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(57) ABSTRACT 

Asmall, lightweight drive apparatus is capable of driving an 
object in a predetermined direction, as Well as being capable 
of micromotion in a rotation direction and in an orthogonal 
direction to the predetermined direction. A drive apparatus 
drives an object Within a tWo dimensional plane including a 
?rst axis and a second axis orthogonal to the ?rst axis. The 
drive apparatus includes a ?rst stage on Which the object is 
placed. A micromotion mechanism slightly drives the ?rst 
stage in a direction of the second axis and in a rotation 
direction about a third axis orthogonal to the tWo-dimen 
sional plane. A second stage holds the ?rst stage Without 
physically contacting the ?rst stage. A non-contact holding 
mechanism disposed betWeen the ?rst stage and the second 
stage holds the ?rst stage to the second stage in a non 
contact manner allowing for micromotion of the ?rst stage 
in the second axis direction and in the rotation direction 
relative to the second stage. A macromotion mechanism 
drives the second stage in a direction of the ?rst axis. The 
second stage, the non-contact holding mechanism, the 
micromotion mechanism, and the macromotion mechanism 
all are disposed on one side of the ?rst stage relative to the 
third axis. Because of this, it is possible to adjust the position 
of the object placed on the stage With high precision in the 
second-axis and rotation directions. In addition, since the 
second stage, the non-contact holding mechanism, the 
micromotion mechanism and the macromotion mechanism 
are all disposed on one side of the ?rst stage, it is possible 
to make the apparatus smaller and lighter in Weight. 
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DRIVE APPARATUS, EXPOSURE APPARATUS, 
AND METHOD OF USING THE SAME 

INCORPORATION BY REFERENCE 

[0001] The disclosure of the following priority application 
is herein incorporated by reference in its entirety: Japanese 
Patent Application No. 2000-078022 ?led Mar. 21, 2000. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of Invention 

[0003] The invention relates to a drive apparatus, an 
exposure apparatus, and to a manufacturing method using 
the same. In particular, the invention relates to a drive 
apparatus that drives an object Within a tWo dimensional 
plane including a ?rst axis and a second axis orthogonal to 
the ?rst axis, and to an exposure apparatus in Which the drive 
apparatus serves as a mask drive apparatus, and to device 
manufacturing methods using the same. 

[0004] 2. Description of Related Art 

[0005] In a lithography process for manufacturing semi 
conductor devices, liquid crystal display elements, and the 
like, stationary type exposure apparatus such as the conven 
tional step-and-repeat reduction projection exposure appa 
ratus (a so-called “stepper”) have been used. In recent years, 
along With the advent of highly integrated semiconductor 
devices and the increased siZe of Wafer substrates and masks 
or reticles (hereinafter called a “reticle”), scanning exposure 
apparatus such as step-and-scan type exposure apparatus (a 
so-called “scanning stepper”), Which successively transfers 
a reticle pattern to a substrate via a projection optical system 
While moving a reticle and a substrate along a predetermined 
scanning direction in a synchronous manner are becoming 
mainstream. These scanning exposure apparatus are capable 
of exposure of a larger ?eld While using a smaller projection 
optical system compared to a stepper. As a result, there are 
advantages in that the manufacture of the projection optical 
system is less complicated, a high throughput can be 
achieved, along With an averaging effect due to relative 
scanning of the substrate and the reticle for a projection 
optical system, and improved focus depth and distortion. 

[0006] HoWever, a scanning exposure apparatus requires a 
drive apparatus for driving a reticle on the reticle side (of the 
projection optical system) in addition to a stage apparatus on 
the substrate side for driving a substrate. Scanning exposure 
apparatus in recent years have used a macromotion and 
micromotion mechanism in a reticle stage apparatus having 
a reticle macromotion stage that is moved in a predeter 
mined stroke range in the scanning direction by a pair of 
linear motors placed on both sides of the stage relative to the 
non-scanning direction, Which is orthogonal to the scanning 
direction, and that is ?oat supported by air bearings, and the 
like on a reticle platform. This macromotion stage serves as 
a drive apparatus on the reticle side. In addition, a reticle 
micromotion stage is provided, Which is slightly driven by 
voice coil motors, and the like in the scanning direction, the 
non-scanning direction and the yaWing direction. 

[0007] HoWever, With the conventional drive apparatus on 
the reticle side mentioned above, the stage apparatus nec 
essarily becomes large due to the linear motors being 
disposed on both sides of the reticle macromotion stage for 
driving the reticle macromotion stage in the scanning direc 

Oct. 4, 2001 

tion. Also, With this drive apparatus, it is necessary to 
exchange the reticle (i.e., When a reticle having a different 
pattern is needed) from a predetermined side relative to the 
scanning direction (i.e., the side Without a laser interferom 
eter for measuring the scan direction position of the reticle 
micromotion stage (and reticle macromotion stage)), or to 
move the reticle loader from one side relative to the non 
scanning direction, straddle the linear motor stationary 
member, move onto the reticle stage, and change the reticle. 

[0008] In the case of the former, it is dif?cult to obtain a 
degree of freedom of placement for a reticle loader and a 
laser interferometer, and, in the case of the latter, up and 
doWn movement equal to or greater than the predetermined 
stroke of at least the reticle loader or the reticle is necessary, 
and the reticle change sequence necessarily becomes com 
plicated. 

[0009] Also, because a pair of linear motors for driving in 
the scanning direction is necessary, the entire drive appara 
tus becomes larger and heavier. 

[0010] The application of a drive apparatus capable of 
moving a stage in a predetermined long stroke direction (i.e., 
the scanning direction) With an object placed on it, and 
capable of micromotion in the rotation direction and the 
direction orthogonal to the long stroke direction is not 
limited to exposure apparatus, but may also be applied as a 
sample positioning apparatus in other high precision 
machines, and the like. It is preferable that such positioning 
apparatus also be small and light Weight. 

SUMMARY OF THE INVENTION 

[0011] The invention Was conceived in consideration of 
such problems, and one object of the invention is to provide 
a small, yet light Weight drive apparatus capable of driving 
an object in a predetermined direction and capable of 
micromotion in the rotation direction and in the direction 
orthogonal to the predetermined direction. 

[0012] Another object of the invention is to provide an 
exposure apparatus capable of high precision exposure, and 
capable of obtaining a degree of freedom of placement for 
each member that is provided in the vicinity of the mask. 

[0013] A further object of the invention is to provide a 
highly integrated device having a detailed pattern With 
excellent precision, and a manufacturing method of the 
same. 

[0014] One aspect of the invention relates to a drive 
apparatus for driving an object Within a tWo-dimensional 
plane including a ?rst axis and a second axis orthogonal to 
the ?rst axis. The drive apparatus includes a ?rst stage on 
Which the object is placed. In addition, a micromotion 
mechanism slightly drives the ?rst stage in the second axis 
direction and in the rotation direction about a third axis that 
is orthogonal to the tWo-dimensional plane. A second stage 
holds the ?rst stage in a non-contact manner. A non-contact 
holding mechanism disposed betWeen the ?rst stage and the 
second stage holds the ?rst stage to the second stage in a 
non-contact manner Which alloWs for micromotion of the 
?rst stage in the second axis direction and in the rotation 
direction relative to the second stage. A macromotion 
mechanism drives the second stage in the ?rst axis direction. 
The second stage, the non-contact holding mechanism, the 
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micromotion mechanism, and the macromotion mechanism 
are all placed on one side of the ?rst stage, displaced from 
the third ads. 

[0015] Accordingly, a non-contact holding device is dis 
posed betWeen the ?rst stage on Which an object is placed 
and the second stage, and the ?rst stage is held to the second 
stage in a non-contact manner alloWing micromotion of the 
?rst stage in the second aXis direction and in the rotation 
direction relative to the second stage. Also, the macromotion 
mechanism drives the second stage With the ?rst stage in the 
?rst aXis direction. In addition, the micromotion mechanism 
slightly drives the ?rst stage in the rotation direction (yaW 
ing direction) about the third aXis orthogonal to the tWo 
dimensional plane and in the second aXis direction. Accord 
ingly, it is possible to adjust the position of an object placed 
on the ?rst stage With eXcellent precision in the direction of 
the second aXis and in the yaWing direction. 

