
;e3e>`;VVWt[\`6B`T`(  DESCRIPTION PROJECTION EXPOSURE APPARATUS  The
present application is based upon Japanese Patent 5 Application No. 310438
of Heisei 9, filed November 12, 1997, and its contents are incorporated
herein by reference. TECHNICAL FIELD The present invention relates to a
projection exposure l0 apparatus which is used when manufacturing a
semiconductor element, a liquid crystal display element, or the like by a
photolithographic process. BACKGROUND ART 15 In a photolithographic process
for making a semiconductor element or liquid crystal substrate or the like,
a projection exposure apparatus is employed to expose a pattern image on an
original plate such as a reticle or the like onto a photosensitive
substrate such as a wafer or the like. With this 2o projection exposure
apparatus, for the reason described below, high accuracy positional
adjustment has been necessary between an optical system for illumination
and an exposure apparatus main body, in other words between an illumination
optical system for illuminating an original plate at a uniform illumination
25 distribution, and an exposure apparatus main body for forming 1   ~4Y
?~0? a predetermined circuit pattern on a photosensitive substrate by
projecting a pattern provided upon the illuminated original plate onto the
photosensitive substrate via a projection optical system. That is, the line
width of the circuit pattern 5 formed on the photosensitive substrate is
increased or decreased in accordance with the amount of exposure of the
pattern image which is formed via the above described projection optical
system on the photosensitive substrate. Accordingly, in order to limit wide
variation of the line width of the circuit l0 pattern, it is necessary to
illuminate the pattern which is provided on the original plate at as even
an illumination level as possible, and to keep the unevenness of
illumination low. Due to this, the positioning accuracy required between
the elements which constitute the illumination optical system has 15 become
high. For the above reason, it is only possible for the various elements of
the illumination optical system to be separated at 



portions with a comparatively low value of positioning required accuracy,
and as a result it has been necessary to provide the 2o portions which
constitute most of the weight of the illumination optical system and the
exposure apparatus main body as one unit. Due to this, it has been
necessary to provide a frame in the exposure apparatus main body to support
the illumination optical system, and because of this the exposure apparatus
main 25 body has become large in size . Further, this has led to weight 2
- 8 ~aA~r 2002 increase of the exposure apparatus main body. On the other
hand, with the exposure apparatus main body, vibration from the surface of
the floor is intercepted by an active vibration prevention system, and
further vibration 5 generated when heavy parts such as a wafer stage or the
like provided inside the exposure apparatus main body accelerate or
decelerate during their movement is also suppressed. The active vibration
system comprises air springs (hereinafter termed air mounts) which support
the exposure apparatus, voice 1o coil motors (hereinafter termed VCMs)
which impart thrusts in predetermined directions to the exposure apparatus
main body, acceleration sensors which detect vibrations of the exposure
apparatus main body, and a feedback control system for controlling the
amounts of air supplied to the air mounts and 15 the thrusts of the VCMs
and the like based upon vibrations of the exposure apparatus main body
detected by the acceleration sensors, etc.. According to the above
construction, the active vibration prevention system interrupts the
transmission of vibrations from the outside, and suppresses vibrations 2o
generated within the exposure apparatus main body. DISCLOSURE OF THE
INVENTION (The problem of load on the air mounts) However, along with the
fact that the weight of the 25 exposure apparatus main body is increased as
described above, 3   b ~~ 2002 the load on the air mounts also becomes
large, and the capacity of the compressed air supply which is ordinarily
provided in the workshop in which the projection exposure apparatus is set
up has sometimes become insufficient . Further, in the same way, 5 the VCMs
are also required to be high thrust ones, and the amount 



of heat generated when driving the VCMs also increases. This heat
generation causes air turbulence, and it in some cases the measurement
accuracy of interferometers for measurement of the position of the wafer
stage etc. has become deteriorated. l0 (Problem of vibration transmission
to the exposure apparatus main body) Further, in the case that the
projection exposure apparatus is a scanning exposure method one, a reticle
blind which is provided in the illumination optical system is driven 15
during exposure. In a projection exposure apparatus from which an accuracy
on the nanometer level is required it has happened that vibration generated
at this time cannot be ignored . This will be explained below. The reticle
blind is a device for preventing non-required 20 light emitted by the
illumination light in a range of the original plate outside the pattern
portion from impinging upon the photosensitive substrate. And the
operations of opening it before the beginning of scanning exposure action
and closing it after completion are repeatedly performed. It has happened
25 that during these opening and closing operations, vibration 4   i `  ~
tulAY 2002 generated from a reticle blind opening and closing drive
mechanism which has employed a stepping motor and a ball screw i or the
like, has exerted an influence upon the accuracy of projection exposure,as
will be explained below. 5 When scanning exposure is being performed, the
original plate is moved under ~ band shaped illumination region formed s by
the optical system for illumination, in the short direction i of the band
shaped illumination region. A pattern on the original plate which .is
illuminated in a band shape is formed 1o as a band shaped pattern image on
the photosensitive substrate by the projection optical system. At this
time, by making the photosensitive substrate move in the opposite direction
from the movement direction of the original plate, and moreover by making
the ratio of the movement speeds of the original plate 15 and of the
photographic substrate and the projection ratio of the projection optical
system agree, a projection image of the pattern is exposed onto the
photographic substrate, as it were 



like a slit camera. i If during scanning exposure the above described ratio
of I 20 speeds is not kept constant, distortion is generated in the I
circuit pattern which is formed upon the photosensitive substrate. In
detail, when starting to move both the original plate and the
photosensitive substrate they axe both accelerated, but exposure is
performed after reaching a 25 constant speed. In order to perform this
acceleration, it is 5    ~ MAY 2002 necessary to start mutually moving the
original plate and the photosensitive substrate from portions outside the
range of exposure, and at this time the above described reticle blind is
kept closed so that unnecessary light should not impinge upon 5 the
photosensitive substrate. And the reticle blind is opened just before the
arrival of the pattern region of the original plate in the band shaped
illumination region which is formed by the optical system for illumination
is imminent. Moreover a frame shaped light interception band (so called
"chrome") is l0 formed surrounding the pattern region, and, since the width
of this frame shaped light interception band is greater than the dimensions
of the short side of the band shaped illumination region, a light
interception state is maintained by the above described light interception
band after the reticle blind has 15 been completely opened. And scanning
exposure starts as the arrival of the head portion of the pattern region of
the original plate in the band shaped illumination region becomes imminent.
The arrival of the end edge portion of the pattern region of the original
plate in the band shaped illumination region 2o becomes imminent just
before this scanning exposure is completed, and next the arrival of the
frame shaped light interception band (the "chrome") becomes imminent, and
scanning exposure is finished., After this the reticle blind is closed. As
explained above, the opening and closing operation of 25 the reticle blind
is performed directly before and directly 6   `w a MAC` ?Opt after scanning
exposure, but it can happen that vibration generated during opening and
closing operation of the reticle blind may persist during scanning exposure
and may exert an influence upon exposure accuracy . Further, a pump or the
like 5 may be provided for gas supply or the like to an excimer laser light
source etc . , and it may happen that this pump becomes a source of
vibration which exerts an influence upon exposure 



accuracy. A first objective of the present invention is to propose l0 a
projection exposure apparatus in which the exposure optical system can be
separated from the portions for which the required accuracy of positioning
is high, and in which by doing this the exposure apparatus main body can be
made more compact and can be reduced in weight. 15 A second objective of
the present invention is to propose a projection exposure apparatus in
which sources of vibration are separated from the exposure apparatus main
body, and with which it is possible to obtain high exposure accuracy. A
projection exposure apparatus according to the present 20 invention that
illuminates an original plate on which a predetermined pattern is formed
with light emitted from a source of light for exposure, and projects an
image of the pattern onto a subject material for exposure, comprises: an
optical system for illumination that conducts light emitted from the light
25 source for exposure to the original plate; a main body section    ,~ ,.
b ~U,Y 202 that is provided as a separate unit from at least one portion of
the optical system for illumination, and on which the original plate and
the subject material for exposure are loaded; and a positioning drive
device that performs driving for positioning 5 so as to keep an amount of
relative positional deviation between the at least one portion of the
optical system for illumination that is provided as a separate unit from
the main body section, and the main body section, within a predetermined
value. According to this, the amount of relative positional deviation l0
between the at least one portion of the optical system for illumination and
the main body section of the projection exposure apparatus which is
provided as a separate unit therefrom is kept within a predetermined value,
i . a . within a permitted value which, is necessary for maintaining the
optical 15 accuracy of the illumination optical system, therefore it is not
necessary to provide the entire illumination optical system as one unit
with the main body section of the projection exposure apparatus .
Accordingly it is possible to reduce the weight of the main body section of
the projection exposure apparatus, and 20 it is possible to reduce the
maximum permissible load upon the vibration prevention device which
supports the main body section of the projection exposure apparatus. In
this projection exposure apparatus, the positioning drive device may
perform positioning by driving at least one 25 of the at least one portion
of the optical system for 



