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DESCRIPTION
METHOD OF ADJUSTING LIGHTING OPTICAL DEVICE,
LIGHTING OPTICAL DEVICE, EXPOSURE SYSTEM, AND
EXPOSURE METHOD
Technical Field
[0001] The present invention relates to an adjustment method of
illumination optical apparatus, an illumination optical apparatus, an
exposure apparatus, and an exposure method and, more particularly, an
illumination optical apparatus suitably applicable to exposure apparatus
and others used for manufacturing microdevices, such as semiconductor
devices, image pickup devices, liquid-crystal display devices, and thin-
film magnetic heads, by lithography.
Background Art

[0002] In the typical exposure apparatus of this type, a light beam
emitted from a light source is guided through a fly's eye lens (or
microlens array or the like) as an optical integrator to form a secondary
light source as a substantive surface illuminant consisting of a lot of
light sources. Light beams from the secondary light source are
condensed by a condenser lens and thereafter illuminate a mask with a
predetermined pattern therein, in a superposed manner.

[0003] Light transmitted by the pattern of the mask travels through a
projection optical system to be focused on a wafer. In this manner the
mask pattern is projected (or transferred) onto the wafer to effect
exposure thereof. The pattern formed in the mask is of high
integration and a uniform illuminance distribution must be formed on

the wafer in order to accurately transfer this microscopic pattern onto
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the wafer. The exposure light sources presently used include a KrF
excimer laser light source for supplying light at the wavelength of 248
nm, an ArF excimer laser light source for supplying light at the
wavelength of 193 nm, and so on.

[0004] In the conventional exposure apparatus, the mask is illuminated
while the light supplied from the light source of this kind is converted
into linearly polarized light with a desired polarization direction by a
wave plate in accordance with the mask pattern (e.g., cf. Patent
Document 1). Specifically, in the case of the conventional exposure
apparatus described in Patent Document 1, a quarter-wave plate and a
half-wave plate made of rock crystal are disposed in an optical path
between the light source and a diffractive optical element (light beam
converting element).

[0005] Patent Document. 1: International Publication No.
W02004/051717

Disclosure of the Invention

Problem to be Solved by the Invention

[0006] It is, however, difficult to accurately produce a wave plate such
as the quarter-wave plate or half-wave plate from a single rock crystal
plate. When the wave plate fails to accurately function because of
manufacturing error, the mask (and the wafer eventually) cannot be
illuminated with desired linearly polarized light and this will result in
failing to perform good exposure in a desired illumination condition
according to the mask pattern.

[0007] The present invention has been accomplished in view of the

foregoing problem and an object of the invention is to provide an
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illumination optical apparatus capable of illuminating a surface to be
illuminated, with light in a desired polarization state, without
substantive influence of manufacturing error of an optical member
functioning as a wave plate. Another object of the present invention is
to provide an exposure apparatus and exposure method capable of
performing good exposure under an appropriate illumination condition,
using the illumination optical apparatus for illuminating a mask set on
the surface to be illuminated, with light in a desired polarization state.
Means for Solving the Problem
[6008] In order to solve the above problem, a first aspect of the present
invention provides an illumination optical apparatus for illuminating a
surface to be illuminated, in a desired polarization state on the basis of
light from a light source,

the illumination optical apparatus comprising;:

first polarization changing means for locally changing a
polarization state of light to illuminate the surface to be illuminated; and

second polarization changing means for locally changing a
polarization state at a position on or near a pﬁpil plane of the
illumination optical apparatus.
[0009] A second aspect of the present invention provides an
illumination optical apparatus for illuminating a surface to be
illuminated, based on light from a light source,

the illumination optical apparatus comprising a polarization
converting element located on or near an illumination pupil plane and
adapted for converting a polarization state of incident light info a

predetermined polarization state,
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wherein the polarization converting element locally changes a
polarization state of light at a position on or near the pupil plane of the
illumination optical apparatus.

[0010] A third aspect of the present invention provides an illumination
optical apparatus for illuminating a surface to be illuminated, based on
light from a light source,

the illumination optical apparatus comprising:

a polarization converting element located near the surface to be
illuminated, at a position optically conjugate with the surface to be
illuminated, or near the conjugate position and adapted for converting a
polarization state of incident light into a predetermined polarization
state,

wherein the polarization converting element locally changes a
polarization state of illumination light on the surface to be illuminated.
[0011] A fourth aspect of the present invention provides an exposure
apparatus comprising the illumination optical apparatus of the first
aspect to the third aspect, and adapted for projecting a predetermined
pattern illuminated by the illumination optical apparatus, onto a
photosensitive substrate to effect exposure thereof.

[0012] A fifth aspect of the present invention provides an exposure
method of projecting a predetermined pattern onto a photosensitive
substrate to effect exposure thereof, using the illumination optical
apparatus of the first aspect to the third aspect.

[0013] A sixth aspect of the present invention provides a method of
manufacturing device comprising:

an exposure step of projecting a predetermined pattern onto a
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photosensitive substrate to effect exposure thereof, using the
illumination optical apparatus of the first aspect to the third aspect; and

a development step of developing the photosensitive substrate
exposed in the exposure step.

[0014] A seventh aspect of the present invention provides an adjustment
method of adjusting an illumination optical apparatus for illuminating a
surface to be illuminated, based on light from a light source,

the adjustment method comprising:

a first step of preparing a variable phase difference member for
variably yielding a phase difference between incident light and
emerging light;

a second step of setting the phase difference yielded by the
variable phase difference member, to a predetermined value; and

- a third step of placing the variable phase difference member in
an optical path between the light source and the surface to be
illuminated.

[0015] An eighth aspect of the present invention provides an adjustment
method of adjusting an illumination optical apparatus for illuminating a
surface to be illuminated, based on light from a light source,

the adjustment method comprising:

a first step of locally changing a polarization state of
illumination light on the surface to be illuminated; and

a second step of locally changing a polarization state of light at a
position on or near a pupil plane of the illumination optical apparatus.
[0016] A ninth aspect of the present invention provides an illumination

optical apparatus adjusted in accordance with the adjustment method of
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the seventh aspect or the eighth aspect.

[0017] A tenth aspect of the present invention provides an adjustment
method of adjusting an exposure apparatus for illuminatihg a
predetermined pattern by an illumination optical apparatus and for
projecting the predetermined pattern onto a photosensitive substrate to
effect exposure thereof,

wherein the illumination optical apparatus is adjusted in
accordance with the adjustment method of the seventh aspect or the
eighth aspect.

[0018] An eleventh aspect of the present invention provides an
adjustment method of adjusting an exposure system comprising;:

a first exposure apparatus comprising a first illumination optical
apparatus for illuminating a first pattern on a first mask, and adapted for
projecting the first pattern of the first mask onto a photosensitive
substrate to effect exposure thereof; and

a second exposure apparatus comprising a second illumination
optical apparatus for illuminating a second pattern on a second mask,
and adapted for projecting the second pattern of the second mask onto
the photosensitive substrate to effect exposure thereof,

wherein the first and second illumination optical apparatus are
adjusted in accordance with the adjustment method of the seventh
aspect or the eighth aspect.

[0019] A twelfth aspect of the present invention provides an exposure
system adjusted in accordance with the adjustment method of the
eleventh aspect.

[6020] A thirteenth aspect of the present invention provides a
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microdevice manufacturing factory comprising: a manufacturing
equipment group for various processes comprising the first exposure
apparatus and the second exposure apparatus of the twelfth aspect; a
local area network for connecting the manufacturing equipment group;
and a gateway for enabling access from the local area network to an
external network outside the factory, wherein data communication is
enabled for information about at least one equipment in the
manufacturing equipment group.

{00211 A fourteenth aspect of the present invention provides a
microdevice manufacturing method comprising: a step of installing a
manufacturing equipment group for various processes comprising the
first exposure apparatus and the second exposure apparatus of the
twelfth aspect, in a microdevice manufacturing factory; and a step of
manufacturing a microdevice through a plurality of processes by means
of the manufacturing equipment group.

Effect of the Invention

[0022] In one aspect of the present invention, a local polarization state
is variable on the pupil plane and, therefore, an optimal illumination
condition can be established, for example, in a case where a pattern on
the surface to be illuminated is illuminated to effect exposure thereof on
the photosensitive substrate. In another aspect of the present
invention, a local polarization state is variable on the surface to be
illuminated and, therefore, an in-plane difference between pattern
transfer states can be reduced, for example, in a case where a pattern
placed on the surface to be illuminated is illuminated to effect exposure

thereof on the photosensitive substrate.
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[0023] In still another aspect of the present invention, since the variable
phase difference member for variably yielding a phase difference
between incident light and emerging light, for example, like a Soleil
compensator or a Babinet compensator is used as an optical member
functioning as a wave plate, different from the conventional technology
of manufacturing the wave plate such as the quarter-wave plate or the
half-wave plate from a single rock crystal plate, it can be used after

adjusted so as to accurately function, for example, as a quarter-wave

~ plate or a half~wave plate even when an optical element constituting the

variable phase difference member has some manufacturing error.

[0024] Therefore, the illumination optical apparatus of the present
invention is able to illuminate the mask as a surface to be illuminated,
with light in a desired polarization state, without substantive influence
of manufacturing error of each optical element forming an optical
member functioning as a wave plate. As a result, the exposure
apparatus and exposure method of the present invention are able to
perform good exposure under an appropriate illumination condition,
using the illumination optical apparatus for illuminating a pattern set on
the surface to be illuminated, with light in a desired polarization state,
and, therefore, to manufacture a good microdevice.

Brief Description of the Drawings

[0025] Fig. 1 is a drawing schematically showing a configuration of an
exposure apparatus according to an embodiment of the present
invention.

Fig. 2 is a drawing schematically showing an internal

configuration of a polarization state measuring section shown in Fig. 1.
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Fig. 3 is a drawing schematically showing configurations for
each of wvariable phase difference members according to the
embodiment.

Fig. 4 is a drawing schematically showing a configuration of an
exposure apparatus according to a first modification example.

Fig. 5 is a drawing schematically showing a configuration of a
variable optical rotator unit according to the first modification example.

Fig. 6 is a drawing schematically showing a configuration of

each variable optical rotatihg member forming the variable optical

- rotator unit shown in Fig. 5.

Fig. 7 is a drawing for explaining the optical rotatory power of
rock crystal.

Fig. 8 is a drawing schematically showing an annular secondary
light source set in a circumferential polarization state by action of the
variable optical rotator unit shown in Fig. 5.

Fig. 9.is a drawing schematically showing an annular secondary
light source set in a radial polarization state by action of the variable
optical rotator unit shown in Fig. 5.

Fig. 10 is a drawing schematically showing a configuration of a
variable phase difference unit according to the embodiment of the
present invention.

Fig. 11 is a drawing for schematically explaining the action of
the variable phase difference unit shown in Fig. 10.

Fig. 12 is a drawing schematically showing a configuration of
another variable phase difference unit according to the embodiment of

the present invention.
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Fig. 13 is a drawing for schematically explaining the action of
the variable phase difference unit shown in Fig. 12.

Fig. 14 is a drawing schematically showing a configuration of a
variable optical rotator unit according to a second modification
example.

Fig. 15 is a drawing schematically showing a configuration of a
variable optical rotator unit according to a modification example of the
example shown in Fig. 14.

Fig. 16 is a drawing schematically showing a configuration of a
variable optical rotator/phase shifter unit according to a third
modification example.

Fig. 17 includes (a} a drawing showing a multi-pole secondary
light source and (b) a drawing showing a positional relation at an exit
where light beams forming the multi-pole secondary light source shown
in (a) are emitted from phase shifters of a variable phase shifter unit.

Fig. 18 is a drawing schematically showing a configuration and
action of a pair of aspherical optical rotators according to a fourth
modification example.

Fig. 19 is a drawing schematically showing an example of
optical rotation (phase shift) distributions given to a pair of aspherical
optical rotators (phase shifters).

Fig. 20 is a drawing schematically showing another example of
optical rotation (phase shift) distributions given to a pair of aspherical
optical rotators (phase shifters).

Fig. 21 is a drawing schematically showing a modification

example using three aspherical optical rotators (phase shifters) having

10



10

15

20

25

FP06-0456-00

respective optical rotation (phase shift) distributions of optical rotations
(phase shifts) differing according to incidence positions.

Fig. 22 is a drawing showing cross sections of an on-axis light
beam and an off-axis light beam passing the aspherical optical rotators
(phase shifters) in the modification example of Fig. 21.

Fig. 23 is a flowchart schematically showing steps in an
adjusﬁnent method of illumination optical apparatus according to the
embodiment of the present invention.

Fig. 24 is a flowchart schematically showing steps in an
adjustment method according to a modification example of the
embodiment.

Fig. 25 is a diagram expressing an overall system of the
embodiment as a view from a certain aspect.

Fig. 26 is a conceptual diagram expressing an overall system of
the embodiment as a view from another aspect different from Fig, 25.

Fig. 27 is a drawing showing an example of a user interface
screen provided on a display in the system of Fig. 26.

Fig. 28 is a drawing schematically showing a configuration of an
aspherical optical rotator (phase shifter) used for compensation for only
a linear component (inclination component) in an optical rotation (phase
shift) distribution.

Fig. 29 is a flowchart of a technique of manufacturing
semiconductor devices as microdevices.

Fig. 30 is a flowchart of a technique of manufacturing a liquid-

crystal display element as a microdevice.

Best Modes for Carrying out of the Invention

11



10

15

20

25

FP06-0456-00

[0026] Embodiments of the present invention will be described based
on the accompanying drawings. Fig. 1 is a drawing schematically
showing a configuration of an exposure apparatus according to an
embodiment of the present invention. In Fig. 1, the Z-axis is set along
a direction of a normal to a wafer W being a photosensitive substrate,
the Y-axis along a direction parallel to the plane of Fig. 1 in the plane of
the wafer W, and the X-axis along a direction normal to the plane of Fig.
1 in the plane of the wafer W.

[0027] With reference to Fig. 1, the exposure apparatus of the present
embodiment is provided with a light source 1 for supplying exposure
light (illumination light). The light source 1 used herein can be, for
example, an ArF excimer laser light source for supplying light of
wavelength of 193 nm, a KrF excimer laser light source for supplying
light of wavelength of 248 nm, or the like. Light emitted from the
light source 1 is expanded into a light beam of a required cross-sectional
shape by a shaping optical system 2, and travels via a first variable
phase difference member 3 functioning as a quarter-wave plate, a
second variable phase difference member 4 functioning as a half-wave
plate, a depolarizer (depolarizing element) 5, and a diffractive optical
element 6 for annular illumination, to enter an afocal lens 7.

[0028] The first vartable phase difference member 3, second variable
phase difference member 4, and depolarizer 5 constitute a polarization
state switch as described later, configurations and actions of which will
be described later. The afocal lens 7 is an afocal system (afocal optical
system) set so that a front focal position of a front lens unit 7a is

approximately coincident with a position of the diffractive optical
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element 6 and so that a rear focal position of a rear lens unit 7b is
approximately coincident with a position of a predetermined plane 8
indicated by a dashed line in the drawing. In general, a diffractive
optical element is made by forming steps at a pitch approximately equal
to the wavelength of the exposure light (illumination light) in a
substrate, and functions to diffract an incident light beam at desired
angles.

[0029] Specifically, the diffractive optical element 6 for annular
illumination has a function of forming a light intensity distribution of an |
annular shape in its far field (Fraunhofer diffraction region) when a
parallel light beam having a rectangular cross section is incident thereto.
Therefore, a nearly parallel light beam incident to the diffractive optical
element 6 as a light beam converting element forms an annular light
intensity distribution on the pupil plane of the afocal lens 7 and
thereafter is outputted in an annular angle distribution from the afocal
lens 7. A variable phase difference unit 9 and a conical axicon system
10 are disposed on or near the pupil plane in the optical path between
the front lens unit 7a and the rear lens unit 7b of the afocal lens 7.
Configurations and actions of the variable phase difference unit 9 and
the conical axicon system 10 will be described later.

[0030] The light beam having passed through the afocal lens 7 travels
through a zoom lens 11 for variation of c-value (o-value = mask-side
numerical aperture of illumination optical apparatus/mask-side
numerical aperture of projection optical system) and through a variable
optical rotator unit (a variable polarization rotating unit) 12 to enter a

micro fly's eye lens (or fly's eye lens) 13. A configuration and action
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of the variable optical rotator unit 12 will be described later. The
micro fly's eye lens 13 is an optical element consisting of a lot of
microscopic lenses with a positive refractive power arranged vertically
and horizontally and densely. In general, a micro fly's eye lens is
composed of a microscopic lens group which is made, for example, by
etching a plane-parallel plate.

[0031] It is noted herein that each microscopic lens forming the micro
fly's eye lens is smaller than each lens element forming a fly's eye lens.
The micro fly's eye lens is one in which a lot of microscopic lenses
(microscopic refracting surfaces) are integrally formed without being
isolated from each other, different from the fly's eye lens consisting of
lens elements isolated from each other. However, the micro fly's eye
lens is also an optical integrator of the same wavefront splitting type as
the fly's eye lens in terms of the vertical and horizontal arrangement of
the lens elements with the positive refractive power.

[0032] The position of the predetermined plane 8 is defined near the
front focal position of the zoom lens 11 and the entrance surface of the
micro fly's eye lens 13 is defined near the rear focal position of the
zoom lens 11. In other words, the zoom lens 11 keeps the
predetermined plane 8 and the entrance surface of the micro fly's eye
lens 13 substantially in the relation of Fourier transform and, in turn,
keeps the pupil plane of the afocal lens 7 nearly optically conjugate with
the entrance surface of the micro fly's eye lens 13. The variable optical
rotator unit 12 is located immediately before the micro fly's eye lens 13
and is arranged to be approximately optically conjugate with the pupil

plane of the afocal lens 7 eventually.
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[0033] Therefore, for example, an illumination field of an annular shape
around the optiéal axis AX, similar to that on the pupil plane of the
afocal lens 7, is formed on the entrance surface of the micro fly's eye
lens 13. The entire shape of this annular illumination field similarly
varies depending upon the focal length of the zoom lens 11. Each
microscopic lens forming the micro fly's eye lens 13 has a rectangular
cross section similar to a shape of an illumination field to be formed on
a mask M (eventually, a shape of an exposure region to be formed on a
wafer W), |

[0034] The light beam incident to the micro fly's eye lens 13 is two-

- dimensionally split by a lot of microscopic lenses to form a secondary

light source having a light intensity distribution approximately equal to
the illumination field formed by the incident light beam, i.e., a
secondary light source of a substantive surface illuminant of an annular
shape centered around the optical axis AX, on or near the rear focal
plane of the micro fly's eye lens 13 (eventually, the illumination pupil).
Light beams from the secondary light source formed on or near the rear
focal plane of the micro fly's eye lens 13 travel through a beam splitter
14a and a condenser optical system 15 to illuminate a mask blind 16 in a
superposed manner. A configuration and action of a polarization
monitor 14 incorporating the beam splitter 14a will be described later.

[0035] In this manner, an illumination field of a rectangular shape
according to the shape and focal length of each microscopic lens
forming the micro fly's eye lens 13 is formed on the mask blind 16 as an
illumination field stop. The light beams having passed through an
aperture (light transmitting part) of a rectangular shape in the mask
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blind 16 are subjected to focusing action of an imaging optical system
17 and thereafter illuminate the mask M with a predetermined pattern
therein, in a superposed manner. Namely, the imaging optical system
17 forms an image of the rectangular aperture of the mask blind 16 on
the mask M.