[0016] Also, the second stage, the non-contact holding 
mechanism, the micromotion mechanism, and the macro 
motion mechanism are all arranged on one side of the ?rst 
stage on Which the object is placed. In other Words, the ?rst 
stage is so-called cantilever supported by the second stage, 
non-contact holding mechanism, micromotion mechanism, 
macromotion mechanism, and the like. Therefore, on the 
other side of the ?rst stage there is no drive system, and thus 
sufficient space is obtainable. It is sufficient to equip the 
drive apparatus With at least one macromotion mechanism, 
a linear motor and the like for stage driving for eXample, on 
one side of the ?rst stage. 

[0017] Therefore, it is possible to drive an object in a 
predetermined direction (?rst aXis direction), slightly in the 
rotation direction and in a direction orthogonal to the 
predetermined direction (the second aXis direction), and to 
make the apparatus smaller and lighter in Weight. 

[0018] According to another aspect of the invention, the 
non-contact holding mechanisms include electromagnets 
disposed on the ?rst stage or on the second stage, and 
magnetic material disposed on the other one of the ?rst stage 
and the second stage. The non-contact holding mechanisms 
slightly drive the ?rst stage relative to the second stage in the 
?rst aXis direction by adjusting the magnetic strength gen 
erated by the electromagnets. In such a case, it is not only 
possible to adjust the position of an object placed on the ?rst 
stage With eXcellent precision in the second aXis direction 
and in the yaWing direction by the micromotion mechanism, 
but it is also possible to slightly adjust the object position in 
the direction of the ?rst aXis by the non-contact holding 
mechanism. 

[0019] According to another aspect of the invention, the 
non-contact holding mechanism may also generate a slight 
drive force in the ?rst aXis direction at the center of gravity 
of the ?rst stage. In such a case, it is possible to prevent 
unnecessary yaWing When making micro adjustments to the 
?rst stage position in the ?rst aXis direction by the non 
contact holding mechanism. 

[0020] According to another aspect of the invention, the 
micromotion mechanism includes a plurality of moving 
members disposed on the ?rst stage, a plurality of voice coil 
motors comprising stationary members corresponding to 
each of the moving members, and generating a drive force 
in the second aXis direction by electromagnetic interaction 
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betWeen each moving member. The drive force in the second 
aXis direction Within the tWo-dimensional plane preferably 
includes the center of gravity of the ?rst stage. In such a 
case, it is possible to prevent the generation of unnecessary 
rolling and pitching When slightly driving in the second aXis 
direction of the ?rst stage and in the rotation direction 
(yaWing direction) by the micromotion mechanism. In this 
case, it is preferable that the micromotion mechanism gen 
erate a slight drive force in the second aXis direction at the 
center of gravity position of the ?rst stage When slightly 
driving the ?rst stage in the second aXis direction. 

[0021] According to another aspect of the invention, the 
macromotion mechanism is a linear motor including moving 
members disposed on the second stage, and stationary 
members to generate a drive force in the ?rst aXis direction 
by electromagnetic interaction With the moving members. In 
addition, the micromotion mechanism includes a plurality of 
moving members disposed on the ?rst stage, and a plurality 
of voice coil motors comprised of stationary members 
corresponding to each of the moving members and gener 
ating a drive force in the second aXis direction by electro 
magnetic interaction With each moving member. A frame is 
provided on Which is disposed the linear motor moving 
members, each stationary member of the plurality of voice 
coil motors, a ?rst guide surface to support the second stage 
in a non-contact manner in the second aXis direction, and a 
second guide surface to support the ?rst and second stages 
in a non-contact manner in the third aXis direction. In such 
a case, since linear motor moving members form the mac 
romotion mechanism, each stationary member of a plurality 
voice coil motors forms the micromotion mechanism, a 
guide surface to support the second stage in a non-contact 
manner in the second aXis direction, and a guide surface to 
support the ?rst and second stages in a non-contact manner 
in the third aXis direction are disposed on a frame, it is 
possible to drive the second stage With the ?rst stage as one 
body in the ?rst aXis direction relative to the frame in a 
non-contact manner by the macromotion mechanism, and to 
slightly drive the ?rst stage in the second aXis direction and 
the yaWing direction relative to the frame in a non-contact 
manner by the micromotion mechanism during movement. 

[0022] According to another aspect of the invention, a 
supporting mechanism is provided to support the frame in a 
non-contact manner such that the frame is free to move as a 
result of the reaction force to the drive force of the ?rst and 
second stages. In such a case, When the ?rst stage is driven 
in the second aXis direction, the moving members of a 
plurality of voice coil motors comprising the micromotion 
mechanism are driven With the ?rst stage as one body, and 
the reaction force to the drive force acts on the frame on 
Which the stationary members of the voice coil motors are 
disposed. HoWever, since the frame is supported in a non 
contact manner by a supporting mechanism such that free 
movement of the frame is possible, the frame absorbs the 
reaction force according to the laW of conservation of 
momentum by moving a small distance based on the reac 
tion force. Thus, the center of gravity of the system includ 
ing the second stage and the frame is maintained in a 
predetermined position. Also, When the second stage is 
driven With the ?rst stage in the ?rst aXis direction, the 
moving members of the linear motors comprising the mac 
romotion mechanism are driven With the second stage as one 
body, and the reaction force to that drive force acts on the 
frame on Which the stationary members of the linear motors 
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are disposed. However, since the frame is supported in a 
non-contact manner by a supporting mechanism such that 
free movement of the frame is possible, the frame absorbs 
the reaction force according to the laW of conservation of 
momentum, and the center of gravity of the system including 
the ?rst and second stages and the frame is maintained in the 
predetermined position. Therefore, When the ?rst stage and 
the second stage are driven, it is possible to cancel With 
certainty the reaction force to the drive force for each stage, 
and it is possible to prevent the generation of an unbalanced 
load that Would occur if there Was movement of the center 
of gravity. 

[0023] According to another aspect of the invention, a 
vacuum preload hydrostatic gas bearing may be disposed on 
the opposing surfaces of each guide surface of each stage, 
and have a compressed gas exhaust noZZle and an exhaust 
groove linked to a vacuum exhaust duct formed around the 
exhaust noZZle disposed on the bearing surface of each 
hydrostatic gas bearing. In such a case, is possible to support 
each stage With high rigidity by maintaining a ?xed gap 
betWeen the guide surfaces by a balance betWeen the static 
compressed gas jetted from an exhaust noZZle on the bearing 
surface of the vacuum preload hydrostatic gas bearing 
disposed opposing each guide surface and the vacuum 
exhaust force (vacuum suction force) via the exhaust groove 
and the vacuum exhaust duct. Also, it is possible to prevent 
leakage of compressed gas for ?oatation to the vicinity of the 
bearing. 
[0024] According to another aspect of the invention, the 
?rst stage may be held in a cantilever manner relative to the 
third axis direction by at least one of the frame and the 
second stage. In such a case, it is possible to make the 
apparatus lighter in Weight as Well as use the space obtained 
by such a structure for another purpose. 

[0025] Another aspect of the invention relates to an expo 
sure apparatus for transferring a mask pattern onto a sub 
strate by concurrent movement of a mask and a substrate, 
and includes a drive apparatus as described above, Wherein 
a mask serves as the object placed on the ?rst stage; and a 
substrate stage Which moves synchronously in the ?rst axis 
direction With the ?rst stage. 

[0026] Accordingly, since a mask serving as an object is 
placed on the ?rst stage having the drive apparatus, it is 
possible to place the complete drive system including the 
second stage, the non-contact holding mechanism, the 
micromotion mechanism and the macromotion mechanism, 
and the like, on one side of the ?rst stage, and to obtain 
sufficient space on the other side of the ?rst stage. By this 
arrangement, it is possible to obtain a degree of freedom for 
the placement of each member of the apparatus located in 
the vicinity of the mask, and since up and doWn movement 
of the mask loader, and the like is nearly unnecessary When 
changing the mask, it is possible to simplify the change 
sequence as Well. 

[0027] Also, as mentioned above, it is possible to make the 
drive apparatus smaller and lighter, particularly the moving 
members (especially of the second stage) that are driven 
during movement in the ?rst axis direction of the ?rst stage 
on Which a mask is placed. Because of this, high precision 
exposure is possible by means of improved ability to syn 
chronously control movement betWeen the ?rst stage, on 
Which a mask is placed, in the ?rst axis direction and the 
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substrate stage holding a substrate, and improved throughput 
is possible by means of shortened concurrent settling time. 

