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Description

1. Field of the Invention

[0001] The invention generally relates to illumination systems of microlithographic exposure apparatus that image a
mask onto a light sensitive surface. More particularly, the invention relates to such illumination systems that contain an
array of mirrors or other beam deflection elements.

2. Description of Related Art

[0002] Microlithography (also called photolithography or simply lithography) is a technology for the fabrication of
integrated circuits, liquid crystal displays and other microstructured devices. The process of microlithography, in con-
junction with the process of etching, is used to pattern features in thin film stacks that have been formed on a substrate,
for example a silicon wafer. At each layer of the fabrication, the wafer is first coated with a photoresist which is a material
that is sensitive to radiation, such as deep ultraviolet (DUV) or extreme ultraviolet (EUV) light. Next, the wafer with the
photoresist on top is exposed to projection light in a projection exposure apparatus. The apparatus projects a mask
containing a pattern onto the photoresist so that the latter is only exposed at certain locations which are determined by
the mask pattern. After the exposure the photoresist is developed to produce an image corresponding to the mask
pattern. Then an etch process transfers the pattern into the thin film stacks on the wafer. Finally, the photoresist is
removed. Repetition of this process with different masks results in a multi-layered microstructured component.
[0003] A projection exposure apparatus typically includes an illumination system for illuminating the mask, a mask
stage for aligning the mask, a projection objective and a wafer alignment stage for aligning the wafer coated with the
photoresist.
[0004] In current projection exposure apparatus a distinction can be made between two different types of apparatus.
In one type each target portion on the wafer is irradiated by exposing the entire mask pattern onto the target portion in
one go. Such an apparatus is commonly referred to as a wafer stepper. In the other type of apparatus, which is commonly
referred to as a step-and-scan apparatus or scanner, each target portion is irradiated by progressively scanning the
mask pattern under the projection beam along a scan direction while synchronously moving the substrate parallel or
anti-parallel to this direction. The ratio of the velocity of the wafer and the velocity of the mask is equal to the magnification
of the projection objective, which is usually smaller than 1, for example 1:4.
[0005] The illumination system illuminates a field on the mask that may have the shape of a rectangular or curved slit,
for example. Ideally, the illumination system illuminates each point of the illuminated field on the mask with projection
light having a well defined irradiance and angular distribution. The term angular distribution describes how the total light
energy of a light bundle, which converges towards a particular point in the mask plane, is distributed among the various
directions of the rays that constitute the light bundle.
[0006] The angular distribution of the projection light impinging on the mask is usually adapted to the kind of pattern
to be projected onto the photoresist. For example, relatively large sized features may require a different angular distribution
than small sized features. The most commonly used angular distributions of projection light are referred to as conventional,
annular, dipole and quadrupole illumination settings. These terms refer to the irradiance distribution in a system pupil
surface of the illumination system. With an annular illumination setting, for example, only an annular region is illuminated
in the system pupil surface. Thus there is only a small range of angles present in the angular distribution of the projection
light, and thus all light rays impinge obliquely with similar angles onto the mask.
[0007] Different means are known in the art to modify the angular distribution of the projection light in the mask plane
so as to achieve the desired illumination setting. For achieving maximum flexibility in producing different angular distri-
bution in the mask plane, it has been proposed to use mirror arrays that illuminate the pupil surface.
[0008] In EP 1 262 836 A1 the mirror array is realized as a micro-electromechanical system (MEMS) comprising more
than 1000 microscopic mirrors. Each of the mirrors can be tilted about two orthogonal tilt axes. Thus radiation incident
on such a mirror device can be reflected into almost any desired direction of a hemisphere. A condenser lens arranged
between the mirror array and the pupil surface translates the reflection angles produced by the mirrors into locations in
the pupil surface. This known illumination system makes it possible to illuminate the pupil surface with a plurality of
spots, wherein each spot is associated with one particular microscopic mirror and is freely movable across the pupil
surface by tilting this mirror.
[0009] Similar illumination systems are known from US 2006/0087634 A1, US 7,061,582 B2 and WO 2005/026843
A2. Similar arrays of tiltable mirrors have also been proposed for EUV illumination systems.
[0010] Because the quality of the image produced by the projection objective depends very sensitively on the irradiance
distribution in the system pupil surface, it is desirable to be able to produce very small changes of the irradiance distribution.
This, in turn, is only possible if a very large number of (small) spots can be produced with the help of the mirrors in the
system pupil surface. However, the manufacture and control of arrays comprising several thousand mirrors is difficult
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and requires substantial resources.

SUMMARY OF THE INVENTION

[0011] Thus there is a need for an illumination system which comprises an array of mirrors or other beam deflection
elements for producing a number of spots in a system pupil surface, wherein this number is large compared with the
complexity of the array of beam deflection elements.
[0012] According to an aspect of the invention this object is achieved by an illumination system comprising a beam
deflection array of reflective or transparent beam deflection elements. Each beam deflection element is adapted to deflect
an impinging light beam by a deflection angle that is preferably variable in response to control signals. The illumination
system further comprises a system pupil surface and a beam multiplier unit which is arranged between the beam deflection
array and the system pupil surface such that the number of light beams in the system pupil surface is greater than the
number of light beams emerging from the beam deflection array.
[0013] The invention is based on the consideration that the number of spots illuminated in the system pupil surface
can be increased, at a given time, by multiplying the light beams producing the spots in the system pupil surface. Thus
not one but at least two spots in the system pupil surface will move simultaneously if the deflection angle of a beam
deflection element is varied. Since many target irradiance distributions in the system pupil surface have certain sym-
metries, for example mirror or point symmetry, complex irradiance distributions in the system pupil surface can be
produced if the multiplied light beams emerge from the beam multiplier unit with a symmetry that is adapted to the
symmetry of the target irradiance distributions. The symmetry of the light beam emerging from the beam multiplier unit
is, in turn, determined by the layout of the beam multiplier unit and its arrangement with respect to the beam deflection
array and other components of the illumination system.
[0014] The beam multiplier unit may comprise any means that are known in the art to divide a light beam into two or
more light beams. For example, the beam multiplier unit may comprise a plurality of densely arranged wedges. If the
light beams are directed such that they are centered on the edges of the wedges, they will be divided into two partial
light beams because different portions of the light beams are refracted at surfaces having different orientations. In a
similar embodiment, small pyramidal structures are arranged on a support plate which have a similar effect in two
dimensions so that a light beam impinging on the corner of the pyramidal structures will be split into four partial light
beams. However, in these cases it will usually be necessary to direct the incident light beams on certain locations on
the wedges, the pyramidal structures or similar arrangements of refractive elements.
[0015] This disadvantage may be avoided if the beam multiplier unit comprises a beam splitter. A beam splitter may
be designed such that the same beam splitting properties are achieved over the entire surface of the beam splitter, and
some types of beam splitters even split impinging light beams into two partial light beams irrespective of the angle of
incidence.
[0016] All kinds of beam splitters known in the art may be envisaged in this context. For example, the beam splitter
may comprise a birefringent material that splits light beams into an ordinary and an extraordinary light beam having
orthogonal states of polarization. For producing extraordinary light beams that leave the birefringent material at some
distance from the ordinary light beams, the birefringent material has to be relatively thick.
[0017] Therefore beam splitters comprising a beam splitting surface may be more preferable in this respect. The beam
splitting surface may be formed by a surface at which frustrated total internal reflection occurs, as is the case in con-
ventional beam splitter cubes. Beam splitting surfaces in which interference effects occur, for example optical coatings
or gratings applied on a support, have the advantage that the beam splitters are less bulky than beam splitter cubes. In
some embodiments the beam splitting surface is (at least substantially) polarization independent such that it splits an
incoming light beam into a reflected and a transmitted light beam irrespective of the state of polarization of the incident
light beam. In other embodiments the beam splitting surface is polarization dependent such that the intensity of the
reflected and the transmitted partial light beams (strongly) depend on the state of polarization of the incident light beam.
[0018] Preferably the ratio of the transmittance versus the reflectance of the beam splitting surface is between 100
and 0.01, and more preferably between 5 and 0.2. In many embodiments the beam splitting surface has a transmittance
versus reflectance ratio of about 1, or at least between 0.95 and 1.05. This ensures that the partial light beams produced
by the beam splitting surface have at least substantially the same irradiance. However, it may also be considered to
deliberately depart from this relationship. If the transmittance versus reflectance ratio differs from 1, for example lies
between 7/3 and 3/7, the spots produced in the system pupil surface will have a different irradiance. This may be used
to adjust certain pupil related quantities such as telecentricity and pole balance.
[0019] In a preferred embodiment the beam splitting surface is formed by a beam splitting coating applied on a support.
As has been mentioned above, such optical coatings exploit interference effects for splitting an incident light beam into
a reflected and a transmitted light beam. Usually the beam splitting coatings comprise a plurality of thin layers having a
well defined refractive index and layer thickness. By carefully selecting these parameters it is possible to manufacture
beam splitting coatings having well defined properties for light having a certain wavelength or range of wavelengths.
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[0020] In some embodiments the beam splitting surface is plane and extends parallel to an optical axis of the illumination
system. The optical axis of the illumination system is defined by the symmetry axis of lenses and other optical elements
having rotational symmetry. With such a plane beam splitting surface extending parallel to the optical axis, and preferably
containing the optical axis, it is possible to produce mirror symmetries in the system pupil surface which makes it possible
to produce target irradiance distribution in the system pupil surface having similar symmetries.
[0021] With such beam splitting surfaces it may be advantageous if the beam splitting surface has a transmittance
versus reflectance ratio that varies along the optical axis. In typical arrangements the irradiance unbalance will then
increase the further a spot in the system pupil surface is illuminated away from the optical axis.
[0022] In some embodiments an actuator for moving the beam splitting surface is provided. This may be advantageous
if it is desirable to produce target irradiance distributions having different symmetry properties.
[0023] The beam splitting surface may be displaced so as to displace also the plane of symmetry in the system pupil
surface. Additionally or alternatively, the actuator may be configured to rotate the beam splitting surface. This results in
a corresponding rotation of the plane of symmetry in the system pupil surface. This makes it possible to produce one of
two orthogonal planes of symmetry by rotating a single beam splitting surface with the help of the actuator by 90°.
[0024] According to still another embodiment the actuator is capable of completely removing the beam splitting surface
from a light propagation path. This makes it possible to add or remove a plane of symmetry in the system pupil surface.
[0025] In another embodiment the beam multiplier unit comprises at least two plane beam splitting surfaces arranged
at an angle which at least substantially equals 90°. If suitably arranged with regard to the array of beam deflection
elements, it can be achieved that each incident light beam is divided into four partial light beams passing mirror sym-
metrically through the system pupil surface.
[0026] In one embodiment the at least two plane beam splitting surfaces, which are arranged at an angle which at
least substantially equals 90°, are arranged in planes intersecting at the optical axis of the illumination system. Thus the
planes of symmetry in the system pupil surface also intersect in the center of the system pupil surface, as it is usually
desired.
[0027] According to another embodiment the beam splitter unit comprises a plane mirror which is arranged with respect
to the beam splitting surface at an angle which at least substantially equals 90°. Light beams impinging first on the beam
splitting surface are split into partial light beams forming spots in the system pupil plane that form, as a result of one of
the partial light beams being reflected by the mirror, a point-symmetrical arrangement in the system pupil surface. In
contrast, light beams impinging first on the mirror and then on the beam splitting surface produce spots in the system
pupil plane that are arranged mirror symmetrically. Thus this embodiment makes it possible to produce multiplied spots
in the system pupil surface that are point-symmetrically arranged, and also spots that are mirror-symmetrically arranged.
This greatly increases the range of irradiance distributions that can be produced with the help of the multiplied light beams.
[0028] Also in this embodiment the beam splitting surface and the mirror may be arranged in planes intersecting at
the optical axis of the illumination system. Thus the point defining the reference for the point-symmetry coincides with
the optical axis, and also the symmetry plane defining the mirror-symmetry contains the optical axis.
[0029] If the beam deflection array is centered with respect to the optical axis, the overall system symmetry is increased
which simplifies the layout and control of the beam deflection array.
[0030] An even more symmetrical arrangement may be obtained if the optical axis divides the beam deflection array
into at least two sub-arrays, which are arranged in an inclined manner with respect to each other. This may require to
direct the light beams on the beam deflection sub-arrays from directions which are also inclined.
[0031] If the beam multiplier unit comprises a plane mirror and a beam splitting surface, the beam multiplier unit may
be configured such that each light beam impinges first on the plane mirror and then on the beam splitting surface, or
first on the beam splitting surface and then on the plane mirror. Then it is ensured that each light beam is divided into
two partial light beams forming spots in the system pupil plane which are either point-symmetrically or mirror-symmetrically
arranged.
[0032] If n planar beam splitting surfaces are arranged such that they extend in planes intersecting along a common
line and forming the same angle in between, the arrangement of the multiplied spots in the system pupil surface will
have an n-fold symmetry. Generally, the beam multiplier unit may be configured to produce a multiplied irradiance
distribution in the system pupil surface which is mirror-symmetrical, point-symmetrical, or n-fold symmetrical with respect
to an original irradiance distribution that would be produced in the system pupil surface in the absence of the beam
multiplier unit.
[0033] According to another embodiment, the illumination system comprises an intermediate pupil surface which is
arranged between the beam deflection array and the beam multiplier unit. The beam multiplier unit comprises an imaging
system which establishes an imaging relation between the intermediate pupil surface and the system pupil surface.
Furthermore, the beam multiplier unit is configured to produce a multiplied image of an irradiance distribution which is
produced by the beam deflection array in a portion of the intermediate pupil surface.
[0034] Although also in this embodiment light beams are multiplied, it may be said that this embodiment makes it
possible to multiply not only light beams as such, but a complete irradiance distribution in a pupil surface.
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[0035] If the imaging system is a telecentric objective, the light beams emerging from the system pupil surface will
have the same angular distribution as the light beams emerging from the intermediate pupil surface.
[0036] The beam multiplier unit may comprise a mirror arranged in another portion of the intermediate pupil surface,
wherein the beam multiplier unit is configured to produce an image of the irradiance distribution on the mirror. Thus the
beam multiplier unit multiplies the irradiance distribution, which is produced in one portion of the intermediate pupil
surface, by forming an image of this distribution in another portion of the intermediate pupil surface. Then the original
distribution and its image are imaged on the system pupil surface by the imaging system.
[0037] To this end the beam multiplier unit may comprise a polarization dependent beam splitter, which is arranged
within the imaging system, for example in an aperture plane of an objective forming the imaging system. Then light
reflected from the polarization dependent beam splitter may form on the mirror an additional irradiance distribution in
the intermediate pupil surface.
[0038] In order to be able to form an image of the additional irradiance distribution formed on the mirror, the beam
multiplier unit may comprise a polarization unit that changes the state of polarization of light reflected from the mirror
before it impinges again on the polarization dependent beam splitter. As a result of the change of the state of polarization,
this light (or at least a portion thereof) can pass through the polarization dependent beam splitter and form an image in
the system pupil plane of the additional irradiance distribution formed on the mirror.
[0039] Transparent beam deflection elements of the beam deflection array may be formed by electro-optical or accusto-
optical elements, for example. In such elements the refractive index can be varied by exposing a suitable material to
electric fields for ultrasonic waves, respectively. These effects can be exploited to produce index gratings that direct
impinging light into various directions.
[0040] In a preferred embodiment, however, the beam deflection elements are mirrors that can be tilted about at least
one tilt axis. If the mirrors can be tilted about two tilt axes, the angle formed between these tilt axes is preferably about 90°.
[0041] A method of operating a projection exposure apparatus may comprise the following steps:

