
I  DESCRIPTION OPTICAL PROPERTY MEASUREMENT APPARATUS
AND OPTICAL  PROPERTY MEASUREMENT METHOD, EXPOSURE
APPARATUS AND  5 EXPOSURE METHOD, AND DEVICE
MANUFACTURING METHOD  TECHNICAL FIELD The present invention
relates to optical property  measurement apparatuses and optical property
measurement  10 methods, exposure apparatuses and exposure
methods, and device manufacturing methods, and more particularly to an
optical property measurement apparatus and an optical  eroce..ty
measurement method that. measures optical properties  of an optical
system to be examined, an exposure apparatus 15 that is equipped with
the optical property measurement  apparatus and an exposure method in
which the optical croperty  measurement method is used, and a device
manufacturing method  in which the exposure method is used. 20
BACKGROUND ART (:onventionally, in a lithography process for
manufacturing electron devices such as semiconductor devices
'integrated ci-c'uits) and liquid crystal d-splay devices, a  projection
exposure apparatus that transfers an image of a 25 pattern of a mask or a
reticle (hereinafter generally referred  to as a `reticle') to each shot area on
a photosensitive  substrate such as a wafer or a glass plate coated resist
(photosensitive agent) (hereinafter referred to as a  'substrate' or 'wafer')
via a projection optical system is 2  used. As this type of crojection.
exposure apparatus,  conventionally a reduction projection exposure
apparatus by  



a step-and-repeat method (the so-called stepper) has been  mainly used,
however, recently, a projection exposure 5 apparatus by a step-_and-scan
method (the so-called scanning  stepper) that performs exposure while
synchronously scanning  a reticle and a wafer is gathering attention. In
such a projection exposure apparatus, l.t is required  to transfer a finer
pattern with a high resolution to cope  10 with higher integratior. of
semiconductor devices and the like. As a method to achieve this aim, the
so-called super-resolution  technology such as annular (ring-shaped)
illumination,  bipolar illumination and ^.ua rupole illumination, and the  like,
which improve the resolution by setting an incident angle !5 of illumination
light to a reticle t-(.) a predetermined angle,  has come into practical use.
Further, an attempt to improve the resolution and a depth  of focus by
optimizing a polarization state of um ration  light in accordance with an
array direction of patterns on 20 a reticle has been also proposed. This
method is a method in  which contrast of a transferred image and 1----e
like are improved  by making a polarization direction of a linearly polarized
illumination Iicht be a direction orthogonal to a pe-' odic  direction of the
patterns (a direction parallel to a 25 -`longitudinal direction of the pattern)
(e.g. Ncn-patent  locument 1;. Also, as another method, in annular
illumination, an  attempt to improve the resolution, contrast of a projected
image and the 'like by making a polarization direction of 3 illumination light
in an area where the illumination light  is distributed within a _upil plane of
a^, illuminati-o r. optical  



system coincide with a circumferential direction ,D-' & circle  having an
optical axis as its center has been made (e.g. refer  5 to Patent Document
1). In this manner, in the case the resolution and contrast  of a projected
image and the like are improved by optimizing  a polarization state of
illumination light, it is preferable  to confirm the polarization state of the
illumination light. 10 In this case, a method for measuring the polarization
state  of the illumination light on a plane conjugate with a pupil.  plane of
an illumination optical system can be considered.  However, in this
method, various optical properties of the  illumination optical system and a
projection optical system 15 such as a size, a shape and a position of
illumination need  to be measured, and therefore a proposal of a
comprehensive  measurement method is expected. Further, in the case a
polarization direction of  illumination light is set so as to be different at
different  20 posit ons wirhin -nn- pupil plane cf the illumination optical
system, the propagating velocity of the illumination light  is different
depending on the polarization direction due to  anisotropic nature of an
optical element constituting a part  of the ro ection op- I y s stP_r ,, and
the - =_ke. Accordingly, even when the illumination light passes through
the same projection optical system, a wavefront of the illumination  light
via the project on optical system is different depending  on the polarization
direction of the illumination light. Thus,  since some of various optical
properties of the illumination 4  optical system and the projection optical
system are not  completely independent, a measurement method of
optical  properties in which these dependencies are taken into  



consideration s expected he offered. Non-patent Document: ^hirno-'.y A.
Brunner, et al. : "High  NA Lithographic imaging at Brev.ster's a;g-e", SPIT
(USA?  Vol.4691, pp.1-24 (2002) Patent Document: Koka-. (Japanese
Unexamined Patent  Application Publication) No. 6-0537-20
DISCLOSURE OF INVENTION MEANS FOR SOLVING THE
PROBLEMS The present invention has been made jr consideration of  the
situation described -above, and according to a fi -rst aspect  15 of the
present invention, there is provided a first optical  properrty measurement
apparatus that meas-,res optical properties of an optical system to be
examined, the apparatus  comprising: an incidence optical system on
which a light via  the optical system to be examined is incident; an optical
unit 20 that has a first opt=cal system that converts the light  incident. on
the incidence optical system into first  measurement light in order to
measure a first optical property  among the optical properties of the optical
system tc be  examined, and a second optical system that converts the
light 25 incident on the incidence optical system into a second
measurement light in order to measure a second optical property  among
tree optical properties of the optical system to he  examined; and a
photodetector that receives the first  measurement light or the second
measurement light, or both. a With this apparatus, the first and second
optical  properties can be measured separately or in parallel from
light-receiving results at the photodetector that receives  the first
measurement ..ight. or the second measurement light, 



5 or both. Further, since the common photodetector can be used  to
measure the first and second oot.'-cal properties, the  apparatus
conf:_guration can he reduced _n size and weight. According to a second
aspec- of the present invention,  there is provided a second optical.-
property measurement  10 apparatus that measures optical properties of
an optical  system to be examined, the apparatus comprising: a
polarization measurement instrument chat measures a  polarization state
of a light vi.a the optical system to be  examined; and an optical property
measurement instrument that 15 measures at '-east one optical property
among the optical  properties of the optical system to be examined. With
this apparatus, the polarization state oftheliaht  via the opt -cal system to
be examined and at least one (,pt-ca-- property out of the optical
properties of the optical system  20 to be examined can be measured.
According to a th-rd aspect of the present invention,  there is provided an
exposure apparatus that projects an image  of a predetermined cattern on
a photosensitive o_o;:ec t;h,e  apparatus comprising: an illumi nation
optical system that 25 ~jluminates the predetermined pattern with an
illumination  light; a projection optical system that projects the.
illumination light via the p'rede-ermined pat-ern on the  photosensitive
object; a stage that comprises any one of the  firs'- and second optical
props;-rty measurement apparatuses of 6  the present invention; and an
adjustment mechanism that  adjusts an optical property of the illumination
optical  system or an optical property of the projection optical  system, or
both, based on a measurement result of the 



5 optical property measurement apparatus. Since this exposure apparatus
comprises the adjustment  mechanism that adjusts an optical property of
the  illumination optical system or the projection optical  system, or both
using a measurement result of any one of 10 the first and second optical
property measurement  apparatuses, the optical property can be adjusted
with good  accuracy, and as a consequence, highly-accurate exposure
can be achieved. According to a fourth aspect of the present invention,  15
there is provided an optical property measurement method in  which
optical properties of an optical system to be examined are measured, the
method comprising: a first  process in which a first optical property among
the optical  properties of the optical system to be examined is 20
measured; a second process in which the first optical  property of the
optical system to be examined is adjusted  based on a result of the
measurement; and a third process  i.n which a second optical property
among the optical  properties of the optical system to be examined is
measured 25 after the first optical property of the optical system to  be
examined is adjusted. With this method, the first optical property of the
optical system to be examined is measured in the first  process, and after
the first optical property is adjusted 30 based on a result of the
measurement in the second process,  the second optical property that
changes in accordance with  the first optical property is measured in the
third process.  In this manner, even when the second optical property is 7



dependent on the first optical property, the second optical  property can be
measured with good accuracy after the  adjustment of the first optical
property. According to a fifth aspect of the present invention,  5 there is
provided an exposure method, comprising: a  measurement process in
which an illumination optical system  that illuminates a predetermined
pattern with an  illumination light or a projection optical system that
projects the illumination light via the predetermined 10 pattern on a
photosensitive object, or both is/are made to  be an optical system to be
examined, and an optical  property of the illumination optical system or the
projection optical system, or both is/are measured using the optical
property measurement method of the present  15 invention; an adjustment
process in which the optical  property of the illumination optical system or
the optical  property of the projection optical system, or both is/are
adjusted using a result of the measurement; and an exposure  process in
which the photosensitive object is exposed with 20 an image of the
predetermined pattern, after the adjustment.  With this method, after an
optical property of at  least one of the illumination optical system and the
projection optical system is measured using the optical  property
measurement method of the present invention and 25 the optical property
of at least one of the illumination  optical system and the projection optical
system is  adjusted using a result of the measurement, the  photosensitive
object is exposed with an image of a  predetermined pattern, and
therefore, exposure with high  30 accuracy can be achieved. 



Further, in a lithography process, a fine pattern can  be formed on a
photosensitive object with good accuracy by 8  forming the pattern on the
photosensitive object in the  exposure method of the present invention,
which makes it  possible to manufacture microdevices with higher
integration with good yield, Accordingly, it can also be 5 said from another
aspect that the present invention is a  device manufacturing method in
which the exposure method of  the present invention is used. The device
manufacturing  method includes a lithography process wherein in the
lithography process, a pattern is formed on a 10 photosensitive object in
the exposure method according to  the present invention. BRIEF
DESCRIPTION OF THE DRAWINGS FIG. 1 is a view showing a
schematic configuration of  15 an exposure apparatus 100 in an
embodiment of the present  invention. FIG. 2 is a planar view of a
polarization conversion  unit. FIG. 3A is a view showing a datum direction
in a  20 polarization conversion member with annular illumination.  FIG.
3B is a view showing a polarization direction of a light converted by the
polarization conversion member  with annular illumination. FIG. 4A is a
view showing a datum direction in a 25 polarization conversion member
with quadrupole illumination.  FIG. 4B is a view showing a polarization
direction of  a light converted by the polarization conversion member  with
quadrupole illumination. 



FIG. 5 is a planar view of an illumination system  30 aperture stop plate. 9
FIC. 6 is a view showing a configuration of an optical  property
measurement apparatus. FIG. 7 is a view showing a configuration of a
polarization detection sy.sttem. 5 FIG. 8 is a view used to explain a
principle of polarized  illumination. F'G. 9 is a flowchart showing
processing of a main  controller 20 when exposure operations are
performed.  FIG. 10 -s a flowchart (No. I) showing measurement 10
processing of an optical property. FIG. I_ is a flowchart (No. 2) showing
measurement  processing of an optical property. FIG. 12 is a flowchart
(No. 3) showing measurement  processing of an optical property. is FIG.
13 is a view showing an example of a measurement  reticle. FIG. 14A is a
view showing an optical arrangement when  wavefront aberration is
measured. FIG. 14D is a view showing an optical arrangement when  20 a
pupil image is measured. FIG. 15 is a view showing an example of a
measurement  result obtained when measuring a polarization state. FT"'.
16 is a view showing an example of an imaging result  of a pupil image. 25
FIG. 17 is a view showing a configuration of a modified  example of an
optical property measurement apparatus. FIG. 18 is a view showing an
example of a configuration  



of an property meas remen apra u_ ~s ithe case when  the present
invention is applied to a liquid immersion exposure 10  apparatus. BEST
MODE FOR CARRYING OUT THE INVENTION An embodiment of the
present invention wi :l he described  5 below, referring to F7%. I to 16.
FIG. 1 schematically shows the entire configuration of  an exposure
apparatus 100 that is suitable for carrying cut  an optical property
measurement method related to the  embodiment of the present. nvention.
Exposure apparatus ?00 10 is a projection exposure apparatus by a
step-and-scan method  (a scanning stepper (which is also called a
scanner_)). As is shown in FIG. I, exposure apparatus 100 'a equipped
with an illumination system that includes a light source 1  and an
illumination optical system 12, a reticle stage RST 1 that holds a reticle R;
a p ec:'~.-Cn optical system Pt, a wafer  stage WST on which a wafer W is
mounted, a main controller  20 that has overall control over the entire
apparatus, and  the like. As light source I , in this case, an ArE (argon
fluoride)  20 excimer laser light source (output wavelength: 193nm) i s
used.  At light source 1, a laser beam (an illumination light) having  a
linearly polarized light as a main component is generated  by narrowing
bandwidth or selecting a wavelength, or both,  and is output. 25 In actual,
light source 1 is arranged in a service room  having a lower degree of
ceanl_ness, which is separate from  a clean room where a chamber (not
shown) in which illumination  optical system 12, reticle stage RST,
projection optical  



