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Description

BACKGROUND OF THE INVENTION

Field of the invention

[0001] The invention concerns an optical system of a microlithographic projection exposure apparatus. In particular
the invention concerns an optical system of a microlithographic projection exposure apparatus which permits enhanced
flexibility in the provision of a desired polarisation distribution.

State of the art

[0002] Microlithography is used for the production of microstructured components such as for example integrated
circuits or LCDs. The microlithography process is performed in a so-called projection exposure apparatus which has an
illumination system and a projection objective. The image of a mask (= reticle) illuminated by means of the illumination
system is projected by means of the projection objective on to a substrate (for example a silicon wafer) which is coated
with a light-sensitive layer (photoresist) and arranged in the image plane of the projection objective to transfer the mask
structure on to the light-sensitive coating on the substrate.
[0003] In operation of a microlithographic projection exposure apparatus there is a need to set defined illumination
settings, that is to say intensity distributions in a pupil plane of the illumination system, in specifically targeted fashion.
For that purpose, besides the use of diffractive optical elements (so-called DOEs), the use of mirror arrangements is
also known, for example from WO 2005/026843 A2. Such mirror arrangements include a plurality of micromirrors ad-
justable independently of each other.
[0004] Various approaches are also known for setting given polarisation distributions in the pupil plane and/or in the
reticle in the illumination system for optimising imaging contrast, in specifically targeted fashion. In regard to the state
of the art attention is directed for example to WO 2005/069081 A2, WO 2005/031467 A2, US 6 191 880 B1, US
2007/0146676 A1, WO 2009/034109 A2, WO 2008/019936 A2, WO 2009/100862 A1, DE 10 2008 009 601 A1 and DE
10 2004 011 733 A1. An optical system according to the preamble of claim 1 and a microlithographic exposure method
according to the preamble of claim 10 is disclosed in EP 1 826 616 A2.
[0005] In particular it is known both in the illumination system and also in the projection objective for a tangential
polarisation distribution to be set for high-contrast imaging. The expression ’tangential polarisation’ (or ’TE polarisation’)
is used to denote a polarisation distribution in which the vibration planes of the electric field strength vectors of the
individual, linearly polarised light beams are oriented approximately perpendicularly to the radius directed towards the
optical system axis. In contrast the expression ’radial polarisation’ (or ’TM polarisation’) is used to denote a polarisation
distribution in which the vibration planes of the electric field strength vectors of the individual, linearly polarised light
beams are oriented approximately radially with respect to the optical system axis.

SUMMARY OF THE INVENTION

[0006] An object of the present invention is to provide a polarisation-influencing optical arrangement and an optical
system of a microlithographic projection exposure apparatus, which permit enhanced flexibility in the provision of a
desired polarisation distribution.
[0007] That object is attained by an optical system in accordance with the features of independent claim 1.
[0008] An optical system of a microlithographic projection exposure apparatus comprises:

- at least one mirror arrangement having a plurality of mirror elements which are displaceable independently of each
other for altering an angular distribution of the light reflected by the mirror arrangement; and

- a polarisation-influencing optical arrangement comprising a first lambda/2 plate and at least one second lambda/2
plate.

