Substrate Stage 
and extending in the Second axis direction; and 

a Second interferometer which measures a position of the 
Substrate Stage in the first axis direction by perpendicu 
larly radiating a measuring beam onto the Second 
reflecting Surface and receiving a reflected light beam 
therefrom, wherein: 
the calculating unit calculates a position coordinate of 

the Substrate Stage in the Second axis direction on the 
basis of the measured value obtained by the first 
interferometer. 

74. The Scanning type exposure apparatus according to 
claim 73, further comprising: 

a third reflecting Surface which is provided on the Sub 
Strate Stage, which intersects the first axis and the 
Second axis perpendicular thereto in the two-dimen 
Sional plane, and which extends in a direction different 
from that of the first reflecting Surface; and 

a third interferometer which measures a position of the 
Substrate Stage in a fourth axis direction by perpen 
dicularly radiating a measuring beam onto the third 
reflecting Surface and receiving a reflected light beam 
therefrom, wherein: 
the calculating unit calculates a position of the Substrate 

Stage in the Second axis direction on a Stage coordi 
nate System defined by the first axis and the Second 
axis on the basis of measured values obtained by the 
first and third interferometers. 

75. The Scanning type exposure apparatus according to 
claim 74, wherein: 

each of the first and third interferometers is an interfer 
ometer having two axes, the apparatus further com 
prises: 
a projection optical System having an optical axis 
which is orthogonal to the mask and the Substrate 
respectively; and 

an alignment optical System provided Separately from 
the projection optical System; and 

the respective measuring axes of the first and third 
interferometers are Set So that a point of interSection 
obtained by extending one of the measuring axes of 
each of the first and third interferometers is Substan 
tially coincident with a center of the projection 
optical System, and a point of interSection obtained 
by extending the respective remaining measuring 
axes is Substantially coincident with a center of the 
alignment optical System. 

76. The Scanning type exposure apparatus according to 
claim 74, wherein rate of acceleration, maximum Velocity, 
and Settling time of the Substrate Stage during the exposure 
are determined So that any one of the measuring axes of the 
first, Second, and third interferometers is not deviated from 
the corresponding reflecting Surface of the first, Second, and 
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third reflecting Surfaces during the Scanning exposure for 
peripheral areas of the Substrate. 

77. The Scanning type exposure apparatus according to 
claim 74, wherein a fiducial mark and a Sensor which 
perform predetermined measurement in relation to exposure 
process with the measured values of the first, Second, and 
third interferometers are arranged at predetermined posi 
tions on the Substrate Stage at which any one of the mea 
Suring axes of the first, Second, and third interferometers is 
not deviated from the corresponding reflecting Surface of the 
first, Second, and third reflecting Surfaces. 

78. The Scanning type exposure apparatus according to 
claim 74, wherein: 

each of the interferometers radiates three measuring beam 
having respective measuring axes which are not 
arranged on an identical Straight line on each of the 
reflecting Surfaces onto the corresponding reflecting 
Surface respectively, and receives reflected light beams 
therefrom, in order to measure a position of the Sub 
Strate Stage in a direction of each of measuring axes for 
each of the measuring axes, and 

the calculating unit calculates rotation of the Substrate 
Stage in the two-dimensional plane and inclination with 
respect to the two-dimensional plane using a measured 
value or measured values obtained by the measuring 
axis or the measuring axes of at least one of the first, 
Second, and third interferometers. 

79. The Scanning type exposure apparatus according to 
claim 74, wherein: 

the Substrate Stage includes a Second plate movable in the 
two-dimensional plane, a leveling drive mechanism 
carried on the Second plate, and a first plate which is 
Supported by the leveling drive mechanism and holds 
the Substrate; 

the first, Second, and third reflecting Surfaces are provided 
on the first plate; 

the leveling drive mechanism includes three actuators 
which support the first plate at different three points 
Substantially on extension lines of the respective mea 
Suring axes of the first, Second, and third interferom 
eters, the actuators driving the first plate independently 
in a direction perpendicular to the two-dimensional 
plane at respective Support points; 

the calculating unit calculates inclination of the first, 
Secondhand third reflecting Surfaces with respect to the 
two-dimensional plane using the measured values 
obtained by the first, second, and third interferometers 
respectively; and 

the Stage apparatus further comprises an actuator control 
unit which controls the three actuators in accordance 
with a calculation result obtained by the calculating 
unit. 