system PL, wafer stage WST, and the like are housed. Light I 1. source 1
is connected to the chamber via a light transmitting  optical system (not
shown), which includes at least an optical  system for optical axis
adjustment called a beam, matching an _t  (BMU) in a part of its system.
Light source 1 controls the  5 or./off of the output of laser beam LB, the
energy of laser beam. LB per pulse, the oscillation frequency (the
repetition  frequency) , the center wavelength and the spectral line half
width, and the like by an internal control ter, based on control  information
from main controller 20. 10 Illumination optical system
12co_mpr'_sesauylinde;~lens,  beam expander, a polarization control unit
2, a zoom optical  system, a diffractio optical element unit, a coia:rization
inversion unit 3, and an optical integrator (homogeni.z.er.)  5, an r
_'um_nazion system aoert'ure stop plate 6, a f_rst re' ay 15 lens 8A, a
second relay le- -is 8B, a fixed reticle blind 9A and  a movable reticle blind
9B, an optical path. deflecting mirror  M, a condenser lens 10, and t_he
like. Of these components,  the cylinder ler_s, the beam expander, the
zoom optical system  and the diffraction optical element unit are omitted in
FTC". 20 1 . In this case, as optical integrator 5, a fly-eye lens, an  internal
reflection type integrator (a rod integrator or the  like) , a diffractive optical
element or the like can be used.  In the embodiment, a fly-eye lens is
used, therefore,  hereinafter it will also be referred to as 'fly-eye lens 5' 25
Illumination optica system 12 is connected to the light  transmitting optical
system described above via a light  cransmitt!ng window (n)t shown-). A
sectional shaoe of laser  



beam LB, which -tne pulsed light that is emitted from light  source 1 and is
incident via the light transmitting window, 12  is shaped using, for
example, the cylinder lens or the beam  expander. Polarization control unit
2 is equipped with a half wave  plate that is rotatable around a rotation
axis that coincides  5 with, for examp`I-e, an optical axis of illumination
optical system i2 (which is to coinc-de with an optical axis AX of  the
protection optica? system) When laser beam LB shaped as  described
above enters the half wave plate, the polarization  direction of the laser
'beam changes because a phase of a '0 component in a phase advance
axis direction advances a half  wavelength with respect to a phase of a
component in a direction  orthogonal to the phase advance axis direction.
S`nc- --he  change is determined by a rotation position of each o a
polarization direction of incident laser'beamLB and the phase 15 ao.vance
axis of the half wave plate, polarization control unit  2 can control the
polarization direction of emitted laser beam  LB by adjusting the rotation
position of the half wave plate.  The adjust.menL of _e rotation position of
the half wave plate  is perrormed by driving of a drive unit (not shown)
under  20 instructions of main controller_ 20. Incidentally, in the case
Laser beam LB emitted from  light source 1 is an elliptically polarized light,
polari zati.on control unit 2 may also be equipped N i':~h a quarter  wave
plate that is rotatable around a rotation axis that  25 c. incides with optical
axis AX of i' luminati-on optics' system 12, In addition to the half wave
plate. In this case, the  elliptically polari zed laser beam is converted into a
linearly  



polarized light by the quarter wave plate, and then the  polarization
direction thereof is adjusted by the half wave i3  plate. Further, at
polarization control unit 2, an element  that removes the polar=-zed nature
of laser beam LB can be placed  on an optical path of laser beam L3 so as
to be capable of  being inserted to and withdrawn from the optical path.
With 5 the element, in exosure apparatus 100, random polarized
illumination also becomes possible when illuminating reticle  p Laser
beam LB which polarization direction is adjusted  at polarization control
unit 2 passes "_i ough the zoom optical  10 system (net shown) made up
--he combination o a concave 'ens and a convex lens, and then enters
Lho diffraction optical  element unit (not shown) In the 3_'`ra Lion optical
element  unit, a plurality of phase ype di_ffracLivo optical elements
through which diffraction angles and directions of diffracted 15 lights are
different from one another are arrayed on a  turret like member. Any one
of the plurality of diffractive  optical elements is selectively placed on the
otical path  of the laser 'oearmm under instructions of main controller 20.
By switching a diffractive optical element to be placed on 20 the optical
path of laser beam LB, the sectional shape cf laser  beam LB can be a
desired shape. Normally, iron the viewpoint  of energy efficiency, a
diffractive optical element to he  placed on the optical path -s determined
in accordance with  the shape of the stop that is selected at illumination
system 21 aperture stop plate 6 ('_o be described later) . Tr this manner,
most part of laser beam: LB is condensed to an opening section  of
illumination system aperture stop plate 6, which is  



advantageous from the point of energy efficiency. Laser beam LB which
sectional shape is defined by a 14  diffractive- optical element placed on
the optical path enters  polarization conversion unit 3. _1.0. 2 shows a
planar view  of polarization conversion unit 3. As is shown in FIG. 2, in
polarization conversion unit 3, polarization conversion 5 members 3A and
3B, an opening member 3C and opening section  3D are placed
scbstantiaiiy eauiangularly. In FIG. 2, a  light-shielding section is indicated
by diagonal lines.  Polarization conversion unit 3 is rotated by driving of a
drive  unit 4 such as a motor that is coctro'led by a control signal l0 from
main con-roller 20, and polarization conversion members  3A or 313,
opening member 3C or opening section 3D is selectively  placed on the
optical path of laser beam 1B. Whim of  polarization conversion members
3A and 3B, opening member 3C  and opening section 3D is to be placed
on the optical 15 is determined in accordance with the stop of the
illumination  system aperture stop plate (to be described later) that is
placed on the optical path. FIGS. 3A and 3B show an example of
polarization  conversion member 3A arranged in polarization
convers1ononit  20 <. Polarization conversion member 3A-'s a member
that is p! aced on the optical path of laser beam LB under instructions  of
main controller 20 when an annular (ring-shaped)  illumination aperture
stop (to be described later) of  illumination system aperture stop plate 6 (to
be described 25 later)i_splaced on theopt icalpa`.h:. Polarization
conversion  member 3)i, is made up of half wave plates 3Aa, 3Ab, 3Ac,
3"d,  3Ae, 3Af, 3Aa and 3Ah made of birefringent materials such as  



a uniaxial crys-.al. As is shown in FIG. 3A, these half wave  plates are
placed adjacent to one another around optical axis 15  AX of illumination,
opti.ra .. system 12 as the center. Half wave  plates 3Aa to lAh are held by
a holding member that is placed  outside the optical path of laser beam
LB. At half wave plates 3Aa to 3Aa, a direction, which makes  5 a phase
of a Ii.near_ly polarized light parallel to the direction  be shifted by a half
wavelength wish respect to a phase of  a linearly polarized light
perpendicular to the direction,  is to be a `datum direction' . In FIG. 3A, the
datum directions  are indicated by outline arrows. As is shown in FT-,. 3A,
at 10 half wave planes 3Aa to 3Ah, each datum direction is -n a  different
direction. Here, laser beam LB is assumed to be a  linearly polarized ;:aht
that has a polarization direction  in an X-axis direc.-.ion (which is referred
to as an `H polarized  light'). In this case, the polarization direction of laser
15 beam LB that is converted by half wave plates 3Aa to 3Ah becomes
the direction as shown in FIG. 3B. In other words, the  polarization
direction of laser beam LB is converted by  polarization conversion
member 3A into a circumferential  direction (a tangent line direction) of a
circle having optical  20 axis AX as the center. FIGS. 4A and 4B show
polarization conversion member 32  arranged on polarization convcc-rsicn
unit 3. Polarization  conversion member 3B is Placed on the optical path
under  ins-,ructions of main controller 20 when a quadrupole 2 5
illumination aperture stop of illumination system aperture  stoop a:e 6 (_o
be described later) is placed On the opti_ca  oath. Polarization conversion
member 3B is equipped with half  



wave planes 3Ba, 3Bb, 33c and 3Bd made of birefr-ngent  materials
such.. as a uniaxia_ crystal. As is sown in FIG. 4 ',6  these half wave
plates are placed at predetermined spacing  around optical axis AX of
i]..].umination optical system 12 as  -he center. Half wave plates 3Ba to
33d are held by a  light-shielding member that is indicated by diagonal
lines. 3 LIG. 4A shows datum directions at half wave plates 3Ba  to 3Bd.
In this case, when laser beam LB is assumed to be the  H polarized light
(a linearly polarized 'light which  polarization direction is the X-axis
direction), a  :polarization direction of laser beam LB that is converted by
10 half wave plates 3Ba to 3Rd becomes the direction as shown  In FIG.
4B. In other words, the polarization direction of  laser beam LB is
converted by polarization conversion member  3rd so as to be a
circumferential. direction (a tangent line  direction) of a circle having
optical ax's AX as the center. 15 Referring back to FIG. 2, opening
member 3C has two  opening portions that correspond to a bipolar
illumination  aperture stop (to be described later) of ii....umination System
aperture stop plate 6 (Lo be described later), and opening  member 3C is
placed on the optical pat' of laser beam LB under 20 instructions of main
controller 20 in the case the bipolar  illumination aperture stop is placed on
the optical path of  illumination light IL. Further, opening section 3D has a
relatively large circular opening portion that corresponds  to a
conventional illumi.natJ oo aperture stop (to be described 25 later) of
illa-ninati_on system aperture stop plate 6 (to be  described l ater) , and
opening section 3:) is p] aced on the  optical path of laser beam LB under
instructions of it .ain  



controller 2C in the case the conventional illumination  aperture stop is
placed on the optical path of illumination 17  light IL. Referring hack to
FIG. 1, laser beam LB emitted from  polarization conversion unit 3 enters
fly-eye lens 5. In  order to illuminate reticle R with a uniform illuminance 5
distribution, du to incident laser beam LB, fly-eye lens 5  forms a surface
light source that is made up of multiple point  light sources (light source
images) on a focusing plane on  an exit s'_de of fly-eye lens 5 ,(which
substantially coincides  with a pupil plane of illumination optical system
12). 10 Here- -nafter, a laser beam that is em 'tted from this secondary
light source will be referred to as `Il umination light IL'.  In the vicinity of the
focusing plane on the exit side of fly-eye lens 5, illumination system
aperture stop plate  6 constituted by a discoid-shaped member is placed.
As is  15 shown in FIG. 5, on illumination system aperture stop plate  6,
for example, an annular aperture stop for annular illumination (a-annular
i_Ilumination aperture stop 6A) , and  a modified aperture stop for
modified illumination composed  of a plurality of openings disposed in an
eccentric arrangement 20 (a quadrupole _llum?..ration aperture stop 63,
and bipolar  illumination aperture stop 6C) , ar_ aperture stop composed
of  a convert, ona.ci__^crlar opening (a conventional illumination  aperture
stop 6D) and the like are placed substantially  equiangu1arly. 25 Illumina
ion-system. aver-.ure stop plats 5 is rotated by  driving of drive unit 7 such
as a motor that is control led  by a control signal from main controller 20
shown in FIG. 1,  