[0036] A light beam having passed through the pattern of the mask M
held on a mask stage MS then travels through a projection optical
system PL to form an image of the mask pattern on the wafer
(photosensitive substrate) W held on a wafer stage WS. While the
wafer stage WS is two-dimensionally driven and controlled and,
therefore, while the wafer W is two-dimensionally driven and controlled
in the plane (XY plane) perpendicular to the optical axis AX of the
projection optical system PL, one-shot exposure or scan exposure is
effected to sequentially project the pattern of the mask M into each of
exposure regions on the wafer W.

[0037] When a diffractive optical element for quadrupole illumination

(not shown) is set in the illumination optical path, instead of the

- diffractive optical element 6 for annular illumination, it can effect

quadrupole illumination. The diffractive optical element for
quadrupole illumination has the following function: when a parallel
light beam having a rectangular cross section is incident thereto, it
forms a light intensity distribution of a quadrupole shape in its far field.
Therefore, light beams having passed through the diffractive optical
element for quadrupole illumination form an illumination field of a
quadrupole shape consisting of four circular illumination fields around

the optical axis AX, for example, on the entrance surface of the micro
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fly's eye lens 13.  As a result, the secondary light source of the same
quadrupole shape as the illumination field formed on the entrance
surface is also formed on or near the rear focal plane of the micro fly's
eye lens 13.

[0038] When a diffractive optical element for circular illumination (not
shown) is set in the illumination optical path, instead of the diffractive
optical element 6 for annular illumination, it can effect normal circular
illumination. The diffractive optical element for circular illumination
has the following function: when a parallel light beam having a

rectangular cross section is incident thereto, it forms a light intensity

- distribution-of a circular shape in its far field. Therefore, a light beam

having passed through the diffractive optical element for circular
illumination forms an illumination field of a circular shape centered
around the optical axis AX, for example, on the entrance surface of the
micro ﬂy'ﬁ eye lens 13. As a result, the secondary light source of the
same circular shape as the illumination field formed on the entrance
surface is also formed on or near the rear focal plane of the micro fly's
eye lens 13.

{0039] Furthermore, when another diffractive optical element for multi-
pole illumination (not shown) is set in the illumination optical path,
instead of the diffractive optical element 6 for annular illumination, it is
feasible to implement one of various multi-pole illuminations (dipole
illumination, octupole illumination, etc.). Similarly, when a diffractive
optical element with an appropriate characteristic (not shown) is set in
the illumination optical path, instead of the diffractive optical element 6

for annular illumination, it is feasible to implement one of off-axis or
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modified illuminations of various forms.

[0040] The conical axicon system 10 is composed of a first prism
member 10a a plane of which faces the light source side and a refracting
surface of a concave conical shape of which faces the mask side, and a
second prism member 10b a plane of which faces the mask side and a
refracting surface of a convex conical shape of which faces the light
source side, in order from the light source side. Then the refracting
surface of the concave conical shape of the first prism member 10a and
the refracting surface of the convex conical shape of the second prism
member 10b are formed in such complementary shapes as to be able to
butt each other. -At least one of the first prism member 10a and the
second prism member 10b is arranged to be movable along the optical
axis AX to vary the distance between the refracting surface of the
concave conical shape of the first prism member 10a and the refracting
surface of the convex conical shape of the second prism member 10b.
The action of the conical axicon system 10 and the action of the zoom
lens 11 will be described below with focus on the secondary light source
of the annular shape or the quadrupole shape.

[0041] In a state in which the refracting surface of the concave conical
shape of the first prism member 10a butts on the refracting surface of
the convex conical shape of the second prism member 10b, the conical
axicon system 10 functions as a plane-parallel plate and has no effect on
the secondary light source of the annular shape or quadrupole shape
formed. However, when the refracting surface of the concave conical
shape of the first prism member 10a is located apart from the refracting

surface of the convex conical shape of the second prism member 10b,
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the outside diameter (inside diameter) of the secondary light source of
the annular shape or quadrupole shape varies while keeping constant the
width of the secondary light source of the annular shape or quadrupole
shape (half of a difference between the outside diameter and the inside
diameter of the annular secondary light source; half of a difference
between a diameter (outside diameter) of a circle circumscribed to the
secondary light source of quadrupole shape and a diameter (inside
diameter) of a circle inscribed to the secondary light source). Namely,
the annular ratio (inside diameter/outside diameter) and the size (outside
diameter) of the secondary light source of the annular shape or
quadrupole shape vary.

[0042] The zoom lens 11 has a function of similarly enlarging or
reducing the entire shape of the secondary light source of the annular
shape or quadrupole shape. For example, when the focal length of the
zoom lens 11 is increased from a minimum to a predetermined value,
the entire shape of the secondary light source of the annular shape or
quadrupole shape is similarly enlarged. In other words, the width and
size (outside diameter) of the secondary light source both vary, without
change in the annular ratio of the secondary light source of the annular
shape or quadrupole shape, through the action of the zoom lens 11. In
this manner, the annular ratio and size (outside diameter) of the
secondary light source of the annular shape or quadrupole shape can be
controlled by the actions of the conical axicon system 10 and the zoom
lens 11.

[0043] The polarization monitor 14 is provided with the beam splitter
14a disposed in the optical path between the micro fly's eye lens 13 and
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the condenser optical system 15, and has a function of detecting a
polarizationr state of incident light to this beam splitter 14a. In other
words, whether the illumination light to the mask M (i.e., the wafer W
eventually) is in a desired polarization state (which is a concept
including an unpolarized state) is detected on an as-needed basis, based

on the detection result by the polarization monitor 14.

[0044] Fig. 2 is a drawing schematically showing an internal

configuration of a polarization state measuring section in Fig. 1. In the
present embodiment, as shown in Fig. 2, the wafer stage WS for holding
the wafer W is provided with the polarization state measuring section 18
for measuring the polarization state of illumination light (exposure
light) for the wafer W. The polarization state measuring section 18 has
a pinhole member 40 that can be two-dimensionally located on a level
with the exposed surface of the wafer W. The wafer W is retracted
from the optical path during use of the polarization state measuring
section 18. |

[0045] Light having passed through a pinhole 40a of the pinhole
member 40 travels through a collimating lens 41 to become a nearly
parallel light beam and the nearly parallel light beam is reflected by a
reflecting mirror 42 to enter a relay lens system 43. The nearly parallel
light beam having passed through the relay lens system 43 then travels
through a quarter-wave plate 44 as a phase shifter and through a
polarization beam splitter 45 as a polarizer and thereafter reaches a
detective surface 46a of two-dimensional CCD 46. An output from the
two-dimensional CCD 46 is supplied to a controller (not shown). The

quarter-wave plate 44 is arranged to be rotatable around the optical axis,
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and a setter 47 for setting an angle of rotation around the optical axis is
connected to the quarter-wave plate 44.

[0046] When the degree of polarization of the illumination light for the
wafer W is not 0 in this configuration, the quarter-wave plate 44 is
rotated around the optical axis via the setter 47 so as to vary a light
intensity distribution on the detective surface 46a of the two-
dimensional CCD 46. Therefore, the polarization state measuring
section 18 detects the variation in the light intensity distribution on the
detective surface 46a while rotating the quarter-wave plate 44 around
the optical axis by means of the setter 47, and is thus able to measure a
polarization state (degree of polarization; the Stokes parameters S;, S,,
S; about light) of the illumination light from the detection result by the
rotating compensator method.

[0047] The rotating compensator method is described in detail, for
example, in Tsuruta, "Pencil of Light:Applied Optics for Optical
Engineers," K.K. Shingijutsu Communications. Practically, while the
pinhole member 40 (therefore, the pinhole 40a) is two-dimensibnally
moved along the wafer surface, the polarization state of the illumination
light is measured at a plurality of positions in the wafer surface. At
this time, the polarization state measuring section 18 detects a variation
in the light intensity distribution on the two-dimensional detective
surface 46a, and it is thus feasible to measure a distribution of
polarization states in the pupil of the illumination light on the basis of
the detected distribution information.

[0048] Incidentally, the polarization state measuring section 18 can also

use a half~wave plate as a phase shifter instead of the quarter-wave plate
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44. Whatever phase shifter is used, it is necessary to detect the
variation in the light intensity distribution on the detective surface 46a
in at least four different states, for example, by changing the relative
angle around the optical axis between the phase shifter and the polarizer
(polarization beam splitter 45) or by retracting the phase shifter or the
polarizer from the optical path, in order to measure the polarization state
of light, i.e., the four Stokes parameters of light.

[0049] The present embodiment is arranged to rotate the quarter-wave
plate 44 as a phase shifter around the optical axis, but it is also possible
to adopt a configuration wherein the polarization beam splitter 45 as a
polarizer is rotated around the optical axis, or a configuration wherein
the phase shifter and the polarizer both are rotated around the optical
axis. Instead of this operation, or in addition to this operation, one or
both of the quarter-wave plate 44 as a phase shifter and the polarization
beam splitter 45 as a polarizer may be inserted in and/or retracted from
the optical path.

[0050] In the polarization state measuring section 18, the polarization
characteristic of the reflecting mirror 42 can change the polarization
state of light. In this case, since the polarization characteristic of the
reflecting mirror 42 is preliminarily known, the measurement result by
the polarization state measuring section 18 is compensated for based on
the effect of the polarization characteristic of the reflecting mirror 42 on
the polarization state by necessary calculation, whereby the polarization
state of the illumination light can be accurately measured. In any case

where the polarization state varies because of any other optical

- component, e.g., a lens, than the reflecting mirror, the measurement
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result can also be compensated for in the same manner and the
polarization state of illumination light can be accurately measured.
[0051] As described above, the polarization state measuring section 18
is used to measure the polarization state (degree of polarization) in the
pupil of the illumination li_ght for the wafer W and to determine whether
the illumination light is in an appropriate polarization state in the pupil.
The above-described embodiment showed the configuration wherein the
polarization state measuring section 18 could be attached to the wafer
stage WS, but this polarization state measuring section 18 may be
assembled into the wafer stage WS, or may be assembled into another
stage different from the wafer stage WS.

[0052] Fig. 3 is a drawing schematically showing configurations for
each of the variable phase difference members according to the present
embodiment. In the present embodiment, each of the first variable
phase difference member 3 and the second variable phase difference
member 4 is constructed as a Soleil compensator shown in Fig. 3 (a), or
as a Babinet compensator shown in Fig. 3 (b). The Soleil compensator
shown in Fig. 3 (a) is composed of a plane-parallel plate 21a, and a pair
of deviation prisms 21b and 21¢ in order from the entrance side of light.
[0053] Here the plane-parallel plate 21a, first deviation prism 21b, and
second deviation prism 21c are made of rock crystal as a birefringent
crystal material. The first deviation prism 21b and the second
deviation prism 2lc have their respective wedge sectional shapes
supplementary (complementary) to each other. Furthermore, the
crystallographic axis of the plane-parallel plate 21la is set to be
perpendicular to the crystallographic axes of the pair of deviation prisms
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21band 21c.

[0054] A driving means (not shown), e.g., a micrometer head is
arranged to move the first deviation prism 21b and the second deviation
prism 21c relative to each other along the Z-direction, or to move the
first deviation prism 21b and the second deviation prism 21c relative to
each other along a line of intersection between the opposed slopes
thereof and the YZ plane. The Soleil compensator (21a-21c) shown. in
Fig. 3 (a) variably yields a constant phase difference between incident
light and emerging light according to the relative positions of the first
deviation prism 21b and the second deviation prism 2lc, without
dependence on the incidence position of light.

[0055] On the other hand, the Babinet compensator shown in Fig. 3 (b)
is composed of a first deviation prism 22a and a second deviation prism
22b in order from the entrance side of light. Here the first deviation
prism 22a and the second deviation prism 22b are made of rock crystal
as a birefringent crystal material and have their respective wedge
sectional shapes complementary to each other. Furthermore, the
crystallographic axis of the first deviation prism 22a is set to be
perpendicular to the crystallographic axis of the second deviation prism
22b.

[0056] A driving means (not shown), e.g., a micrometer head is
arranged to move the first deviation prism 22a and the second deviation
prism 22b relative to each other along the Z-direction, or to move the
first deviation prism 22a and the second deviation prism 22b relative to
each other along a line of intersection between the opposed slopes and

the YZ plane. The Babinet compensator (22a, 22b) shown in Fig. 3 (b)
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variably yields a substantially constant phase difference between
incident light and emerging light according to the relative positions of
the first deviation prism 22a and the second deviation prism 22b though
it is somewhat dependent upon the incidence position of light along the
Z-direction.

[0057] The present embodiment adopts the following preliminary
adjustment: before mounted on the exposure apparatus, the first variable
phase difference member 3 is singly checked to measure the phase
difference yielded between incident light and emerging light, and is
adjusted so that the phase difference is equal to a quarter of the
Wavelength A of light, i.e., so that the first variable phase difference
member 3 can accurately function as a quarter-wave plate. Similarly,
before mounted on the exposure apparatus, the second variable phase
difference member 4 is singly checked to measure the phase difference
yielded between incident light and emerging light, and is preliminarily
adjusted so that the phase difference is equal to a half of the wavelength
A of light, i.e., so that the second variable phase difference member 4
can accurately function as a half-wave plate.

[0058] Then the first variable phase difference member 3 adjusted so as
to accurately function as a quarter-wave plate and the second variable
phase difference member 4 adjustéd so as to accurately function as a
half-wave plate each are positioned at their respective predetermined
locations in the optical path between the shaping optical system 2 and
the depolarizer 5 and are set so as to be integrally rotatable around the
optical axis AX. In this manner, the first variable phase difference

member 3 as a quarter-wave plate is rotatably arranged around the
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optical axis AX and converts incident elliptically polarized light into
linearly polarized light. The second variable phase difference member
4 as a half-wave plate is rotatably arranged around the optical axis AX
and changes the polarization direction of incident linearly polarized
light.

[0059] On the other hand, the depolarizer 5 is constructed as an integral
prism assembly of a rock crystal deviation prism and a fluorite deviation
prism (or silica deviation prism) of wedge shapes complementary to
each other, which are not Shown in the drawing, and is set to be
retractable from the illumination optical path. Concerning the detailed
configuration and action of the depolarizer 5, reference can be made, for
example, to International Publication No. W0O2004/051717.

[0060] When the light source 1 used is the KrF excimer laser light
source or the ArF excimer laser light source, the light emitted from
these light sources typically has the polarization degree of 95% or more,
and nearly linearly polarized light is incident to the first variable phase
difference member 3. However, when a right-angie prism as a back
reflector is interposed in the optical path between the light source 1 and
the first variable phase difference member 3, the linearly polarized light
is converted into elliptically polarized light by virtue of total reflection
in the right-angle prism unless the plane of polarization of incident
linearly polarized light agrees with the p-polarization plane or s-
polarization plane.

[0061] In the polarization switch (3-5), for example, where elliptically
polarized light is incident by virtue of total reflection in the right-angle

prism, the incident light of elliptic polarization is converted into linearly
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polarized light and the linearly polarized light is guided to the second
variable phase difference member 4, by setting the first variable phase
difference member 3 as a quarter-wave plate at a predetermined angular
position around the optical axis AX with respect to the incident
elliptically polarized light. Furthermore, the second variable phase
difference member 4 as a half-wave plate is set at a required angular
position around the optical axis AX with respect to the incident linearly
polarized light, whereby the incident light of linear polarization is
converted into linearly polarized light having the polarization direction
along a desired direction and it is guided to the depolarizer 5, or directly
to the diffractive optical element 6.

[0062] When the depolarizer 5 is inserted in the illumination optical
path and when the depolarizer 5 is set at a predetermined angular
position around the optical axis AX with respect to the incident linearly
polarized light, the incident light of linear polarization is converted into
light in an unpolarized state (or depolarized) to enter the diffractive
optical element 6. On the other hand, when the depolarizer 5 is
retracted from the illumination optical path, the linearly polarized light
from the second variable phase difference member 4 is incident directly
to the diffractive optical element 6, without change in the polarization
direction.

[0063] When the polarization state switch (3-5) is so arranged that the
depolarizer 5 is retracted from the illumination optical path and that the
first variable phase difference member 3 as a quarter-wave plate and the
second variable phase difference member 4 as a half-wave plate each

are set at the predetermined angular positions around the optical axis
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AX, linearly polarized light having the polarization direcﬁon along a
desired direction can be made incident to the diffractive optical element
6. When the first variable phase difference member 3 as a quarter-
wave plate and the second variable phase difference member 4 as a half-
wave plate each are set at the predétermined angular positions around
the optical axis AX and when the depolarizer 5 is inserted in the
illumination optical path and set at the predetermined angular position
around the optical axis AX, light in an unpolarized state can be made
incident to the diffractive optical element 6.

[0064] In other words, the polarization state switch (3-5) is able to

-switch the polarization state of the incident light to the diffractive

optical element 6 (eventually, the polarization state of the light to
illuminate the mask M and the wafer W) between a linear polarization
state and an unpolarized state. In the case of the linear polarization
state, it is possible, for example, to switch between mutually orthogonal
polarization states (between Z-directional polarization and X-directional
polarization).

[0065] As described above, the present embodiment uses the variable

phase difference members (3, 4) for variably yielding the phase

difference between incident light and emerging light like the Soleil

compensator and the Babinet compensator, as the optical members
functioning as wave plates such as the quarter-wave plate and the half-
wave plate, different from the conventional technology of producing the
wave plate such as the quarter-wave plate or the half-wave plate from a
single rock crystal plate. Therefore, even when there is some

manufacturing etror in the optical elements (plane-parallel plate and
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deviation prisms) constituting the variable phase difference members (3,
4), they can be used after adjusted each so as to accurately function as a
quarter-wave plate and as a half-wave plate.

[0066] Therefore, the illumination optical apparatus (1-17) of the
present embodiment is able to illuminate the mask M as a surface to be
illuminated, with light in a desired polarization state, without
substantive influence of manufacturing error of the optical elements
(2la-21c; 22a, 22b) constituting the optical members (3, 4) functioning
as wave plates. As a result, the exposure apparatus (1-WS) of the
present embodiment is able to perform good exposure under an
appropriate -illumination condition, using the- illumination optical
apparatus (1-17) for illuminating the mask M set on the surface to be
illuminated, with light in a desired polarization state.

[0067] In the above description, the variable phase difference members
(3, 4) are incorporated in the illumination optical path after each of them
is singly preliminarily adjusted by measuring the phase difference and
controlling the phase difference to the predetermined value (a quarter or
half of the wavelength A of light). However, the present invention does
not have to be limited to this configuration, but may adopt the following
configuration, as shown in a modification example of Fig. 4: the
VariaBIe phase difference members (3, 4) are incorporated in the
illumination optical path and then the variable phase difference
members (3, 4) each are adjusted so as to function accurately as a
quarter-wave plate and as a half-wave plate, based on the measurement

result by the polarization state measuring section 18. It is also possible

to adopt a configuration wherein the variable phase difference members
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(3, 4) after adjusted to function accurately as a quarter-wave plate and as
a half-wave plate are further positively finely adjusted so as to permit
the mask M as a surface to be illuminated and thus the wafer W to be
illuminated with light in a variety of polarization states.

[0068] In Fig. 4, a controller CR is arranged to receive the measurement
result from the polarization state measuring section 18, to contro! the
relative positions between the optical elements (21a-21¢c; 22a, 22b) in
the variable phase difference members (3, 4), and to adjust the phase
difference amounts by the variable phase difference members (3, 4) so

that the polarization state on the mask M or on the wafer W as a surface

-to be illuminated becomes a desired state.

[0069] In the above description, each optical element forming the
variable phase difference members (3, 4) is made of rock crystal, but,
without having to be limited to this, each optical element in the variable
phase difference members (3, 4) may be made of a birefringent crystal
material, e.g., magnesium fluoride or calcite.

