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A projection optical device includes a projection optical
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system Which projects an image of a pattern, a support
device having a ?exible structure to support the projection
optical system, and a positioning device having an actuator
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?exible structure is attached. The projection optical system

optical device can include a frame to Which one end of the

may hang from the frame via the support device, or it may
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be supported from beloW by the support device. Aproj ection
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optical device also can include a liquid supply Which sup
plies a temperature-controlled liquid to a side surface of a

Related US. Application Data

(60) Provisional application No. 60/614,426, ?led on Sep.
30, 2004.

projection optical system utilizing gravity to cause the
temperature-controlled liquid to How along the side surface
of the projection optical system.
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PROJECTION OPTICAL DEVICE AND EXPOSURE
APPARATUS

[0001] This application claims the bene?t of Us. Provi
sional Application No. 60/614,426, ?led Sep. 30, 2004. The
disclosure of Us. Provisional Application No. 60/614,426 is

incorporated herein by reference in its entirety.
BACKGROUND OF THE INVENTION

[0002]

1. Field of Invention

[0003] This invention relates to a projection optical device
provided With a projection optical system Which projects an
image of a predetermined pattern, and to an exposure
apparatus Which is used in order to transfer a pattern of a
mask onto a substrate in order to manufacture various
devices such as, for example, a semiconductor device, a

liquid crystal display, etc.
[0004] 2. Description of Related Art
[0005]

In a lithography process, Which is one process used

to manufacture a semiconductor device, an exposure appa
ratus is used in order to transfer and expose a pattern formed

on a reticle (or a photomask, etc.) onto a Wafer (or a glass

plate, etc.) coated by photoresist as a substrate. Various types
of exposure apparatus, such as, for example, a step and

repeat exposure type (stationary exposure type) projection
exposure apparatus such as a stepper, and a step and scan

exposure type projection exposure apparatus (scanning
exposure apparatus) such as a scanning stepper, can be used.

[0006] In exposure apparatus, rigidity of: (i) the stages
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tionally, in order to maintain high rigidity and perform
positioning and scanning at a high speed While reducing the
apparatus Weight, a lightWeight material With speci?c stilf
ness (value in Which rigidity is divided by the Weight per
unit volume), such as a ceramic, can be used as a material

of a part of the members Which constitute a stage.

[0008]

Furthermore, an exposure apparatus also has been

proposed in Which the stages and the projection optical
system are independently supported by parallel link mecha
nisms, each having a plurality of rods Which can expand and
contract. This system maintains high rigidity in a necessary

portion and lightens the Weight of the entire mechanism
portion. See, e.g., International Publication No. WO
01/022480.

[0009] Thus, in a conventional exposure apparatus, in
order to maintain a high device capability With respect to
vibration control performance or the like, it is desirable to
improve rigidity of a mechanism portion of a support
mechanism or the like, While reducing the Weight of the

mechanism portion. HoWever, among conventional technol
ogy, With respect to a method of using a material With

speci?c stiffness and light Weight, the material can be used
only for a portion of the mechanism portion due to its high
manufacturing cost, the material shape, or the like, so the
lightening of the entire mechanism portion is not yet sig
ni?cantly improved. In order to further lighten the entire
mechanism portion, it is desirable to change the structure
itself of the mechanism portion including the support

mechanism of the projection optical system.

Which move and position a reticle and a Wafer, (ii) a support

mechanism of the stages, and (iii) a mechanism portion of
the support mechanism and the like of a projection optical

[0010] MeanWhile, in the method that uses parallel link
mechanisms, each having a plurality of elongatable rods, it

system, signi?cantly affects the performance capability of

is desirable to further improve the lightening of the mecha
nism portion, and the control accuracy of a movable portion
of a stage. HoWever, there is a possibility that control at the
time of scanning and stage positioning also becomes com
plex because the structure of the mechanism portion

the apparatus, such as a vibration control performance
capability, an exposure accuracy (overlay accuracy or the

like), Weight of the mechanism portion, and manufacturing
cost of the exposure apparatus. In general, an exposure

apparatus having a mechanism portion With high rigidity,
While providing a high apparatus performance capability,

becomes complex. Additionally, although the projection

tends to have a heavy mechanism portion, and a higher

portion also is related to the temperature characteristics of

mechanism, this tends to cause the structure of the mecha
nism portion to become even more complex. In this regard,
in recent exposure apparatus, a thermal distortion amount of