and any one of the aperture. stops is selective y set on the  optical path of
illumination light IL, so that the shape and 18  size of the secondary light
source (the light ouanti y  distribution of illumination light) on the pupil
plane is  limited to a ring, a large circle, four eyes or the like.  Incidentally,
in the embodiment, using l'-lumi.ation system 5 aperture stop plate 6, the
light quantity distribution of  illumination 'ight IL on the pupil plane of
illumination  optical system 12 (the shape and size of the secondary light
source) is changed, that is, an illumination condition of  reticle R is
changed. It is preferable, however, to suppress 10 light quantity loss due
to the change of the illumination  condition to the minimum by making
intensity distribution of  illumination light or an incident angle of ^.e
illumination  light on the incident plane of optical integrator (fly-eye  lens) 5
variable. Therefore, instead of, or combined with 15 illumination system
aperture stop plate 6, for exampi-e, a  configuration can be employed ir,
which an ootical unit --hall  includes at least one of a plurality of diffractive
optical  elements placed switchable on the optical path ofillumi_nation
optical- system 12, at least one prism. (such as a cone prism: 20 or a
polyhedral prism) movable along an optical axis of  illumination optical
system 12, and a zoom optical system is  placed between. light source 1
and ootical integrator (fly-eye  lens) 5. efer.-:r_ng back to FIg. 1, on the
optical path of  25 illumination light IL outgoing from illumination system
aperture stop plate 6, a relay optical system composed of a  first relay lens
8A and a second relay lens 8B-s placed, with  



a fixed reticle blind 9A and a movable reticle blind 9B disposed  in
between. 1.9  Fixed reticle blind 9A. is placed on a plane slightly
defocused _rom.a plane conjugate with the pattern surface of  reticle R,
and a rectangular opening is formed thereon that  defines an illumination
area on reticle R. In addition, in 5 :ne vicinity of fixed reticle blind 9A (a
plane conjugate with  the. pattern surface of reti.cIe R), movable reticle
blind 9B  is placed having an opening portion which position and width
are variable in directions respectively corresponding to a  scanning
direction (a Y-axis direction in this case) and a 10 non-scanning direction
(an X-axis direction) When scanning  exposure starts and ends, exposure
on an unnecessary part is  prevented by further restricting the illumination
area on  -reticle R via movable reticle blind 9B by control of main
controller 20. 15 on the optical path of illumination light IL in the rear  of
second relay lens 8B constituting the relay optical system,  deflecting
mirror -N )faced that reflects illumination light  It that has passed through
second relay lens 88 towards reticle  B, and in the rear of mirror M on the
optical oath of 20 il.lu,m-,ation light IL, condenser lens 10 is p' aced. In the
configuration described so far, the incident  surface of fly-eye lens 5, the
plane on which movable reticle  blind 93 is placed, and the pattern surface
of reticle B are  set optically conjugate with one another, while the 25
diffractive optical element of the diffraction optical  element unit (not
shown) , the polarization conversion member  of polarization co. version
unit ?, the focus- plane on the  



ex_L side of fly-eye lens 5 (the pupil plane of illumination  optical system
12) and the pupil plane of projection optical 2O  system FL are set
optically conjugate with one another.  Further, the pattern surface of reticle
R and the pupil plane  of projection optical system FL have a. relatior of
the Fourier  transform. 5 The operation of illumination optical system 12
having  such a configuration will now be briefly described. Laser  beam
LB, which is the pulsed light emitted from light source  1 enters fly-eye
lens 5 while the sectional shape of the beam;  is shaped, in a state where
the polarization direction within  10 the section is cefiood to a desired
direction by .:o.!. ar sat LOn  control unit 2 and polarization conversion unit
3. With L.'_-is  operation, the secondary light source described previously
is formed on the focusing plane on the exit side of fly-eye  lens 5. i5
Illumination light IL emitted from the secondary light  source described
above passes through any one of the aperture  stops on 1lluuminat-_on
system aperture stop plate 6, and then  passes through the rectangular
opening of fixed reticle blind  9A and movable reticle bind 9B via first relay
lens OA. "hen, 2C i,_lumi_nation fight I- passes through second relay lens
8B and  the optical path of illumination light IL is deflected  perpendicularly
downward by mirror iy, and then illumination  light IL illuminates the
rectangular illumination area on  reticle R held on reticle stage RST with a
uniform itluminance 25 distribution via condenser lens 10. On reticle stage
RST, ret-cle R is fixed by, for example,  



vacuum suction. In this case, reticle stage 5ST_s  drivable within an Xv
plane perpendicular to optical axis LX  of projection optica- system PT" by
a ret e drive system (not 21  shown) made up of a linear motor or the like
and is also drivable  a a designated scanning velocity in a predetermined
scanning  direction (the Y-axis direction) The position of reticle .stage RST
within a stage-moving  5 plane i s constantly detected at a resolution of,
for example,  around 0.5 to _ nm with a reticle laser interferometer
(hereinafter referred to as a `reticle interferometer') 16  via a movable
mirror 15. Position information (or velocity  information) of reticle stage
RST from reticle interferometer 10 -6 is sent. to main controller 20, and
main controller 20 moves  reticle ;tape RST via reticle stage drive system
(drawing  omitted) based on the position information (or velocity
information) Projection optical system PL is placed below reticle  15 stage
RST in FIG. I, and the direction of optical axis AX of  projection optical
system 52 is a Z-axis direction. Projection OptlCal system PL is, for
example, a bCitl-Slde telecentr_c reduction system, and includes a
plurality of lens  elements (not shown) having optical axis AX in the Z-axis
20 direction. in common. Further, as p-ojectior.: optical system PL, a
projection optical. system that has the projection  magnification (i of, for
example, 1/4, 1/5, 1/6 or the like  is used. Therefore, when the illumination
area on reticle R  s it urinated with illurnrnation light (exposure light) IL 25
as i_s described above, a pattern formed on -reticle R is  projected on a
slit-shaped exposure area on wafer W which  



surface is coated with re _st (ohotosonsitive agent) , as an  image
(partia]ly inverted image-) reduced by projection  magnification [3 by
projection optical system PL. 22  Incidentally, in the embodiment, of the
plurality of lens elements described above, specific lens elements 'for
example, predetermined five lens elements) are individually  movable.
Such movement of specific lens elements is performed 5 by drive
elements such as three piezo elements arranged per  each specific lens
element. That is, by separately driving  these drive elements, the specific
lens elements can  individually be moved in parallel along optical axis AX
in  accordance with a displacement amount of each drive element, 10 and
a desired tilt with respect to a plane perpendicular to  cot-cal axis AX. can
be added to the specific !ens elements  individually. In the embodiment, a
drive instruction signal  used to drive the drive elements described above
is cutout  by an image-forming characteristic correcton controller 51 15
based on instructions from -vain controller. 200, and the  displacement
amount of each drive element is controlled  according to the drive
instruction signal. In projection optical system PL having the configuration
described above, movemen. control of the lens elements by main  20
controller 20 via image-forming characteristic correction controller 51
makes -'L possible to adjust var.ct:s aberrations  (one of optical
properties) such as distortion, curvature of  field, astigmatism, comma,
spherical aberration and the like. Wafer stage ',,d T is placed on a base
(n.ofit. shown) below  25 projection optical system It in FIG. 1, and on the
upper surface  of wafer stage ,JST wafer holder 2`` s Iimun-'ted. :~ wafer
ho-id-i- 



25, wafer 'vi is fixed, for example, by vacuum suction or the  like. Wafer
stage '/I'ST is driven in a scanning direction (the 23  Y-axis direction) and
a non-scanning direct-on (the X-axis  direction) perpendicular to the
scanning direction by wafer  stage drive system 24 including a motor or
the like. !r'it_h wafer  stage WS,', a step-and-scan operation is carried out
in which S an operation for relatively scanning wafer W to reticle Pto
perform scanning exposure of each shot area on wafer W and  an
operation for moving wafer W to a scanning starting position  (acceleration
starting position) for exposure of the next shot  are repeated. 10 The
position of wafer stage WST w hin t:h.e XY plane is  constantly detected
with a resolution of, for example, around  0.S to 1 nm, by a wafer laser
interferometer (hereinafter  referred to as a `wafer interferometer' ) 10 via
movable mirror  1?. Position information. (or velocity -nformation) of wafer
15 stage WST is sent to main controller 20, and main controller  20
performs drive control of wafer stage WS'I via wafer stage  drive system
24 based on the position information (or_ velocity  information). Further,
wafer stage WST is finely driven also in the  20 Z'-axis direction, a Ox
direction (a rotation direction areind the X-axis: pitching direction), a ey
direction (a rotation  direction around the Y-axis: rolling direction) , and a
(c)z  direction (a rotation drection around the Z-axis: yawing  direction). In
addition, on ,, +Y side of wafer stage WiST, 25 optical property
measurement apparatus 90 (to be described  later) is arranged. 



An alignment detection system AS is placed on the side  surface of
projection optical system PL. In the embodiment,  an image forming
alignment sensor--ha- observes a street line 24  or a position detection
mark (a fine alignment mark) formed  on water W is used as alignment
detection system AS. '1'he  de -_ai'ed c onfiguration of aI gnlment
detection system AS is  disclosed in, for example, Kokai (Japanese
Unexamined Patent  Application Publication) Nc. 9-219354, and the
corresponding  U.S. Patent No. 5,859,707, and the like. The observation
results by alignment detection system AS are supplied to train  controller
20. As long as the national laws in designated  states (or elected states),
to which this international 10 application is applied, permit, the above
disc-osures of the  publication and the U.S. Patent are incorporated herein
by  reference. Further, in exposure apparatus 100 in FIG. 1, a  nulti_point
focal position detection system (21, 22) is 15 arranged that is one of focus
detection system (focal point  detection systems) by an oblique incident
method is arranged  and ased for detecting the position in the Z-axis
direction  (an optical axis AX direction) within the exposure area and  the
areas in the vicinity of the exposure area on the surface 20 of wafer W.
The detailed configuration of the must ,point  foca- position detection
system (21, 22) and the like are  disclosed jr., for example, Kokai
(Japanese Unexamined Patent  Appl-cation Publication) No. U-283403,
and 'she corresponding  U.S. Patent No. 5,448,332, and the like. The
detection 25 results by the multipoint focal position detection system (21,
22) a e supplied to main contr ller 2J. s long as the natona_  



laws in designated stales (or electec, sta..es), to which this  international
application is applied, permit, the above  disclosures of the publication and
the U.S. Patent are 25  incorporated herein by reference. Next, optical
property measurement apparatus 90  arranged at wafer stage V}ST will be
described. FIG. 6 shows  a model of components that are placed on th
upper surface  or the inside of housing of optical -roper _v measurement
apparatus 90 shown in F_G. 1. As is shown. in FIG. 6, optical  property
measurement apparatus 90 is equipped with a narking  plate 91, a
collimator opt=ical system 92, an optical system  unit 93 and a
photodetector 95. 10 Marking plate 91 is placed at a height position (a
Z-axis  direction posit-on) that is the same as. The surface of wafer  W
held on wafer stage WS'-1 so as to he orthogonal to optical  axis TAX ( I
refer to FIG. 1) On the surface of marking plate  91, a light-shielding film
also serving as a reflection film 15 is formed by vapor deposition of metal
such as chromium, and  a circular opening 91a is formed in a center
portion of the  -I'_ shi.eld.:,g =ilm. The light shielding film can shield
unnecessary light from entering collimator optical system 92  when
wavefront aberration of projection optical system PL is 2C measured. In
addition, on the periphery of opening 91a of the  light-shielding film, three
or more pairs (4 pairs in FIG.  6) of two-dimensional position detection
mark 9lh are formed,  of which a position relation with opening 91a is
known in design.  As two-dimensional position detection mark 91b, in the
25 embodiment, a cross mark is enp-Dyed. The cross mark can be
detected by alignment detection system AS. 