80. The Scanning type exposure apparatus according to 
claim 78, wherein: 

the mask Stage is rotatable in the two-dimensional plane; 
the calculating unit calculates a rotation discrepancy 

amount of the Substrate Stage in the two-dimensional 
plane on the basis of the measured value obtained by 
the Second interferometer; and 
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the Stage control System controls rotation of the mask 
Stage So that the rotation discrepancy amount is cor 
rected. 

81. The Scanning type exposure apparatus according to 
claim 72, further comprising: 

a base board; 
a Second movable member which arranges the Substrate 

Stage thereon, the Second movable member being 
arranged on the base board and movable relative to 
each of the base board and the Substrate Stage; 

a driving System which drives the Second movable mem 
ber provided on the base board at a predetermined 
response frequency; and 

a control unit which controls a position of the Second 
movable member at a response frequency of not more 
than several HZ by the aid of the driving system, 
wherein: 

the Second movable member is moved in response to a 
reaction force generated by movement of the Sub 
Strate Stage. 

82. The Scanning type exposure apparatus according to 
claim 81, wherein: 

the Substrate Stage has a weight which is not more than /6 
of a weight of the Second movable member; and 

the control unit varies a response frequency of the Second 
movable member before exposure or alignment and the 
other response frequencies. 

83. The Scanning type exposure apparatus according to 
claim 82, further comprising: 

a position-measuring unit which monitors a two-dimen 
Sional position of the Second movable member, 
wherein: 

the control unit corrects the position of the Second 
movable member to a predetermined position on the 
basis of a measurement result obtained by the posi 
tion-measuring unit during movement of the Sub 
Strate Stage other than exposure and alignment. 

84. The Scanning type exposure apparatus according to 
claim 75, further comprising at least two apparatuses which 
Supplies temperature-adjusted gas in order to adjust tem 
perature of light flux paths of the first, Second, and third 
interferometers. 

85. The Scanning type exposure apparatus according to 
claim 72, wherein the first reflecting Surface is formed on an 
end Surface of the Substrate Stage. 

86. The Scanning type exposure apparatus according to 
claim 85, wherein the Substrate Stage has at least three 
reflecting Surfaces on its end Surface, and one of the three 
reflecting Surfaces is the first reflecting Surface. 

87. The Scanning type exposure apparatus according to 
claim 85, wherein the Stage control System determines not 
only throughput but also Scanning Velocities of the mask and 
the Substrate on the basis of an extending length of the first 
reflecting Surface. 

88. The Scanning type exposure apparatus according to 
claim 72, further comprising a plurality of corner cubes 
attached to the mask Stage in a direction of movement of the 
mask and the Substrate, and an interferometer System which 
radiates the light beam onto one of the plurality of corner 
cubes and receiving a reflected light beam therefrom. 
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89. A Scanning type exposure apparatus for exposing a 
photoSensitive Substrate with a pattern by Synchronously 
moving a mask formed with the pattern and the photosen 
Sitive Substrate across an area onto which an energy beam is 
radiated, the apparatus comprising: 

a mask Stage which is movable while placing the mask 
thereon; 

a Substrate Stage which is movable while placing the 
photosensitive Substrate thereon, the Substrate Stage 
having, on a side wall, at least first, Second, and third 
reflecting Surfaces, and the first, Second and third 
reflecting Surfaces or extension lines thereof forming a 
triangle; and 

an interferometer System which radiates measuring beams 
to the first, Second, and third reflecting Surfaces respec 
tively. 

90. The Scanning type exposure apparatus according to 
claim 89, wherein the triangle is a regular triangle. 

91. The Scanning type exposure apparatus according to 
claim 89, wherein one reflecting Surface of the first, Second, 
and third reflecting Surfaces extends in a direction along a 
Scanning direction or a direction perpendicular thereto. 

92. The Scanning type exposure apparatus according to 
claim 89, wherein the mask Stage is provided with a plurality 
of corner cubes which are disposed at a Side portion of the 
Stage. 