[0028] Another aspect of the invention is a device manu 
facturing method including a lithographic process that per 
forms exposure using an exposure apparatus as set forth 
above. Accordingly, since exposure is performed in the 
lithographic process using an exposure apparatus as set forth 
above, it is possible to improve the productivity (including 
yield) of highly integrated micro devices. 

[0029] Another aspect of the invention relates to the 
resulting device made by the above-described exposure 
apparatus. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0030] The invention Will be described in conjunction With 
the folloWing draWings in Which like reference numerals 
designate like elements and Wherein: 

[0031] FIG. 1 is a vieW schematically shoWing the struc 
ture of an exposure apparatus according to a ?rst embodi 
ment of the invention; 

[0032] FIG. 2 is a perspective vieW schematically shoW 
ing structural components of the reticle stage apparatus in 
FIG. 1 and members in the periphery of the same; 

[0033] FIG. 3A is a cross-sectional vieW, taken along A-A 
in FIG. 2; 

[0034] FIG. 3B is a cross-sectional vieW, taken along B-B 
in FIG. 2; 

[0035] FIG. 4 is a perspective vieW shoWing part of the 
reticle stage removed; 

[0036] FIG. 5 is a disassembled perspective vieW shoWing 
the reticle stage RST; 

[0037] FIG. 6 is a partly broken vieW shoWing the reticle 
stage apparatus of an exposure apparatus according to a 
second embodiment of the invention; 

[0038] FIG. 7 is a disassembled perspective vieW shoWing 
the reticle stage of the apparatus in FIG. 6; 

[0039] FIG. 8 is a ?oWchart explaining a device manu 
facturing method related to the invention; and 

[0040] FIG. 9 is a ?oWchart shoWing a speci?c example 
of the Wafer processing step in FIG. 8. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0041] FIG. 1 shoWs the general con?guration of an 
exposure apparatus 10 according to a ?rst embodiment of 
the invention. This exposure apparatus is a step-and-scan 
type scanning-exposure apparatus, that is, a so-called scan 
ning stepper. As Will be described later, the exposure appa 
ratus of this embodiment includes a projection optical sys 
tem PL. In the folloWing description: (a) the direction of the 
optical axis AX of the projection optical system PL is 
designated the Z-axis direction (the third axis direction); (b) 
the direction in Which a reticle R serving as a mask and a 
Wafer W serving as a substrate are relatively scanned in the 
plane orthogonal to the Z-axis direction is designated the 
Y-axis direction; and (c) the direction orthogonal to the 
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Z-axis direction and the Y-axis directions is designated the 
X-axis direction (the second axis direction). 

[0042] Exposure apparatus 10 includes an illumination 
system IOP, a reticle stage apparatus 12 and a Wafer stage 
WST. The reticle R is driven in the Y-axis direction With a 
predetermined stroke by the reticle stage apparatus 12, 
Which also serves as a drive apparatus for slightly driving the 
reticle R in the X-axis direction, the Y-axis direction and the 
02 direction (rotation direction about the Z-axis). The Wafer 
stage WST tWo dimensionally drives the Wafer W in the X 
and Y directions in the XY plane. 

[0043] As disclosed in, for example, Japanese Laid-Open 
Patent Publication Nos. 9-320956 and 4-196513 (US. Pat. 
No. 5,473,410), the illumination system IOP includes a 
light-source unit, a shutter, a secondary light-source forming 
optical system, a beam splitter, a light-collecting lens sys 
tem, a reticle blind, an imaging lens system, and the like (all 
not shoWn). The IOP emits illumination light for exposure 
having a substantially uniform illumination distribution. The 
exposure light illuminates a rectangular (or arcuate) illumi 
nation area IAR on a reticle R at uniform illuminance. Used 
as the exposure light is, for example, ultraviolet bright lines 
(e. g., g-rays and i-rays) from an extra-high pressure mercury 
lamp, or far-ultraviolet or vacuum ultraviolet light such as 
KrF excimer laser light (With a Wavelength of 248 nm), ArF 
excimer laser light (With a Wavelength of 193 nm), F2 laser 
light, and the like. 

[0044] The reticle stage apparatus 12 is placed on a top 
plate 18 of a second column constituting a main column 14, 
Which Will be described later. The top plate 18 is L-shaped 
from a plan vieW as shoWn in FIG. 2, and the protruding 
portion in the +X direction (on the left side in FIG. 1) of the 
—Y edge includes an interferometer attachment member 18a. 

[0045] The reticle stage apparatus 12 Will be explained in 
detail based on FIG. 2~FIG. 5. FIG. 2 is a perspective vieW 
schematically shoWing the reticle stage apparatus 12 and the 
structural members in the vicinity of the same. Also, in FIG. 
3A a cross-sectional vieW, taken along A-A in FIG. 2 is 
shoWn. As is shoWn is these ?gures, the reticle stage 
apparatus 12 is provided With reticle stage RST and the 
frame 20 on Which a guide surface is formed for guiding the 
reticle stage RST. 

[0046] The frame 20, as shoWn in FIGS. 3A and 3B, is 
provided With: a loWer surface plate 22 extending in the 
Y-axis direction and having a cross-sectional upside-doWn 
T-shape; an upper surface plate 24 extending in the Y-axis 
direction placed opposing the loWer surface plate 22; and a 
back surface plate 26 connecting the back edge (—X side 
edge) of the loWer surface plate 22 and the upper surface 
plate 24, and extending in the Y-axis direction. Also, a pair 
of side surface plates 28A, 28B, being L-shaped in the YZ 
cross-section, are attached to both sides (the surface on both 
sides in the Y-axis direction) of the loWer surface plate 22, 
the upper surface plate 24 and the back surface plate 26. 
Because of this, a long thin container shaped frame 20 With 
the front surface (+X side surface) open is de?ned of an 
internal space surrounded by loWer surface plate 22, upper 
surface plate 24, back surface plate 26 and side surface 
plates 28A, 28B. In the center vicinity in the X-axis direction 
of the outer surface of the upper plate 24 of the frame 20, a 
step is formed and moving magnet type linear motor sta 
tionary members 30A are ?xed on the inner surface (loWer 
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surface) of the front (+X side) from this step, as shoWn in 
FIG. 2 and FIG. 3A. These stationary members 30A are 
comprised of a plurality of square holloW armature coils 
disposed in predetermined intervals along the Y-axis direc 
tion Within the upper plate 24 plane. 

[0047] As shoWn in FIGS. 3A and 3B, a doWnWard 
extension 24a is formed on the inner surface side of the 
upper plate 24 opposing an upWard extension 22a Which is 
formed in the X-axis direction central vicinity of the loWer 
plate 22. Also, on the back side (—X side) of the doWnWard 
extension of the inside face of the upper plate 24, one each 
of an N pole magnet 32N and an S pole magnet 32S is 
disposed in predetermined intervals in the X-axis direction, 
each extending in the Y-axis direction. The N pole magnet 
and the S pole magnet are magnets Where the side facing the 
upper plate 24 and the reverse side facing the gap are 
respectively the N pole surface and the S pole surface. 

[0048] On the back side of upWard extension 22a on the 
loWer plate 22, an S pole magnet 32S and an N pole magnet 
32N are each extended in the Y-axis direction, and face the 
above-mentioned N pole magnet 32N and S pole magnet 
32S respectively. Magnetic pole unit 33A is comprised of 
these tWo pairs of magnets. Here, S pole magnets and N pole 
magnets are magnets Where the side facing the loWer plate 
24 and the reverse side facing the gap are respectively the S 
pole surface and the N pole surface. 

[0049] In this case, the upper face of the loWer plate 22 is 
designated as the guide surface 22b for the Z-axis direction, 
and serves as the second guide surface, and the front face 
(+X side face) is designated as the guide surface 22c for the 
X-axis direction, and serves as the ?rst guide surface. Also, 
the front face of the doWnWard extension 24a of the upper 
plate 24 is designated as the guide surface 24b for the X-axis 
direction, and serves as the ?rst guide surface. 

[0050] The reticle stage RST, as shoWn in FIG. 2, FIGS. 
3A and 3B, provides the reticle micromotion stage 34, and 
serves as the ?rst stage on Which reticle R is placed. The 
reticle stage RST also provides the macromotion stage 36, 
Which serves as the second stage Which moves along With 
the micromotion stage 34 as one body in the Y-axis direc 
tion. 

