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(57) Abstract: When a liquid immersion area (liquid
(Lq)) formed on a wafer stage (WST1 or WST2) is
moved onto another wafer stage (WST2 or WST1), a fine
movement stage position measuring system measures po-
sitional information of the wafer stage (WST1), interfer-
ometers (18YB, and 18XB3) of a coarse movement stage
position measuring system measure positional informa-
tion of the another wafer stage (WST2), and interferome-
ters (18YA, and 18X Aj) measure positional information
of the water stage (WST1). Based on these measurement
results, the wafer stages (WST1 and WST2) are made to
be in proximity to each other and are driven while the
scrum state is maintained, and thereby the liquid immer-
sion area (liquid (Lq)) formed on the water stage (WST1
or WST2) can be moved onto the another wafer stage
(WST2 or WST1).
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Description

Title of Invention

EXPOSURE APPARATUS AND DEVICE MANUFACTURING METHOD

Technical Field

The present invention relates to exposure apparatuses
and device manufacturing methods, and more particularly to
an exposure apparatus that exposes an object with an energy
beam via an optical system, and a device manufacturing method

that uses the exposure apparatus.

Background Art

Conventionally, in a lithography process for
manufacturing electron devices (microdevices) such as
semiconductor devices. (integrated circuits or the like) or
liquid crystal display elements, an exposure apparatus such
as a projection exposure apparatus by a step-and-repeat method
(a so-called stepper), or a projection exposure apparatus by
a step-and-scan method (a so-called scanning stepper (which
is also called a scanner)) is mainly used.

In this type ef the projection exposure apparatus, a
stage device that accurately drives a stage that moves along
a predetermined two-dimensional plane while holding a wafer
is provided, in order to overlay and ferm device patterns on
a substrate such as a wafer or a glass plate (hereinafter,
generically referred to as a wafer). Ih this case, in order
to improve the throughput, it is reqﬁired‘for'the stage device

to drive the stage at high speed with high acceleration.
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Therefore, for example, as disclosed in Patent Literature 1,
a stage device has been developed that has a configuration
of driving a stage using a planar motor by an electromagnetic
force drive method. Incidentally, the planar motor is
configured of a stator arranged in a surface plate that holds
the stage and a mover arranged in the stage.

Furthermore, it is required for the stage device to
position a wafer with respect to the device patterns with high
precision by driving the stage such that device patters are
overlaid and formed with high precision. Therefore, in order
to respond to such requirement, for example, in the fifth
embodiment of Patent Literature 2, a two-dimensional encoder
system is enclosed that measures positional information of
a stage by irradiating a grating arranged at the stage with
a measurement beam from directly below and receiving reflected
/ diffracted light from the grating. In the two-dimensional
encoder system related to the fifth embodiment of Patent |
Literature 2, a two—dimenéional encoder (a head section that

emits the measurement beam) is fixed to a surface plate that

-supports the stage. Therefore, if the two-dimensional

encoder system described in Patent Literature 2 is applied
to the previously-described stage device (Patent Literature
1) having a configuration that uses the planar motor without
any changes, a reaction force accompanying a drive force used
to drive the stage causes vibration of the surface plate at
which the two-dimensional encoder (head séction) is arranged,
thereby the measurement accuracy of the two-dimensional

encoder system is degraded, and as a consequence, there is

a risk that the position control accuracy is degraded.
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Patent Literature ‘
[PTL 1] U.S. Patent No. 6,437,463
[PTL 2] U.S. Patent Application Publication No.

2008/0094594

Summary of Invention

"According to a first aspect of the present invention,
there is provided a first exposure apparatus that exposes an
object with an.energy'beanlvia an optical system and a liquid,
the apparatus comprising: a first and a second movable bodies
whichAindependently move on a guide surface parallel to a
two-dimensional plane while each holding the object, and at
each of which a measurement surface parallel to the
two-dimensional plane is arranged; a guide surface forming
member that forms the guide surface; a liquid supply device
that supplies the liquid to a space between the optical system
and the object held by the first or second movable body; a
first measurement system that irradiates the measurement
surface of the first or second movable body that moves within
a first area, with a measurement beam from a side opposite
totheopticalsystanwithrespecttxatheguidesurfaceforming
member, and receives light from the measurement surface,
thereby obtaining positional information of the first or
second movable body; and a second measurement system that,
when one of the first and second movable bodies located within
the first area moves in proximity to the other of the first
and second movable bodies and thereby the liquid supplied on

the one of the movable bodies moves onto the other of the
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movable bodies, obtains at least positional information of
the other of the movable bodies.

With this apparatus, when the liquid supplied on one of

the first and second movable bodies located in the first area

is moved onto the other of the first and second movable bodies,
the first measurement system obtains the‘positional

information of the one of the movable bodies with high

precision and the second measurement system obtains at least

the positional information of the other of the movable bodies
with high precision. Consequently, by moving the first and
second movable bodies in proximity to each other based on
theses measurement results, the liquid supplied on the one
ofthenwvablebodiescanbenmvedontotheotheréfthenmvable
bodies.

In this case, the guide surface is used ﬁo guide the
movable body in a direction orthogonal to the two-dimensional
plane and can be of a contact type or a noncontact type. For
example, the guide method of the noncontact type includes a
configuration uSing static gas bearings such as air pads, a
configuration using magnetic levitation, and the like.
Further, the guide surfaée is not limited to a configuration
in which the movable body is guided following the shape of
the guide surface. For example, in the configuration using
static gas bearings such as air pads described above, the
opposed surface of the guide surface forming member that is
opposed to the movable body is finishéd so as to have a high
flatness degree and the movable body is guided in a noncontact
manner via a predetermined gap so as to follow the shape of

the opposed surface. On the other hand, in the configuration
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iﬁ which while a part ofva motor or the like that uses an
electromagnetic force is placed at the guide surface forming |
member, a part of the motor or the liké is also placed at the
movable body, and a force acting in a direction orthogonal
to the two—dimensional plane described above is generated by
the guide surface forming member and the movable body
cooperating, the position of the movable body is controlled,
by the force, on a predetermined two-dimensional plane. For
example, a configuration is also included in which a planar
motor is arranged at the guide surface forming membef and
forces in directions which include two directions orthogonal
toeachotherwithhnthetwo—dimensionaiplaneandeadirection
orthogonal to the two-dimensional plane.are generated on the
movable body and the movable body is levitated in a noncontact
manner without arranging the static gas bearings described
above.

According to a second aspect of the present invention,
there is provided a second exposure apparatus that exposes
an object with an energy beam via an optical system, the
apparatuscomprising:aifirstandeasecondnmvablebodieswhich
independently move on a guide surface parallel to a
two-dimensional plane while each holding the object,. and at
each of which a measurement surface parallel to the.
two-dimensional plane is arranged; a guide surface‘formihg
member that forms the guide surface; a first measurement system
that irradiates the measurement surface of the first or second
movable body that moves within a first area, with a measurement
beam from a side opposite to the optical system with respect

to the guide surface forming member, and receives light from
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the measurement surface, thereby obtaining positional

information of the first or second movable body; a mark

‘detecting system that detects a plurality of marks formed on

the object held by the.first or second movable body within
a second area that is away from the first area; a second
measurement system that obtains positional information of the
first and secondumovable bodies that move within a third area
that includes an area between the first and second areas; and
a third measurement system that irradiates the measurement
surface of the first or second movable body that moves within
the second area, with a measurement beam from a side opposite
totheopticalsystanwithrespecttx>theguidesurfaceerming
member, and receives light from the measurement surface,
thereby obtaining positional information of the first or
second movable body.

With this apparétus, it is possible to make the first
and second movable bodies move between the first and second
areas passing through the third area, using the positional
information obtained by the first to third measurement
systems.

According to a third aspect of the present invention,
there is provided a third exposure apparatus that exposes an
object with an energy beam via an optical system and a liquid,
the apparatus comprising: a first and a second movable bodies
each of which includes a first movable body member that is
movablecnlaguidesurfaceparalleltx>atwo—dimensionalplane
while holding the object, and a second movable body member
that is placed on an outer side of the first movable body member,

supports the first movable body member relatively movable,
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is movable on the guide surface, and has a measurement surface
parallel to the two—dimensional‘plane arranged thereon; a
liguid supply device that supplies the liquid to a space
between the optical system and the object held by the first
or second movable body; a first measurement system that
irradiates the measurement surface of the first or second
movablebodythatn@veswithineafirstarea,withfimeasurement
beam from a side opposite to the optical system, and receives
light from the measurement surface, thereby obtaining
positional information of the first or second movable body;
and a second measurement system that, when the liquid supplied
on one of the first and second movable bodies located within
the first area is moved onto the other of the first and second
movable bodies, obtaiﬁs at least positional information of
the other of the movable bodies.

With this apparatus, when the liquid supplied on one of
the first and second movable bodies located within the first
area is moved onto the other of the first and second movable
bbdies, the first measurement system obtains the positional
information of the one of the movable bodies that moves within
the first area and the second measurement system obtains at
least the positional information of the other of the movable
bodies with. Therefore, the liquid supplied on the one of the
movablebodiescanbenmvedéntotheotherofthenmvablebodies
while the positional information of both the first and sechd
movable bodies is obfained.

Bccording to a fourth aspect of the present invention,
there is provided a fourth exposure apparatus that exposes

an object with an energy beam via an optical systemand a liquid,
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the apparatus comprising: a first and‘a second movable bodies
each of which includes a first movable body member that is’
movable on a guide surface parallel to a two-dimensional plane
while holding the object, and a second movable body member
5 that is placed on an outer side of the first movable body member,
supports the first movable body member relatively movable,
and is movable 'on the guide surface; a liquid supply device
that supplies the liquid to a space between the optical system
and the object held by the first or second movable body; and
10 a control éystem that moves the liquid supplied on one of the
movable bodies onto the other of the movable bodies by driving
the first and second movable bodies to cause the first and
secondmOvabledeymembers,whichﬁhefirstandsecondnmvable
bodies each have, to bé in proximity in one axial direction
15 within the two-dimensional plane and also céuse the second
movable body member of the first movable body and the second
movable body member of the second movable body to be in
proximity, and moving the first and second movable bodies in
theoneaxialdirectionwhilenaintainingtheproximitystate.
20 With this apparatus, the control system causes the first
and second movable body members, which each of the first and
second movable bodies has, to be in proximity in the one axial
mdirection within the two-dimensional plane and also causes
the second movable body member of the first movable body and
25 the second movable body member of the second movable body to
be:U1proximitybychjvingthefirstandsecondnmvablebodies,
and moves the first and second movable bodies in the one axial
direction while maintaining the proximity state, thereby

moving the liquid supplied on one of the movable bodies onto
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the other of the movable bodies. Therefore the liquid

supplied on one of the first and second movable bodies can
be moved onto the other.

According to a fifth aspect of the present invention,
there is provided a device manufacturing method, comprising:

exposing an object using any one of the first to fourth exposure

apparatuses of the present invention; and developing the

exposed object.

Brief Description of Drawings
FIG. 1 is a view schematically showing a configuration
of an exposure apparatus of a first embodiment.

FIG. 2 is a plan view of the exposuré apparatus of Fig.

FIG. 3 is a side view of the exposure apparatus of Fig.
1 when viewed from the +Y side.

Fig. 4(A) is a plan view of a wafer stage which the
exposure apparafus of Fig. 1 is equipped with, Figf 4(B) 1is
an end view of the cross section taken along the line B-B of
Fig. 4(A), and Fig. 4(C) is an end view of the cross section
taken along the line C-C of Fig. 4(A). |

FIG. 5 is a view showing a configuration of a fine
movement stage position meaéuring system.

FIG. 6 is a block diagram used to explain input/output
relations of a main controller which the exposure apparatus
of Fig. 1 is-eéuipped with.

FIG. 7 is a view (No. 1) used to explain the procedure
to expose a wafer using two wafer stages in the exposure

apparatus of Fig. 1.
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FIG. 8 is a view (No. 2) used to explain the procedure
to expose a wafer using the two wafer stages in the exposure
apparatus of Fig. 1.

FIG. 9 is a view (No. 3) used to explain the procedure
to expose a wafer using the two wafer stages in the exposure
apparatus of Fig. 1.

FIG. 10 is a view (No. 4) used to explain the procedure

Lo expose a wafer using the two wafer stages in the exposure

apparatus of Fig. 1.

FIG. 11 is a view (No. 5) used to explain the procedure
to expose a wafer using the two wafer stages in the exposure
apparatus of Fig. 1.

FIG. 12 is a view (No. 6) used tQ explain the procedure
to expose a wafer using the two wafer stages in the exposure
apparatus of Fig.vl.

FIG. 13 is a view (No. 7) used to explain the procedure
to expose a wafer using the two wafer stages in the exposure
apparatus of Fig. 1.

FIG. 14 is a view used to explain an example of a modified
configuration of a wafer stage and the movement pfocedure of
a liquid immersion area Lg between two wafer stages.

FIG. 15is aplanview of an exposure apparatus of a second

embodiment.

Fig. 16(A) is a plan view of a wafer stage which the
exposure apparatus of the second embodiment is equipped with,
and Fig. 16(B) is an end view of a crosé section taken along
the B-B line in Fig. 16(A).

FIG. 17 is a view showing a configuration of a stage.

position measuring system.
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18 is a block diagram showing a configuration of

system of the exposure apparatus of the second

embodiment.

FIG.

to expose

. apparatus

FIG.

to expose

apparatus

FIG.

to expose

apparatus

FIG.

to expose

apparatus

FIG.

to expose

apparatus

FIG.

to expose

apparatus

FIG.

to expose

apparatus

FIG.

to expose

apparatus

FIG.

to expose

19 is a view (No. 1) used to explain the procedure
a wafer using two wafer stages in the exposure
of the second embodiment.

20 is a view (No. 2) used to explain the procedure
a wafer using the two wafer stages in the exposure
of the second embodiment.

21 is a view (No. 3) used to explain the procedure
a wafer using the two wafer stages in the exposure
of the second embodiment.

22 is a view (No. 4) used to explain the procedure
a wafer using the two wafer stages in the exposure
of the second embodiment.

23 is a view (No. 5) used to explain the procedure
a wafef using the two wafer stages in the exposure
of the second embodiment.

24 is a view (No. 6) used to explain the procedure
a wafer using the two wafer stages in the exposure
of the second embodiment.

25 is a view (No. 7) used to explain the procedure
a wafer using the two wafer stages in the exposure
of the second embodiment. .

26 is a view (No. 8) used to explain the procedure
a wafer using the two wafer stages in the exposure
of the second embodiment.

27 is a view (No. 9) used to explain the procedure

a wafer using the two wafer stages in the exposure
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apparatus of the Second embodiment.

FIG. 28 is a view (No. 10) used to explain the procedure
to expose a wafer using the two wafer stages in the exposure
apparatus of the second embodiment.

FIG. 29 is a view (No. 11) used to explain the procedure
to expose a wafer using the two wafer stages in the exposure
apparatus of the second embodiment .

FIG. 30 is a view (No. 12) used to explain the procedure
to expose a wafer using the two wafer stages in the exposure
apparatus of the second embodiment.

FIG. 31 is a view (No. 13) used to explain the procedure
to expose a wafer using the two wafer stages in the exposure
apparatus of the second embodiment.

FIG. 32 is a View (No. 14) used to explain the procedure

to exposé a wafer using the two wafer stages in the exposure

apparatus of the second embodiment.

Description of Embodiments
- First Embodiment

A first embodiment of the present invention is described
below, with reference to'Figs. 1 to 13;

Fig. 1 schematically shows a configuration of an
exposure apparatus 100 related to the first embodiment.
Exposure apparatus 100 is a projection exposure apparatus by
a step-and-scan method, which is a so-called scanner. As
described later on, aprdjectionopticalsystemE&Jisprovided
in the embodiment, and in the description below, the
explanation is given assuming that a direction parallel to

an optical axis AX of projection optical system PL is a Z-axis
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direction, a direction in Which a reticle and a wafer are
relatively scanned within a plane orthogonal to the Z-axis
direction is a Y—axis direction, and a direction orthogonal
to the Z-axis and the Y-axis i1s an X-axis direction, and
rotational (tilt) directions around the X-axis, Y-axis and
Z-axis are 0x, Oy and 0z directions, respectively.

As shown in Fig. 1, exposure apparatus 100 is equipped
widuanexposurestation(exposureprocessingarea)ZOOplaced
in the vicinity of the +Y side end on a base board 12, a
measurement station (measurement processing area) 300 placed

in the vicinity of the -Y side end on base board 12, a stage

device 50 that includes two wafer stages WST1 and WST2, their

control system and the like. In Fig. 1, wafer stage WST1 is
located in exposure station 200 and a wafer‘W_is held on wafer
stage WST1. And, wafer stage WST2 is located in measurement
station 300 and another wafer W is held on wafer stage WST2.

Exposure station 200 is equipped with an illuminations
system 10, a reticle stage RST, a projection unit PU, a local
liquid immersion device 8, and the like.

Illumination system 10 includes: a light source; and an
illumination optical system that has an illuminance
uniformity optical system including an optical integrator and
the like, and a reticle blind and the like (none of which are
illustrated), as disclosed in, for example, U.S. Patent
Application Publication No. 2003/0025890 and the like.
Illuminationsystem]i)illuminateseaslit-shapedillumination
area IAR, which is defined by the reticle blind (which is also
referred to aé a masking system), on reticle R with

illumination light (exposure light) IL with substantially
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uniform illuminance. As illumination light IL, ArF excimer

laser light (wavelength: 193nm) is used as an example.

| On reticle stage RST, reticle R having a pattern surface
(the lower surface in Fig. 1) on which a circuit pattern and
thelikeareformaﬂisfixadby,forexamplé,vacuumadsorption.
Reticle stage RST can be driven with a predetermined stroke
at a predetermined scanning speed in a scanning direction
(which is the Y-axis direction being avlateral direction of
the page surface of Fig. 1) and can also be finely driven in
the X-axis direction, with a reticle stage driving system 11
(hotillustratedjleig.Jﬁ see Fig. 6) including, for example,
a linear motor or the like.

Positional information within the XY plane (including
rotational information in the 0z direction) of reticle stage
RST is constantly detected at a resolution of, for example,
around 0.25 nm with a reticle laser inteiferometer
(hereinafter, referred to as a “reticle interferometer”) 13
via a movable mirror 15 fixed to reticle stage RST (actually,
a Y movable mirror (or a:retrorefléctor) that has a reflection
surface orthogonal to the Y-axis direction and an X movable
mirrot that has a reflection surface orthogonal to the X-axis
direction are arranged). The measurement values of reticle
interferémeter 13 are sent to a main controller 20 (not
illustrated in Fig. 1, see Fig. 6). Incidentally, as
disclosed in, for example, PCT International Publication No.
2007/083758 (the corresponding U.S. Patent Application
Publication No. 2007/0288121) and the like, the positional
informat.ion of reticle stage RST can be measured by an encoder

system.
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Above reticle stage RST, a pair of reticle alignment
systems RA; and RA; by an image processing method, each of which
has an imaging device such as a CCD and uses light with an
exposurewaveléngth(illuminationlightIL:Ultheembodiment)
asalignmentilluminationlight,areplaced(inFig.1,reticle
alignment system RA; hides behind reticle alignment system RA;
in the depth of the page surface), as disclosed in detail in,
for example, U.S. Patent No. 5,646,413 and the like. Main
controllef 20 detects projected images of a pair of reticle
alignment marks (the illustration is omitted) formed on
reticle R and a pair of first fiducial marks on a measurement
plate, which is described later, on fine movement stage WFS1

(or WFS2), that correspond.to the reticle alignment marks via

projection optical system PL in a state where the measurement

plate is_located.directly under projection optical systéHLPL,
and the pair of reticle alignment systems RA; and RA, are used
to detect a positional relation between the center of a
projection area of a pattern of reticle Rby projection optical
system PL and.a fiducial position on the measurement plate,
i.e., the center of the pair of the first fiducial marks,
according to such detection performed by main controller 20 .
The detection signals of reticle alignment systems RA; and RA,
afe supplied to main controller 20 (see Fig. 6) via a signal
processing system that is not illustrated. Incidentally,

reticle alignment systems RA; and RA; do not have to be arranged.