93. The Scanning type exposure apparatus according to 
claim 89, further comprising a base board and a movable 
base board Supported thereover in a floating manner, 
wherein the Substrate Stage is Supported over the movable 
base board in a floating manner So that the movable base 
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board is moved in accordance with a reaction force gener 
ated when the Substrate Stage is moved in a Scanning 
direction. 

94. The Scanning type exposure apparatus according to 
claim 93, wherein the Substrate Stage is composed of a 
plurality of triangular Stages which hold the Substrates 
respectively. 

95. A Stage apparatus comprising: 
a base board; 
a first movable member which is movable relative to the 

base board and holds a Substrate; 
a Second movable member which arranges the first mov 

able member thereon, the second movable member 
being arranged on the base board and being movable 
relative to the base board and the first movable member 
respectively; and 

a driving unit which moves the first movable member in 
a two-dimensional plane, wherein: 
the Second movable member is moved in accordance 

with a reaction force generated by the movement of 
the first movable member. 

96. The Stage apparatus according to claim 95, wherein: 
the driving unit includes a linear actuator which drives the 

first movable member on the second movable member; 
and 

the first movable member and the second movable mem 
ber are Supported in a non-contact manner by the 
Second movable member and the base board respec 
tively. 
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97. The Stage apparatus according to claim 95, wherein: 
the first movable member has a first reflecting surface 
which extends in a direction interSecting first and 
Second axes respectively orthogonal to one another in 
the two-dimensional plane, a Second reflecting Surface 
which extends in the Second axis direction, and a third 
reflecting Surface which is arranged Substantially Sym 
metrically to the first reflecting Surface with respect to 
the first axis, and 

the apparatus further comprises three interferometers 
which radiate measuring beams to the first, Second, and 
third reflecting Surfaces respectively. 

98. The Stage apparatus according to claim 95, wherein 
the first movable member includes: 

a first plate which places the Substrate thereon; 
a driving mechanism which moves the first plate in a 

direction perpendicular to the two-dimensional plane, 
and inclines the first plate relative to the two-dimen 
Sional plane; and 

a Second plate which places the driving mechanism 
thereon. 

99. The stage apparatus according to claim 95, wherein 
the first movable member is composed of a plurality of 
movable Sections, the respective movable Sections are 
arranged on the Second movable member, the driving unit 
drives the respective movable Sections in the two-dimen 
Sional plane, and the Second movable member is moved in 
accordance with the reaction force brought about when the 
respective movable Sections are driven. 

100. The stage apparatus according to claim 98, wherein 
the first movable member is composed of a plurality of 
movable Sections, the respective movable Sections are 
arranged on the Second movable member, the driving unit 
drives the respective movable Sections in the two-dimen 
Sional plane, and the Second movable member is moved in 
accordance with the reaction force brought about when the 
respective movable Sections are driven. 

101. The Stage apparatus according to claim 95, wherein: 
a mass of the first movable member is not more than about 

/6 of a mass of the second movable member; and 
the apparatus further comprises a Second driving unit 
which drives the second movable member at a low 
response frequency on the base board. 

102. The Stage apparatus according to claim 98, wherein: 
a mass of the first movable member is not more than about 

/6 of a mass of the second movable member; and 
the apparatus further comprises a Second driving unit 
which drives the second movable member at a low 
response frequency on the base board. 

103. The stage apparatus according to claim 99, wherein: 
a mass of the first movable member is not more than about 

/6 of a mass of the second movable member; and 
the apparatus further comprises a Second driving unit 
which drives the second movable member at a low 
response frequency on the base board. 

104. An exposure apparatus comprising the Stage appa 
ratus as defined in claim 49, wherein a pattern on a mask is 
transferred to a photosensitive SubStrate held by the Stage 
apparatuS. 
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105. An exposure apparatus comprising the Stage appa 
ratus as defined in claim 95, wherein a pattern on a mask is 
transferred to a photosensitive substrate held by the first 
movable member. 

106. The exposure apparatus according to claim 105, 
further comprising a Second driving unit for driving the 
Second movable member on the base board, and a control 
unit which varies control response of the Second driving unit 
in a plurality of operations including an exposure operation 
for the photosensitive substrate. 