[0051] FIG. 4 shoWs part of the reticle stage RST 
removed, and FIG. 5 shoWs a broken perspective vieW of the 
reticle stage RST. The structure of the reticle stage RST Will 
be explained beloW based on these ?gures. 

[0052] The reticle macromotion stage 36, as shoWn in 
FIG. 4 and FIG. 5, has a generally rectangular plan shape 
short in the X-axis direction and long in the Y-axis direction, 
and is formed by a non-magnetic body having an upside 
doWn U-shape in the YZ plane. On the upper surface of this 
reticle macromotion stage 36, a rectangular plate magnetic 
material 40 is af?xed. The N pole magnets 42N and the S 
pole magnets 42S are disposed alternately in predetermined 
intervals in the Y-axis direction on the surface of the 
magnetic material 40. Here, the N pole magnets and the S 
pole magnets are magnets Where the side facing the opposite 
side of magnetic material are respectively the S pole surface 
and the N pole surface. 

[0053] The moving member 30B of the moving magnet 
type linear motor 30 explained above is comprised of the 
magnetic material 40, the N pole magnets 42N, and the S 
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pole magnets. This moving member 30 generates an alter 
nating magnetic ?eld having a predetermined cycle in the 
Y-axis direction in the gap betWeen itself and the stationary 
members 30A as shoWn in FIG. 2 Where the reticle macro 
motion stage 36 is incorporated into the frame 20. In other 
Words, the macromotion mechanism for driving the reticle 
macromotion stage 36 and the reticle micromotion stage 34 
With a predetermined stroke in the Y-axis direction is com 
prised of a moving magnet type linear motor 30 formed of 
moving member 30B and stationary members 30A. Also, the 
macromotion mechanism is controlled by stage control 
system 60, Which controls the current value (including 
direction) supplied to the armature coil comprised of the 
stationary members 30A of the linear motor 30. 

[0054] Also, as shoWn in the FIG. 5 broken perspective 
vieW, a pair of vacuum preload hydrostatic gas bearings 44 
are disposed on the loWer surface of both edges in the Y-axis 
direction of the reticle macromotion stage 36. These hydro 
static gas bearings 44 With the reticle macromotion stage 36 
incorporated into the frame 20, as shoWn in FIG. 3A, face 
the Z-axis direction guide surface 22b described above and 
jet a compressed gas, compressed air, for example, toWard 
the Z-axis direction guide surface 22b. Accordingly, hydro 
static gas bearings 44 ?oat support the reticle macromotion 
stage 36 and the moving member 30B as one body in a 
non-contact manner via a clearance of about several milli 
meters above the guide surface 22b by means of a balance 
betWeen the total force of the vacuum suction, the total 
Weight of the reticle macromotion stage 36 and the moving 
member 30B and the static pressure of the compressed gas. 

[0055] Also, on the back surface (surface of —X side) of 
both edges in the Y-axis direction of reticle macromotion 
stage 36, tWo each of the vacuum preload hydrostatic gas 
bearings 46 are disposed in predetermined intervals in the 
vertical direction. When the reticle macromotion stage 36 is 
incorporated into the frame 20, as shoWn in FIG. 3A, the 
upper side hydrostatic gas bearings 46 face X-axis direction 
guide surface 24b, and the loWer side hydrostatic gas bear 
ings 46 face X-axis direction guide surface 22c. Also, these 
hydrostatic gas bearings 46 jet a compressed gas, com 
pressed air, for example, toWard the guide surfaces 24b, 22c 
that they respectively face, and support the reticle macro 
motion stage 36 and moving member 30B in a non-contact 
manner via a clearance of about several millimeters from 
each respective guide surface by means of a balance 
betWeen vacuum suction force and the static pressure of the 
compressed gas. 

[0056] Each hydrostatic gas bearing 44, 46 includes an 
exhaust groove linked to a vacuum exhaust duct formed 
around a compressed gas outlet noZZle on the surface 
containing the bearings. Thus, since the compressed gas 
jetted from the outlet noZZle is exhausted via an exhaust 
groove and a vacuum exhaust dust, the leakage of com 
pressed gas into the surrounding air is effectively prevented. 

[0057] The reticle micromotion stage 34, as shoWn in 
FIG. 5, is comprised of a protruding member 34a With a 
rectangular shape protruding doWnWard. A rectangular 
opening 35, Which is the pathWay of the illumination light 
for exposure, is formed on the front end of the reticle 
micromotion stage 34. TWo each of vacuum chucks 48 
totaling four are disposed in the front and back of the 
opening 35. Reticle R is held by vacuum suction in the 
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vicinity of the four corners thereof by these four vacuum 
chucks 48 (refer to FIGS. 3A and 3B). 

[0058] A pair of armature units 33B1, 33B2 are disposed 
in a protruding manner from both edges on the back of the 
reticle micromotion stage 34. The armature units 33B1, 
33B2 each have a rectangular case comprised of a non 
magnetic material and a square shaped holloW armature coil 
inside the case. When the reticle micromotion stage 34 is 
incorporated into the frame 20 With the reticle macromotion 
stage 36, as shoWn in FIG. 3B, the armature units 33B1, 
33B2 are positioned betWeen the magnets (above and beloW) 
comprising magnetic pole unit 33A. Moving coil type voice 
coil motors are each comprised of the armature units 33B1, 
33B2 and the magnetic pole unit 33A. The micromotion 
mechanism is comprised of a pair of voice coil motors Which 
generate micromotion drive force in the X-axis direction at 
the center of gravity position of the reticle micromotion 
stage 34, and generate micromotion drive force about the 
center of gravity in the 02 rotation direction. 

[0059] Thus, in the present embodiment, it is possible to 
prevent the generation of unnecessary rolling and pitching 
When the micromotion mechanism slightly drives the reticle 
micromotion stage 34 in the X-axis direction and in the 
rotation direction (the yaWing direction), and it is also 
possible to prevent the generation of unnecessary yaWing 
When the micromotion mechanism slightly drives the reticle 
micromotion stage 34 in the X-axis direction. 

[0060] The micromotion mechanism is controlled by the 
stage control system 60, Which controls the current value 
(including direction) of the current supplied to the armature 
coil units 33B1, 33B2 (the armature coil) Which each 
comprise the pair of voice coil motors 33. 

[0061] Apair of hydrostatic gas bearings 56 are disposed 
on the upper surface and a pair of the same are disposed on 
the loWer surface (bottom surface) of the portion near the 
back end of the reticle micromotion stage 34 as shoWn in 
FIG. 5. The pair of hydrostatic gas bearings 56 on the 
bottom surface, When the reticle micromotion stage 34 is 
incorporated Within the frame 20 With the reticle macromo 
tion stage 36, oppose the above-described Z-axis direction 
guide surface 22b as shoWn in FIG. 3B. The pair of 
hydrostatic gas bearings 56 on the upper surface oppose the 
Z-axis direction guide surface 36a formed on the loWer 
surface (inside surface) in the center in the Y-axis direction 
of the reticle macromotion stage 36. In this case, the reticle 
micromotion stage 34 is supported in a non-contact, and 
highly rigid manner With a predetermined clearance from the 
upper and loWer guide surfaces 36a, 22b maintained by a 
balance betWeen the total force of the static pressure of the 
compressed gas (compressed air, for example) jetted from 
the hydrostatic gas bearings 56 on the upper surface toWard 
the guide surface 36a and the total Weight of the reticle 
micromotion stage 34 (including the armature units 33B2, 
33B1), and the static pressure of the compressed gas (com 
pressed air, for example) jetted from the hydrostatic gas 
bearings 56 on the loWer surface toWard the guide surface 
22b. In this case, since the reticle macromotion stage 36, as 
described above, is ?oat supported by the hydrostatic gas 
bearings 44 on the bottom surface, the total Weight of the 
reticle macromotion stage 36 hardly effects the ?oatation 
support of the reticle micromotion stage 34. 