Collimator optical system 92 is placed below marking  plate 91.
Illumination light IL via opening 91a of marking  plate 91 is converted into
parallel beams in a vertical 26  downward directio; by collimator optical
system 92. On optical system unit 93, an opening section 97, a
mi_crclens array 98 and a polarization detection system 99 are  placed
spaced apart at a predetermined equal angle around a 5 predetermined
rotation axis. By the rotation of the rotation  axis, opening section 97,
mi_crolens array 98 or polarization  detection system 99 can be placed
selecl.iveiy on an optical  path (a position corresponding to an optical axis
AX1) of the  7 ght v 'a collimator optical system 92. The rotation of the 10
rotation axis is performed by a drive unit (not shown) under  instruction of
main controller 20. Opening section 97 makes the para-lelbeams emitted
from  collimator optical system 92 pass through directly. By  placing
opening section 97 on the optical path of illumination 15 light It,
photocetec_or 95 can measure a pupil image. In this  case, the pupil
image indicates a light source image formed  on a pupil plane of projection
optical system PL by the light  --cident on projection optical system PL via
a pinhole oatLern  (to be described later). Incidentally, openi_ngspot
ion97may 20 be equipped with a transmitting member that dir_ectiy
transmits  the parallel beams. Micrclens array 98 is configured of a
plurality of small  ense micro'enses) h~at.are disposed i1an array
arrangement.  within a plane orthogonal to the optical path. To be more 25
specific, microlens array 98 is an array in which multiple  square-shaped
microlenses having equal side lengths are  



densely arrayed in a matrix arrangement. Incidentally,  microlens array 98
is produced by performing etching  processing to a pla e pa'-a_'_e- glass
plate. At micro-Lens 27  array 98, each mic olens emits an image-forming
'beam of an  image via a pinhole pattern (no be described later) formed  at
opening 91a of marking plate 91. FIG. 7 shows a model of an opt'-cal
configuration of  polarization detection system 99. As is shown in FiG. 7,
polarization detection system 99 is equipped with a quarter  wave plate
99A and a polarization beam sputter 993. incidentally, polarization beam
splitter 992, is originally  used to branch a beam into two beams in
accordance with a  10 polarization direction. However, in this case,
polarization beam splitte.r 998 operates to make only a polarization
component in a specif-c direction pass througl-h, and therefore  FIG. 7
shows such an operation. In FIG. 7, quarter wave p-date  99A and
polarization beam splutter 998 are arranged rotatable 15 around collinear
rotation axes. Their rotation positions can  be controlled by driving of a
drive unit (not shown) under  ins'truct'ions of main controller 20.
Accordingly, relative  rotation positions of quarter wave plate 99A and
polarization  beam sputter 99B can he adjusted by main controller 20. The
20 parallel beams emi--ed from collimator optical system 92 pass  through
quarter wave plate 99A and polarization beam solitter  998. Photodetector
95 is configured of a light-receiving  element (hereinafter referred to as a
95a made up of  25 a two-dimensional CCD or the like, an electric circuit
95h such as charge-transfer control circuit, and the like. CCD  



95a has an area 'large enough for receiving all beams that enter
collimator optical system 92 and are emit-ed from micro'_ens  array 98.
Further, CCD 95a has a light--receiving surface on 28  a plane, which is
an image-forming plane on which an image  of the p?nhole pattern (to be
described later) formed at  opening 91a is formed again by each microlens
of microlens  array 98, and is optically conjugate with the formation plane
5 of opening. 91a. In additic^., the light-receiving surface is  located on a
pane ,lightly deviated from a plane conjugate  with a pupil plane of
projection opt'-cal system PL, when  opening section 97 is placed on the
optica path described  above. 10 ma i_ncontrcller20 includes the so-called
microcomputer  (or workstation) that is cons-it'.;ted by a CPU (Central
Processing Unit), an internal memory such as ROM (Read Only  Memory)
and RAM (Random Ac --ss Memory) , and the like, and the  overall control
of exposure apparatus 100 is realized by the 15 CPU executing the
program loaded on the internal memory (RAM) .  The principle of
polarized illumination that can be used  in exposure apparatus 100 will be
briefly described next,  referring to FIG. 8. FIG. 8 shows a model of a
relation between  a pupil plane of illumination optical system 12 and reticle
2C R. Other components of illumination optical system 12 are  omitted in
the drawing. Further, a line-and-space pattern  (hereinafter referred to as
an `L/S pattern') having  periodicity in the X-axis direction and an L/S
pattern having  periodicity In the Y-axis direct,, on areassumed to be
formed  25 on reticle R. FIG.8shows a state where .annular illumination
aperture  



stop 6R of 1 1 1 uminat_on system aperture stop plate 6 i s placed  on the
optical path of illumination light TL u..nder inatructicns  of main con-roller
20. Further, ?_t _s assumed that 29  polarization control unit 2 sets a
polarization direction of  aser beam -,1 as H. polarized I i ht a polarized
light having  a polarization direction in the X-aids direction) and
polarization conversion member 3A of polarization conversion 5 unit 3 is
placed on the optical path of laser beam LB. With  this arrangement, the
polarization direction of illumination  light '_L that passes through annular
illumination aperture  stop 6A is def-ned so as to be a circumferential
direction  of a circle 'paving optical axis AX as the center, as is shown io in
FIG. 8. 'Thus, illumination light TL enters reticle R at  a predetermined
angle inclined from an incident angle 4) as  the center. The value of sine
of thcs incident angle 4 is  proportional to a distance from optical axis AX
of illumination  optical system 12 to the center position of an annular
opening 15 section (hereinafter referred to as an 'anrri.)Iar area'). In the
case illumination light IL is a linear-j-7 polarized  light that is roughly
parallel, to a circumferential direction  of the annular area on the pupil
plane of the illumination  optical system, illumination light IL becomes an S
polarized 20 light with respect to reticle R as is shown in FIG. 8. The  S
polarized light in this case has the same meaning as the  S polarized light
generally defined in the optics, arid  indicates a polarized light which
polarization direction is  perpendicular to a lane including a propagating
direction 25 of illumination light IL and a normal line with respect to  reticle
R. When reticle R is i.llum_-ated with such an incident  



orientation (incident angle 4) and the polarization state),  it becomes
possible to improve contrast and the like of an  image of the LVS pattern
projected via projection optical. 30  system PL. Incidentally, the reason is
disclosed in Kckai  (Japanese Unexamined Patent Application
Publ-cation) No.  06-053120, the Pamphlet of International Publication No.
WO  2004/051717, the corresponding U.S. Patent Application No. 5
11/140,103 and the like. As long as the national laws in  designated states
(or elected states), to which this  international application is applied,
permit, the above  disclosures of the publication, the Pamphlet, and the
U.S.  Patent Application are incorporated herein by reference. 10 Further,
in the embodiment, also in the case quadrupole  illumination aperture stop
6B of illumination system aperture  stop plate6 and polarization
conversion member 3B of  polarization conversion un-t 3 are placed on
optical axis AX,  since a polarization state of illumination light IL is a 15
circumferential direction of a circle around optical axis AX  as the center
as is shown in FIG. 4B, the polarization state  of illumination light ll can be
the S polarization with respect  to the surface of reticle R, which makes it
possible to 'improve  the contrast of a pattern -mage on an image plane.
20 Next, exposure operations of exposure apparatus :00 in  the
embodiment will be described according to flowcharts in  FIGS. 9 to 12
that show simplified processing algorithms of  main con-roller 20, while
referring to other drawings when  needed. Incidentally, in this case, the
description will be 25 made on the assumption that exposure of a first
layer on wafer  W has been already completed and exposure of second
and  



subsequent layers will he performed. Incidc.-Lally,  aberration of the
optical systents inside optical property  measurement apparatus 90 to be
small enough to be -...gn.ored. 31  As is shown in. FIG. 9, first of all, in
step 102, subroutine processing of opticaI property measurement is
performed. In subroutine 102, first, in step 122 in FIG. 10,  an illumination
condition for performing optical property 5 measurement is set.
Specifically, main controller 20 sets the  polarization of laser beam LB to
the H polarization in  polarization control unit 2, rotates illumination system
aperture stop plate 6 by driving drive unit 7, and paces  conventional
illumination a erture stop 6D on the optical pat.h 10 of illumination light IL.
Also, main controller 20 rotates  polarization conversion unit 3 by driving
drive unit 4 and  places opening section 3D on the optical path of laser
beam  LB. With this operation, illumination to reticle R by the  conventional
aperture stop can be made in exposure apparatus 15 1u0. In this case, a
pupil image formed within a pupil plane  of projection opt.i.cal system PL
has a circular shape.  Next, in step 124, a measurement reticle RT shown
in FIG. 13 is loaded on reticle stage RST '.using a reticle loader (not
shown) , and also predetermined preparatory operations are  20
performed. On measurement reticle RT, as is shown in FIG. 13,  plurality
of pi-ihole patterns (in FI(-,. 13, 3xll=33 of pinhole  pat-,e ns to 33) ) are
arras-.ged in a matrix ~ ,arrangement  having a row d.irection and a
column direct-on in the X-axis  25 direction and in they-axis direction
respectively, in a state 



where measurement reticle RT is loaded on re io;e stage RST.
Incidentally, pinhole patterns PHi to PH,, are formed within  a._ area
having asize of a slit-shaped illumination area that  is indicated by a dotted
line In FI:G. 13. 32  In this case, as the predetermined preparatory
operations, detection of a relative position of measurement  reticle RT to
projection optical system PL, baseline  measurement of alignment
detection system AS and the like are 5 performed. That is, using a reticle
alignment system not  shown) , a position relat-ion is detectod between a
pair of first  fiducial marks formed on a fiducial mark plate (not shown)  on
wafer stage WST and images of reticle alignment marks, which
correspond to the first fiducial marks, on measurement reticle 10 RT via
projection optical system PL. The detection of the  position relation is
performed in a state where reticle stage  RST is moved to a position at
which the area indicated by a  dotted line on measurement reticle RT in
FIG. 13 substantially  coincides with the illumination area described
previously. 15 Next, by moving wafer stage WST a predetermineo.
distance within  the XY plane, a position relation w nth respect to the de
-ction  center of alignment detection system AS is detected, and the
baseline of alignment detection system AS is measurer eased  on the
foregoing two position relations and the measurement 20 values of
interferometers 16 and 7B at the time of detecting  the respective position
relations. In the next step, step 520, microlens array 98 is placed  on
optica], ax=is .AX_ by rotating optical system unit 93 of  optical property
measurement apparatus 9C. 25 In the next : tep, stop 128, a position
relation between  



optical properly measurement apparatus 9C attached to wafer  stage WST
and wafer stage WS'i' is measured.. More particularly,  by seouentially
mov-ng wafer stage WST, each position on a  Wafer stage coordinate
system of a leas_ two tiro-dimensiona 33  position marks 91b on marking
plate 91 of optical property  measurement apparatus 90 is detected using
alignment  detection system AS. Based or. the detection results of the
positions, a position relation between opening 91a of marking  plate 91 of
optical property measurement apparatus 90 and wafer  stage WST is
accurately obtained using a predetermined  statistical computation_ such
as the least-squares method. As a consequence, based on position
information  (velocity information) output from wafer interferometer 1s,  10
the XY-position of opening 91a can be accurately detected. Also, a
position of opening 91a can be set at a desired  XY-position with good
precision, by controlling the position  of wafer stage WST based on the
detection result of the  XY-position and the baseline measured previously.
1 In the next step, step 130, a t --t of marking p--ate 91  with respect to a
plane (the XY-plane) perpendicular to optical  axis AX of projection optical
system PL is measured, using  the multipoint focal position detection
system (211, 22) . In  the next step, step 132, by adjusting a tilt of wafer
stage 20 WST based on the measurement --es.;_'t of tilt of ra ng  plate 91,
a tilt of the upper surface of marking p-ate 91 is  made to coincide with a
tilt of an image plane (or an  approximate plane of the image plane) of
projection optical  system. PL. 25 In the next step, step 134, wafer stage
WST is moved so  



tha opening 91a of marking plate 91 of opt.c.al property  measurement
apparatus 90 coincides with a datum measurement  point in the Lie- -d of
projection optical system PL, for example,  a measurement point at the
field center, that is, a measurement 34  poin_ at a p siticn (on optical axis
AX) conjugate wit_ pinhole  pattern Pa_- with respect to projection optical
system PL as  shown in PIG. 13. With this operation, optical axis AX of
optical systems to be examined (illumination optical system 5 12 and
projection optical system PL) becomes coincident with  optical axis AX1 of
optical property measurement apparatus  90. In the next step, step 136, a
polarization state of  il'_um_nation light I, is set. Specifically, main
controller  10 20 adjusts a polarization direction of laser beam LB by
rotating the half wave plate or the like in polarization  control or.- J-- 2. In
this case, a rotation amount of the half  wave plate is adjusted so that
illumination light IL becomes  the H polarized light. 15 In the next step,
step 1-38, an optimal 3 position (a best  focus position) of wafer stage
WST is searched, based on  imaging data IMJl that is the imaging results
of the imago  of pinhole pattern PH17 formed again on the light-receiving
surface of CCD 95a by each microlens constituting m_crolens 20 array
98. The search processing will he specifically  described below. The
optical arrangement when performing the search of  e optimal Z position,
which is developed along optical axis  AXl of optical property
measurement apparatus 90 and optical 25 axis AX of projection optical
system PL, is shown in FIG. 14A.  