107. The exposure apparatus according to claim 106, 
wherein the control unit moves the second movable member 
by the aid of the second driving unit after moving the first 
movable member, and a response frequency of the Second 
driving unit is increased during the movement of the Second 
movable member as compared with the movement of the 
first movable member. 

108. A Scanning type exposure apparatus comprising: 
a stage apparatus including a base board; a first movable 
member which is movable relative to the base board 
and holds a Substrate; a Second movable member which 
arranges the first movable member thereon, the Second 
movable member being arranged on the base board and 
being movable relative to the base board and the first 
movable member respectively; and a driving unit which 
moves the first movable member in a two-dimensional 
plane, wherein the Second movable member is moved 
in accordance with a reaction force generated by the 
movement of the first movable member; 

a mask Stage which holds a mask, 
a projection optical System having an optical axis perpen 

dicular to the mask and the Substrate respectively; 
a first pedestal which Supports the projection optical 

System and Suspends the base board thereby, and 
a vibration-preventive apparatus which Supports the first 

pedestal, wherein: 
a pattern on the mask is transferred onto the Substrate 

via the projection optical System by Synchronously 
moving the mask and the substrate by the aid of the 
mask Stage and the Stage apparatus. 

109. The Scanning type exposure apparatus according to 
claim 108, further comprising: 

a Second pedestal which places the mask Stage thereon; 
and 

frame provided on a floor on which the vibration 
preventive apparatus is arranged, and the frame having 
an actuator which applies a force corresponding to a 
reaction force generated by movement of the mask 
Stage, to the mask Stage or the Second pedestal. 

110. The Scanning type exposure apparatus according to 
claim 109, further comprising: 

a base plate which places the vibration-preventive appa 
ratus thereon, and 

an elastic member which connects the base plate and the 
frame. 

111. The Scanning type exposure apparatus according to 
claim 108, wherein: 

the first movable member has a first reflecting surface 
which extends in a direction interSecting a Scanning 
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direction for the Substrate and a non-Scanning direction 
orthogonal thereto respectively on the two-dimensional 
plane, a Second reflecting Surface which extends in the 
non-Scanning direction, and a third reflecting Surface 
which is arranged Substantially Symmetrically to the 
first reflecting Surface in relation to the Scanning direc 
tion; and 

the apparatus further comprises three Sets of interferom 
eters which radiate measuring beams to the first, Sec 
ond, and third reflecting Surfaces respectively. 

112. The Scanning type exposure apparatus according to 
claim 108, further comprising: 

a position-measuring unit which detects a relative position 
of the second movable member with respect to the base 
board; and 

a Second driving unit which positions the Second movable 
member at a predetermined point on the base board on 
the basis of an output of the position-measuring unit 
during operation other than exposure operation for the 
Substrate and alignment operation. 

113. The Scanning type exposure apparatus according to 
claim 108, wherein the first movable member is composed 
of a plurality of movable Sections, the respective movable 
Sections are arranged on the Second movable member, the 
driving unit drives the respective movable Sections in the 
two-dimensional plane, and the Second movable member is 
moved in accordance with the reaction force brought about 
when the respective movable Sections are driven. 

114. The Scanning type exposure-apparatus according to 
claim 111, further comprising: 

a position-measuring unit which detects a relative position 
of the second movable member to the base board; and 

a Second driving unit which positions the Second movable 
member at a predetermined point on the base board on 
the basis of an output of the position-measuring unit 
during operation other than exposure operation for the 
Substrate and alignment operation. 

115. The Scanning type exposure apparatus according to 
claim 108, wherein the first movable member is a Substrate 
Stage. 

116. The Scanning type exposure apparatus according to 
claim 108, further comprising a plurality of corner cubes 
attached to the mask Stage in a direction interSecting a 
direction in which the mask is moved, and an interferometer 
System which radiates the light beam onto one of the 
plurality of corner cubes and receives a reflected light beam 
therefrom. 