[0062] In this case, vacuum preload hydrostatic gas bear 
ings With a structure similar to the above-described hydro 
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static gas bearings may serve as the hydrostatic gas bearings 
56, and in such a case, the non-contact support of the reticle 
micromotion stage 34 is realized by a total balance of ?ve 
forces including the vacuum suction force (the vacuum 
preload force) of the hydrostatic gas bearings. In this case, 
not only is the rigidity of the reticle micromotion stage 34 
improved, but the rigidity of the reticle macromotion stage 
36 is also improved. In this case, as described above, it is 
possible to effectively prevent the leakage of compressed 
gas jetted from the hydrostatic gas bearings 56 to the 
surroundings. 
[0063] Furthermore, in the present embodiment, as shoWn 
in FIG. 4, a pair of non-contact holding mechanisms 50A, 
50B to hold the reticle micromotion stage 34 to the reticle 
macromotion stage 36 in a non-contact manner are disposed 
betWeen the reticle macromotion stage 36 and the reticle 
micromotion stage 34 so as to alloW micromotion in the XY 
plane (including 02 rotation). One of the non-contact hold 
ing mechanisms 50A includes a pair of mutually opposing 
electromagnets 52a, 52b (refer to FIG. 5) disposed With a 
predetermined interval therebetWeen in the Y-aXis direction 
on the front surface of the +Y end of the reticle macromotion 
stage 36, and iron material 54a ?xed to the side of the +Y 
side of the reticle micromotion stage 34, and serving as 
magnetic material capable of being inserted in the gap 
betWeen the electromagnets 52a, 52b. Similarly, the other 
non-contact holding mechanism 50B includes a pair of 
mutually opposing electromagnets 52c, 52d (refer to FIG. 5) 
disposed With a predetermined interval therebetWeen in the 
Y-aXis direction on the front surface of the —Y end to the 
reticle macromotion stage 36, and iron material 54b ?xed to 
the side of the +Y side of the reticle micromotion stage 34, 
and serving as magnetic material capable of being inserted 
in the gap betWeen the electromagnets 52c, 52d. 

[0064] Therefore, in the present embodiment, by adjusting 
the magnetic strength generated by each of the electromag 
nets 52a, 52b, the magnetic attraction of each to the iron 
material 54a is adjusted, and by concurrently adjusting the 
magnetic strength generated by each of the electromagnets 
52c, 52d, the magnetic attraction (the magnetic strength) of 
each to the iron material 54b is adjusted. Thus, the reticle 
micromotion stage 34 can be slightly moved in the +Y 
direction or the —Y direction relative to the reticle macro 
motion stage 36, and it is possible to ?ne adjust the relative 
position of the reticle micromotion stage 34 in the Y-aXis 
direction relative to the reticle macromotion stage 36. The 
adjustment in this case is performed by, for eXample, brie?y 
increasing the magnetic strength of a predetermined one of 
the electromagnets 52a, 52b and one of the electromagnets 
52c, 52d depending on the desired micromotion direction, 
starting the reticle micromotion stage 34 movement in the 
desired direction, and adjusting the magnetic strength gen 
erated by each electromagnet such that the strength differ 
ential of the magnetic attraction of electromagnets 52a, 52b 
to the iron material 54a and the magnetic attraction of 
electromagnets 52c, 52a' to the iron material 54b is reversed. 
Thus, the magnetic attraction of electromagnets 52a, 52b to 
the iron material 54a and the magnetic attraction of elec 
tromagnets 52c, 52a' to the iron material 54b each stop the 
relative movement of the reticle micromotion stage 34 at a 
point of equilibrium. The relative movement distance is 
determined by the adjustment of the magnetic strength 
generated by each electromagnet, and by the adjustment of 
the adjustment speed, and the like. The adjustment of the 
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magnetic strength generated by each electromagnet is per 
formed by adjustment of the current value ?oWing in the 
coils comprising each electromagnet. 

[0065] Thus, the relative position of the reticle micromo 
tion stage 34 is ?ne adjusted in the Y-aXis direction relative 
to the reticle macromotion stage 36. The relative position 
betWeen reticle micromotion stage 34 and reticle macromo 
tion stage 36 relative to the Y-aXis direction is adjusted by 
the stage control system 60 in FIG. 1 controlling the 
non-contact holding mechanism 50A, 50B. In this case, the 
relative position of the reticle micromotion stage 34 may be 
adjusted relative to the reticle macromotion stage 36, or the 
relative position of the reticle macromotion stage 36 may be 
adjusted relative to the reticle micromotion stage 34. Such 
an adjustment can be achieved not only by the non-contact 
holding mechanism 50A, 50B, but by drive controlling the 
linear motors 30 and the voice coil motors 33 along With the 
non-contact holding mechanism 50A, 50B, for eXample. 

[0066] The non-contact holding mechanism 50A, 50B 
generates micromotion in the Y-aXis direction at the center 
of gravity position of reticle micromotion stage 34. Because 
of this it is possible to prevent the generation of unnecessary 
yaWing during ?ne adjustment of the Y-aXis direction posi 
tion of the reticle micromotion stage 34 by the non-contact 
holding mechanism 50A, 50B. 

[0067] Although not shoWn, the Wiring for a poWer supply 
to the armature units 33B2, 33B1 (armature coils) is con 
nected to the reticle micromotion stage 34 via the reticle 
macromotion stage 36 from a current supply (not shoWn), in 
a slack state such that no pulling force occurs When the 
reticle micromotion stage 34 is held by the reticle macro 
motion stage 36 via the non-contact holding mechanism. 

[0068] Furthermore, a reticle X moving mirror 64X com 
prised of a planar mirror is ?Xed on the +X side edge of the 
reticle micromotion stage 34 upper surface, as shoWn in 
FIG. 2, and an interferometric beam from a reticle X 
interferometer (not shoWn) is vertically irradiated onto mov 
ing mirror 64X. A pair of reticle Y moving mirrors 64Y1, 
64Y2 are ?Xed on the —Y side edge of the reticle micromotion 
stage 34 upper surface, as shoWn in FIG. 2, and an inter 
ferometric beam from a reticle Y interferometer 66Y is 
vertically irradiated onto each of these reticle Y movement 
mirror 64Y1, 64Y2. 

[0069] As shoWn in FIG. 2, a stationary mirror MIX 
corresponding to the reticle X interferometer and a station 
ary mirror Mry corresponding to the reticle Y interferometer 
are each disposed on the lateral surface of the lens barrel of 
the projection optical system PL. The reticle micromotion 
X-aXis position is continuously detected at a resolution of 
about 0.5 nm to 1 nm, for eXample, by the reticle X 
interferometer With the stationary mirror MrX as a reference. 
The reticle micromotion stage 34 Y position and 02 rotation 
are continuously detected at a resolution of about 0.5 nm to 
1 nm, for eXample, by the reticle Y interferometer 66Y With 
the stationary mirror Mry as a reference. 

[0070] Apair of corner cube mirrors may be used to serve 
as the reticle Y movement mirrors 64Y1, 64Y2, and an 
interferometer beam serving as the reticle Y interferometer 
66Y can be projected onto the corner cube mirrors 64Y1, 
64Y2, and a pair of double-pass interferometers may be used 
to detect the Y-aXis position of the corner cube mirrors 64Y1, 
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64Y2 having received the re?ected light from each. In such 
a manner, it is possible to detect the Y-axis direction position 
of the projection position of each interferometric beam With 
excellent precision, even if there is 02 rotation of the reticle 
micromotion stage 34. 

[0071] Actually, as explained above, three moving mirrors 
64X, 64Y1, 64Y2, serving as moving mirrors, corresponding 
reticle X interferometer and reticle Y interferometer, and 
stationary mirrors MrX and Mry are provided, hoWever, these 
are shoWn representatively in FIG. 1 as the reticle moving 
mirror 64, the reticle laser interferometer 66, and the sta 
tionary mirror Mr. 

[0072] In the folloWing explanation, the position of the 
reticle stage RST (the reticle micromotion stage 34) Within 
the XY plane (including 02 rotation) is measured by the 
reticle laser interferometer 66. The reticle stage RST posi 
tional information (or speed information) from the laser 
interferometer 66 is sent to a main controller 70 via the stage 
control system 60. The stage control system 60 controls the 
reticle stage RST drive based on the reticle stage RST 
positional information (or speed information) according to 
instructions from the main controller 70. 

[0073] As is clear from the explanations up to this point, 
since the moving mirrors 64X, 64Y1, 64Y2 and the reticle R 
are mounted on the reticle micromotion stage 34, it is 
preferred that the components be made light Weight to the 
degree that minimum necessary strength is obtained. If the 
strength is insuf?cient, reinforcing ribs may be disposed on 
the reverse side of the portion Where the reticle R is placed. 