the apparatus performance capability, and the stability of the

the mechanism portion and a ?uctuation amount of imaging

manufacturing cost. Furthermore, rigidity of the mechanism

optical system can be supported by using the parallel link

apparatus performance capability corresponding to changes

characteristics of the projection optical system due to the

of the apparatus performance capability over time. That is,
exposure apparatus having a mechanism portion With high
rigidity tend to have good stability With respect to the

exposure amount of the exposure beam and the surrounding
temperature are predicted in advance. According to this

apparatus performance capability, and excellent temperature

positioning correction of the reticle and the Wafer, or the like
is performed during use of the apparatus. HoWever, once the
mechanism portion becomes complex, the estimated accu
racy of the thermal distortion amount of the mechanism
portion and the ?uctuation amount of the imaging charac
teristic deteriorates, and therefore it is possible that the
exposure accuracy may deteriorate.

characteristics, but depending on the structure of the mecha
nism portion, there are cases in Which the opposite trend
occurs. For example, in a mechanism portion, When mem

bers With high rigidity are coupled to each other through
members having high rigidity, vibration can be easily trans
mitted, a bi-metal effect is generated at the time of tempera
ture change (if different materials are used for the members),
and the temperature characteristics may be deteriorated.

[0007] HoWever, as a result of increasing rigidity of the
mechanism portion, When the Weight of the mechanism
portion increases, there also is a possibility of increased
construction cost of the device manufacturing factory in
Which exposure apparatus is installed (in order to deal With
the Weight of the exposure apparatus). Therefore, conven

prediction result, correction of the imaging characteristics,

[0011] Furthermore, conventionally, in order to control the
?uctuation amount of the imaging characteristic of the

projection optical system due to the temperature ?uctuation,
a cooling liquid is supplied to the surrounding of the
projection optical system. In this case, in order to increase
the vibration control performance capability of the exposure
apparatus, it is desirable that the vibration of the motive

force Which supplies the cooling liquid should be controlled.
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SUMMARY OF THE INVENTION

[0012]

This invention re?ects on the above problems, and
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trast) of the image position is reduced When the image
pattern is transferred via the projection optical system.

has as a ?rst object, the provision of a support for a

[0019]

projection optical system using a relatively simpli?ed, light

Wires or rod members provided With ?exures on their top

In one example, the coupling members include

mechanism in a state in Which a high vibration isolation

end portion and/or their loWer end portion. The length of the

performance capability is obtained.

coupling members preferably is l m or greater. Thus, When
the length of the coupling member is l m or greater, the
characteristic frequency in the direction perpendicular to the

[0013]

A second object of this invention is to provide an

exposure apparatus Which can maintain a high device per

formance capability, such as a positioning performance

capability, and obtain high rigidity Where necessary, and
lighten the entire mechanism portion.
[0014] A third object of this invention is to reduce vibra
tion When a cooling liquid is supplied to the surrounding of

the projection optical system.
[0015] In a projection optical device according to a ?rst
aspect of this invention, a projection optical system that
projects an image of a pattern is supported by a support
device having a ?exible structure to support the projection
optical system, and a positioning device having an actuator

to position the projection optical system.
[0016] According to this aspect of the invention, the
projection optical system is supported by a predetermined

optical axis of the coupling member is substantially 0.5 HZ
or less, so the projection optical system is extremely stably
supported With respect to external vibration.

[0020] Furthermore, in part of the coupling member,
vibration isolation portions can be arranged Which reduce
the vibration in the optical axis direction of the projection
optical system. By so doing, the vibration in the direction

parallel to the optical axis of the projection optical system
can be further reduced.

[0021] Furthermore, a frame Which supports the coupling
members, and the positioning device Which positions the
projection optical system Without contacting the frame can
be provided.

[0022] According to this aspect of the invention, the

member (e.g., frame or the like) via the ?exible structure.

coupling members have a ?exible structure, so the frame

Therefore, in a relatively simpli?ed and light mechanism,

With a rigid structure and the projection optical system can
be relatively displaced at a loW frequency. In such a case, by

the vibration of the predetermined member is not easily
transmitted to the projection optical system, and the char
acteristic frequency of the ?exible structure is loW. Thus, a
high vibration control performance capability can be
obtained.