117. An exposure apparatus for transferring a pattern on 
a mask onto a Substrate, comprising: 

a base board; 
at least two first movable members each of which is 

movable relative to the base board and holds the 
Substrate respectively; 

a Second movable member which places the respective 
first movable members thereon, the second movable 
member being arranged on the base board and being 
movable relative to the base board and each of the first 
movable members respectively; and 

a driving unit which drives the respective first movable 
members in a two-dimensional plane, wherein: 
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the Second movable member is moved in accordance 
with a reaction force brought about when the respec 
tive first movable members are driven; and 

the Substrate, to which the pattern on the mask is 
transferred, is held by each of the first movable 
members. 

118. The exposure apparatus according to claim 117, 
wherein: 

a mass of each of the first movable members is about not 
more than /6 of a mass of the second movable member; 
and 

the apparatus further comprises a Second driving unit 
which drives the second movable member at a low 
response frequency on the base board. 

119. The exposure apparatus according to claim 118, 
further comprising: 

a projection optical System which projects the pattern on 
the mask onto the Substrate, wherein: 
the driving unit drives the first movable member which 

holds the substrate to which the pattern is trans 
ferred, in a Scanning direction with respect to the 
projection optical System in Synchronization with the 
mask, when the pattern on the mask is transferred to 
the substrate held by each of the first movable 
members. 

120. A Scanning type exposure apparatus for transferring 
a pattern on a mask onto a Substrate by Synchronously 
moving the mask and the Substrate, the apparatus compris 
Ing: 

a Substrate Stage which places the Substrate thereon, the 
Substrate Stage having a first reflecting Surface extend 
ing in a direction interSecting a first direction in which 
the Substrate is Synchronously moved and a Second 
direction perpendicular thereto respectively, and a Sec 
ond reflecting Surface extending in the Second direc 
tion; and 

first and Second interferometers which radiate measuring 
beams onto the first and Second reflecting Surfaces 
respectively. 

121. The Scanning type exposure apparatus according to 
claim 120, further comprising: 

a projection optical System having an optical axis Sub 
Stantially perpendicular to the mask and the Substrate 
respectively, wherein: 
the first and Second interferometers are arranged Such 

that their measuring axes make interSection at the 
optical axis of the projection optical System respec 
tively. 

122. The Scanning type exposure apparatus according to 
claim 121, further comprising: 

an off-axis alignment Sensor which radiates a light beam 
onto a mark on the Substrate, wherein: 

the first interferometer has the first measuring axis 
which intersects the optical axis of the projection 
optical System, and the Second measuring axis which 
intersects a detection center of the off-axis alignment 
SCSO. 

123. The Scanning type exposure apparatus according to 
claim 122, wherein: 
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the Second interferometer radiates two measuring beams 
Separated from each other in the Second direction, onto 
the Second reflecting Surface; and 

the detection center of the off-axis alignment Sensor is 
determined by the two measuring beams, and is 
arranged on the measuring axis of the Second interfer 
ometer passing through the optical axis of the projec 
tion optical System. 

124. The Scanning type exposure apparatus according to 
claim 123, wherein: 

the Substrate Stage has a third reflecting Surface which is 
arranged Substantially Symmetrically to the first reflect 
ing Surface in relation to the first direction; and 

the apparatus further comprises a third interferometer 
which radiates a measuring beam onto the third reflect 
ing Surface. 

125. The Scanning type exposure apparatus according to 
claim 124, wherein the third interferometer has a third 
measuring axis which interSects the optical axis of the 
projection optical System, and a fourth measuring axis which 
intersects the detection center of the off-axis alignment 
SCSO. 

126. The Scanning type exposure apparatus according to 
claim 120, further comprising a mask Stage, a plurality of 
corner cubes attached to the mask Stage in a direction 
interSecting a direction in which the mask is moved, and an 
interferometer System which radiates a light beam to one of 
the plurality of corner cubes and receives a reflected light 
beam therefrom. 

127. An exposure method for transferring a pattern on a 
mask onto a photosensitive Substrate by Synchronously 
moving the mask and the photosensitive Substrate, wherein: 

exposure operation is performed while controlling a posi 
tion of the photoSensitive Substrate in at least the 
non-Scanning direction which is perpendicular to a 
Synchronous movement direction for the photoSensitive 
Substrate, of the non-Scanning direction and the Syn 
chronous movement direction for the photoSensitive 
Substrate, with a first measuring beam in a direction 
different from a non-Scanning direction. 