[0070] Fig. 5 is a drawing schematically showing a configuration of the
variable optical rotator unit (the variable polarization rotating unit)
according to the present embodiment. Fig. 6 is a drawing
schematically showing a configuration of each variable optical rotating
member forming the variable optical rotator unit shown in Fig. 5. The
variable optical rotator unit 12 according to the present embodiment is
located immediately before the micro fly's eye lens 13, i.e., on or near
the pupil of the illumination optical system (2-17). Therefore, in the
case of the annular illumination, a light beam having a nearly annular

cross section around the optical axis AX is incident to the variable
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optical rotator unit 12.

[0071] With reference to Fig. 5, the variable optical rotator unit 12 is
composed of eight variable optical rotating members 12a, 12b, 12¢, 12d,
12e, 12f, 12g, and 12h arranged along a circumferential direction of a
circle centered around the optical axis AX. Each variable optical
rotating member 12a-12h has a contour of a sector shape obtained by
equally dividing the annular region around the optical axis AX into
eight circumferential segments, and they have the same fundamental
configuration. With reference to Fig. 6, each variable optical rotating

member 12a-12h is composed of a pair of deviation prisms 23a and 23b

- made of rock crystal as an optical material with optical activity (rotary

polarization characteristic).

[0072] The first deviation prism 23a and the second deviation prism
23b have their respective wedge sectional shapes complementary to
each other, and are arranged so that the crystallographic axis of the first
deviation prism 23a and the crystallographic axis of the second
deviation prism 23b both are parallel to the optical axis AX (i.e., parallel
to the Y-direction). A driving means (not shown), e.g., a micrometer
head is arranged to move the first deviation prism 23a and the second
deviation prism 23b relative to each other along the radial direction of
the circle centered around the optical axis AX, or to move the first
deviation prism 23a and the second deviation prism 23b relative to each
other along a line of intersection between their opposed slopes and the
plane including the optical axis AX.

[0073] In this way, each variable optical rotating member 12a-12h

shown in Fig. 6 variably yields a polarization rotation angle to incident
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linearly polarized light, according to the relative positions of the first
deviation prism 23a and the second deviation prism 23b. The optical
activity (rotary polarization characteristic) of rock crystal will be briefly
described below with reference to Fig. 7. = With reference to Fig. 7, an
optical member 100 of a plane-parallel plate shape made of rock crystal
and having the thickness d is located so that its crystallographic axis
agrees with the optical axis AX. In this case, the optical member 100
rotates the polarization direction of incident linearly polarized light by 6
around the optical axis AX and the emerging light is in the O-rotated
state based on the optical activity of the optical member 100.
[0074] At this time, the angle of rotation of the polarization direction
(polarization rotation angle) 6 by the optical activity of the optical
member 100 is expressed by Eq (a) below, using the thickness d of the
optical member 100 and an optical rotatory power p of rock crystal.
9=dp (a)
[0075] In general, the optical rotatory power p of rock crystal has
wavelength dependence (a property in which the value of optical
rotatory power differs depending upon the wavelength of light used:
optically rotating dispersion) and, specifically, it tends to increase with
decrease in the wavelength of light used. According to the description
on pl67 in "Applied Optics II," the optical rotatory power p of rock
crystal for light with the wavelength of 250.3 nm is 153.9°/mm.
[0076] Fig. 8 is a drawing schematically showing a secondary light
source of an annular shape set in a circumferential polarization
(azimuthal polarization) state by the action of the variable optical rotator

unit shown in Fig. 5. In the present embodiment, the variable optical
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rotating members 12a and 12e opposed with respect to the optical axis
AX are arranged as follows: the relative positions of the first deviation
prism 23a and the second deviation prism 23b are so set that when
linearly polarized light having the polarization direction along the Z-
direction is incident thereto, they output linearly polarized light having
the polarization direction along a direction resulting from +90° rotation
of the Z-direction around the Y-axis, i.e., along the X-direction. In this
case, therefore, the polarization direction of light beams passing through
a pair of sector regions (or arcuate regions) 31a and 31e formed by light
beams subject to the optical rotating action of the variable optical
rotating members 12a and 12¢, in the annular secondary light source 31
shown in Fig. 8, is the X-direction.

[0077] The variable optical rotating members 12b and 12f opposed with
respect to the optical axis AX are arranged as follows: the relative
positions of the first deviation prism 23a and the second deviation prism
23b are so set that when linearly polarized light having the polarization
direction along the Z-direction is incident thereto, they output linearly
polarized light having the polarization direction along a direction
resulting from +135° rotation of the Z-direction around the Y-axis, i.e.,
along a direction resuiting from -45° rotation of the Z-direction around
the Y-axis. In this case, therefore, the polarization direction of light
beams passing through a pair of sector regions 31b and 31f formed by
light beams subject to the optical rotating action of the variable optical
rotating members 12b and 12f, in the annular secondary light source 31
shown in Fig. 8, is the direction resulting from -45° rotation of the Z-

direction around the Y-axis.
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[0078] The variable optical rotating members 12c¢ and 12g opposed
with respect to the optical axis AX are arranged as follows: the relative
positions of the first deviation prism 23a and the second deviation prism
23b are so set that when linearly polarized light having the polarization
direction along the Z-direction is incident thereto, they output linearly
polarized light having the polarization direction along a direction
resulting from +180° rotation of the Z-direction around the Y-axis, i.e.,
along the Z-direction. In this case, therefore, the polarization direction
of light beams passing through a pair of sector regions 31c and 3lg
formed by light beams subject to the optical rotating action of the
variable optical rotating members 12¢ and 12g, in the annular secohdary
light source 31 shown in Fig. 8, is the Z-direction.

[0079] The variable optical rotating members 12d and 12h opposed
with respect to the optical axis AX are arranged as follows: the relative
positions to the first deviation prism 23a and the second deviation prism
23b'are so set that when linearly polarized light having the polarization
direction along the Z-direction is incident thereto, they output linearly
polarized light having the polarization direction along a direction
resulting from +45° rotation of the Z-direction around the Y-axis. In
this case, therefore, the polarization direction of light beams passing
through a pair of sector regions 31d and 31h formed by light beams
subject to the optical rotating action of the variable optical rotating
members 12d and 12h, in the annular secondary light source 31 shown
in Fig. 8, is the direction resulting from +45° rotation of the Z-direction
around the Y-axis.

[0080] As described above, the variable optical rotator unit 12
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constitutes a polarization converting element disposed on or near the
illumination pupil plane and adapted for converting the polarization
state of incident light into a predetermined polarization state. It is
noted that the present embodiment is provided with a center region 12
of a circular shape having the size equal to 3/10 or more, preferably 1/3
or more, of the radial size of the effective region of the variable optical
rotator unit 12 and having no optical rotatory power, in order to
implement normal circular illumination without retracting the variable
optical rotator unit 12 from the optical path. The center region 12j
may be made of an optical material without optical rotatory power, e.g.,
silica and fluorite, or may be simply a circular aperture. It is, however,
noted that the center region 12j is not an essential element to the
variable optical rotator unit 12.

[0081] In the present embodiment, circumferential polarization
(azimuthal polarization) annular illumination (off-axis illumination in
which light beams passing through the annular secondary light source

are set in a circumferential polarization state) is implemented by making

~ linearly polarized light with the polarization direction along the Z-

direction incident into the variable optical rotator unit 12 by the action
of the polarization state switch (3-5). As a result, as shown in Fig. 8,
the annular secondary light source (annular illumination pupil
distribution) 31 is formed on or near the rear focal plane of the micro
fly's eye lens 13, and light beams passing through this annular
secondary light source 31 are set in the circumferential polarization state
by the action of the variable optical rotator unit 12. In the

circumferential polarization state, the light beams passing through the
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respective sector regions 31a-31h constituting the annular secondary
light source 31 are in a linear polarization state with the polarization
direction approximately coincident with a direction of a tangent to a
circle centered around the optical axis AX, at the center position along
the circumferential direction of each sector region 31a-31h.

[0082] In the present embodiment, as described above, the annular
secondary light source (illumination pupil distribution) 31 in the
circumferential polarization state can be formed, without substantive
occurrence of loss in quantity of light, by the optical rotating action of
the variable optical rotator unit 12. In the circumferential polarization
annular illumination based on the annular illumination. pupil distribution
in the circumferential polarization state, the light projected onto the
wafer W as a final surface to be illuminated is in a polarization state in
which the principal component is s-polarized light. The s-polarized
light is linearly polarized light having the polarization direction along a
direction normal to the plane of incidence (polarized light whose
electric vector vibrates in the direction normal to the plane of
incidence). It is, however, noted that the plane of incidence is a plane
defined as follows: when light arrives at a boundary surface of a
medium (surface to be illuminated: a surface of wafer W), the plane
includes a normal to the boundary surface at the arrival point and the
direction of incidence of the light.

[0083] As a result, the circumferential polarization annular illumination
improves the optical performance (depth of focus or the like) of the
projection optical system PL and provides a high-contrast image of the

mask pattern on the wafer (photosensitive substrate) W. Namely, since
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the exposure apparatus of the present embodiment uses the illumination
optical apparatus capable of forming the annular illumination pupil
distribution in the circumferential polarization state while well
suppressing the loss in quanﬁty of light, the microscopic pattern can be
transferred accurately and at high throughput under an appropriate
illumination condition.

[0084] In the present embodiment, the apparatus is arranged to
implement radial polarization annular illumination (off-axis illumination
in which light beams passing through the annular secondary light source
32 are set in a radial polarization state), by making linearly polarized
light with the polarization direction along the X-direction incident to the
variable optical rotator unit 12 by the action of the polarization state
switch (3-5) and by sefting the light beams passing through the annular
secondary light source 32 in the radial polarization state as shown in
Fig. 9. In the radial polarization state, light beams passing through the
respective sector regions 32a-32h constituting the annular secondary
light source 32 are in a linear polarization state with the polarization
direction approximately coincident with a radial direction of a circle
centered around the optical axis AX, at the center position along the
circumferential direction of each sector region 32a-32h.

[0085] In the radial polarization annular illumination based on the
annular illumination pupil distribution in the radial polarization state,
the light projected onto the wafer W as a final surface to be illuminated

is in a polarization state in which the principal component is p-polarized

light. The p-polarized light herein is linearly polarized light having the

polarization direction along a direction parallel to the plane of incidence
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defined as described above (i.e., polarized light whose electric vector
vibrates in the direction parallel to the plane of incidence). As a result,
the radial polarization annular illumination enables the apparatus to
obtain a good mask pattern image on the wafer (photosensitive
substrate) while controlling the reflectance of light to a low level on a
resist applied to the wafer W.

[0086] Incidentally, the Applicant of the present application proposed
the following configuration, for example, in International Publication
No. WO02005/076045: plural types of rock crystal plates having
mutually different thicknesses along the transmission direction of light
(lengths in the optical-axis direction) are arranged as optical rotating
members in the circumferential direction, to form a polarization
converting element disposed on or near the illumination pupil plane and
adapted for converting the polarization state of incident light into a
predetermined polarization state. In the case of the polarization
converting element proposed in the above-described application, it is
difficult to accurately produce each of the optical rotating members for
yielding a required angle of rotation to incident linearly polarized light,
from a single rock crystal plate. When each optical rotating member
fails to accurately function because of manufacturing error, it is
infeasible to implement the desired circumferential polarization state,
radial polarization state, and so on.

[0087] In contrast to it, the present embodiment adopts the
configuration wherein the variable optical rotator unit 12 as a
polarization converting element is composed of the plurality of variable

optical rotating members 12a-12h for variably yielding the angle of
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rotation to incident linearly polarized light according to the relative
positions of the first deviation prism 23a and the second deviation prism
23b. Therefore, even when there is some manufacturing error in the
optical elements (pair of deviation prisms) constituting each variable
optical rotating member 12a-12h, the variable optical rotator unit 12 can
be used after each variable optical rotating member 12a-12h is adjusted
so as to function accurately as an optical member for yielding the
required angle of rotation.

[0088] Specifically, before mounted on the exposure apparatus, an
optical rotation angle by each variable optical rotating member 12a-12h
is measured, each variable optical rotating member 12a-12h (eventually,
the relative positions of the first deviation prism 23a and the second
deviation prism 23b) is adjusted so that the optical rotation angle
becomes a predetermined value, and then the variable optical rotator
unit 12 is incorporated in the illumination optical path. Another
potential configuration is such that the variable optical rotator unit 12 is
first incorporated in the illumination optical path, and then the relative
positions of the first deviation prism 23a and the second deviation prism
23b each are adjusted so that each variable optical rotating member 12a-
12h accurately functions, based on the measurement result by the
polarization state measuring section 18.  Still another potential
configuration is such that each variable optical rotating member 12a-
12h 1s further positively finely adjusted from a state in which it has been
adjusted to function accurately as the variable optical rotator unit 12,
whereby the mask and, therefore, the wafer W as a surface to be

illuminated can be illuminated with light in a variety of polarization
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states (e.g., a modified circumferential polarization state slightly
different from the perfect circumferential polarization state, or the like).
[0089] In this case, as shown in Fig. 1, the controller CR is arranged to
receive the measurement result from the polarization state measuring
section 18, to control a driver DR1 for changing the relative positions of
the optical elements (12a-12h) in the variable optical rotator unit 12, and
to adjust a distribution of optical rotation amounts by the variable
optical rotator unit 12 so that the polarization state of light beams to the
mask M or to the wafer W as a surface to be illuminated becomes a
desired state.

[0090] In this manner, the illumination optical apparatus (1-17) of the
present embodiment is able to illuminate the mask M as a surface to be
illuminated, with light in a desired polarization state, without
substantive influence of manufacturing error of each optical element
(12a-12h; 23a, 23b) forming the variable optical rotator unit 12. As a
result, the exposure apparatus (1-WS) of the present embodiment is able
to perform good exposure under an appropriate illumination condition,
using the illumination optical apparatus (1-17) for illuminating the mask
M set on the surface to be illuminated, with light in the desired
polarization state.

[0091] In the above description, the circumferential polarization annular
illumination and the radial polarization annular illumination are
implemented by switching the light beam incident to the variable optical
rotator unit 12 between the linear polarization state with the polarization
direction along the Z-direction and the linear polarization state with the

polarization direction along the X-direction. However, without having
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to be limited to this, the circumferential polarization annular
illumination and the radial polarization annular illumination can also be
implemented, for example, by switching the variable optical rotator unit
12 between the first state shown in Fig. 5 and a second state in which
the variable optical rotator unit 12 is rotated by 90° around the optical
axis AX, relative to the incident light beam in the linear polarization
state with the polarization direction along the Z-direction or along the
X-direction.

[0092] In the above description, the variable optical rotator unit 12 is
located immediately before the micro fly's eye lens 13. However,
without having to be limited to this, the variable optical rotator unit 12
can be generally located on or near the pupil of the illumination optical
apparatus (1-PL); for example, it may be located on or near the pupil of
the projection optical system PL, on or near the pupil of the imaging
optical system 17, or immediately before the conical axicon system 10
(on or near the pupil of the afocal lens 7).

[0093] In the above description, the variable optical rotator unit 12 is
composed of the eight variable optical rotating members 12a-12h of the
sector shape corresponding to the eight segments of the annular
effective region. However, without having to be limited to this, the
Vaﬁable optical rotator unit 12 can also be composed, for example, of
eight variable optical rotating members of a sector shape corresponding
to eight segments of a circular effective region, or of four variable
optical rotating members of a sector shape corresponding to four
segments of a circular or annular effective region, or of sixteen variable

optical rotating members of a sector shape corresponding to sixteen
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segments of a circular or annular effective region. Namely, a variety
of modification examples can be contemplated as to the shape of the
effective region of the variable optical rotator unit 12, the number of
segments of the effective region (the number of variable optical rotating
members), and so on.

[0094] In the above description, each variable optical rotating member
12a-12h (therefore, the variable optical rotator unit 12) is made of rock
crystal. However, without having to be limited to this, each variable
optical rotating member can also be made of another appropriate optical

material with an optical rotatory power. In this case, it is preferable to

- use an optical material with the optical rotatory power of not less than

100°/mm for the light of wavelength used. Namely, when an optical
material used has a small optical rotatory power, a thickness necessary
for obtaining the required rotation angle of the polarization direction
will be too large, so as to cause loss in quantity of light, which. is not
preferred.

[0095] In the above description, the variable optical rotator unit 12 is
installed as fixed relative to the illumination optical path, but this
variable optical rotator unit 12 may be arranged so that it can be inserted
in and retracted from the illumination optical path. The above
description presented the example of combination of annular
illumination with s-polarized light for the wafer W, but it is also
possible to adopt combinations of s-polarized light for the wafer W with
multi-pole illuminations, such as dipole, quadrupole, and octupole
illuminations, and with circular illumination.

[0096] Fig. 10 is a drawing schematically showing a configuration of
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the variable phase difference unit according to the present embodiment.
The variable phase difference unit 9 according to the present
embodiment is located on or near the pupil plane of the afocal lens 7,
i.e., on or near the pupil of the illumination optical system (2-17).
Therefore, in the case of the annular illumination, a light beam having a
substantially annular cross section around the optical axis AX is incident
to the variable phase difference unit 9. In the case of the octupole
illumination, for example, eight light beams having a substantially
circular cross section around the optical axis AX are incident to the
variable phase difference unit 9. The below will describe the case of
the octupole illumination for simplicity of description.

[0097] With reference to Fig. 10, the variable phase difference unit 9 is
composed of eight variable phase difference members 9a, 9b, 9¢c, 94, 9e,
Of, 9g, and 9h of a circular shape arranged along a circumferential
direction of a circle centered around the optical axis AX. The variable
phase difference members %9a-Sh have the same fundamental
configuration and, specifically, each variable phase difference member
is constructed as a Soleil compensator shown in Fig. 3 (a), or as a
Babinet compensator shown in Fig. 3 (b).

[0098] Each variable phase difference member 9a-9h is arranged, for
example, to be rotatable around an axis passing the center of the circular
contour and being parallel to the optical axis AX (i.e., parallel to the Y-
direction). In an example where the octupole illumination is
implemented in the aforementioned circumferential polarization state, as
shown in Fig. 11, eight circular light beams 33a-33h constituting the

octupole light beams 33 incident to the variable phase difference unit 9
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all must be linearly polarized light having the polarization direction
along the Z-direction by the action of the polarization state switch (3-5).
[0099] However, the polarization state of the light beams reaching the
variable phase difference unit 9 can deviate from the linear polarization
state with the polarization direction along the Z-direction because of
influence of the polarization characteristics of the optical members or
the like disposed in the optical path between the second variable phase
difference member 4 and the variable phase difference unit 9. As a
simple specific example, as shown in Fig. 11, the circular light beam
33a incident to the variable phase difference member 9a in the variable
phase difference unit 9 turns, for example, into an elliptic polarization
state, and the circular light beam 33h incident to the variable phase
difference member 9h turns into a linear polarization state with the
polarization direction along a direction inclined from the Z-direction.
[0100] In this case, the variable phase difference unit 9 of the present |
embodiment is arranged to adjust the relative positions of the first
deviation prism 21b and the second deviation prism 21c (or the relative
positions of the first deviation prism 22a and the second deviation prism
22b) so that the variable phase difference member 9a functions
accurately as a quarter-wave plate. Also, the relati{re positions of the
first deviation prism 21b and the second deviation prism 21c (or the
relative positions of the first deviation prism | 22a and the second
deviation prism 22b) are adjusted so that the variable phase difference
member 9h functions accurately as a half-wave plate.