8    illumination that is provided as a separate unit from the main body
section, and the main body section. According to this, it is possible to
maintain the optical accuracy of the optical system for illumination by
performing positioning by driving 5 at least one or the other of the main
body section of the projection exposure apparatus, and the illumination
optical system which is provided as a separate unit from this main body
section. Also, the main body section may comprise a stabilizing to device
that keeps the 'main body section in a stable state; and the positioning
drive device may perform positioning by driving the at least one portion of
the optical system for illumination. According to this, it can be arranged
that the main body section is maintained in a stable state, and that a
portion of the optical 15 system for illumination is also maintained in a
stable state. In addition, the stabilizing device of the main body section
may comprise an active vibration prevention device that actively prevents
vibration of the main body section. According to this, vibration is
actively prevented on a portion 20 of the optical system for illumination.
Also, the optical system for illumination may further comprise a variable
illumination visual field aperture device that can adjust a range of
illumination of the original plate by the light source for exposure; and in
the optical system for 25 illumination a portion disposed on a light
incident surface side 9   ' - ~ ~~~' 202 of the variable illumination
visual field aperture device including the variable illumination visual
field aperture device may be provided as a separate unit from the main body
section. According to this, since in the optical system for 5 illumination
a portion disposed on the light incident surface side of the variable
illumination visual field aperture device including the variable
illumination visual field aperture device is provided as a separate unit
from the main body section of the projection exposure apparatus, therefore
it is possible to to prevent vibration generated from the variable
illumination visual field aperture device which operates together with
projection exposure action from being transmitted to the main body section
of the projection exposure apparatus. Further, this vibration does not
exert any influence upon the accuracy 15 of the circuit pattern which is
formed upon the wafer. In 



addition, the positioning drive device may perform positioning by driving
at least one of the at least one portion of the optical system for
illumination that is provided as a separate unit from the main body
section, and the main body section. According 2o to this, it is possible to
maintain the optical accuracy of the optical system for illumination by
performing positioning by driving at least one or the other of the main
body section of the projection exposure apparatus, and the at least one
portion of the optical system for illumination which is provided as a 25
separate unit from this main body section. 10    ' 8 i~fAY ~ Also, the
main, body section may use light whose illumination range has been adjusted
by the variable illumination visual field aperture device, and perform
scanning exposure between the original plate and the subject material 5 fox
exposure. According to this, for a projection exposure apparatus which
performs scanning exposure as well, it is possible to prevent vibration
generated from a variable illumination visual field aperture device which
operates along with projecting exposure action from being transmitted to
the 10 main body section of the projection exposure apparatus. Further,
this vibration does not exert any influence upon the accuracy of the
circuit pattern which is formed upon the wafer. Another projection exposure
apparatus according to the present invention that illuminates an original
plate on which 15 a predetermined pattern is formed with light emitted from
a source of light for exposure, and projects an image of the pattern onto a
subject material for exposure, comprises: an illumination optical system
that comprises a variable illumination visual field aperture device that
can adjust a 20 range of illumination of the original plate by the light
source for exposure, and that conducts light emitted from the light source
for exposure to the original plate; and a main body section that is
provided as a separate unit from a portion of the optical system for
illumination, including the variable 25 illumination visual field aperture
device, disposed on the il   i I  



light incident surface side of the variable illumination visual f field
aperture device, and that is loaded with the original plate and the subject
material for exposure . According to this, for a projection exposure
apparatus which performs scanning 5 exposure as well, it is possible to
prevent vibration generated from the variable illumination visual field
aperture device as it operates together with projecting exposure action
from being transmitted to the main body section of the exposure apparatus .
Further, this vibration does not exert any influence upon the 10 accuracy
of the circuit pattern which is formed upon the wafer. Another projection
exposure apparatus according to the present invention that illuminates an
original plate on which a predetermined pattern is formed with light
emitted from a source of light for exposure, and projects an image of the
15 pattern onto a subject material for exposure, comprises: an illumination
optical system that is provided as a separate unit from the light source
for exposure, and that conducts light from the light source for exposure to
the original plate; and a main body section that is provided as a separate
unit from at least 20 a portion of the optical system for illumination, and
that is loaded with the original plate and the subject material for
exposure. According to this, it is possible to provide as mutually separate
units the light source for exposure, the illumination optical system, and
the main body section of the 25 exposure apparatus which is provided as a
separate unit from 12   ' 8 MAY 2002 at least one portion of the
illumination optical system, and it is possible to reduce the size and to
reduce the weight of each of these. And it is possible to reduce the load
on the air mounts and VCMs which support the illumination optical 5 system
and the main body section of the exposure apparatus. This projection
exposure apparatus may further comprise: a positioning drive device that
performs driving for positioning so as to keep an amount of relative
positional deviation between the at least one portion of the optical system
10 for illumination that is provided as a separate unit from the main body
section, and the main body section, within a predetermined value. According
to this, it is possible to maintain the optical accuracy of the optical
system for illumination, since positioning is performed so as to keep the
15 amount of relative positional deviation between the main body section
and the at least one portion of the illumination optical system which is
provided as a separate unit from the main body section within a
predetermined value. Another projection exposure apparatus according to the



20 present invention that illuminates an original plate on which a
predetermined pattern is formed with light emitted from a source of light
for exposure, and projects an image of the pattern onto a subject material
for exposure, comprises: an illumination optical system that conducts light
emitted from 25 the light source for exposure to the original plate; a main
body 13     ` ~ MkY 2a02 section that is provided as a separate unit from
at least a portion of the optical system for illumination, and that
comprises an original plate stage on which the original plate is loaded and
a substrate stage on which the subject material 5 for exposure is loaded;
and a mechanism that discharges reaction force generated when the original
plate stage or the substrate stage moves. According to this, since a
mechanism is provided for discharging the reaction force generated when the
stage for the original plate or the stage for the substrate moves, 10
vibration of the maim body section of the exposure apparatus is greatly
reduced. And it is possible greatly to reduce the amount of relative
positional deviation between at least the portion of the illumination
optical system which is provided as a separate unit from the main body
section, and the main body 15 section, and it is possible further to
enhance the optical accuracy of the optical system for illumination. In
this projection exposure apparatus, the mechanism may be a frame that is
fixed upon a surface of a floor and discharges reaction force onto the
surface of the floor. According to this, 2o since the reaction force
generated when the stage for the original plate or the stage for the
substrate moves is discharged onto the surface of the floor by the frame,
the same results as described above are made available by a simple
mechanism. Also, the original plate stage or the substrate stage may 25 be
driven by a non contact type drive device made up from a 14   ' a f 2002
movable element and a fixed element, and the movable element may be
provided to the original plate stage or the substrate stage while the fixed
element is provided to the frame. According to this, the same results as
described above are made 