128. The exposure method according to claim 127, 
wherein the position of the photoSensitive Substrate is con 
trolled in the Synchronous movement direction with a Sec 
ond measuring beam which is Substantially parallel to the 
Synchronous movement direction. 

129. An exposure method for transferring a pattern on a 
mask onto a photoSensitive Substrate, wherein: 

a position of the photosensitive Substrate is controlled 
with a measuring beam in a direction different from a 
first direction in which first and Second areas are 
arranged and a Second direction perpendicular thereto, 
between transfer of the pattern to the first area on the 
photosensitive Substrate and transfer of the pattern to 
the Second area adjacent to the first area on the photo 
Sensitive Substrate. 

130. The exposure method according to claim 129, 
wherein the mask and the photosensitive Substrate are Syn 
chronously moved in the Second direction in order to trans 
fer the pattern to the first and Second areas respectively. 

131. The exposure method according to claim 129 
wherein magnitude of a rate of acceleration differs between 
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acceleration and deceleration of movement of the photosen 
sitive Substrate in the first direction. 

132. A method for producing a stage apparatus, compris 
ing: 

providing a first movable member which is movable in a 
two-dimensional plane while holding a Substrate; 

providing a first reflecting Surface on the first movable 
member to extend in a direction interSecting a prede 
termined first axis and a Second axis perpendicular 
thereto in the two-dimensional plane; 

providing a first interferometer which measures a position 
of the first movable member in a third axis direction by 
perpendicularly radiating a measuring beam onto the 
first reflecting Surface and receiving a reflected light 
beam therefrom; and 

providing a calculating unit which calculates a position 
coordinate on a rectangular coordinate System defined 
by the first axis and the second axis of the first movable 
member, on the basis of a measured value obtained by 
the first interferometer. 

133. The method according to claim 132, further com 
prising: 

providing a Second reflecting Surface on the first movable 
member to extend in the Second axis direction; and 

providing a Second interferometer which measures a 
position of the first movable member in the first axis 
direction by perpendicularly radiating a measuring 
beam onto the Second reflecting Surface and receiving 
a reflected light beam therefrom, wherein: 
the calculating unit calculates a position coordinate of 

the first movable member in the second axis direc 
tion on the basis of the measured value obtained by 
the first interferometer. 

134. The method according to claim 133, further com 
prising: 

providing a third reflecting Surface on the first movable 
member, the third reflecting Surface interSecting the 
first axis and the Second axis perpendicular thereto in 
the two-dimensional plane, and extending in a direction 
different from that of the first reflecting surface; and 

providing a third interferometer which measures a posi 
tion of the first movable member in a fourth axis 
direction by perpendicularly radiating a measuring 
beam onto the third reflecting Surface and receiving a 
reflected light beam therefrom, wherein: 
the calculating unit calculates a position of the first 

movable member in the Second axis direction on a 
Stage coordinate System defined by the first axis and 
the Second axis on the basis of measured values 
obtained by the first and third interferometers. 

135. A method for producing a Scanning type exposure 
apparatus which exposes a Substrate by transferring a pattern 
formed on a mask onto the Substrate, the method compris 
Ing: 

producing a Stage apparatus by providing a SubStrate Stage 
which is movable in a two-dimensional plane while 
holding the Substrate, a first reflecting Surface which is 
provided on the Substrate Stage to extend in a direction 
interSecting a predetermined first axis and a Second axis 
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perpendicular thereto in the two-dimensional plane, a 
first interferometer which measures a position of the 
Substrate Stage in a third axis direction by perpendicu 
larly radiating a measuring beam onto the first reflect 
ing Surface and receiving a reflected light beam there 
from, and a calculating unit which calculates a position 
coordinate on a rectangular coordinate System defined 
by the first axis and the second axis of the substrate 
Stage, on the basis of a measured value obtained by the 
first interferometer respectively; 

providing a mask Stage which holds the mask, and 
providing a Stage control System which relatively moves 

the mask Stage and the Substrate Stage in Synchroniza 
tion with each other in a direction of the first axis, 
wherein: 

the Scanning type exposure apparatus is operated Such 
that the pattern formed on the mask is transferred to 
the Substrate on the Substrate Stage during relative 
movement of the mask Stage and the Substrate Stage 
effected by the Stage control System. 