a) providing an illumination system comprising

i) a beam deflection array of reflective or transparent beam deflection elements, wherein each beam deflection
element is adapted to deflect an impinging light beam by a deflection angle that is variable in response to control
signals, and

ii) a system pupil surface in which an irradiance distribution is produced by the beam deflection array;

b) illuminating a mask with light pulses, wherein the beam deflecting elements are controlled such that the illuminated
area associated with an irradiance distribution produced in the system pupil surface changes between two consec-
utive light pulses of an exposure process during which a mask is imaged on a light sensitive surface.

c) imaging the mask on a light sensitive surface.

[0042] According to this method the number of spots illuminated in the system pupil surface is, at a given instant,
equal to the number of beam deflection elements. However, during an exposure process, during which a mask is imaged
on a light sensitive surface, the number of spots illuminated in the system pupil surface is greater than the number of
beam deflection elements because these spots are moved during the exposure process.
[0043] The target irradiance distribution may be divided into a plurality of partial irradiance distributions to which
different illuminated areas are associated. The beam deflecting elements are then controlled such that all partial irradiance
distributions are successively produced in the system pupil surface. In other words, the system pupil surface is succes-
sively filled with the desired target irradiance distribution.
[0044] If the mask and the light sensitive surface are moved during the exposure process so that two points on the
mask spaced apart along a scan direction are illuminated during exposure time intervals having different starting times,
all partial irradiance distributions should, for an arbitrary point on the mask, be produced in the system pupil surface
during the exposure time interval associated with that point. Then also in a projection exposure apparatus of the scanner
type all points on the mask will receive the same total irradiance distribution which is successively produced in the system
pupil surface during the exposure time interval.
[0045] In many cases it will be preferred if the partial irradiance distributions are produced in the system pupil plane
during equal time intervals. For example, there may be a fixed period at which the irradiance distribution in the system
pupil surface is changed between two or more different configurations.
[0046] The illuminated areas associated with the partial irradiance distributions may be restricted to a segment, in
particular to a semicircle or a quadrant, of the system pupil surface.
[0047] In another embodiment the partial irradiance distributions are interleaved. This has the advantage that the
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spots produced by the beam deflection elements in the system pupil surface have to be moved by small distances only.
This simplifies the control of the beam deflection elements and reduces mechanical strains.
[0048] An illumination system of a microlithographic projection exposure apparatus provided by the above mentioned
method is configured to illuminate a mask with light pulses and comprises a beam deflection array of reflective or
transparent beam deflection elements. Each beam deflection element is adapted to deflect an impinging light beam by
a reflection angle that is variable in response to control signals. The illumination system further comprises a system
pupil surface in which an irradiance distribution is produced by the beam deflection array, and a control unit, wherein
the control unit is configured to control the beam deflection elements such that the illuminated area associated with an
irradiance distribution produced in the system pupil surface changes between two consecutive light pulses of an exposure
process during which a mask is imaged on a light sensitive surface.
[0049] An illumination system of a microlithographic projection exposure apparatus may comprise a beam deflection
array comprising a number of reflective or transparent beam deflection elements. Each beam deflection element is
adapted to deflect an impinging light beam by deflection angles that is variable in response to control signals. The
illumination system further comprises a system pupil surface, in which light beams reflected from the beam deflection
elements illuminate spots. The number of spots illuminated in the system pupil surface during an exposure process,
during which a mask is imaged on a light sensitive surface, is greater than the number of beam deflection elements.
[0050] This may be achieved either in the time domain, i. e. by producing successively different irradiance distributions
in the system pupil surface during the exposure process. Alternatively or additionally, the number of spots illuminated
in the system pupil surface is greater than the number of beam deflection elements at any given instant during the
exposure process. This requires the use of a beam multiplier unit that multiplies the number of light beams emerging
from the beam deflection array.
[0051] In either case this results in an illumination system in which the effective irradiance distribution in the system
pupil surface, i.e. the irradiance distribution integrated over the exposure time interval, has, for a given number of beam
deflection elements, a very high resolution. This advantage may be used either to improve the resolution of the irradiance
distribution in the system pupil surface with a given number of beam deflection elements, or to reduce the number of
beam deflection elements if a predetermined resolution of the irradiance distribution in the system pupil surface has to
be achieved.