In the optical arrarac*r.e_ L s,'.own in FIG. 14A, whe_-i main  controller 20
makes light source ]_ osci--late laser beam LB  and illumination light IL is
emitted from illumination optical  -ystem 12, the light (illu na_ionn light IL
that reaches 35  pinhole pattern P_11; of measurement .reticle RT is
emitted from  pinhole pattern PHv as a spherical wave. Then, the light is
condensed at opening 91a of marking plate 91 of optical  property
measurement apparatus 90 after passing. through 5 projection optical
system PL. Incidentally, the light  passing through pinhole patterns PH1 to
PH16, and Pflja to P1423  other than pinhole pattern PH 17 does not
reach opening 91a.  The wavefront of the light condensed at opening 91a
in the  manner described above (the beam of the Image of pinhole 10
pattern PH1, formed inside open- nq 91 a on the surface of marking  plate
91) becomes a rough sphere including wavefront  aberration of projection
optical system PL. The light passing through opening 91a is converted by
coi_]_mator on_~cal system 92 into :parall oeams and enters  15
m_cro.lens array 98. Each microlens (refer to FIG. 14A) of m'crolens array
98 forms an image of pinhole pastern PH17, which  has been `caned
inside opening 91a on the surface of mar',',{in  ---ate 91, on an optically
conjugate plane of marking plate  91, that is, the imaging plane (the
light-receiving surface) 20 of CCD 95a. Accordingly, on the imaging plane
of CCD 95a, spot  images (images of pink of pattern Phi-)) which
arrange-ren-_ -and  number correspond to t':hose of microlenses
constitutinn  microlens array 98 are formed. CCD 95a picks up the spot
images  formed on the imaging plane (the light-receiving surface' 25
Imaging data 'MD] obtained by the p`_c:k<uo of CCD 95a is  



transmitted to main controller 20. Then, while stepping wafer stage VJST
in the Z-axis  direction via wafer stage drive system 24, imaging data
I)1D1  is loaded. Based on the loaded imaging data IP451, the oct_imal
36  2 position of gaiter stage WST is searched by locating a position  in
the 7-axis direction where, for example, contrast o pot  images is at
max=imum. In the next step, step 140, polarization detection 5 system 99
is placed on optical axis AXI of -'illum'ination light  IL by rotating optical
system unit 93, and in step 142, a  polarization state of illumination light IL
is measured. The  detection method of a polarizati.or.state of illumination
light  IT. will be described below. 10 As is shown in FIG. 7, a transmitting
orientation of  polarization beam solitter 99B is to coincide with the X axis.
In this state, quarter wave p-ate 99A is rotated. The rotation  amount is
expressed by 3 using the X axis as a datum. In this  case, the quarter
wave plate can he rotated within a range 15 of 0 degree < 0 < 360
degrees, and CCD 95a receives illumination  fight IL every time quarter
wave plate 99A is rotated by a  predetermined rotation angle, and from the
light-receiving  results, a polarization state of illumination Tight IL is
computed. 20 Intensity I(S) of the light that polarization. beam  splitter 993
transmits is given by the following equation.  `Equation 1]
i(0)=IJ2cos2a+cos2acos40-2sin2asin[isin 26sin2acos2fisin40) (])  25 In
this case, to is the average of light intensity at all angles, a is a tangent of
an amplitude between the X axis and the Y  



axis in the case illumination light IL is to he an elliptically  polarized light,
and 8 is a phase difference between two  e_ectri vectors which osci :aticn
directions in illumination 37 light It, are the X-axis direction and the Y-axi.s
direction.  F'1'21. 15 shows an example of measurement. results of the
intensity of i-lumination light IL obtained by rotating  quar-.er wave ola;e
99A. In the embodiment, CCD 95a receives  11.amination light IL, the
light-receiving results are sent to main controller 20, and the light intensity
change with  respect to a rotation amount 9, as shown in FIG. 15 is
measured.  thus, main controller 20 computes Stokes parameters SO, SI,
S2 and 53 by performing mast Fourier transform (F- T), more  10
specifically, computing the following equation. [Equation 2] 1 256 256 7 1
256 cos 2a1o= 11, cos 20, . (2)  15 128 ;_o sin 2acosB-I0 = Y_ I,sin20,
128-o  In This case, I is light intensity measured at rotation amount  9,.
From the computation results, main controller 20 computes 20 Stokes
parameters Si to 33 of Stokes parameters SO, S1, S2  and S3 shown in
the following equation. [Equation 3] SO=LSI=cos2a,S2 sin 2a
cosS,S3=sin2cr sins ... (3)  23 Inci_de^tal-ly, Stoke parameters SI to S3
are parameters that  



are normalized on the assumption that Stokes parameter SO is  anal co
tone (S0=7). in the next step, step 144, main controller 20 judges  whether
or not illumination light IL is the H polarized light, 38  based or, the
computed values of Stokes parameters SI to S3.  when the judgment is
affirmed, t_ e procedure proceeds to step  152 in FIG. 11. On the ocher
hand, in the case the judgmen  in step 144 is denied, the orocedure
proceeds to step 146, 5 in which the polarization state of illumination light
IL is  adjusted by adjusting polarization control unit 2 based on  the
computed values of Stokes parameters Si to S3. For example,  in the case
i i111-n-' nation light IL has strong elliptic polarized  nature, a polarizes
within polarization control unit 2 is 10 adjusted so that illumination light IL
becomes a linearly  polarized light. In the case illumination light IL is a
linearly polarized light hut the polarization direction is  deviated from the
X-ax,s direction, a rotation amount of the  half wave plate within
polarization control unit 2 is adjusted 15 so as io make the polarization
direction become the X-axis  direction, that is, become the H
po-_arization. After step 143  ends, the procedure returns to step 142.
Afterward, until the judgment -n step 144 is affirmed,  the polarization
state of illumination light IL is adjusted  20 in step 146 by, for example,
performing rotation adjustment of the half wave plate or-",-,F- quarter
wave plate of polarization  control unit 2, or the like, and then the
procedure returns  to step 142, and the processing for measuring the
polarization  state o= t].iumination light IL as described above is repeated
25 again. With these opera-ions, eventually illumination light  



IL becomes the H polarized light. After illumination light I is adjusted so as
to be the  H polarized light in this manner, in step 152 in FIG.-1,  opening
sec-ion 97 is placed on optical axis AX7. by rotating 39  optical system
unit 93. I. she next step, step 154, a value  of a counter n (hereinafter
referred to as a `counter value  n') is initialized to one. In step 156, optical
property measurement apparatus 90  5 is moved to the nth (the first in this
case) measurement point.  That is, wafer stage vWST is moved so that
opening 91a of marking  plate 91 of optical property measurement
apparatus 90  coincides with the measurement point at a position
conjugate  with the nth pinhole pattern PHr with respect to projection  10
optical system PL. In the next step, step 158, pupil image measurement is
performed. FIG. 143 shows a state of the pupil image  measurement. As
is shown in FIG. 14B, in this state, since  openinq section 97 is placed on
the optical path of 15 a Lam nation light ih, the parallel beams via
collimator  optical system 92 directly enters CCD 95a. In other words,
CCD 95a can be regarded to he placed at a position conjugate  with the
pupil plane of projection optical system Ph and can  receive the beam
corresponding to the pupil image on the pupil 20 plane. therefore, in this
case, imaging data TMD2 of CCD 95a  is loaded and based on imaging
date IMD2, the center oosit.ion  and size of the pupil image, or the
intensity distribution  of the pupil images are/1s detected. Then, n he
detection  results are stored in a memory. 25 In the next step, step 160,
the judgment is made of  



whether or not the pupil image measurement is completed at  all
measurement points, by judging whether or not counter value  n is equal
to or greater than the total number N (N=33 in this  case) . At this stage,
since only the pupil image measurement 40  at the first measurement
point ends, the judgment in step 160  is denied. Then, the procedure
proceeds to step 162, in which  counter value n is incremented by one,
and the procedure  returns to step '_56. 5 Afterward, until the judgment in
step 160 is affirmed,  the processing and judgment of a loop of steps
156~l58-~160162 are repeated. With these operations, the  pupil image
measurement is performed at the 2o to 33rd  measurement points within
the field of projection optical 10 system. FL, that is, at the measurement
points at the positions  conjugate with pinhole pa-terns PH-I2 to PH33 with
respect to  projection opt_cal system P'' and the center position and size
of the pupil image via each of pinhole patterns P112 to PH33,  or the
intensity distribution of the pupil images are/is  15 computed and stored in
a memory. Then, when the rupil image measurement at all  measurement
points is completed, the procedure proceeds to  step '64, in which counter
va-sue n. is initialized to one. In the next step, step 166, microlens array
98 is placed  20 again on optical axis AX1 by rotating optical system unit
93,  then in step 168, optical property measurement apparatus 90 s
moved to the it` (the first in this case) measurement point.  That is, wafer
stage WS- is moved so than opening 91a of -narking  plate 91 of optical
property measurement apparatus 90 2coincides w _h the measurement o
c i 71 -r at a position con ugate  



with the n-,' pinhole pattern Pi" with respect projection  optical system PL.
In the next steps, steps 170 to 174, wavefront aberra_ion  measurement
at then measurement point is carried out. That. 4....  is, first, in step 170,
all spot images formed on the  light-receiving surface of CCD 95a by
microlens array 98 is  picked no, and its imaging data IMD1 is loaded. In
the next step, step 174, the position information on  5 each spot image is
read out from the memory, and the wavefront  aberration ofproject_on
opt_calsystem PL related to the light  via the nt" (the first in this case)
pinhole pattern PH1 of  measurement reticle RT is computed in the
manner that will  be described later. 10 The reason why the wavefront
aberration can be measured  from, the position information on the spot
image is that the  wavefront of the light incident on microlens array 98 is
reflected by the wavefront aberration of projection optical  system PL
when picking up the spot image. 15 In other words, when there is no
wavefront aberration  in projection optical system PL, a wavefront WF
becomes a plane  orthogonal to optical axis PX1 as shown by a dotted
line in  FIG. 14A. In this case, the wavefront of the tight i cident  on
microlens array 98 is orthogonal to the optical axis, and 20 the spot image
that has the center at the ;ntersection point  of the optical axis of each
microlens of microlens array 98  with the imaging plane of CCD 95a is
formed on the ight-receiving surface of CCC 95a. Meanwhile, when there
is  wavefront aberration in projection optical system PL, a  25 wavefront
WF' does not become a plane orthogonal to optical 



axis A.Xi, but becomes a tilted surface having an. angle  according to a
position of wavefront WE' on the pane, as shown  by a double-dashed line
in FIG. '_4A. In this case, the  wave fron_ of the 1'_gr t Inci dent on ri
croIens array 98 is t_lteo:, 42  and the spot image that has the center at a
point deviated  a distance corresponding to the tilted amount from the
intersection point of the optical axis of each microlens with  the
light--receiving surface of CCD 95a is formed on the 5 light-receiving
surface of CCD 95a. Accordingly, in step 174, the wavefront aberration of
projection optical system PI, related to the light via the nth  pinhole pattern
P14, of measurement reticle RT is compu.ed, by  obtaining a coefficient of
a Zernike polynomial from the 10 difference (the position error', tween the
position of each  spot image expected when there is no wavefront
aberration (the  intersection point of the optical axis of each micro' ens
with  the imaging plane of CCD 95a) and the detected position of  each
spot image. 15 However, the position of each spot image expected when
there .is no wavefront aberration coincides with the  intersect,; on point of
the optical axis of each microlens of  microlens a ray 98 with the
ligh?_-receiving surface of CCD  95a, only in the ideal case where there is
no deviation i.. 20 the optical axis of the incident light and optical axis AX'
and CCD 95a are accuraL(-,ly orthogona-. Thus, in the  embodiment,
when computing the above position error, based  on data on the light
source image ,the position information  on the light source image such as
the center position and the 25 size) at the corresponding measurement
point. stored in the  