In such a case, it is preferable that a detection system that

has a light-transmitting section (photodetection section)
arranged at a fine movement stage, which is described later

on, is installed so as to detect projected images of the reticle
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alignment marks, as disclosed in, for example, U.S. Patent
Application Publication No. 2002/0041377 and the like.
Projection unit PU is placed below reticle stage RST in
Fig. 1. Projection unit PU is supported, via a flange section
FLG that is fixed to the outer periphery of projection unit
PU, by a main frame (which is also referred to as a metrology
frame) BD that is horizontally supported by a support member
that is not illustrated. Main frame BD can be configured such
that vibration from the outside is not transmitted to the main
frame or the main frame does not transmit vibration to the
outside, by arranging a vibration isolating device or the like
at the support member. Projection unit PU includes a barrel
40 and projection optical system PL held within barrel 40.
AsprojectionopticalsystemPL,forexample,acﬁoptricsystem
that is composed of a plurality of optical elements (lens
elements) that are‘disposed along optical axis AX parallel
to the Z-axis direction is used. Projection optical system
PL is, for example, both-side telecentric and has a
predetermined projection magnification (e.g. one-quarter,
one-fifth, one-eighth times, or the like). Therefore, when
illumination .area IAR on reticle R is illuminated with
illumination light IL from illuﬁination system 10,
illumination light IL passes through reticle R whose pattern
surface is placed substantially coincident with a first plane
(object plane) of projeétion optical system PL. Then, a
reduced image of a circuit pattern (a reduced image of a part
of a circuit pattern) of reticle R within illumination area
IAR is formed in an area (hereinafter, also referred to as

an exposure area) IA that is conjugate to illumination area
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IAR described above on wafer W, which is placed on the second
plane (image plane) side of projection optical system PL and
whose surface is coated with a resist (sensitive agent), via
projection optical system PL (projection unit PU). Then, by
moving reticle R relative to illumination area IAR
(illumination light IL) . in the scanning direction (Y-axis
direction) and also moving wafer W relative to exposure area
IA (illumination light IL) in the scanning direction (Y-axis
direction) by synchronous drive of reticle stage RST and wafer
stage WST1l (or WST2), scanning exposure of one shot area
(divided area) on wafer W is performed. Accordingly, a
pattern of reticle R is transferred onto the shot area. More
specifically, in the embodiment, a pattern of.reticle R is
generated on wafér'W by illumination system 10 and projection
optical system PL, and the pattern isvformed on wafer W by
exposure of a sensitive layer (resist layer) on wafer W with
illumination light IL. 1In this case, projection unit PU is
held by main frame BD, and in the embodiment, main frame RBRD
is substantially horizontally supported by a plurality (e.q.
three or four) of support members placed on an installation
surface (such as a floor surface) each via a vibration
isolating mechanism. Incidentally, the vibration isolating
mechanism can be placed between each of the support members
and main frame BD. Further;‘as.disclosed.in, for example, PCT
International Publication No. 2006/038952, main frame BD
(projection unit PU) can be suppdrted in a suspended manner
by a main frame member (not illustrated) placed above
projection unit PU or a reticle base or the iike.

Localliquidimmersiondevice8jjmﬂudesa]jquidsupply
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device 5, a liqu}d recovery device 6 (none of which are
illustrated in Fig. 1, see Fig. 6), and a nozzle unit 32 and
the like. As shown in Figf 1, nozzle unit 32 is supported in
a suspended manner by main frame BD that supports projection
unit PU and the like, via a support member thét is not
illustrated, so as to enclose the periphery of the lower end
of barrel 40 that holds an optical element closest to the image
plane side (wafer W side) that configures projection optical
system PL, which is a lens (hereinafter, also referred to as
a “tip lens”) 191 in this case. Nozzle unit 32 is equipped
with a supply opening and a recovery opening of a liquid Lq,
a lower surface to which wafer W is placed so as to be épposed
and at which the recovery opening is arranged, and a supply
flow channel and a recovery flow channel that are respectively
connected to a liquid supply pipe 31A and a liquid recovery
pipe 31B (none of which are illustrated in Fig. 1, see Fig.
2). One end of a supply pipe (not illustrated) is connected
to liquid supply pipe 314, while the other end of the supply
pipe is connected to liquid‘supply device 5, and one end of
a recovery pipe (not illustrated) is connected to liquid
recovery pipe 31B, while the other end of the recovery pipe
is connected to liquid recovery device 6.

In the embodiment, main controller 20 controls liquid
supply device 5 (see Fig. 6) to supply the liquid to the space
between tip lens 191 and wafer W and also controls liquid
recovery device 6 (see Fig. 6) to recover the liquid from the
space between tip lens 191 and wafer W.'.On this operation,
main controller 20 controls the quantity of the supplied liquid

and the quantity of the recovered liquid in order to hold a
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constant quantity of liquid Lg (see Fig. 1) while constantly
replacing the liquid in the space between tip lens 191 and
wafer W. In the embodiment, as the liquid described above,
a pure water (with a refractive indéxrlz 1.44) that transmits
the ArF excimer laser light (the light with a wavelength of
123 nm) 1is to be used.

Measurement station 300 is equipped with an alignment
device 99 arranged at main frame BD. Alignment device 99
includes five alignment systems ALl and AL2; to AL2, shown in
Fig. 2, as disclosed in, for example, U.S. Patent Application
Publication No. 2008/0088843 énd the like. To be more
specific, és shown in Fig. 2, a primary alignment system ALl
is placed in a state where its detection center is located
at a position a predetermined distance apart on the -Y side
fromoptical axis AX, on a straight 1ine (hereinafter, referred
to as a reference axis) LV that passes through the center of
projection unit PU (which is optical axis AX of projection
optical system PL, and in the embodiment, which also coincides
with the center of exposuré area IA described previously) and
is parallel to the Y-axis. On one side and the other side in
the X~axis direction with primary alignment system ALl in
between, secondary alignment systems AL2, and AL2,, and ALZ2;
and AL24, whose detection centers are substantially
syﬁmetrically placed with respect to reference axis LV, are
arranged respectively. More specifically, the detection
centers of the five alignment systems ALl and;ALtho‘AL24are
placed along a straight line (hereinéfter, referred to as a

reference axis) La that vertically intersects reference axis

LV at the detection center of primary alignment system ALl
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and is parallel to the X-axis. Note that a configuration

including the five alignment systems ALl and AL2; to AL2, and

a holding device (slider) that holds these alignment systems
is shown as‘alignmeﬁt device 99 in Fig. 1. As disclosed in,
for example, U.S. Patent Application Publication No.
2008/0233234 and the:like, secondary alignment systems AL2;
to AL2, are fixed to the lower surface of main frame BD via
the movable slider (see Fig. 1), and the relative positions
of the detection areas of the secondary alignment systems are
adjustable at least in the X—axis direction with a drive
mechanism that is not illustrated.

In.the embodimént, as each of alignment systems ALl and
AL21toAL24,forexample,anFIA(FieldImageAlignmént)system
by an imagé processing method is used. The configurations of
alignmént systems ALl and AL2; to AL2, are disclosed in detail
in, for example, PCT International Publication No.
2008/056735 and the like. The imaging signal from each of
alignment systems ALl and AL2; to AL2; is supplied to main
controller 20 (see Fig. 6) via a signal processing system that
is not illustrated.

Note that exposure apparatus 100 has a first loading
position where a carriage operation of a wafer is performed
with respect to wafer stage WST1 and a second loading position
where a carriage operation of a wafer is performed with respect
to wafer stage WST2, although the loading positions are not
illustrated. 1In the case of the embodiment, the first loading
position is arranged on the surface plate 14A side and the
second loading positidn is arranged on the surface plate 14B

side.
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As shown in Fig. 1, stage device 50 is equipped with base

board 12, a pair of surface plates 14A and 14B placed above

" base board 12 (in Fig. 1, surface plate 14B hides behind surface

plate 14 in the depth of the page surface), the two wafer stages
WST1 and WST2 that move on a guide surface parallel to the
XY plane that is formed by the upper surfaces of the pair of
surface plates 14A and 14B, tube carriers TCa and TCb (tube
carrier TCb is not illustrated in Fig. 1, see the drawings
such as Figs. 2 and 3) that are respectively connected to wafer
stages WST1 and WSTZ2 via piping/wiring systems (hereinafter,
referred to as tubes for the sake of convenience) Ta, and Tb;
(not illustrated in Fig. 1, see Figs. 2 and 3), a measurement
system that measures positional information of wafer stages
WST1 and WST2, and the like. The electric power for various
types of sensors and actuators such as motors, the coolant
for temperature adjustment to the actuators, the pressurized
air for air bearings, and the like are supplied from the outside
to wafer stages WST1l and WST2 via tubes Ta, and Tbg,
respectively. Note that, in the description below, the
electric power, the coolant for temperature adjustment, the
pressurized air and the like are also referred to as the power
usage collectively. In the case where a vacuum suction force
is necessary, the force for vacuum (negative pressure).is also
included in the power usage.

Base board 12 is made up of a member having a tabular
outer shape, and as shown in Fig. 1, is substantially

horizontally (parallel to the XY plane) supported via a

vibration isolating mechanism (the illustration is omitted)

on a floor surface 102. In the center portion in the X-axis
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direction of the upper surface of base board 12, a recessed
section 12a (recessed groove) extending in a direction
parallel to the Y-axis is formed, as shown in Fig. 3. On the
upper surfaée side of base board 12 (excluding a portion where
recessed section 12a is formed, in this case), a coil unit
(the illustration is omitted) is housed that includes a
plurality of cecils placed in a matrix shape with the XY -

two-dimensional directions serving as a row direction and a

column direction.

As shown in Fig. 2, surface plates 14A and 14B are each
made up of a rectangular plate—shaped member whose
longitudinal direction is in the Y-axis direction in a planar
view (when viewed from above) and are respectively placed on
the -X side and the +X side of reference axis LV. Surface plate
14A and surface plate 14B are placed with a very narrow gap
in between in the X;axis direction, symmetric with respect
to reference axis LV. By finishing the upper surface (the +2
side surface) of each of surface plates 14A and 14B such that
the upper surface has a very high flatness degree, it is
possible to make the upper surfaces function as a guide surface
with respect to the Z-axis direction used when each of wafer
stages WST1 and WST2 moves following the XY plane.
Altérnatively, a configuration can be employed in which a force
in the 7 direction is made to act on wafer stages WST1 and
WST2 by planar motors, which are described later on, to
magnetically levitate wafer stages WST1 and WST2 above surface
plates 14A and 14B. In the case of the embodiment, the
cdnfiguration that uses the planar motors is employed and

static gas bearings are not used, and therefore, the flatness
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degree of the upper surfaces of surface plates 1427 and 14B
does not have to be so high as.in the above description.

As shown in Fig. 3, surface plates 14A and 14B are
supported on upper surfaces 12b of both side portions of
recessed section 12a of base board 12 via air bearings (or
rolling beariﬂgs) that are not illustrated.

Surface plates 14A and 14B respectively have first
sections 14A; and 14B; each having a relatively thin plate shape
on the upper surface of which the guide surface is formed,
and second sections 14A, and 14B; each having a relatively thick
plate shape and being short in the X-axis direction that are
integrally fixed to the lower surfaces of first sections 1424;
and 14B;, respectively. The endonthe +X side of first section
147, of surface plate 14A slightly overhangs, to the +X side,
the end surface on the +X side of second section 14A;, and the
end on the -X side of first section 14B; of surface plate 14B
slightly overhangs, to the -X side, the end surface on the
-X side of second section 14B,. However, the configuration
is not limited to the above-described one, and a configuration
can be employed in which the overhangs are not arranged.

Inside each of first sections 14A; and 14B;, a coil unit
(the illustration is omitted) is housed that includes a
plurality of coils placed in a matrix shape with the XY
two-dimensional directions serving as a row direction and a
column direction. The magnitude and direction of the electric
current supplied to each of the plurality of coils that
cbnfigure each of the coil units are controlled by main_
controller 20 (see Fig. 6).

Inside (on the bottom portion of) second section 14A;



WO 2010/147240 PCT/JP2010/060920

10

15

20

25

- 24.

of surface plate 14A, a magnetic unit (the illustration is
omitted), which is made up of a plurality of permanent maghets
(and yokes that are not illustrated) placed in a matrix shape
with the XY two-dimensional directions serving as a row
direction and a column direction, is housed so as to correspond
to the coil unit housed on thé upper surface side of base board
12. The magnetic unit configures, together with the coil unit
of base board 12, a surface plate driving system 60A (see Fig.
6) that is made up of a planar motor by the electromagnetic
force (Lorentz force) drive method that is disclosed in, for
example, U.S. Patent Application Publication No. 2003/0085676
and the like. Surface plate driving system 60A generates a
drive force that drives surface plate 14A in directions of
three degrees of freedom (X, Y, 6z) within the XY plane.
Similarly, inside (on the bottom portion of) second
section 14B, of surface plate 14B, a magnetic unit (the
illustration is omitted) made up of a plurality of permanent
magnets (and yokes that are not ‘illustrated) is housed that
configures, together with the coil unit of base board 12, a
surface plate driving system 60B (see Fig. 6) made up of a
planar motor that drives surface plate 14B in the directions -
of three degrees of freedom within the XY piane. Incidentally,
the placement of the coil unit and the magnetic unit of‘the
planar motor that configures each of surface plate driving
systems 60A and 60B can be reverse (a moving coil type that
has the magnetic unit on the base board side and the coil unit
on the surface plate side) to the above-described case (a
moving magnet type). |

Positional information of surface plates 14A and 14B in
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the directions of three degrees of freedom is obtained
(measured) independently from each other by a first sufface
platepositionn@asuringsystan69Aandeasecondsurfaceplaté
position measuring system 69B (see Fig. 6), respectively,
which each include, for example, an encoder sYstem. The
outputofeachoffirstsurfaceplatepositionneasuringsystem
69A and second surface plate position measuring system 69B
is supplied to main controller 20 (see Fig. 6), and main
controller 20 controls the magnitude and direction of the
electric current supplied to the respective coils that
configure the coil units of surface plate driving systems 60A
and6OB,using(basadon)theoutputsofsurfaceplateposition
measuring systems.69A and 69B, thereby controlling the
respective positions of surface plates 14A and 14B in the
directions of three degrees of freedom within the XY plane,
as needed. Main controller 20 drives surface plates 14A and
14B via surface plate driving systems 60A and 60B using (based
on) the outputs of surface plate position measuring systems
69A and 69B to return surface plétes 14A and 14B to the
referencepositionofthesurfaceplatessuchthatthenmvement
distance of surface plates 14A and 14B from the reference
position falls within a predetermined range, when surface
plates 14A and 14B function as countermasses to be described
later on. More specifically, surface plate driving systems
60A and 60B are used as trim motors.

Whiletheconfigurationsoffirstsurfaceplateposition
measuring system 69A and second surface plate position
measuring system 69B are not especially limited, an encoder

system can be used in which, for example, encoder heads, which
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obtain (measure) positional information of the respective
surface plates 14A and 14B in the directions of three degrees
of freedomwithin the XY plane by irradiating measurement beams
on scales (e.g. two-dimensional gratings) placed on the lower‘
surfaces of second sections 14A, and 14B, respectively and

using reflected light (diffraction light from the

- two-dimensional gratings) obtained by the irradiation, are

placed at base board 12 (or the encoder heads are rlaced at
second sections 14A, and 14B, and»scales are placed at base
board 12, respectively). Incidentally, it is also possible
to obtain (measure) the positional information of surface
plafes 14A and 14B by, for example, an optical interferometer
system or a measurement syétem that is a combination of an
optical interferometer system and an encoder system.

One of the wafer stages, wafer stage WST1 is equipped
with a fine movement stage (which is aiso referred to as a
table) WFS1 that holds wafer W and a coarse movement. stage
WCS1l having a rectangular frame shape that encloses the
periphery of fine movement stage WFS1, as shown in Fig. 2.
The other of the wafer stages, wafer stage WST2 is ‘equipped
with a fine movement stage WFS2 that holds wafer W and a coarse
movement stage WCS2 having a rectangular frame shape that
encloses the periphery of fine movement stage WFS2, as shown
in Fig. 2. As 1s obvious from Fig. 2, wafer stage WST2 has
completely the same configuration including the drive system,
the position measuring system and the like, as wafer stage
WSTlexceptthatwaférstageWSTZisp&acedjj1astatelaterally
reversed with respect to wafer stage WST1. Consequently, in

the description below, wafer stage WST1 is representatively
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focused on and described, and wafer stage WST2 is described
only in the case where such description is especially needed.

As shown in Fig. 4(A), coarse movement stage WCS1 has
a pair of coarse movement slider sections 90a and 90b which
are placed parallel to each other, spaced apart in the Y-axis
direction, and each of which is made up of a rectangular
parallelepiped member whose longitudinal diréction is in the
X-axis direction, and a pair of coupling members 92a and 92b
each of which is made up of a rectangular parallelepiped member
whose longitudinal direction is in the Y-axis direction, and
which couple the péir of coarse mo&ement slider sections 90a
and 90b with one ends and the other ends thereof in the Y-axis
direction. More specifically, coarse movement stage WCS1 is
formed into a rectangular frame shape with a rectangular
opening section, in its center portion, that penetrates in.
the Z-axis direction.

Inside (on the bottom portions of) coarse movement
slider sections 90a and 90b, as shown in Figs. 4 (B) and 4 (C),
magnetic units 96a and 96b are housed respectively. Magnetic
units 96a and 96b correspond to the coil units housed inside
first sections 14A; and 14B; of surface plates 14A and 14B,
respectively, and are each made of ﬁp a plurality of magnets
placedjjlamatrixshapewiththeXtho—dimensionaldirections
serving as a row direction and a column direction. Magnetic
units 96a and 96b configure, together with the coil units of
surface plates 14A and 14B, a coarse movement stage driving
system 62A (see_Fig. 6) that is made up of a planar motor by
the electromagnetic force (Lorentz force) drive method that

is capable of generating drive forces in the directions of
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six degrees of freedom to coarse movement stage WCS1l, which
is disclosed in, for example, U.S. Patent Application

Publication No. 2003/0085676 and the like. Further, similar
thereto, magnetic units, which coarse movement stage WCS2 (see

Fig. 2) of wafer stage WST2 has, and the coil units of surface

- plates 14A and 14B configure a coarse movement stage driving

system 62B (see Fig. 6) made up of a planar motor. In this
case, since a force in the Z-axis direction acts on coarse
movement stage WCS1 (or WCS2), the coarse movement stage is
magnetically levitated above surface plates 14A and 14B.
Therefore, it is not necessary to use static gas bearings for
which relatively highmachining accuracy is required, and thus
it becomes unnecessary to increase the flatness degree of the
upper surfaces of surface plates 14A and 14B.
Incidentally, while coarse movement stages WCS1 and WCS2
of the embodiment have the éonfiguration in which only coarse
movement slider sections 90a and 90b have the magnetic units
of the planar motors, this is not intended to be limiting,
and the magnetic_unit can be placed also at coupling members
92a and 92b. Further, the actuators to drive coarse movement
stages WCSl and WCS2 are not limited to the planar motors by
the electromagnetic force (Lorentz force) drive method, but
for example, planar motors by a variable magnetoresistance
drive method or the like can be used. Further, the drive
directions of coarse moyement stages WCS1 and WCS2 are not
limited to the directions of six degrees of freedom, but can
be, for example, only directions of three degrees of freedom
(X, Y, 0z) within the XY plane. 1In this case, coarse movement

stages WCS1 and WCS2 should be levitated above surface plates.
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14A and 14B, for example, using static gas bearings (e.g. air
bearings). Further,intheembodiment,whiletheplanarmotor
of a moving magnet type is used as each of coarse movement
stage driving systems 62A and 62B, this is not intended to
be limiting, and a planar motor of a moving coil type in which
the magnetic unit is placed at the surface plate and the coil
unit is placed at the coarse movement stage can also be used.

On the side surface on the -Y side of coarse movement
slider section 90a and on the side surface on the +Y side of
coarse movement slider section 90b, guide members 94a and 94b
that function as a guide used when fine movement stage WFS1
isfinelydrivenarerespectivelyfixed. As shown in Fig. 4 (B),
guide member 94a is made up of a member having an L-like
sectionai shape arranged extending in the X-axis direction
and its lower surface is placed flush with the lower surface
of coarse movement slider section 90a. Guide member 94b is
configured and placed similar to guide member 94a, although
guide member 94b is bilaterally symmetric to guide mémber 94a.

Inside (on the bottom surface of) guide member 94a, a
pair of coil units CUa and CUb, each of which includes a
plurality of coils placed in a matrix shape with the XY
two—dimehSional directions serving as a row direction and a
column direction, are housed at a predetermined distance in
the X-axis direction (see Fig. 4(A)). Meanwhile, inside (on
the bottom portion of) guide member 94b, one coil unit CUc,
which includes a plurality of coils placed in a matrix shape
with the XY two-dimensional directions serving as a row
direction and a column direction, is housed (see Fig. 4(a)).

The magnitude and direction of the electric current supplied
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to each of the coils that configure coil units CUa to CUc are
controlled by main controller 20 (see Fig. 6).
Couplingrmembers 92a and 92b are formed to be hollow,
and piping members, wiring members and the like, which are
not illustrated, used to supply the power usage to fine
movement stage WFS1 are housed inside. Inside coupling
members 92a and/or 92b, various types ofnbptical.members (e.qg.
an aerial image measuring instrumeﬁt, an uneven illuminance
measuring instrument, an illuminance monitor, é wavefront
aberration measuring instrument) and the like) can be housed.
In this case, when wafer sfage WST1 is driven with
acceleration / deceleration in the Y-axis direction on surface
plate 14A, by the planar motor that configures coarse movement

stage driving system 62A (e.g. when wafer stage WST1 moves -

" between exposure station 200 and measurement station 300y,

surface plate 14A is driven in a direction opposite to wafer
stage WST1 according to the so-called law of action and
reaction (the law of conservation of momentum) owing to the
actioh of a reaction force by the drive of wafer stage WST1.
Further, it is also possible to make a state where the law
of action and reaction described above does not hold, by
generating a drive force in the Y-axis direction with_surface
plate driving system 60A.