BRIEF DESCRIPTION OF THE DRAWINGS

[0052] Various features and advantages of the present invention may be more readily understood with reference to
the following detailed description taken in conjunction with the accompanying drawing in which:

FIG. 1 is a perspective and considerably simplified view of a projection exposure apparatus in accordance
with the present invention;

FIG. 2 is a meridional section through an illumination system contained in the projection exposure appa-
ratus shown in FIG 1;

FIG. 3 is a perspective view of a mirror array contained in the illumination system of FIG. 2;

FIG. 4 is a meridional section through a beam splitting unit according to a first embodiment which com-
prises a plane beam splitting surface;

FIG. 5 shows an irradiance distribution in the system pupil surface produced by the beam splitting unit
shown in FIG. 4;

FIG. 6 is a perspective view of a beam splitting unit according to a second embodiment which comprises
two orthogonal plane beam splitting surfaces;

FIG. 7 is a top view on the beam splitting unit shown in FIG. 6;

FIG. 8 shows an irradiance distribution in the system pupil surface produced by the beam splitting unit
shown in FIGS. 6 and 7;

FIG. 9 is a top view similar to FIG. 7 of an alternative embodiment in which a beam splitting surface can
be removed from the light path;
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FIG. 10 shows an irradiance distribution in the system pupil surface produced by the beam splitting unit
shown in FIG. 9;

FIG. 11 is a top view similar to FIG. 9 of an alternative embodiment in which a beam splitting surface can
be rotated;

FIG. 12 shows an irradiance distribution in the system pupil surface produced by the beam splitting unit
shown in FIG. 11 in two different positions of the beam splitting surface;

FIG. 13 is a perspective view of a beam splitting unit according to a third embodiment comprising a plane
beam splitting surface and a plane mirror;

FIG. 14 is a top view similar to FIG. 7 on the beam splitting unit shown in FIG. 13;

FIG. 15 shows an irradiance distribution in the system pupil surface produced by the beam splitting unit
shown in FIGS. 13 and 14;

FIG. 16 is a top view similar to FIG. 14 of an alterna- tive embodiment in which the beam splitting sur-
face and the plane mirror divide the mirror array into four quadrants;

FIG. 17 is a side view of the alternative embodiment shown in FIG. 16;

FIG. 18 is a meridional section through a beam splitting unit according to a fourth embodiment in which
an irradiance distribution formed in an intermediate pupil surface is multiplied and then imaged
on the system pupil surface;

FIG. 19 shows an irradiance distribution in the interme- diate pupil surface produced by the beam split-
ting unit shown in FIG. 18;

FIG. 20 shows an irradiance distribution in the system pupil surface produced by the beam splitting unit
shown in FIG. 18;

FIG. 21 is a meridional section through a beam splitting unit according to a fifth embodiment in which the
beam splitting unit comprises birefringent ele- ments;

FIG. 22 is a top view on the beam splitting unit shown in FIG. 21;

FIG. 23a shows a first partial irradiance distribution, which is produced in a system pupil surface dur- ing
a first period according to another aspect of the invention;

FIG. 23b shows a second partial irradiance distribution, which is produced in a system pupil surface dur-
ing a second period;

FIG. 24 shows two graphs illustrating the time dependency of the irradiance for two different points in the
mask plane of projection exposure apparatus of the wafer stepper type;

FIG. 25 shows two graphs illustrating the time dependency of the irradiance for two different points in the
mask plane of projection exposure apparatus of the scanner type;

FIGS. 26a to 26d show four first exemplary partial ir- radiance distributions, which are successively produced in a
system pupil surface;

FIGS. 27a and 27b show two second exemplary partial ir- radiance distributions, which are successively produced
in a system pupil surface;

FIGS. 28a and 28b show two third exemplary partial ir- radiance distributions, which are successively produced in a
system pupil surface.
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DESCRIPTION OF PREFERRED EMBODIMENTS

I. General Structure of Projection Exposure Apparatus

[0053] FIG. 1 is a perspective and highly simplified view of a DUV projection exposure apparatus 10 that comprises
an illumination system 12 for producing a projection light beam. The projection light beam illuminates a field 14 on a
mask 16 containing minute structures 18. In this embodiment the illuminated field 14 has approximately the shape of a
ring segment. However, other, for example rectangular, shapes of the illuminated field 14 are contemplated as well.
[0054] A projection objective 20 images the structures 18 within the illuminated field 14 onto a light sensitive layer 22,
for example a photoresist, which is deposited on a substrate 24. The substrate 24, which may be formed by a silicon
wafer, is arranged on a wafer stage (not shown) such that a top surface of the light sensitive layer 22 is precisely located
in an image plane of the projection objective 20. The mask 16 is positioned by means of a mask stage (not shown) in
an object plane of the projection objective 20. Since the latter has a magnification of less than 1, a minified image 14’
of the structures 18 within the illuminated field 14 is projected onto the light sensitive layer 22.
[0055] During the projection, the mask 16 and the substrate 24 move along a scan direction which coincides with the
Y direction. Thus the illuminated field 14 scans over the mask 16 so that structured areas larger than the illuminated
field 14 can be continuously projected. Such a type of projection exposure apparatus is often referred to as "step-and-
scan apparatus" or simply a "scanner". The ratio between the velocities of the mask 16 and the substrate 24 is equal to
the magnification of the projection objective 20. If the projection objective 20 inverts the image, the mask 16 and the
substrate 24 move in opposite directions, as this is indicated in FIG. 1 by arrows A1 and A2. However, the present
invention may also be used in stepper tools in which the mask 16 and the substrate 24 do not move during projection
of the mask.
[0056] In the embodiment shown, the illuminated field 14 is not centered with respect to an optical axis 26 of the
projection objective 20. Such an off-axis illuminated field 14 may be necessary with certain types of projection objectives
20. In other embodiments, the illuminated field 14 is centered with respect to the optical axis 26.
[0057] EUV projection exposure apparatus have the same basic structure. However, because there are no optical
materials that are transparent for EUV radiation, only mirrors are used as optical elements, and also the mask is of the
reflective type.

II.

General Structure of Illumination System

[0058] FIG. 2 is a more detailed meridional section through the DUV illumination system 12 shown in FIG. 1. For the
sake of clarity, the illustration of FIG. 2 is considerably simplified and not to scale. This particularly implies that different
optical units are represented by very few optical elements only. In reality, these units may comprise significantly more
lenses and other optical elements.
[0059] The illumination system 12 includes a housing 28 and a light source that is, in the embodiment shown, realized
as an excimer laser 30. The excimer laser 30 emits projection light that has a wavelength of about 193 nm. Other types
of light sources and other wavelengths, for example 248 nm or 157 nm, are also contemplated.
[0060] In the embodiment shown, the projection light emitted by the excimer laser 30 enters a beam expansion unit
32 in which the light beam is expanded without altering the geometrical optical flux. The beam expansion unit 32 may
comprise several lenses as shown in FIG. 2, or may be realized as a mirror arrangement, for example. The projection
light emerges from the beam expansion unit 32 as a substantially collimated beam 34. In other embodiments, this beam
may have a significant divergence. The collimated beam 34 impinges on a plane folding mirror 36 provided for reducing
the overall dimensions of the illumination system 12.
[0061] After reflection from the folding mirror 36, the beam 34 impinges on an array 38 of microlenses 40. A mirror
array 46 is arranged in or in the vicinity to a back focal plane of the microlenses 40. As will be explained in more detail
below, the mirror array 46 comprises a plurality of small individual mirrors Mij that can be tilted, independently from each
other, by two tilt axes that are preferably aligned perpendicularly to each other. The total number of mirrors Mij may
exceed 100 or even several 1000. The reflecting surfaces of the mirrors Mij may be plane, but could also be curved, if
an additional reflective power is desired. Apart from that, the mirror surfaces may support diffractive structures. In this
embodiment the number of mirrors Mij is equal to the number of microlenses 40 contained in the microlens array 38.
Thus each microlens 40 directs a converging light beam on one mirror Mij of the mirror array 46.
[0062] The tilting movements of the individual mirrors Mij are controlled by a mirror control unit 50 which is connected
to an overall system control 52 of the illumination system 12. Actuators that are used to set the desired tilt angles of the
mirrors Mij receive control signals from the mirror control unit 50 such that each individual mirror Mij is capable of reflecting
an impinging light ray by a reflection angle that is variable in response to the control signal. In the embodiment shown
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there is a continuous range of tilt angles at which the individual mirrors Mij can be arranged. In other embodiments, the
actuators are configured such that only a limited number of discrete tilt angles can be set.
[0063] FIG. 3 is a perspective view of the mirror array 46 comprising, for the sake of simplicity, only 8·8 = 64 mirrors
Mij. Light beams 54a impinging on the mirror array 46 are reflected to different directions depending on the tilt angles
of the mirrors Mij. In this schematic representation it is assumed that a particular mirror M35 is tilted about two tilt axes
56x, 56y relative to another mirror M77 so that the light beams 54b, 54b’ which are reflected by the mirrors M35 and M77,
respectively, are reflected into different directions.
[0064] Referring again to FIG. 2, the light beams reflected from the mirror Mij impinge on a beam multiplier unit 57 in
which the number of light beams is increased, as is indicated in FIG. 2. Various embodiments of the beam multiplier unit
57 will be explained in more detail below. The light beams then pass, in the embodiment shown, through a first condenser
58 which ensures that the slightly diverging light beams impinge, now as at least substantially parallel light beams, on
an optical integrator 72 which produces a plurality of secondary light sources. The optical integrator 72 increases the
range of angles formed between the light rays and an optical axis OA of the illumination system 12. In other embodiments,
the first condenser 58 is dispensed with so that the light beams impinging on the optical integrator 72 have a larger
divergence. In still other embodiments the beam multiplier unit 57 is arranged between the first condenser 58 and the
optical integrator 72.
[0065] The optical integrator 72 is realized, in the embodiment shown, as a fly’s eye lens comprising two substrates
74, 76 that each includes two orthogonal arrays of parallel cylindrical microlenses. Other configurations of the optical
integrator are envisaged as well, for example integrators comprising an array of microlenses that have rotationally
symmetrical surfaces, but rectangular boundaries. Reference is made to WO 2005/078522 A, US 2004/0036977 A1
and US 2005/0018294 A1, in which various types of optical integrators suitable for the illumination system 12 are
described.
[0066] Reference numeral 70 denotes a system pupil surface of the illumination system 12 that substantially defines
the angular distribution of the light impinging on the mask 14. The system pupil surface 70 is usually plane or slightly
curved and is arranged in or in immediate vicinity to the optical integrator 72. As the angular light distribution in the
system pupil surface 70 directly translates into an intensity distribution in a subsequent field plane, the optical integrator
72 substantially determines the basic geometry of the illuminated field 14 on the mask 16. Since the optical integrator
72 increases the range of angles considerably more in the X direction than in the scan direction Y, the illuminated field
14 has larger dimensions along the X direction than along the scan direction Y.
[0067] The projection light emerging from the secondary light sources produced by the optical integrator 72 enters a
second condenser 78 that is represented in FIG. 2 by a single lens only for the sake of simplicity. The second condenser
78 ensures a Fourier relationship between the system pupil surface 70 and a subsequent intermediate field plane 80 in
which a field stop 82 is arranged. The second condenser 78 superimposes the light bundles, which are produced by the
secondary light sources, in the intermediate field plane 80, thereby achieving a very homogenous illumination of the
intermediate field plane 80. The field stop 82 may comprise a plurality of movable blades and ensures sharp edges of
the illuminated field 14 on the mask 16.
[0068] A field stop objective 84 provides optical conjugation between the intermediate field plane 80 and the mask
plane 86 in which the mask 16 is arranged. The field stop 82 is thus sharply imaged by the field stop objective 84 onto
the mask 16.