[0101] Subsequently, the variable phase difference member 9a is set at

a predetermined angular position around its center axis to convert
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incident light of elliptic polarization into linearly polarized light having
the polarization direction along the Z-direction. In addition, the
variable phase difference member %h is set at a predetermined angular
position around its center axis to convert incident light of linear
polarization into linearly polarized light having the polarization
direction along the Z-direction. In this manner, by the action of the
variable phase difference unit 9 as a polarization converting element
disposed on or near the illumination pupil plane, the polarization state of
the incident light can be converted into a desired polarization state (the
linear polarization state with the polarization direction alohg the Z-
direction in the specific example) and, therefore, the mask M and the
wafer W can be illuminated with light in the desired polarization state
(e.g., the circumferential polarization state, the radial polarization state,
the linear polarization state with the polarization direction along the Z-
direction, or the like). Namely, when the variable phase difference unit
9 of the present embodiment is used to locally change the polarization
state at a position on or near the illumination pupil plane, the mask M
and the wafer W can be illuminated with the illumination light having a
desired polarization state distribution on or near the illumination pupil
plane and it is thus feasible to obtain effects of a desired resolution and
improvement in the depth of focus and, for example, to suppress
occurrence of asymmetric error in lateral or vertical directions of
patterns.

[0102] The above description was given with focus on the case of
octupole illumination, but the present invention is not limited to this; for

example, the present invention is also applicable similarly to cases of
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the multi-pole illuminations, such as dipole and quadrupole
illuminations, and the annular illumination so that the polarization state
of incident light can be converted into a desired polaﬁzation state by the
action of the variable phase difference unit 9 as a polarization
converting element. In the above description, the variable phase
difference unit 9 is located on or near the pupil plane of the afocal lens
7, but, without having to be limited to this, it can also be located
generally on or near the pupil plane of the illumination optical system
(2-17). In passing, the variable phase difference unit 9 may be
arranged to be retractable from the illumination optical path or to be
fixed in the illumination optical path.

[0103] In the above description, the adjustment was so made that all the
octupole light beams 33a-33h immediately after passage through the
variable phase difference unit 9 were in the linear polarization state with
the polarization direction along the Z-direction, but, without having to
be limited to this, adjustment can also be so made that the light beams
immediately after passage through the variable phase difference unit 9
are in a variety of polarization states.

[0104] By further positively finely adjusting each of the variable phase
difference members 9a-9h from a certain adjustment state on the basis
of the measurement result by the polarization state measuring section
18, it also becomes feasible to illuminate the mask M as a surface to be
illuminated and thus the wafer W with light in a greater diversity of
polarization states. In this case, the controller CR adjusts each variable
phase difference member 9a-Sh in the variable phase difference unit 9

through the driver DR2 shown in Fig. 1.
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[0105] It is also possible to adopt a combination of the variable optical
rotator unit 12 shown in Fig. 5, with the variable phase difference unit 9
shown in Fig. 10. In this case, it is preferable to control an elliptical
polarization rate of illumination light by the variable phase difference
unit 9 and to control the polarization direction (the major-axis direction
in the case of elliptical polarization) by the variable optical rotator unit
12. In this case, the variable phase difference unit 9 and the variable
optical rotator unit 12 may be arranged in an adjoining state, or a relay
optical system (7b, 11) may be interposed between these units so that
these units 9 and 12 are arranged to be conjugate with each other.

[0106] Fig. 12 is a drawing schematically showing a configuration of
another variable phase difference unit according to the present
embodiment. The variable phase difference unit 19 shown in Fig. 12 is
located near the mask blind 16, i.e., at or near a position optically
conjugate with the surface to be illuminated in the illumination optical
apparatus (1-17), as shown in Fig. 12 (a). Therefore, a light beam of a
rectangular shépe approximately similar to the illumination region on
the mask M or the exposure region on the wafer W (a still exposure
region in the case of scan exposure) is incident to the variable phase
difference unit 19, independent of the annular illumination, the multi-
pole illuminations, the circular illumination, and so on.

[0107] With reference to Fig. 12 (b), the variable phase difference unit
19 is composed of a number of circular variable phase difference
members 19a, 19b, 19¢, 19d, 19e,... almost densely arranged in a
rectangular region centered around the optical axis AX. The variable

phase difference members (19a-19e,...) have the same fundamental
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configuration and, specifically, each variable phase difference member
is constructed as a Soleil compensator shown in Fig. 3 (a), or as a
Babinet compensator shown in Fig. 3 (b).

[0108] Each variable phase difference member (19a-19e,...) is arranged,
for example, to be rotatable around an axis passing the center of the
circular contour and being parallel to the optical axis AX (parallel to the
Y-direction). In an example where the mask M and the wafer W are
illuminated with light in the linear polarization state with the
polarization direction along the Y-direction, as shown in Fig. 13, all the

light beams incident to the respective variable phase difference

~members (19a-19e,...) of the variable phase difference unit 19 must be

linearly polarized light having the polarization direction along the Z-
direction by virtue of the action of the polarization state switch (3-5).
[0109] However, the polarization state of the light beams arriving at the
variable phase difference unit 19 can deviate from the linear
polarization state with the polarization direction along the Z-direction
because of influence of the polarization characteristics of the optical
members or the like disposed in the optical path between the second
variable phase difference member 4 and the variable phase difference
unit 19. In a simple specific example, as shown in Fig. 13, a light
beam incident to the variable phase difference member 19a in the
variable phase difference unit 19 is in an elliptical polarization state and
a light beam incident to the variable phase difference member 19e isin a
linear polarization state with the polarization direction along a direction
inclined from the Z-direction, for example.

[0110] In this case, in the variable phase difference unit 19 of Fig. 12,
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the relative positions of the first deviation prism 21b and the second
deviation prism 21c¢ (or the relative positions of the first deviation prism
22a and the second deviation prism 22b) are adjusted so that the
variable phase difference member 19a functions accurately as a quarter-
wave plate. Also, the relative positions of the first deviation prism 21b
and the second deviation prism 21¢ (or the relative positions of the first
deviation prism 22a and the second deviation prism 22b) are adjusted so
that the variable phase difference member 19e functions accurately as a
half-wave plate. |

[0111] Subsequently, the variable phase difference member 19a is set at
a predetermined angular position around its center axis so as to convert
the incident light of elliptical polarization into linearly polarized light
having the polarization direction along the Z-direction. In addition, the
variable phase difference member 19e is set at a predetenﬁined angular
position around its center axis so as to convert the incident light of
linear polarization into linearly polarized light having the polarization
direction anhg the Z-direction. In this manner, the polarization state
of incident light can be converted into a desired polarization state (the
linear polarization state with the polarization direction along the Z-
direction in the specific example) by the action of the variable phase
difference unit 19 as a polarization converting element disposed at or
near the position optically conjugate with the surface to be illuminated,
and the mask M and wafer W can be illuminated in the desired
polarization state (the linear polarization state with the polarization
direction along the Y-direction) eventually. Namely, when the

polarization state of the light to illuminate the surface to be illuminated
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(the mask M or the wafer W) is locally changed using the other variable
phase difference unit 19 according to the present embodiment, the mask
M and the wafer W can be illuminated with the illumination light
having the desired polarization state distribution on the surface to be
illuminated and it is thus feasible to suppress variation in line widths of
the pattern formed on the wafer W, depending upon positions in the
illumination region, and to suppress occurrence of so-called intrafield
line width difference.

[0112] 1t is also possible to use a combination of the variable optical
rotator unit of Fig. 5 with the variable phase difference unit of Fig. 12,
or a combination of the variable phase difference unit of Fig. 10 with
the variable phase difference unit of Fig. 12. In this case, the
polarization state of light to illuminate the surface to be illuminated (the
mask M or the wafer W) is locally continuously changed while the
polarization state on or near the illumination pupil plane is locally
continuously changed; whereby the mask M and the wafer W can be
illuminated with the illumination light having the desired polarization
state distribution on or near the illumination pupil plane and having the
desired polarization state distribution on the surface to be illuminated,
and it is thus feasible to suppress occurrence of asymmetric error of the
pattern and to suppress occurrence of the in-field line width difference.
[0113] In the above description, the variable phase difference unit 19 is
located near the mask blind 16. However, without having to be limited
to this, the variable phase difference unit 19 may be located near the
surface to be illuminated (e.g., near the mask M) in the illumination

optical apparatus (1-17), at a position optically conjugate with the
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surface to be illuminated, or near the conjugate position, except for the
vicinity of the mask blind 16. In passing, the variable phase difference
unit 19 may be arranged to be retractable from the illumination optical
path or to be fixed 1n the illumination optical path. In the case of scan
exposure, it is preferable to arrange a number of circular variable phase
difference members along a non-scan direction and it is also preferable
to arrange the circular variable phase difference members in a staggered

array pattern (or in a zigzag pattern) in the non-scan direction.

_ [Oi 14] In the above description, the adjustment was so made that all the

light beams immediately after passage through the variable phase
difference unit 19 were in the linear polarization state with the
polarization direction along the Z-direction, but, without having to be
limited to this, adjustment can also be so made that the light beams
immediately after passage through the variable phase difference unit 19
are in a variety of polarization states. By further positively finely
adjusting each of the variable phase difference members (19a-19%e,...)
from a certain adjustment state on the basis of the measurement result
by the polarization state measuring section 18, it also becomes feasible
to illuminate the mask M and the wafer W as a surface to be
illuminated, with light in a diveréity of polarization states.

[0115] In this case, as shown in Fig. 12, the controller CR is arranged to
receive the measurement result from the polarization state measuring
section 18, to control a driver DR4 for driving the variable phase
difference members 19a-19¢ in the variable phase difference unit 19,
and to adjust a distribution of phase difference amounts by the variable

phase differenice unit 19 so that the polarization state distribution of the
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light beam on the mask M or on the wafer W as the surface to be
illuminated is in a desired state.

[0116] In the above embodiment, the variable phase difference unit 19
is located at or near the position optically conjugate with the surface to
be illuminated in the illumination optical apparatus (1-17), but this
variable phase difference unit may be replaced with a plurality of
variable optical rotator units. In this case, the shape of each variable
optical rotating member is preferably circular, instead of the sector
shape as shown in Fig. 5. This configuration implements linear
polarization illumination with illumination light having a desired
polarization' direction distribution on the surface to be illuminated.
This eventually makes it feasible to implement polarization illumination
with illumination light having a desired polarization state distribution on
the surface to be illuminated. It is also possible to use a combination
of such variable optibal rotator units with a variable phase difference
unit. In this case, it is preferable to control the elliptical polarization
rate of illumination light by the variable phase difference unit and to
control the polarization direction (the major-axis direction in the case of
elliptical polarization) by the variable optical rotator units.

[0117] As shown as a second modification example in Fig. 14, it is also
possible to arrange variable optical rotating members (variable
polarization rotating members) 81a-81f formed in a wedge shape and
made of an optical material with optical activity (e.g., rock crystal),
along a direction corresponding to a non-scan direction (X-direction), as
a variable optical rotator unit 80. These variable optical rotating

members 8la-81f are movable in the direction (Z-direction)
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corresponding to a scan direction, and movement amounts thereof are
adjusted by drive units 82a-82f controlled by‘the controller CR and
connected to the respective variable optical rotating members 81a-81f.
[0118] The action of each variable optical rotating member 81a-81f will
be described with reference to Fig. 14 (b). The below will describe the
variable optical rotating member 81f as a representative. In Fig. 14
(b), let us consider a plurality of positions 83f1-83f5 along the moving
direction (Z-direction) of the variable optical rotating member 81f.
Here, polarization states of respective light beams having passed the
plurality of positions 83f1-83f5 in the aperture 16a of the mask blind 16
are denoted by 84f1-84f5. When the polarization states 84f4, 84f5 of
the light beams through the variable optical rotating member 81f are
compared with the polarization states 84f1-84f3 of the light beams
outside the variable optical rotating member 81f, the polarization
direction of incident linearly polarized light is rotated around the optical
axis in accordance with the thickness of the variable optical rotating
member 811 in the optical-axis direction (Y-direction).

[0119] Considering the scan exposure herein, a polarization state of a
light beam arriving at a point on the wafer W can be deemed as an
average polarization state of a light beam group along the scan
direction. Since in the second modification example the average
polarization state of the polarization states 84f1-8415 of the light beams
along the Z-direction can be changed according to the Z-directional
position of the variable optical rotating member 81f, the polarization
state of the light beam arriving at a point on the wafer W can be

changed thereby. Then the distribution of polarization states of light
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beams in the non-scan direction can be changed by changing each of the
Z-directional positions of the respective variable optical rotating
members 81a-81f arranged along the non-scan direction. As shown in
Fig. 15, the variable optical rotating members 81a-81f in the variable
optical rotator unit may be provided with respective wedge optical
members 85a-85f (among which only' 85f is illustrated in Fig. 15) made
of an amorphous material (e.g., silica glass) for correction of optical
axis so that the combination is of a plane-parallel plate shape as a
whole.

[0120] Fig. 16 is a drawing schematically showing a configuration of a
variable optical rotator/phase shifter unit according to a third
modification example. The third modification example is arranged to
control the ellipticity of polarized light by means of variable phase
shifters while controlling the polarization direction of linearly polarized
light (the orientation of the major-axis direction of elliptically polarized
light) by means of variable optical rotators. With reference to a side
view in Fig. 16 (a), a top view in Fig. 16 (b), and a bottom view in Fig.
16 (c), each of optical rotators (variable polarization rotators) 51-55 is
made of rock crystal so that the crystallographic axis thereof is aligned
with the optical-axis direction, and each of phase shifters 61-66 is made
of rock crystal so that ther crystallographic axis thereof is aligned with a
direction perpendicular to the optical axis. |

[0121] Here the optical rotator 51 and the phase shifter 61 have a
quadrilateral pyramid shape, and each of the optical rotators 52-55 and
the phase shifter 62-65 has a wedge-shaped cross section (in a plane

including the optical axis) and a quadrant shape when viewed from the
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optical-axis direction. In order to cancel the optical rotating action in
the phase shifters 61-65, the direction of the crystallographic axes of the
phase shifters 61-65 is perpendicular to the direction of the
crystallographic axis of the phase shifter 66. The optical rotators 52-
55 are arranged to be radially movable relative to the optical rotator 51
on the basis of the optical axis, and the phase shifters 62-65 are arranged
to be radially movable relative to the phase shifter 61 on the basis of the

- optical axis. At this junction, the optical rotators 52-55 are preferably

arranged to be movable along the slopes of the optical rotator 51 of the
quadrilateral pyramid shape, and the phase shifters 62-65 are preferably
arranged to be movable along the slopes of the phase shifter 61 of the
quadrilateral pyramid shape.

[0122] The thickness in the optical-axis direction as an optical rotator
assembly (a polarization rotating assembly) is locally changed
according to the radial positions of the optical rotators 52-55. The
thickness in the optical-axis direction as a phase shifter assembly is
locally changed according to the radial positions of the phase shifters
62-65. Therefore, it is feasible to independently adjust optical rotation
amounts and phase shift amounts given to respective light beams, i.e., a
first light beam passing through the optical rotators 51, 52 and the phase
shifters 61, 62, 66, a second light beam passing through the optical
rotators 51, 53 and the phase shifters 61, 63, 66, a third light beam
passing through the optical rotators 51, 54 and the phase shifters 61, 64,
66, and a fourth light beam passing through the optical rotators 51, 55
and the phase shifters 61, 65, 66, and it is thus feasible to independently
adjust the polarization states of the first to fourth light beams

55



10

15

20

25

FP06-0456-00

(polarization directions and ellipticities).

[0123] In order to effectively adjust (correct) the phase shift amounts, it
is desirable to locate the variable optical rotator unit (51-55) on the
entrance side of the variable phase shift unit (61-66) as in the present
modification example. When the variable optical rotator unit (51-55)
is located on the exit side of the variable phase shift unit (61-66), the
crystallographic axes of the phase shifters in the variable phase shift unit
(51-55) can be parallel or perpendicular to the polarization direction of
incident light to the phase shifters 51-55 and in this situation the
incident light is not subject to the phase shift action. In this case, it is
preferable to provide a phase shifter rotating mechanism for rotating the
crystallographic axes of the phase shifters 51-55 in the variable phase
shift unit (51-55) to an arbitrary direction in the plane perpendicular to
the optical axis, or to arrange the phase shifters so as to be replaceable
with other phase shifters having the crystallographic axes along other
directions. The arrangement of the variable optical rotator unit and the
variable phase shifter unit in the order named from the incidence side of
light as described above is also effective to after-described modification
examples and embodiments as well as the present modification
example.

[0124] This variable optical rotator/phase shifter unit (51-55; 61-66)
can be located on or near the pupil plane of the illumination optical -
apparatus, instead of the variable optical rotator unit 12 shown in Fig. 5
and the variable phase difference unit 9 shown in Fig. 10. In this
configuration, for example, a secondary light source 35a-35d of multi-

pole shape as shown in Fig. 17 (a) can be applied as a secondary light

56



10

15

20

25

FP06-0456-00

source formed on the pupil plane of the illumination optical apparatus.
Fig. 17 (b) shows a positional relation of light beams forming the multi-
pole secondary light source 35a-35d, at a position where they are
emitted from the phase shifters 62-65 in the variable phase shifter unit
(61-65). In this example of Fig. 17, each of circumferential spaces
between segments of the secondary light source 35a-35d is not less than
10° as an azimuthal angle around the optical axis. This prevents the
light beams forming the secondary light source 35a-35d from
overlapping the borders of the divided phase shifters (optical rotators).
The umit also can be located on the surface to be illuminated in the
illumination optical apparatus, near the surface to be illuminated, or on
one of their conjugate planes, instead of the variable phase difference
unit 19 shown in Fig. 12.

[0125] The above example showed the conﬁguration wherein the
optical rotation amounts and phase shift amounts for the light beams
passing through the four regions were independently controlled, but the
number of regions does not have to be limited to 4 but may be 6, 8, or
any number. When the wavelength of the illumination light (exposure
light) is 193 nm, the optical rotatory power of rock crystal is 90°/228
um and the phase shift amount thereof is 180°/7 pm. When it is
assumed that the variation amounts of the linear polarization direction
by the optical rotators are, for example, £20° and the phase adjustment
amounts by the phase shifters £10°, the radial stroke required for the
optical rotators 52-55 is =1 mm where the wedge angle of the optical
rotators is 7.2°; the radial stroke required for the phase shifters 62-65 is

100 pm wheré the wedge angle of the phase shifters is 0.35°.
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[0126] Fig. 18 is a drawing schematically showing a configuration and
action of a pair of aspherical optical rotators according to a fourth
modification example. In the present modification example, as shown
in Fig. 18, a first aspherical optical rotator (a first aspherical polarization
rotator) pair 58 is located on the front side (light source side) of the
mask blind 16, and a second aspherical optical rotator (a second
aspherical polarization rotator) pair 59 is located on the rear side (mask
side) of the mask blind 16. The first aspherical optical rotator pair 58
has a combination of an optical rotator 58a having a concave YZ cross
section, with an optical axis corrector 58b having a convex surface
complementary to the concave surface of the optical rotator 58a, and the
second aspherical optical rotator pair 59 has a combination of an optical
rotator 59a having a convex YZ cross section, with an optical axis
corrector 59b having a concave surface complementary to the convex
surface of the optical rotator 59a. These first aspherical optical rotator
pair 58 and second aspherical optical rotator pair 59 are so arranged that
the thickness of the optical rotator differs according to positions of
incidence of the light beam.