memory, the position of each spot image expected when there  is no
wavefront aberrat=ion (a datum position used to -mpute  a deviation
aIoun,t of each spot image) is respectively  correc_ed, and the difference
between the detected position 43  of each spot image and each datum
pcsi:ion corrected is  computed. With this operation, the error of the datum
posit`-on of each spot image when there is no wavefront  aberration,
which is caused by the deviation in the optical 5 axis of the light incident
on optical property measurement  apparatus 90, can be cancelled, and
the wavefront aberration  can be obtained wit higher precision:. Referring
back to .IG. 11, in the next step, step 176,  the judgment is made of
whether or not. measurement of wavefront  10 aberration at all
measurement points is completed by judging whether or not counter value
n is equal to or greater than  the total number N (N=33 in this case) . At
this stage, because  only measurement of wavefront aberration at the first
measurement point ends, the judgment is denied, and the 15 procedure
shifts to step 178, in which counter value n is  incremented by one, and
then returns to step 16.8.  Afterward, until the judgment in step 176 is
a_frmed, the processing of a -lop of steps '_68 G-x'_72 X179 ~]?6 ~i78  is
repeated. With those operations, the wavefront aberration  20
measurement is performed at the 2d to 33`3 measurement points within
the field of the projection optical system. PL, that  is, at the measurement
points at the positions conjugate with  pinhole pattern.. PH2to P3j with
respect to projection optical  system PL, and the wavefront aberration
related to the light 25 via each of pinhole patterns PH3 a o PH-,,-, is
computed, and stored  



in a memory (rot shown) Then, when the wavefront a Berra-.ion me u
cm.ent at a-1  measurement points is completed acid the judgment in step
176  is affirmed, the procedure proceeds to the next step, step 44  180. In
step 180, the judgment is made of whether or not the  measurement is
completed in the case illumination light IL  is to be a V polarized light (a
linearly polarized light having 5 the polarizat ,ion direction in the Y-axis
direction) . In this  case, since only the measurement of the H polarized
light ends,  the judgment in step :1180 is denied, and the procedure
-returns  to step 136 in FTC;. 10. In step 136, the ha' 'J wave plate of
polarization control  10 unit 2 is rotated by 90 degrees, and the
polarization direction  of laser beam LB is changed by 90 degrees. With
this operation,  illumination light -L is set to be a V polarized light. Then,  in
step 138, the optimal 2 position of wafer stage WST is newly  searched. In
this case, the reason why t:he optimal Z position 15 is searched again is
that the wavefront corresponding to each  measurement point changes
due to the change in the polarization  direct``-on of illumination light IL,
and also the optimal Z  position is_ikely to change due to the change in
the wavefront.  Then, in steps 140 to 144, and steps 152 to 176 in FIG.
11, 20 the pupil 'image and the wavefront a-,- each measurement point
corresponding to conventional illumination aperture stop 6T  when
illumination light IL is set to be the V polarized light.  After the
measuremer,*. of the V polarized light is corr.pleted  in this manner, the
judgment -n step 180 is affirmed, and the  25 procedure proceeds to step
182 in FIG. 12. 



In step 132 in FIG. 1.2, based on the data of wavefront  aberration at N
number of (in this case, 33) ea a rement points  within the field of
projection optical system FL obtained abov=e,  the judgment i s made of
whether or not there is the measurement 45  point at which the wavefront
aberration of projection optical  system ?L is outside a permissible range.
Then, in the case  the judgment is affirmed, the procedure shifts to step
184,  and adjustment of the wavc_`ront aberration of projection  optical
system PL is performed by driving a lens element via  image-forming
characteristic correction controller 51 so that  the wavefront aberration
generated at present i_s reduced,  based on the measurement results of
the wavefrontaberration  of projection optical system PL. The adjustment
is _..ot based 10 on the illumination condition that is set on actual
exposure.  For example, exposure is performed with annular illumination,
the adjustment is preferably set so that the wavefront is  op~imum in a
portion where illumination light IL passes through  with the annular
illumination aperture stop. Further, in the _15 embodiment, as will be
described later, the polarization  direction of illumination light IL is along
the  circumferential direction of a circle having optical axis AX  as the
center and the polarization directions of ill~:m'_nation  light.ILLare
different in different areas on the pupil plane, 2C and therefore,
project=ion optical system. PL is preferably  adjusted so that the wavefront
aberration is reduced to the  minimum in that polarization state.
Incidentally, depending  on circumstances, the lens element of projection
optical  sys-:.em PL may oe moved within the XY plane or may be
exchanged  25 by hand. 



After the judgment is denied in step 182, or a* e- the  procedure in step
184 is performed, in step 186, an  illumination condition that is a:-;plied to
actual exposure is  set. Spec fically, polarization control unit 2 makes the
96  polarization direction of laser beam LB no the H polarization  and
polarization conversion member 3A is placed on the optica=  path of
illumination light IL by rotating polarization  conversion unit 3, and also
annular illumination aperture stop 5 6A is placed on the optical path of
illumination light IL by  rotating illum.ination system aperture stop plate 6
by drive  unit: 1. The-, in step 188, optical or petty measurement
apparatus 90 is moved to the measurement point, and in step  190,
opening section 97 of optical system unit 93 is placed 10 on the optical
path, and then in step 192, the pupil image  is measured. In this case,
since annular illumination  aperture stop 6A is placed on the optical path
of illumination  light IL, the pupil image also have an annu--ar shape Hero,
imaging data IMD2 of the pupil i_m.ags is loaded, and the position 15 and
size of toe pupil image on the light-receiving surface  of CCD 95a, or the
intensity distribution of the pupil images  are/is detected based on imaging
data MD2, and the detection  results are stored in a memory. FIG. 16
shows an example of  imaging data IMD2 of the pupil image at this point
of time. 20 In the image in FIC. 16, a portion where luminance is higher
than a predetermined threshold is shown in white, and a portion  where
luminance is lower is shown in grey. As is shown in FIG.  16, a shape of
the portion where luminance is higher is a shape  of the pupil i-nage, and
in. the case the annular_llumination 25 is employed, the pupil image has
an annular shape. In this  



case, posit on __nformation on the portion where luminance is  higher
within CCD 95a is stored in a storage unit. Further,  in the storage unit, a
d. tribut'_on state of the luminance  routed to the por-ion having higher
luminance is also stored. I7  In the next step, step 194, polarization
detection system 99 is placed on optical ax'-s AX1 n-; rotat;.nq optical
system unit 93 in optical property measurement apparatus 90,  and jr-
step 196, a polarization state of illumination light  5 It is measured. In this
case, annular illumination aperture stop 6A is  selected as the illumination
aperture stop of illumination  optical system 1.2, and illumination light IL is
to be a linearly  polarized light which polarization direction is in a 10
circumferential direction of a circle having opt'-cal axis AX  as the center.
Thus, here, based on the position and size of  the pupil image that have
been measured in step 192 above,  an area on the light-receiving surface
of CCD 95a is divided,  for example, as is indicated by dotted lines in FIG.
16, and 15 the polarization direction is measured with respect to each
divided area based on the computed values of Stokes parameters  SI to
S3. -hen, in step 198, the judgment is made of whether or  not a
polarization state of illumination light IL is a desired  20 state (i.e. alinearly
polarized light in the circumferential direction of a circle having optical axis
AX as the center),  and in the case the judgment -s affirmed, the
processing of  subroutine 102 ends, and in t h,e case the judgment is
denied,  the procedure proceeds to step 200, in which the polarization 25
state of illumination light IL is adjusted by adjusting a  



rotation amount of the wave plate of polarization control unit  2 or the like,
then the procedure returns to step 196. That  is, until the judgment is
affirmed in step 198, the processing  and - figment of steps
`T96--->198-i200 are repeated. 43  After the judgment in step 198 is
affirmed, the processing of suhrour.ine 102 ends, and the procedure
proceeds  to step "'04 in FIG. 9. In step 104, measurement reticle RT
loaded on reticle  5 stage Rs' is unloaded and reticle R on which a pattern
to he  transferred is formed is loaded on reticle stage RST via a  reticle
loader_ (not shown). In the next step, step 106, reticle alignment us-_ng
-he  reticle alignment system described previously and a fiducial  10 mark
plate (not shown) , and baseline measurement using alignment detection
system AS and the fiducial mark plate are  performed in the procedure
similar to that of a conventional  scanning stepper. In the next step, step
108, the wafer on wafer stage WST  15 is replaced using a wafer loader
(not shown). (When a wafer  is not loaded on wafer stage WST, however,
a wafer is simply  loaded.) In the next step, step 110, alignment to wafer
W (e.g.  wafer alignment by the LGA method) i s performed. As a result
20 of the wafer alignment, an array coordinate of a plurality of shot areas
on wafer W is obtained w '--h good precision.  In the next step, step 112,
based on the results of the  wafer alignment described above, exposure
by a step-and-scan  method is performed, '.n which an operation in which
wafer stage 25 WST is moved to a scanning ,starting position (an
acceleration  



starting Position) for exposure of each shot area on wafer  W, and an
operation in which reticle P is illuminated with  illumination ligh IL and a
pattern of reticle R is transferred  onto the shot area on wafer W while,
rciatively scanning ticle 49  stage RST and wafer stage WST
synchronously in the Y-axis  direction are repeated. In the exposure, by
the annular  illumination in which the polarized direction of illumination
light IL is defined as is shown in FIG. 8, exposure with high  5 resolution is
achieved. During the relative scanning, in particular, during the  scanning
exposure, position control of reticle stage RST and  wafer stage WST is
performed so as to keep a position relation  between reticle stage RST
and wafer stage WST appropr_ate, 10 based on information on the XY
position of reticle stage RST  detected by retie-le interferometer 16,
position information  on wafer stage WST detected by wafer
interferometer 18, and  the Z position of wafer 4 detected by multi point
focal position  detection system (21, 22), leveling information, and the like.
15 In the next step, step 114, the judgment is made of  whether or not
exposure of the planned number of wafers (e.g.  17.ot) is completed.
When the judgment. is denied, the  procedure returns to step 108, and in-il
the judgment in step  114 is affirmed, the processing and judgment of a
loop of steps 20 l08~li 0 >7.1? +114 are repeatedly performed, and
exposure to  each wafer is performed. Then, when exposure to the
planned number o= wafers is  completed, the judgment in step 114 is
affirmed, and a series  of processing in the main routine ends. 25
Incidentally, in the embodiment, the case has been  



described where annular illumination aperture stop 6A is  placed. on toe
optical oath of i un nation 1_gb: IL and  exposure is performed with
annular illumination. However, in  exposure apparatus 100, exposure can
also be performed with 50  quadrupole illumination or bipolar illumination
by placing  quadrupole illumination aperture stop 6B or bipolar
illumination aperture stop 6C on the optical path of  illumination light IL. In
these cases, in the setting of 5 illumination condition in step 186 above
(refer to FIG. 12),  quadrupole illumination aperture stop 6B (or bipolar
illumination aperture stop 6C) and polarization conversion  member 3B (or
opening member 3C) are placed, and in the  measurement of a
polarization state _r. step 196 above (refer 10 to F_-G. 12) , the setting of
the area where a nolarizat=on state  is measured needs to be changed
according to the shape of the  pupil image measured in step 192 above.
For example, in the  case quadrupole illumination aperture stop 62 is
employed,  measurements performed in step 196 above (refer to FIG. 12)
15 as to whether the polarization state is as shown in FIG. 43.  In this
case, from the shape and position of the pupil image  of the quadruple
illumination aperture stop (four eyes)  measured in step 192 above, the
areas on CCD 95a corresponding  to polarization conversion members
(3Ba to 3Rd) in FIG. 4B 20 are extracted, and 'based on the measurement
results in the  extracted areas, each polarization state has to be
measured.  Further, the adjustment of the wavefront aberration in step
184 above (refer to FIG. 12) is performed based on the  illumination
condition that is applied to exposure, and  25 therefore, in the case
quadrupole illumination aperture stop 