III. Beam multiplier unit

1. First embodiment

[0069] FIG. 4 is an enlarged cutout from FIG. 2 showing a beam multiplier unit 57 according to a first embodiment in
a meridional section. As it is also shown in FIG. 2, the beam multiplier unit 57 is arranged in the light path between the
mirror array 46 and the first condenser 58, the latter being arranged at some distance in front of the system pupil surface
70. In this embodiment the beam multiplier unit 57 comprises a beam splitter 88 formed by a thin support plate 90 having
planar plane surfaces and a beam splitting coating 92 applied on one of these surfaces. The beam splitting coating 92
is formed in this embodiment by a stack of thin dielectric layers 94 having alternating indices of refraction. The indices
of refraction and the layer thicknesses are determined such that the beam splitting coating 92 has, for the projection
light produced by the light source 30, a transmittance T and a reflection R with T = R ≈ 50 %. In other embodiments the
T/R ratio may be distinct from 1.
[0070] The beam splitter 88 extends in a plane which contains the optical axis OA of the illumination system 12. The
optical axis OA is the axis of rotational symmetry of the lenses and other rotationally symmetrical optical elements of
the illumination system 12.
[0071] For the sake of simplicity the light beams produced by the microlenses 40 of the array 38 and directed towards
the mirrors Mij will be represented in the following only by their principal rays. In FIG. 4 two such light beams 96, 98 are
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reflected from mirrors Mij of the array 46 and impinge on the beam splitter 88. At the beam splitting coating 92 the light
beams 96, 98 are split into two partial light beams 96T, 96R and 98T, 98R, respectively. Apart from a small displacement
resulting from refraction at the support plane 90, the transmitted partial light beams 96T, 98T are extensions of the
incoming light beams 96 and 98, respectively. The propagation directions of the reflected partial light beams 96R, 98R
are determined by the law of reflection, i. e. the angle of reflection equals the angle of incidence in the plane of incidence.
The transmitted and reflected partial light beams 96T, 98T, 96R, 98R then propagate through the first condenser 58 and
intersect the system pupil surface 70.
[0072] FIG. 5 illustrates the intensity distribution that is obtained under the conditions shown in FIG. 4 in the system
pupil surface 70. It can be seen that the reflected partial light beams 96R, 98R produce spots in the system pupil surface
70 which are arranged mirror-symmetrically with regard to the spots produced by the transmitted partial light beams
96T, 98T, with 100 denoting the plane of symmetry in the system pupil surface 70. This is a result of the planar configuration
of the beam splitting coating 92. Since the beam splitter 88 contains the optical axis, the symmetry plane 100 in the
system pupil surface 70 also contains the optical axis OA.
[0073] The beam multiplier unit 57 thus makes it possible to produce from each incoming light beam 96, 98 a pair of
exit light beams that illuminate spots in the system pupil surface 70 being arranged mirror-symmetrically with regard to
the symmetry plane 100. By tilting a particular mirror Mij of the array 46, it is thus possible to move a pair of spots in the
system pupil surface 70 which always remain their mirror symmetry with regard to the symmetry plane 100. For example,
if the spot produced by the transmitted partial light beam 96T is moved towards the optical axis OA, the symmetrical
spot produced by the partial light beam 96R will move towards the optical axis OA, too.
[0074] More generally speaking, the beam multiplier unit 57 according to this embodiment makes it possible to produce
2N light spots in the system pupil surface 70 with only N mirrors Mij. This effect can be exploited to reduce the total
number of mirrors Mij in comparison to existing illumination systems whilst keeping the number of spots in the system
pupil surface 70 (referred to in the following as setting resolution) the same. Alternatively, the number of mirrors Mij is
kept the same as in existing systems, and the setting resolution is doubled.
[0075] The beam multiplier unit 57 shown in FIG. 4 is ideally suited for producing illumination settings having a mirror
symmetry. Most of the usual illumination settings, namely conventional, annular, dipole and quadrupole illumination
settings, have such a mirror symmetry. If the symmetry plane 100 in the system pupil surface 70 shall be changed, the
beam splitter 88 may be coupled to an actuator 102. The actuator 102 is configured to rotate the beam splitter 88 around
a rotational axis that coincides with the optical axis OA. By rotating the beam splitter 88 by 90°, the symmetry plane 100
in the system pupil surface 70 will also be tilted by 90°.
[0076] Another advantage of the beam multiplier unit 57 is that smaller tilt angles of the mirror Mij are required for
being able to illuminate any arbitrary location in the system pupil surface 70. Smaller tilt angles simplify the construction
and control of the mirrors Mij.

2. Second embodiment

[0077] FIG. 6 is a perspective view of a beam multiplier unit 57 according to a second embodiment. This embodiment
differs from the embodiment shown in FIG. 4 in that the beam multiplier unit 57 comprises a second beam splitter 89
which has the same general structure as the first beam splitter 88, but is arranged perpendicular to the optical axis OA.
The two beam splitters 88, 89 therefore form a right angle in between, with the optical axis OA running through the line
where the planes, in which the beam splitters 88, 89 are arranged, intersect.
[0078] FIG. 7 is a top view on the beam multiplier unit 57 along the Z direction which is assumed to be parallel to the
optical axis OA. In this top view it can be seen that the beam splitters 88, 89 define four quadrants, with the mirror array
46 being arranged in one of them. As a result of this arrangement, each light beam reflected from a mirror Mij impinges
twice on beam splitters, namely first on the first beam splitter 88 and then on the second beam splitter 89, or vice versa.
In FIG. 7 it is assumed that a light beam 96 reflected from a mirror Mij impinges first on the first beam splitter 88 and is
split into a transmitted partial light beam 96T and a reflected partial light beam 96R. The transmitted partial light beam
96T impinges on the second beam splitter 89 and is split into a reflected partial light beam 96TR and a transmitted partial
light beam 96TT.
[0079] The reflected partial light beam 96R which has been produced by the first beam splitter 88 impinges on the
second beam splitter 89 and is split into a transmitted partial light beam 96RT and a reflected partial light beam 96RR.
As a result, the incoming light beam 96 is split into four partial light beams 96TT, 96TR, 96RT and 96RR.
[0080] FIG. 8 illustrates the irradiance distribution obtained in the system pupil plane 70 in a representation similar to
FIG. 5. The spot produced by the twice transmitted partial light beam 96TT, i. e. a light beam which would be present
also in the absence of the beam multiplier unit 57, is positioned in one quadrant of the system pupil surface 70 defined
by perpendicular first and second planes of symmetry 100 and 104, respectively. The beam multiplier unit 57 produces
three additional spots, which are illuminated by the partial light beams 96TR, 96RT and 96RR, in the remaining three
quadrants of the system pupil surface 70. The four spots in the system pupil surface illustrated in FIG. 8 are arranged
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mirror-symmetrically with regard to the first and second planes of symmetry 100, 104. If the mirror Mij, from which the
light beam 96 is reflected, is tilted such that the spot produced by the partial light beam 96TT moves towards the optical
axis OA, the other three spots will move towards the optical axis OA as well, whilst maintaining their mirror symmetric
arrangement.
[0081] Similar to the first embodiment shown in FIG. 4, the position of the first and second planes of symmetry 100,
104 may be changed by changing the position of the first and second beam splitter 88 and 89, respectively. Holders for
the beam splitters 88 and/or 89 may be displacable along at least one direction perpendicular to the optical axis OA. In
other embodiments at least one of the beam splitters 88, 89 is configured to be rotated about an axis coinciding with or
extending parallel to the optical axis OA. In either case the adjustability of one of both beam splitters 88, 89 makes it
possible to produce irradiance distributions in the system pupil surface 70 having different mirror symmetries.
[0082] FIGS. 9 and 10 illustrate an embodiment in which the second beam splitter comprises two portions 89a, 89b
which can be individually removed from the light propagation path with the help of actuators 106, 108. A similar actuator
110 is provided for removing the first beam splitter 88 from the light propagation path. In the configuration shown in FIG.
9 it is assumed that the actuator 106 has been operated so that the left portion 89a of the second beam splitter is removed
and thus no longer exposed to any of the light beams.
[0083] FIG. 10 shows the irradiance distribution that is obtained under such conditions in the system pupil surface 70
in a representation similar to FIG. 8. Compared to the irradiance distribution shown in FIG. 8, the spot produced by the
partial light beam 96RR is missing. Additionally, the spot produced by the only once reflected partial light beam 96R has
twice the irradiance of the spots produced by the partial light beams 96TT and 96TR, provided that also in this embodiment
all beam splitters 88, 89 having a transmittance T which equals the reflectance R.
[0084] Furthermore it has been assumed in the embodiment shown in FIG. 9 that the mirrors Mij are controlled such
that all light beams reflected from the mirrors Mij first impinge on the first beam splitter 88. Then the lower portion of the
first beam splitter 88 shown in FIG. 7 can be dispensed with.
[0085] FIG. 11 shows a further alternative embodiment of a beam multiplier unit 57 comprising only a single beam
splitter 88 which can be rotated around the optical axis OA with the help of an actuator 112. If the beam splitter 88 is
rotated from the position shown with solid lines in FIG. 11 to the position indicated with dotted lines such that it extends
parallel to the YZ plane, the plane of symmetry 104 in the system pupil surface 70 changes to the plane of symmetry
100 extending parallel to the YZ plane, as is indicated in FIG. 12. This change of the plane of symmetry is indicated in
FIG. 12 for partial light beams 96T, 96R (for the beam splitter 88 extending in the XZ plane) and the partial light beams
98T, 98R (for the rotated beam splitter 88 extending in the YZ plane).