Further, when wafer stage WST 2 is driVen in the Y-axis
direction on Surface plate 14B, surface plate 14B is also
driven in a direction opposite to wafer stage WST2 according
td the so-called léw of action and reaction (the law of
conservation of momentum) owing to the action of a reaction

force of adrive force of wafer stage WST2. More specifically,
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surface plates 14A and 14B function as the countermasses and
the momentum of a system composed of wafer stages WST1 and
WST2 and surface plates 14A and 14B as a wholé is conserved
and movement of the center of gravity does not occur.
Consequently, any inconveniences do not arise such as the
uneven loading acting on surface plates 14A and 14B owing to
the movement of wafer stages WSTl and WST2 in the Y-axis
direction. Incidentally, regarding wafer stage WST2 as well,
it is possible to make a state where the law of action and
reaction described above does not hold, by generating a drive
force in the Y-axis direction with surface plate driving system
60B.

Further, by the action of a reaction.forcé of a drive
force in the X-axis direction of wafer stages WST1 and WSTZ2,
surface plates 14A and 14B function as the countermasses.

Further, the mirror polishing is applied to each of the
side surface on the +Y side of coarse movement slider section
90a, the side surface on the -Y side of coarse movement slider
90b and the side surface on the -X side of coupling member
92a, and reflection surfaces 17Y,, 17Y: and 17X are formed.
These reflection surfaces are used in position measurement
ofwaferstagesWSTlandWSTZbycmérsenwvementstageposition
measuring systems 68A and 68B to be described later on.
Incidentally, instead of reflection surfaces 17Y, 17Y; and
17¥%, a movable mirror composed of a planar mirror can be fixed
to coarse movement slider sections 90a and §Ob and coupling
member 92a.

ASshownjleigs.4(A)and4(B),finenmvementstageWFSl

is equipped with a main section 80 made up of a member having
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a rectangular shape in a planar view, a péir of fine movement
slider sections 84a and 84b fixed to the side surface on the
+Y side of main section 80, and a fine movement slider section
84c fixed to the side surface on the -Y side of main section
80.

Main section 80 is formed by a material with a relatively
small coefficient of thermal expansion, e.g., ceramics, glass
or the like, and is supported‘by coarse movement stage WCS1
in a noncontact manner in a state where the bottom surface
of the main section is located flush with the bottom surface
of coarse movement stage WCS1. Main section 80 can be hollowed
for reduction in.weight, Incidéntally, the bottom surface of
main section 80 does not necessarily have to be flush with
the bottom surface of coarse movement stage WCSI. |

In the center of the upper surface of main section 80,
a wafer holder (not illustrated) that holds wafer W by vacuum
adsorption or the like is placed. Inthe embodiment, the wafer
holder by a so-called pin chuck method is used in which a
plurality of support sections (pin members) that support wafer
Wareformed,forexample,withinanannularprotrudingsection
(rim section), and the wafer holder, whose one surface (front
surface) serves as a wafer mounting surface, has a
two-dimensional grating RG to be described later and the like
arranged on the other surface (back surface) side.
Incidentally, the wafer holder can be formed integrally with
fine movement stagé WFS1 (main section 80), or can be fixed
fo main section 80 so as to be detachable via, for example,
a holding mechanism such as an electrostatic chuck‘mechanism

or a clamp mechanism. In this case, grating RG is to be
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arranged on the back surface side of main section 80. Further,
the wafer holder can be fixed to main section 80 by an adhesive
agent or the like. On the upper surface of main section 80,

as shown in Fig. 4(A), a plate (liquid-repellent plate) 82,

-in the center of which a circular opening that is slightly

larger than wafer W (wafer holder) is formed and which has
a rectangular outer shape (contour) that corresponds to main
section 80, is attached on the outer side of the wafer holder
(mounting area of wafer W). The liquid-repellent treatment
against liquid Lg is applied to the surface of plate 82 (the
liquid-repellent surface is formed). 1In the embodiment, the
surface of plate 82 includes a base material made up of metal,
ceramics, glass-or the like, and a film of liquid-repellent
material formed on the surface of the base material. The
liquid-repellent material includes, for example, PFA (Tetra
fluoro ethylene-perfluoro alkylvinyl ether copolymer), PTFE
(Poly tetra fluoro ethylene), Teflon (registered trademark)
or the like. Incidentally, the material that forms the film
can be an acrylic-type resin or a silicon-series resin.
Further, the entire plate 82 can be formed with at least one
of the PFA, PTFE, Teflon (registered trademark), acrylic-type
resin and silicon-series resin. In the embodiment,'the
contact angle of the upper surface of plate 82 with respect
to liquid Lg is, for example, more than or equal to 90 degrees.
On the surface of coupling member 92b described previously
as well, the similar liquid-repellent treatment is applied.

Plate 82 is fixed to the upper surface of main section

80 such that the entire surface (or a part of the surface)

of plate 82 is flush with the surface of wafer W. Further,



WO 2010/147240 PCT/JP2010/060920

10

15

20 -

25

' S : .. 34

the surfaces of plate 82 and wafer W are locaﬁed substantially
flush with the surface of coupling member 92b described
previously. Further, in the vicinity of a corner on the +X
side located on the +Y side of plate 82, a circular opening
is formed, and a measurement plate FM1 is placed in the opening
without any gap therebetween in a state substantially flush
with the surface of wafer W. On the upper surface of
measurement plate FM1, the pair of first fiducial marks to
be respectively detected by the pair of reticle alignment
systems RA; and RA, (see Figs. 1 and 6) described earlier and
a second fiducial mark‘tovbe detected by primary alignment
systém ALl (none of the marks are illustrated) are formed.
In fine movement stage WFS2 of wafer stage WST2, as shown in
Fig. 2, in the vicinity of a corner on the -X side located
on the +Y side of plate 82, a measurement plate FM2 that is
similar to measurement plate FM1 is fixed in a state
substantially flush with the surface of wafer W. Incidentally,
instead of attaching plate 82 to fine movement stage WFS1 (main
section 80), it is also possible, for example, that the wafer
holder is formed integrally with fine movement stage WFS1 and
the liquid-repellent treatment is applied to the'peripheral
area, which encloses the wafer holder (the same area as platé
82 (which may include the surface of the measurement plate)),
of the upper surface of fine movement stage WFS1 and the liquid
repellent surface is formed.

In the center portion of the lower surface of main

‘section 80 of fine movement stage WFS1, as shown in Fig. 4(B),

a plate having a predetermined thin plate shape, which is large

to the extent of covering the wafer holder (mounting area of
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wafer W) and measurement plate FM1 (or measurement plate FM2
in fine movement stage WFS2), is placed in a state where its
lower surface is located substantially flush with tﬁe other
section (the peripheral section) (the lower surface of the
plate does not protrude below the peripheral section). On one
surface(theuppersurface(orthelowersurface))ofthep&ate,
two-dimensional grating RG (hereinafter, simply referred to
as grating RG) is formed. Grating RG includes a reflective
diffraction grating (X diffraction grating) whose periodic
direction is in the X-axis direction and a reflective
diffraction grating (Y diffraction grating) whoee periodic
direction is in the Y-axis direction. The plate is formed by,
for example, glass, and grating RG is created by graving the -
graduations of the diffraction gratings at a pitch, for example,
between 138 nm to 4 um, e.g. at a pitch of 1 um. Incidentally,
grating RG can also cover the entire lower surface of main
section 80. Further, the type of the diffraction grating used
for grating RG is not limited to the one on which grooves or
the like are mechanically formed, but for example, a
difffaetion grating that is created by exposing interference
fringes on a photosensitive resin can also be employed.
Incidentally, the configuration of the platevhaving a thin
plate shape is not necessarily limited to the above-described
one.

As shown in Fig. 4 (A), the pair of fine movement slider
sections 84a and 84b are each a plate—shaped member having
a roughly square shape in a planar view, and are placed apart
at a predetermined distance in the X-axis direction, on the

side surface on the +Y side of main section 80. Fine movement
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slider éection 84c is a plate-shaped member having a
rectangularshapeelongatedjxlthex—axisdirectionjjlaplanar
view, and is fixed to the side surface on the -Y side of main
section 80 in a state where one end and the other end in its
longitudinal direction are located on straight lines parallel
to the Y-axis that are substantially collinear with the centers
of fine movement slider sections 84a and 84b.

The pair of fiﬁe movement slider sections 84a and 84b
are respectively supported by guide member 94a described
earlier, and fine movement slider section 84c is supported
by guide member 94b. More specifically, fine movement stage
WFS is supported at three noncollihear‘positiOns with respect
to coarse movement stage WCS.

Inside fine movement slider sections 84a to 84c,
magnetic ﬁnits 98a, 98b and 98c, which are each made up of
a plurality of permanent magnets (and yokes that are not
illustrated) placed in a matrix shape with the XY
two-dimensional directions serving as a row direction and a
column direction, are housed, respectively, so as to
correspond to coil units CUa to CUc that guide sections 94a
and 94b of coarse movement stage WCS1 have. Magnetic unit 98a
together with cdil unit CUa, magnetic unit 98b together with
coil unit CUb, and magnetic unit+98c together with coil unit
CUc respectively configure three planar motors by the
electromagnetic force (Lorentz force) drive method that are
capable of generating drive forces in the X-axis, Y-axis and
Z-axis directions, as disclosed in, for example, U.S. Patent
Application Publication No. 2003/0085676 and the like, and

these three planar motors configure a fine movement stage
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driving system 64A (see Fig. 6) that drives fine movement stage
WFS1 in directions of six degrees of freedom (X, Y, Z, 6x,
0y and 9z).

In wafer stage WST2 as well, three planar motors composed

5 of coil units that coarse movement stage WCS2 has and magnetic
units that fine movement stage WFS2 has are configured likewise,
and these three planar motors configure a fine movement stage
driving system 64B (see Fig. 6) that drives fine movement stage
WFS2 in directions of six degrees of freedom (X, Y, Z, Ox,

10 Oy and 0z).

Fine movement stage WFS1 is movable in the X-axis
direction, with a longer stroke compared with the directions
of the other five degrees of freedom, along guide members 94a
and 94b arranged extending in the X-axis direction. The same

15 applies to fine movement stage WFS2.

With the configuration as described above, fine movement
stage WFS1 is movable in the directions of six degrees of
freedom with respect to coarse movement stage WCS1l. Further,
on this operation, the law of action and reaction (the law

20 of conservation of momentum) that is similar to the previously
described one holds owing to the action of a reaction force

" by drive of fine movement stage WEFS1l. More specifically,

coarse movement stage WCS1 functions as the countermass of
fine movement stage WEFS1l, and coarse movement stage WCS1 is

25 driven in a direction opposite to fine movement stage WFSI.
Fine movement stage WFS2 and coarse movement stage WCSZ2 has
the similar relation.

Note that, in the embodiment, when broadly driving fine

movement stage WFS1 (or WFS2) with acceleration / deceleration
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in thé X-axis direction (e.g. in the cases such as when a
stepping operation between shot areas is performed during
exposure), main controller 20 drives fine movement stage WFS1
(or WSF2) in the X-axis direétion by the planar motors that
configure fine movement stage driving system 64A (or 64B).
Further, along with this drive, main controller 20 gives the
initial velocity, which drives coarse movement stage WCS1 (or

WCS2) in the same direction as with fine movement stage WFS1

'(or‘WFSZ), to coarse movement stage WCS1 (or WCS2), via coarse

movement stage driving system 62A (or 62B) (drives coarse
movement stage WCS1 (or WCS2) in the same direction as with
fine mdvement stage WCS1 (or WCS2)). This causes coarse
movement stage WCS1 (or WCS2) to function as the so-called
countermass. Accordingly, it is possible to decrease a
movement distance of coarse movement stage WCS1 (or WCS2) in
the opposite direction that accompanies the movement 6f fine
movement stage WES1 (or WFS2) in thé X-axis direction (that
is caused by a reaction force of the drive force). Especially,
in the case where fine movement stage WES1 (or WFS2) performs
an operation including the step movement in the X-axis
direction, or more specifically, fine movement stage WFS1 (or
WFS2) performs an operation of alternateiy repeating the
acceleration and the deceleration in the X-axis direction,
the stroke in the X-axis direction needed for the movement
of coarse movement stage WCS1 (or WCS2) can be the shortest.
On this operation, main controller 20 should give coarse
movement stage WCS1 (or WCS2) the initial velocity with which
the center of gravity of the entire system of wafer stage WST1

(or WST2) that includes the fine movement stage and the coarse
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movementstageperformsconstantvelocitynwtionjJ1theX;axis
direction. With this operation, coarse movemenf stage WCS1
(or WCS2) performs a back-and-forth motion within a
predetermined range with the position of fine movement stage
WEFS1 (or WFS2) serving as a reference. Consequently, as the
movement stroke of coarse movement stage WCS1 (or WCS2) in
the X-axis direction, the distance that is obtained by adding
some margin to the predetermined range should be prepared.
Such details are disclosed in, for example, U.S. Patent
Application Publication No. 2008/0143994 and the like.

FurtherLasdescribedearlier,sincefinemovementstage

vWFSlissupportedatthethreenoncollinearpositionsbycoarse

movement stage WCS1, main controller 20 can tilt fine movement
stage WES1 (i.e. wafer W) at an arbitrary angle (rotational
amount) in the Gx‘direction and/or the Oy direction With
respect to the XY plane by, for example, appropriately
controlling a drive force (thrust) in the Z-axis direction
that is made to act on each of fine movement slider sections
84a to 84c. Further, main éontroller 20 can make the center
portion of fine movement stage WFS1 bend in the +Z direction
(into a convex shape), for example, by making a drive force
in the +0x direction (a counterclockwise direction on the page
surface of Fig. 4 (B)) on each of fine movement slider sections
84a and 84b and also making a drive force in the -0x directioﬁ
(a clockwise direction on the page surface of Fig. 4(B)) on
fine movement slider section 84c. Further, main controller
20 can also make ‘the center portion of fine movement stage

WFSlbende1the+Ztﬁ1ection(inUaaconvexshape),forexample,

by making drive forces in the -6y direction and the +0y
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direction (a counterclockwise direction and a clockwise
direction when viewed from the +Y side, respectively) on fine
movement slider sections 84a and 84b, respectively. Main
controller 20 can also perform the similar operations with
respect to fine movement stage WFS2.

Incidéntally, in the embodiment, as fine movement stage
driving systems 64A and 64B, the plénar motors of a moving
magnet type are used, but this is not intended to be limiting,
and planar motors of a moving coil type in which the coil units
are placed at the fine movement slider sections of the fine -
movement stages and the magnetic units are placed at the guide
members of the coarse movement stages can also be used.

| Between coupling member 92a of coarse movement stage
WCS1 and main section 80 of finelnovement.stage WFS1, as shown
in Fig. 4(A), a pair of tubes 86a and 86b used to transmit
the power usage from the outside to fine movement stage WFS1
are insfalled. Incidentally, although the illustration is
omitted in the drawings inqluding Fig. 4(A), actually, the
pair of tubes 86a and 86b are each made up of a pluraiity of
tubes. One ends of tubes 86a and 86b are connected to the side
surface on the +X side of coupling member 92a and the other
ends are connected to the inside of main section 80,
respectively via a pair of recessed sections 80a (see Fig.
4(C)) with a predetermined depth each of which is formed from
the end surface on the -X side toward the +X direction with
a predetermined length, on the upper surface of main section
80. As shown in Fig. 4(C), tubes 86a and 86b are configured
not to protrude above the upper surface of fine movement stage

WES1l. Between coupling member 92a of coarse movement stage
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WCS2 and main section 80 of fine movement stage WFS2 as well,
as shown in Fig. 2, a pair of tubes 86a and 86b used to transmit
the power usage from the outside to fine movement stage WFS2
are installed.

As shown in Fig. 2, one of the tube carriers, tube carrier
TCa is connected to the piping member and the wiring member
inside coupling member 92a of coarse movement stage WCS1 via
tube Ta,. As shown in Fig. 3; tube carrier TCa is placed on
a stepped section formed at the end on the -X side of base
board 12. Tube carrier TCa is driven ih the Y-axis direction
following wafer stage WST1l, by an actuator such as a liner
motor, oh the stepped section of base board 12.

As shown in Fig. 3, the other of the tube carriers, tube
carrier TCb is placed on a stepped section formed at the end
on the +X side of base board 12, and is connected to the piping
member and the wiring member inside coupling member 92a of
coarse movement stage WCS2 via tube Tb, (see Fig. 2). Tube
carrier TCb is driven in the Y-axis direction following wafer
stage WST2, by an actuator such as a liner motor, on the stepped
section of base board 12.

As shown in Fig. 3, one ends of tubes Ta; and Tb; are
connected to tube carriers TCa and TCb respectively, while
the other ends‘of tubes Ta; and Tb; are connected to a power
usage supplying device externally installed that is not
illustrated (e.g; an electric power supply, a gas tank, a
compressor, a vacuum pump or the like). The power usage
supplied from the power usage supplying device to tube carrier
TCa via tube Ta; is supplied to fine movement stage WFS1 via

tube Ta;, the piping member and the wiring member, which are
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not illustrated, housed in coupling member 92a of coarse
movement stage WCS1l, and tubes 86a and 86b. Similarly, the
power usage supplied from the power usage supplying device
to tube carrier TCb via tube Tb; is supplied to fine movement
stage WFS2 via tube Tb;, the piping member and the wiring member,
which are not illustrated, housed in coupling member 92a of
coarse movement stage WCS2, and tubes 86a and 8é6b.

Next, a measurement system that measures positional
information of wafer stages WST1 and WST2 is described.
Exposure apparatus 100 has a fine movement stage position
measuring system 70 (see Fig. 6) to measure positional
information of fine movement stages WFS1 and WEFS2 and coarse
movement stage position measuring systems 68A and 68B (see
Fig. 6) to measure positional information of coarse movement
stages WCS1 and WCS2 respectivély.

Fine movement stage position measuring system 70 has a
measurement bar 71 shown in Fig. 1. Measurement bar 71 is
placed below first sections 14A; and 14B; that the pair of
surface plates 14A and 14B respectively have, as shown in Fig.
3. As is obvious from Figs. 1 and 3, measurement bar 71 is
made up of a beam-like member having a rectangular sectional
shape with the Y-axis direction serving as its longitudinal
direction, and both ends in the longitudinal direction are
each fixed to main frame BD in a suspended state via suspended
members 74. More specifically, main frame BD and measurement
bar 71 are integrated. Incidentally, in the case where a
configuration that does not block the movement of the wafer

stagesisemployedforthebeam—likemember,thesupportnethod

- of the beam-1ike member is not limited to the both ends support

-~
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but one end in the longitudinal direction can be cantilevered.
Further,thebeam4likemembershouLdbeplacedbelowbaseboard
12 described earlier. Furthermore, while the beam-like
member is supported by main frame BD, the beam-like member
cén be arranged on the installation surface (such as a floor
surface) via a vibration isolating mechanism. In this case,
it is preferable to arrange a measurement device that measures
the relative positional relation between main frame BD and
the beam-like member. The beam-like member can also be
referred to aé a member for measurement or the like.

The +Z side half (upper half) of measurement bar 71 is
placed between second section 14A, of surface plate 14A and
second section 14B; of surface plate 14B, and the -Z side half
(lower half) is housed inside recessed section 12a formed at
base board 12. Further, a predetermined clearance is formed
between measurement bar 71 and each of Surface.platesll4A and
14B and base board 12, and measurement bar 71 is in a state
mechanically noncontact with the members other than main frame
BD. Measurement bar 71 is formed by a material with a
relatiVely low coefficient of thermal expansion (e.g. invar,
ceramics, or the like).

At measurement bar 71, as shown in Fig. 5, a first
measurement head group 72 used when measuring positional
information of the fine movement stage (WFS1 or WFS2) located
below projection unit PU and a second measurement head group

73 used when measuring positional information of the fine

movement stage (WES1 or WES2) located below alignment device

99 are arranged. Incidentally, alignment systems ALl and ALZ2;

to AL2,; are shown in virtual lines (two-dot chain lines) in
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Fig. 5 in order tomake the drawing easy tounderstand. Further,
in Fig. 5, the reference signs of alignment systems AL2; to
AlL2, are omitted. |

As shown in Fig. 5, first measurement head group 72 is
placed below projection unit PU and includes a one-dimensional
encoder head for X-axis direction measurement (hereinafter,
shortly referred to‘as an X head or an encoder head) 75x, a
pair of one-dimensional encoder heads for Y-axis direction
measﬁrement (hereinafter, shortly referred to as Y heads or
encoder heads) 75ya and 75yb, and three Z heads 76a, 76b and
76cC.

X head 75x, Y heads 75ya and 75yb and the three Z heads
T6a to 76c are placed in a state where their positions do not
vary, inside measurement barA71. X head 75x is placed on
reference axis LV, and Y heads 75ya and 75yb arevplaced at
the same distance apart from X head 75x, on the -X side and
the +X side, respectively. In the embodiment, as each of the
three encoder heads 75x, 75ya and 75yb, a diffraction
interference type head having a configuration in which a 1light
source, a photodetection system (including a photodetector)
and various types of optical systems are unitized is used,
which is similar to the encoder head disclosed in, for example,
PCT International Publication No. 2007/083758 (the
corresponding U.S. Patent Application Publication No.
2007/0288121) and the like.