[0127] Specifically, the first aspherical optical rotator pair 58, as shown
in Fig. 19 (a), has such an optical rotation distribution of a quadric
concave pattern that the optical rotation amount is minimum at the
center of the effective region along the Y-direction and that the optical
rotation amount monotonically increases toward the periphery in
accordance with a quadratic function of distance from the center, for
example. On the other hand, the second aspherical optical rotator pair

59, as shown in Fig. 19 (b), has such an optical rotation distribution of a
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quadric convex pattern that the optical rotation amount is maximum at
the center of the effective region along the Y-direction and that the
optical rotation amount monotonically decreases toward the periphery in
accordance with a quadratic function of distance from the center, for
example.

[0128] In the present modification example, the apparatus is so set that
a difference between the maximum optical rotation amount in the
periphery of the effective region and the minimum optical rotation
amount at the center in the first aspherical optical rotator pair 58 is equal
to a difference between the maximum optical rotation amount at the
center of the effective region and the minimum optical rotation amount
in the periphery in the second aspherical optical rotator pair 59.
Namely, the first aspherical optical rotator pair 58 has the optical
rotation distribution of the quadric concave pattern, while the second
aspherical optical rotator pair 59 has the optical rotation distribution of
the quadric convex pattern. As a result, the first aspherical optical
rotator pair 58 and the second aspherical optical rotator pair 59 come to
have the optical rotation distributions complementary to each other.
[0129] In the present modification example, the apparatus is so set that
a distance between the first aspherical optical rotator pair 58 (precisely,
the concave surface thereof) and the mask blind 16 is equal to a distance
between the second aspherical optical rotator pair 59 (precisely, the
convex surface thereof) and the mask blind 16. Now, let us focus
attention to a ray arriving at a center point P1 as intersecting with the
optical axis AX on the mask M as a surface to be illuminated (or the

wafer W as a final surface to be illuminated), a ray arriving at a point P2
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a predetermined distance apart in the +Y direction from the center point
P1, and a ray arriving at a point P3 the same distance apart in the -Y
direction from the center point P1.

[0130] Let us consider a case where only the first aspherical optical
rotator pair 58 having the optical rotation distribution of the quadric
concave pattern is interposed. In Fig. 18, three graphs (A) between the |
first aspherical optical rotator pair 58 and the mask blind 16 represent
distributions of in-aperture optical rotation amounts of respective light
beams about the points P1, P2, P3, traveling in the optical path between
the first aspherical optical rotator pair 58 and the mask blind 16, and
three graphs (B) between the mask blind 16 and the second aspherical
optical rotator pair 59 represent distributions of in-aperture optical
rotation amounts of respective light beams about the points P1, P2, P3,
traveling in the optical path between the mask blind and the second
aspherical optical rotator pair 59.

[0131] Furthermore, three graphs (C) between the second aspherical
optical rotator pair 59 and the imaging optical system 17 (or between
the imaging optical system 17 and the projection optical system PL)
represent distributions of in-aperture optical rotation amounts of
respective light beams about the points P1, P2, P3, traveling in the
optical path between the second aspherical optical rotator pair 59 and
the imaging optical system 17 (or between the imaging optical system
17 and the projection optical system PL), and three graphs (D) between
the imaging optical system 17 {(or the imaging optical system 17 and the
projection optical system PL) and the surface to be illuminated (M, W)

represent distributions of in-aperture optical rotation amounts of
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respective light beams about the points P1, P2, P3, traveling in the
optical path between the imaging optical system 17 (or the imaging
optical system 17 and the projection optical system PL) and the surface
to be illuminated (M, W). In these graphs (A)-(D), the vertical axis
represents the optical rotation amounts and the horizontal axis the
numerical apertures NA.

[0132] It is seen from the graphs (A) that between the first aspherical
optical rotator pair 58 and the mask blind 16, the in-aperture optical
rotation distribution about the center point P1 is a concave pattern, the
in-aperture rotation distribution about the point P2 is an inclined pattern,
and the in-aperture rotation.distribution about the point P3 is an inclined
pattern inclined in the opposite inclination direction to the inclined
pattern of the point P2. It is also seen from the graphs (B) that after
passage through the mask blind 16 (intermediate focus point), the in-
aperture rotation distribution about the center point P1 is still a concave
pattern, and the in-aperture rotation distribution about the point P2 and
the in-aperture rotation distribution ébout the point P3 are inclined
patterns inclined in opposite inclination directions.

[0133] When the second aspherical optical rotator pair 59 having the
optical rotation distribution of the quadric convex pattern is also
interposed in addition to the first aspherical optical rotator pair 58, the
second aspherical optical rotator pair 59 acts, as shown in the graphs (C)
and (D) in Fig. 18, to return the optical rotation distribution of the
concave pattern about the center point P1 to a uniform pattern and to
change the inclined patterns of the optical rotation distributions about

the point P2 and point P3 to inclined patterns with enhanced degree of
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inclination.

[0134] In other words, the cooperation of the first aspherical optical
rotator pair 58 and the second aspherical optical rotator pair 59 changes
the optical rotation distribution about the point P2 (and points having
the same Y-coordinate as P2) to the linear inclination pattern and
changes the optical rotation distribution about the point P3 (and points
having the same Y-coordinate as P3) to the linear inclination pattern
having the inclination direction opposite to that of the inclination pattern
about the point P2 and the same degree of inclination, without change in
the optical rotation distribution about the center point P1 (and points
having the same Y-coordinate as P1). The degree of adjustment of
linear inclination of the optical rotation distributions about the points P2
and P3 is dependent upon the distance of the point P2 and the point P3
along the Y-direction from the center point P1.

[0135] Namely, the degree of linear inclination adjustment for the
optical rotation distribution at a certain point increases with distance
from the center point P1 along the Y-direction. It is also apparent with
reference to Fig. 18 that a size of a region where rays arriving at each
point ‘on the surface to be illuminated pass each of the first aspherical
optical rotator pair 58 and the second aspherical optical rotator pair 59
(hereinafter referred to as "partial region") becomes larger as the first
aspherical optical rotator pair 58 and the second aspherical optical
rotator pair 59 are set more distant from the mask blind 16, and that the
degree of linear inclination adjustment for the optical rotation
distribution about each point also increases therewith. It is a matter of

course that the degree of linear inclination adjustment for the optical
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rotation distribution about each point also increases as the degree of
change in the optical rotation distributions of the first aspherical optical
rotator pair 58 and the second aspherical optical rotator pair 59 is set
larger.

[0136] Since the present modification example has the configuration
wherein the first aspherical optical rotator pair 58 and the second
aspherical optical rotator pair 59 have the complementary optical
rotation distributions and wherein the first aspherical optical rotator pair
58 and the second aspherical optical rotator pair 59 are set equidistant
from the mask blind 16 on both sides thereof, as described above, the

- position and size of the partial region about each point on the surface to

be illuminated, in the first aspherical optical rotator pair 58 are almost
equal to those in the second aspherical optical rotator pair 59. As a
result, the optical rotation distribution about each point on the surface to
be illuminated is adjusted on a point-by-point basis by cooperation of
the first aspherical optical rotator pair 58 and the second aspherical
optical rotator pair 59, but there is no substantive change in the optical
rotation distribution on the surface to be illuminated.

[0137] In the present modification example, as described above, the
first aspherical optical rotator pair 58 and the second aspherical optical
rotator pair 59 constitute an adjusting means for independently adjusting
each of optical rotation distributions about respective points on the
surface to be illuminated (M, W); in other words, in the present
modification example the first aspherical optical rotator pair 58 and the
second aspherical optical rotator pair 59 constitute an adjusting means

for independently adjusting in-aperture polarization states of light
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beams arriving at respective points on the surface to be illuminated (M,
W). As a result, the exposure apparatus of the present modification
example is able to adjust the polarization state distribution at each point
on the surface to be illuminated, to a desired distribution, while
maintaining the optical rotation distribution almost uniform on the
surface to be illuminated (M, W); therefore, the microscopic pattern of
the mask M can be accurately transferred throughout the entire exposure
region and in a desired line width onto the water W.

[0138] In the above description, the first aspherical optical rotator pair
58 and the second aspherical optical rotator pair 59 are set equidistant
from the mask blind 16 on-both sides thereof; however, the same effect
as in the foregoing embodiment is also aéhieved when they are set
equidistant on both sides of a conjugate plane optically conjugate with
the wafer W as a final surface to be illuminated, specifically, when they
are set equidistant on both sides of the mask M, for example. In the
above description, the first aspherical optical rotator pair 58 has the
optical rotation distribution of the quadric concave pattern and the
second aspherical optical rotator pair 59 has the optical rotation
distribution of the quadric convex pattern; however, the same effect as
in the foregoing modification example is also achieved in a case where
the first aspherical optical rotator pair 58 has an optical rotation
distribution of a quadric convex pattern and the second aspherical
optical rotator pair 59 has an optical rotation distribution of a quadric
concave pattern.

[0139] In the above description, the first aspherical optical rotator pair

58 and the second aspherical optical rotator pair 59 are comprised of the
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optical rotators of rock crystal whose crystallographic axis is positioned
in parallel with the optical axis, in order to provide the optical rotation
distributions of the predetermined patterns; however, instead thereof, a
first aspherical phase shifter pair and a second aspherical phase shifter
pair may also be used, for example, by combining a phase shifter of
rock crystal whose crystallographic axis is positioned perpendicularly to
the optical axis, with an optical-axis corrector. In this case, for
example, the first aspherical phase shifter pair has a combination of a
phase shifter of a concave YZ cross section with an optical-axis

corrector having a convex surface complementary to the concave

. surface of the phase shifter, and the second aspherical phase shifter pair

has a combination of a phase shifter of a convex YZ cross section with
an optical-axis corrector having a concave surface complementary to the
convex surface of the phase shifter. These first aspherical phase shifter
pair and second aspherical phase shifter pair are constructed in a
configuration wherein the thickness of the phase shifter differs
according to positions of incidence of the light beam.

[0140] Specifically, the first aspherical phase shifter pair, as shown in
Fig. 19 (c), has, for example, such a phase shift amount distribution of a
quadric concave pattern that the phase shift amount is minimum at the
center of the effective region along the Y-direction and that the phase
shift amount monotonically increases toward the peﬁphery in
accordance with a quadratic function of distance from the center. On
the other hand, the second aspherical phase shift pair, as shown in Fig.
19 (d), has, for example, such a phase shift amount distribution of a

quadric convex pattern that the phase shift amount is maximum at the
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center of the effective region along the Y-direction and that the phase
shift amount monotonically decreases toward the periphery in
accordance with a quadratic function of distance from the center. Each
of phase shift amount distributions about respective points on the
surface to be illuminated can be independently adjusted by these first
aspherical phase shifter pair and the second aspherical phase shifter pair.
In other words, in-aperture polarization states of light beams arriving at
respective points on the surface to be illuminated (M, W) can be
independently adjusted by the first aspherical phase shifter pair and the
second aspherical phase shifter pair. It is also possible to use a
combination of . the aspherical phase shifter pairs with the
aforementioned aspherical optical rotator pairs.

[0141] In the above description, the first aspherical optical rotator
(phase shifter) pair 58 and the second aspherical optical rotator (phase
shifter) pair 59 have the optical rotation (phase shift) distributions of the
quadric patterns; however, without having to be limited to this, a variety
of modification examples can be contemplated as to the patterns of the
optical rotation (phase shift) distributions given to the first aspherical
optical rotator {phase shifter) pair 58 and the second aspherical optical
rotator (phase shifter) pair 59. Specifically, for example, it is also
possible to contemplate a modification example wherein the first
aspherical optical rotator (phase shifter) pair 58, as shown in Fig. 20 (a)
or (c), has, for example, such an optical rotation (phase shift)
distribution of a quartic M-shaped pattern that the transmittance
increases once from the center and then decreases toward the periphery

in accordance with a quartic function of distance from the center of the
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effective region along the Y-direction.

[0142] In this fifth modification example, the second aspherical optical
rotator (phase shifter) pair 59, as shown in Fig. 20 (b) or (d), has such an
optical rotation (phase shift) distribution of a quartic W-shaped pattern
that the optical rotation amount (phase shift amount) decreases once
from the center and then increases toward the periphery in accordance
with a quartic function of distance from the center of the effective
region along the Y-direction. In this case, the optical rotation (phase
shift) distribution of the first aspherical optical rotator (phase shifter)
pair 58 is set to be complementary to the optical rotation (phase shift)
distribution of the second aspherical optical rotator (phase shifter) pair

59, with the same effect as in the foregoing modification example.

However, since the first aspherical optical rotator (phase shifter) pair 58

and the second aspherical optical rotator (phase shifter) pair 59 have the
optical rotation (phase shift) distributions of the quartic patterns, the
inclination adjustment effect achieved is not the linear inclination
adjustment, but cubical inclination adjustment. It is noted that the first
aspherical optical rotator (phase shifter) pair 58 and the second
aspherical optical rotator (phase shifter) pair 59 may have their
respective optical rotation (phase shift) distributions of patterns higher
than the quartic.

[0143] In the above description, the first aspherical optical rotator
(phase shifter) pair 58 and the second aspherical optical rotator (phase
shifter) pair 59 are provided with the respective one-dimensional optical
rotation {phase shift) distributions along the Y-direction; i.e., the optical

rotators (phase shifters) are of a cylindrical lens shape, and a variety of
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modification examples can be contemplated as to the variation direction
of the one-directional optical rotation (phase shift) distributions. It is
also possible to provide the first aspherical optical rotator (phase shifter)
pair 58 and the second aspherical optical rotator (phase shifter) pair 59
with two-dimensional optical rotation (phase shift) distributions. The
optical rotation (phase shift) distributions given to the first aspherical
optical rotator (phase shifter) pair 58 and to the second aspherical
optical rotator (phase shifter) pair 59 can also be defined according to
other appropriate functions. An example is, for example, to define the
optical rotation (phase shift) distributions of the first aspherical optical
rotator (phase shifter) pair 58.and the second aspherical optical rotator
(phase shifter) pair 59 by later-described Zernike polynomials, whereby
the in-aperture polarization state distribution about each point on the
surface to be illuminated can be adjusted on a point-by-point basis in
accordance with a variety of forms.

[0144] Incidentally, the foregoing modification example showed the
configuration wherein the first aspherical phase shifter pair and the
second aspherical phase shifter pair were comprised of the phase
shifters of rock crystal whose crystallographic axis was positioned
perpendicularly to the optical axis, but the phase shifters are not limited
to rock crystal; for example, it is also possible to apply various phase
shifters including those made of a birefringent crystal material such as
magnesium fluoride (MgF,), those made of an optically transparent
material with stress birefringence distribution, and those made of an
optically transparent material with a form birefringent pattern.

[0145] In the foregoing modification example, the transmittance
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distribution of the first aspherical optical rotator (phase shifter) pair 58
is set to be complementary to the optical rotation (phase shift)
distribution of the second aspherical optical rotator (phase shifter) pair
59; however, without having to be limited to this, it is also possible to
contemplate a modification example wherein the second aspherical
optical rotator (phase shifter) pair 59 is provided with an optical rotation
(phase shift) distribution substantially different from the optical rotation

(phase shift) distribution complementary to the optical rotation (phase

shift) distribution of the first aspherical optical rotator (phase shifter)
pair 58. In this modification example, the polarization state
distribution on the surface to. be illuminated is adjusted according to the
difference between the optical rotation (phase shift) distribution
complementary to the optical rotation (phase shift) distribution of the
first aspherical optical rotator (phase shifter) pair 58, and the optical
rotation (phase shift) distribution of the second aspherical optical rotator
(phase shifter) pair 59, whereby each of polarization state distributions
in the aperture (angle distributions) at respective points on the surface to
be illuminated can be almost uniformly adjusted while maintaining the
polarization state distribution almost constant on the surface to be
illuminated.

[0146] Similarly, as a modification example of actively adjusting the

polarization state distribution on the surface to be illuminated, the first

aspherical optical rotator (phase shifter) pair 58 and the second

aspherical optical rotator (phase shifter) pair 59 can also be set at
mutually different distances on both sides of the mask blind 16. In this

case, the polarization state distribution on the surface to be illuminated
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can be adjusted according to the difference between the distance
between the mask blind 16 and the first aspherical optical rotator (phase
shifter) pair 58 and the distance between the mask blind 7 and the
second aspherical optical rotator (phase shifter) pair 59, whereby each
of distributions of polarization states in the aperture (angle distributions)
at respective points on the surface to be illuminated can be almost
uniformly adjusted while maintaining the polarization state distribution
almost constant on the surface to be illuminated.

[0147] In the above description, the pair of aspherical optical rotator
(phase shifter) pairs (58, 59) are used to almost uniformly adjust each of
distributions of polarization states in the aperture (angle distributions) at
respective points on the surface to be illuminated while almost
uniformly maintaining or adjusting the polarization state distribution on
the surface to be illuminated. However, without having to be limited
to this, the effect of the present invention can also be generally achieved
by means of an adjusting means consisting of a plurality of aspherical
optical rotators or asphérical phase shifters having predetermined
optical rotation distributions or phase shift distributions. Namely, it is
possible to contemplate a variety of modification examples as to the
number and arrangement of aspherical optical rotators (phase shiﬁers)
constituting the adjusting means.

[0148] Specifically, for example as shown in Fig. 21, it is also possible
to contemplate a sixth modification example using three aspherical
optical rotators (phase shifters) 71a-71c¢ having their respective optical
rotation (phase shift) distributions in which the optical rotation {phase
shift) differs according to positions of incidence. In the sixth
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modification example of Fig. 21, the first aspherical optical rotator
(phase shifter) 71a .and the second aspherical optical rotator (phase
shifter) 71b are arranged in order from the light source side in the
optical path of the condenser optical system 15 between the micro fly's
eye lens 13 and the mask blind 16, and the third aspherical optical
rotator (phase shifter) 71c is disposed in the optical path between the
condenser optical system 15 and the mask blind 16.

[0149] In this case, as shown in Fig. 22, regions where an on-axis light
beam (a light beam arriving at an intersection between the mask blind

16 and the optical axis AX) passes through the respective aspherical

optical rotators (phase shifters) 71a-71c, i.e., on-axis partial regions -.

71aa, 71ba, 7lca are different among the aspherical optical rotators
(phase shifters) 71a-71c. Similarly, regions where an off-axis light
beam (a light beam arriving at a point on the mask blind 16 distant from
the optical axis AX) passes through the respective aspherical optical
rotators (phase shifters) 71a-71c, i.e., off-axis partial regions 71lab,
71bb, 71cb are also different among the aspherical optical rotators
(phase shifters) 71a-71c.

[0150] In this sixth modification example, while the polarization state
distribution on the surface to be illuminated is almost uniformly
adjusted, each of polarization state distributions in the aperture at
respective points on the surface to be illuminated can be almost
uniformly adjusted, by properly setting the optical rotation (phase shift)
distributions of the respective aspherical optical rotators (phase shifters)
71a-71c, the positions and sizes of the on-axis partial regions and the

off-axis partial regions in the respective aspherical optical rotators
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(phase shifters) 71a-71c, and so on. Furthermore, the effect of the
present invention can be generally achieved by properly setting the
optical rotation (phase shift) distributions of the respective aspherical
optical rotators {phase shifters), the positions and sizes of the on-axis
partial regions and the off-axis partial regions in the respective
aspherical optical rotators (phase shifters), etc., using the adjusting
means consisting of a plurality of aspherical optical rotators (phase
shifters) having predetermined optical rotation (phase shift)
distributions in which the optical rotation (phase shift) varies according
to positions of incidence.

[0151] Now, let the configuration from the light source 1 to the
projection optical system PL be an illumination optical apparatus for
illuminating the wafer W as a surface to be illuminated, and let us
describe an adjustment method for adjusting this illumination optical
apparatus (1-PL). In the present embodiment, for simplicity of
description of the adjustment method, it is assumed that a plurality of
(two or more) aspherical optical rotators (phase shifters) having
predetermined optical rotation (phase shift) distributions are used to
almost uniformly adjust each of distributions of polarization states in the
aperture at respective points on the surface to be illuminated, while
almost uniformly adjusting the polarization state distribution on the
surface to be illuminated (the plane where the wafer W is set).