[0074] Furthermore, in a reticle stage apparatus 12 accord 
ing to the invention, the frame 20 itself is structured for free 
micromotion in the XY tWo dimensional direction. Explain 
ing this further, as shoWn in FIG. 2, X sliders 72A, 72B 
being U-shaped in the YZ cross-section are fastened to the 
+Y side of the side plate 28A and to the —Y side of the side 
plate 28B of the frame 20. The X sliders 72A, 72B are 
supported in a free moving manner in the X-axis direction by 
Y sliders 74A, 74B, Which also are U-shaped in the YZ 
cross-section. The Y sliders 74A, 74B are supported in a free 
moving manner in the Y-direction by stationary supporting 
members 76A, 76B, Which are U-shaped in the XZ cross 
section and Which are ?xed to the surface of the top plate 18. 

[0075] At this point, on one end, non-contact bearings, 
hydrostatic gas bearings for example, are disposed in a 
plurality of locations betWeen the stationary support member 
76A and the Y slider 74A, and in a similar fashion, non 
contact bearings, hydrostatic gas bearings, for example, are 
disposed in a plurality of locations betWeen the Y slider 74A 
and the X slider 72A. 

[0076] On the other end, non-contact bearings, hydrostatic 
gas bearings, for example, are disposed in a plurality of 
locations betWeen the stationary support member 76B and 
the Y slider 74B, and in a similar fashion, non-contact 
bearings, hydrostatic gas bearings for example, are disposed 
in a plurality of locations betWeen the Y slider 74B and the 
X slider 72B. 

[0077] In this embodiment, a ?rst non-contact support 
mechanism 78A is comprised of a stationary support mem 
ber 76A, a Y slider 74A and an X slider 72A. Similarly, a 
second non-contact support mechanism 78B is comprised of 
a stationary support member 76B, a Y slider 74B and an X 
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slider 72B. The support mechanism to support the frame 20 
in a non-contact manner in a freely movable fashion by 
means of the action of the reaction force to the reticle stage 
RST Y-axis direction and the X-axis direction drive force is 
comprised of the ?rst and second non-contact support 
mechanisms 78A, 78B. 

[0078] Here, the function of this supporting mechanism 
(78A, 78B) Will be brie?y explained. First, When reticle 
micromotion stage 34 is driven in the X-axis direction, the 
armature units 33B1, 33B2 being the moving members of 
the above-described pair of voice coil motors 33 comprising 
the micromotion mechanism, are driven in the X-axis direc 
tion With the reticle micromotion stage 34 as one body, and 
the reaction force from this movement acts upon frame 20 on 
Which the magnetic pole unit 33A, being a stationary mem 
ber of the voice coil motors, is disposed. In this case, the 
frame 20 is ?oat supported in a non-contact manner against 
the top plate 18 by the supporting mechanisms (78A, 78B). 
Since the X sliders 72A, 72B are supported in a non-contact 
manner against the Y sliders 74A, 74B, the action of the 
reaction force causes the frame 20 to move by a predeter 
mined distance folloWing the laW of conservation of 
momentum. Thus, the reaction force is absorbed Without 
being transmitted to the top plate 18. The center of gravity 
of the systems including the reticle micromotion stage 34 
and the frame 20 are held in a predetermined position. 

[0079] On one end, When the reticle macromotion stage 36 
is driven in the Y-axis direction along With reticle micro 
motion stage 34, the moving members 30B of the linear 
motors 30 comprising the macromotion mechanism are 
driven in the Y-axis direction as one body With reticle 
macromotion stage 36, and the reaction force acts upon the 
frame 20 on Which the stationary members 30A of the linear 
motors 30 are disposed. In this case, the frame 20 is ?oat 
supported in a non-contact manner against the top plate 18 
by the supporting mechanisms (78A, 78B), and since the Y 
sliders 74A, 74B are supported in a non-contact manner 
against the stationary support members 76A, 76B, the action 
of the reaction force causes the frame 20 to move by a 
predetermined distance folloWing the laW of conservation of 
momentum, thereby absorbing the reaction force. Thus, the 
reaction force is not transmitted to the top plate 18. At this 
point, the center of gravity of the systems including the 
reticle stage RST and the frame 20 are held in a predeter 
mined position. 

[0080] Therefore, When driving the reticle micromotion 
stage 34 and the reticle macromotion stage 36, it is possible 
to cancel With certainty the reaction force created by the 
drive force of each stage, and it is also possible to prevent 
the generation of an unbalanced load that Would accompany 
any movement of the center of gravity. 

[0081] Returning to FIG. 1, the main column 14 includes 
a ?rst column 13 placed via a plurality of vibration-isolating 
units 11 on a base plate BP that is placed horiZontally on a 
?oor FD of a clean room, and a second column 16 placed on 
the ?rst column 13. 

[0082] The ?rst column 13 is composed of a plurality of 
column supports 17, each placed on a respective vibration 
isolating unit 11, and a lens barrel surface plate 19 horiZon 
tally supported by the column supports 17. In this case, 
micro vibrations to be transmitted from the ?oor FD to the 
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main column 14 including the lens barrel surface plate 19 are 
isolated by the vibration-isolating units 11 on the micro 
gravity level. 

[0083] The second column 16 is composed of tWo leg 
portions 21 embedded in the upper surface of the ?rst 
column 13, and the above-described top plate 18 horiZon 
tally supported by the leg portions 21. 
[0084] In this case, as is easily appreciated from FIG. 2, 
due to the presence of the reticle stage apparatus 12 on the 
top plate 18 on the second column 16, a static unbalanced 
load acts upon the lens barrel surface plate 19. Considering 
this point, in the present embodiment, active vibration 
isolating units are provided With actuators such as internal 
pressure adjustable air mounts, voice coil motors, and the 
like serving as the vibration-isolating units 11 described 
above, and these vibration-isolating units are controlled by 
the stage control system 60 based on the output from 
displacement sensors (not shoWn), thereby continuously 
maintaining the lens barrel surface plate 19 in a horiZontal 
posture. 
[0085] The projection optical system PL is inserted from 
above through an opening (not shoWn) formed in the center 
of the lens barrel surface plate 19, and is supported by the 
lens barrel surface plated 19 via a ?ange FLG formed at 
about the center of a barrel thereof in the height direction. 
The projection optical system PL is a refracting optical 
system that is formed of a double side telecentric reduction 
system composed of a plurality of lens elements arranged at 
predetermined intervals along the optical-axis direction AX 
(the Z-axis direction). The projection optical system PL also 
may be a reduction system that is one-side telecentric (for 
example, telecentric only on the side of the Wafer stage 
WST). The projection magni?cation of the projection opti 
cal system PL is set at, for example 1A, 1/5, or 1/6. For this 
reason, When the illumination area IAR on the reticle R is 
illuminated With illumination light from the illuminations 
optical system IOP, a reduced image (partial inverted image) 
of a circuit pattern in the illumination area IAR of the reticle 
R is formed on an exposure are IA of a Wafer W having a 
photoresist applied on its surface Which is conjugate With the 
illumination area IAR, via the projection optical system PL 
by the illumination light passed through the reticle R. 
[0086] AWafer is ?xed on the upper surface of the Wafer 
stage WST via a Wafer holder (not shoWn) by electrostatic 
suction or vacuum suction. The Wafer stage WST is Y-axis 
and the X-axis tWo-dimensionally driven by a Wafer stage 
drive (not shoWn) comprised of a magnetic ?oatation type 
tWo-dimensional linear actuator, and the like, above a stage 
surface plate 23 Which is horiZontally supported via a 
plurality of vibration-isolating units 25 placed on the base 
plate BP. In other Words, the Wafer stage WST is constituted 
such that not only is movement alloWed in the scanning 
direction (Y-axis direction), but movement is also alloWed in 
the non-scanning direction (X-axis direction) orthogonal to 
the scanning direction so that it is possible to position a 
plurality of shot areas on a Wafer in an exposure area 
conjugate With the illumination area IAR on the reticle, and 
performs repeated step-and-scan operations consisting of 
movement for scan exposing (scanning) each shot area on a 
Wafer, and stepping movement for moving to the scan start 
position for exposing the next shot area. 