When wafer stage WST1 (or WST2) is located directly under
projection optical system PL (see Fig. 1), X head 75x and Y
heads 75ya and 75yb each irradiate a measurement beam on:

grating RG (see Fig. 4(B)) placed on the lower surface of fine
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movement stage WFS1 (or WFS2), via a gap between surface plate
14Aand$urfaceplate14B<n:alight—transmittingsection(e;g.

an opening) formed at first section 14A; of surface plate 14A

and first section 14B; of surface plate 14B. Further, X head

75x and Y heads 75ya and 75yb each receive diffraction light
from grating RG, thereby obtaining positional information

within the XY plane (also including rotational information

~in the 0z direction) of fine movement stage WEFS1 (or WFS2).

More specifically, an X liner encoder 51 (see Fig. 6) is
configured of X head 75x that measures the position of fine
movement stage WES1 (or WFS2) in the X-axis direction using
the X diffraction grating that grating RG has. And, a pair
of Y liner encoders 52 and 53 (see Fig. 6) are configured of
the pair of Y heads 75ya and 75yb that measure the position
of fine movement stage WFS1 (or}WFSZ) in the Y-axis direction
using the Y diffraction grating of grating RG. The
measurement value of each of X head 75x andiY heads 75ya and
75yb is supplied to main controller 20 (see Fig. 6), and main
controller 20 measures (computes) the position of fine
movement stage WFS1 (or WFS2) in the X-axis direction using
(basedon)then@asurementvalueof)(heéd75x,andtheposition
of fine movement stage WFS1 (or WFS2) in the Y-axis direction
based on the average value of the measurement values of the
pair of Y head 75ya and 75yb. Further, main controller 20
measures (computes) the position in the 0z direction
(rotational amount around the Z-axis) of fine movement stage
WES1 (or WFS2) using the measurement valﬁe éf each of the pair
of Y linear encoders 52 and 53.

In this case, an irradiation point (detection point),
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on grating RG, of the measurement beam emitted from X head
75x coincides with the expoSUre position that is the center
of exposure area IA (seé Fig. 1) on wafer W. Further, a
midpoint of a pair of irradiation points (detection points),
5 on grating RG, of the measurement beams respectively emitted
from the pair of Y heads 75ya and 75yb coincides with' the
‘irradiation point (detection point), on grating RG, of the
measurement beam emitted from X head 75x. Main controller 20
computes positional information of fine movement stage WFS1

10 (or WFS2) in the Y-axis direction based on the average of the
measurement values of the two Y heads 75ya and 75yb. Therefore,
the positional information of fine movement stage WFS1 (or
WES2) in the Y-axis direction is substantially measured ét
the exposure position that is the center of irradiation area

15 (exposurearea)IAofilluminationlightILirradiat@jonwafer‘
W. More specifically, the measurement center of X head 75x
and the substantial measurement center of the two Y heads T1bya
and 75yb coincide with the exposure position. Consequently,
by using X linear encoder 51 and Y linear encoders 52 and 53,

20 main controller 20 can perform measurement of the positional
information within the XY plane (including the rotational .
information in the 0z direction) of fine movement stage WFS1
(or WFS2) directly under (on the back side of) the exposure
position at all times.

25 As each of Z heads 76a to 76¢c, for example, a head of
a displacement sensor by an optical method similar to an
optical pickup used in a CD drive device or the like is used.
The three Z heads 76a to 76c are placed at the positions

corresponding to the respective vertices of an isosceles
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triangle (or an equilateral triangle). Z heads 76a to 76¢c each
irradiate the lowér surface of fine movement stage WFS1 (or
WFS2) with a measurement beam parallel to fhe Z-axils frombelow,
and receive reflected light.reflected by the surface of the
plate on which gréting RG is formed (or the formation surface
of the reflective diffraction grating). Accordingly, Z heads
76a to 76¢ configure a surface position measuring system 34
(see Fig. 6) that measures the surface position (position in
the Z-axis direction) of fine movement stage WFS1 for WES2)
at the respective irradiation points. The measurement value
of each of the three Z heads 76a to 76c is supplied to main
controller 20 (see Fig. 6). |

Further, the center of gravity of the isosceles Itriangle
(or the equilateral triangle) whose vertices are at the three
irradiation points on grating RG of the measurement beams
respectively emitted from the three Z heads 76a to 76c
coincides with the exposure position that is the center of
exposure area IA (see Fig. 1) on wafer W. Consequently, based
on the average value of the measurement values of the three
Z heads 76a té 76c, main controller 20 can acquire positional
information in the Z-axis direction (surface position
information) of fine movement stage WEFS1l (or WFS2) directly
under the exposure position at all times. Further, main
controller 20 measures (computes) the rotational amount in
the Ox direction and the Oy direction, in addition to the
position in the Z-axis direction, of fine movement stage WESI1
( or WFS2) using (based on) the measurement values of the three
Z heads 76a to 76c.

Second measurement head group 73 has an X head 77x that
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configures an X liner encoder 55 (see Fig. 6), a pair of Y
heads 77ya and 77yb that configure a pair of Y linear encoders
56 and 57 (see Fig. 6), and three Z heads 78a, 78b and 78c
that configure a surface position measuring system 58 (see
Fig. 6). The respective pésitional relations of the pair of
Y heads 77ya and 77yb and the three Z heads 78a to 78c with
X head 77x serving as a reference are simila‘r to the respective
positional relations described above of the pair of Y heads
75ya and 75yb and the three Z heads 76a to 76c with X head
75x serving as a reference. An irradiation point (detection
point), on grating RG, of the measurement beam emitted from
X head 77x coincides with the detection center of primary
alignment system ALl. More specifically, the measurement
center of X head 77x and the substantial measurement center
of the two Y heads 77ya and 77yb coincide with the detection
center of primary alignment system ALl. Consequently, main
controller 20 can perform ﬁeasurement of positional
information within the XY plane and surface position
information of fine movement stage WES2 {(or WFS1l) at the
detection center of‘primary alignment system ALl at all times.
Incidentally, while each of X heads 75x and 77x and Y
heads 75ya, 75yb, 77ya and 77yb of the embodiment has the light
source, the photodetection system (including the
photodetector) and the various types of optical sysﬁems (none
of which are illustrated) that are unitized and placed inside
measurement bar 71, the configuration of the encoder head is
not limited thereto. For example, the light source and the
photodetection syétem can be placed outside the measurement

bar. In such a case, the optical systems placed inside the
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measurement bar, and the light source and the photodetection
system are connected to each other via, for example, an optical
fiber or the like. Further, a configuration can also be
employed in which the encoder head is placed outside the
measurement bar and only a measurement beam is guided to the
grating via an optical fiber placed inside the measurement
bar. Further, the rotdtional information of the wafer in the
0z direcﬁion can be measured using a pair of the X liner
encoders (in this case, there should be one Y linear encodér).
Further, the surface position information of the fine movement
stage can be measured using, for example, an optical
interferometer. Further, instead of the respective heads of
first.measurement head group 72 and‘secdnd measurement head
group 73, three encoder heads in total, which include at least
one XZ encoder head whose measurement directions are the X-axis
direction and the Z-axis direction and at least one YZ encoder
head whose measurement directions are the Y-axis direction
and the Z-axis direction, can be arranged in the placement
similar to that of the X head and the pair of Y heads described
eariier.

Incidentally, measurement bar 71 can be divided into a
plurality of sections. For example, it is also possible that
measurement bar 71 is divided into a section having first
measurement head group 72 and a section having second
measurement head group 73, and the respective sections
(measurement bars) detect the relative position with main
frame BD, with (the measurement reference surface of) main
frame BD serving as a reference and perform control such that

the positional relation is constant. Inthis case, a headunit,
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which includes a plurality of encoder heads and Z heads
(surfacejposition.measuring system), is arranged at both ends
of the respective sections (measurement bars), and the
positions in the Z-axis direction and the rotational amount
in the 0x and Oy directions of the respective sections
(measurement bars) can be computed.

When wafer stage WST1 moves between exposure station 200
and measurement station 300 on surface plate 14A, coarse
movement stage position measuring system 68A (seeiFig. 6)
measurespositionalinformathm1ofcoarsenwvementstageWCSl
(wafer Stage WST1) .

As shown in Fig. 2, coarse movement stage position
measuring system 68A includes an interferometer system that
has two Y interferometers 18YA1 and 18YA, and three X
interferometers 18XA;, 18XA, and 18XA;. Y interferometer 18YA,
isplaced on the +Y side of surface plate 14A. Y interferometer
18YA, irradiates reflection surface 17Y, with a measuiement
beam ahd receives a reflected beam from reflection surface
17Y,, thereby measuring the Y-position of reflection surface
17Y,, ormorespecifically,theY—positrn1ofwafe£stageWSTl.
Y interferometer 18YA1 is placed on the -Y side of surface.plate

14A. Similarly to Y interferometer 18YA,, for example, as

rshéwn in Figs. 12 and 13, Y interferometer 18YA; irradiates

reflectioh surface 17Y; with a measurement beam and receives
a reflected beam from reflection surface 17Y;, thereby
measuring the Y-position of wafer stage WST1. Y

interferometers 18YA; and 18YA; are mainly used when wafer

‘stage WST1 is located in the -Y side half and the +Y sidé half,

respectively, on surface plate 14A.
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Meanwhile, X interferometers 18XA;, 18XA, and 18XAj3 are

placed on the -X side of surface plate 14A, at a predetermined
distance in the Y-axis directionf X interferometer 18XA;
irradiates reflection surface 17X with two measurement beams
along an axis (measurement axis) parallel to the X-axis that
is orthogonal to optical axis AX of projection optical system
PL and reference axis LV, and receives reflectéd beams from
reflection surface 17X, thereby measuring the X-position and
0z rotation (yawing amount) of wafer stage WST1l. Likewise,
X interferometers 18XA; and 18XA, also each irradiate
reflection surface 17X with two measurement beams and receive
reflected beams from reflection surface 17X, thereby
measuring the X-position and 62 rotation (yawing amount) of
wafer stage WST1. In this case, the distance between X
interferometers 18XA;, 18XA2ahd 18XA3 adjacent to each other
in the Y-axis direction is set such that any of the X
interferometers is surely opposed to reflection surface 17X
of wafer stage WST1l. Main controller 20 (see Fig. 6)
constantly measures the X-position and 62 rotation (yawing
amount) of wafer stage WST1 that moves on surface plate 14A,
using X interferometers 18XA;, 18XA; and 18XA; by switching
them according to the Y-position of wafer stage WSTI.
Incidentally, the configuration of coarse movement
stage position measuring system 68A (and coarse movement stage
position measuring system 68B to be described later on) is
not limited to the configuration described above, and an
encoder system or a combination of an optical interferometer
system and an encoder system can also be 'employed. In the case

where coarse movement stage position measuring system 68A
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includes the encoder system, for example, a configuration can
be employed in which the positional information of coarse
movement stage WCS1 is measured by irradiating a scale (e.q.
two-dimensional grating) fixed (or formed) on the upper
surface of coarse movement stage WCS1 with measurement beams
from a plurality of encoder heads fixed to main frame BD in
a suspended state along the movement course of wafer stage
WST1 and receiving the diffraction light of the measurement
beams.
WhenwaferstageWSTanvesbetweenexposurestationZOO
and measurement station 300 on surface plate 14B, coarse
movement stage position measuring system 68B (see Fig. 6)
measures positional information of coarse movement stage WCS2

(wafer stage WST2), similarly to coarse movement stage

position measuring system 68A.

As shown in Fig. 2, coarse movement stage position
measuring system 68B includes an interferometer system that
has two Y interferometers 18YB; and 18YB; and three X
interferometers 18XB;, 18XB, and 18XB;. Y interferometer 18YB;
is placed on the -Y side of surface plate 14B. Y interferometer
18YB; irradiatés reflection surface 17Y; with a measurement
beam and receives a reflected beam from reflection surface
17Y,, thereby measuring the Y-position of reflection surface
17Y;, or more specifically, the Y-position of wafer stage WST2.
Y interferometer 18YB, is placed on the +¥Y side of surface plate
14B. Similarly to Y interferometer 18YB,, for example, when
wafer stage WST2 is located at the position as shown in Figs.
12 and 13, Y interferometer 18YB, irradiates reflection

surface 17Y, with a measurement beam and receives a reflected



WO 2010/147240 PCT/JP2010/060920

10

15

20

25

53

beam from reflection surface 17Y,, thereby measuring the
Y-position of wafer stage WST2. Y ihterferometers 18YB; and
18YB, are mainly used when wafer stage WST2 is located in the
—Y side half and the +Y side half, respectively, on surface
plate 14B.

Meanwhile, X interferometers 18XB;, 18XB; and 18XBs; are
placed on the +X side of surface plate 14B, at a prédetermined
distance in the Y-axis direction. X interferometer 18XBs3
irradiates reflection surface 17X with two measurement beams
along an axis (measurement axis) parallel to fhe X-axis that
is orthogonal to optical axis AX of projection optical system
PL and reference axis LV, and receives reflected beams from
reflection surface 17X, thereby measuring the X-position and
0z rotation (yawing amount) of wafer stage WST2. Likewise,
X interferometers 18XB; and 18XB also each irradiate
reflection surface 17X with two measurement beams and receive
reflected beams from reflection surface 17X, thereby
measuring the X-position and 8z rotation (yawing amount) of
wafer stage WST2. In this case, the distance between X
interferometers 18XB;, 18XB, and 18XB; adjacent to each other
in the Y-axis direction is set such that any of the X
interferometers is surely opposéd to reflection surface 17X
of wafer stage WST2. Main controller 20 (see Fig. 6)
constantly measures the X-position and 0z rotation (yawing
amount) of wafer stage WST2 that moves on surface plate 148,
using X interferometers 18XB, 18XB, and 18XBj; by switching
them according to the Y-position of wafer stage WST2.

AsisobviousfrmnFig.2,eachof?finterferometers18YA1

and 18YA, and X interferometers 18XA;, 18XA, and 18XA; that
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configure coarse movement stage position measuring system 68A
is placed symmetric with each of Y interferometers 18YB; and
18YB, and X interferometers 18%XB;, 18XB, and 18XBj; that
configure a part of coarse movement stage position measuring
system 68B; with respect to reference axis LV.

Main controller 20 respectively controls the positions

of coarse movement stages WCS1 and WCS2 (wafer stages WSTI1

~and WST2) by individually controlling coarse movement stage

driving systems 62A and 62B, based on the measurement values
of coarse movement stage position measuring systems 68A and
68B.

Further, exposure apparatus 100 is also equipped with
a relative position measuring system 66A and a relative
position measuring system 66B (see Fig. 6) that measure the
relative position between coarse movement stage WCS1 and fine
movement stage WES1 and the relative position between coarse
movementstageWCSZandfinenmvementstageWFS2,réspectively.
While the configuration of relative position measuring
systems 66A and 66B is not limited in particdular, relative
position measuring systems 66A and 66B can each be configured
of, for example, a gap sensor including a capacitance sensor.
In this case, the gap sensor can be configured of, for example,
a probe section fixed to coarse movement stage WCS1 (or WCS2)
and a target section fixed to fine movement stage WES1 (or
WFS2). Incidentally, the configuration of the relative
position measuring system is not limited thereto, but for
example, the reiative position measuring system can be
configured using, for example, a liner encoder system, an

optical interferometer system or the like.
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Fig. 6 shows a block diagram that shows input/output
relations of main controller 20 that is configured of a control
systenlof exposure apparatus 100 as the central compdnent and
performs overall control of the respéctive components. Main
controiler 20 includes a workstation (or a microcomputer) and
the like, and performs overall control of the respective
components of exposure apparatus 100 such as local liquid
immersion device 8', surface plate driving systems 60A and 60B,

coarse movement stage driving systems 62A and 62B, and fine

movement stage driving systems 64A and 64B.

Next, a parallel exposure operation using the two wafer
stages WST1 and WST2 is described with reference to Figs. 7
to 13. Note that during the exposure operation, main
controller 20 controls liquid supply device 5 and liquid
recovery device 6 as described earlier and a constant quantity
of liquid.Lq:is held directly under tip lens 191 of projection
optiéal system PL, and theréby a liquid immersion area is
formed at all times.

Fig. 7 shows a state where exposure by a step-and-scan
method is performed on wafer W mounted on fine movement stage
WES1 of wafer stage WST1 in eprsure station 200, and in
parallel with this exposure, wafer exchange is performed
between a wafer carrier mechanism (not illustrated) and fiﬁe
movement stage.WFSZ of wafer stage WST2 at the second loading
position.

Main controller 20 performs the exposure operation by
a step-and-scan method by repeating an inter-shot movement
(stepping between shots). operation of moving wafer stage WST1

to a scanning starting position (acceleration starting
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position) for exposure of each shot area on wafer W, based
on the results of wafer alignment (e.g. information obtained
by converting an arrangement coordinate of each shot area on
wafer W obtained by an Enhanced Global Alignment (EGA) into
a coordinate with the second fiducial mark on measurement plate
FM1 serving as a reference) and reticle alignment and the like
that have been performed beforehand, and a scanning exposure
operation of transferring a pattern formed on reticle R onto
eachshotareaonwafeernzaScanningexposuremethod. During
this step-and-scan operation, surface plates 14A and 14B exert
the function as the countermasses, as described previously,
according to movement of wafer stage WST1l, for example, in
the Y-axis direction during scanning exposure. Further, main
controller 20 gives the initial velocity to coarse movement

stage WCS1 when driving fine movement stage WFS1 in the X-axis

‘direction for the stepping operation between shots, and

thereby coarse movément stage WCS1 functions as a local
countermass with respect to fine movement stage WFS1.
Consequently, the movement of wafer stage WST1 (coarse
mo&ement stage WCS1 and fine movement stage WFS1l) does not
cause vibration of surface plates 14A and 14B and does not .
adversely affect wafer stage WST2.

The exposure operations described above are performed
in a state where liquid Lg is held in the space between tip
lens 191 and wafer W (wafer W and plate 82 depending on the
position of a shot area), or more specifically, by liquid
immersion exposure. |

In exposure apparatus 100 of the embodiment, during a

series of the exposure operations described above, main
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controller 20 measures the position of fine_movement stage
WES1 using first measurement heéd group 72 of fine movement
stage position measuring system 70 and controls the position
of fine movement stage WFS1 (wafer W) based on this measurement
result.

The wafer exchange is performed by unloadiﬁg awafer that
has been exposed from fine movement stage WFSZ ana loading
a new wafer onto fine movement stage WFS2 by the wafer carrier
mechanism that is not illustrated, when fine movement stage
WFS?2 is located at the second loading position. In this case,
the second loading position is a position where the wafer
exchange is performed on wafer stage WSTZ, and in the

embodiment, the second loading position is to be set at the

position where fine movement stage WEFS2 (wafer stage WST2)

is located such that measurement plate FM2 is positioned
directly under primary alignment system ALl.

Duringthewmferexchangedescribedabove,andafterthe
wafer exchange, while wafer stage WST2 stops at the second
loading position, main controller 20 executes reset
(resetting of the origin) of second measurement head group
73 of fine movement stage position measuring system 70, or
morespecifically,encodersSS,56&Hm157(andsurfaceposition
measuring system 58), prior to start of wafer alignment (and
the other pre-processing measurements) with respect to the
new wafer W.

When the wafer exchange (loading of the new wafer W) and
the reset of encoders 55, 56 and 57 (and surface position
ﬁeasuring system 58) have been completed, main controller 20

detects the second fiducial mark on measurement plate FM2 using
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primary alignment system ALl. Then, main controller 20

detects the position of the second fiducial mark with the index
center of primary alignment system ALl serving as a reference,
and based on the detection result and the result of position
measurement of fine movement stage WFSZ by encoders 55, 56
and 57 at the time of the detection, computes the position

coordinate of the second fiducial mark in an orthogonal

‘coordinate system (alignment coordinate system) with

reference axis La and reference axis LV serving as coordinate
axes.

Next, as shown in Fig. 8, main controller 20 performs
the EGA while measuring the position coordinate of fine
movement stage WES2 (wafer stage WST2) in the alignment
coordinate system using encoders 55, 56 and-57 (see Fig. 6).
To be more specific, as disclosed in, for example, U.S. Patent
Application Publication No. 2008/0088843 and the like, main
controller 20 moves wafer stage WST2, or more specifically,
coarse movement stage WCS2 that supports fine movement stage
WES2 in, for example, the Y-axis direction. Then, main
controller 20 sets the position of fine movement stage WESZ2
at a plurality of positions in the movement course, and at
each poeition setting, detects the position coordinates, in
the alignment coordinate system, of alignment marks at
alignment,shot areas (sample shot areas) using at least one
of alignment systems ALl and ALZ; and ALZ,.