[0152] Fig. 23 is a flowchart schematically showing steps in an
adjustment method of the illumination optical apparatus according to
the present embodiment. In the adjustment method of the illumination

optical apparatus (1-PL) according to the present embodiment, as shown
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in Fig. 23, the first step is to acquire a distribution of polarization states
in the aperture about a plurality of points on the surface to be
illuminated (pupil polarization state distribution) and a distribution of
polarization states on the surface to be illuminated (S11). Specifically,
the distribution acquisition step S11 is to calculate the distribution of
polarization states in the aperture about a plurality of points on the

surface to be illuminated and the distribution of polarization states on

the surface to be illuminated, based on design data of the illumination

optical apparatus (1-PL).

[0153] The design data of the illumination optical apparatus {1-PL)
used herein includes, for example, data of the optical system (15-PL) .
from just after the micro fly's eye lens 13 to just before the wafer W, i.e.,
data such as curvature radii of respective optical surfaces, axial
separations of respective optical surfaces, refractive indices and types of
optical materials forming the respective optical members, the
wavelength of used light, optical rotations (phase shifts) of the
respective optical members, and incidence angle characteristics of
antireflection films and reflecting films (optical rotation amounts and
phase shift (retardation) amounts). Reference is made, for example, to
U.S. Pat. No. 6,870,668 as to how to calculate the distribution of
polarization states in the aperture about a plurality of points on the
surface to be illuminated, based on the design data.

[0154] Alternatively, the distribution acquisition step S11 may be to
measure the distribution of polarization states in the aperture about a
plurality of points on the surface to be illuminated and the distribution

of polarization states on the surface to be illuminated, with each of
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apparatus produced actually. Specifically, for example, the
polarization state measuring section 18 shown in Fig. 2 can be used to
measure the distribution of polarization states in the aperture about a
plurality of points on the surface to be illuminated and the distribution
of polarization states on the surface to be illuminated.

[0155] In the present embodiment, a distribution of degrees of specific
polarization (DSP;, DSP,, DSP3) defined by the Stokes parameters (S,
S1, S;, S3) can be used as each of the polarization state distribution in the
aperture about plural points on the surface to be illuminated (i.e., in the
pupil about each of plural points on the surface to be illuminated).
Here the degree of specific polarization DSP) is represented by a ratio .
S1/Sq of the Stokes parameter S; to the Stokes parameter Sy for rays
passing a point on the pupil and reaching a point on the image plane.
Similarly, the degree of specific polarization DSP, is represented by a
ratio S,/Sy of the Stokes parameter S, to the Stokes parameter Sq for rays
passing a point on the pupil and reaching a point on the image plane,
and the degree of specific polarization DSP; by a ratio S;/Sy of the
Stokes parameter S; to the Stokes parameter S, for rays passing a point
on the pupil and reaching a point on the image plane. It is noted herein
that Sy represents the overall intensity, S; a horizontal linear polarization
intensity - vertical linear polarization intensity, S, a 45° linear
polarization intensity - 135° linear polarization intensity, and S; a right-
handed circular polarization intensity - left-handed circular polarization
intensity.

[0156] In the adjustment method of the present embodiment, the next

step is to determine whether each of the distribution of polarization
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states in the aperture about plural points on the surface to be illuminated
and the distribution of polarization states on the surface to be
illuminated, which were obtained by the calculation based on the design
data or by the measurement using the polarization state measuring
section 18, is almost uniform to a desired extent (S812). When it is
determined in the determination step S12 that at least one of the in-
aperture polarization state distribution and the polarization state
distribution is not so uniform to the desired extent (in the case of NO in
the drawing), the flow proceeds to a design step S13 of aspheﬁcal
optical rotators (phase shifters). On the other hand, when it is
determined in the determination step S12 that both of the in-aperture
polarization state distribution and the polarization state distribution are
almost uniform to the desired extent (in the case of YES in the
drawing), the flow proceeds to a shape determining step S15 of
aspherical optical rotators (phase shifters).

[0157] The design step S13 is to independently adjust each of
distributions of polarization states in the aperture about plural points on
the surface to be illuminated, so that both of the in-aperture polarization
state distribution and the polarization state distribution become almost
uniform to the desired extent, and to determine (or calculate} the
required optical rotation (phase shift) distributions to be given to the
respective aspherical optical rotators (phase shifters), for adjusting the
distribution of polarization states on the surface to be illuminated,
according to need. Specifically, the number and positions of aspherical
optical rotators (phase shifiers) to be used are prefigured with reference

to the information about the in-aperture polarization state distribution
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and the polarization state distribution calculated or measured, and the
optical rotation (phase shift) distributions to be given to the respective
aspherical optical rotators (phase shifters) are determined for almost
uniformly adjusting each of distributions of polarization states in the
aperture at respective points on the surface to be illuminated while
almost uniformly maintaining or adjusting the distribution of
polarization states on the surface to be illuminated.

[0158] The next step is to calculate the distribution of polarization
states in the aperture about plural points on the surface to be illuminated

(pupil polarization state distributions) and the distribution of

- polarization states on the surface to be illuminated in a state in which

the plurality of aspherical optical rotators (phase shifters) provided with
the optical rotation (phase shift) distributions determined in the design
step S13 are located at their respective prefigured positions, i.e., in a
mounted state of the aspherical optical rotators (phase shifters) (S14).
Specifically, the distribution calculation step S14 is to calculate the in-
aperture polarization state distribution and the polarization state
distribution with reference to the information about the optical rotation
(phase shift) distributions and positions of the respective aspherical
optical rotators (phase shifters) in addition to the aforementioned design
data information.

[0159] The next step is to determine whether each of the distribution of
polarization states in the aperture about plural points on the surface to
be illuminated and the distribution of polarization states on the surface
to be illuminated, which were calculated in the distribution calculation

step S14, is almost uniform to the desired extent (S12). When it is
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determined in the determination step S12 that at least one of the in-
aperture polarization state distribution and the polarization state
distribution is not so uniform to the desired extent (in the case of NO in
the drawing), the flow proceeds again to the design step S13 of
aspherical optical rotators (phase shifters). On the other hand, when it
is determined in the determination step S12 that both of the in-aperture
polarization state distribution and the polarization state distribution are
almost uniform to the desired extent (in the case of YES in the
drawing), the flow proceeds to the shape determination step S15 of
aspherical optical rotators (phase shifters). |

[0160] For example, after repetitive trial-and-error execution of the
design step S13 and the distribution calculation step S14, the flow
proceeds to the shape determination step S15 to determine the surface
shapes of the aspherical optical rotators (phase shifters) necessary for
realizing the required optical rotation (phase shift) distributions (the
optical rotation (phase shift) distributions given to the respective
aspherical optical rotators (phase shifters)) calculated in the design step
S13. The last step is to manufacture a plurality of aspherical optical
rotators (phase shifters) having the surface shapes determined in the
shape determination step S15 and optical-axis correctors having surface
shapes complementary to the aforementioned surface shapes, and to
incorporate the manufactured aspherical optical rotators (phase shifters)
at the respective predetermined positions in the optical system (S16).
As described above, the shape determination step S15 and the
manufacturing-mounting step S16 constitute an adjustment step of

forming and placing each of the plurality of aspherical optical rotators
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(phase shifters) having the required optical rotation (phase shift)
distributions. The adjustment method of the present embodiment is
completed in this manner.

[0161] The next modification example of the present embodiment will
illustrate an adjustment method capable of readily and accurately
determining the required optical rotation (phase shift) distributions to be
given to the respective aspherical optical rotators (phase shifters),
instead of the trial-and-error method. Fig. 24 is a flowchart
schematically showing steps in the adjustment method according to the

modification example of the present embodiment. In the adjustment

method of the modification example shown in Fig. 24, just as in the

adjustment method shown in Fig. 23, the first step is to obtain the
distribution of polarization states in the pupil about a plurality of points
on the surface to be illuminated (in-pupil polarization state distribution
or pupil polarization state distribution) and the distribution of
polarization states on the surface to be illuminated (S21). Specifically,
the distribution acquisition step S21 is to calculate the in-pupil
polarization state distribution about plural points on the surface to be
illuminated and the distribution of polarization states on the surface to
be illuminated, based on the design data of the illumination optical
apparatus (1-PL).  Alternatively, the aforementioned polarization
measuring section 18 is used to measure the in-pupil polarization state
distribution about plural points on the surface to be illuminated and the
distribution of polarization states on the surface to be illuminated, with
each of apparatus produced actually.

[0162] The next step, just as in the adjustment method shown in Fig.
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23, is to determine whether each of the in-pupil polarization state
distribution about plural points on the surface to be illuminated and the
distribution of polarization states on the surface to be illuminated, which
were obtained by the calculation based on the design data or by the
measurement using the polarization measuring section 18, is almost
uniform to a desired extent (S22). When it is determined in the
determination step S22 that at least one of the in-pupil polarization state
distribution and the polarization state distribution is not so uniform to
the desired extent (in the case of NO in the drawing), the flow proceeds

to an approximation step S23 of the in-pupil polarization state

_distribution. On -the other hand, when it is determined in the

determination step S22 that both of the n-pupil polarization state
distribution and the polarization state distribution are almost uniform to
the desired extent (in the case of YES in the drawing), the flow proceeds

to a shape determination step S27 of aspherical optical rotators (phase
shifters).

[0163] The approximation step S23 of the in-pupil polarization state
distribution is to approximate an in-pupil polarization state distribution
about each point on the surface to be illuminated, acquired in the
distribution acquisition step S21, by a predetermined polynomial as a
function of pupil coordinates on the illumination pupil plane. In the
present embodiment, for example, in the case of dipole illumination or
annular illumination, Zemike Annular polynomials are used to express a
distribution of polarization states in the pupil of illumination light by a
distribution of the degrees of specific polarization DSP (DSP,;, DSP,,

DSP;). This is because the shape of the effective light source region in
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the pupil is a ring shape (annular shape) in the annular illumination and
because the effective light source regions of dipole shape in the pupil
occupy parts of the ring region in the dipole illumination. In the
expression of the Zernike annular polynomials to represent the in-pupil
distribution of degrees of specific polarization DSP, pupil polar
coordinates (p, 0) are used as a coordinate system, and Zernike annular
cylindrical functions are used as a system of orthogonal functions.

[0164] Namely, the degrees of specific polarization DSP(p, 8) are
expanded as in Eq (b) below, using the Zernike annular cylindrical

functions AZi(p, 9).
DSP(p, 8)=ZCi-AZi(p, 0)
=C1:-AZ1(p, 0)+C2-AZ2(p, 0)
cese+Cn-AZn(p, 6) (b)

[0165] In this equation, Ci represents coefficients of respective
terms of the Zernike annular polynomials. Table (1) below presents
only the functions AZ1-AZ16 for the first term to the sixteenth term, out
of the function system AZi(p, 0) in the terms of the Zemike annular

n

polynomials. "¢" in the functions AZ2-AZ16 represents an annular
ratio of a circular ring region which the effective light source region
partially or wholly occupies in the pupil (i.e., inside diameter/outside
diameter of the ring region = ¢ inner/c outer).

[0166] [TABLE 1]
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[0167] On the other hand, for example, in the case of circular
illumination, the Fringe Zernike polynomials are used to express a
distribution of polarization states in the pupil of illumination light by a
distribution of degrees of specific polarization DSP (DSP;, DSP;,
DSP;). This is because the shape of the effective light source region in
the pupil is circular in the circular illumination. In the expression of
the Fringe Zernike polynomials to express the in-pupil distribution of
degrees of specific polarization DSP, the pupil polar coordinates (p, 9)
are used as a coordinate system, and the Fringe Zernike cylindrical
functions are used as a system of orthogonal functions.

[0168] Namely, the degrees of specific polarization DSP(p, 0) are
expanded as in Eq (¢) below, using the Fringe Zernike cylindrical
functions FZi(p, 0).

DSP(p, 0)=2XBi-FZi(o, 6)
=B1-FZ1{(p, 0)+B2-FZ2(p, 0)
esee+BnFZn(p, 0) (c)

[0169] In this eciuation, Bi represents the coefficients of the
respective terms of the Fringe Zernike polynomials. Table (2) below
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presents only the functions FZ1-FZ16 for the first term to the sixteenth
term, out of the function system FZi(p, 6) in the terms of the Fringe
Zernike polynomials.
[0170] TABLE (2)

FZ1: 1

FZ2: pcosé

FZ3: psinb

FZ4: 2p°—1

FZ5: p cos2 8

Fz6: p’sin28

CFZ7: (30°—2) pcosd

FZ8: (3p°—2) psin#

FZ9: 6p°—6p°+1

FZ10: p’cos36

FZ11: p’sin3 9

FZ12: (4p°—3) o cos2 0
FZ13: (4p°—3) p’sin2 8
FZ14: (100'—120°+3) pcos b
FZ15: (10p°—120°+3) psinf
FZ16: 20p°—30p '+12p°~1
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[0171] In the adjustment method of the present modification example,
the next step is to evaluate a distribution of polarization states about
each point by a polarization state distribution polynomial as a function
of the image-plane polar coordinates (h, «) and the pupil polar
coordinates (p, 0), based on the coefficients Ci of the respective terms in
the Zernike polynomials acquired in the approximation step S23 (524).
Specifically, the evaluation step S24 is to set the polarization state
distribution polynomial that expresses the polarization state distribution
about each point as a function of the image-plane polar coordinates (h,
o) and the pupil polar coordinates (p, ). As to the setting of the
polarization state distribution polynomial, reference is made to U.S.
Published Application No. US2003/0206289 and Japanese Patent
Application Laid-Open No. 2005-12190.

[0172] The foregoing Applications describe the setting of an aberration
polynomial that expresses the wavefront aberration of the projection
optical system as a function of the image-plane polar coordinates (h, o)
and the pupil polar coordinates (p, 0), and it is apparent that the
polarization state distribution polynomial can be set by a similar
technique. In this manner, the evaluation step S24 is arranged to
determine the coefficients of the respective terms in the polarization
state distribution polynomial, based on the Zernike coefficients Ci of the
respective terms in the Zernike polynomials acquired in the
approximation step (S23), and thus to express and evaluate the
polarization state distribution about each point by the polarization state
distribution polynomial.

[0173] Specifically, as disclosed in the foregoing Applications and
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others, attention is focused, for example, to a Zernike function Zi of

a specific term, and a coefficient of the specific term in the polarizeition

“state distribution polynomial is determined, for example, by the least-

square method, based on a distribution in the image plane of the
corresponding Zernike coefficient Ci (distribution of coefficient Ci at
each of points). Furthermore, attention is focused to a Zernike
function Zi of another specific term, and a coefficient of the other term
in the polarization state distribution polynomial is subsequently
determined, for example, by the least-square method, based on a
distribution in the image plane of the corresponding Zernike coefficient
Ci.

[0174] In this way, the evaluation step S24 results in finally obtaining
the polarization state distribution polynomial simultaneously expressing
the in-pupil distribution and the in-image-plane distribution of
polarization state distributions. By using the polarization state
distribution polynomial simultaneously expressing the in-pupil
distribution and the in-image-plane distribution of polarization state
distributions in this way, it becomes feasible to analytically decompose
the polarization state distribution and to calculate an optical adjustment
solution more quickly and accurately than by the ftrial-and-error
technique of numerical optimization with a computer. Namely, it
becomes easier to capture features of the polarization state distribution
situation by the polarization state distribution polynomial and it
becomes easier to have a perspective on optical adjustment.

[0175] The next design step S25 of aspherical optical rotators (phase

shifters) is to independently adjust each of polarization state
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distributions about plural points on the surface to be illuminated so that
both of the pupil polarization state distribution and the polarization state
distribution in the surface td be illuminated are almost uniform to the
desired extent and to determine (or calculate) required optical rotation
(phase shift), distributions to be given to the respective aspherical
optical rotators (phase shifters), for adjusting the polarization state
distribution on the surface to be illﬁminated, according to need.
Specifically, the distribution of polarization states on the surface to be
illuminated (image plane), acquired in the distribution acquisition step
S21, is first approximated by Zernike polynomials as functions of
image-plane polar coordinates (h, o) according to need.

[0176] Furthermore, the optical rotation (phase shift) distribution to be
given to each aspherical optical rotator (phase shifter) is expressed, for
example, by Zernike polynomials using the polar coordinates on an
optical surface of the aspherical optical rotator (phase shifter). Then
prepared are a first table T21 indicating a relation between coefficients
of the respective terms in the Zernike polynomials expressing the
optical rotation (phase shift) distribution of each aspherical optical
rotator (phase shifter), and change in the pupil polarization state
distribution about each point on the surface to be illuminated, and a
second table T22 indicating a relation between coefficients of the
respective terms in the Zernike polynomials expressing the optical
rotation (phase shift) distribution of each aspherical optical rotator
(phase shifter), and change in the polarization state distribution on the
surface to be illuminated,

[0177] In this way, the design step S25 is to determine the optical
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rotation (phase shift) distributions to be given to the respective
aspherical optical rotators (phase shifters), for almost uniformly
adjusting each of distributions of pupil polarization states at respective
points on the surface to be illuminated while almost uniformly
maintaining or adjusting the polarization state distribution on the
surface to be illuminated, based on the evaluation result about the
polarization state distribution acquired in the evaluation step S24
(specifically, the polarization state distribution polynomial
simultaneously expressing the in-pupil distribution and the in-image-

plane distribution of polarization state distributions), and optionally

based on an optimization technique by linear coupling with reference to . -

the polarization state distribution information approximated by the
Zemike polynomials, the correlation between the optical rotation (phase
shift) distributions of the respective aspherical optical rotators (phase
shifters) and the change in the pupil polarization state distribution in the
first table T21, and the correlation between the optical rotation (phase
shift) distributions of the respective aspherical optical rotators (phase
shifters) and the change in the polarization state distribution in the
second table T22,

[0178] The next step is to calculate the pupil polarization state
distribution about plural points on the surface to be illuminated and the
polarization state distribution on the surface to be illuminated, in a state
in which the plurality of aspherical optical rotators (phase shifters)
provided with the optical rotation (phase shift) distributions determined
in the design step S25 are placed at their respective prefigured positions,

i.e., in a mounted state of the aspherical optical rotators (phase shifters)
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(826). Furthermore, it is determined whether each of the pupil
polarization state distribution about plural points on the surface to be
illuminated and the polarization state distribution on the surface to be
illuminated, which were calculated in the distribution calculation step
S26, is almost uniform to the desired extent (S22). Since the required
optical rotation (phase shift) distributions were readily and accurately
determined by the optimization technique based on linear coupling,
instead of the trial-and-error method, the determination step S22 results
in determining that both of the pupil polarization state distribution and
the polarization state distribution are almost uniform to the desired
extent, and the flow proceeds to. the shape determination step S27 of.
aspherical optical rotators (phase shifters).

[0179] The shape determination step S27 is to determine the surface
shapes of the aspherical optical rotators (phase shifters) necessary for
realizing the required optical rotation (phase shift) distributions
calculated in the design step S25. The last step is to manufacture the
plurality of aspherical optical rotators (phase shifters) having the surface
shapes determined in the shape determination step S27 and optical-axis
correctors having surface shapes complementary to the foregoing
surface shapes, and to incorporate each of the manufactured aspherical
optical rotator (phase shifter) pairs at predetermined positions in the
optical system (S28). The adjustment method of the modification
example is completed in this way.