6B or bipolar illumination aperture stop 6C is selected as  t.e illumination
system aperture stop, the wavefront is  adjusted in accordance with the
selected aperture stop. As is desc_ibed so _ar, according to the
embodiment, optical system unit 93 is installed, which has a plurality  of
optical systems including micro] ens array 98 that converts  illumination
light IL passing through illumination optical  system 1-2 and projection
optical system PL so that the 5 polarization state of illumination light IL,
the wavefront  aberration of projection optical system PL, and the like can
be measured, polarizat-on detection system 99, and the like,  Thus, by
switching the optical system to be placed on the  optical oath of
illumination light IL and receiving 10 illumination light I1 via optical system
uni. 93 w -',-h  photodetector 95, various optical properties including the
polarization state of illumination light IL and the wavefront  aberration of
project-ion optical system PL can be measured  :based on the
light-receiving results of CCD 95a. -5 Further, _the embodiment, since
common photodetector  95 can be used for measuring various optical
properties  including the polarization state of illumination light ]Land  the
wavefront aberration of projection optical system PL, the  configuration of
optical property measurement apparatus 90 20 can he reduced in size
and ,weight. Further, in the embodiment, the polarization state of
illumination light IL on a pattern image plane of exposure  apparatus 100
can be measured using optical property  measurement apparatus 90, and
therefore, in the case polarized 25 illumination is performed in order to im.
rove the resolution,  whether or not the polarization state of illumination
light  



I", is a desired state can be confirmed, which makes it possible  to perform
highly-accurate exposure without fail. Further, in the embodiment, based
on t~.e light-receiving 52  results obtained from the areas within the
light-receiving  surface of CCD 95a that are conjugate with a plurality of
different areas within the pupil plane of projection optical  system PL, the
polarization state of illumination light IL 5 in.-he areas are measured. In
this manner, in the case the  polarization direc-.,ions of illumination light IL
are  different in the different areas on the pupil plane of  projection
optical.system PL as in the polarized illumination,  re no an nation
direction in each area can be measured wi thou:.  `_0 fail. Further, in the
embodiment, polarization detection  system 99 in optical system unit 93 of
optical property  measurement apparatus 90 is equipped with polarization
beam  solitter 99B and quarter wave plate 99A that rotate relatively 15 to
each other around the optical axis of illumination light  IL. With th~_s
arrangement, the light cuantity of Illumination  light IL that passes through
polarization detection system  99 changes in accordance with the
polarization state due to  the change in a relative rotation amount of
polarization beam 20 sp_itter 995 and quarter wave plate 99A. There_ore,
the  polarization state of 'illumination light IL can he measured  by
measuring the light quantity of illumination light IL  passing through
polarization detection system 99 while  changing the relative rotation
amount. 25 ther, according to the embodiment, the polarization  state of
illumination light IL is measured in step 142  



described above, the polarization state of illumination light  -L is adjusted
in step 146 based on the measurement results,  and then the wavefront of
illumination light IL that changes 53  according to the polarization state of
illumination light IL  is measured in step 174. In this manner, even when
the  wavefront of illumination light IL relies on the polarization  state, the
wavefront can be measured with good accuracy after 5 the adjustment. of
the polarization state. 't'hus, according to  the embodiment, the wavefront
per polarization corresponding  to the polarization state of ilium ation light
IL is measured.  _i this Tanner, the wave=font Can be adjusted in actor
dance  w with the polarization state o_ illumination light It, and as  10 a
consequence, exposure with nigh precision can be achieved.  Incide"tally,
in the embodiment above, optical system unit 93 of optical property
measurement apparatus 90 is  equipped with opening section 97,
microlens array 98 and  polarization detection system 99. However, other
optical  15 systems may he arranged in opt'-cal system unit 93. Further,
numerical aperture NA of projection optical  system PL can also be
measured by using optical property  measurement apparatus 90. When a
diffuser is placed on the  optical path of illumination light IL within
illumination 20 optical system 12 to make a diameter of a beam passing
though  the diffuser larger than the numerical aperture of projection
optical system FL, and opening section 97 of optical property
measurement apparatus 90 is placed on Optical axis A71, the  beam
passing --hrougll- the p-.rpil of prej t i n ,-ntioal system. 2 PL reaches CCD
955. Accordingly, from the imaging resul o  



COD 95e, a size of the put-1 of projection optical system PL  can be
computed, which makes it possible to compute the  numerical aperture of
projection optical system PL. When the numerical aperture of projection
optioalsystem 54  PL can be computed in this manner, a coherence factor
(the  so-called illumination a) of illumination optical system 12  can also be
obtained, based on the measurement results of a  pupil image (,a light
source image;) in the case where the 5 diffuser described above is
removed. Further, in the embodiment above, the case has been
described where microlens array 98 and po_ari.zation detection  system
99 of optical system unit 93 are switched to be  selectively placed on the
optical path of the light via 10 collimator optical system 92 (at the position
corresponding  to optical axis AXI) . However, the present invention is not
limited to this. For example, an optical proper- y apparatus having a
con`igurat-c. as shown in FIG. 17 may be  employed. The optical property
measurement apparatus in F-G.  15 17 is equipped with marking plate 91
described previously that constitutes a part of 'the upper wall of a housing
90A, and  collimator optical system 92, a beam splitter BS, microlens
array 98 and a light-receiving element 95' that are  sequentially arranged
along optical axis AX1 below marking 20 plate 91, and a deflecting mirror
MN_ that is placed on a  branched optical path (a reflection optical path)
branched  by beam splitter BS, polarization detection system 99 that  is
placed between deflecting mirror MM and light-receiving  element 95', and
the like. 25 In this case, as light-recei_vinq element 95', a  



light-receiving element that has the configuration s-milar  tolight-receiving
e lement 95 but has a la-,gci light-receiving  area is used. With the optical
property measurement apparatus  in FIG. 17, after a light (illumination
light. I]_,), which is 55  emitted as a spherical, wave from pinhole pattern
PH of  measurement reticle RT,_s condensed at opening 91a of mark.nq
plate 91 of the optical property measurement apparatus via  projection
optical system PL. Then, the light passing, through 5 opening 9la (the
beam of the image of pinhole pattern PH that  is formed inside opening
91a on the surface of marking plate  91) is converted into parallel beams
by collimator optical  system 92, and enters beam sputter SS. 'then, one of
the beams  branched by beam splitter BS (the beam passing through
beam 10 splitter PS) enters microlens array 98. Thus, an image of
pinhole pattern PH is formed on a plane optically conjugate  with marking
plate 91, that is, the. imaging plane (the  light-receiving surface) of
light-receiving element 95'  respectively by each microlens of microlens
array 98. _5 Meanwhile, the other of the beams branched by beam
splitter BS (the beam reflected off beam splitter BS) is  reflected off
deflecting mirror_ MM and the optical path of  the beam is deflected
vertically downward, and the 'beam is  received by light-receiving element
95' via polarization  20 detecion system 99. Accordingly, with the optical
property measurement  apparatus shown in FIG. 17, the wavefront
aberration  measurement of projection optical system PL and the
measurement of the polarization state of ..llumi_nation light 25 IL, which
have been described in the embodiment above, can  



be performed ir. parallel. Incidentally, in FIG. 17, light eceiving element 95'
having a larger light-receiving area is used, however,  '-ight-receiving
elements similar to light-receiving element 56  95 that respectively
correspond to mic-clens array 98 and  polarization detection system 99
may be arranged, or the  configuration may he employed in which one
light-receiving  element is switchable between a pos-tion below microlens
array 5 98 and a position below polarization detection system. 99.
Incidentally, in recent years, the resolution of  exposure apparatus has
been improved to cope, with a finer  pattern formed on a device. In order
to improve the resolution, e wavelength of an exposure :.fight.
(illuminaeion 'light IL  10 in t e embodiment above) only has to be
shortened and the  numerical aperture (NA) of a projection optical system
only  has to be larger. Then, a liquid immersion exposure apparatus  is
proposed in which the resolution is improved by filing the  space between
a projection optical system equipped in the 15 exposure apparatus and a
substrate (wafer W in the embodiment  above) with a liquid having a
refractive index higher than  that of gas and substantially increasing the
numerical  aperture in size of the projection optical system. The ease will
be described below where a measurement unit  20 equivalent to optical
property measurement apparatus 90 of  the embodiment above is applied
to the liquid ,immersion  exposure apparatus. In the case the
measurement unit (which is to be an  optical property measurement
apparatus 90') that is 25 equivalent to optical property measurement
apparatus 90 is  



applied to the liquid immersion exposure apparatus, as is shown  in F-G.
18, a marking plate 91' may be constituted by a  planoconvvex lens.
Marking plate 91' is equipped with a flat  section (a flat surface; 91b that
faces a projection optical 57  systemr. 1L Side, and a curved surface
sect--on 91c that faces  a collimator o tical system 92 side and has a
predetermined  curvature. Marking plat_-e 91' is made of glass materials
that  transmit illumination light such as quartz or fluorite. 5 On the surface
of flat section 9-b of marking plate 91'  a light-shielding film is formed as is
described previously,  and in the center portion of the light-shielding film, a
circular opening 91a' is formed. Moreover, in order to  prevent a liquid w
from entering inside optical property 10 measurement apparatus 90' ,
waterproof (a liquid-proof)  measures are taken by a seal material 90b or
the like between  marking plate 91' and housing 90a of optical. property
measurement apparatus 90' In addition, on the surfaces of  opening 91a'
of marking plate 91' and the area around opening 15 91a', a liquid
repellant film (a water repellant coat) is  formed. In a state where liquid w i
s supplied to the space between  projection optical system PL and the
upper surface of marking  plate 91' , an exposure light incident on
projection optical 20 system P_ is not totally reflected at the tip portion of
projection optical system IL, and passes though projection  optical system
PL and enters liquid W. As is shown in_IG.  18, of the exposure light
incident. on liquid w, only the  exposure light that enters opening 91a'
enters inside marking 25 plate 91'. In this case, since a refractive Liaex of
-,he  



planoconvex lens constituting marking plate 91' is  approximately the
same as that of liquid w or higher than that  of liquid w, the exposure light
inciden on opening 91a' enters ~ ~~  inside marking 7.1-ate 91' without
reflecting off flat section 58  91b even when an incident angle of the
exposure light incident  on opening 91a'is larse. Further, the exposure
light incident  within marking plate 91' is deflected by curved surface
section.  91c, and then is emitted to collimator optical system 92. In 5 this
manner, even when the space between projection optical  system PL and
marking plate 91' is filled with a liquid that  has a refractive index higher
than that of gas to make the  numerical aperture of the projection optical
system 'larger,  the exposure light can he guided to collimator optical
system 10 92 via marking plate 91' consti led by a planoconvex lens.
Further, in the embodiment above, when measuring the  wavefront
aberration of projection optical system PL,  measurement reticle PT its
loaded on reticle stage RST.  However, a pattern plate on which pinhole
patterns are formed 15 similar to measurement reticle PT is permanently
arranged on  reticle stage RST, and the pattern plate is positioned with
the field of projection optical system FL and then the  wavefront aberration
of projection optical system PL may be  measured. 20 Further, in the
embodiment above, the case has been  described where optical property
measurement apparatus 90 is  used for measurement of optical properties
That is performed  before exposure of wafer W in one lot. However, it is a
matter  course that optical property measurement apparatus 90 can be 