3. Third embodiment

[0086] FIG. 13 is a perspective view on the mirror array 46 and a beam multiplier unit 57 according to a third embodiment.
The beam multiplier unit 57 shown in FIG. 13 differs from the beam multiplier unit shown in FIG. 4 namely in that an
additional plane mirror 114 is provided. The mirror 114 has a reflectance R close to 100 % and is arranged parallel to
the optical axis OA, but perpendicular to the beam splitter 88, thereby dividing the mirror array 46 in two halves of equal size.
[0087] FIG. 14 is a top view on the arrangement shown in FIG. 13 along the direction Z direction which runs parallel
to the optical axis OA. A light beam 96 impinging first on the beam splitter 88 will be split into a transmitted partial light
beam 96T and a reflected partial light beam 96R. The reflected partial light beam 96R impinges on the mirror 114 so
that it leaves the beam multiplier unit 57 diametrically opposed with respect to the transmitted partial light beam 96T.
[0088] In the system pupil surface 70 shown in FIG. 15 the spots produced by the transmitted and reflected partial
light beams 96T, 96R are therefore arranged point-symmetrically, with the optical axis OA defining the axis of symmetry.
[0089] The same also applies to a light beam 99 which has been reflected from the mirror Mij in the other half of the
mirror array 46, but directing the light beam 99 again towards the beam splitter 88 so that it is split into two partial light
beams 99T, 99R. Also the spots produced by these partial light beams 99T, 99R are arranged point-symmetrically in
the system pupil surface 70.
[0090] However, if a mirror Mij reflects a light beam 98 such that it impinges first on the mirror 114, the reflected light
beam 98 impinges on the beam splitter 88 such that the partial light beam 98R reflected at the beam splitter 88 does
not impinge on the mirror 114. As a result, the partial light beams 98T, 98R produce spots in the system pupil plane 70
which are not arranged point-, but mirror-symmetrically, with the plane of symmetry again denoted by 100 in FIG. 15.
[0091] Thus the beam multiplier unit 57 of this embodiment makes it possible to produce irradiance distributions in
the system pupil surface 70 which do not have to be completely mirror-symmetric or point-symmetric, but may include
portions having point-symmetry and other portions having mirror-symmetry. This broadens the range of irradiance dis-
tributions that can be produced with the help of the beam multiplier unit 57.
[0092] FIG. 16 is a top view on a beam multiplier unit 57 according to another alternative embodiment. Here the beam
splitter 88 and the mirror 114 intersect each other, which results in a cross-like arrangement if viewed along the Z direction
top. The planes, in which the beam splitter 88 and the mirror 114 extend, intersect along a line which coincides with the
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optical axis OA and is centered with respect to the mirror array 46. Thus the beam multiplier unit 57 of this embodiment
divides the mirror array 46 not only in two halves, as it is the case in the embodiment shown in FIGS. 13 and 14, but in
four quadrants 46a, 46b, 46c and 46d of preferably equal size. Thus a highly symmetric layout is achieved.
[0093] In this embodiment it may be necessary to design the mirror 114 with a reduced dimension along the Z direction
in comparison to the beam splitter 88. This ensures that the transmitted partial light beams 96T, 99T are not reflected
again at an upper portion of the mirror 114.
[0094] FIG. 17 is a side view of the alternative embodiment shown in FIG. 16. As can be seen, the four quadrants
46a, 46b, 46c and 46d of the mirror array 46 are arranged in an inclined manner with respect to each other. Each quadrant
46a, 46b, 46c and 46d is individually illuminated with light beams having different offset directions, as is indicated by
arrows 116, 118 in FIG. 17. Additional optics are required in the illumination system 12 to achieve this illumination of
the quadrants 46a, 46b, 46c and 46d with light beams having different offset angles.
[0095] In all embodiments described above it has been assumed that the transmittance T of the beam splitters 88
and/or 89 is equal to their reflectance R. This ensures that the spots illuminated by the light beams in the system pupil
surface 70 have equal irradiance, too. However, it may also be envisaged to deliberately depart from this condition so
that the multiplied spots have different irradiances. This may be advantageous for example, in the embodiments shown
in FIGS. 13 to 17, in which light beams reflected from different mirrors Mij can be directed towards the same location in
the system pupil surface 70. If the T/R ratio of the beam splitters 88 is distinct from 1 in different portions of the beam
splitter 88, this provides a degree of freedom to perform fine adjustments of the irradiance distribution in the system
pupil surface 70.
[0096] The embodiments shown in FIGS. 6 to 17 are particularly suited also for EUV illumination systems. A EUV
beam splitter may be realized as a reflective diffractive element which diffracts an incoming beam at least along to
different directions. For example, such a diffractive element may be designed such that all diffraction orders other than
0, +1 and -1 are suppressed.

4. Fourth embodiment

[0097] FIG. 18 is a meridional section through a beam multiplier unit 57 according to a fourth embodiment. Here the
beam multiplier unit 57 includes an intermediate pupil surface 120 and an objective 122 which establishes an imaging
relation between the intermediate pupil surface 120 and the subsequent system pupil surface 70. The intermediate pupil
surface 120 is either directly illuminated by the mirrors Mij of the array 46, or an additional condenser 124 indicated in
broken lines is used to translate the angles of the light beams reflected from the mirrors Mij into locations in the intermediate
pupil surface 120.
[0098] The objective 122 comprises a first positive lens 126 and a second positive lens 128 having a focal length f1
and f2, respectively. The distance between the first lens 126 and the second lens 128 equals f1 + f2, i. e. the back focal
plane of the first lens 126 coincides with the front focal plane of the second lens 128 in an aperture plane 129. The
objective 122 is therefore telecentric both on the object and the image side so that the principal rays on the object and
the image side run parallel to the optical axis OA. The intermediate pupil surface 120 is arranged in a front focal plane
of the first lens 126, and the system pupil plane is arranged in a back focal plane of the second lens 128. It is to be
understood that the first and second lens 126, 128 may be replaced in other embodiments by objectives comprising two
or more lenses or other optical elements.
[0099] In the aperture plane 129 a polarization dependent beam splitter 130 is arranged. The polarization dependent
beam splitter 130 is configured such that it has a transmittance T of nearly 100% for a first state of polarization and a
reflectance R of nearly 100% for a second state of polarization which is orthogonal to the first state of polarization. In
the embodiment shown the polarization dependent beam splitter 130 is configured such that p-polarized light indicated
with double arrows is transmitted, whereas s-polarized light, which is indicated with a dot centered in a circle, is reflected.
[0100] In one half of the intermediate pupil surface 120 a plane mirror 132 is arranged which may have the contour
of a ring segment. In the light path between the polarization dependent beam splitter 130 and the mirror 132 a quarter-
wave plate 134 is arranged. Between the second lens 128 and the system pupil surface 70 there is, in the embodiment
shown, an optional retarder plate 136 which is configured to rotate the polarization direction of linearly polarized light.
This rotating property may be locally varying over the surface of the retarder plate 136. Examples of such retarders are
described in patent applications US 2002/0176166 A1 and US 2006/0055909 A1 (see FIG. 23) .
[0101] The beam multiplier unit 57 functions as follows:
[0102] During operation, the mirrors Mij of the array 46 are tilted such that the reflected light beams 96 impinge on the
optional condenser lens 124 and produce spots in the lower half of the intermediate pupil surface 120. An exemplary
irradiance distribution produced by the light beams 96 in the intermediate pupil surface 120 is shown in FIG. 19. It is
assumed that the light beams 96 are unpolarized when they pass through intermediate pupil surface 120. If this assumption
is not fulfilled, an additional depolarizer may be arranged somewhere in the beam path in front of the polarization
dependent beam splitter 130.
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[0103] The light beams 96 having passed the first lens 126 converge towards the back focal point of the first lens 126
in which the polarization dependent beam splitter 130 is arranged. Here the s-polarized light portion of the light beams
96 is completely reflected towards the other half of the first lens 126. The reflected light beams 96R propagates through
the quarter-wave plate 134 and impinge on the mirror 132. Since the mirror 132 is arranged in the front focal plane of
the first lens 126, an image of the irradiance distribution in the lower half of the intermediate pupil surface 120 is produced
in the upper half of the surface 120 where the mirror 132 is arranged. This image formed on the mirror 132 is mirror-
symmetrical with regard to the irradiance distribution produced by the light beam 96 in the lower half of the intermediate
pupil surface 120, as is illustrated also in FIG. 19.
[0104] The light beams 96R reflected from the mirror 132 take the same way back to the polarization dependent beam
splitter 130, i. e. they pass the quarter-wave plate 134 and the first lens 126. Since the reflected light beams 96R pass
the quarter-wave plate 134 twice, the state of polarization is converted from s-polarization to p-polarization. Due to this
conversion of the state of polarization, the polarization dependent beam splitter 130 now transmits the reflected light
beam 96R which then passes also through the second lens 128 and the optional retarder plate 136. Thus an image of
the irradiance distribution formed on the mirror 132, which is itself an image of the irradiance distribution formed by the
incoming light beams 96 in the lower half of the intermediate pupil surface 120. Since each image is point-symmetrical
with respect to the object, the irradiance distribution produced by the reflected light beams 96R in the lower half of the
system pupil plane 70 is identical to the irradiance distribution in the lower half of the intermediate pupil surface 120 as
it is produced by the incoming light beams 96. This is also illustrated in FIG. 20 showing the irradiance distribution in
the system pupil surface 70 which is obtained with the exemplary irradiance distribution in the intermediate pupil surface
120 shown in FIG. 19.
[0105] The upper half of the irradiance distribution in the system pupil plane 70 is formed by the p-polarized the light
beams 96T that have been transmitted by the beam splitter 130. This transmitted light beams 96T also pass through
the second lens 128 and the optional retarder plate 136 and form a point-symmetrical image of the irradiance distribution
produced by the light beams 96 in the lower half of the intermediate pupil surface 120.
[0106] The beam multiplier unit 57 therefore adds a point-symmetrical image of an irradiance distribution produced
in one half of the intermediate pupil surface 120 on the other half, and then images this combined irradiance distribution
on the system pupil surface 70. This image is magnified if the focal length f2 of the second lens 128 is greater than the
focal length f1 of the first lens 126.
[0107] The effect produced by the beam multiplier unit 57 is thus different from the first embodiment shown in FIG. 4,
because there the irradiance distribution added by the beam multiplier unit 57 is mirror-symmetrical, whereas the beam
multiplier unit 57 of the fourth embodiment shown in FIG. 18 adds a point-symmetrical irradiance distribution.
[0108] The beam multiplier unit 57 shown in FIG. 18 has also the advantage that it is, as a kind of side effect, capable
of producing (depending on the properties of the polarization dependent beam splitter 130) from incoming unpolarized
light beams 96 either s- or p-polarized light beams 96R, 96T in the system pupil surface 70. From this defined state of
polarization it is easy to produce almost any arbitrary linear polarization distribution with the help of the retarder plate 136.
[0109] Another advantage is that the beam multiplier unit 57 in fact multiplies an irradiance distribution produced in
the intermediate pupil surface 120, and not only individual light beams. Thus using the beam multiplier unit 57 of this
embodiment does not necessitate any redesign of the mirror array 46 and its control unit 50, as is the case with most
of the embodiments described above.
[0110] For the embodiment shown in FIG. 18 a crucial element is the polarization dependent beam splitter 130. The
polarization dependent beam splitting property can usually be achieved only for a restricted range of angles of incidence,
for example angles between 50° and 70°. For an incoming light beam 96’, which is indicated with a dotted line in FIG.
18 and which runs close to the optical axis OA of the objective 122, the polarization dependent beam splitting property
of the splitter 130 may not be available. Therefore this embodiment is less suited for producing illumination settings in
which a central region in the system pupil plane 70 is supposed to be illuminated.