In this case, in conjunction with the movement operation
of wafer stage WST2 in the.Y—axis direction described above,
alignment systems ALl and AL2; to AL2, respectively detect a

plurality of alignment marks (sample marks) disposed along
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the X-axis direction that are sequentially placed within the
detection areas (e.g. corresponding to the irradiation areas
of detection light). Therefore, on the measurement of the
alignmentmarksdescribedabove,wafefstageWSTZjj;notdriven
in the X-axis direction.

Then, based on the position coordinates of the plurality
of alignment marks arrenged at the sample shot areas on wafer
W and the design position coordinates, main controller 20
executes statistical computation (EGA computation) disclosed
in, for example, U.S. Patent No. 4,780, 617 and the like, and
computes the position coordinates (arrangement coordinates)
of the plurality of shot areas in the alighment coordinate
system.

Further, in ex?osure apparatus 100 of the embodiment,
since measurement station 300 and exposure station 200 are
spaced apart, main controller 20 subtracts the position
coordinate of the second fiducial mark that has previously
been detected fronlthe.position ceordinate of each of the shot
areas on wafer W that has.been obtained as a result.of the
wafer alignment, thereby obtaining the poeition coordinates
of the plurality of shot areas on wafer W with the position
of the second fiducial mark serving as the origin.

Normally, the above-described wafer exehange and wafer
alignment sequence is completed earlier than the exposure
sequence.' Therefore, when the wafer alignment has been
completed, main controller 20 drives wafer stage WST2 in the
+X direction to move wafer stage WST2 to a predetermined
standby pOsition on surface plate 14B, as shown in Fig. 9.

In this case, when wafer stage WST2 is driven in the +X
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direction, fine movement stage WFS goes out of a measurable -
rangeoffinenwvementétagepositionn@asuringsystem70(i.e.
the measurement beams emitted from second measurement head
group 73 move off from grating RG). Therefore, based on the
measurement values of fine movement stage position measuring
system 70 (encoders.55, 56 and 57) and the measurement values
of relative position measuring system 66B, main controller
20 measures the position of coarse movement stage WCS2 using
coarsenmvementstagepositionn@asuringsystan68B,aﬁdbased
on the measurement result, controls the position of wafer stage
WST2. More specifically, position measurement of wafer stage
WST2 within the XY plane is switched from the measurement using
encoders 55, 56 and 57 of fine movement stage position
measuring system 70 to the measurement using Y interferometer
18YB; and X interferometer 18XB; of coarse movement stage
positionmeasuring system 68B. Then, maincontroller 20 makes
wafer stage WST2 wait at the predetermined standby position
described above until exposure on wafer W on fine movement
stage WFS1 is completed.

When the exposure on wafer W on fine movement stage WFS1

has been completed, main controller 20 starts to drive wafer

- stages WST1 and WST2 severally toward a right-side scrum

position shown in Fig. 10. When wafer stage WST1 is driven
in the -X direction toward the right-side scrum position, fine
movement stage WFS1 goes out of the measurable range of fine
movement stage position measuring system 70 (encoders 51, 52
and 53 and surface position measuring system 54) (i.e. the
measurement beams emitted from first measurement head group

72 move off from grating RG). Therefore, main controller 20
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measures the position of coarse movement stage WCS1 using
coarse movement stage position measuring system 683, and based
on the measurement result, controls the position of wafer stage
WST1. More specifically, main controller 20 switches
position measurement of wafer stage WST1 within the XY plane
from the measurement using encoders 51, 52 and 53 of fine
movementstagepositionn@asufingsystemfﬂ)totheneasurement
using Y interferometer 18YA, and X interferometer 18XA; of
coarse movement stage position measuring system 68A.
Further, main controller 20 measures the position of
wafer stage WST2 using coarse movement stage position
measuring system 68B, and based on the measurement result,
as shown in Fig. 9, drives wafer stage WST2 in the +Y direction
on surface plate 14B (see an outlined arrow in Fig. 9); On
this operation, as shown in Figs. 9 and 10, the X interferometer
used in the position measurement of wafer stage WST2 is
sequentially switched to X interférometers 18XB;, 18XB, and

18XBs according to the Y-position of wafer stage WST2, and also

-the Y interferometer used in the position measurement of wafer

stage WST2 is switched from Y interferometer 18YB; to Y
interferometer 18YB,. Note that surface plate 14B functions
as the countermass owing to the action of a reaction force
of a drive force of wafer stage WST2.

Further, in parallel with the movement of wafer stages

WST1 and WST2 toward the right-side scrum position described

above, main controller 20 drives fine movement stage WES1 in
the +X direction based on the measurement values of relative
position measuring system 66A and causes fine movement stage

WFS1 to be in proximity to or in contact with coarse movement
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stage WCS1, and also drives fine movement stage WEFS2 in the
-X direction based on the measurement values of relative
position measuring system 66B and causes fine movement stage
WEFS2 to be in proximity to or in contact with coarse movement
stage WCS2.

‘Then, in a state where both wafer stages WSTl and WST2
have moved to the right-side scrum position, wafer stage WST1
and wafer stage WSTZ go into a scrum state of being in proximity
or in contact in the X;axis direction, as shown in Fig. 10.
Simultaneously with this state, fine movement stage WFS1 and
coarse movement stage WCS1 go into a‘scrum state, and coarse
movement stage WCS2 and fine movement stage WFS2 go into a
scrum state. Then, the upper surfaces of fine movement stage
WES1, coupling member 92b of coarse movement stage WCS1,
coupling member 92b of coarse movement stage WCS2 and fine
movement stage WFS2 form a fully flat surface that is
apparently integrated.

As:shown in Fig. 10, while keeping the scrum states
described above, main controller 20 drives wafer stage WST1
in a-diréction indicated by a black arrow (-X direction) based
on the measurement result of coarse movement stage position
measuring system 68A, and at the same time, drives wafer stage
WST2 in a direction indicated by an outlined arrow (-X
direction) based on the measurement result of coarse movement
stage position measuring system 68B. As wafer stages WST1 and
WST2 move in the -X direction while keeping the three scrum
states described above, the liquid immersion area (liquid Lq)
formed between tip lens 191 and fine movement stage WFS1

sequentially moves onto fine movement stage WFS1l, coupling
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member 92b of coarse mdvement stage WCS1, coupling‘meﬁber 92b
of coarse movement stage WCS2, and fine movement stage WEFS2.
Fig. 10 shows a state just before starting the movement of
the liquid immersion area (liquid Lg) . Note that in the case
where wafer stage WST1 and wafer stage WST2 are dri&en while
the above—described three scrum states are kept, it is
preferable that a gap (clearance) between wafer stage WST1
and wafer stage WST2, a gap (clearance) between fine movement
stage WFS1 and coarse movement stage WCS1 and a gap (clearance)
between coarse movemént stage WCS2 ahd fine movement stage
WFS2 are set such that leakage of liquid Lg is prevented or
restrained. In this case, the proximity inéludes the case
where the gap (clearance) between the two members in the scrum
state is zero, or more specifically, the case where both the
members aré in contact.

After the liquid immersion area (liquid Lg) has been
moved onto fine movement stage WFS2, main controller 20 drives
fine movement stage WFS1 in the -X direction based on the
measurement value of relative position measuring system 66A
and releases the scrum state of fine movement stage WFS1 and
coarsemovemeﬂtstageWCSl,andalsodrivesfinemovementstage
WFS2 in the +X direction based on the measurement value of
relative position measuring system 66B and release the scrum
state of fine movement stage WFS2 and‘coarse movement stage
WCS2. Furthermore, main controller 20 releases the scrum
state of wafer stages WST1 and WST2.

When the movement of the liquid immersion area (liquid
Lg) onto fine movement stage WFS2 has been completed, wafer

stage WST1 has moved onto surface plate 14A. Then, main
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controller 20 moves wafer stage WST1 in the -Y direction on
surface plate 14A as shown by a black arrow in Figf 11 and
further moves wafer stage WST1 in the +X direction as shown

in Fig. 12, while measuring the position of wafer stage WST1

using coarse movement stage position measuring system 68A,

so as to move wafer stage WST1 to the first loading position.
On this operation, as shown in Figs. 11 and 12, the X
interferometerusedjjlthepositionn@asurementcﬁfwaferstage
WST1 is sequentially switched to X interferometers 18XA;, 18XA;
and 18XA; according to the Y-position of wafer stage WST1, and
also the Y interferometer used in the position measurement
of wafer stage WST1 is switched froﬁ Y interferometer 18YA;
to Y interferometer 18YA;. Note that, when wafer stage WST1
moves in the -Y direction, surface plate 14A functions as the
countermass owing to the action of a reaction force of the
drive force. Further, when wafer stage WST1 moves in the +X
direction, surface plate 14A can be made to function as the
countermass owing to the action of a reaction force of the
drive force.

As shown in Fig. 13, after wafer stage WST1 has reached
the first loading position, main controller 20 switches
position measurement of wafer stage WST1 within the XY plane
from the measurement using coarse movement stage position
measuring system 68A to the measurement using fine movement
stage posifion measuring system 70 (encoders 55, 56 and 57
included in second measurement head group 73).

In parallel with the movement of wafer stage.WSTl
described above, main controller‘20 drives wafer stage WST2

and sets the position of measurement plate FM2 at directly
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underpréjectionopticalsystanPL,asshowan1Fig.12. Prior
to this operation, main controller 20 has switched position
measurement of wafer stage WST2 within the XY plane from the
measurement'using coarse movement stage position measuring
system 68B to the measurement using fine movement stage
position measuring system 70 (encoders 51, 52 and 53). Then,
the pair of first fiducial marks on measurement plate FM2 are
detected using reticle alignment systems RA; and RA; and the
relative position of projected images, on the wafer, of the
reticle alignment marks on reticle R that correspond to the
first fiducial marks are detected. Note that this detection
is performed via projection optical system PL and.liquid Lg
that forms the liquid immersion area.

Based on the relative positional information detected
as above and the positional.information of each of the shot
areas on wafer Wwith the second fiducial mark on fine movement
stage WFS2 serving as a reference that has been previously
obtained, main controller 20 computes the relative;positional
relation between the projeétion position of the pattern of
reticle R (the projection center of projection optical System
PL) and each of the shot areas on wafer W mounted on fine
movement stage WFS2. While controlling the position of fine
movement stage WFS2 (wafer stage WST2) based on the computation
results, main controller 20 transfers the pattern of reticle
R onto each shot area on wafer W mounted on fine .move'ment stage
WFSZ by a step-and-scan method, which is similar to the case
of wafer W mounted on fine movement stage WEFS1 described
earlier. Fig. 13 shows a state where the pattern of reticle

R is transferred onto each shot area on wafer W in this manner.
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In parallel with the above-described exposure operation
on wafer W on fine movement stage WFS2, main controller 20
peﬁforms the wafer exchange between the wafer carfier
mechanism (not illustrated) and wafer stage WST1 at the first
loading position and mounts a new wafer W on fine movement
stage WFS1l. 1In this case, the first loading position is a
position where the wafer exchange is performéd on wafer stage
WST1, and in the embodiment, the first loading poéition is
to be set at the position where fine movement stage WES1 (wafer
stage WST1) is located such that measurement plate FM1 is
positioned directly under primary alignment system ALI.

Then, main controller 20 detects the second fiducial
mark on measurement plate FM1 using primary alignment system
ALl. Note that, prior to the detection of the second fiducial
mark, main controller 20 executes reset (resetting of the
origin) of second measurement heéd group 73 of fine movement
stage position measuring system 70, or more specifically,
encoders 55, 56 and 57 (and surface position.meaSuring system
58), in a state where wafer stage WST1 is located at the first
loading position. After that, main contrcller 20 performs
wafer alignment (EGA) using alignment systems ALl and AL2; to
ALZM whidiissimiiartotheabove—describedone,withrespect
to wafer W on fine movement stage WFS1, while controlling thé
position of wafer stage WSTL.

When the wafer alignment (EGA) with respect to wafer W
on fine movement stage WEFS1 has been completed and also the
exposure on wafer W on fine movement stage WFSZ has been
completed, main controller 20 drives wafer stages WST1 and

WST2 toward a left-side scrum position. This left-side scrum
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position indicates a positional relation in which wafer stages
WST1 and WST2 are located at positions that are bilaterally
symmetric with the positions of the wafer stages in the
right-side scrum'position shown in Fig. 10, with respect to
reference axis LV described above. Measurement of the
position of wafer stage WST1 during the drive toward the
left-side scrum position is performed in a similar procedure
to that of the position measurement of wafer stage WST2
described earlier.

At this left-side scrum position as well, wafer stage
WST1 and wafer stage WST2 go into the scrum state described
earlier,andconcurrentlywiththisstate,finenw&ementstage
WFS1 and coarse movement stage WCS1 go into the scrum state
and coarse movement stage WCS2 and fine movement stage WFS2
go into the scrum state. Then, the upper surfaces of fine
movement stage WEFS1l, coupling member 92b of coarse movement
stage WCS1, coupling member 92b Qf coarse movement stage WCS2
and fine movement stage WFS2 form a fully flat surface that
is apparently integrated.

Main controller 20 drives wafer stages WST1 and WST2 in
the +X direction that is reverse to the previous direction,
while keeping the three scrum states described above.
According this drive, the liquid immersion area (liquid Lqg)
formed between tip lens 191 and fine movement stage WFS2

sequentially moves onto fine movement stage WFS2, coupling

member 92b of coarse movement stage WCS2, coupling member 92b

of coarse movement stage WCS1l and fine movement stage WFS1,
which is reverse to the previously described order. As a

matter of course, also when the wafer stages are moved while
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the scrum states are kept, the position measurement of wafer
stages WST1 and WST2 is performed, similarly to the previously
described case. When‘the movement of the liquid immersion
area (liquid Lg) has been completed, main controller 20 st.arts’

exposure on wafer Won wafer stage WST1 in the procedure similar

. to the previously described procedure. In parallel with this

exposureoperation,maincontroller20driveswaferstageWST2
toward the second loading position in a manner similar to the
previously described manner, exchanges wafer W that has been
exposed on wafer stage WST2 with a new wafer W, and executes
the wafer alignment with respect to the new wafer W.

After that, main controller 20 repeatedly executes the
parallel pfocessing operations using wafer stages WST1l and
WST?2 described above.

As described above, in exposure apparatus 100 of the
embodiment, during the exposure operation and during the wafer
alignment (mainly, during the measurement of the alignment
marks), first measurement head group 72 and second measurement
head group 73 fixed to measurement bar 71 are respectively
used in the measurement of the positional information (the
positional information within the XY plane and the surfacev
position information) of fine movement stage WES1 (or WES2)
that holds wafer W. And, since encoder heads 75x, 75ya and
75yb and Z heads 76a to 76c‘that configure first measurement
head group 72, and encoder heads 77x, 77ya and 77yb and Z heads
78a to 78c that configure second measurement head group 73
can respectivély irradiate grating RG placed on the bottom
surface of fine movement stage WFS1 (or WFS2) with measurement

beams from directly below at the shortest distance,
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measurement error caused by temperature fluctuation of the
surrounding atmosphere of wafer stage WST1 or WST2, e.g., air
fluctuation is reduced, and high-precision measurement of the
positional information of fine movement stage WFS can be
performed.

Moreover, in expoeure apparatus 100 of the embodiment,
when the liquid immersion area (liguid Lg) formed on one of
wafer stages WST1 and WSTZ is moved onto the other of wafer
stages WST1 and WST2, positional information of one of the
wafer stages is measured by first measurement>head group 72
of fine movement stage position measuring system 70 and
positional information of the other of the wafer stages or
both the wafer stages is measured by coarse movement stage
posiﬁionnwasuringsysteme68Aenui68B. Wafer stages WST1 and
WSTZ2 are driven while the scrum state.of being in proximity
to each other is maintained based on the measurement result,

and thereby the liquid immersion area (ligquid Lg) formed on

one of the wafer stages can be moved to the other of the wafer

stages.

| Further, exposure apparatus 100 of the embodiment is
equipped with fine movement stage position measuring system
70 (first and second measurement head groups 72 and 73) that
measures positional information of fine movement stages WFS1
and WFS2 that move between exposure station 200 (below
projection unit PU) and measurement station 300 {(below
alignment device 99), and coarse movemeht stage position
measuring systems 68A and 68B that measure positional
information of coarse movement steges WCS1 and WCS2 that move

between exposure station 200 and measurement'station 300.
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Accordingly, based on the measurement results of fine movement
stage position measuring system 70 and coarse movement stage
position measuring systems 68A and 68B, wafer stages WST1 and
WST2 can be moved between exposure station 200 and measurement
station 300.

Further, according to exposure apparatus 100 of the
embodiment, based on the measurement results of fine movement
stage position measuring system 70 (first measurement head
group72)andcnarSenwvementstagepositionn@asuringsystems
68A and 68B, main controller 20 causes coarse movement stages
WCS1 and WCS2 and fine movement stages WFS1 and WFS2, which
wafer stages WST1l and WST2 reépectively have, to be in
proximity (or be in contact) in the X-axis direction, and also
causes wafer stages WST1 and WST2 to be in proximity (or be
in contact) in the X-axis direction, and moves wafer stages
WST1 and WST2 integrally in the X-axis direction while
maintaining the proximity.states. Accordingly, the liquid
immersion area (liquid Lqg) formed on one of wafer stages WST1
and WST2 can be moved onto the other of wafer stages‘WSTl and
WST2.

Incidentally, in the embodiment above, the liquid
immersionarea(liquiqu)isnwvedbetweenfinenwvementstage
WFS1 and fine movement stage WEFS2 via coupling members 92b
which coarse movement stages WCS1 and WCS2 are respectively
equipped with. 1In the case where coupling members 92b are not
necessary in terms of the configuration of coarse mqvement
stages WCS1 and WCS2, or more specifically, in the case where
coarse movement stages WCS1 and WCSé are configured into a

U-like shape by coupling the pair of coarse movement slider
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sections 90a and 90b using only coupling member 92a as in a
modified example shown in Fig. 14, the liquid immersion area
(liquid Lqg) can be directly moved between fine movement stage
WFS1 and fine movement stage WFS2. Fig. 14 shows the state
where both wafer stages WST1 and WST2 corresponding to the
state shown in Fig. 10 have moved to the right-side scrum
position.

In this modified example of Fig. 14, in parallel with
movement of wafer stages WST1 and WST2 toward the right-side
scrum position, main controller 20 drives fine movement stage
WES1 in the +X.difectior1with respect fo coarse movement stage

WCS1 based on the measurement value of relative position

. measuring system 66A and also drives fine movement stagé WES2

in the -X direction with respect to coarse movement stage WCS2
based on the measurement value of relative position measuring
system 66B. Then, when both wafer stages WST1 and WST2 have
moved to the right-side scrum position, as shown in Fig. 14,
fine movement stage WEFS1 and fine movement stage WFS2 go into
a scrum state of being in proximity or in contact in the X-axis
direction. At this point in time, the upper surfaces of fine
movement stage WFS1 and fine movement stage WFS2 form a fully
flat surface that is apparently integrated. Main controller
20 drives wafer stage WST1l in the -X direction as indicated

by a black arrow based on the measurement result of coarse

movement stage position measuring system 68A while keeping

the'scrum.state, and at the same time, drives wafer stage WST2
in the -X direction as indicated by an outlined arrow based
on the measurement result of coarse movement stage position

measuring system 68B. According to movement of both wafer
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stages WST1 and WST2, the liquid immersion area (liquid Lg)
formed between tip lens 191 and fine movement stage WFS1 moves

onto fine movement stage WFS2.

- Second Embodiment

A second embodiment of the present invention is
described below with reference to Figs. 15 to 23. Herein, for
the components that are the same as or equivalent to those
in the first embodiment described above, the same or similar
reference signs are used and the description thereof is omitted
or simplified.

Fig. 15 shows a plan view of an exposure apparatus 1000
of the present second embodiment. As is obvious when
comparing Fig. 15 and Fig. 2, although.exposure apparatus 1000
of the present second embodiment is much different in the
configurationofeawaferstagethatholdswaferVVfromexposure
apparatus 100 of the first embodiment described earlier, the
configuration of the other sections is substantially similar.
Therefore, in the description below, the different point is
focused on and described from the viewpoint of preventing the
redundant description.