5 available by a non contact type driven stage. Also, the mechanism may be
a drive frame that, in order to discharge reaction force generated when the
original plate stage or the substrate stage moves, moves in a reverse
direction using a law of conservation of momentum according to the movement
l0 of the stage. According to this, since the reaction force generated when
the stage for the original plate or the stage for the substrate moves is
discharged by the drive frame, there is absolutely no influence upon other
supporting portions, and furthermore the same results as described above
are made 15 available by a simple mechanism while properly maintaining the
center of gravity balance of the stage. Also, the original plate stage or
the substrate stage may be driven by a non contact type drive device made
up from a movable element and a fixed element, and the movable element 20
may be provided to the original plate stage or the substrate stage while
the fixed element is provided to the drive frame. According to this, the
same results as described above are made available by a non contact type
driven stage. Another projection exposure apparatus according to the 25
present invention that illuminates an original plate on which 15   -, - 8
~~s,4Y 2702 a predetermined pattern is formed with light emitted from a
source of light for exposure, and projects an image of the pattern onto a
subject material for exposure, comprises: a main body section on which the
original plate and the subject material 5 for exposure are loaded; a
separate section that is provided as a separate unit from the main body
section, and that necessitates a predetermined relative positional
relationship with the main body section; and a positioning drive device
that performs driving for positioning at least one of the main body to
section and the separate section so as to keep an amount of relative
positional deviation between the separate section and the main body section
within a predetermined value. According to this, with the projection
exposure apparatus, it becomes possible to make a11 the portions which can
possibly become 15 sources of vibration as separate units while maintaining
relative positional relationships of high accuracy. And it is possible to
reduce the weight of the main body section of the projection exposure
apparatus, and to reduce the maximum permissible load upon the vibration
prevention device which 



20 supports the main body section of the projection exposure apparatus, so
that a projection exposure apparatus of high accuracy becomes a
possibility. In this projection exposure apparatus, the separate section
may be a supply device that supplies the original plate 25 and/or the
subject material for exposure to the main body section. 16   ' 8 MAY 2d02
According to this, it becomes possible to maintain positional accuracy of
supply of wafers or the like by for example a loader over a Long time
period with high accuracy, and moreover a high accuracy projection exposure
apparatus which does not suffer 5 any influence from vibration of the
loader becomes a possibility. BRIEF DESCRIPTION OF THE DRAWINGS Fig. 1 is a
figure showing a simplified construction of l0 a projection exposure
apparatus according to a first embodiment. Fig. 2 is a figure showing a
construction of an actuator which is disposed in the vicinity of a bottom
portion of an optical system for illumination. 15 Fig. 3 is a figure
showing an exemplary construction of a displacement sensor and of a sensor
block which is disposed opposing it. Fig. 4 is a figure showing another
exemplary construction of the displacement sensor. 20 Fig. 5 is a figure
showing a simplified construction of a projection exposure apparatus
according to a second embodiment. Fig. 6 is a figure showing a simplified
construction of a loader which is disposed next to and in contact with the 



25 projection exposure apparatus. 1~   ~.\ - 8 t~AY 202 Fig. 7 is a figure
showing a moving stage provided with a drive frame. BEST MODE FOR CARRYING
OUT THE INVENTION 5 - First embodiment  A projection exposure apparatus
according to a first embodiment is now explained with reference to Fig. 1
through Fig. 3 . Fig. 1 shows a simplified construction of a projection
exposure apparatus according to the first embodiment. The 10 projection
exposure apparatus shown in Fig. 1 is a scanning exposure method exposure
apparatus which exposes a pattern on an original plate onto a
photosensitive substrate while synchronously moving the original plate and
the photosensitive substrate. Laser light emitted by a laser light source
LE is 15 conducted via optical systems 10A and 10B as illumination light to
an original plate R (a mask or reticle, hereinafter termed a reticle) which
has been mounted upon a reticle moving stage RM of a main body SP of the
exposure apparatus. Illumination light which has passed through the reticle
R is projected via 20 a projection optical system PL onto a predetermined
region of the surface of a photosensitive substrate W (hereinafter termed a
wafer) which has been mounted upon a wafer moving stage WM. This projection
exposure apparatus will be explained in detail in the following. 25 As
shown in Fig. 1, the projection exposure apparatus 18    - 8 lwc~lY 2ap~
according to the first embodiment is composed of a control section 50, a
laser light source LE, an optical system LOA, an optical system 10B, an
exposure apparatus main body SP, a reaction frame 51, etc. . A signal line
is connected to the laser 5 light source LE from the control section 50
which controls the overall operation of the projection exposure apparatus.
Laser light such as excimer laser light is emitted from the laser light
source LE based upon laser light emission commands which are issued from
the control section 50 to the laser light source l0 LE. The laser light is
incident upon the optical system 10A 



via a tubular path S which includes a relay lens. In order to perform
optical axis matching and active vibration elimination. as described
hereinafter, the optical system 10A and the tubular path S are flexibly
connected together. 15 Although the exposure apparatus main body is
arranged within a clean room, the laser light source LE is arranged outside
the clean room, in order efficiently to make practical use of the area
available in the clean room, and in order to supply gas for the laser and
to supply gas for exciting the laser. Moreover, 20 although the optical
system 10A and the optical system 10B can be arranged either inside or
outside the clean room, if they are arranged outside the clean room, they
should be arranged within a chamber which is sealed to a high degree of
tightness, so that the optical path is kept free from extraneous matter. 25
(Structure of the optical systems 10A and 10B) 19   a ~'r ~~02 Internal to
the optical system 10A there are provided a mirror 1, a beam shaping
optical system BE, a first fly-eye lens 2 , a vibration mirror 3 , a second
fly-eye lens 4 , a relay lens 5, a reticle blind 6, etc. . Laser light is
incident into this 5 optical system 10A which is structured as above, is
reflected by the reflecting mirror 1 which is disposed in the optical
system 10A, and is shaped by the beam shaping optical system BE into a
laser light beam of a predetermined cross sectional form. The laser Light
beam emitted by the beam shaping optical to system BE passes through the
first fly-eye lens 2, is reflected by the vibration mirror 3, and passes
through the second fly-eye lens 4. The first fly-eye lens 2 and the second
fly-eye lens 4 consist of a large number of lens elements bundled together,
and a large number of light source images (secondary light 15 sources)
corresponding to the number of lens elements which make them up are formed
on the emission sides of these lens elements . The laser light emitted by
the second fly-eye lens 4 passes through the relay lens 5 and is incident
upon the optical system 10B after passing though the reticle blind 6 which
regulates 2o its rectangular opening amount, thus acting as a variable
illumination visual field aperture (iris). An actuator 15 which is a drive
source for the reticle blind 6 is connected to the control section S0. This
actuator 15 consists of a stepping motor and ball screw construction or the
like, not shown 25 in the figures. The opening and closing of the reticle
blind 20 



- 8 MAY 2002  6 is controlled by the control section 50 via the actuator
15. The reticle blind 6 it for preventing illumination light which
illuminates the range of the original plate outside its patterned portion
from impinging upon the photosensitive 5 substrate as unnecessary light,
and opens and closes in associated operation with scanning exposure
operation, as has also been described with reference to the prior art.
Moreover, a base frame 11 which supports or drives the optical system 10A
by its base portion, air mounts 14A and 14B, Z direction 10 actuators 13A
and 13B, a Y direction actuator 12A, and an X direction actuator 12B will
be explained in detail below. A relay lens 7, a mirror 8, and a condenser
lens 9 etc. are disposed inside the optical system 10B. Laser light which
is incident upon the optical system 10B passes through the relay 15 lens 7,
is reflected off the mirror 8, and is collected by the condenser lens 9. An
illumination region on a reticle R which is disposed inside a main body SP
of an exposure apparatus which will be described hereinafter is almost
evenly illuminated by the illumination light which is regulated by the
opening of the 2o reticle blind 6 as above . The optical system for
illumination of the projection exposure apparatus according to the first
embodiment is made up of the optical system 10A and the optical system 10B
which have been described above. (Structure of the exposure apparatus main
body SP) 25 The structure of the exposure apparatus main body SP will 21
- $ M,aY 2002 now be explained. A projection optical system PL, a first
column 33, and a second column 34 are fixedly provided on the upper portion
of a main frame 30. A wafer base WS and a laser interferometer 40 for
measuring the amount of displacement of 5 the moving stage WM (which is
movable) upon the wafer base WS in the XY coordinate plane perpendicular to
the drawing paper in Fig. 1 (the X coordinate axis extends in the direction
perpendicular to the surface of the paper) are fixedly provided in the
lower portion of the main frame 30. A reticle base RS to and a laser
interferometer 20 for measuring the amount of displacement of the moving
stage RM (which is movable) on the reticle base RS in the XY coordinate
plane are fixedly provided on the first column 33. The movable stages RM
and WM are moved by non-contact type actuators 23A and 23B which may be
linear 15 motors or the like. The movable elements of the actuators 23A and
23B are provided on the movable stages RM and WM, while the f fixed
elements of the actuators 23A and 23B are provided on a reaction frame 51
to be described hereinafter. The actuators 23A and 23B and the laser
interferometers 20 and 40 are each 