25 used at the time of periodic maintenance after assembly of  the
exposure apparatus, and at the time of adjustment of  projection optical
system PL when making the exposure  apparatus. ln^idental-y, on the
adjustment of projection  optical system PL when making the exposure
apparatus, in 59  addition to position adjustment of a part of lens elements
constituting projection optical system PT, that is performed  in the
embodiment above, position adjustment of other lens  elements,
reprocessing of lens elements, exchange of lens 5 elements, and the like
can be performed. Further, in the embodiment above, the aberration of the
ght-receiving optical system such as collimator optical  system 92 inside
optical property measurement. apparatus 90  is to be small enough to be
ignored. i:owever, in the case such  10 as when wavefront aberration
measurement with higher precision is performed, the wavefront aberration
of only the  light-receiving optical system may be measured in advance at
any time before t}`e wavefront aberration is computed. Such  wavefront
aberration measurement of only the light-receiving 15 optical system can
he realized, by irradiating illumination  light IT, emitted from projection
optical system PL to a patter-,  plate and measuring the wavefront
aberration as described  above in a state where the pattern plate on which
a pinhole  pattern that has a size large enough to generate a spherical 20
wave by irradiation of illumination light IL via projection  optical system PL
is arranged in the vicinity of marking plate  91 and opening 9" a i s further
restricted by the pinhole pattern  of the pattern plate. Then, when
computing the wavefront  aberration of projection optical system PL, the
wavefront 



i5 aberration of only the light-receiving op-, ical system may he  used as a
correction value. Further, likewise, in order to obtain wavefront  aberration
with good accuracy, dark current of CCD 95a is  measured in advance at
any time before computing the wavefront &0  aberration, and when a
value (a luminance value) of each pixel,  an offset caused by the dar]c
current may be corrected. Such  offset correct ion may be performed in
the case when the pupil  image measurement described previously or the
like is 5 performed. Further, j r. the embodiment above, opening member
3C. is  placed on the optical path of illumination light I=, when  performing
bipolar _llumination. However, as opening member  3C, a member that
converts the polarization direction of  r_ 0 into the H polarization, l
umrnatior. light may be arranged.  The exposure apparatus, which is
equipped with annular  iiiuminati_on aperture stop 6A, quadrupole
illumination  aperture stop 613, bipolar illumination aperture stop 6C,
conventional illumination aperture stop 6D and the like as 15 aperture
stops for illumination, has been described, however,  thee exposure
apparatus may be equipped with either ii__uTr,:_naL- on  aperture stops
as a matter of course. Further, for example,  small a illumination having a
a value of illumination light  IL equal to or less than around 0.4 may be
used. 20 Farther, in the embodiment above, the case has been  described
where optical property measurement apparatus 90 is  permanently
arranged at wafer stage WST. However, the present  



invention is not limited to this, and optical property  measurement
apparatus 90 may be detachable with respect to 25 wafer stage WST.
Further, another stage that is different  from the wafer stage is arranged,
and an optical property  measurement apparatus similar to optical
property measurement  apparatus 90 may be placed on another stage.
Further, in the ombodiment above, f--y-eye lens 5 is used 61  as an optical
integrator. However, a micro fly-eye lens may  be used instead. In this
case, since the intensity  distribution of light source images is further
uniform than  t'-h,e case fly-eye lens 5 is used, it becomes easier to
extract 5 each pixel corresponding to the light source image. Further,  as
the optical_ integrator, an internal reflection type  integrator (a rod
integrator or the like) can he used, and  in such a case, its virtual image is
detected as a light source  image. 10 r'urthe light source 1 of the exposure
apparatus in the  embodiment above is not limited to a pulsed ultraviolet
light  source such as an F2 lase-- light source, an ArF excimer laser  light
source, and a KrF excimer laser light source, and an  extra-high pressure
mercury lamp that emits an emission line 15 such as a g-line (wavelength:
436 rim) or ani-line (wavelencthh:  365 nm) can also be used. In addition,
a harmonic wave may  be used that is obtained by amplifying a
single-wavelength  laser beam in the infrared or visible range emitted by a
DF5  semiconductor laser or fiber laser, w_tY , a fiber amplifier 20
dopedwith, for example, erbium (orbo'Cherbiumandytreribium),  and by
converting the wavelength into altraviolet light using  a nonlinear optical
crystal. In addition, the magnification  



of the projection optical system is not limited to a reduction  system, and
an equal magnifying system or a magnifying system  25 may be used.
Further, to the embodiment above, the case of a scanning  exposure
apparatus has been described, however, the present  invention can be
applied to any exposure apparatus comprising  a pro-ection optical system
regardless of types of apparatus 52  such as the step-and-repeat, the
step-and-scan, and the  step-and-stitching. The usage of the exposure
apparatus is not limited to  the exposure apparatus for manufacturing
semiconductors, and  5 the present invention can also be widely applied
to, for_ example, an exposure apparatus for liquid crystal that  transfers a
liquid crystal display device pattern onto a square  shaped glass plate,
and an exposure apparatus used for  manufacturing organic EL, hin-film
magnetic heads, 10 micromachines, DNA chips or the like. In addition, the
present invention can also be applied to an. exposure apparatus  that
transfers a circuit pattern onto a glass substrate or  a silicon wafer, not
only when producing microdevices such  as semiconductor devices, but
also when producing a reticle 15 or a mask used in exposure apparatuses
such as an optical  exposure apparatus, an r,UV exposure apparatus, an
X-ray  exposure apparatus, or an electron been exposure apparatus.
Semiconductor devices are manufactured through the  foliowing steps: a
step where the function/performance design  20 of a device is performed;
a step where a _reticle based or. the  design step is manufactured; a step
where a wafer is manufactured using materials such as silicon; a step
where  



a pattern formed on a reticle is transferred on--o a wafer by  the exposure
apparatus of the embodiment described above; a 25 device assembly
step (including a dicing process, a bonding  process, and a packaging
process); inspection step, and the  like. INDUSTRIAL APPLICABILITY 63
As is described so iar, the optical property measurement apparatus and
the optical property measurement me hoc of the  present invention are
suitable for measurement of optical  properties of an optical system to be
examined, and the 5 exposure apparatus and the exposure method of the
present  invention are suitable for a lithography process for  manufacturing
semiconductor devices, liquid crystal display  devices and the like.
Further, the device manufacturing  method of the present invention is
suitable for manufacturing  C electron devices. MCSLLP  69 What Is
Claimed Is: 1. An optical property measurement apparatus that  measures
optical properties of an optical system to be examined,  5 the apparatus
comprising: an incidence optical system on which a light via the  optical
system to be examined is incident; an optical unit that has a first optical
system that  converts the light ncident on the incidence optical system  10
into a first measurement light in order to measure a first optical property
among the optical properties of -..'-,)e optical  



system to be examined, and a second optical system that  converts the
light incident on the incidence optica' system  into a second measurement
light in order to measure a second 15 optical property among the optical
properties of the optical  system to be exam=ined; and a photodetector
that receives the first measurement  light or the second measurement
.light, or both. 20 2. The optical proper: measuremen apparatus according
to Claim 1, further comprising: a placement unit that alternatively places
the first  optical system or the .second optical system on an optical path
the light via the optical system to be examined. 25 3. The optical property
measurement apparatus according  to Claim 2 wherein the photodetector
receives the first measurement light  when the placement unit places the
first optical system on MCSLLIP  65 the optical path of the light via the
optical system to be  examined, and receives the second measurement
light when the  placement unit places the second optical system on the
optical  path of the light via the optical system to be examined. 5 4. The
optical property measurement apparatus according  to Claim 3, fur-her
comprising: a computation unit that computes information related to  the
first optical property of the optical system to ne exarn~ ned  10 or
information related to the second optical property of the optical system to
be examined, based on a light-receiving  



result of the photodetector. 5. Theopti_calproperty measurement
apparatus according  15 to Claim 4 wherein the computation
unitcomp_:testhefirstopticalproperty  of the optical system to be examined
based on a I ight-receiving  result of the photodetector, in a state where
the first optical  system is placed on the optical path, and computes the
second 20 optical property o` the optical system to examined based  on a
light-receiving result of the photodetector, in at state  where the second
optical system is placed on the optical path. Theop_icalproperty
measuremen~_ ~apparatus accordin  25 to Claim. 1, further comprising:
an optical sys-em that guides the light incident on the  incidence ort-cal
systein to the first optical system. and also  to the second optical system.
MCSLLP  The optical property measurement apparatus according to
Claim 6 wherein thephotodetector has a first light-receiving area that
receives the first measurement light and a second 5 light-receiving area
that receives the second measurement  light. 8. The optical property
measurement apparatus according  to Claim 1 wherein 10 the first optical
property is a polarization state of  the light via the optical system to be
examined, and the fist optical system is an optical system that can  extract
a polarized light in an arbitrary direction included  in the light via the
optical system to be examined. 1.5 



9. The optical property measurement apparatus according  to Claim B
wherein the computation unit measures a polarization state of  the light in
areas within a light-receiving surface of the  ~u p otocetect r that are
conjugate with a prurali ~o` different areas within a pupil plane of the
optical system to he examined,  based on light-receiving results obtained
from the areas.  10. The optical property measurement apparatus 25
according to Claim 9 wherein the first o_rtical system : .cludes a
polarization :beam  sputter and a quarter wave plate that rotate relatively
to  each other around an optical axis of the light via the optical:  sys..eia to
be examined. MCSLLP  67 11. The optical property measurement
apparatus  according to Claim 1 wherein the second optical property is
wavefront aberration of  5 the optical system to be examined, and the
second optical system includes, a wavefront dividing  optical element that
divides a w=avefront of the light via the  optical system to be examined. 10
12. The optical property measurement apparatus  according to Claim 11
wherein the second optical system is placed in the vicinity of  a plane that
is conjugate with a pupil plane of the optical  system to be examined. 15
13. The optical property measurement apparatus  according to Claim 12
wherein 



the optical. unit further has a transmitting section that  transmits the light
via the optical system to be examined,  20 and the computation unit
computes a third optical property  among the optical properties of the
optical system be  examined based on a light-receiving result of 'she
,hotodetector, in a state where th transmitting section is  25 placed on the
optical path. 14. The optical property measurement apparatus  acccrdi:o
to Claim 13 wherein the third optical property is information related to a
MCSLLP  68 pupil plane of the optical system to be examined or
information related to a plane conjugate with the pupil  plane, or both. 15.
The optical property measurement apparatus  according to Claim 14
wherein the third optical property is a numerical aperture of  the optical
system to be examined, a shape of a pupil image,  position information of
the pupil image, or an intensity  distribution of the pupil image. 16. An
exposure apparatus that projects an image of a  predetermined pattern on
a photosensitive object, the  apparatus comprising: an illumination optical
system that illuminates the  predetermined pattern with an illumination
light; a projection optical system that projects the  illumination light via the
predetermined pattern on the  photosensitive object; 



a stage that comprises the optical property  measurement apparatus
according to any one of Claims 1 to  15; and an adjustment mechanism
that adjusts an optical  property of the illumination optical system or an
optical  property of the projection optical system, or both, based  on a
measurement result of the optical property measurement  apparatus. 17.
The exposure apparatus according to Claim 16  wherein the stage is an
object stage that holds the  photosensitive object. MCSLLP  69 18. An
optical property measurement method in which  optical properties of an
optical system to be examined are  measured, the method comprising: a
first process in which a first optical property  among the optical properties
of the optical system to be  examined is measured; a second process in
which the first optical property  of the optical system to be examined is
adjusted based on a  result of the measurement; and a third process in
which a second optical property  among the optical properties of the
optical system to be  examined is measured after the first optical property
of  the optical system to be examined is adjusted. 19. The optical property
measurement method according  to Claim 18, further comprising: a fourth
process in which the second optical property  



of the optical system to be examined is adjusted based on a  result of the
measurement. 20. The optical property measurement method according
to Claim 19 wherein in the case the first optical property is made to be
different in different areas within a pupil plane of the  optical system to be
examined, the optical property measurement method further  comprises a
fifth process in which a light-receiving  surface of a photodetector is
placed in areas that are  conjugate with the different areas respectively,
and the  first optical property of each area is measured based on a
light-receiving result obtained from the photodetec'-or. MCSLLP  70 21.
An exposure method, comprising: a measurement process in which an
illumination  optical system that illuminates a predetermined pattern  with
an illumination light or a projection optical system  that projects the
illumination light via the predetermined  pattern on a photosensitive object,
or both is/are made to  be an optical system to be examined, and an
optical  property of the illumination optical system or the  projection optical
system, or both is/are measured using  the optical property measurement
method according to any  one of Claims 18 to 20; an adjustment process
in which the optical property  of the illumination optical system or the
optical property  of the projection optical system, or both is/are adjusted
using a result of the measurement; and 



an exposure process in which the photosensitive  object is exposed with
an image of the predetermined  pattern, after the adjustment. 22. A device
manufacturing method including a  lithography process wherein in the
lithography process, a pattern is formed on a  photosensitive object in the
exposure method according to  Claim 21. 