[0087] On the upper surface of the Wafer stage WST, a 
movable mirror for measuring the X-position is disposed on 
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one end in the X-axis direction, and extends in the Y-axis 
direction, and a movable mirror for measuring the Y position 
is disposed on one end in the Y-axis direction, and extends 
in the X-axis direction. In FIG. 1 the movable mirrors are 
collectively represented by a movable mirror 82. A Wafer 
interferometer for measuring the X-position opposite to the 
movable mirror for measuring the X-position (hereinafter 
simply referred to as “Wafer interferometer” for conve 
nience) and a Wafer interferometer for measuring the Y-po 
sition opposite to the movable mirror for measuring the 
Y-position are placed, and interferometric beams from each 
Wafer interferometer are irradiated toWard the opposing 
movable mirrors. In FIG. 1 the Wafer interferometers are 
collectively represented by Wafer interferometer 84. 

[0088] Stationary mirrors for measuring the Wafer stage 
WST position are ?xed in the loWer end vicinity of the lens 
barrel of the projection optical system PL. As described 
above, the stationary mirrors for measuring the Wafer stage 
position include a stationary mirror for measuring the X-po 
sition and a stationary mirror for measuring the Y-position 
placed corresponding to the movable mirrors and the Wafer 
interferometers for measuring the X-position and the Y-po 
sition respectively. In FIG. 1 the stationary mirrors are 
collectively represented by stationary mirror MW. 
[0089] The X, Y, 02 direction position of the Wafer stage 
WST is continuously measured at a resolution of about 0.5 
nm to 1 nm, for example, With the projection optical system 
PL as a reference. The positional information of the Wafer 
stage WST from the Wafer interferometer 84 is sent to the 
stage control system 60 and the main controller 70, and the 
stage control system 60 drives the Wafer stage WST via a 
Wafer driver (not shoWn) based on the positional information 
(or speed information) about Wafer stage WST according to 
directions from the main controller 70. 

[0090] Similar to What Was described above, active type 
vibration-isolating units serve as vibration-isolating units 
25, and this plurality of vibration-isolating units are con 
trolled based on the output of acceleration sensors and 
displacement sensors (not shoWn), and thereby the effect of 
the unbalanced load and the effect of the reaction force 
accompanying the Wafer stage WST drive is reduced. 

[0091] Next, the How of the exposure operation according 
to exposure apparatus 10 structured as described above Will 
be explained. 

[0092] Reticle loading and Wafer loading are performed by 
a reticle loader and a Wafer loader under the management of 
the main controller. Preparatory Work for reticle alignment, 
base line measurement (measurement of the projection opti 
cal system PL light axis distance from the detected center of 
the alignment detection system), and the like are performed 
in a predetermined order using a reticle microscope, a 
?ducial mark plate on the Wafer stage WST, an off axis 
alignment detection system (not shoWn), and the like. 

[0093] Subsequently, alignment measurement of 
Enhanced Global Alignment (EGA), and the like using an 
alignment detection system (not shoWn) is performed by the 
main controller 70. In the case that movement of Wafer W is 
required in this sort of operation, the main controller 70 
moves the Wafer stage WST holding a Wafer W in a 
predetermined direction via the stage control system 60. 
After the alignment measurement is complete, scan-and-step 
exposure operations are conducted as folloWs. 
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[0094] The Wafer stage WST is moved so that the Wafer 
XY position is located at the scan start position for exposing 
the ?rst shot. Concurrently, the reticle stage RST is moved 
so that the reticle XY position is located at the scan start 
position. Then scanning exposure is performed by the stage 
control system 60 concurrently moving the reticle R (reticle 
stage RST) and the Wafer W (Wafer stage WST) based on the 
positional information of the Wafer W measured by the 
Wafer interferometer, and the positional information of 
reticle R measured by the reticle interferometer 66 according 
to instructions from the main controller 70. 

[0095] When the transfer of a reticle pattern for one shot 
area is completed, the Wafer stage WST is stepped by one 
shot area, and scanning exposure is performed to that shot 
area. Stepping and scanning exposure is repeated in 
sequence, and the required number of shot patterns are 
transferred to the Wafer W. 

[0096] As explained above, the present embodiment 
adopts the above-explained reticle stage apparatus 12 serv 
ing as a drive apparatus for driving reticle R, and the reticle 
micromotion mechanism 34 is held to the reticle macromo 
tion stage 36 by the non-contact mechanism (50A, 50B) in 
a non-contact manner that permits X, Y, 02 rotation. In this 
case, since it is possible to slightly drive the reticle micro 
motion stage 34 holding reticle R in the X-axis direction and 
in the 02 direction by a pair of voice coil motors, it is 
possible to adjust the X-position and the yaWing of the 
reticle R With excellent precision. The reticle macromotion 
stage 36 and the reticle micromotion stage 34 are driven as 
one body by the linear motors 30 in the Y-axis direction With 
a predetermined stroke range, and since it is possible to 
slightly drive the reticle micromotion stage 34 holding the 
reticle R in the Y-axis direction by the non-contact holding 
mechanism (50A, 50B), it is possible to adjust the Y-axis 
direction position of the reticle R With excellent precision. 

[0097] In other Words, it is possible to drive the reticle R 
in the Y-axis direction With a predetermined stroke range by 
the reticle stage apparatus 12. 

[0098] The reticle macromotion stage 36, the non-contact 
holding mechanism 50A, 50B, the linear motors 30, the 
voice coil motors 33, and the like are all placed on one side 
(the —X side relative to the axis AX) of the reticle micro 
motion stage 34. In addition, the reticle micromotion stage 
34 on Which the reticle R is placed is supported in a so-called 
cantilever manner by reticle macromotion stage 36, the 
non-contact holding mechanism 50A, 50B, the linear motors 
30, the voice coil motors 33, and the like. Thus, on the other 
side (the +X side) of the reticle micromotion stage 34 there 
is no drive system, and suf?cient space can be obtained, so 
the linear motors for stage driving serving as a macromotion 
mechanism may also be disposed on only one side of the 
reticle micromotion stage 34. 

[0099] Thus, in an exposure apparatus 10 according to this 
embodiment providing the reticle stage apparatus 12, it is 
possible to obtain a degree of freedom for the placement of 
the reticle laser interferometer, the reticle loader, and the 
like, for example, and it is also possible to obtain a degree 
of freedom for the reticle loading space. Since up and doWn 
movement of the reticle loader, and the like is practically 
unnecessary When changing the reticle, it is possible to make 
the exchange sequence simple. For example, in FIG. 2, it is 
possible to place the reticle loader mechanism (not shoWn) 

Oct. 4, 2001 

on the +X side of the reticle micromotion stage 34 and on the 
+Y side of the reticle macromotion stage 36. In this case, 
When transferring a reticle to the reticle micromotion stage 
34 from the reticle loader mechanism, it is possible to carry 
a reticle from the +Y side of the reticle micromotion stage 
34 (the opposite side from the moving mirrors 64Y1, 64Y2), 
and When moving a reticle to the reticle loader mechanism 
from the reticle micromotion stage 34 (When unloading), it 
is possible to carry a reticle from the +X side of the reticle 
micromotion stage 34 (the moving mirror 64X side). 

[0100] A smaller, lighter reticle stage apparatus 12 is 
possible, and since it is possible to obtain lighter moving 
members (especially the reticle macromotion stage 36) 
driven in the Y-axis direction during movement of the reticle 
micromotion stage 34 on Which reticle R is placed, it is 
possible to improve the position control of the reticle 
macromotion stage 36 and the reticle micromotion stage 34. 

[0101] Therefore, during scanning exposure, high preci 
sion exposure is possible by improved synchroniZation in 
the Y-axis direction of the reticle micromotion stage 34 
(reticle stage RST) and the Wafer stage WST Which holds 
Wafer W, and it is possible to also improve the throughput by 
shortened concurrent settling time. 

[0102] The reaction force accompanying the X-axis direc 
tion drive and the Y-axis direction (that is, the Y-axis 
direction drive of the reticle macromotion stage 36) drive of 
the reticle micromotion stage 34 is cancelled by movement 
of the frame 20 supported by the support mechanism (78A, 
78B) following the laW of conservation of momentum as 
described above. Therefore, it is possible to cancel With 
certainty the reaction force to the drive force of each stage 
When driving the reticle micromotion stage 34 and the reticle 
macromotion stage 36. In this case, it is possible to also 
prevent the generation of an unbalanced load due to the 
movement of each stage 34, 36. Since the reaction force 
during the movement of each stage 34, 36 is not transmitted 
to the top plate 18, and in turn is not transmitted to the main 
column 14, it is possible to effectively restrict the vibrations 
of the main column 14 due to reticle drive, and in turn 
effectively restrict the vibrations of the projection optical 
system PL. Concerning this point as Well, improved expo 
sure precision and pattern transfer precision can be achieved. 