20 connected to the control section 50. The control section 50 controls the
driving of the moving stage RM by the actuator 23A based upon the amount of
movement of the moving stage RM detected by the interferometer 20. Further,
the control section 50 controls the driving of the moving stage WM by the
actuator 23B 25 based upon the amount of movement of the moving stage WM
detected 22    $ MfiY 2002 by the interferometer 40. It will be understood
that the actuators 23A and 23H are for moving the movable stages RM and WM
along the direction of the Y coordinate axis in the plane described above,
while drawings and explanations with regard 5 to the actuators for moving
them in the X coordinate axis direction which extends perpendicular to the
plane of the paper are curtailed, in order to avoid increasing the
complexity of explanation. Further,with regard to thelaser interferometers,
in the same manner drawings and explanations relating to those 3.0 for the
X coordinate axis direction are curtailed. Moreover, it is not absolutely
essential for the wafer base WS and the moving stage WM to be provided on
the main frame 30, it would also be acceptable to provide them on an frame
vibrationally independent of the main frame 30. By doing this it is
possible 15 to shorten the manufacturing time for the exposure apparatus,
since it is possible to assemble and adjust the projection optical system
PL and the moving stage WM independently (by unit or modular construction).
In the same manner, it is possible to obtain the same beneficial effect by
providing the reticle 20 base RS and the moving stage RM on an frame
vibrationally independent of the main frame 30. Further, it would also be
acceptable for the movable stages RM and WM and the projection optical
system PL each to be independently supported. The previously described
optical system 10B is fixed upon 25 the second column 34. The main frame 30
is supported by the 23    - a c~aY 2002 four corners of a bash frame 41
which is provided on the floor. Hard rubbers 31A through 31D (however, 31C
and 31D are not shown in the figures) and piezo actuators 32A through 32D
(however, 32C and 32D are not shown in the figures) are interposed between
5 the support portions of the base frame 41 and the supported portions of
the main frame 30. Transmission of vibration from the surface of the floor
to the main frame 30 is prevented by these hard rubbers 31A through 31D and
piezo actuators 32A through 32D. The details of the hard rubbers 31A
through 31D 1o and piezo actuators 32A through 32D will be described
hereinafter. With the exposure apparatus main body SP structured as above,
an image of a circuit pattern on the reticle R which is mounted on the
moving stage RM for the reticle is formed by the projection optical system
PL on the wafer W which 



15 is mounted on the moving stage WM for the wafer. And a resist applied on
the wafer W has been exposed to light, so that the circuit pattern image is
transferred to and photographed onto a predetermined region on the wafer W.
(The reaction frame 51) 2o The reaction frame 51 which is placed standing
on the floor in the vicinity of a side portion of the main body SP of the
exposure apparatus will now be explained. During scanning exposure
operation, the movable stages RM and WM are driven by the actuators 23A and
23B as described above, and repeatedly 25 accelerate and decelerate. At
this time, the reaction forces 24   .". ' 6 MAY 2~ acting on the actuators
23A and 23B from the movable stages RM and WM are transmitted to the
reaction frame 51. The moving stage RM is floatingly mounted on the reticle
base RS by air bearings. The moving stage WM is floatingly mounted on the 5
wafer base WS in the same manner. Accordingly the main frame 30 does not
shake, since the reaction forces generated when the movable stages RM and
WM accelerate or decelerate are transmitted to the reaction frame 51 but
not to the main frame 30. Furthermore vibrations from the floor are not
transmitted 10 to the moving stages RM and WM via the reaction frame 51,
since the actuators 23A and 23B are non-contact type , linear motors . The
reaction frame 52 is for discharging the reaction forces which the
actuators 23A and 23B receive along the Y coordinate axis direction onto
tie surface of the floor, but drawings and 15 explanation relating to
actuators provided for driving the movable stages RM and WM along the X
coordinate axis direction, and relating to a reaction frame for discharging
the reaction forces which these actuators receive onto the surface of the
floor, will be curtailed. 2o Further, instead of the reaction frame 51, it
would also be acceptable to provide a driven frame moving, with respect to
the moving frame RM', in the opposite direction to the movement of the
moving stage RM. A moving frame which moves in the opposite direction to
the moving stage RM is disclosed in S/N 25 08/266, 999 which was applied
for to the US Patent Office on June 25   



~ ~~,~ 202 27, 1994, and is incorporated as a part of the specification of
the present application. Fig. 7 is a figure showing the movable stage RM
fitted to a drive frame 100. A group 123b of magnets (in the interests of
simplicity 5 only shown by a dotted line in the figure) which constitutes a
fixed element of an actuator 123A is provided on the drive frame 100. A
coil 123a which constitutes a movable element of the actuator 123A and
operates together with the magnet group 123b is provided on the moving
stage RM. The drive frame 100 10 and the moving stage RM are supported so
as to be movable in the Y direction with respect to the reticle base RS by
air bearings 102 which axe non contact bearings . Further, the law of
conservation of momentum operates between the drive frame 100 and the
moving stage RM. 15 Here, if the mass of the moving stage RM is supposed to
be 1/5 of the drive frame 100, if the moving stage RM moves 30 cm in the +Y
direction, the drive frame 100 moves 6 cm in the -Y direction. Due to this,
it is ensured that the reaction force generated when the moving stage RM
moves does not exert any bad 20 effect upon exposure, and moreover center
of gravity movement due to movement of the moving stage RM ceases to occur.
This drive frame 100 may not be linked, but separate. Further, for
positionial adjustment of the drive frame, it would also be acceptable to
provide an actuator which drives the drive 25 frame 100. 26   v i ' ~ MAY
2p2 It would also be acceptable to provide this drive frame 100 on the
moving stage WM. Further, it would also be acceptable to provide the drive
frame 100 on either one of the moving stage RM and the moving stage WM, and
to provide a reaction frame on 



5 the other one of the moving stage RM and the moving stage WM. It should
be understood that a reflecting member 106, which reflects laser light from
the interferometer 20Y which detects the position of the moving stage RM in
the Y direction, and a reflecting member 10S, which reflects laser light
from l0 the interferometer 2pX which detects the position of the moving
stage RM in the X direction, are provided on the moving stage RM, as shown
in Fig. 7. Further, the reticle R is illuminated by a rectangular slit ILS.
The hard rubbers 31A through 31D and the piezo actuators 15 32A through 32D
which are interposed in the connecting portions between the base frame 41
and the main frame 30 will now be explained. The hard rubbers 31A through
31D (in the following referred to as the hard rubbers 31 as long as
specific individual explanation is not required) are constructed as elastic
members 20 made from hard rubber or the like. And the piezo actuators 32A
through 32D (in the following referred to as the piezo actuators 32 as long
as specif is individual explanation is not required) are connected to the
control section 50, and originate displacements along the Z coordinate axis
direction in the 25 figures according to the magnitudes of drive signals
dispatched 27   ` - 8 MAC' 2Q02 from the control section 50. A plurality of
vibration sensors (not shown in the figures) are fitted to the main frame
30. These vibration sensors are connected to the control section 50, and
input signals to the control section 50 according to 5 vibrations of the
main frame 30 which they have detected. Based upon the signals input from
the vibration sensors, the control section 50 performs so called active
vibration prevention by originating a drive signal for each of the piezo
actuators 32A through 32D so as to cancel the vibrations. The hard rubbers
10 31, in addition to providing the benefit of absorbing mainly the high
frequency components when vibration is transmitted from the surface of the
floor, also have the beneficial effect of preventing impact forces from
acting upon the piezo actuators 32 so as to destroy them, when momentary
relative displacement 15 has occurred between the main frame 30 and the
base frame 41. These vibration prevention mechanisms composed of the hard
rubbers 31 and the piezo actuators 32 are termed "hard mounts" . The
exposure apparatus main body SP is able always to maintain its steady
state, due to the vibration prevention effect of these 2o hard mounts, and
due to its construction as described previously 