[0180] The adjustment method according to the above-described
embodiment or modification example is also applicable, for example, to

adjustment of a plurality of exposure apparatus installed in a

88



10

15

20

25

FP06-0456-00

semiconductor manufacturing factory. In this case, the plurality of
exposure apparatus are desirably adjusted so as to have their respective
polarization states identical with each other. This makes OPC (optical
proximity correction) for masks used by a user of the exposure
apparatus, common among the plurality of exposure apparatus, and
reduces the mask cost.

[0181] The below will describe an example of a production system for
microdevices (semiconductor chips such as ICs and LSIs, liquid-crystal
panels, CCDs, thin-film magnetic heads, micromaéhines, and so on)
using an exposure system having a plurality of exposure apparatus.
This system utilizes a computer network. outside the manufacturing
factory, for action to trouble and regular maintenance of the
manufacturing apparatus installed in the semiconductor manufacturing
factory, or for maintenance services including provision of software.
[0182] Fig. 25 is a drawing to express an overall system according to
the present embodiment as a view from a certain aspect. In the
drawing, numeral 301 designates a business establishment of a vendor
(apparatus supply maker) for providing manufacturing apparatus of
semiconductor devices.  Actual examples of the manufacturing
apparatus assumed herein include semiconductor manufacturing
apparatus for various processes used in semiconductor manufacturing
factories; for example, pre-processiﬁg equipment (lithography apparatus
such as exposure apparatus, resist processing apparatus, and etching
apparatus, thermal treatment apparatus, film-forming apparatus,
planarization apparatus, etc.), and post-processing equipment

(assembling apparatus, inspection apparatus, etc.). In the business
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establishment 301 there are a host management system 308 for
providing a maintenance database of manufacturing apparatus, a
plurality of operation terminal computers 310, and a local area network
(LAN) 309 constructing an intranet while connecting them. The host
management system 308 has a gateway for connecting the LAN 309 to
Internet 305 being an external network outside the business

establishment, and a security function for limiting access from the

- outside.

[0183] On the other hand, numerals 302 to 304 denote manufacturing
factories of semiconductor manufacturing makers as users of
manufacturing apparatus. The manufacturing factories 302-304 may
be factories belonging to mutually different makers, or may be factories
belonging to one maker (e.g., a factory for pre-processing, a factory for
post-processing, and so on). In each of the factories 302-304, there are
a plurality of manufacturing apparatus 306 including the foregoing
exposure system (a plurality of exposure apparatus), a local area
network (LAN) 311 constructing an intranet while connecting them, and
a host management system 307 as a monitoring device for monitoring
operation situations of the respective manufacturing apparatus 306.
The host management system 307 provided in each factory 302-304 has
a gateway for connecting the LAN 311 in each factory to Internet 305 as
an external network outside the factory. This enables access from
LAN 311 in each factory through Internet 305 to the host management
system 308 on the vendor 301 side, and access is permitted for only
limited users by the security function of the host management system

308.
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[0184] Specifically, each user is permitted to send a notification of
status information indicating operation situations of respective
manufacturing apparatus 306 (e.g., a symptom of a manufacturing
apparatus suffering trouble) from the factory side to the vendor side
through the Internet 305, and the user is permifted to receive response
information to the notification (e.g., information to indicate how to
handle the trouble, and software and data for handling), up-to-date
software, and maintenance information such as help information from
the vendor side. The communication protocol (TCP/IP) commonly

used in the Internet is used for data communication between each

factory 302-304 and the. vendor 301 and for data communication

through LAN 311 in each factory. A dedicated network (e.g., ISDN)
with higher security to block access from third parties can also be used
instead of the Internet, as an external network outside the factory. The
host management system does not have to be limited to that provided by
the vendor, but it is also possible to adopt a configuration wherein a user
constructs a database and places it on an external network so as to
permit access from a plurality of factories of the user to the database.

[0185] Fig. 26 is a conceptual diagram to express an overall system of
the present embodiment as a view from another aspect different from
that of Fig. 25. The example of Fig. 25 was the configuration wherein
the plurality of user factories each with the manufacturing apparatus
were connected through the external network to the management system
of the vendor of the manufacturing apparatus and wherein production
management of each factory and data communication of information

about at least one manufacturing apparatus were performed through the
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external network. In contrast to it, the present example is a
configuration wherein a factory equipped with manufacturing apparatus
of plural vendors is connected through an external network outside the
factory to management systems of the respective vendors of the
manufacturing apparatus and wherein data communication is performed
for maintenance information of each manufacturing apparatus. In the
drawing, numeral 201 designates a manufacturing factory of a user of
manufacturing apparatus (semiconductor device manufacturing maker),
and a manufacturing line in the factory is equipped with manufacturing

apparatus for various processes, e.g., first and second exposure

. apparatus 202 in the foregoing embodiment, resist processing apparatus

203, and a film-forming apparatus 204. In Fig. 26 only one
manufacturing factory 201 is depicted, but a plurality of factories are
networked in similar fashion in fact. The apparatus in the factory are
connected through LAN 206 to construct an intranet and the
manufacturing line is operated and managed by host management
system 205.

[0186] On the other hand, each of business establishments of the
respective vendors (apparatus supply makers) such as exposure
apparatus maker 210, resist processing apparatus maker 220, and film-
forming apparatus maker 230 is equipped with a host management
system 211, 221, 231 for execution of remote maintenance of equipment
supplied by each vendor, and the host management system has a
maintenance database and a gateway to the external network as
described above. The host management system 205 for managing each

of the apparatus in the manufacturing factory of the user is connected
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through the Internet or a dedicated network as external network 200 to
the management systems 211, 221, 231 of the respective apparatus
vendors. When in this system a trouble occurs in any one of the
sequential manufacturing equipments in the manufacturing line, the
operation of the manufacturing line will stop, but the vendor of the
equipment with the trouble can perform remote maintenance through
the Internet 200 to quickly care for it, thereby minimizing the stop of the
manufacturing line.

[0187] Each of the manufacturing apparatus installed in the

semiconductor manufacturing factory is equipped with a display, a

- network interface, a software application for network access stored ina

storage device, and a computer for executing a software application for
operation of the apparatus. The storage device can be a built-in
memory or hard disk, or a network file server or the like. The
aforementioned network access software includes a dedicated or
general-purpose web browser, and provides, for example, a user
interface of a screen as shown as an example in Fig. 27, on the display.

[0188] An operator managing the manufacturing apparatus in each
factory enters the following information in respective input items on the
screen while browsing the screen: model of manufacturing apparatus
(401), serial number (402), name of trouble (403), date of occurrence
(404), degree of urgency (405), symptom (406), action needed (407),
log (408), and so on. The input information is fed through the Internet
to the maintenance database and appropriate maintenance information
as a result is fed back from the maintenance database to be presented on

the display. The user interface provided by the web browser further
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provides hyperlink functions (410-412) as illustrated, and thus the
operator is allowed to access more detailed information about each of
the items, to pull a software application of an up-to-date version to be
used in the manufacturing apparatus, from a sofiware library provided
by a vendor, and to retrieve an operation guide (help information) for
the operator of the factory to refer to.

[0189] The foregoing status information may contain the information
about the polarization state measured by the polarization measuring
section 18 in the foregoing embodiment, and the aforementioned
response information may contain the information about the adjustment
amounts of the aforementioned variable phase difference members and
variable optical rotating members.

[0190] Concerning the aforementioned aspherical optical rotator, where
only the linear component (inclination component) of the optical
rotation distribution is to be compensated for by this aspherical optical
rotator, the optical rotator used may be one of a wedge shape, as shown
in Fig. 28 (a). In this configuration, where the wedge angle of the
wedge-shaped optical rotator is extremely small (e.g., when it is in the
range of 0.5' to 10"), the optical-axis corrector does not alway_s have to
be provided.

[0191] Concerning the aforementioned aspherical phase shifter, where
only the linear component (inclination component) of the phase shift
distribution is to be compensated for by this aspherical phase shifter, an
optically transparent member having a stress-strain distribution (stress
birefringence distribution) of the linear component, as shown in Fig. 28

(b), can be used instead of the aspherical phase shifter. A distribution
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of phase shifts of this optically transparent member shown in Fig. 28 (b)
is a phase shift distribution of the linear component (inclination
component), as shown in Fig. 28 (c).

[0192] For example, even in a case where an optically transparent
member making the mask has a birefringence distribution, the
adjustment method according to each embodiment described above

permits the apparatus to illuminate the mask with illumination light with

a polarization distribution capable of compensating for the birefringence

distribution inside the mask, and it is thus feasible to correct degradation
of polarization states due to the mask and to reduce line-width anomaly
of patterns. formed on the photosensitive .substrate. Even in a case..
where the projection optical system has a predetermined retardation
distribution, the mask can be illuminated with illumination light with a
polarization distribution capable of compensating for this retardation
distribution, and it is thus feasible to correct degradation of polarization
states due to the projection optical system and to reduce line-width
anomaly of patterns formed on the photosensitive substrate.

[0193] The exposure apparatus of the foregoing embodiment can be
used to manufactufe microdevices (semiconductor devices, image
pickup devices, liquid-crystal display devices, thin-film magnetic heads,
etc.) by illuminating a mask (reticle) by the illumination optical
apparatus (illumination step) and projecting a pattern to be transferred,
formed in the mask, onto a photosensitive substrate with the projection
optical system (exposure step). An example of a technique of forming
a predetermined circuit pattern in a wafer or the like as a photosensitive

substrate with the exposure apparatus of the foregoing embodiment to
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obtain semiconductor devices as microdevices will be described below
with reference to the flowchart of Fig. 29.

[0194] The first step 301 in Fig. 29 is to deposit a metal film on each
wafer in one lot. The next step 302 is to apply a photoresist onto the
metal film on each wafer in the lot. The subsequent step 303 is to
sequentially transfer an image of a pattern on the mask into each shot
area on each wafer in the lot through the projection optical system,
using the exposure apparatus of the foregoing embodiment. The
subsequent step 304 is to perform development of the photoresist on
each wafer in the lot and the subsequent step 305 is to perform etching
on each wafer in the lot, using the resist pattern as a mask, and thereby
to form a circuit pattern corresponding to the pattern on the mask, in
each shot area on each wafer. Subsequent steps include formation of
circuit patterns in upper layers, and others, thereby manufacturing
devices such as semiconductor devices. The above-described method
of manufacturing semiconductor device permits us to obtain
semiconductor devices with extremely fine circuit patterns at high
throughput.

[0195] The exposure apparatus of the foregoing embodiment can also
be used to manufacture a liquid-crystal display device as a microdevice
by forming predetermined patterns (circuit pattern, electrode pattern,
etc.) on plates (glass substrates). An example of a technique in this
case will be described with reference to the flowchart of Fig. 30. In
Fig. 30, a pattern forming step 401 is to execute a so-called
photolithography step to fransfer a pattern of a mask onto a

photosensitive substrate (glass substrate coated with a resist, or the like)
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with the exposure apparatus of the foregoing embodiment.  This
photolithography step results in forming the predetermined pattern
including a number of electrodes and others on the photosensitive
substrate. Thereafter, the exposed substrate is subjected to each of
steps such as development, etching, and resist removal, whereby a
predetermined pattern is formed on the substrate. Thereafter, the
process shifts to the next color filter forming step 402.

[0196] The next color filter forming step 402 is to form a color filter in
which a number of sets of three dots corresponding to R (Red), G

(Green), and B (Blue) are arrayed in a matrix pattern, or in which sets of

. three stripe filters of R, G, and B are arrayed as a plurality of lines along

the horizontal scan line direction. After completion of the color filter
forming step 402, a cell assembling step 403 is carried out. The cell
assembling step 403 is to assemble a liquid crystal panel (liquid crystal
cell), using the substrate with the predetermined pattern obtained in the
pattern forming step 401, the color filter obtained in the color filter
forming step 402, and so on.

[0197] In the cell assembling step 403, for example, a liquid crystal is
poured into between the substrate with the predetermined pattern
obtained in the pattern forming step 401 and the color filter obtained in
the color filter forming step 402, to manufacture a liquid crystal panel
(liquid crystal cell). The subsequent module assembling step 404 is to
install each of components such as an electric circuit, a backlight, etc.
for display operation of the assembled liquid crystal panel (liquid crystal
cell) to complete the liquid-crystal display device. The above-
described method of manufacturing the liquid-crystal display device
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permits us to obtain the liquid-crystal display device with an extremely
fine circuit pattern at high throughput.

[0198] In the foregoing embodiment the exposure light was the ArF
excimer laser light (wavelength: 193 nm) or the KrF excimer laser light
(wavelength: 248 nm), but, without having to be limited to these, the
present invention can also be applied to the other appropriate laser light
sources, e.g., an F, laser light source for supplying laser light of
wavelength of 157 nm.

[0199] In the foregoing embodiment the present invention was applied
to the illumination opﬁcal apparatus for illuminating the mask in the
exposure apparatus, but the present invention is not limited to this
example and is also applicable to ordinary illumination optical
apparatus for illuminating a surface to be illuminated, except for masks,
and to adjustment methods thereof.

Description of Reference Symbols

[0200] 1 light source

3, 4 variable phase difference members
5 depolarizer

6 diffractive optical element

7 afocal lens

9, 19 variable phase difference units

10 conical axicon system

11 zoom lens

12 variable optical rotator unit

13 micro fly's eyé lens

14 polarization monitor

98



15 condenser optical system

16 mask blind

17 imaging optical system

18 polarization state measuring section
M mask

PL projection optical system

W wafer
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[Claims]

1. An illumination optical apparatus for illuminating a
surface to be illuminated, in a desired polarization state on the basis
of light from a light source,

the illumination optical apparatus comprising:

first polarization changing means for locally changing a
polarization state of light to illuminate the surface to be illuminated,
and

second polarization changing means for locally changing a
polarization state at a position on or near a pupil plane of the
illumination optical apparatus.

2. An illumination optical apparatus according to claim 1,
wherein at least one of the first and second polarization changing
means comprises a phase member for locally changing a phase of
passing light.

3. An illumination optical apparatus according to claim 2,
wherein the phase member has a pair of optical members made of a
biaxial crystal material and located in mutual proximity in a direction
of the optical axis,

wherein the pair of optical members are positioned so that a
crystallographic axis of one optical member is substantially

perpendicular to a crystallographic axis of the other optical member,
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and

wherein the pair of optical members are formed so that a
difference between a thickness of the one optical member and a
thickness of the other optical member along a line parallel to the
optical axis is different from that along at least one line among other
lines parallel to the optical axis.

4. An illumination optical apparatus according to claim 2 or
3, wherein the phase member has a plurality of phase change
adjusters which are arranged corresponding to respective regions on
the pupil plane and each of which can adjust a phase change of a
passing light beam.

5. An illumination optical apparatus according to claim 4,
wherein each of the phase change adjusters has a Babinet-Soleil wave
plate.

6. An illumination optical apparatus according to any one of
claims 1 to 5, wherein at least one of the first and second polarization
changing means has a polarization varying member for making a
polarization state of incident light locally adjustable.

7. An illumination optical apparatus according to claim 6,
wherein the polarization varying member has a plurality of
polarization varying elements for independently adjusting
polarization states of incident light in a plurality of local regions.

8. An illumination optical apparatus according to any one of
claims 1 to 7, further comprising a polarization state measuring
device for measuring a polarization state of light reaching the surface

to be illuminated,
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wherein at least one of the first and second polarization
changing means is adjusted according to a result of measurement by
the polarization state measuring device.

9. An illumination optical apparatus according to any one of
claims 1 to 8, wherein the first polarization changing means is
located at any one of the surface to be illuminated, a position near the
surface to be illuminated, a position optically conjugate with the
surface to be illuminated, and a position near the position optically
conjugate with the surface to be illuminated, and

wherein the second polarization changing means is located at
a position on or near the pupil plane of the illumination optical
apparatus.

10. An illumination optical apparatus according to any one
of claims 1 to 9, the illumination optical apparatus further comprising
an optical integrator,

wherein the second polarization means is located in an optical
path between the light source and the optical integrator.

11. An illumination optical apparatus according to any one
of claims 1 to 10, the illumination optical apparatus further
comprising a mask blind,

wherein the first polarization means is located in an optical
path between the light source and the mask blind.

12.  An illumination optical apparatus for illuminating a
surface to be illuminated, based on light from a light source,

the illumination optical apparatus comprising a polarization

converting element located on or near an illumination pupil plane and
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adapted for converting a polarization state of incident light into a
predetermined polarization state,

wherein the polarization converting element has a a plurality
of variable optical rotating members and locally changes a
polarization state of light at a position on or near the pupil plane of
the illumination optical apparatus.

13. An illumination optical apparatus according to claim 12,
wherein each of the plurality of variable optical rotating members has
two deviation prisms made of an optical material with an optical
activity and arranged to be movable relative to each other along a
direction intersecting with the optical axis of the illumination optical
apparatus.

14. An illumination optical apparatus according to claim
13 , wherein the two deviation prisms are arranged so that
crystallographic axes thereof are substantially parallel to the optical
axis.

15. An illumination optical apparatus according to claim 13
or 14, wherein the two deviation prisms have their respective
wedge-shaped cross sections complementary to each other.

16. An illumination optical apparatus according to any one
of claims 12 to 15, wherein the plurality of variable optical rotating
members are arranged along a circumferential direction of a circle
centered around the optical axis of the illumination optical apparatus.

17. An illumination optical apparatus according to claim 16,
wherein each of the plurality of variable optical rotating members has

a substantially sectorial shape.
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18. An illumination optical apparatus according to any one
of claims 12 to 17, further comprising a polarization state measuring
device for measuring a polarization state of light reaching the surface
to be illuminated,

wherein each of the plurality of variable optical rotating
members is adjusted according to a result of measurement by the
polarization state measuring device.

19. An illumination optical apparatus according to any one
of claims 12 to 18, wherein the polarization converting element has a
plurality of variable phase difference members for variably yielding a
phase difference between incident light and emerging light.

20. An illumination optical apparatus according to claim 19,
wherein each of the plurality of variable phase difference members
has a Babinet compensator or a Soleil compensator rotatably
arranged around an axis substantially parallel to the optical axis of
the illumination optical apparatus.

21. An illumination optical apparatus according to claim 19
or 20, wherein the plurality of variable phase difference members are
arranged along a circumferential direction of a circle centered around
the optical axis of the illumination optical apparatus.

22. An illumination optical apparatus according to any one
of claims 18 to 21, further comprising a polarization state measuring
device for measuring a polarization state of light reaching the surface
to be illuminated,

wherein each of the plurality of variable phase difference

members is adjusted according to a result of measurement by the
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polarization state measuring device.

23.. An illumination optical apparatus for illuminating a
surface to be illuminated, based on light from a light source,

the illumination optical apparatus comprising:

a polarization converting element located on a illumination
pupil plane or near thereof, for converting a polarization state of
incident light into a predetermined polarization state,

wherein the polarization converting element has a plurality of
variable phase difference members for variably yielding a phase
difference between incident light and emerging light, and
polarization converting element locally changes a polarization state
of illumination light on the illumination pupil plane of the
illumination optical apparatus or a position near the illumination
pupil surface.

24. An illumination optical apparatus according to claim 23,
wherein each of the plurality of variable phase difference members
has a Babinet compensator or a Soleil compensator rotatably
arranged around an axis substantially parallel to the optical axis of
the illumination optical apparatus.

25. An illumination optical apparatus according to claim 23
or 24, wherein the plurality of variable phase difference members are
located along a circumference direction of a circle centered around
the optical axis of the illumination optical apparatus.