5. Fifth embodiment

[0111] FIG. 21 is a meridional section through a beam multiplier unit 57 according to a fifth embodiment. Here the
beam multiplier unit 57 comprises a polarizing beam splitter which, in the embodiment shown, includes four plates 140a,
140b, 140c, 140d which are arranged in a regular pattern as is shown in the top view of FIG. 22. The plates 140a to
140d may be joined at their lateral faces seamlessly or, as shown in FIGS. 21 and 22, be spaced apart by a small gap.
[0112] Each of the plates 140a to 140d is made of a birefringent material so that it splits up incoming light beams 96,
98 into ordinary light beams 96o, 98o and extraordinary light beams 96e, 98e. The ordinary light beams 96o, 98o and
the extraordinary light beams 96e, 98e have orthogonal states of polarization, as is indicated in FIG. 21 with the symbols
that have been used also in FIG. 18. The distance between the emergent light beams 96o, 96e depends, among others,
on the thickness of the plates 140a to 140d along the direction defined by the optical axis OA. In the embodiment shown
all plates 140a to 140d have the same thickness, but the slow birefringent axis of the birefringent material of each plate
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140a to 140d is oriented differently. Thus the spots produced by the extraordinary light beams 96e, 98e are arranged
at equal distances from the spots produced by the ordinary light beams 96o and 98o, respectively, but at different angular
orientations.
[0113] Additional polarization manipulating means, for example a quarter-wave plate, may be used to produce light
having a uniform state of polarization across the entire system pupil surface 70.

IV. Beam Multiplication in Time Domain

[0114] In all embodiments described above the number of spots in the system pupil surface produced by light beams
during an exposure process is greater than the number of mirrors Mij of the array 46. This applies for any given instant
during an exposure process in which the mask 16 is imaged on the light sensitive surface 22.
[0115] However, for a successful exposure process it is not necessary that an arbitrary point on the mask 16 is
illuminated from all desired directions at the same time. Instead, it is sufficient that after completion of the exposure
process each point on the mask 16 has been illuminated with projection light from all desired directions. In other words,
the multiplication of spots produced in the system pupil surface 70 may also take place chronologically, i.e. in the time
domain.
[0116] This is illustrated in FIGS. 23a and 23b which show exemplary partial irradiance distributions in the system
pupil surface 70 maintained during a first time interval and a successive second time interval, respectively. Each partial
irradiance distribution corresponds to a particular angular distribution of light rays impinging on the illuminated field 14
of the mask 16.

1. Wafer stepper type

[0117] In the following it is first assumed that the projection exposure apparatus 10 is of the wafer stepper type. During
the exposure process the mask 16 and the light sensitive surface 22 thus remain stationary for the total exposure time
T. If, for example, the time intervals, during which the partial irradiance distributions shown in FIGS. 23a and 23b are
produced in the system pupil surface 70, have equal length T/2, all points on the mask 16 will be illuminated for a time
interval of length T/2 with an angular distribution corresponding to the partial irradiance distribution shown in FIG. 23a,
and for a successive time interval of equal length T/2 with an angular distribution corresponding to the partial irradiance
distribution shown in FIG. 23b. Another way of describing this effect is to say that the system pupil surface 70 is not filled
in one go, but successively with the desired target total irradiance distribution.
[0118] Since most light sources 30 of projection exposure apparatus produce light pulses, the intervals between
successive light pulses may be used to change the partial irradiance distribution in the system pupil surface 70. With a
suitable layout of the mirror control unit 50, for example applying a control scheme as described in international patent
application PCT/EP2008/010918 filed on December 19, 2008, it is possible to tilt the mirrors Mij fast enough so that the
partial irradiance distribution can be changed between two successive light pulses. In a wafer stepper it is, of course,
likewise possible to make a longer interruption between two successive light pulses so that there is enough time to
change the partial irradiance distribution in the system pupil plane 70.

2. Scanner type

[0119] In projection exposure apparatus of the scanner type, it is not sufficient to completely fill the system pupil surface
70 during the entire exposure process, but during
[0120] the (shorter) exposure time intervals during which each point on the mask is illuminated with projection light.
These exposure time intervals are equal for all points on the mask, but have different starting (and consequently also
finishing) times if points on the mask are spaced apart along the scan direction. For that reason the sequence of partial
irradiance distributions produced in the system pupil surface 70 has to be repeated until the entire exposure process is
terminated.
[0121] FIG. 24 shows two graphs in which the time dependency of irradiances I1(t) and I2(t) on two points on the mask
16, which are spaced apart along the scan direction, are represented. In the upper graph it is assumed that the first point
will move into the illuminated field 14 at a time to during the exposure process. I will leave the illuminated field 14 at a
later time t0+∆T, with ∆T being the exposure time interval which is equal for all points on the mask 16 and denotes the
time a point is illuminated during the exposure process. For the sake of simplicity it is further assumed that the partial
irradiance distribution produced in the system pupil 70 will be changed to the configuration shown in FIG. 23a at time
to. This partial irradiance distribution is maintained for a time ∆T/2, as is indicated by small representations of the partial
irradiance distributions between the upper and the lower graphs in FIG. 24.
[0122] After the first half of the exposure time interval ∆T the partial irradiance distribution is changed between two
consecutive light pulses LPn and LPn+1. During the second half of the exposure time interval ∆T, the partial irradiance
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distribution shown in FIG. 23b is produced in the system pupil surface 70. When the exposure time interval is finished,
the first point has received an equal number of light pulses with the partial irradiance distribution shown in FIG. 23a and
with the partial irradiance distribution shown in FIG. 23b. The effective total irradiance distribution in the system pupil
plane 70 is illustrated on top of the upper graph at time t0+∆T.
[0123] The lower graph of FIG. 24 illustrates the same process for the second point which enters the illuminated field
14 later than the first point at a time t1>t0. During the exposure time interval ∆T associated with the second point the
irradiance distribution in the system pupil surface 70 changes twice, namely a first time between the light pulses LPn
and LPn+1 and a second time between the light pulses LPn+15 and LPn+15+1. However, the number of light pulses
impinging on the second point during the time intervals, in which the partial irradiance distribution shown in FIG. 23a is
produced in the system pupil surface 70, and time intervals, in which the partial irradiance distribution shown in FIG.
23b is produced in the system pupil surface 70, are again equal. Thus also the second point will, after the end of its
exposure time interval, be illuminated by light that is associated with the same effective total irradiance distribution in
the system pupil surface 70 as the first point.
[0124] Some illumination systems are designed such that points on the mask are illuminated with a reduced irradiance
at the beginning and the end of the exposure time intervals ∆t associated with this point. This may be accomplished, for
example, by using a field stop 82 having a plurality of movable blades that have a transmittance gradient along their
longitudinal direction, as is described in US 2006/0244941 A1.
[0125] FIG. 25 shows two graphs similar to the graphs shown in FIG. 24, but for the assumption of light pulses having
an increasing and a decreasing irradiance at the beginning and the end of each exposure time interval ∆T. In this case
the period P, at which the irradiance distribution in the system pupil surface 70 is changed, has to be smaller than the
exposure time interval ∆T, and the incline and the decline of the irradiance of the light pulses at the beginning and the
end of the exposure time interval should be symmetrical.
[0126] As can be seen best in the lower part of FIG. 25 illustrating the time dependency of the irradiance on the second
point, the number of light pulses associated with a particular partial irradiance distribution in the system pupil surface
70 are different. However, if not the number, but also the irradiance of the light pulses are taken into account, it can be
seen that the total irradiance impinging on a point on the mask during the exposure time interval ∆T is the same for each
irradiance distribution in the system pupil surface 70.