[0103] Next, a second embodiment Will be described With 
reference to FIG. 6 and FIG. 7. The same reference numer 
als Will be used for the same or similar components of the 
?rst embodiment described above, and their description may 
be simpli?ed or omitted. In the second embodiment, the 
structure of the reticle stage apparatus differs from the ?rst 
embodiment explained above, and since the structure of the 
other components is the same, the folloWing explanation 
Will focus on the differences. 

[0104] FIG. 6 is a partly broken vieW shoWing the reticle 
stage apparatus 112, Which is part of an exposure apparatus 
according to the second embodiment. In FIG. 7, a disas 
sembled perspective vieW of the reticle stage RST in FIG. 
6 is shoWn. 

[0105] As is clear upon comparison of FIG. 2 and FIG. 6, 
the reticle stage apparatus 112 is greatly different in external 
appearance from the above-described reticle stage apparatus 
12, hoWever, the basic functions are the same, and differ 
only by a. to d. listed beloW. 
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[0106] a. In this reticle stage apparatus 112, a downward 
extension 24c is disposed on the front end of the upper plate 
24 of the frame 20, and an inner surface 24d of the 
doWnWard extension 24c is designated as the guide surface 
for the X-axis direction. The hydrostatic gas bearings 86 are 
disposed on the front surface of the reticle macromotion 
stage 36 opposing the guide surface 24d. 

[0107] b. The armature units 30A1, 30A2 (stationary mem 
bers of the linear motors) are mutually opposed and extend 
in the Y-axis direction in the portion slightly in front of the 
center in the front-back direction (X-axis direction) of the 
upper plate 24 and the loWer plate 22 comprising the frame 
20. On the upper and loWer surfaces of the reticle macro 
motion stage 36 corresponding to the armature units 30A1, 
30A2, a pair of respective magnetic pole units 30B1, 30B2, 
as shoWn in FIG. 7, being the moving members of the linear 
motors similar to the above-described moving member 30B, 
are disposed in predetermined intervals in the Y-axis direc 
tion (the magnetic pole unit 30B 1 on the loWer surface of one 
side is not shoWn). In other Words, in the second embodi 
ment, one linear motor is comprised of armature unit 30A1 
and a pair of magnetic pole units 30B 1 and similarly another 
linear motor is comprised of the armature unit 30A2 and a 
pair of magnetic pole units 30B2. The macromotion mecha 
nism for driving the reticle macromotion stage 36 With the 
reticle micromotion stage 34 as one body in a predetermined 
stroke in the Y-axis direction is comprised of the set of linear 
motors. 

[0108] c. As shoWn in FIG. 7, tWo each of the electro 
magnets 52a, 52b, 52c, 52d are affixed to the loWer surface 
toWard the center in the Y-axis direction of the reticle 
macromotion stage 36 via af?xing material. In this case, tWo 
each of the electromagnets 52a, 52b, 52c, 52d are each 
disposed in predetermined intervals in the X-axis direction. 
The tWo electromagnets 52a and the tWo electromagnets 52b 
are disposed With the back sides thereof opposing each other, 
and comprise one electromagnet unit 88A. Similarly, the tWo 
electromagnets 52c and the tWo electromagnets 52d are 
disposed With the back sides thereof opposing each other, 
and comprise one electromagnet unit 88B. Corresponding to 
the electromagnetic units 88A, 88B, tWo rectangular open 
ings 90, 92 are formed in the reticle micromotion stage 34 
aligned along the Y-axis direction such that the electromag 
netic units 88A, 88B are each capable of being inserted 
therein With a predetermined clearance. Iron plates 54411, 
54a2 serving as magnetic material are attached to both side 
surfaces in the Y-axis direction of the opening 90. Also, iron 
plates 54b1, 54b2 serving as magnetic material are each 
attached to both side surfaces in the Y-axis direction of the 
opening 92. In this case, With the reticle micromotion stage 
34 incorporated into the reticle macromotion stage 36 as 
shoWn in FIG. 6, tWo electromagnets 52a oppose the iron 
plate 54a1, tWo electromagnets 52b oppose the iron plate 
54412, tWo electromagnets 52d oppose the iron plate 54b1, 
and tWo electromagnets 52c oppose the iron plate 54b2. In 
other Words, a non-contact holding mechanism, having 
equivalent function as the above-mentioned non-contact 
mechanism 50A, is comprised of the electromagnetic unit 
88A and the iron plates 54411, 54a2, and a non-contact 
holding mechanism, having equivalent function as the 
above-mentioned non-contact mechanism 50B, is comprised 
of the electromagnetic unit 88B and the iron plates 54b1, 
54b2. 
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[0109] d. Furthermore, in the reticle stage apparatus 112, 
vacuum chucks 481, 482, 4!’?3 are disposed to support reticle 
R at three points at the front and back of the opening 35 in 
the vicinity of the front end of the reticle micromotion stage 
34. 

[0110] The components of the exposure apparatus other 
than the reticle stage apparatus 112 and the other compo 
nents of the reticle stage apparatus 122 are structured 
similarly to the above-described ?rst embodiment. 

[0111] According to an exposure apparatus provided With 
reticle stage apparatus 112, it is possible to obtain a similar 
effect as the above-described ?rst embodiment, and since the 
reticle macromotion stage 36 is driven in the Y-axis direction 
While being supported in a non-contact manner from the 
front and from the back by the guide surfaces 24a', 24b 
opposing the hydrostatic gas bearings 86, 46 disposed in the 
front and the back, the support rigidity of the reticle mac 
romotion stage 36 in the X-axis direction is improved, and 
it is possible to prevent With near certainty the generation of 
reticle macromotion stage 36 yaWing. 

[0112] The case Where a drive apparatus according to the 
invention applied to the reticle stage apparatus of a scanning 
type DUV exposure apparatus has been described in each of 
the above embodiments. HoWever, the drive apparatus of the 
invention is not limited to this application, but may be 
suitably applied as a mask stage apparatus of a proximity 
type aligner for transferring a mask pattern to a substrate by 
the contact of a mask to a substrate Without use of a 

projection optical system, or applied to a mask stage appa 
ratus such as a scanning type exposure apparatus using the 
batch transfer method for liquid crystals. 

[0113] Additionally, if an apparatus is capable of driving 
a stage on Which an object (a sample) is placed in a 
predetermined ?rst axis direction, and the apparatus requires 
micromotion in the direction orthogonal to the ?rst axis 
and/or motion about a rotation axis, then the drive apparatus 
of the invention is suitably applicable to not only an expo 
sure apparatus, but to a sample positioning apparatus in 
other precision machines. 

[0114] The exposure apparatus of the invention may use, 
as exposure light, not only the above-described far ultravio 
let light or vacuum ultraviolet light, but also soft X-ray EUV 
light having a Wavelength of 5 nm to 30 mn. For example, 
vacuum ultraviolet light includes ArF excimer laser light and 
F2 laser light, and the like. Alternatively, a harmonic Wave 
may be used Which is obtained by amplifying single-Wave 
form laser light in an infrared region or a visible region 
emitted from a DFB semiconductor laser or a ?ber laser by, 
for example, a ?ber ampli?er doped With erbium (or both 
erbium and ytterbium) and Wavelength-converting the laser 
light into ultraviolet light by using a nonlinear optical 
crystal. 

[0115] For example, if the oscillation Wavelength of a 
single-Waveform laser is in the 1.51 to 1.59 pm range, a 
generated Wavelength being an 8 X harmonic Wave in the 
189 to 199 nm range is output, or a generated Wavelength 
being a 10 X harmonic Wave in the 151 to 159 nm range is 
output. Especially if the oscillation Wavelength is in the 
1.544 to 1.553 pm range, a generated Wavelength being an 
8 X harmonic Wave in the 193 to 194 nm range is output, that 
is, an ultraviolet light With a Wavelength approximately 