[0017]

In this case, the predetermined member and the

projection optical system can be considered as a rigid
structure With high rigidity, Whereas the ?exible structure
has loW rigidity. According to this aspect of the invention, a

ratio occupied by members having a rigid structure

using the positioning device, the relative position of the
frame and the projection optical system (i.e., the support
member of the projection optical system) is held at a target
position, so a preferable characteristic (the lightening of the
mechanism portion and shielding of vibration and effects of
temperature changes) due to having a ?exible structure can

be maintained, and the device performance capability, such
as stability of the position of the projection image or the like
can be improved. In other Words, With respect to vibration
Within the frequency range Which can be controlled by the

decreases Within the device, and a ?exible structure is used.
In general, a ?exible structure has a characteristic opposite
to that of a rigid structure, is light, has a loW cost, and can

positioning device, the projection optical system is sup

obtain a preferable characteristic of shielding vibration and

frequency range, the projection optical system is suspended

receiving/transmitting thermal displacement depending on

ported by an active suspension control method, and With
respect to the vibration at frequencies Which exceed this

and supported by a passive vibration isolation structure.

the structure of the ?exible structure. According to this
aspect of the invention, a rigid structure can be used for the

[0023]

portion(s) Which directly a?“ect(s) device performance capa

displacement sensors Which measure six degrees-of-free

bility, and a ?exible structure can be used for the portion(s)

dom of displacement information of the projection optical
system With respect to the frame, and six degrees-of-free
dom actuators Which position the projection optical system

The positioning device also can be provided With

that couple rigid structures to each other. By this structure,
the effects of thermal displacement and the transmittance of
the vibration are minimized or prevented entirely. Therefore,
the mechanism portion can be lightened While the device

in a non-contact manner With respect to the frame. By using
the measurement result of the displacement sensors, the

performance capability is kept high.

relative position of the projection optical system With

[0018] According to this aspect of the invention, in one
example, the ?exible structure includes three coupling mem
bers, each of Which has a loWer characteristic frequency in
a direction perpendicular to the optical axis than in the

respect to the frame can be controlled.

[0024] Furthermore, in one example, the support device
includes a ?ange portion ?xed to the side surface of the

projection optical system, and the ?ange portion kinemati

direction parallel to the optical axis of the projection optical

cally supports a measurement unit having a sensor Which

system. By having three coupling members, the projection

measures the positional relationship betWeen the projection
optical system and a predetermined member (e. g., the Wafer
stage). Therefore, the measurement unit is supported in a

optical system is supported in a stable manner. Furthermore,
because the coupling members are comprised of, for
example, thin long members extending in a direction along

the optical axis, the characteristic frequency of the coupling

state in Which there is a predetermined positional relation

ship With respect to the projection optical system, and very

members becomes loW in a direction perpendicular to the

little stress is applied, so the positional relationship betWeen

optical axis. Thus, With respect to the vibration having a high
frequency component, blurring (deterioration of the con

the projection optical system and the predetermined member
can be measured With high accuracy.
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[0025] In one example, a member (reticle) in Which the
pattern is formed can be integrally provided With the pro

jection optical system. This is effective, for example, When
the pattern is transferred by a step and repeat exposure
method. In this case, a micro-moving mechanism can be

provided Which micro-moves the reticle With respect to the

projection optical system. Positioning of the reticle pattern
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Which is Wrapped around the side surface of the projection
optical system, and a liquid circulation system Which circu
lates the cooling liquid to the pipe according to a siphon
principle. With this structure, the cooling liquid can be
circulated by a simpli?ed structure.
[0034]

An exposure apparatus can be provided With a

can be performed by the micro-moving mechanism.

projection optical device according to various aspects of this

[0026]

an image of the pattern onto a substrate by the projection
optical system. In this exposure apparatus, When the pro
jection optical device according to the ?rst aspect of this
invention is provided, in a portion in Which the projection
optical system or the like is needed, high rigidity can be
obtained, and the device performance capability of the

In another example, a frame Which supports the

?exible structure, a base Which is supported to the frame via
vibration isolation members, and a stage Which drives the
member in Which the pattern is formed on the base can be

provided. For example, When the pattern is transferred by a
scanning exposure method, the member in Which the pattern

invention. Such an exposure apparatus transfers and exposes

is formed can be scanned With the stage. Furthermore, the

vibration isolation performance capability or the like can be

vibration isolation member is operated as a ?exible structure

kept high, and the entire mechanism portion can be lightened

Which couples the base and the frame as a rigid structure,

by suspending and supporting the projection optical system.

and application of an extra stress to the base can be sup

pressed by the vibration isolation member.