[0009] The invention is based in particular on the concept, by using at least two lambda/2 plates in combination with
a mirror arrangement, of providing at least two regions which, on the through-passage of light, produce different initial
polarisation distributions in dependence on whether the light passes through only one of the lambda/2 plates, through
both lambda/2 plates or through none of the lambda/2 plates, in conjunction with the mirror arrangement. The invention
thus affords the possibility, for example when using two lambda/2 plates, of producing four different polarisation states
with freely selectable light or intensity proportions.
[0010] Studies have shown that it is already possible to take account to a quite great extent of the influence of the
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polarisation properties in terms of the imaging properties with the four polarisation states which can be set by partial
overlapping of two lambda/2 plates. In that case for example by relative displacement of the two lambda/2 plates (which
can be displaceable for example in the x- and y-directions), it is at the same time also possible to vary the relative
proportions in respect of overall intensity (that is to say for example 80% x-polarised light and 20% y-polarised light and
so forth).
[0011] The flexible setting of different polarisation distributions or illumination settings, which is made possible in
accordance with the invention in a projection exposure apparatus, can be effected in particular without requiring additional
optical components, which reduces structural complication and expenditure as well as the costs for example for a
lithography process. In addition a transmission loss which is entailed with a use of additional optical components is also
avoided.
[0012] In an embodiment the lambda/2 plates are arranged in succession in the optical system with respect to the
light propagation direction.
[0013] In an embodiment the lambda/2 plates are displaceable in their relative position with respect to each other. In
particular the lambda/2 plates can have a variable degree of overlap in the light propagation direction. Thus by means
of a variation in the degree of overlap of at least two lambda/2 plates, in conjunction with the mirror arrangement, the
invention makes it possible to flexibly set mutually different polarised illumination settings without the polarisation-influ-
encing optical arrangement having to be exchanged for the change between those illumination settings.
[0014] The displaceability of the lambda/2 plates in their relative position with respect to each other can comprise a
translatory displacement of at least one of the lambda/2 plates and/or a rotation of at least one of the lambda/2 plates.
In the last-mentioned case possibly only the relative position of the respective fast axes is altered, which is also interpreted
in accordance with the present invention as relative displacement of the lambda/2 plates with respect to each other.
[0015] In an embodiment the first lambda/2 plate and/or the second lambda/2 plate are displaceable between a first
position in which the respective lambda/2 plate is completely outside the optically effective region of the mirror arrange-
ment and a second position in which the respective lambda/2 plate is disposed completely within the optically effective
region of the mirror arrangement. In that way therefore the respective lambda/2 plate, depending on the desired polar-
isation distribution, can also be moved completely out of the optically effective region of the mirror arrangement, whereby
the flexibility of the overall system is further increased in providing a desired polarisation distribution. In that respect, the
criterion whereby the respective lambda/2 plate is disposed within the optically effective region of the mirror arrangement
is used to denote an arrangement in which, in operation of the optical system, all light rays passing through the lambda/2
plate are also reflected by the mirror arrangement. Accordingly an arrangement of the respective lambda/2 plate outside
the optically effective region of the mirror arrangement signifies that light rays reflected by the mirror arrangement do
not pass through the respective lambda/2 plate.
[0016] The invention is not limited to lambda/2 plates which are displaceable relative to each other. Thus, as is also
described in greater detail hereinafter, differently polarised illumination settings can already be set with a static imple-
mentation of the lambda/2 plates, utilising the displaceability of the mirror elements of the mirror arrangement.
[0017] The arrangement according to the invention can in particular be so set that only the first lambda/2 plate is
disposed in a first non-overlap region while only the second lambda/2 plate is disposed in a second non-overlap region.
[0018] In an embodiment the first lambda/2 plate has a first fast axis of birefringence and the second lambda/2 plate
has a second fast axis of birefringence, the orientations of the first axis and the second axis being different from each other.
[0019] In an embodiment the first fast axis and the second fast axis are arranged at an angle of 45° 6 5° relative to
each other.
[0020] In an embodiment the first fast axis extends at an angle of 22.5° 6 2° relative to the preferential polarisation
direction of a light beam incident on the arrangement and the second fast axis extends at an angle of -22.5° 6 2° relative
to the preferential polarisation direction of a light beam incident on the arrangement.
[0021] In an embodiment the vibration plane of a first linearly polarised light beam which passes only through the first
lambda/2 plate is rotated through a first rotary angle and the vibration plane of a second linearly polarised light beam
which passes only through the second lambda/2 plate is rotated through a second rotary angle, the first rotary angle
being different from the second rotary angle.
[0022] In an embodiment the first rotary angle and the second rotary angle are the same in terms of quantity and are
of opposite signs.
[0023] In an embodiment the first lambda/2 plate and the second lambda/2 plate form a 90° rotator in an overlap region
with each other.
[0024] In an embodiment the polarisation-influencing optical arrangement has precisely two lambda/2 plates. With the
implementation of a particularly simple structure, that makes use of the fact that it is already possible to take account to
a quite great extent of the influence of the polarisation properties in terms of the imaging properties, with only two
lambda/2 plates, as a consequence of the four polarisation states which are adjustable thereby as described hereinbefore.
[0025] In an embodiment the polarisation-influencing optical arrangement has at least three and preferably at least
seven lambda/2 plates. An arrangement with at least three lambda/2 plates has the advantage that it is possible to