3. Other examples of partial irradiance distributions

[0127] As a matter of course, this concept is not restricted to only two partial irradiance distributions that are successively
produced in the system pupil surface 70.
[0128] FIGS. 26a to 26d illustrate four different partial irradiance distributions P1 to P4 that are produced successively
during the exposure process in the system pupil surface 70. During each period P one of the poles P1 to P4 is produced
in the system pupil surface 70. After four periods P each point on the mask 16 has been effectively illuminated with light
from directions that are associated with the four poles P1 to P4, as is illustrated in FIG. 26d. The exposure time interval
∆T has to be equal to or greater than 4P.
[0129] FIGS. 27a and 27b show other partial irradiance distributions that are successively produced in the pupil plane
70. In this embodiment the total areas illuminated during each period significantly differ. If the central pole P0 is supposed
to receive the same irradiance as the four outer poles P1, P2, P3 and P4 produced during the other period, some of the
mirrors Mij in the array 46 have to be brought into an off-state in which they do not direct any light towards the system
pupil surface 70.
[0130] FIGS. 28a and 28b show two partial irradiance distributions that are produced successively in the system pupil
surface 70 according to still another embodiment. Here the partial irradiance distributions are not restricted to certain
segments of the system pupil surface, but are arranged in an interleaved manner. For the sake of simplicity the spots
produced by each mirror Mij in the system pupil surface 70 are assumed to be squares. These squares are arranged in
both partial irradiance distributions in a chessboard like manner, but will offset by one square. The combination of the
two partial irradiance distributions results in a conventional illumination setting with a uniformly illuminated circular area.
A high edge resolution is achieved although the number of mirrors Mij is small. This interleaved configuration of partial
irradiance distributions has also the advantage that the mirrors Mij have only to be slightly readjusted when the irradiance
distribution is changed. This simplifies the control of the mirrors Mij and reduces the mechanical strain on the mirrors
and on the actuators used to adjust the tilting angles.
[0131] The above description of the preferred embodiments has been given by way of example. From the disclosure
given, those skilled in the art will not only understand the present invention and its attendant advantages, but will also
find apparent various changes and modifications to the structures and methods disclosed. The applicant seeks, therefore,
to cover all such changes and modifications as fall within the scope of the invention, as defined by the appended claims.
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V. Summarized Aspects

[0132] The following numbered sentences are part of the description and do not form part of the claims. The applicant
reserves the right to direct claims on any of the subjects covered by these sentences.

1. An illumination system of a microlithographic projection exposure apparatus (10), comprising:

a) a beam deflection array (46) of reflective or transparent beam deflection elements (Mij), wherein each beam
deflection element (Mij) is adapted to deflect an impinging light beam by a deflection angle,

b) a system pupil surface (70),

c) a beam multiplier unit (57) which is arranged between the beam deflection array (46) and the system pupil
surface such that the number of light beams (96T, 96R; 98T, 98R; 96TT, 96TR, 96RT, 96RR; 98T, 98R, 99T,
99R) in the system pupil surface (70) is greater than the number of light beams emerging from the beam
deflection array (96, 98, 99).

2. The illumination system of sentence 1, wherein the beam multiplier unit comprises a beam splitter (88).

3. The illumination system of sentence 2, wherein the beam splitter (88) comprises a beam splitting surface (92).

4. The illumination system of sentence 3, wherein the beam splitting surface (92) has a transmittance/reflectance
ratio of about 1.

5. The illumination system of sentence 3 or 4, wherein the beam splitting surface (92) is formed by a beam splitting
coating applied on a support.

6. The illumination system of any of sentences 3 to 5, wherein the beam splitting surface (92) is plane and extends
parallel to an optical axis (OA) of the illumination system.

7. The illumination system of sentence 6, wherein the beam splitting surface has a transmittance versus reflectance
ratio that varies along the optical axis (OA).

8. The illumination system of any of sentences 3 to 7, comprising an actuator (106, 108, 110; 112) for moving the
beam splitting surface.

9. The illumination system of sentence 8, wherein the actuator (112) is configured to rotate the beam splitting surface.

10. The illumination system of sentence 8 or 9, wherein the actuator (106, 108, 110; 112) is capable of completely
removing the beam splitting surface from a light propagation path.

11. The illumination system any of sentences 3 to 10, wherein the beam multiplier unit (57) comprises at least two
plane beam splitting surfaces (88, 89, 89a, 89b) arranged at an angle which at least substantially equals 90°.

12. The illumination system of sentence 11, wherein the at least two plane beam splitting surfaces (88, 89, 89a,
89b) are arranged in planes intersecting at the optical axis (OA) of the illumination system.

13. The illumination system of any of sentences 3 to 12, wherein the beam multiplier unit (57) comprises a plane
mirror (114) which is arranged with respect to the beam splitting surface (88) at an angle which at least substantially
equals 90°.

14. The illumination system of sentence 13, wherein the beam splitting surface (88) and the mirror (114) are arranged
in planes intersecting at the optical axis (OA) of the illumination system.

15. The illumination system of sentence 14, wherein the beam deflection array (46) is centered with respect to the
optical axis (OA).

16. The illumination system of sentence 15, wherein the optical axis (OA) divides the beam deflection array into at
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least two sub-arrays (46a to 46d), which are arranged in an inclined manner with respect to each other.

17. The illumination system of any of sentences 13 to 16, wherein the beam multiplier unit (57) is configured such
that each light beam impinges first on the plane mirror (114) and then on the beam splitting surface (88), or first on
the beam splitting surface (88) and then on the plane mirror (114).

18. The illumination system of any of the preceding sentences, wherein the beam deflection array (46) produces,
in the absence of the beam multiplier unit (57), a first irradiance distribution in the system pupil surface (70), and
wherein the beam multiplier unit (57) is configured to produce a second irradiance distribution in the system pupil
surface (70) which is mirror symmetrical, point symmetrical or n-fold symmetrical with respect to the first irradiance
distribution.

19. The illumination system of sentence 1, comprising an intermediate pupil surface (120) which is arranged between
the beam deflection array (46) and the beam multiplier unit (57), wherein the beam multiplier unit

a) comprises an imaging system (122), which establishes an imaging relation between the intermediate pupil
surface (120) and the system pupil surface (70), and wherein the beam multiplier unit

b) is configured to produce a multiplied image of an irradiance distribution, which is produced by the beam
deflection array (46) in a portion of the intermediate pupil surface (120).

20. The illumination system of sentence 19, wherein the imaging system is a telecentric objective (122).

21. The illumination system of sentence 19 or 20,
wherein the beam multiplier unit (57) comprises a mirror (132) arranged in another portion of the intermediate pupil
surface (120), and wherein the beam multiplier unit is configured to produce an image of the irradiance distribution
on the mirror (132).

22. The illumination system of sentence 21, wherein the beam multiplier (57) unit comprises a polarization dependent
beam splitter (130), which is arranged within the imaging system (122).

23. The illumination system of sentence 20 and of sentence 22, wherein the objective (122) has an aperture plane
(129) in which the polarization dependent beam splitter (130) is arranged.

24. The illumination system of any of sentences 21 to 23, wherein the beam multiplier unit (57) is configured such
that light reflected from the polarization dependent beam splitter (130) impinges on the mirror (132).

25. The illumination system of sentence 21, wherein the beam multiplier unit comprises a polarization unit (134)
that changes the state of polarization of light reflected from the mirror (132) before it impinges again on the polarization
dependent beam splitter (130).

26. The illumination system of any of the preceding sentences, characterized in that the beam deflection elements
are mirrors (Mij) that can be tilted about at least one tilt axis (56y, 56x).

27. A method of operating a projection exposure apparatus, comprising the following steps:

a) providing an illumination system (12) comprising

i) a beam deflection array (46) of reflective or transparent beam deflection elements (Mij), wherein each
beam deflection element (Mij) is adapted to deflect an impinging light beam by a deflection angle that is
variable in response to control signals, and

ii) a system pupil surface (70) in which an irradiance distribution is produced by the beam deflection array;

b) illuminating a mask (16) with light pulses, wherein the beam deflecting elements are controlled such that the
illuminated area associated with an irradiance distribution produced in the system pupil surface (70) changes
between two consecutive light pulses of an exposure process during which a mask is imaged on a light sensitive
surface.
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c) imaging the mask (16) on a light sensitive surface (22).

28. The method of sentence 27, wherein a target irradiance distribution is divided into a plurality of partial irradiance
distributions to which different illuminated areas are associated, and wherein the beam deflecting elements are
controlled such that all partial irradiance distributions are successively produced in the system pupil surface (70).

29. The method of sentence 27 or 28, wherein the mask (16) and the light sensitive surface (22) are moved during
the exposure process so that two points on the mask (16) spaced apart along a scan direction are illuminated during
exposure time intervals (∆T) having different starting times, and wherein, for an arbitrary point on the mask (16), all
partial irradiance distributions are produced in the system pupil surface (70) during the exposure time interval
associated with that point.

30. The method of sentence 28 or 29, wherein the time intervals (P), during which the partial irradiance distributions
are produced in the system pupil plane, are all equal.

31. The method of any of sentences 28 to 30, wherein the illuminated areas associated with the partial irradiance
distributions are restricted to a segment, in particular to a semicircle or a quadrant, of the system pupil surface.

32. The method of any of sentences 28 to 30, wherein the partial irradiance distributions are interleaved.

33. An illumination system of a microlithographic projection exposure apparatus, wherein the illumination system is
configured to illuminate a mask (16) with light pulses and comprises:

a) a beam deflection array (46) of reflective or transparent beam deflection elements (Mij), wherein each beam
deflection element (Mij) is adapted to deflect an impinging light beam by a deflection angle that is variable in
response to control signals,

b) a system pupil surface (70) in which an irradiance distribution is produced by the beam deflection array,

c) a control unit (50), wherein the control unit is configured to control the beam deflection elements such that
the illuminated area associated with an irradiance distribution produced in the system pupil surface (70) changes
between two consecutive light pulses (LPn, LPn+1) of an exposure process during which the mask (16) is imaged
on a light sensitive surface (22).

34. The illumination system of sentence 31, wherein the control unit is configured to divide a target irradiance
distribution into a plurality of partial irradiance distributions to which different illuminated areas are associated, and
wherein the control unit (50) is further configured to control the beam deflecting elements (Mij) such that all partial
irradiance distributions are successively obtained in the system pupil surface (70).

35. An illumination system of a microlithographic projection exposure apparatus (10), comprising:

a) a beam deflection array (46) comprising a number of reflective or transparent beam deflection elements (Mij),
wherein each beam deflection element (Mij) is adapted to deflect an impinging light beam by a deflection angle
that is variable in response to control signals,

b) a system pupil surface (70), in which light beams reflected from the beam deflection elements illuminate spots,

wherein the number of spots illuminated in the system pupil surface (70) during an exposure process, during which
a mask is imaged on a light sensitive surface, is greater than the number of beam deflection elements (Mij).