[0035] Furthermore, by supporting the projection optical

[0027]

respect to a predetermined member having a rigid structure,
the respective advantages of the rigid and ?exible structures

system as a rigid structure, via a ?exible structure, With

In this case, as an example, the vibration isolation

member can include pivots or ?exures. Pivots or ?exures
alloW a rotational motion, so they can be vibration isolation
members as a simpli?ed mechanism.

[0028]

Furthermore, in order to cancel a reaction force

caused by the movement of the stage, a countermass mem
ber Which is moved on the base, and a ?exure mechanism
Which supports the countermass member on the base can be

further provided. By so doing, transmission of vibrations
betWeen the countermass member and the base can be even

more completely shielded.

[0029] According to another aspect of this invention, the

can be utiliZed and combined. Therefore, compared to a

conventional example, the ratio occupied by the rigid struc
ture in the device can be reduced, so Without decreasing the

device performance capability, such as stability of the posi
tion of a projection image or the like, the mechanism portion
can be lightened and manufactured at a loWer cost.

[0036] In an exposure apparatus utiliZing a projection
optical device according to the second aspect of this inven
tion, When a cooling liquid is supplied to the surrounding of
the projection optical system, the vibration can be reduced.

projection optical system can be arranged in a doWn?oW
environment. The projection optical system is supported, so
a gas such as temperature-controlled air smoothly ?oWs in

the vicinity of the projection optical system by a doWn?oW
method. Therefore, temperature stability of the projection

optical system is improved.
[0030] Additionally, according to this aspect of the inven
tion, the measurement unit is provided With laser interfer
ometers, and also can be provided With a local gas ?oW
system Which performs a local doWn?oW With respect to the

optical path of the laser beam of the laser interferometers.
By so doing, the measurement accuracy of the laser inter

ferometers is improved.
[0031] In addition, a pipe Which is arranged along the side
surface of the projection optical system, from the ?exible
structure, and a liquid supply system Which supplies a
cooling liquid to the pipe, can be provided. In this structure,
the ?exible structure also can be used to support the pipe,

BRIEF DESCRIPTION OF THE DRAWINGS

[0037] The invention Will be described in conjunction With
the folloWing draWings in Which like reference numerals
designate like elements and Wherein:
[0038] FIG. 1 is a diagram shoWing a schematic structure
of a projection exposure apparatus of an embodiment of this

invention;
[0039] FIG. 2 is a perspective vieW shoWing a schematic
structure of a mechanism portion of a projection exposure
device of a ?rst exemplary embodiment of this invention;
[0040] FIG. 3 is a plan vieW Which cuts through a portion
shoWing a ?ange 18 and a projection optical system PL of

FIG. 2;
[0041] FIG. 4 is a plan vieW Which cuts through a portion
shoWing a modi?ed example of FIG. 3;

and the temperature stability of the projection optical system
is improved.

[0042]

[0032] In a projection optical device according to a second
aspect of this invention, a projection optical system Which

2;

projects an image of a pattern is provided With a liquid
supply device Which supplies a cooling liquid to the side

surface of the projection optical system by a gravity drive.
According to this aspect of the invention, the cooling liquid
?oWs due to gravity, so hardly any vibration is generated.

[0033] According to this aspect of the invention, in one

example, the liquid supply device is provided With a pipe

FIG. 5A is a perspective vieW shoWing a coupling

state of the ?ange 18 and a measurement mount 15 of FIG.

[0043] FIG. 5B is a perspective vieW shoWing a loWer end
portion of a rod 38A of FIG. 5A;
[0044] FIG. 5C is a perspective vieW shoWing a convex
portion and a notch portion Within the measurement mount
15 of FIG. 5A;

[0045] FIG. 6 is a perspective vieW shoWing a rod 43
Which can be used instead of rods 38A-38C of FIG. 5A;
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Mar. 20, 2008

[0046] FIG. 7 is a perspective vieW showing a schematic
structure of a mechanism portion of a projection exposure
apparatus of a second exemplary embodiment of this inven

an imaging lens system 8, and an image of an opening of the
reticle blind 7 is imaged on the reticle R. An illumination

tion;

homogenizing optical system 2, the beam splitter 3, the

[0047] FIG. 8 is a diagram showing a liquid supply system
of FIG. 7;
[0048] FIG. 9 is a schematic structural vieW shoWing a
mechanism portion of a projection exposure apparatus of a

third exemplary embodiment of this invention;

optical system 9 is constituted by the above-described
variable attenuator 4, the mirror 5, the relay lens system 6,
the reticle blind mechanism 7, and the imaging lens system
8.