which discharges the reaction forces onto the surface of the floor when the
movable stages RM and WM accelerate or decelerate . (Active vibration
prevention and positioning mechanism of the optical system for
illumination) 25 An active vibration prevention and positioning mechanism
28   - ~ ~sAY 2002 disposed in the optical system 10A for illumination will
now be explained with reference to Fig. 2. However only the mechanism for
positioning is explained here, while the active vibration prevention
mechanism will be explained hereinafter. 5 (Positioning mechanism of the
optical system for illumination) Fig. 2 is an enlarged view showing the
vicinity of the bottom portion of the optical system 10A. At the four
corners of the bottom portion of the optical system 10A there are arranged
air mounts 14A through 14D and VCMs 13A through 13D. 10 The optical system
10A is supported by these air mounts 14A through 14D and VCMs 13A through
13D. An electromagnetic valve EV is made up from three electromagnetic
valve units EVl, EV2, and EV3 which can operate independently, etc.. By
pipes, the air mounts 14B and l4D;are connected to the electromagnetic
valve 15 unit EV2, the air mount 14A is connected to the electromagnetic
unit EVl, and the air mount 14D is connected to the electromagnetic unit
EV3. The electromagnetic valve EV is connected to a compressed air source
PA by a pipe. Further, the electromagnetic valve units EV1 through EV3 and
the control 20 section 50 are electrically connected together, and their
opening and closing is independently controlled by the control section 50.
Due to this, compressed air supplied from the compressed air source PA can
be independently provided to the air mounts 14B, and l4D and 14A, and 14C.
25 The VCMs 13A through 13D are electrically connected to 29   . . - a
r~,~Y zQOz the control section 50, and generate thrusts in the Z coordinate
axis direction based upon control signals from the control section 50 (in
order to avoid increase in complication of the drawing, the portrayal of
the lines in Fig. 2 connecting the 5 control section 50 arid the VCMs 13A
through 13D is omitted in the drawing) . Via the above described air mounts
14A through 14D and VCMs 13A through 13D, the position of the optical
system 10A is controlled (its attitude is controlled) by the control
section 50 in the Z coordinate axis direction, in the rotational to
direction ( B x) around the X coordinate axis direction, and in the
rotational direction (By) around the Y coordinate axis direction. Moreover)
when the positioning described here of the optical system 10A is being
performed, with regard to the thrusts which must be generated from the air
mounts 14A through 15 14D and the VCMs 13A through 13D, the thrusts with
comparatively 



long displacement periods are generated by the air mounts 14A through 14D,
while the thrusts with comparatively short displacement periods are
generated by the VCMs 13A through 13D. By doing this it is 'ensured that
stationary thrusts are not 20 generated by the VCMs 13A through 13D, so
that the VCMs 13A through 13D are prevented from heating up. The VCMs 12A
through 12D which are arranged on the side surfaces of the optical system
10A will now be explained while still referring to Fig. 2. The VCMs 12A and
12C are fixed upon 25 the two side surfaces of the optical system 10A which
face in 30    8 ~~Y 2002 the Y coordinate axis direction. The VCMs 12B and
12D are fixed upon the two side surfaces of the optical system 10A which
face in the X coordinate axis direction. Furthermore, the VCMs 12A and 12C,
and the VCMs 12B and 12D, are arranged in mutually 5 diagonally opposite
positions. The respective surfaces of these VCMs 12A through 12D which are
opposite to their surfaces which are fixed to the optical system 10A are
fixedly provided to fixed members not shown in the figures which are
fixedly provided on the base frame 11 (Fig. 1). With the VCMs 12A 10
through 12D being arranged as described above, the optical system 10A can
be made' to shift in, for example, the +Y direction along the Y coordinate
axis by the VCM 12A being caused to generate a repulsive force and the VCM
12C being caused to generate an attractive force, with the absolute values
of these 15 forces being kept equal . In the same manner, the optical
system 10A can be made to shift in the -Y direction along the Y coordinate
axis by causing the VCM 12A to generate an attractive force and causing the
VCM 12C to generate a repulsive force. Further, it is possible to make the
optical system 10A shift 2o in the  directions along the X coordinate axis
in the same manner by causing the VCMs 12B and 12D to generate repulsive
force and attractive force. Moreover, it is possible to make the optical
system 10A rotate around the Z coordinate axis ( 8 z) by causing both tie
VCMs 12A and 12C to generate repulsive 25 force, or attractive force. The
optical system 10A can also 31    - 8 M~,'l 2Q2 be made to rotate around
the Z coordinate axis by the VCMs 12B and 12D. As described above, the
position of the optical system 



10A can be determined with six degrees of freedom by the air 5 mounts 14A
through 14D, the VCMs 13A through 13D, and the VCMs 12A through 12D . As
described hereinafter, the control section 50 controls the above described
air mounts 14A through 14D and VCMs 13A through 13D and performs relative
positioning between the optical system 10A and the optical system 10B. l0
(The displacement sensors) Displacement sensors will now be described for
detecting the relative displacement of these optical systems 10A and 10B,
when the control section 50 is performing the relative positioning of the
optical system 10A and the optical system 15 10B. As shown in Fig. 1,
displacement sensors 26A and 26B are fixedly provided on the face of the
optical system 10B which faces the optical system 10A. On the other hand,
sensor blocks 25A and 25B are fixedly provided on the optical system 10A so
as to face the displacement sensors 26A and 26B respectively. 20 Eddy
current displacement sensors or capacitance sensors or semiconductor
position detection devices (PSDs) or the like may be used as the
displacement sensors 26A and 26B. Signals proportional to the distances
between the sensor blocks 25A and 25B and the displacement sensors 26A and
26B are output from 25 the displacement sensors 26A and 26B. The sensor
blocks 25A 32    - a ~~,'~'f 200Z and 25B are blocks which serve as
references when the above described displacement sensors 26A and 26B are
detecting displacement between the optical system 10A and the optical
system 10B. 5 The above described sensor blocks 25A and 25B and
displacement sensors 26A and 26B will now be described with reference to
Fig. 3. Although only the sensor block 25A and the displacement sensor 26A
are shown in Fig. 3, it should be understood that illustration and
explanation of the sensor l0 block 25B and the displacement sensor 26B have
been curtailed, since the sensor block 25A and the sensor block 25B, and
the displacement sensor 26A and the displacement sensor 26B, are of the
same structure. The displacement sensor 26A in Fig. 3 is made up from an 15
X sensor 26Ax which detects relative displacement to the sensor block 25A
in the X coordinate axis direction, a Y sensor 26Ay which detects relative
displacement in the Y coordinate axis direction, a Z sensor 26Az which
detects relative displacement in the Z coordinate axis direction, and
members (not shown in 2o the figure) for keeping these X sensor 26Ax, Y
sensor 26Ay, and Z sensor 26Az together as one body, etc . . These X sensor
26Ax Y sensor 26Ay, and Z sensor 26Az are each connected to the control
section 50 (Fig. 1). And signals based upon the relative displacements in
three dimensions between the displacement 25 sensor 26A and the sensor
block 25A detected by these sensors 33    