Fig. 16 (A) shows a plan view of a wafer stage WST3 which
exposure apparatus 1000 is equipped with, and Fig. 16 (B) shows
a cross sectional view taken along the line B-B of Fig, 16(A).
Wafer stage WST3 is a tabular member as a whole that is made
up of a member 180 corresponding to the fine movement stage
in the first embodiment described earlier (a tabular member
that holds wafer W on its upper surface and has grating RG

on its lower surface) that is integrally fixed to a member
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190 with a rectangular frame shape in a planar view
corresponding to the coarse movement stage. At ends on the
+Y side and the -Y side of wafer étage WST3, magnetic units
196a and 196b are arranged that configure, tdgether with coil
5 units (the illustration is omitted) respectively inside first
sections 14A; and 14B; of surface plates 14A and 14B, a planar
motor of a magnetic levitation type that is capable of
generating a thrust in the directions of six degrees of freedom.
Wafer stage WST3 is driven by this planar motor so as AtQ follow
10 the XY plane on the surface plates. More specifically, the
planar motor functions as stage driving systems 61A and 61B
(see Fig. 18) in both coarse and fiﬁe movements. Incidentally,
in thi.s case as well, the planar motor can be of a moving magnet
type or a moving coil type, and either type can be applied.
15 The -X side section of member 190 that configures the
end on the -X side of wafer stage WST3 is formed so as to be
hollow, similar to coupling member 92a in the first embodiment
described earlier, and inside member 190, a piping member,
a wiring member and the like, which are not illustrated, used
20 to supply the power usage to wafer stage WST3 are housed.
Further, inside wafer stage WST3, various types of optical
members (e.g. an aerial image measuring instrUment, an uneven
illuminance measuring instrument, an illuminance monitor, a
wavefront aberration measuring instrument and the like) can
25 be houéed.
Further, thevmirror polishing is applied to each of the
side surface on the +Y side, the side surface on the -Y side
and the side surface on the -X side of wafer stage WST3, and

reflection suifaces 17Y,, 17Y¥; and 17X are formed. These
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reflection surfaces are used in position measurement of wafer
stage WST3 by.inférferometer systems 67A and 67B that are
described later. Instead of reflection surfaces 17Y,, 17Y;
and 17X, a movable mirror made up of a planar mirror can be
arranged at wafer stage WST3. |

As is obvious from Fig. 15, a wafer stage WST4 is
configured similar to wafer stage WST3 including the drive
systems and the position measurement systems, except that
wafer stage WST4 is placed in a state mirror—reverséd with
respect to wafer stage WST3.

Next, a measurement system that measures poéitional
information of wafer stages WST3 and WST4 is described.
Exposure'apparatus 1000 is equipped with a stage position
measuring system 70 (see Fig.‘18) that measures positional
information of wafer stages WST3 and WST4 in exposure station
200 (below projection unit PU) and in measurement station 300
(below alignment .device 99) and an auxiliary stage position
measuring system 79 and interferometer systems 67A and 67B
(see Fig. 18) that measure positional information of wafer
stages WST3 and WST4 in areas on surface plates 14A énd 14B
other than exposure étation 200 and measurement station 300.

Stage position measuring system 70 is configured
substantially similar to fine movement stage position
measuring system 70 in the first embodiment; More
specifically, as shown in Fig. 17, at measuremeﬁt bar 71 that
is placed below surface plates 14A and 14B (first seCtionS
14A; and 14B;), first measurement head group 72 and second
measurement head group 73 are arranged. First and second

measurement head groups 72 and 73 are placed below projection
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unit PU and alignment device 99 respectively, and are used
to measure positional information of wafef stéges WST3 and
WST4 located in exposure station 200 and measurement station
300.

Auxiliary stage position measuring system 79 is used to
measure poéitional information of wafer stages WST3 and WST4
located in an area (hereinafter, referred to as a scrum area
for the sake of convenience) between exposure station 200 and
measurement station 300. Auxiliary stage position measuring
system 79 includes a third measurement head group 79H arranged
at measurement bar 71.

As shown in Fig. 17, third measurement head group 79H
is placed between fiist measurement head group 72 and second
measurement head group 73,.and includes an X head 79x and a
pair of Y heads 79ya and 79yb. Xhead 79x is placed on reference
axis LV and Y heads 79ya and 79yb are placed at the same distance
aﬁért from X head 79x, on the -X side and the +X side,
respectively. As each of theses X head 79x and Y heads 79ya
and 79yb, a diffraction interference type head that is similér
to the above-described one is used.

When wafer stage WST3 or WST4 is located in the scrum
area, X head 79x and Y heads 79ya and 79yb each measure the
X-position information or the Y-position information of wafer
stage WST3 or WST4, by irradiating a measurement beam on
grating RG (see Fig. 16(B)) placed on the lower surface of
wafer stage WST3 or WST4, via a gap between surface plate 14A
and surface plate 14B or a light-transmitting section (e.g.
an opening) formed at first section 14Alof surface plate 14A

and first section 14B; of surface plate 14B and receiving
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diffraction light from grating RG.

The measurement value df each of X head 79x and Y heads
79ya and 79yb included in third measufement head group 79H
is supplied to main"controlier 20 (see Fig. 18). Main
controller 20 computes the X-position, Y-position and 0z
rotation of wafef stage WST3 or WST4 based on the measurement
value of X head 79%, the average value of the measurement values
of the pair of Y heads 79ya and 79yb, and the difference between
the measurement values of Y heads 79ya and 79yb, respectively.

In this case, the separation distance in the Y-axis
direction between third measurement head group 79H and each
of first measurement head group 72 and second measurement head
group 73 is set less than the width in the Y-axis direction
of grating RG arranged on wafer stage WST3 or WST4. Therefore,
simultaneousl)rwitklheads 75x, 75ya and 75yb included in first
measurement head group 72 irradiating grating RG with
measurement beams, head 79x%, 79ya and 79yb included in third
measurement head group 79H can also irradiate grating RG with
measurement beams. Likewise, simultaneously with heads 77x,
77ya and 77yb included in second measurement head group 73
irradiating grating RG with measurement beams, head 75x, 75ya
and 75yb included in third measurement head.group 79H can also
irradiate grating RG with measurement beams. Consequently,
when wafer stages WST3 and WST4 move from measurement station
300 to exposure station 200 across the scrum area, main
controller 20 (see Fig. 18) can perform position contrcl of
Wafer stages WST3 and WST4, using firs‘t and second measurement
head groups 72 and 73 (stage position measuring system 70)

and third measurement head group 79H (auxiliary stage position
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measuring system 79) by switching them according to the
Y-position of wafer stages WST3 and WST4.

Interferometer‘system 67A (see Fig. 18) measures
positional information of wafer stage WST3 when wafer stage
WST3 moves from exposure station 200 to measurement station
300 (or in a direction reverse thereto) passing through an
area oﬁ the -X side (hereinafter, referred to as a first
withdrawal area for the sake of convenience) exéluding the
scrﬁm area on surface plate 14A.

As shown in Fig. 15, interferometer system 67A includes
two interferometers 18YA; and 18YA, and four X interferometers
18XA;, 18XA,, 18XAj3 and 18XA4. Y interferometer 18YA; is placed
on the +Y side of surface plate 14A. Y interferometer 18YA,
irradiatesreflectionsurface17Y2wid1anmasurementbeamand
receives a reflected beam from reflection surface 17Y,,
thereby measuring the Y-position of reflection surface 17Y,,
or more specifically, the Y-position of wafer stage WST3. Y
interferometer 18YA; is placed on the -Y side of surface plate
14A. Similarly to Y interferometer 18YAy, for example, as
shown in Figs. 25 and 26, Y interferometer 18YA; irradiates
reflection surface 17Y; with a measurement beam and receives
a reflected beam from reflection surface 17Y;, thereby
measuring the Y-position of wafer stage WST3. Y
interferometers 18YA; and 18YA; are mainly used when wafer
stage WST3 is located in the _Y side half and the +Y side half
in the first withdrawal area on surface plate 14A.

Meanwhile, X interferometers 18XA; to 18XA4 are placed
onthe-ﬁ(sideofsurfaceplatel4A,ateapredetermineddistance

in the Y-axis direction. X interferometer 18XAjz irradiates
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reflectibn surface 17X with two measurement beams along an
axis (measurement axis) parallel to the X-axis that is
orthogonal to optical axis AX of projection optical system
PL and reference axis LV, and receives reflected beams from
reflecfion surface 17X, thereby measuring the X-position and
0z rotation (yawing ambunt) of wafer stage WST3. Likewise,
X interferometers 18XA;, 18XA; and 18XA; also each irradiate
reflection surface 17X with two measurement beams and receive
reflected beams from reflection surface 17X, thereby
measuring the X-position ana 0z rotation (yawing amount) of
wafer stage WST3. 1In this case, fhe distance between X
interferometers 18XA; to 18XA; adjacent to each other in the
Y—éxis direction is set such that any of the X interferometers
is surely opposed to reflection surface 17X of Wafer stage
WST3. Main controller 20 (see Fig. 18) constantly measures
fhe X-position and 6z rotation (yawing amount) of wafer stage

WST3 that moves within the first withdrawal area on surface

“plate 14A, using X interferometers 18XA; to 18XA, by switching

them according to the Y—pbsition of wafer stage WST3.

Similarly to interferometer system 67A, interferometer
system 67B (see Fig. 18) measures positional information of
wafer stage WST4 when wafer stage WST4 moves from exposure
station 200 to measurement station 300 (or in a direction
reverse thereto)_passing through an area on the +X side
(heréinafter, referred to as a second withdrawal area for the
sake of convenience) excluding the scrum area on surface plate
14B.

As shown in Fig. 15, interferometer system 67B includes

two interferometers 18YB1and.18YB2and.four){interferometers
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18XB;, 18XB,, 18XBs and 18XB;. Y interferometer 18YB; is placed

on the -Y side of surface plate 14B. Y interferometer 18YB;
ifradiatesreflectionsurface17Y1wiU1an@asurementbeamand
receives a reflected beam from reflection surface 17Y;,

thereby measuring the Y-position of reflection surface 17Yy,
or more specifically, the Y-position of wafer stage WST4. Y
iﬁterferometer 18YB, is placed.oh the +Y side of surface plate
14B. Similarly to Y interferometer 18YB;, for example,'as
shown in Figs. 30 to 32, Y interferometer 18YB, irradiates
reflection surface 17Y, with a measurement beam and.receives
a reflected beam from reflection surface 17Y,, thereby

measuring the Y-position of wafer stage WST4. Y

interferometers 18YB; and 18YB, are mainly used when wafer

stage WST4 is located on the -Y side and the +Y side within_
the second withdrawal area on surface plate 14B.
Meanwhile, X interferometers 18XB1tov18Xb4aré placed
on the +X side of surface plate 14B, at a predetermined distance
in the Y—axis direction. X interferometer 18XB; irradiates
reflection surface 17X with two measurement beams along an
axis (measurement axis) parallel to the X-axis that iS
orthogonal to optical axis AX of projection optical system
PL and reference axis LV, and receives reflected beams from
reflection surface 17X, thereby measuring the X-position and
0z rotation (yawing amount) of wafer stage WST4. Likewise,
X interferometers 18XB;, 18XB, and 18XB,; also each irradiate
reflection surface 17X with two measurement beams and receive
reflected beams from reflection surface 17X, thereby
measuring the X—position and 0z rotation (yawing amount) of

wafer stage WST4. In this case, the distance between X
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interferometers 18XB; to 18XB,; adjacent to each other in the
Y-axis direction is set such that any of the X interferometers
is surely opposed to reflection surface 17X of wafer stage
WST4. Main controller 20 constantly measures the X-position
and 0z rotation (yawing amount) of wafer stage WST4 that moves
within the second withdrawal area on surface plate 14B, using
X interferometers 18XB; to 18XB, by switching them according
to the Y-position of wafer stage WST4.

As is obvious from Fig. 15, each of Y interferometérs
18YA; and 18YA, and X interferometers 18XA; to 18XA, that
configure interferometer system 67A is placed symmetric with

each of Y interferometers 18YB; and 18YB; and X interferometers

‘18XB1to 18XBs that configure interferometer system 67B, with

respect to reference axis LV.
Main controller 20 controls the position of each of wafer
stages WST3 and WST4 by individually controlling stage driving

systems 61lA and 61B, based on the measurement values of

" interferometer systems 67A and 67B.

Fig. 18 shows a configﬁration of a control system of
exposure apparatus 1000 of the present second embodiment. The
control system is cqnfigﬁred of main controller 20 as the
central component. Main'controller 20 includes a
workstation (or a microcomputer) and the like, and performs
overall control of the respective components of the éxposure
apparatus such as locél liquid immersion device 8, surface
plate driving systems 60A and 60B and stage driving systems
61A and 61B described earlier.

Next, a parallel exposure operation using the two wafer

stages WST3 and WST4 is described with reference to Figs. 19



WO 2010/147240 PCT/JP2010/060920

10

15

20

25

81
to 32. Note that during the exposure operation, main
controller 20 controls liquid supply device 5 and liquid
recovery device 6 as described earlier and the liquid immersion
area is constantly formed directly under tip lens 191 of
projection optical system PL by a constant quantity of liquid
Lg being held.

Fig. 19 shows a state where exposure by a step-and-scan
method is performed on wafer W mounted on wafer stage WST3
in exposure station 200, and in parallel with this exposure,
wafer exchange is performed between a wafer carrier mechanism
(not illustrated) and<wafer stage WST4 at the second loading
position.

As described earlier, the exposure operation by a
step-and-scan method is performed by repeating an inter-shot
movement (stepping between shots) operation of moving wafer
stage WST3 to a scanning starting position (acceleration
starting position) for exposure of each shot area on wafer
Wbased on the results of wafer alignment and reticle alignment
and the like that have been performed beforehand, and a
scanning exposure operation of transferring a pattern formed
on reticle R onto each shot area on wafer W by a scanning
exposure method. The results of the wafer alignment are, for
example, obtained from information that is acquired by
converting the arrangement coordinate of each shot area on
wafer W obtained by the Enhanced Global Alignment (EGA) into
the coordinate with the second fiduciél mark as a reference.

In exposure apparatus 1000 of the present embodiment,
during a series of the exposure operations described above,

main controller 20 measures the position of wafer stage WST3
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using first measurement head group 72 of stage position
measuring system 70 and controls the position of wafer stage
WST3 (wafer W) based on this measufement result.

The wafer exchange is performed by unlcading a wafer that
has been exposed from wafer stage WST4 and loading a new wafer
onto wafer stage WST4 by the wafér carrier mechanism that is
not illustrated, when wafer stage WST4 is located at the second
loading position described earlier.

During the wafer exchange described above, and after the
wafer exchange, while wafer stage WST4 stops at the second
loading position, main controller 20 executes reset
(resetting of the origin) of second measurement head group
73 (i.e. encoders 55, 56 and 57 (and surface position measuring
system 58) of stage position ﬁeasuring system 70, prior to
start of wafer alignment (and the other pre-processing
measurements) with respect to the new wafer W.

When the wafer exchange (loading of the new wafer W) and
the reset of stage position méasuring system 70 (second
measurement head group 73) have been completed, main
controller 20 detects the second fiducial mark on measurement
plate FM2 using primary alignment system ALl. Then, main
controller 20 detects the position of the second fiducial mark
with the index center of primary alignment system ALl serving
as a reference, and based on the detection result and the result
of position measurement of wafer stage WST4 by étage position
measuring system 70 (second measurement head group 73) at the
time of the detection, computes the position coordinate of
the second fiducial mark in an orthogonal coordinate system

(alignment coordinate system) with reference axis La and
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reference axis LV as coordinate axés.

Next, as shown in Fig. 20, main controller 20 performs
the wafer alignment (EGA) while measuring the position
coordinate of wafer stage WST4 in the alignment coordinate
system using stage position measuring system 70 (second
measurement head group 73). The details of the wafer
alignment (EGA) are as described earlier. Then, based on the
computation result of the position coordinate of the second
fiducial mark and the results of the wafer alignment (EGA)
described above, main controller 20 obtains the position

coordinates of a plurality of shot areas on wafer W with the

. position of the second fiducial mark serving as the origin.

Normally, the'above—described wafer exchange and wafer
alignment sequence is completed earlier than the exposure
sequence. Therefore, when the wafer alignment has been
completed, main controller 20 drives wafer stage WST4 in the
+Y direction to move wafer stage WST4 to the scrum area (the
area between exposure station 200 and measurement station 300),
as shown in Fig. 20. At this point in time, wafer stage WST4
goes out of a measurable range of stage position measuring
system 70 (i.e. the measurement beams emitted from second
measurement head group 73 move off from grating RG).
Therefore, main controller 20 sWitches position measurement
of wafer stage WST4 within the XY plane from the measurement
using stage position measuring system 70 (second measurement
head group 73) to the measurement using auxiliary stage
position measuring system (third measurement head group) 79,
and based on the measurement results, controls the position

of wafer stage WST4. Then, main controller 20 causes wafer
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stage WST4 to wait within the scrum area until exposure on
wafer W on wafer stage WST3 is completed.

When the expos.ure on wafer W on wafer stage WST3 has been
completed, main controller 20 starts to drive wafer stages
WST3 and WST4 severally toward the scrum position shown in
Fig. 22. | |

Then, in a state where wafer stages WST3 and WST4 have
moved to the scrum position, wafer stage WST3 and Wafer stage
WST4 go into a scrum state where the end on the -Y side of
wafer stage WST3 and the end on the +Y side of wafer stage
WST4 are in proximity or in contact in the Y-axis direction.
Accordingly, the upper surfaces of wafer stages WST3 and WST4
form a fully flat surface that is apparently integrated.

As shown iﬁ Fig. 22, while keeping the scrum state -
described above, main controller 20 drives wafer stage WST3
in the +Y direction as indicated by a black arrow based on
the measurement result of stage position measuring system 70
(first measurement head group 72), and at the same time, drives
wafer stage WST4 in the +Y direction as indicated by anoutlined
arrow based on the measurement result of auxiliary stage
position measuring system (third measurement head group) 79.
According to the movement of both stages WST3 and WST4, the
liquid immersion area (liquid Lg) formed between tip lens 191
and wafer stage WST3»moveS onto wafer stage WST4 as shown in
Fig. 23. |

On the movement described above, wafer stage WST3 goes
out of a measurable range of stage position measuring system
70 (first measurement head group 72) into the first withdrawal

area on surface plate 14A (i.e. the measurement beams emitted
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from first measurement head group 72 move off from gfating
RG). Therefore, main controller 20 switches position
measurement of wafer stage WST3 within the XY plane from the
measurement using stage position measuring system 70 (first
measurement head group 72) to the measurement using Y

interferometer 18YA, and X interferometer 18XA, of

interferometer.system 67A, and based on the measurement

results, controls the position of wafer stage WST3.

Further, wafer stage WST4 proceeds from the scrum area
into exposure station 200. Accordingly, the measurement
beams emitted from third measurement head group 79H that
configures auxiliary stage position measuring system 79 move
off fromgrating RG, and instead, the measurement beams emitted
from first measurement head group 72 that configures stage
position measuring system 70 are irradiated on grating RG.
Therefore, main controller 20 switches position measurement
of wafer stage WST4 within the XY plane from the measurement
using auxiliary stage position meaSuring system (third
measurement head group) 79 to the measurement using stage
position measuring system 70 (first meaéurement head group
72), and based on the measurement results, controls the
position of wafer stage WSTA4.

After the liquid immersion area (liquid Lg) has been

.moved onto wafer stage WST4,.main controller 20 releases the

scrum state of wafer stages WST3 and WST4. Then, main

controller 20 moves wafer stage WST3 to the first loading
position described previously through the first withdrawai
area on surface plate 14A. 1In this case, while measuring the

position of wafer stage WST3 using interferometer system 674,
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main controller 20 moves wafer stage WST3 in the —-X direction
along the +Y end of surface plate 14A as indicated by a black
arrow in Fig. 23, and further, moves wafer stage WST3 in the
-Y direction along the -X end of surface plate 14A as indicated
by black arrows in Figé. 24 and 25, and furthermore, moves
wafer stagé WST3 in the +X direction along the -Y end of surface
plate'l4A as indicated by a black arrow in Fig. 26. At this
point in time, as shown in Figs. 24 to 26, according to the
Y-position of wafer stage WST3, the X interferometer used in
the posifion measurement of wafer stage WST3 is sequentially
switched to X interferometers 18XA,, 18XA3, 18XA,, and 18XA;
andalsotheffinterferometerusedjj1thepositionnmasurement
of wafer stage WST3 is switched from Y interferometer 18YA,
to Y interferometer 18YA;. Note that Fig. 25 shows a state
where the interferometer is switched from Y interferometer
18YA, to Y interferometer 18YA;.

As shown in Fig. 26, after wafer stage WST3 has reached
the first loading positioﬁ, main controller 20 switches the
position measurement of wafer stage WST within the XY plane
from the measurement using interferometer system 67A to the
measurement using stage position measuring system 70 (second
measurement head group 73).

In parallel with the movement of wafer stage WST3
described above, main controller 20 drives wafer stage WST4,
and as shown in Fig. 24, sets the position of measurement plate

FM2 at directly under projection optical system PL. Then, the

" pair of first fiducial marks on measurement plate FM2 are

detected using reticle alignment systems RA; and RA,;, and the

relative position of the projected images on the wafer of
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reticle alignment marks én reticle R that correspond to the
first fiducial marks 1is detected.

Based on the relative positional information detected
as above and the positional information of the respective shot
areas on wafer W with the second fiducial mark serving as a
reference that has been previously obtained, main controller
20 compufes the relative positional relation between the
projectionpositionofthe;mtternofreticleI{(theprojection
center of projection optical system PL) and each of the shot
areas on wafer W mounted on wafer stage WST4. While
contrélling the position of wafer stage WST4 based on the
computation results, main controller 20 transfers the pattern
of reticle R onto each shot area oh wafer W mounted on wafer
stage WST4 by a step-and-scan method, in a similar manner to
the previously-described manner. Fig. 26 shows a state where
the pattern of reticle R iS transferred onto each shot area
on wafer W in this manner.