[0056]

In a circuit pattern region formed on the reticle R,

the image of the portion irradiated by the illumination light

[0049] FIG. 10 is a schematic structural vieW Which cuts
through a portion shoWing a mechanism portion of a pro

is imaged and projected onto a Wafer W coated by photo
resist (a substrate) (a photosensitive substrate or a photo
sensitive body) via a projection optical system PL having a

jection exposure apparatus of a fourth exemplary embodi
ment of this invention;

reduction projection magni?cation [3 and being both-side
telecentric. For example, the projection magni?cation [3 of

[0050]

FIG. 11 is an enlarged cross-sectional vieW shoW

ing members from a countermass 59 to an intermediate

member 55 of FIG. 10;
[0051] FIG. 12 is a schematic structural vieW that cuts
through a portion of a projection exposure apparatus of a

the projection optical system PL can be 1/4, 1/s, or the like, the
imaging side numeral aperture NA can be 0.7, and a diam
eter of a ?eld of vieW can be approximately 27-30 mm. The

projection optical system PL is a refractive system, but a
cata-dioptric system or the like also can be used. The reticle
R and the Wafer W also can be considered as ?rst and second

?fth embodiment; and

objects, respectively. In the folloWing explanation, a Z axis

[0052] FIG. 13 is a perspective vieW of the FIG. 12
exposure apparatus.

is de?ned to be parallel to an optical axis AX of the
projection optical system PL, an X axis extends in a direc
tion parallel to a paper plane of FIG. 1, and is perpendicular

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

to the Z axis, and a Y axis extends in a direction perpen
dicular to a paper plane of FIG. 1. When a projection
exposure apparatus of this example is a step and scan

First Embodiment

[0053] The folloWing explains a ?rst exemplary embodi
ment of this invention With reference to FIGS. 1-6. In this

embodiment, the invention is applied to a step and repeat
exposure type projection exposure apparatus such as a
stepper or the like, and to a step and scan exposure type
projection exposure apparatus such as a scanning stepper or
the like.

[0054] FIG. 1 is a block diagram of different functional
units Which constitute a projection exposure apparatus of
this embodiment. In FIG. 1, a chamber in Which the pro

jection exposure apparatus is located, is omitted. In FIG. 1,
a laser light source 1 is provided. The laser light source 1 can
be a KrF excimer laser (Wavelength 248 um) or an ArF

excimer laser (Wavelength 193 um), for example. The light
source also could be a device Which radiates an oscillating
laser beam in an ultraviolet range such as an F2 laser

(Wavelength 157 nm), a device Which radiates a harmonic
laser beam in a vacuum ultraviolet range Which can be

obtained by Wavelength-converting a laser beam in a near
infrared range supplied from a solid-state laser light source
(YAG or a semiconductor laser, or the like). A mercury

exposure type, a direction (Y direction) along the Y axis is
a scanning direction of the reticle R and the Wafer W during
scanning exposure, and the illumination region on the reticle
R becomes an elongated shape extending in a direction Qi
direction) along the X axis, Which is a non-scanning direc
tion.

[0057]

Furthermore, the reticle R Which is arranged on an

object surface side of the projection optical system PL is
held by vacuum pressure to a reticle stage RST (mask stage).
In the case of a step and repeat exposure type, the reticle
stage RST (micro-moving mechanism) is micro-moved on a
reticle base (undepicted) in a rotation direction about the X
and Y directions and in the Z axis direction, in addition to in
the X and Y directions, so as to position the reticle R.
MeanWhile, in the case of the scanning exposure apparatus,
the reticle stage RST (stage) is moved at a constant speed at
least in the Y direction (scanning direction) via an air
bearing on a reticle base (undepicted). The moving coordi

nate position (the positions in the X and Y directions, and the
rotation angle about the Z axis) of the reticle stage RST is
successively measured by a moving mirror Mr ?xed to the
reticle stage RST, a reference mirror Me ?xed to the upper

portion side surface of the projection optical system PL, and

discharge lamp, or the like, Which is often used in this type

a laser interferometer system 10 arranged opposite to these

of exposure apparatus also can be used.