136. A method for producing a stage apparatus, compris 
ing: 

providing a base board; 

providing a first movable member which is movable 
relative to the base board which holds a Substrate; 

arranging, on the base board, a Second movable member 
which arranges the first movable member thereon, the 
second movable member being movable relative to the 
base board and the first movable member respectively; 
and 

providing a driving unit which moves the first movable 
member in a two-dimensional plane, wherein: 
the Stage apparatus is constructed Such that the Second 

movable member is moved in accordance with a 
reaction force generated by the movement of the first 
movable member. 

137. A method for producing a Scanning type exposure 
apparatus, comprising: 

producing a stage apparatus by providing a base board; a 
first movable member which is movable relative to the 
base board and holds a Substrate; a Second movable 
member which arranges the first movable member 
thereon, the Second movable member being arranged 
on the base board and being movable relative to the 
base board and the first movable member respectively; 
and a driving unit which moves the first movable 
member in a two-dimensional plane respectively; 
whereby the second movable member is moved in 
accordance with a reaction force generated by the 
movement of the first movable member; 

providing a mask Stage which holds a mask, 
providing a projection optical System having an optical 

axis perpendicular to the mask and the Substrate respec 
tively; 

providing a first pedestal which Supports the projection 
optical System and Suspends the base board thereby; 
and 

Feb. 14, 2002 

providing a vibration-preventive apparatus which Sup 
ports the first pedestal, wherein: 
the Scanning type exposure apparatus is operated Such 

that a pattern on the mask is transferred onto the 
Substrate via the projection optical System by Syn 
chronously moving the mask and the Substrate by the 
aid of the mask Stage and the Stage apparatus. 

138. A method for producing a Scanning type exposure 
apparatus which transferS a pattern on a mask onto a 
Substrate by Synchronously moving the mask and the Sub 
Strate, the method comprising: 

providing a Substrate Stage which places the Substrate 
thereon; 

providing, on the Substrate Stage, a first reflecting Surface 
extending in a direction interSecting a first direction in 
which the Substrate is Synchronously moved and a 
Second direction perpendicular thereto respectively, 
and a Second reflecting Surface extending in the Second 
direction; and 

providing first and Second interferometers which radiates 
measuring beams onto the first and Second reflecting 
Surfaces respectively. 

139. A Scanning type exposure apparatus for Successively 
transferring a pattern on a mask to a plurality of shot areas 
on a photosensitive Substrate by Synchronously moving the 
mask and the photoSensitive Substrate, the apparatus com 
prising: 

a Substrate stage which is movable in a two-dimensional 
plane while holding the photosensitive Substrate; 

a mask Stage which is movable while holding the mask, 
and 

a Stage control System which controls both of the Substrate 
and mask Stages So that run-up operation for exposure 
for the next shot is performed for the Substrate Stage 
after completion of exposure Simultaneously with Step 
ping operation in a non-Scanning direction for the 
exposure for the next shot in a concurrent manner, and 
the Stepping operation in the non-Scanning direction is 
completed before a Synchronous Settling period for the 
both Stages before the exposure for the next shot. 

140. The Scanning type exposure apparatus according to 
claim 139, wherein the Stage control System controls the 
both Stages So that a rate of acceleration of the Substrate 
Stage in the non-Scanning direction, which corresponds to an 
over-Scanning period composed of a constant Velocity 
movement period and a deceleration period for the mask 
Stage after the exposure for a previous shot, has an absolute 
value which is larger than that of a rate of deceleration of the 
Substrate Stage in the non-Scanning direction which corre 
sponds to a pre-Scanning period for the mask Stage before 
Starting the exposure for the next shot. 

141. A Scanning exposure method for Successively trans 
ferring a pattern on a mask to a plurality of comparted areas 
on a Substrate, the method comprising: 

Synchronously moving the mask and the Substrate to 
perform Scanning exposure for a certain comparted area 
of the plurality of comparted areas, and 

Starting acceleration of the Substrate in a first direction in 
which the substrate is synchronously moved before 
completing Stepping operation for the Substrate in a 