26. An illumination optical apparatus according to any one
of claim 23 to 25, further comprising a polarization state measuring

device for measuring a polarization state of light reaching the surface
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to be illuminated,

wherein each of the plurality of variable phase difference
members is adjusted according to a result of measurement by the
polarization state measuring device.

27.  An illumination optical apparatus according to any one
of claims 12 to 26, comprising an other polarization converting
element located near the surface to be illuminated, at a position
optically conjugate with the surface to be illuminated, or near the
conjugate position and adapted for converting a polarization state of
incident light into a predetermined polarization state,

wherein the other polarization converting element locally
changes a polarization state of illumination light on the surface to be

illuminated.

28. An illumination optical apparatus according to any one
of claims 12 to 27, the illumination optical apparatus further
comprising an optical integrator;

wherein the polarization converting element is located in an
optical path between the light source and the optical integrator.

29. An illumination optical apparatus according to claim 28,
wherein the other polarization converting element has a plurality of
variable optical rotating members for variably yielding a polarization
rotation angle to incident linearly polarized light; and a plurality of
variable phase difference members for variably yielding a phase
difference between incident light and emerging light,

wherein the plurality of variable optical rotating members are
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located in an optical path between the plurality of variable phase
difference members and the light source.

30. An illumination optical apparatus according to claim 28,
wherein the polarization converting element has a plurality of
variable optical rotating members for variably yielding a polarization
rotation angle to incident linearly polarized light; and a plurality of
variable phase difference members for variably yielding a phase
difference between incident light and emerging light,

wherein the plurality of variable optical rotating members are
located in an optical path between the plurality of variable phase
difference members and the light source.

31. An illumination optical apparatus according to claim 29
or 30, further comprising a relay optical system located between the
plurality of variable phase difference members and the plurality of
variable optical rotating members.

32. Anillumination optical apparatus according to claim 27,
the illumination optical apparatus further comprising a mask blind,

wherein the polarization converting element is located in an
optical path between the light source and the mask blind.

33. An illumination optical apparatus according to claim 32,
wherein the polarization converting element has a plurality of
variable optical rotating members for variably yielding a polarization
rotation angle to incident linearly polarized light; and a plurality of
variable phase difference members for variably yielding a phase
difference between incident light and emerging light,

wherein the plurality of variable optical rotating members are
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located in an optical path between the plurality of variable phase
difference rotating members and the light source.

34. An illumination optical apparatus according to claim 32,
wherein the other polarization converting element has a plurality of
variable optical rotating members for variably yielding a polarization
rotation angle to incident linearly polarized light; and a plurality of
variable phase difference members for variably yielding a phase
difference between incident light and emerging light,

wherein the plurality of variable phase difference members
are located in an optical path between the plurality of variable optical
rotating members and the light source.

35. An illumination optical apparatus according to claim 33
or 34, further comprising a relay optical system located between the
plurality of variable phase difference members and the plurality of
variable optical rotating members.

36. An illumination optical apparatus according to any one
of claims 12 to 35, wherein the polarization converting element
comprises a member for adjusting an ellipticity of incident light, and
a member for adjusting a polarization direction of the incident light.

37. An illumination optical apparatus for illuminating a
surface to be illuminated, on the basis of light from a light source,

the illumination optical apparatus comprising:

a polarization converting element located near the surface to
be illuminated, at a position optically conjugate with the surface to be
illuminated, or near the conjugate position and adapted for

converting a polarization state of incident light into a predetermined
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polarization state; and
wherein the polarization converting element locally changes a
polarization state of illumination light on the surface to be

illuminated.

38. An illumination optical apparatus according to claim 37,
wherein the polarization converting element has a plurality of
variable phase difference members for variably yielding a phase
difference between incident light and emerging light.

39. An illumination optical apparatus according to claim 38,
wherein each of the plurality of variable phase difference members
has a Babinet compensator or a Soleil compensator rotatably
arranged around an axis substantially parallel to the optical axis of
the illumination optical apparatus.

40. An illumination optical apparatus according to claim 38 or
39, further comprising a polarization state measuring device for
measuring a polarization state of light reaching the surface to be
illuminated,

wherein each of the plurality of variable phase difference
members is adjusted according to a result of measurement by the
polarization state measuring device.

41. An illumination optical apparatus according to any one of
claims 37 to 40, wherein the polarization converting element has a
plurality of variable optical rotating members for variably yielding a
polarization rotation angle to incident linearly polarized light.

42. An illumination optical apparatus according to claim 41,
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further comprising a polarization state measuring device for
measuring a polarization state of light reaching the surface to be
illuminated,

wherein each of the plurality of variable optical rotating is
adjusted according to a result of measurement by the polarization
state measuring device.

43. An illumination optical apparatus according to any one
of claims 37 to 42, the illumination optical apparatus further
comprising a mask blind,

wherein the polarization converting element is located in an
optical path between the light source and the mask blind.

44, An illumination optical apparatus according to claim 43,
wherein the polarization converting element has a plurality of
variable optical rotating members for variably yielding a polarization
rotation angle to incident linearly polarized light; and a plurality of
variable phase difference members for variably yielding a phase
difference between incident light and emerging light,

wherein the plurality of variable optical rotating members are
located in an optical path between the plurality of variable phase
difference members and the light source.

45. An illumination optical apparatus according to claim 43,
wherein the polarization converting element has a plurality of
variable optical rotating members for variably yielding a polarization
rotation angle to incident linearly polarized light; and a plurality of
variable phase difference members for variably yielding a phase

difference between incident light and emerging light,
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wherein the plurality of variable phase difference members
are located in an optical path between the plurality of variable optical
rotating members and the light source.

46. An illumination optical apparatus according to claim 44
or 45, further comprising a relay optical system located between the
plurality of variable phase difference members and the plurality of
variable optical rotating members.

47. An illumination optical apparatus according to any one
of claims 42 to 46, wherein the polarization converting element
comprises a member for adjusting an ellipticity of incident light, and
a member for adjusting a polarization direction of the incident light.

48. An exposure apparatus comprising the illumination
optical apparatus as defined in any one of claims 1 to 47, wherein a
predetermined pattern illuminated by the illumination optical
apparatus is projected onto a photosensitive substrate to effect
exposure thereof,

49. An exposure method of projecting a predetermined
pattern onto a photosensitive substrate to effect exposure thereof,
using the illumination optical apparatus as defined in any one of
claims 1 to 47.

50. A method of manufacturing device comprising:

an exposure step of projecting a predetermined pattern onto a
photosensitive substrate to effect exposure thereof, using the
illumination optical apparatus as defined in any one of claims 1 to
44; and

a development step of developing the photosensitive substrate
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exposed in the exposure step.

51. An adjustment method of adjusting an illumination
optical apparatus for illuminating a surface to be illuminated, based
on light from a light source,

the adjustment method comprising;:

a first step of preparing a variable phase difference member
for variably yielding a phase difference between incident light and
emerging light;

a second step of setting the phase difference yielded by the
variable phase difference member, to a predetermined value; and

a third step of placing the variable phase difference member
in an optical path between the light source and the surface to be
illuminated.

52. An adjustment method according to claim 51, wherein
the third step comprises placing the variable phase difference
member the phase difference of which was set to the predetermined
value in the second step, in the optical path between the light source
and the surface to be illuminated.

53. An adjustment method according to claim 51, wherein
the second step comprises a fourth step of measuring light having
passed through the variable phase difference yielding member placed
in the optical path between the light source and the surface to be
illuminated; and a fifth step of setting the phase difference of the
variable phase difference yielding member to a predetermined value
on the basis of a result of the measurement in the fourth step.

54. An adjustment method according to claim 53, wherein
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the fourth step comprises measuring a polarization state of light
reaching the surface to be illuminated.

55. An adjustment method according to any one of claims
51 to 54, comprising a sixth step of rotating the variable phase
difference member around the optical axis of the illumination optical
apparatus.

56. An adjustment method of adjusting an illumination
optical apparatus for illuminating a surface to be illuminated, based
on light from a light source,

the adjustment method comprising:

a first step of locally changing a polarization state of
illumination light on the surface to be illuminated; and

a second step of locally changing a polarization state of light
at a position on or near a pupil plane of the illumination optical
apparatus.

57. An adjustment method according to claim 56, wherein at
least one of the first and second steps has a third step of locally
varying a phase of passing light.

58. An adjustment method according to claim 56 or 57,
wherein at least one of the first and second steps has a fourth step of
variably yielding a polarization rotation angle to incident linearly
polarized light,

59. An adjustment method according to any one of claims
56 to 58, further comprising a polarization state measuring step of
measuring a polarization state of light reaching the surface to be

illuminated,
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wherein at least one of the first and second steps comprises
effecting each adjustment according to a result of measurement in the
polarization state measuring step.

60. An adjustment method according to any one of claims
56 to 59, wherein the first step comprises locally changing a
polarization state at any one of the surface to be illuminated, a
position near the surface to be illuminated, a position optically
conjugate with the surface to be illuminated, and a position near the
position optically conjugate with the surface to be illuminated, and

wherein the second step comprises locally changing a
polarization state at a position on or near the pupil plane of the
illumination optical apparatus.

61. An illumination optical apparatus adjusted in
accordance with the adjustment method as defined in any one of
claims 51 to 60.

62. An adjustment method of adjusting an exposure
apparatus for illuminating a predetermined pattern by an illumination
optical apparatus and for projecting the predetermined pattern onto a
photosensitive substrate to effect exposure thereof,

wherein the illumination optical apparatus is adjusted in
accordance with the adjustment method as defined in any one of
claims 51 to 60.

63. An adjustment method according to claim 62, further
comprising a polarization state measuring step of measuring a
polarization state of light reaching the photosensitive substrate,

wherein at least one of the first and second steps comprises

114


MUZ
Rectangle

MUZ
Typewritten Text
114

MUZ
Rectangle


10

15

20

25

effecting each adjustment according to a result of measurement in the
polarization state measuring step.

64. An exposure apparatus adjusted in accordance with the
adjustment method as defined in claim 62 or 63.

65. An adjustment method of adjusting an exposure system
comprising a first exposure apparatus comprising a first illumination
optical apparatus for illuminating a first pattern on a first mask, and
adapted for projecting the first pattern of the first mask onto a
photosensitive substrate to effect exposure thereof and a second
exposure apparatus comprising a second illumination optical
apparatus for illuminating a second pattern on a second mask, and
adapted for projecting the second pattern of the second mask onto the
photosensitive substrate to effect exposure thereof,

wherein the first and second illumination optical apparatus are
adjusted in accordance with the adjustment method as defined in any
one of claims 51 to 60.

66. An adjustment method according to claim 65, further
comprising;:

a step of measuring polarization states of light traveling to the
photosensitive substrate in the first and second exposure apparatus;
and

a step of adjusting the variable phase difference members in
the first and second exposure apparatus, based on the polarization
states measured.

67. An adjustment method according to claim 66, wherein

the step of adjusting the wvariable phase difference members
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comprises performing such an adjustment that the polarization state
of light traveling to the photosensitive substrate in the first exposure
apparatus substantially coincides with the polarization state of light
traveling to the photosensitive substrate in the second exposure
apparatus.

68. An adjustment method according to claim 66 or 67,
wherein the step of adjusting the variable phase difference members
comprises a step of locally changing a polarization state of
illumination light on the surface to be illuminated; and a step of
locally changing a polarization state of light at a position on or near
the pupil plane of the illumination optical apparatus.

69. An exposure system adjusted in accordance with the
adjustment method as defined in any one of claims 65 to 68.

70. A microdevice manufacturing factory comprising: a
manufacturing equipment group for various processes comprising the
first exposure apparatus and the second exposure apparatus as
defined in claim 69; a local area network for connecting the
manufacturing equipment group; and a gateway for enabling access
from the local area network to an external network outside the
factory, wherein data communication is enabled for information
about at least one equipment in the manufacturing equipment group.

71. A microdevice manufacturing factory comprising: a step
of installing a manufacturing equipment group for various processes
comprising the first exposure apparatus and the second exposure
apparatus as defined in claim 69, in a microdevice manufacturing

factory; and a step of manufacturing a microdevice through a
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plurality of processes by means of the manufacturing equipment
group.

72. A microdevice manufacturing factory according to claim
71, further comprising: a step of connecting the manufacturing
equipment group by a local area network; and a step of implementing
data communication of information about at least one equipment in
the manufacturing equipment group, between the local area network
and an external network outside the microdevice manufacturing
factory.

73. A microdevice manufacturing factory according to any
one of claims 70 to 72, wherein the information about at least one
equipment in the manufacturing equipment group contains
information about a polarization state.

74. A microdevice manufacturing factory according to any
one of claims 67 to 70, wherein the information about at least one
equipment in the manufacturing equipment group contains
information about a change amount of a polarization state.

75. An illumination optical apparatus for illuminating a
surface to be illuminated, based on light from a light source,

the illumination optical apparatus comprising a first
polarization converting element; and a second polarization
converting element located at a position opposite to the first
polarization converting element with respect to a position conjugate
with the surface to be illuminated.

76. An illumination optical apparatus according to claim 75,

wherein each of the first polarization converting element and the
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second polarization converting element comprises an optical rotating
member for yielding a polarization rotation angle to incident linearly
polarized light.

77. An illumination optical apparatus according to claim 76,

wherein the optical rotating member has a predetermined polarization

rotation distribution in a plane crossing the incident light.

78. An illumination optical apparatus according to claim 76
or 77, wherein the first polarization converting element and the
second polarization converting element comprise their respective
polarization rotation distributions complementary to each other.

79. An illumination optical apparatus according to any one
of claims 75 to 77, wherein each of the first polarization converting
element and the second polarization converting element comprises a
phase difference member for yielding a phase difference between
incident light and emerging light.

80. An illumination optical apparatus according to claim 79,
wherein the phase difference member has a predetermined phase shift
distribution in a plane crossing the incident light.

81.. An illumination optical apparatus according to claim 79
or 80, wherein the first polarization converting element and the

second polarization converting element comprise their respective

“phase shift distributions complementary to each other.

82. An illumination optical apparatus according to any one
of claims 75 to 79, wherein the first polarization converting element
and the second polarization converting element comprise their

respective nonplanar optical surfaces.
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83. An illumination optical apparatus according to any one
of claims 75 to 79, wherein the first polarization converting element
and the second polarization converting element comprise their
respective shapes in locally different thicknesses within a plane
crossing incident light.

84. An illumination optical apparatus according to claim 80
or 81, wherein each of the first polarization converting element and
the second polarization converting element comprises an optical axis
correcting plate.

85. An illumination optical apparatus according to claim 78
or 81, wherein the first polarization converting element is located a
first distance apart from the conjugate position,

wherein the second polarization converting element is located
a second distance apart from the conjugate position or from a
position optically conjugate with the conjugate position, and

wherein the first distance is equal to the second distance.

86. An illumination optical apparatus according to any one
of claims 75 to 84, wherein the first polarization converting element
is located a first distance apart from the conjugate position,

wherein the second polarization converting element is located
a second distance apart from the conjugate position or from a
position optically conjugate with the conjugate position, and

wherein the first distance is different from the second
distance.

87. An illumination optical apparatus according to any one

of claims 75 to 86, further comprising a mask blind located at a
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position optically conjugate with the surface to be illuminated,
wherein the first polarization converting element is located in

an optical path between the light source and the mask blind, and
wherein the second polarization converting element is located

in an optical path between the mask blind and the surface to be

illuminated.

88. An illumination optical apparatus according to any one
of claims 75 to 87, the illumination optical apparatus further
comprising an optical integrator,

wherein the first polarization converting element and the
second polarization converting element are located in an optical path
between the optical integrator and the surface to be illuminated.

89. An illumination optical apparatus according to any one
of claims 75 to 88, wherein the first polarization converting element
converts a polarization state distribution of incident light in a cross
section crossing a traveling direction of the incident light, and

wherein the second polarization converting element converts
a polarization state distribution of incident light in a cross section
crossing a traveling direction of the incident light.

90. An illumination optical apparatus according to any one
of claims 75 to 89, wherein the first polarization converting element
and the second polarization converting element act so as to bring
about polarization states of different angle distributions, according to
positions in the surface to be illuminated.

91. An illumination optical apparatus for illuminating a
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surface to be illuminated, based on light from a light source,

the illumination optical apparatus comprising a plurality of
polarization converting elements,

wherein, where a partial region is defined as a region where a
light beam arriving at a predetermined point on the surface to be
illuminated passes through an optical surface of an optical member, a
size of the partial region differs among the plurality of polarization
converting elements.

92. An illumination optical apparatus according to claim 91
8, wherein an optical member is disposed in an optical path between
the plurality of polarization converting elements.

93. An illumination optical apparatus according to claim 91
or 92, wherein the plurality of polarization converting elements act so
as to bring about polarization states of different angle distributions,
according to positions in the surface to be illuminated.

94. An illumination optical apparatus according to any one
of claims 91 to 93, wherein each of the plurality of polarization
converting elements comprises an optical rotating member for
yielding an angle of rotation to incident linearly polarized light.

95. An illumination optical apparatus according to claim 94,
wherein the optical rotating member has a predetermined optical
rotation distribution in a plane crossing the incident light.

96. An illumination optical apparatus according to any one
of claims 91 to 95, wherein each of the plurality of polarization
converting elements comprises a phase difference member for

yielding a phase difference between incident light and emerging
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light.

97. An illumination optical apparatus according to claim 96,
wherein the phase difference member has a predetermined phase shift
distribution in a plane crossing the incident light.

08. An illumination optical apparatus according to any one
of claims 91 to 97, wherein each of the plurality of polarization
converting elements converts a polarization state distribution of
incident light in a cross section crossing a traveling direction of the
incident light.

99. An illumination optical apparatus for illuminating a
surface to be illuminated, based on light from a light source,

the illumination optical apparatus comprising;:

polarization ellipticity distribution changing means for
changing an ellipticity distribution of incident polarized light in a
cross section crossing a traveling direction of the incident light; and

polarization direction distribution changing means for
changing a polarization direction distribution of incident polarized
light in a cross section crossing a traveling direction of the incident
light.

100. An illumination optical apparatus according to claim
99, wherein a relay optical system for making the polarization
ellipticity distribution changing means optically conjugate with the
polarization direction distribution changing means is disposed in an
optical path between the polarization ellipticity distribution changing
means and the polarization direction distribution changing means.

101. An illumination optical apparatus according to claim
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99, wherein the polarization ellipticity distribution changing means
and the polarization direction distribution changing means are
located in mutual proximity.

102. An illumination optical apparatus according to any one
of claims 99 to 101, wherein the polarization direction distribution
changing means comprises an optical rotator.

103. An illumination optical apparatus according to any one
of claims 99 to 102, wherein the polarization ellipticity distribution
changing means comprises a phase shifter.

104. An illumination optical apparatus according to any one
of claims 99 to 103, wherein the polarization ellipticity distribution
changing means is disposed in an optical path between the light
source and the polarization direction distribution changing means.

105. An illumination optical apparatus according to any one
of claims 99 to 103, wherein the polarization direction distribution
changing means is disposed in an optical path between the light

source and the polarization ellipticity distribution changing means.

106. An exposure apparatus comprising the illumination
optical apparatus as defined in any one of claims 75 to 105, and
adapted for projecting a predetermined pattern illuminated by the
illumination optical apparatus, onto a photosensitive substrate to
effect exposure thereof,

107. An exposure method of projecting a predetermined
pattern onto a photosensitive substrate to effect exposure thereof,

using the illumination optical apparatus as defined in any one of
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108. A method of manufacturing device comprising:

an exposure step of projecting a predetermined pattern onto a
photosensitive substrate to effect exposure thereof, using the
illumination optical apparatus as defined in any one of claims 75 to
105; and

a development step of developing the photosensitive substrate

exposed in the exposure step.
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