mirrors. The laser interferometer system 10 includes a laser

[0055] Illumination light for exposure (exposure light) EL
as an exposure beam from the laser light source 1 irradiates
a reticle blind mechanism 7 With a uniform irradiation

distribution via a homogenizing optical system 2, Which is
constituted by a lens system and a ?y’s eye lens system, a
beam splitter 3, a variable attenuator 4 for adjusting a light
amount, a mirror 5, and a relay lens system 6. The illumi
nation light EL Which is restricted to a predetermined shape
(e.g., a square shape in a step and repeat exposure type, and
a slit shape in a step and scan exposure type) by the reticle
blind mechanism 7 is irradiated onto a reticle R (a mask) via

interferometer main body portion 1011, a beam splitter 10b
Which divides the laser beam into a beam for the moving
mirror Mr and a beam for the reference mirror Me, and a
mirror 100 Which supplies the laser beam to the reference

mirror Me. Furthermore, the moving mirror Mr, the refer
ence mirror Me, and the laser interferometer system 10
actually constitute at least a uniaxial laser interferometer
system in the X direction, and a biaxial or a triaxial laser
interferometer system in the Y direction.

[0058] Furthermore, the movement of the reticle stage
RST is performed by a driving system 11 comprised of a

US 2008/0068568 A1

linear motor, a micro-moving actuator, or the like. The
measurement information of the laser interferometer system
10 is supplied to a stage control unit 14, and the stage control
unit 14 controls the driving system 11 based on the control
information (input information) received from a main con
trol system 20 comprised of a computer Which controls the
operation of the entire device, and the measurement infor
mation.

[0059] MeanWhile, the Wafer W arranged on the image
plane side of the projection optical system PL is adsorbed
and held on the Wafer stage WST (substrate stage) via an
undepicted Wafer holder. In the case of the step and repeat
exposure type, the Wafer stage WST is step-moved in the X
and Y directions via an air bearing on a Wafer base (unde

picted). In the case of the scanning exposure type, the Wafer
stage WST can be moved at a constant speed at least in the

Mar. 20, 2008

measurement accuracy of the laser interferometer system 12
is improved. Additionally, a plurality of air ducts 16 also can

be provided.
[0061] In FIG. 1, the movement of the Wafer stage WST
is performed by a driving system 13 comprising an actuator
such as a linear motor, a voice coil motor (VCM), or the like.
The measurement information of the laser interferometer

system 12 is supplied to the stage control unit 14, and the
stage control unit 14 controls the operation of the driving
system 13 based on the measurement information and the

control information (input information) received from the
main control system 20.

[0062] Additionally, the Wafer stage WST is moved to
control its position (focus position) in the Z direction of the
Wafer W, by a Z-leveling mechanism Which also controls an
inclination angle about the X and Y axes. Furthermore, an

Y direction at the time of scanning exposure, and is mounted

oblique incident type multi-point autofocus sensor (23A,

on a Wafer base (undepicted) via an air bearing so as to be

23B) is ?xed to the measurement mount 15 of the loWer side

step-moved in the X and Y directions. The moving coordi
nate position (the positions in the X and Y directions, the
rotation angle about the Z axis) of the Wafer stage WST is
successively measured by a reference mirror Mf ?xed to the

surface of the projection optical system PL. The oblique
incident type multi-point autofocus sensor (23A, 23B) is
composed of a projection optical system 23A Which projects

loWer portion of the projection optical system PL, a moving
mirror MW ?xed to the Wafer stage WST, and a laser

interferometer system 12 arranged opposite to these mirrors.
The laser interferometer system 12 includes a laser interfer

ometer main body portion 12a, a beam splitter 12b Which
divides a laser beam into a beam for the moving mirror MW
and a beam for the reference mirror Mf, and a mirror 120
Which supplies a laser beam to the moving mirror MW. The

moving mirror MW, the reference mirror Mf, and the laser
interferometer system 12 actually constitute at least a
uniaxial laser interferometer system in the X direction, and
a biaxial or a triaxial laser interferometer system in the Y

direction. Furthermore, the laser interferometer system 12 is
further provided With a biaxial laser interferometer for
rotation angle measurement about the X and Y axes.