- s h~AY 2~z 26ax through 26Az are input to the control section 50. The
sensor block 25A is made up from an X block 25Ax a Y block 25Ay, a Z block
25Az, and a base 25Ab. The X block 25Ax, the Y block 25Ay, and the Z block
25Az are fixed to the base 5 25Ab so as, respectively, to face the X sensor
26Ax, the Y sensor 26Ay, and the Z sensor 26Az. Another exemplary
construction for the displacement sensor which has been explained with
reference to Fig. 3 will now be explained with reference to Fig. 4. The
displacement 10 sensor of Fig. 4 is an optical type linear encoder which is
composed of an optical type linear sensor 126 which emits (for example)
laser light and receives the reflected light, and a scale 125 which
reflects the laser light which has been emitted from the optical type
linear sensor 126. The linear optical 15 sensor 126 is made up of 6
individual sensors 126a through 126f . The scale l25 is also made up of 6
individual scales 125a through 125f. The sensors 16a and 126b emit laser
light in parallel to the X axis, and are arranged so as to cause the
emitted ray bundles to be incident upon the scales 125a and 125b which are
20 provided in a plane parallel to the YZ plane. Further, the sensors 126c
and 126d emit laser ray bundles in parallel to the Y axis, and are arranged
so as to cause the emitted ray bundles to be incident upon the scales 125c
and 125d which are provided in a plane parallel to the XZ plane. Moreover,
the sensors 126e 25 and 126f emit laser light in parallel to the Z axis,
and are 34   . , i - ~ MAY 2002 arranged so as to cause the emitted ray
bundles to be incident upon the scales 125e and 125f which are provided in
a plane parallel to the XY plane. By the displacement sensor structured in
this manner, for 5 example, it is possible to measure displacement in the Z
direction by the sensors 126a and 126b, to measure X direction displacement
by the sensors 126c and 126d, and to measure Y direction displacement by
the sensors 126e and 126f. Furthermore, rotation around the Y axis is
obtained based upon 10 the difference in the measured values of the sensor
126a and the sensor 126b, rotation around the Z axis is obtained based upon
the difference in the measured values of the sensor 126c and the sensor
126d, and rotation around the X axis is obtained based upon the difference
in the measured values of the sensor 



1S 126e and the sensor 126f. (Optical axis matching) The control section 50
inputs signals determined by the relative displacements detected by the
displacement sensor 26A and the displacement sensor 26B described above,
and calculates 20 the amounts of relative positional deviation (difference)
between the optical system 10A and the optical system 10B in the directions
of the six degrees of freedom. And the control section 50 calculates the
respective thrusts to be generated by each of the air mounts 14A through
14D, the VCMs 13A through 25 13D, and the VCMs 12A through 12D (a11 of
which are shown in 35   ~~1 - 8 MAY 2002 Fig. 2), based upon the results of
calculation of the amounts of relative positional deviation between the
optical system 10A and the optical system 10B in the directions of the six
degrees of freedom. And the control section 50 emits control signals 5 to
these air mounts and VCMs so as to generate the thrusts calculated as
described above. By doing this, the amount of relative positional deviation
between the optical system 10A and the optical system 10B is maintained
within a predetermined value, in other words within a permitted value
necessary for to keeping optical accuracy of the illumination optical
system. (Active vibration prevention far the optical system for
illumination) Now the active vibration prevention (active damper) for the
optical system for illumination will be explained. As has 15 been explained
above, the control section 50 controls the air mounts 14A through 14D, the
VCMs 13A through 13D, and the VCMs 12A through 12D (a11 of which are shown
in Fig. 2) based upon the relative displacement between the optical system
10A and the optical system 10B detected by the displacement sensors 26A 20
and 26B. By doing this, the control section 50 maintains the positional
relationship between the optical system 10A and the optical system 10B as
fixed. Now, since this optical system 10B is f fixedly provided to the
exposure apparatus main body SP, 25 maintenance of the positional
relationship between the optical 36 



- 8 I~AY 2002 system 10A and the optical system 10B as described above
means exactly the same thing as maintenance of the positional relationship
between the optical system 10A and the exposure apparatus main body SP. On
the other hand, as previously 5 described, active vibration prevention for
the exposure apparatus main body SP is performed by the hard rubbers 31A
through 31D and the piezo actuators 32A through 32D (see Fig. 1; but the
hard rubbers 31C and 31D, and the piezo actuators 32C and 32D are not shown
in that figure) , so that it is always 10 kept in a steady state. In other
words, by maintaining the positional relationship between the exposure
apparatus main body SP which is kept in a steady state, and the optical
system 10A, the optical system 10A is itself kept in a steady state. Due to
this, active vibration prevention of the optical system 15 10A is attained.
As has been explained above, in the projection exposure apparatus according
to the first embodiment shown in Fig. 1 with the optical system for
illumination which is made up from the optical systems 10A and 10B etc . ,
the optical system 10A, that 20 is to say the portion which includes the
reticle blind 6 and is disposed on the light incident surface side of this
reticle blind 6, is provided; as an element separate from the exposure
apparatus main body SP. According to this kind of construction, vibration
which is generated when the reticle blind 6 operates 25 along with scanning
exposure action is not transmitted to the 37   n - 8 ~"..r;f 2002 exposure
apparatus main body SP. Accordingly vibration generated when the reticle
blind 6 operates does not exert any influence upon the accuracy of the
circuit pattern which is formed upon the wafer. 5 Moreover, it will be
acceptable to provide the reticle blind 6 in the optical system 10B, if
vibration which is generated when the reticle blind 6 operates does not
exerts any bad influence upon exposure or if vibration countermeasures are
carried out so that vibration which is generated when the reticle 10 blind
6 operates is not transmitted to the exposure apparatus main body. 



Since the parts of the optical system l0A are subjected to optical axis
matching and active vibration prevention, it may happen that the position
of incidence of the laser light 15 from the laser light source LE may
change position by the relationship of the optical system 10A and the
mirror Z. However, this change of position is a change of position before
incidence upon the beam shaping optical system, and does not exert any
influence upon the accuracy of the circuit pattern 20 projected or
photographed onto the wafer W. Further, what is f fixed upon the upper
portion of the second column 34 is only the optical system 10B which is one
part of the optical system for illumination, so that the total mass of the
exposure apparatus main body SP is lightened. By doing this, 25 it is
possible to use the hard mounts, which axe made up from 38   i ~A~ ' 8 MAY
2a02 the hard rubbers 31 and the piezo actuators 32 and have small maximum
permissible load, and this contributes to reduction of costt. At this time,
relative displacement of the optical system 5 10A and the optical system
10B is detected by the displacement sensors 26A and 26B, and the control
section 50 controls the position and the attitude of the optical system 10A
based upon the results of this detection. By doing this, the optical axis
of the optical system 10A and the optical axis of the optical 10 system 10B
are accurately matched. Accordingly, it is possible to separate the
illumination optical system into portions that could not be separated in
the prior art due to the maintenance of accuracy, and it is possible easily
to attain isolation of vibration and reduction of the weight of the
exposure apparatus 1S main body, etc.. Transmission o vibration from the
floor to the exposure apparatus main body SP is prevented by the above
described hard mounts which are composed of the hard rubbers 31 and the
piezo actuators 32 . Further, in the exposure apparatus main body SP, 20
the reaction forces generated when the moving stages RM and GIM 



accelerate and decelerate are discharged onto the floor via the I reaction
frame 51. It is possible to keep the exposure apparatus main body SP always
in a steady state by this type o construction. On the other hand, it may
occur that the above 25 described piezo actuators 32 suffer change over
time and are 39    - ~ MAY ~ deformed, and that the exposure apparatus main
body SP sinks down. Even if sinking down of the exposure apparatus main
body SP occurs, the control section 50 can control the position of the
optical system 10A along with this sinking down. Due to 5 this, the
projection exposure apparatus according to this embodiment can always
precisely maintain the accuracy of the illumination optical system.
Moreover, in the above described embodiment, the control system 50 was one
which controlled the position of the optical l0 system 10A to match the
optical axis of the optical system 10A and the optical axis o the optical
system 10B. Instead of this, it is also acceptable to provide the above
described hard rubbers 31 and piezo actuators 32 and actuators which exert
forces in the X and Y directions with respect to the exposure apparatus 15
main body SP, and to match the optical axis of the optical system 10A and
the optical axis of the optical system 10B by controlling the position of
the optical system 10B by the control system 50. Furthermore, it would also
be acceptable to control the position of the optical system 10A and the
position of the 20 optical system 10B individually by the control system
50. In this case, for example, it would be acceptable for the control
section 50, when aligning the position of the optical system 10A and the
position of the optical system 10B, to perform rough adjustment with the
optical system 10B, and to perform fine 25 adjustment with the optical
system 10A. By doing this it is 40   