Inparallelwiththeabove—describedexposureoperation

on wafer W on wafer stage WST4, main controller 20 performs

the wafer exchange between the wafer carrier mechanism (not
illustrated)andwaferstageWST3atthefirstloadingposition
and mounts a new wafer W on wafer stage WST3.

Then, main controller 20 detects the second fiducial
mark on measurement plate FM1 using primary alignment system
ALl. Note that, prior to the detection of the second fiducial
mark, main controller 20 executes reset (resetting of the
origin) of second measurement head group 73 (i.e. encoders
55, 56 and 57 (and surface position measuring system 58)) of

stage position measuring system 70, in a state where wafer
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stage WST3 is located at the first loading position. After
that, as shown in Fig. 27, main controller 20 performs wafer
alignment (EGA) using alignment systems ALl and AL2; to ALZ4,
which is similar to the above-described one, with respect to
wafer W on wafer stage WST3, while controlling the position'
of wafer stage WST3. |

When the wafer alignment (EGA) with respect to wafer W
on wafer stage WST3 has been completed and also the exposure
on wafer W on wafer stage WST4 has been completed, main
controller'20 drives wafer stages WST3 and WST4 toward the
scrum position as(shown in Fig. 28. At this point in time,
wafer stage WST3 moves out of the measurable range of stage
position measuriﬁg system 70 (i.e. the measurement beams
emitted from second measurement head group 73 move off from
grating‘RG). ‘Therefore, main.controiler‘ZO switches position
measurement of wafer stage WST3 within the XY plaﬁ from the
measurement using stage‘position.measuring system 70 (second.
measurement head grdup 73) to the measurement using auxiliary
stage position measuring system (third measurementvhead
group) 79H) and based on the measurement result, controls the
position of wafer stage WST3.

Then, in a state where wafer stage WST3 and WST4 have
moved to the scrum position, wafer stage WST3 and wafer stage
WST4 go into a scrum state of being in proximity or in contact
in the Y-axis direction, as shown in Fig. 29. Different from
the scrum described previously, however, the +Y end of wafer
stages WST3 and the -Y end of wafer stage WST4 are in proximity
or in contact. Accordingly, the upper surfaces of wafer

stages WST3 and WST4 form a fully flat surface that is
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apparently'integrated.

While keeping the scrum state deséribed above, main
controller 20 drives wafer stage WST4 in the +Y direction as
indicated by a black arrow in Fig. 29 based on the measurement
result of stage position‘measuring system 70, and at the same
time, drives wafer stage WST3 in the +Y direction as indicated
by an outlined arrow in Fig. 29 based on the measufement result
of auxiliary stage position measuring system (third
measurement head group) 79H. According to the movement of
both wafer stages WST3 aﬁd WST4, the liquid immersion area
(liquid Lg) formed between tip lens 191 and wafer stage WST4
moves onto wafer stage WST3, as shown in Fig. 30.

On the movement described above, wafer stage WST4 goes
out of a measurable range of stage position measuring system
70(firstn@asurementheadgroup72)intothesecondwithdrawal
area on surface plate 14B (i.e. the measurement beams emitted
from first measurement head group 72 move off from grating
RG). Therefore, méin controller 20 switches position
measurement of wafer stage WST4 within the XY plane from the
measurement using stage position measuring system 70 (first
measurement head group 72) to the measurement using Y
interferometer 18YB, and X interferometer 18XBs of
interferometer system 67B, and based on the measurement
results, controls the position of wafer stage WST4.

Further, wafer stage WST3 proceeds from the scrum area
into exposure station 200. Accordingly, the measurement
beams emitted from third measurement head group 79H that
configures auxiliary stage position.meésuring system 79 move

offfromgratingRG,andinstead,then@asurementbeamsemitted
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from firstvmeasurement head group 72 that configure stage
position measuring system 70 are irradiated on grating RG.
Therefore, main controller 20 switches position measurement
of wafer stage WST3 within the XY plane from the measurement
using auxiliary stage position meésuring system (third
measurement head group) 79 to the measurement using stage
position measuring sysfem 70 (first measurement head group
72), and based on the measurement results, controls the
position of wafer stage WST3.

After the liquid immersion area (liquid Lg) has been
moved onto wafer stage WST3, main controller 20 releaseé the

scrum state of wafer stages WST3 and WST4. Then, main

controller 20 moves wafer stage WST4 to the second loading

position thrdugh the withdrawal area on surface plate 14B.
In thisbcase, while measuring the position of wafer stage WST4
using interferometer system 67B, main controller 20 moves
wafer stage WST4 in the +X direction.along the +Y end of surface
plate 14B as ihdicated by a.black arrow in Fig. 30, and further,
moves wafer stage WST4 in the -Y direction along the +X end
of surface plate 14B as indicated by black arrows in Figs.
31 and 32, and furthermore, moves wafer stage WST4 in the -X
direction along the -Y end of surface plate 14B as indicated
by a black arrow in Fig. 32. Accordingly, wafer stage WST4
reaches the second loading position as shown in Fig. 19. At
this point in time, as shown'in Figs. 31, 32 and 19, according
to the Y-position of wafer stage WST4, the X interferometer
used in position'measurement of wafer stage WST4 is
sequentially switched to X interferometers 18XB,, 18XB3, 18XB,,

and 18XB; and also the Y interferometer used in position
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measurement of wafer stage WST4 is switched from Y
interferometer 18YB, to Y interferometer 18YB;. Note that Fig.
32 shows a state where the interferometers are switched from
X interferometer 18XB; to X interferometer 18XB,;, and from Y
interferometer 18YB, to Y interferometer 18YB;.

As shown in Fig. 19, after wafer stage WST4 has reached
the second loading position, main ¢on£roller 20 switches the
position measurement of wafer stage WST4 within the XY plane
from the measurement using interferometer system 67B to the
measurement using stage position measuring system 70 (second
measurement head group 73).

When the movement of the liquid immersion area (liquid

Lg) has been completed, main controller 20 starts exposure

on wafer W on wafer stage WST3 in the procedure similar to

the above-described one. In parallel with this exposure
operation, main controller 20 exchanges wafer W'that has been
exposed on wafer staQe WST4 with a new wafer W, and executes
the wafer alignment with respect to the new wafer W, in the
procedure similar to the abové—described one.

Afterwards, main controller 20 repeatedly executes the
parallelprocessingoperationusingwaferstagesWST3andWST4
described above.

Asdescribédabove,accordingtoexposureapparatus1000
of the present second embodiment, the function effect
equivalent to exposure apparatus 100 of the first embodiment
described earlier can be obtained. Further, according to
exposure apparatus 1000 of the‘present second embodiment,
since not only first measurement head group 72 and second

measurement head group 73 of stage position measuring system
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70butalsothirdn@asurementheadgroup'H%{ofauxiliarystage
position measuring system 79 are placed at measurement bar
71, main controller 20 can accurately move wafer stages WST3
and WST4 between measurement station 300 and expoéure station
200 through the scrum area, bésed on the measurement results
of first measurement head group 72 and second measurement head
group 73 of stage position measuring system 70 and third
measurement head group 79H of auxiliary stage positibn
measuring system 79. Further, according to exposure
apparatus 1000, when the liquid immersion area (liquid Lq)
formed on one of wafer stages WST3 and WST4 is moved onto the
other of wafer stages WST3 and WST4, main controller 20
measures positional information of one of the wafer stages
using first measurement head group 72 of stage position
measuring system 70 and measures positional information of
the other of the wafer stages or both of the wafer stages using
auxiliary stage position measuring system 79 (third

measurement head group 79H) . Then, based on these measurement

~ results, main controller 20 drives wafer stages WST3 and WST4

while maintaining the scrum state of making wafer stages WST3
and WST4 be in proximity (or be in contact) in the Y-axis
direction, thereby moving the liquid'immersioﬁ area {(liquid
Lg) formed on the one of the wafer stages onto the other of
the wafer stages.
Incidentally,inthefirstandsecondembodimentsabove,
while measurement bar 71 is configured of a beam-like member
with the Y-axis direction serving as its longitudinal
direction, measurement bar 71 can be configured of a beam-like

member with the X-axis direction serving as its longitudinal
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direction. In such a case, the measurement bar_is
respectively arranged within exposure station 200 (below
projection unit PU) and within the measurement station 300
(below alignment device 99), and first and second measurement
head groups 72 and 73.can be arranged at each of the measurement
bars (to be first ahd,secondlneasurement,baré), individually.
For example, in the case where such first and second
measureméntbarsareappliedtx>thefirstembodimentdescribed
earlier, a head group similar to first measurement head group
72 (or the encoder heads included in first measurement head
groﬁp 72) cah be placed, on the first measurement bar, at an
appropriate distance that is less than the width of grating
RG in the X-axis direction. In this case, while measuring
positional information of the two wafer stages with high
precision using a plurality of head groups, main controller
20 causes the two wafer stages to be in proximity or in contact
in the X-axis direction based on the measurement results, and
moves the two wafer stages in the longitudinal direction
(X-axis direction) of the first measurement bar while
maintaining thé state (X scrum state), and thereby can move
the liquid immersion area (liquid Lg) formed on one of the
wafer stages onto the other of the wafer stages.
Incidentally, while the éxposure apparatuses in the
first and second embodiments above each have two surface plates
so as to correspond to two wafer stages, the number of the
surface plates i1s not limited thereto, and for-example,.one
surface plate or three or more surface pl.ates can be employed.
Further, the number of the wafer stages is not limited to two,

but one wafer stage or three or more wafer stages can be
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employed, and a measurement stage, for example, which has an
‘aerial image measuring instrument, an uneven illuminance
measuring instrument, an illuminance monitor, a wavefront
aberration measuring instrument and the liké, can be placed

5 on the surface plate, which is disclosed in, for example, U.S.
Patent Application Publication No. 2007/0201010.

Further, in the first and second embodiments above,
while both ends of measurement bar 71 in the longitudinal
directionaresupportajbynminframeBDjjmasuspendedn@nner,

10 this is not intended to be limiting. For example, measurement

bar 71 can be supported independently from main frame BD and
a position sensor or the like can be provided so as‘to monitor
andobtaintherelativepositionbetweenbothofthemr In this
case,achivenechanismforpositidnadjustmentcanbearranged

15 at the measurement bar. Further, the mid portion (which can
be arranged at a plurality of positions) in the longitudinai
direction of the measurement bar can be supported on the base
boardknzanempty—weightcancellerascﬁsclosedjjh for example,
U.S. Patent Application Publication No. 2007/0201010.

20' Further, the motor to drive surface plates 14A and 14B
on base board 12 is not limited to the planar motor by the
electromagnetic force (Lorentz force) drive method, but for
example, can be a planar motor (or a linear motor) by a variable
magnetoresistance drive method. Further, the motor is not

25  limited to the planar motor, but can be a voice coil motor
that includes a mover fixed to the side surface of the surface
plate and a stator fixed to the base board. Further, the
surface plates can be éupported 6n the base board via the

empty-weight canceller as disclosed in, for example, U.S.
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Patent Application Publication No. 2007/0201010 and the like.

Further, the drive directions of the surface plates are not
limited to the directions of three degrees of freedom, but

for example, can be the directions of six degrees of freedom,

. only the Y-axis direction, or only the XY two-axial directions.

In this case, the surface plates can be levitated above the
base board by static gas bearings (e.g. air bearings) or the
like. Further, in the case where the movement direction of
the surface plates can be only the Y-axis direction, the
surface plates can be mounted on, for example, a Y guide member
arranged extending in the Y-axis direction so as to be movable
in the Y-axis direction.

Incidentally, the position of the border line that
separates the surface plate or the base member into a plurality
of sections is not limited to the position as in the first
and second embodiments above. While the border line is set
to include reference axis LV and intersect optical axis AX
in the embodiments above, the border line can be set at another
position, for example, in the case where, if the boundary is
located in the exposure station, the thrust of the planar motor
at the portion where the boundary is located weakens.

Further, in the first and second embodiments above,
while the grating is placed on the lower surface of the fine
movement stage, or more specifically, the surface that is
opposed to the upper surface of the surface plate, this ié
not intended to be limiting, and the main section of the fine
movement stage is made ﬁp of a solid member that can transmit
light, and the grating can be placed on the upper surface of

the main section. 1In this case, since the distance between
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the wafer and theigrating is closer compared with the
embodiments above, the Abbe error, which ié caused by the
differenoeintheZ—axisdirectionbetweenthesurfacesubject
to exposure of the wafer that includes the exposure point and
the reference surface (the placement surface of the grating)
of position measurement of the fine movement stage by encoders
51, 52 and 53, can be reduced. Further, the grating can be
formed on the back surface of the wafer holder. 1In this case,
even if the wéfer holder expands or the attachment position
with respect to the fine movement stage shifts during exposure,
the pbsition of the wafer holder (wafer) can be measured
according to the expansion or the shift.

Further, in the first and second embodiments above,
while the case has been described as an example where the
encoder system is equipped with the X head and the pair of
Y heads, this is not intended to be limiting, and for example,
one or two two-dimensional head(s) (2D head(s)) whose
measurement directions are the two directions that are the
X-axis direction and the Y-axis direction can be placed inside
the measurement bar. Inthe case of arrangingthe two 2D heads,
their detection points can be set at the two points that are
spaced apart in the X-axis direction at the same distance from
the exposure position as the center, on the grating. Further,

while the case has been described where the number of the heads

'per head group is one X head and two Y heads, the number of

the heads can further be increased. Moreover, first
measurement head group 72 on the exposure station 300 side -
can further have a plurality of head groups. For éxample, on

each of the sides (the four directions that are the +X, +Y,
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-X and -Y directions) on the periphery of the head group placed
at the position corresponding to the exposure position (a shot
area being exposed on wafer W), another head group can be
arranged. And, the position of the fine movement stage (wafer
W) just before exposure of the shot area can be measured in
a so-called read-ahead manner. Further, the configuration of
the encoder system that configures fine movement stage
position measuring system 70 is not limited to the one in the
embodiment above and an arbitrary configuration can be
employed. For example, a 3D head can also be used that is
capable of measuring the positional information in each
direction of the X-axis, the Y-axis and the Z-axis.

Further, in the first and second embodiments above, the
measurement beams emitted from the encoder heads and the
measurement beams emitted from the Z heads are irradiated on
the gratings of the fine movement stages via a gap between
the two surface plates or the light-transmitting section
formed at each of the surface plates. In this case, as the
light-transmitting section, hoies each of which is slightly
larger than a beam diameter of each of the measurement beams
are formed at each of surface plates 14A and 14B taking the
movement range of surface plate 14A or 14B as the countermass
into consideration, and the measurement beams can be made to
pass through these multiple opening sections. Further, for
example, it is also possible that pencil-type heads are used
as the respective encoder heads and the respective Z heads,
and opening sections in which these heads are inserted are

formed at each of the surface plates.
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Incidentally, in the embodiment above, the case has been
described as an example where according to employment of the
planar motors as coarse movement stage driving systems 62A
and 62B that drive wafer stage.s WST1 and WST2, the guide surface
(the surface that generates the force in the Z-axis direction)
used on the movement of wafer stages WST1 and WST2 alohg the
XY plane is formed by surface plates 14A and 14B that have
the stator sections of the planar motors. Howe&er, the
embodiment above is not limited thereto. Further, in the
embodiment above, while the measurement surface (grating RG)
is arranged on fine movement stages WFS1 and WFS2 and first
measurement head group 72 (and seeond measurement head group
73) composed of the encoder heads (and the Z heads) is arranged
at measurefnent bar 71, the embodiment above is not limited
thereto. More specifically, reversely to the aboVe—described
case, the encoder heads (and the 2 heads) can be arranged at
fine movement stage WFSi and the measurement surface (graﬁing '
RG) can be formed on the measurement bar 71 side. Such a
reverse placement can be applied to a stage device that has

a configuration inwhich amagnetic levitated stage is combined

-with a so-called H-type stage, which is employed in, for

example, an electroﬁ beam exposure apparatus, an EUV exposure
apparatus or the like. In this stage device, since a stage
is supported by a g.uide ‘bar, a scale bar (which corresponds
to the measurement bar on the surface of which a diffraction
grating is formed_) is placed below the stage so as to be opposed
to the stage, and at least a part (such as an optical system)
of an encoder head is placed on the lower surface of the stage

that is opposed to the scale bar. In this case, the guide bar
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configures the guide surface forming member. As a matter of
course, another configuration can also be employed. The place
where grating RG is arranged on the measurement bar 71 side
can be, for example, measurement bar 71,-or a plate of a

nonmagneti¢ material or the like that is arranged on the entire
surface or at least one surface on surface plate 14A‘(14B).

Further, in the embodiment above, while the case has been
described where measurement bar 71 and main frame BD are
integrated, this is not intendéd to be limiting, and
measurement bar 71 and main frame BD can physically be
separated. In such a case, a measurement device (e.g. an
encoder and/or an interferometer, or the like) that measures
the position (or displacement) of measuremént bar 71 with
respect to main frame BD (or a reference position), and an
actuator or the like that adjusts the position of measurement
bar 71 should be arranged, and based on the measurement result
of. the measurement‘device, main controller 20 and/or another
controller should maintain the positional relation between
main frame BD (and projection optical systém PL) and
measurement bar 71 in a predetermined relation (e.g.
constant).

Further, a measﬁrement system (sensor) that measures
variation of measurement bar 71 with an optical method, a
temperature sensor, a pressure sensor, an acceleration sensor
for vibration measurement, and the like can be arranged at
measurement bar 71. Further, a distortion sensor and/or a
displacement sensor and the like to measure variation of
measurement bar 71 can be arranged. Then, it is also possible

to correct the positional information obtained by fine
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movement stage position measuring system 70 and/or coarse

movement stage position measuring systems 68A and 68B, using
the values obtained by these sensors.

Furfher,ineachcﬂftheembodimentsabove,whilethecase
has been described where the present invention is applied to
stage device (wafer stages) 50 of the exposure apparatus, this
is not intended to be limiting, and the present invention can
also be applied to reticle stage RST.

Incidentally, in the embodiment above, grating RG can
be‘covered with a protective member, e.g. a cover glass,.so
as to be protected. The cover glass can be arranged to cover
the substantially entire surface of the lower surface of’méin
section 80, oﬁ can be arranged to;cover only a part of the
lower surface of main section 80 that includes grating RG.
Further, while a plate-shaped protective member is desirable
becausethethicknessenoughtoprotectgratingRGisiequired,
athinfilm—shapedprotectivemembercanalsobeuseddepending
bn_the material.

Besides, it is also possible that a transparent plate,
on one surface of which.grating RG is fixed or formed, has
theothersurfacethatisplacedincbntactwithor:hlproximity
to the back surface of the wafer holder and a protective member
(cover glass) is arranged on the one surface side of the
transparent plate, or the one surface of the transparent plate
on which grating RG is fixed or formed is placed in contact
with or in proximity to the back surface of the wafer holder
without arranging the protective member (cover glass).
Especially in the flormer case, grating RG can be fixed or formed

on an opaque member such as ceramics instead of the transparent
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plate, or grating RG can be fixed or formed on the back surface
of the wafer holder. 1In the latter case, even if the wafer
holder expands or the attachment position with respect to the
fine movement stage shifts during expoéure, the position ofv
the wafer holder (wafer) can be measured according to the
expansion or the shift. Or, it is also possible that the wafer
holder and grating RG are merely held by the conventional fine
movement stage. Further, it is also possible that the wafer
holder is formed by a solid glass member, and grating RG is
placed on the upper surface (wafer mounting surface) of the
glass member.

Incidentally, in the embodiment above, while the case
has been described as an example where the wafer stage is a
coarse/fine movement stége that is a combination of the coarse
movement stage and the fine movement stage, this is not
intended to be limiting. Further, in the embodiment above,
while fine movement stages WFS1 and WFS2 can be driven in all
the directions of six degrees of freedom, this is not intended
to be limiting, and the fine movement stages should be moved
at least within the two-dimensional plane parallel to the XY
plane. Moreover, fine movement stages WEFS1 and WFS2 can be
supported in a contact manner by coarse movement stages WCS1
and WCS2. Consequently, the fine movement éfage driving
system to drive fine movement stage WFS1 or WFS2 with respect
to coaise movement stage WCS1 or WCS2 can be a combination
of a rotary motor and a ball screw (or‘a'feed SCrew) .

Incidentally, the fine movement stage position
measuring system can be configured such that the position

measurement can be performed in the entire area of the movement -
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range of the wafer stages. 1In such a case, the coarse movement
stage position measuring systems become unnecessary.

Incidentally, the wafer used in the exposure apparatus
of the embodiment above can be any one of wafers with various
sizes, such és a 450-mm wafer or a 300-mm wafer.

Inéidentally, in eadh of the embodiments above, while
the case has been described where the exposure apparatus is
the liquid immersion type exposure apparatus, this is not
intended to be limiting. The embodiment above can suitably
be applied to a dry type exposure apparatus that performs
exposure of wafer W without liquid (watef).l

Incidentally, in the first and second embodiments above,
while the case has been described-where the exposure apparatus
is a scanning stepper, this is not intended to be limiting,

and each of the embodiments above can also be applied to a

'static exposure apparatus such as a stepper. Even in the

stepper or the like, occurrence of position measurement error
caused by airifluctuation can be reduced to almost zero by
measuring the position of a stage on which an object thaf is
subject to exposure is mounted using an encoder. Therefore,
it becomes possible to set the position of the stage with high
precision based on the measurement values of the encodef, and
as a consequence, high-precision transfer of a reticle pattern
onto the object can be performed. Further, each of the
embodiments above can also be applied to a reduced projection
exposure apparatus by a step-and-stitch method that
synthesizes a shot area and a shot area.