[0060] The laser interferometer system 12 (laser interfer
ometer) can be considered as one sensor for measuring a

positional relationship betWeen the projection optical system
PL and the Wafer stage WST as a predetermined member.
The laser interferometer system 12 is ?xed to the bottom
surface of a measurement mount 15 (measuring unit) Which
is an annular ?at plate-shaped member arranged on the

loWer portion side surface of the projection optical system
PL. Furthermore, in order to reduce ?uctuation (?uctuation
in an index of refraction) of air on the optical path of the
laser beam to be supplied to the moving mirror MW and the
reference mirror Mf from the laser interferometer system 12,
an air duct 16 having ?exibility is ?xed to the measurement
mount 15. As shoWn in FIG. 2, the air duct 16 extends
substantially parallel to a column 33A, one side of an upper
portion column 34, and a Wire 35B. Gas such as highly clean
air at a controlled temperature and humidity is supplied from
a small air conditioning device 17 (see FIG. 2), and the gas

is supplied to the optical path of the laser beam of the laser
interferometer system 12 by a local doWn?oW method.
Furthermore, in order to couple a portion of the air duct 16
With the Wire 35B, a ?xed mount 16M (support member) is
arranged in the vicinity of a movable portion of the Wire
35B. A local gas ?oW system is constituted of the small air
conditioning device 17 and the air duct 16. By so doing, the

a slit image onto a plurality of measurement points on the

surface of the Wafer W, and a light receiving optical system
23B Which detects the information relating to the horizontal
shift amount of the image in Which these slit images Were

re-imaged by receiving the re?ected light from the surface,
and supplies this information to the stage control unit 14.
The stage control unit 14 calculates a defocus amount from

the image plane of the projection optical system PL in the
plurality of measurement points by using the information of
the horizontal shift amount of the slit image, and drives the

Z leveling mechanism Within the Wafer stage WST by the
autofocus method so that the focus amount is maintained

Within predetermined control accuracy at the time of expo
sure. A detailed structure of one type of an oblique incident

type multi-point autofocus sensor is disclosed in, e.g., Japa
nese Laid-Open Patent Application l-253603.
[0063] Furthermore, the stage control unit 14 includes a
control system on the reticle side Which optimally controls
the driving system 11 based on the measurement information
received from the laser interferometer system 10, and a
control system on the Wafer side Which optimally controls
the driving system 13 based on the measurement informa
tion received from the laser interferometer system 12. If the

projection exposure apparatus of this example is a scanning
exposure type, When the reticle R and the Wafer W are

synchronously scanned at the time of scanning exposure,
both control systems coordinate and control the respective
driving systems 11 and 13. Furthermore, the main control
system 20 mutually communicates With the respective con
trol systems in the stage control unit 14 With respect to
parameters and commands, and the respective control sys
tems in the stage control unit 14, and optimally performs
exposure processing in accordance With a program desig
nated by an operator. Because of this, an undepicted opera
tion panel unit (including an input device and a display
device) is provided, and forms an interface betWeen the
operator and the main control system 20.
[0064] Furthermore, at the time of exposure, it is desirable
to align the reticle R and the Wafer W in advance. Therefore,
in the projection exposure apparatus of FIG. 1, a reticle
alignment system (RA system) 21 Which sets the reticle R at
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a predetermined position, and an off-axis type alignment

that position shifting is not generated, thus the thin, long

system 22 Which detects a mark on the Wafer W are

cylindrical columns 33A, 33B, 33C slant inWardly to some
degree as shoWn in FIG. 2 (rather than being perfectly

provided. The alignment system 22 (mark detection system)
is ?xed to the measurement mount 15. The multi-point

autofocus sensors (23A, 23B) and the alignment system 22
can be considered as one sensor Which measures the posi

tional relationship betWeen the projection optical system PL
and the Wafer stage WST or the Wafer W (predetermined

member).
[0065] Furthermore, When the laser light source 1 is an
excimer laser light source, a laser control unit 25 Which is

controlled by the main control system 20 is provided. Laser
control unit 25 controls modes (one pulse mode, burst mode,
Waiting mode, or the like) of pulse oscillation of the laser
light source 1, and controls a discharging high voltage of the
laser light source 1 in order to adjust an average light amount

of the pulse laser light to be radiated. Furthermore, a light
amount control unit 27 controls a variable attenuator 4 in
order to obtain an appropriate exposure dose based on the

signal received from a photoelectric detector 26 (integrator
sensor) Which receives part of the illumination light divided

by the beam splitter 3, and sends intensity (light amount)
information of the pulse illumination light to the laser
control unit 25 and the main control system 20.
[0066] Additionally, in FIG. 1, in the case of a step and
repeat exposure type apparatus, an operation Which, in the
presence of the illumination light IL, projects a pattern of the
reticle R onto one shot area on the Wafer W via the

projection optical system PL, and an operation Which step
moves the Wafer W via the Wafer stage WST in the X and
Y directions are repeated by a step-and-repeat method.
MeanWhile, in the case of a scanning exposure type appa
ratus, according to the scanning exposure operation, a pat
tern image of the reticle R is transferred to the shot area, in
a state in Which irradiation of the illumination light IL to the

reticle R is provided, the image Which passed through part
of the pattern of the reticle R of the projection optical system
PL is projected onto one shot area on the Wafer W, and, using

projection magni?cation [3 of the projection optical system
PL as a speed ratio, the reticle stage RST and the Wafer stage