r~ - 8 MAY 2pp2 possible, along with enhancing the control characteristics
of the control system 50, to shorten the time period for alignment of the
position of the optical system 10A and the position of the optical system
10B. 5 Moreover, whatever the reason may be for the optical axis of the
laser light source LE having undesirably deviated, the influence of the
deviation of the optical axis of the laser light source LE can be
eliminated by adjusting the positions of the optical system 10A and the
exposure apparatus main body SP using 10 the previously described air
mounts 14A through 14D, VCMs.13A through 13D, VCMs 12A through 12D, hard
rubbers 31 and piezo actuators 32. Since by doing this it is possible
quickly to eliminate the influence of optical axis deviation even in the
event that the optical axis of the laser light source LE has 15 deviated,
therefore a shortened time period for interruption of exposure action is
sufficient and deterioration of throughput can be prevented. It should be
understood that while it is acceptable for the positional adjustment of the
optical system 10A and the exposure apparatus main body SP using the 20
previously described air mounts 14A through 14D, VCMs 13A through 13D, VCMs
12A through 12D, hard rubbers 31 and piezo actuators 32 to be performed by
the control section 50, it may also be performed manually - Embodiment 2
25 A projection exposure apparatus according to a second 41    - 8 PLAY
2002 embodiment is now explained with reference to Fig. 5. Fig. 5 shows a
simplified cpnstruction of a projection exposure apparatus according to the
second embodiment. It should be understood that the projection exposure
apparatus shown in Fig. 5 2, like the projection exposure apparatus
according to the first embodiment shown in Fig. 1, is also a scanning
exposure method exposure apparatus; the same reference symbols will be
affixed to identical constructional elements, and explanation thereof will
be curtailed, with the explanation concentrating upon the l0 differences
from the ~ Fig . 1 apparatus . Referring to Fig. 5, the optical system 10
is one in which the optical system 10B (Fig. 1) of the projection exposure
apparatus according to the first embodiment is constructed as a unit with
the optical system 10A, while the optical system 15 10B (Fig. 1) is
constructed as a separate unit from the exposure apparatus main body SP'.
Due to this, on the main frame 30, 



the second column 34 which the projection exposure apparatus shown in Fig.
1 possesses is not provided. Displacement sensors 21A and 21B are f fixedly
provided at 20 diagonally opposite corner positions on the upper surface of
the first column 33. In the optical system 10, sensor blocks 22A and 22B
are fixedly provided opposing the displacement sensors 21A and 21B. The
displacement sensors 21A and 21B and the sensor blocks 22A and 22B are of
the same construction as 25 the displacement seniors 25A and 25B and the
sensor blocks 26A 42   - 8 t~4AY 2002 and 26B (Fig. 3) used in the
projection exposure apparatus according to the first embodiment. And a
control section 50 controls the thrusts of air mounts 14A through 14D, VCMs
13A through 13D, and VCMs 12A through 12D based upon the relative 5
displacements in the directions of the six degrees of freedom between the
optical system 10 and the exposure apparatus main body SP' detected by the
displacement sensors 21A and 21B . By doing this, it is possible to perform
matching at high accuracy between the optical antis of the optical system
10 and the optical 10 axis of a projection optical system PL arranged on
the exposure apparatus main body SP'. In the projection exposure apparatus
according to the second embodiment as well, vibration generated when the
reticle blind 6 operates together with scanning exposure action is not 15
transmitted to the exposure apparatus main body SP' . Further, the exposure
apparatus main body SP' and the optical section 10 are constructed as
separate units. Accordingly, it is possible further to reduce the size and
weight of the exposure apparatus main body SP', in comparison with the
projection 20 exposure apparatus according to the first embodiment. By
doing this, it is also possible further to reduce the maximum permissible
load upon the piezo actuators 32A through 32D (the piezo actuators 32C and
32D are omitted from the drawing) and upon the hard rubbers 31A through 31D
(the hard rubbers 31C and 25 31D are omitted from the drawing) in
comparison with those of 43   ~' 1 ' 8 ~~Y 2002 



the projection exposure apparatus according to the first embodiment. With
the second embodiment above, the control section controls the position of
the optical system 10 so that the 5 optical axis of the optical system 10
and the optical axis of the photographic system PL matches with each other.
Instead of this, it would also be acceptable to provide actuators to the
exposure apparatus main body SP' for positioning of the exposure apparatus
main body SP', and for the control system 10 50 to control the position of
the exposure apparatus main body SP' by these actuators so that the above
described matching is performed. Although the projection exposure
apparatuses according to the f first and second embodiments described above
were ones 15 which performed matching of the optical axes of optical
systems for illumination which were provided separately, or matching of the
optical axis of a projection optical system which was provided to the
exposure apparatus main body and the optical axis of an illumination
optical system which was provided as 2o separated from this exposure
apparatus main body, it is also possible to perform relative positional
alignment of a loader which will be described hereinafter and the exposure
apparatus main body. In the following, this example will be explained with
reference to Fig. 6. 25 Fig. 6 is a simplified figure showing a projection
44   1 - 8 MAY 2002 exposure apparatus like that shown in Fig. 5 with a
loader L mounted in its vicinity. In Fig. 6, the same reference symbols as
in Fig. 5 will be affixed to the same constructional elements, and
explanation thereof will be curtailed. 5 A reticle loader RL and a wafer
loader WL are provided in the loader L. The reticle loader RL loads a
specified reticle R onto a reticle moving stage RM (Fig. 5) of the exposure
apparatus main body, or unloads the reticle R which is loaded upon the
reticle moving stage RM. The wafer loader WL loads l0 a non exposed wafer W
onto a wafer moving stage WM (Fig. 5), or unloads an exposed wafer W which
is loaded upon the wafer moving stage WM. Displacement sensors 55A and 55B
are fixed upon the face of the exposure apparatus main body SP' which
opposes the loader 15 L . On the other hand, sensor blocks 56A and 56B are
f fixed upon 



the loader L facing the sensors 55A and 55B respectively. The displacement
sensors 55A and 55B and the sensor blocks 56A and 56B are of identical
constructions to the displacement sensors 21A and 21B and the sensor blocks
22A and 22B described 20 previously, and their detailed explanation will be
curtailed. Air mounts 59A through 59D (59C and 59D are not shown in Fig. 6)
and VCMs 58A through 58D (58C and 58D are not shown in Fig. 6) are provided
at the four corners of the bottom portion of the loader L, just as with the
optical system 10. The VCMs 25 57A through 57D (57C and 57D are not shown
in Fig. 6) are fixedly 45   - a M,~Y 2002 provided to the side surfaces of
the lower portion of the loader L in an identical manner to the manner of
arrangement of the VCMs 12A through l2D which has been explained with
reference to Fig. 2. The air mounts 59A through 59D are connected to an 5
electromagnetic valve EV' , and air from a compressed air source PA is
conducted to the air mounts 59A through 59D according to the opening and
closing of this electromagnetic valve EV' . The loader L described above is
placed upon a base frame 11A along with the optical system 10. This base
frame 11A has a 10 quadrilateral frame shaped form which surrounds the
periphery of the base frame 41. Although the linking lines have been
omitted from Fig. 6, the above described displacement sensors 55A and 55B,
the VCMs 58A through 58D and 57A through 57D, and the electromagnetic 15
valve EV are connected to the control section 50 (Fig. 5) . The control
section 50 (Fig. 5) performs relative positioning of the loader L and the
exposure apparatus main body SP' in the same manner as has been explained
with reference to Fig. 1 and Fig. 5. By doing this, even if sinking down of
the exposure 20 apparatus main body SP' has occurred along with the piezo
actuators 32A through 32D suffering change over time (32C and 32D are not
shown in dig. 6) , the control section 50 can control the position of the
leader L in accompaniment with this sinking down. Accordingly, when loading
the reticle R onto the reticle 25 moving stage RM ( Fig . 5 ) or the wafer
W onto the wafer moving 46   r"~ - s ~~Y 2002 