Further, the magnification of the projection optical

system in the exposure apparatus in the first and second
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embodiments above is not only a reduction system, but also

' canbe either an equal magnifying system or amagnifying system,

and the projection optical system is not only a dioptric system,
but also can be either a catoptric system or a catadioptric
system, and in addition, the projected image can be either
an inverted image or an erected image.

Further, illumination light IL is not limited to ArF
excimer laser light (with a wavelength of 193 nm), but can
be ultraviolet light such as KrF excimer laser light (with
a wavelength of 248.nm), or vacuum ultraviolet light such as
F, laser light (with a wavelength of 157 nm). As disclosed
in, for example, U.S. Patent No. 7,023,610, a harmonic wave,
which is obtained by amplifying a single-wavelength laser beam
in the infrared or visible range emitted by a DFB semiconductor
laser or fiber laser with a fibervamplifier doped with, for
example, erbium (or both erbium and ytteribium), and by
converting the wavelength into ultraviolet light using a
nonlinear optical crystal, can alsoc be used as vacuum
ultraviolet light. |

Further, in thé first and second embodiments above,
illumination light IL of the exposure apparatus is not limited
to the light having a wavelength more than or equal fo 100nm,
and it is needless to say that the light having a wavelengtﬁ
less than 100nm can be used. For example, the each of tHe
embodiments above can be applied to an EUV (Extreme
Ultraviolet) exposure apparatus that uses EUV light in a soft
X-ray range (e.g. a wavelength range from 5 to 15 nm). In
additioh, the each of the embodiments above can also be applied

'UJanexposureapparatusthatuseschargedparticlebéamssuch
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as an electron beam or an ion beam.

Further, in the first and second embodiments above; a
light transmissive type mask (reticle) is used, which is
obtained by forming a predetermined light-shielding pattern
(or a phase pattern or a light-attenuation pattern) on a
light-transmitting substrate, but instead of this reticle,
as disclosed in, for example, U.S. Patent No. 6,778,257, ah
electron mask (which is also called a variable shaped mask,
anactivenask<n:animagegenerator,andincludes,forexample,
a DMD (Digital Micromifror Device) that is a type of a
non-emission type image display element (spatial light
modulator)cn:thelike)cn1Whichealight—transmittingpattern,
a reflection pattern, or an emission pattern is formed
according to electronic data of the pattern that is to be
exposed can also be used. In the case of using such a variable
shaped mask, a stage on which a wafer, a glass plate or the
like is mounted is scanned relative to the variable shaped

mask, and therefore the equivalent effect to the embodiments

- above can be obtained by measuring the position of this stage

using an encoder system.

Further,asdisclosedin,forexample,PCTInternational
Publication No. 2001/035168, the each of the embodiments above
can also be applied to an exposure apparatus (a lithography
system) in which line-and-space patterns are formed on wafer
W by forming interference fringes on wafer W.

Moreover, the each of the embodiments above can also be
applied to an exposure apparatus that synthesizes two reticle
patterns on a wafer via a projection optical system and

substantially simultaneously performs double exposure of one
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shot area on the wafer by one scanning exposure, as disclosed
in, for example, U.S. Patent No. 6,611,316.

Incidentally, an ébject on which a pattern is to be
formed (an object subject to exposure on which an energy beam
is irradiated) in the first and second embodiments above is
not limited to a wafer, but may be another object such as a
glass plate, a ceramic substrate, a film mémber, or a mask
blank.

The usage of the exposure apparatus is not limited to

the exposure apparatus used for manufacturing semiconductor

. devices, but the present invention can be widely applied also

to, for example, an exposure apparatus for manufacturing

liquid crystal display elements in which a liquid crystal
display element pattern is transferred onto a rectangular
glass plate, and to an exposure apparatus for manufacturing
organic EL, thin-film magnetic heads, imaging devices (such
as CCDs), micromachines, DNA chips or the like. Further, the
each of the embodiments above can also be applied to an exposure
apparatus that transfers a circuilt pattern onto a glass
substrate, a silicon wafer or the like not only when producing
microdevices such as semiconductor devices, but also when
producing a reticle or a mask used in an exposure apparatus
such as an optical exposure apparatus, an EUV exposure
apparatus, an X-ray exposure apparatus, and an electron beam
exposure apparatus.

Incidentally, the disclosures of all publications, the
PCT International Publications, the U.S. Patent Application
Publications and the U.S. Patents that are cited in the

description so far related to exposure apparatuses and the
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like are each incorporated herein by reference.

Electron devices such as semiconductor devices are
manufactured through the following steps: a step where the
function/performance design of a device is performed; a step
where a reticle based on the design step is manufactured; a
step where a wafer is manufactured using a silicon material;
a lithography step where a pattern of a mask (the reticle)
is transferred onto the wafer with the exposure apparatus
(pattern formation apparatus) of the embodiments described
earlier and the exposure method thereof; a development step
where the exposed wafer is developed; an etching step where
an exposed member of an area other than an area where resist
remains is removed by etching; a resist removing step where
the resist that is no longer necessary when the etching is
completed is removed; a device assembly step (including a
dicing process, a bonding process, and a packaging process) ;

an inspection step; and the like. 1In this case, in the

lithography step, the exposure method described earlier is

executed using the exposure apparatus of the embodiments above
and device patterns are formed on the wafer, and theréfore,
the devices with high integration degree can be manufactured

with high productivity.

- Industrial Applicability

As described above, the exposure apparatus of the
present invention is suitable for exposing an object with an
energy beam. Further, the device manufacturing method of the
present invention is suitable for manufacturing electron

devices.
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Claims

1. An exposure apparaﬁus that exposes an object with
an energy beam via an optical systemand a liquid, the apparatus
comprising: |

a first andeasecondwnovable bodies which independently
move on a guide surface parailel to a two-dimensional piane
while each holding the object, and at each of 'which a
meésurement surface parallel to the two-dimensional plane is
arranged;

a guide surface forming member that forms the guide
surface;

a liquid supply device that supplies the liquid to a
space between the optical system and the object held by the
first or second movable body;

a first measurement system that irradiates the
measurement surface of the first or second movable body that
moves within a first area, with a measurement beam from a side
opposite to the optical system with respect to the guide
surface forming member, and receives light from the
measurement surface, thereby obtaining positional
information of thé first or second movable body; and

a second measurement system that, when one of the first
and second movable bodies located within the first area moves
inproximitytotheotherofthefirstandsecondnmvablebodies
andtherebytheliquidsupplied<n1theoneofthenmvablebodies
moves onto the other of the movable bodies, obtains at least

positional information of the other of the movable bodies.
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2. The exposure apparatus according to claim1l, wherein
the first measurement system irradiates the measurement
beam on a point on the measurement surface that corresponds
to an exposure position that is a center of an irradiation

area of the energy beam irradiated on the object.

'3. The exposure apparatus according to one of claims
1 and 2, wherein

the second measurement system irradiates the
measurement surface_of the other of the movable bodies that
moves within an overlapping area at least a part of which
overlapsthefirstareawithinthetwo—dimensionalplane,with
a measurement beam from a side opposite to the optical system
with respect to the guide surface forming member, and receives
light from the measurement surface, thereby obtaining

positional information of the other of the movable bodies.

4. The exposure apparatus according to claim 3, wherein
the second measurement system, together with the first
measurement system, irradiates the measurement beam on the
measurement surfaces of the first and second movable bodies

located within the at least a part of the overlapping area.

5. The exposure apparatus according to any one of claims
1 to 4, wherein

the second measurement system includes an
interfe;ometer system that obtains positional information of
the first and second movable bodies by irrédiating a

measurement beam on reflection surfaces that are respectively
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arranged at the first and second movable bodies and receiving

light from the reflection surfaces.

6. The exposure apparatus according to any one of claims

1 to 5, further cdmprising:
| amarkdetectingsystémthatdetectsép&uralityofnmrks
arranged on the object held by the first or second movable

body within a second area that is away from the first area.

7. Theexposureapparatusaccordingtx>clahn6,wherein

the first and second movable bodies move between the
first and second areas passing through a measurement area where
the second measurement system obtains the positional

information of the first and second movable bodies.

8. The exposure apparatus according to one of claims
6 and 7, further comprising: |

aithird measurement‘systembthét obtains positional
information of the first or second movable body by irradiating
the measurement surface of the first or secénd movable body
that moves within the second area, with a measufementlbeam
from a sidé opposite to the optical system with respect to
the guide surface forming member; and receiving light from

the measurement surface.

9. The exposure apparatus according to claim 8, wherein
thethirdn@asurementsyétemirradiatesthen@asurement
beam on a point on the measurement surface that corresponds

to a detection center of the mark detecting system.
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10. The exposure apparatus according to one of claims
8 and 9, wherein

at least a part of the third measurement system is
installed at a second support member supported by a first

support member that supports the optical system.

11._ The exposure apparatus according to claim 10,
wherein

theguidesurfaceformingnemberiseasurfaceplatewhich
is placed on the optical system side of the second support
member so as to be opposed to the movable body and which has
the guide surface formed on one surface thereof on a side
opposed to the movable body, and

the second support member is supported by the surface

plate without being in contact with the surface plate.

12. The exposure apparatus according to one of claims
10 and 11, wherein
at least a part of the first measurement system is placed

at the second support member.

13. The exposure apparatus according to any one of
claims 10 to 12, wherein
at least a part of the second measurement system is

placed at the second support member.

14. The exposure apparatus according to any one of

claims 1 to 13, wherein
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at least one of the first and second movable bodies
includes a first movable body member that is movable on the
guide surface while holding the object, and a second movable
body member that is placed on an outer side of the first movable
body member and is movable on the guide surface while
supporting the first.movable body member relatively'movablé,
and

the first and second movable body members are in
proximity to each other when the first and second movable

bodies are in proximity.

15. The exposure apparatus according to claim 14,

further comprising:

a relative drive system that drives the‘first movable

body member relative to the second movable body member.

16. The exposure apparatus according to one of claims

14 and 15, further comprising:

a relatlve position measuring system that obtains
relative positional information between the flrst movable

body member and the second movable body member.

17. An exposure apparatus that exposes an object with
anenergjbeanviaanopticalsystem,theapparatuscomprising:

a first and a second movable bodies which independently
move on a guide surface parallel to a two—dimensional plane
while each holding the object, and at each of which a
measurement surface parallel to the two-dimensional plane is

arranged;
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a guide surface forming member that forms the guide
surface;

a first measurement system that irradiates the
measurement surface of the first or second movable body that
moves within a first area, with a measurement beam from a side
opposite to the optical system with respect to the guide
surface forming member, and receives light from the
measurement surface, thereby obtaining positional
information of the first or second movable body;

amarkdetectingsystemthatdetectsa;ﬂuralityofnﬁrks
formed on the object held by the first or second movable body
within a second area that is away from the first area;

a second measurement system that obtains positional
information of the first and second movable bodies that move
within a third area that includes an area between the first
and second areas; and

a third measurement system that irradiates the
measurement surface of the first or second movable body that
moves within the second area, with a measurement beam from
a side opposite to the optical system with respect to the guide
surface forming member, and receives light from the
measurement surface, thereby obtaining positional

information of the first or second movable body.

18. The exposure apparatus according to claim 17,
wherein,
the first and second movable bodies move between the

first and second areas passing through the third area.
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19. The exposure apparatus according to one of claims
17 and 18, wherein |
the first measurement system irradiates the measurement
beam on a point.on the measurement surface that corresponds
to an exposure position that is a center of an irradiation

area of the energy beam irradiated on the object.

20. The exposure apparatus according to any one of
claims 17 to 19, wherein

the third measurement system irradiates the measurement
beam on a point on the measurement surface that corresponds

to a detection center of the mark detecting system.

21. The exposure apparatus according to any one of
claims 17 to 20, wherein

at least a part of the first measurement system is placed
at a second support member supported by a first support member

that supports the optical system.

22. The éxposuré apparatus according to claim 21,
wherein
at least a part of the third measurement system is placed

at the second support member.

23. The exposure apparatus according to one of claims
21 and 22, wherein

the guide surface forming member is a surface plate which

is placed on the optical system side of the second support

member so as to be opposed to the movable body and which has
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the guide surface formed on one surface thereof on a side
opposed to the movable body, and
the second support member_is suppbrted by the surface

plate without being in contact with the surface plate.

24. The exposure apparatus according to claim 23,
wherein

the second measurement system placed below the surface
plateirradiatesanwasurementbeammnlthemeasurementsurface
of the first or second movable body that moves within the third
area and receives light from the measurement surface, via the
surface plate, thereby obtaining positional information of

the first or second movable body.

25. The exposure apparatus according to any one of
claims 17 to 24; wherein

the second measurement system includes an
interferometer system that irradiates a measurement beam on
reflection surfaces that are respectively arranged at the
first and second movable bodies that move within the third
area and receives light from the reflection surfaces, thereby
obtaining positional information of the first and second

movable bodies.

26. The exposure apparatus according to any one of
claims 17 to 25, further éomprising:

a liquid supply device that supplies the liquid to a
spaée between the optical system and the object held by the

first or second movable body within the first area where the
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exposure is performed.

27. The exposure apparatus according to claim 26,
wherein

when one of the first and second movable bodies located
within the first area moves in proximity to the other of the
first and second movable bodies located within the third area
andtherebytheliquidsuppliedonthe<xuaofthenmvablebodies
moves onto the other of the movable bodies, the second
measurement system obtains at least positional information

of the other of the movable bodies.

28. The exposure apparatus accérding to one of claims
26 and 27, wherein

at least one of the first and second movable bodies
includes a first movable body member that is movable on the
guide surface while holding the object, and a second movable
body member that is placed on an outer side of the first movable

body member and is movable on the guide surface while

- supporting the first movable body member relatively movable,

and
the first and second movable body members are in
proximity to each other when the first and second movable

bodies are in proximity.

29. The exposure apparatus according to claim 28,
further comprising:
a relative drive system that drives the first movable

body member relative to the second movable body member.
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30. The exposure apparatus according to one of claims
28 and 29, further comprising:

a relative position measuring system that obtains
relative positional information between the first and second

movable body members.

31. An exposure apparatus that exposes an object with
anenergybemnviaancpticalsystananda]iquid,theapparatus
comprising:

a first and a second movable bodies each of which
includes a first movable body member that is movable on a guide
surface parallel to a two-dimensional plane while holding the
object, and a second movable body member that is placed on
an outer side of the first movable bodyvmember, supports the
first movabie body member relatively movable, is movable on
the guide surface, and has a measurement surface parallel to
the two-dimensional plane arranged thereon;

a liquid supply device that supplies the liquid to a
space between the optical system and the object held by the
first or second movable body;

a first measufement system that irradiates the
measurement surface of the first or second movable body that
moves within a first area, with a measurement beam from a side
opposite to the optical system, and receives light from the
measurement surface, thereby obtaining positional
information of the first or second movable body; and

a second measurement system that, when the liqﬁid

supplied on one of the first and second movable bodies located
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within the first area is moved onto the other of the first
and second movable bodies, obtains at least positional

information of the other of the movable bodies.

32. The exposure apparatus according to claim 31,
further comprising:

acontrolsysfemthatcausesthefirstandsecondnmvable
body members, which the first and second movable bodies each
have, to be in proximity and also causes the first and second
movable bodies to be in proximity, and moves the first and
second movable bodies while maintaining the proximity state,
using measurement results of the first measurement system and
the second measurement system, wherein

when moving the liquid between the first and second
movable bodies, the control system causes the first and second
movablebodynembers,whichthefirstandsecondnwvablebodies
each have, to be in proximity in one axial direction within
the two-dimensional plane and also causes the first and second
movable bodies to be in proximity, and moves the first and
second movable bodies in the one axial direction while

maintaining the proXimity state.

33. The exposure apparatus according to one of claims
31 and 32, further comprising:
a relative drive system that drives the first movable

body member relative to the second movable body member.

34. The exposure apparatus according to one of claims

32 and 33, further comprising:
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a relative position measuring System that obtains
relative positional information between the first and second
movable body members, wherein
the control systém'relatively'moves the second movable
bodyn@mberwithrespecttx:thefirstnwvablebodyn@mberbased
on'a measurement result of the relative position measuring

system.

35. The exposure apparatus according to any one of
claims 31 to 34, wherein

the second measurement system irradiates the
measurement surface of the first or second movable body that
moves within an overlapping area, at least a part of which

overlaps the first area, with a measurement beam from a side

. opposite to the optical system, and receives light from the

measurement surface, thereby obtaining positional

information of the first or second movable body.

36. The exposure apparatus according to claim 35,
wherein

the second.measurement system, together with the first
measurement system, irradiates the measurement beam on the
measurement surface of the first or second movable body located

within the partly overlapping area.

37. The exposure apparatus according to any one of
claims 31 to 36, wherein
the second measurement system includes an

interferometer system that obtains positional information of
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the first and second movable bodies by irradiating a
measurement beam on reflection surfaces that are respectively
arranged at the first and second movable bodies and receiving

light from the reflection surfaces.

38. The exposure apparatus according to any one of
claims 31 to 37, further comprising:

amarkdetectingsystemthatdetectsa;ﬂuralityofnmrks
formed on the object held by the first or second movable body

within a second area that is away from the first area.

39.. The exposure appafatus according to claim 38,
wherein,

the first and second movable bodies move between the
firstandsecondareaspaésingthroughaneasurementareawhere
the second measurement system obtains the positional

information of the first and second movable bodies.

40. The exposure apparatus according to one of claims
38 and 39, further comprising:
a third measurement system that irradiates the

measurement surface of the first or second movable body that

moves within the second area, with a measurement beam from

"a side opposite to the optical system, and receives light from

the measurement surface, thereby obtaining positional

information of the first or second movable body.

41. Thevexposure apparatus according to any one of

claims 1 to 40, wherein
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the measurement surface is arranged on a first surface
of each of the first and second movable bodies, the first

surface being opposed to the guide surface and parallel to

the two-dimensional plane, and

the object is mounted on a second surface of each of the
first and second movable bodies, the second surface being on
a side opposite to the first surface and parallel to the

two-dimensional plane.

42. The exposure apparatus according to any one of
claims 1 to 41, wherein

on the measurement surface, a grating whose periodic
direction is in a direction parailel to the two-dimensional
piane is arranged, and

thefirstn@asurementsystanreceivesdiffractionlight

from the measurement surface.

.43. An exposure apparatus that exposes an object with
anenergybemnviaancpticalsystanandaliquid,theapparatus
comprising: |

a first and a second movable bodies each of which
includes a first movable body member that is movable on a guide
surface parallel to a two-dimensional plane while holding the
object, and a second movable body member that is placed on
an outer side of the first movable body member, supports the
first movable body member relatively movable, and is movable
on the guide surface;

a liquid supply device that supplies the liquid to a

space between the optical system and the object held by the
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first or second movable body:; and

a control system that moves the liquid supplied dn one
of the movable bodies onto the other of the movable bodies
by driving the first and second movable bodies to cause the
first and seéond movable body meﬁbers, which the first and
second movable bodies each have, to be in proximity in one
axial direction within the two-dimensional plaﬁe and also
cause the second movable body member of the first movable body
and the second movable body member of the second movable body
to be in proximity, and moving the first and second movable
bodies in the one axial direction while maintaining the

proximity state.

44. The exposure apparatus according to claim 43,
wherein

a surface of the object and an upper surface of the second
movable body member of each of the first and second movable
bodies form a single plane parallel to the two-dimensional

plane.

45. The exposure apparatus according to one of claims
43 and 44, wherein
the upper surface of second movable body member has

liquid repellency.

46. The exposure apparatus according to any one of
claims 43 to 45, wherein
the first movable body member has a flush plane forming

section whose surface forms a plane flush with the surface
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of the object, on an outer side of an area where the object

is mounted.

47. The exposure apparatus according to claim 46,
wherein
an upper surface of the flush plane forming section has

liquid repellency.

48. The exposure apparatus according to any one of
claims 43 to 47, further comprising:
a relative drive system that drives the first movable

body member relative to the second movable body member.

49. The exposure apparatus according to any one of
claims 43 to 48, further comprising:

a relative position measuring system that obtains
relative positional information between the first movable
body member and the second movable body member, wherein

the control system relatively moves the second movable
bodyn@mberwithrespecttthhefirstnwvablebodynemberusing
a measurement result of the relative position measuring

systemn.

50. The exposure apparatus according to any one of
claims 43 to 49, wherein |

éach of the second movable body members included in the
first and second movable bodies is formed into a frame shape
that encloses fQur sides of the first movable body member

supported by the each of the second movable body members.
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51. A device manufacturing method, comprising:
exposing an object using the exposure apparatus
according to any one of claims 1 to 50; and

5 developing the exposed object.
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