Claims

1. An illumination system of a microlithographic projection exposure apparatus (10), comprising:

a) a beam deflection array (46) of reflective or transparent beam deflection elements (Mij), wherein each beam
deflection element (Mij) is adapted to deflect an impinging light beam by a deflection angle,
b) a system pupil surface (70),
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c) a beam multiplier unit (57) which is arranged between the beam deflection array (46) and the system pupil
surface such that the number of light beams (96T, 96R; 98T, 98R; 96TT, 96TR, 96RT, 96RR; 98T, 98R, 99T,
99R) in the system pupil surface (70) is greater than the number of light beams emerging from the beam
deflection array (96, 98, 99).

2. The illumination system of claim 1, wherein the beam multiplier unit comprises a beam splitter (88) .

3. The illumination system of claim 2, wherein the beam splitter (88) comprises a beam splitting surface (92).

4. The illumination system of claim 3, wherein the beam splitting surface (92) has a transmittance/reflectance ratio of
about 1.

5. The illumination system of claim 3 or 4, wherein the beam splitting surface (92) is formed by a beam splitting coating
applied on a support.

6. The illumination system of any of claims 3 to 5,
wherein the beam splitting surface (92) is plane and extends parallel to an optical axis (OA) of the illumination system.

7. The illumination system of claim 6, wherein the beam splitting surface has a transmittance versus reflectance ratio
that varies along the optical axis (OA).

8. The illumination system of any of claims 3 to 7, comprising an actuator (106, 108, 110; 112) for moving the beam
splitting surface.

9. The illumination system of claim 8, wherein the actuator (112) is configured to rotate the beam splitting surface.

10. The illumination system of claim 8 or 9, wherein the actuator (106, 108, 110; 112) is capable of completely removing
the beam splitting surface from a light propagation path.

11. The illumination system any of claims 3 to 10,
wherein the beam multiplier unit (57) comprises at least two plane beam splitting surfaces (88, 89, 89a, 89b) arranged
at an angle which at least substantially equals 90°.

12. The illumination system of claim 11, wherein the at least two plane beam splitting surfaces (88, 89, 89a, 89b) are
arranged in planes intersecting at the optical axis (OA) of the illumination system.

13. The illumination system of any of claims 3 to 12,
wherein the beam multiplier unit (57) comprises a plane mirror (114) which is arranged with respect to the beam
splitting surface (88) at an angle which at least substantially equals 90°.

14. The illumination system of claim 13, wherein the beam splitting surface (88) and the mirror (114) are arranged in
planes intersecting at the optical axis (OA) of the illumination system.

15. The illumination system of claim 14, wherein the beam deflection array (46) is centered with respect to the optical
axis (OA).

Patentansprüche

1. Beleuchtungssystem einer mikrolithographischen Projektionsbelichtungsanlage (10), mit:

a) einem Strahlablenkungsarray (46) aus reflektiven oder transparenten Strahlablenkungselementen (Mij), wo-
bei jedes Strahlablenkungselemente (Mij) dazu eingerichtet ist, einen auftreffenden Lichtstrahl um einen Ab-
lenkungswinkel abzulenken,
b) einer System-Pupillenfläche (70),
c) einer Strahlvervielfachungseinheit (57), die zwischen dem Strahlablenkungsarray (46) und der System-Pu-
pillenfläche derart angeordnet ist, dass die Zahl der Lichtstrahlen (96T, 96R; 98T, 98R; 96TT, 96TR, 96RT,
96RR; 98T, 98R, 99T, 99R) in der System-Pupillenfläche (70) größer ist als die Zahl der Lichtstrahlen, die von
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dem Strahlablenkungsarray (96, 98, 99) ausgehen.

2. Beleuchtungssystem nach Anspruch 1, bei dem die Strahlvervielfachungseinheit einen Strahlteiler (88) aufweist.

3. Beleuchtungssystem nach Anspruch 2, bei dem der Strahlteiler (88) eine Strahlteilerfläche (92) aufweist.

4. Beleuchtungssystem nach Anspruch 3, bei dem die Strahlteilerfläche (92) ein Transmissions-/Reflexionsverhältnis
von etwa 1 hat.

5. Beleuchtungssystem nach Anspruch 3 oder 4, bei dem die Strahlteilerfläche (92) als eine Strahlteilerbeschichtung
ausgebildet ist, die auf einen Träger aufgebracht ist.

6. Beleuchtungssystem nach einem der Ansprüche 3 bis 5, bei dem die Strahlteilerfläche (92) eben ist und sich parallel
zu einer optischen Achse (OA) des Beleuchtungssystems erstreckt.

7. Beleuchtungssystem nach Anspruch 6, bei dem die Strahlteilerfläche ein Verhältnis von Transmission zu Reflexion
hat, das entlang der optischen Achse (OA) variiert.

8. Beleuchtungssystem nach einem der Ansprüche 3 bis 7, mit einem Aktuator (106, 108, 110; 112) zum Bewegen
der Strahlteilerfläche.

9. Beleuchtungssystem nach Anspruch 8, bei dem der Aktuator (112) dazu eingerichtet ist, die Strahlteilerfläche zu
drehen.

10. Beleuchtungssystem nach Anspruch 8 oder 9, bei dem der Aktuator (106, 108, 110; 112) in der Lage ist, die
Strahlteilerfläche vollständig aus einem Lichtausbreitungsweg zu entfernen.

11. Beleuchtungssystem nach einem der Ansprüche 3 bis 10, bei dem die Strahlvervielfachungseinheit (57) wenigstens
zwei ebene Strahlteilerflächen (88, 89, 89a, 89b) aufweist, die in einem Winkel zueinander angeordnet sind, der
zumindest im Wesentlichen 90° beträgt.

12. Beleuchtungssystem nach Anspruch 11, bei dem die wenigstens zwei ebenen Strahlteilerflächen (88, 89, 89a, 89b)
in Ebenen angeordnet sind, die sich auf der optischen Achse (OA) des Beleuchtungssystems schneiden.

13. Beleuchtungssystem nach einem der Ansprüche 3 bis 12, bei dem die Strahlvervielfachungseinheit (57) einen
ebenen Spiegel (114) aufweist, der bezüglich der Strahlteilerfläche (88) in einem Winkel angeordnet ist, der zumin-
dest im Wesentlichen 90° beträgt.

14. Beleuchtungssystem nach Anspruch 13, bei dem die Strahlteilerfläche (88) und der Spiegel (114) in Ebenen ange-
ordnet sind, die sich auf der optischen Achse (OA) des Beleuchtungssystems schneiden.

15. Beleuchtungssystem nach Anspruch 14, bei dem das Strahlablenkungsarray (46) bezüglich der optischen Achse
(OA) zentriert ist.

Revendications

1. Système d’éclairement d’un appareil d’exposition à projection microlithographique (10), comprenant :

a) un réseau de déviation de faisceaux (46) d’éléments de déviation de faisceaux réfléchissants ou transparents
(Mij), dans lequel chaque élément de déviation de faisceau (Mij) est conçu pour dévier un faisceau de lumière
incident d’un angle de déviation,
b) une surface de pupille du système (70),
c) une unité multiplicatrice de faisceaux (57) qui est agencée entre le réseau de déviation de faisceaux (46) et
la surface de pupille du système de telle que sorte que le nombre de faisceaux lumineux (96T, 96R; 98T, 98R;
96TT, 96TR, 96RT, 96RR; 98T, 98R, 99T, 99R) dans la surface de pupille du système (70) est supérieur au
nombre de faisceaux lumineux émergeant du réseau de déviation de faisceaux (96, 98, 99).
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2. Système d’éclairement selon la revendication 1, dans lequel l’unité multiplicatrice de faisceaux comprend un sépa-
rateur de faisceaux (88).

3. Système d’éclairement selon la revendication 2, dans lequel le séparateur de faisceaux (88) comprend une surface
de séparation de faisceaux (92).

4. Système d’éclairement selon la revendication 3, dans lequel la surface de séparation de faisceaux (92) présente
un rapport transmittance/réflectance d’environ 1.

5. Système d’éclairement selon la revendication 3 ou 4, dans lequel la surface de séparation de faisceaux (92) est
formée par un revêtement de séparation de faisceaux appliqué sur un support.

6. Système d’éclairement selon l’une quelconque des revendications 3 à 5, dans lequel la surface de séparation de
faisceaux (92) est plane et s’étend parallèlement à un axe optique (OA) du système d’éclairement.

7. Système d’éclairement selon la revendication 6, dans lequel la surface de séparation de faisceaux présente un
rapport de transmittance par rapport à la réflectance qui varie le long de l’axe optique (OA).

8. Système d’éclairement selon l’une quelconque des revendications 3 à 7, comprenant un actionneur (106, 108, 110;
112) destiné à déplacer la surface de séparation de faisceaux.

9. Système d’éclairement selon la revendication 8, dans lequel l’actionneur (112) est configuré pour entraîner en
rotation la surface de séparation de faisceaux.

10. Système d’éclairement selon la revendication 8 ou 9, dans lequel l’actionneur (106, 108, 110; 112) peut retirer
totalement la surface de séparation de faisceaux d’un trajet de propagation de la lumière.

11. Système d’éclairement selon l’une quelconque des revendications 3 à 10, dans lequel l’unité multiplicatrice de
faisceaux (57) comprend au moins deux surfaces de séparation de faisceaux planes (88, 89, 89a, 89b) agencées
suivant un angle qui est au moins sensiblement égal à 90°.

12. Système d’éclairement selon la revendication 11, dans lequel les au moins deux surfaces de séparation de faisceaux
planes (88, 89, 89a, 89b) sont agencées dans des plans se croisant au niveau de l’axe optique (OA) du système
d’éclairement.

13. Système d’éclairement selon l’une quelconque des revendications 3 à 12, dans lequel l’unité multiplicatrice de
faisceaux (57) comprend un miroir plan (114) qui est agencé par rapport à la surface de séparation de faisceaux
(88) suivant un angle qui est au moins sensiblement égal à 90°.

14. Système d’éclairement selon la revendication 13, dans lequel la surface de séparation de faisceaux (88) et le miroir
(114) sont agencés dans des plans se croisant au niveau de l’axe optique (OA) du système d’éclairement.

15. Système d’éclairement selon la revendication 14, dans lequel le réseau de déviation de faisceaux (46) est centré
par rapport à l’axe optique (OA).
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