stage WM (Fig. 5) , it is possible to maintain loading positional accuracy
with high accuracy over a long time period. Moreover, the exposure
apparatus of this embodiment can 5 10 15 be manufactured by putting into
place the optical system 10A which is made up from a plurality of lenses;
by fitting the optical system 10B and the projection optical system PL into
the exposure apparatus main body and optically adjusting them; by attaching
the reticle base RS, the moving stage RM, the wafer base WS and the moving
stage WM, which consist of a large number of mechanical parts, to the
exposure apparatus main body and connecting them by lines and/or conduits;
and further by performing total adjustment (electrical adjustment,
operational checking, etc.). Further, it is desirable for the manufacture
of the exposure apparatus to be performed in a clean room in which the
temperature and the cleanliness, etc., are controlled. INDUSTRIAL
APPLICABILITY Although in the above explanation the present invention 20 25
has been explained, in exemplary terms, with the main body section to which
the original plate and/or photosensitive substrate are equipped and a
portion of the illumination optical system being provided as separate units
in the projection exposure apparatus, or with the main body section and a
loader of the original plate and/or photosensitive substrate being 47   -\
' ~ MA'f 20p2 provided as separate units, it is not necessary for the
present invention to be limited to this content. That is to say, in the
projection exposure apparatus, in which the main body section fox which
vibration and the like need to be suppressed 5 as much as possible and the
portions which become sources of generation of vibration and the like are
provided as separate units and a predetermined high degree of accuracy of
relative positional relationship is required between them, the present
invention can be applied to any combinations between them. 10 Further,
although the present invention has been explained with regard to a
projection exposure apparatus, it is not necessarily limited thereto. It
can be applied to other exposure apparatus as well, such as a charged
particle beam exposure apparatus or an X-ray exposure apparatus or the
like. 15 In other words, the present invention can also be applied to an
exposure apparatus for manufacture of semiconductors or for performing any
minute processing, when a relative positional relationship of predetermined
high accuracy is required between a main body section and a separate
section which includes a 20 source of vibration. 48 



- 8 MAY ?ppp CLAIMS 1. A projection exposure apparatus that illuminates an
original plate on which a predetermined pattern is formed with light
emitted from a light source to project an 5 image of the pattern onto an
object, comprising: an illumination optical system that illuminates the
original plate; a projection optical system located between the original
plate and the object to project the pattern onto the object; a main body
that is provided as a separate unit from at least part of said illumination
10 optical system and supports said projection optical system; an original
plate stage that holds the original plate and is movable; a drive flame
that moves responsive to a reaction force exerted by the movement of the
original plate stage in a direction opposite to the direction of movement
of the original plate stage; and 15 a positioning drive device that
performs driving for positioning so as to keep an amount of relative
positional deviation between said at least part of said illumination
optical system and said main body within a predetermined value. 2. A
projection exposure apparatus according to Claim 1, wherein said
positioning 20 drive device performs positioning by driving at least one of
said at least part of said illumination optical system and said main body.
49   - 8 MAY 20p2 3. A projection exposure apparatus according to Claim 1,
wherein: said main body comprises a stabilizing device that keeps said main
body in a stable state; and said positioning drive device performs
positioning by driving said at least part of said 



5 illumination optical system. 4. A projection exposure apparatus according
to Claim 3, wherein said stabilizing device of said main body comprises an
active vibration prevention device that actively prevents vibration of said
main body. 10 5. A projection exposure apparatus according to Claim 1,
wherein: said illumination optical system further comprises a variable
field aperture device that can adjust an illumination area of the original
plate; and a portion of said illumination optical system is disposed on a
light incident surface side 15 of said variable field aperture device such
that said portion of said illumination optical system is provided as a
separate unit from said main body, said portion of said illumination
optical system including said variable field aperture device. 6. A
projection exposure apparatus according to Claim 5, wherein said
positioning 20 device performs positiong by driving at least one of said at
least said portion of said illumination optical system and said main body.
50   - 8 MAY ~ 7. A projection exposure apparatus according to Claim 5,
wherein said main body uses light whose illumination has been adjusted by
said variable field aperture device to perform scanning exposure between
the original plate and the object. 5 8. A projection exposure apparatus
that illuminates an original plate on which a predetermined pattern is
formed with light emitted from a light source to project an image of the
pattern onto an object, comprising: an illumination optical system having a
radiation source and a variable field aperture device that can adjust an
illumination area of the original plate to illuminate the original 10
plate; a projection optical system located between the original plate and
the object to project the pattern onto the object; 



a main body that is provided as a separate unit from a portion of said
illumination optical system including skid radiation source and said
variable field aperture device, 15 said main body supporting said
projection optical system; a stage that is provided as a separate unit from
said main body and that holds and moves said object. a base that supports
said main body, at least part of said base being located below said main
body; and 20 an actuator located between said main body and said base to
actuate said main body.  9. A projection exposure apparatus that
illuminates an original plate on which a predetermined pattern is formed
with light emitted from a source of light for exposure, and projects an
image of the pattern onto a subject material for exposure, comprising: 51
- 8 M~~Y 200Z a variable illumination visual field aperture device that can
adjust a range of illumination of the original plate; an illumination
optical system that is provided as a separate unit from the light source
for exposure, and that conducts light from the light source for exposure to
the original plate; a projection optical system that is provided between
the original plate and the subject material for exposure and projects the
pattern on the original plate onto the subject material for exposure; and a
main body section that is provided as a separate unit from at least a
portion of 10 said optical system for illumination, and that supports said
projection optical system. 10. A projection exposure apparatus according to
Claim 9, further comprising: a positioning drive device that performs
driving for positioning so as to keep an amount of relative positional
deviation between said at least one portion of said optical 15 system for
illumination that is provided as a separate unit from said main body
section, 



and said main body section, within a predetermined value. 11. A projection
exposure apparatus that illuminates an original plate on which a
predetermined pattern is formed with light emitted from a light source to
project an 20 image of the pattern onto an object, comprising: an
illumination optical system that illuminates the original plate; 52   ' 8
1,4Y ~0? a main body that is provided as a separate unit from at least part
of said illumination optical system, said main body comprising at least one
of an original plate stage to hold the original plate and an object stage
to hold the object; and a frame that is provided as a separate unit from
said main body, the frame receiving a reaction force exerted by the
movement at least one of the original plate stage and the object stage. 12.
A projection exposure apparatus according to Claim 11, wherein said
original plate stage or said substrate stage is driven by a non contact
type 10 drive device made up from a movable element and a fixed element,
and said movable element is provided to said original plate stage or said
substrate stage while said fixed element is provided to said frame. 13. A
projection exposure apparatus that illuminates an original plate on which a
15 predetermined pattern is formed with light emitted from a light source
to project an image of the pattern onto an object, comprising: a main body
that supports a projection optical system which is provided between the
original plate and the object to project the image of the pattern onto the
object; an illumination optical system at least a part of which is provided
as a separate unit 20 from the light source and said main body to
illuminate the original plate; a loader that is provided as a separates
unit from said main body and said illumination optical system, said loader
loading at least one of the original plate and the object to said
projection exposure apparatus. 



53   - 8 ~?AY 202 14. A projection exposure apparatus according to Claim 1,
wherein said main body section supports said original plate stage to be
movable. 15. A projection exposure apparatus according to Claim 1, further
comprising 5 an interferometer that is connected to said main body section
and detects a position of the original plate stage. 16. A projection
exposure apparatus according to Claim 8, further comprising: a positioning
drive device that performs driving for positioning so as to keep an 10
amount of relative positional deviation between said at least one portion
of said illumination optical system and said main body section within a
predetermined value. 17. A projection exposure apparatus according to Claim
9, further comprising a stage that is provided as a separate unit from said
main body section and that 15 holds and moves said subject material for
exposure. 18. A projection exposure apparatus according to Claim 11,
further comprising an interferometer that is connected to said main body
and detects a position of the original plate stage. 20 19. A projection
exposure apparatus according to Claim 11, further comprising an
interferometer that is connected to said main body and detects a position
of said object stage. 54   - 8 l,~~Y 2Q02 20. A projection exposure
apparatus according to Claim 12, further comprising: a first stage that
holds and moves the original plate; and a second stage that holds and moves
the object. 5 21. A projection exposure apparatus according to Claim 20,
wherein at least one of 



said first stage and said second stage is movably held. 22. A projection
exposure apparatus according to Claim 13, wherein said light source is an
excimer laser light source. 10 23. A projection exposure apparatus
according to Claim 8, further comprising a loader that is provided as a
separates unit from said main body and said stage, said loader loading at
least one of the original plate and the object to said projection exposure
apparatus. 15 24. A projection exposure apparatus according to Claim 11,
further comprising: a base that supports the main body, at least part of
the base being located below said main body; and an actuator located
between the main body and the base to actuate said main body 55
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