WST are synchronously moved (synchroniZed scanning) in
the Y direction. Then, by repeating the operation in Which
irradiation of the illumination light IL is stopped and the
Wafer W is step-moved in the X and Y directions via the
Wafer stage WST and the above-mentioned scanning expo
sure operation, the pattern image of the reticle R is trans
ferred onto all of the shot areas on the Wafer W by a

vertical). The three columns 33A-33C are arranged so that
the spacing betWeen their upper portions is more narroW
than the spacing betWeen their loWer ends, and a substan

tially triangle frame-shaped upper column 34 is ?xed on the
top surfaces of the columns 33A-33C. A column structural
body comprised of the columns 33A-33C and the upper
column 34 corresponds to a frame Which suspends the

projection optical system PL.
[0069] That is, the projection optical system PL is
arranged Within a space surrounded by the columns 33A

33C, and the ?ange 18 (support member) is integrally ?xed
to the projection optical system PL so as to substantially
surround the side surface of the center in the Z direction of

the projection optical system PL. The ?ange 18 can be
integrated With a lens barrel of the projection optical system
PL. Additionally, one end of coil springs 36A, 36B, 36C
(vibration isolation portions), Which are identical to each
other, is ?xed to the respective center portion of each of the
three pieces of the upper column 34. The ?ange 18 is
coupled to the other end of the coil springs 36A, 366B, 36C
via Wires 35A, 35B, 35C, Which are identical to each other
and made of metal. The Wire 35A and the coil spring 36A
correspond to one coupling member. In the same manner,
other Wires 35B, 35C and coil springs 36B and 36C corre

spond to tWo other coupling members. These coupling
members are substantially parallel to each other and parallel
to the Z axis. In this example, the direction (-Z direction)
toWard the ?oor surface is a vertical direction, and a plane

@(Y plane) perpendicular to the Z axis is a substantially
horiZontal plane. Therefore, from the upper column 34, the
projection optical system PL and the ?ange 18 are suspended
and supported via the three coupling members.
[0070] In this case, the optical axis of the projection
optical system PL is parallel to the Z axis, and the charac
teristic frequency of the coupling members of this example
is loWer in the direction perpendicular to the optical axis
than in the direction parallel to the optical axis of the
projection optical system PL. The coupling members vibrate
like a pendulum in a direction perpendicular to the optical
axis, so if the length in the Z direction of the coupling

members is L, and the acceleration constant is G (=9.8 m/s2),
as shoWn beloW, the longer the length L becomes, the loWer
the characteristic frequency fg in the direction perpendicular
to the optical axis becomes.

step-and-scan method.
[0067] The folloWing explains the details of a structure of
the mechanism portion of the projection exposure apparatus
of this example of the invention. This mechanism portion
also can be considered as a projection optical device pro

vided With a projection optical system PL. The folloWing
explains When the projection exposure apparatus of this
example is a step and repeat exposure type.
[0068]

FIG. 2 shoWs a schematic structure of the mecha

nism portion of the projection exposure apparatus of this
example. In FIG. 2, short cylindrical seats 32A, 32B (the
third seat, 32C, is undepicted) are arranged at three locations

1

[0071] The loWer the characteristic frequency fg becomes,
the better the vibration isolation performance capability
(capability Which prevents vibration of the ?oor from being
transmitted to the projection optical system PL) in the
direction perpendicular to the optical axis of the projection
optical system PL becomes. Thus, in order to improve the
vibration isolation performance capability, the longer the
length L of the coupling members becomes, the better.
HoWever, on the other hand, in order to stably support the

located at the vertices of a triangle on the ?oor surface. Long
columns 33A, 33B, 33C are located on the respective three

projection optical system PL, it is preferable that the ?ange

seats 32A, 32B, 32C. The columns are arranged in a state so

18 Which is suspended by coupling members should be ?xed