EP 2 580 625 B1

4

5

10

15

20

25

30

35

40

45

50

55

dispense with displaceability or adjustability of the lambda/2 plates in mutually different (in particular mutually perpen-
dicular) directions, for example in the x- and y-directions, and it is already possible to achieve a high level of flexibility
in terms of setting different polarisation distributions with displaceability of the lambda/2 plates along a common direction
(for example in the x-direction).
[0026] In an embodiment the polarisation-influencing optical arrangement is adjustable in such a way that in combi-
nation with the mirror arrangement in operation of the optical system it converts a linear polarisation distribution with a
preferential polarisation direction which is constant over the light beam cross-section, of a light beam incident on the
arrangement, into an approximately tangential polarisation distribution.
[0027] In a further aspect the invention concerns a microlithographic exposure method in which light produced by
means of a light source of an illumination system is fed to a projection exposure apparatus for illuminating an object
plane of a projection objective and in which the object plane is imaged by means of the projection objective into an image
plane of the projection objective, wherein there is used in the illumination system

- at least one mirror arrangement having a plurality of mirror elements which are displaceable independently of each
other for altering an angular distribution of the light reflected by the mirror arrangement; and

- a polarisation-influencing optical arrangement comprising a first lambda/2 plate and at least one second lambda/2
plate.

[0028] In an embodiment at least two mutually different illumination settings are adjusted by altering the relative position
of the first lambda/2 plate and the second lambda/2 plate.
[0029] In an embodiment when adjusting at least one of said illumination settings the first lambda/2 plate and the
second lambda/2 plate are so arranged that they partially mutually overlap in the light propagation direction forming at
least one overlap region and at least one non-overlap region.
[0030] In an embodiment for adjusting the at least one of said illumination settings both the overlap region and also
the non-overlap region are at least partially illuminated.
[0031] In an embodiment at least two beam portions which are reflected by different mirror elements of the mirror
arrangement and which have different polarisation directions as a consequence of the action of the polarisation-influ-
encing arrangement are mutually superposed.
[0032] The invention further concerns a microlithographic projection exposure apparatus and a process for the micro-
lithographic production of microstructured components.
[0033] Further configurations of the invention are to be found in the description and the appendant claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] The invention is described in greater detail hereinafter by means of embodiments by way of example illustrated
in the accompanying drawings in which:

Figure 1 shows a diagrammatic view to illustrate the structure of a microlithographic projection exposure appa-
ratus with a polarisation-influencing optical arrangement according to an embodiment of the invention,

Figure 2 shows a diagrammatic view to illustrate the structure and function of a mirror arrangement present in
the projection exposure apparatus of Figure 1,

Figures 3a-f show diagrammatic views to illustrate the mode of operation of a polarisation-influencing optical ar-
rangement in accordance with a specific embodiment of the invention,

Figures 4a-b show diagrammatic views to illustrate a further example of use of the polarisation-influencing optical
arrangement of Figure 2,

Figures 5a-c show diagrammatic views of further polarisation distributions which can be set according to the invention,

Figure 6 shows a diagrammatic view to illustrate a polarisation-influencing optical arrangement according to a
further embodiment of the invention, and

Figures 7-9 show diagrammatic views to illustrate further examples of use of a polarisation-influencing optical ar-
rangement according to a further embodiment of the invention.
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

[0035] A structure in principle of a microlithographic projection exposure apparatus with an optical system according
to the invention is firstly described hereinafter with reference to Figure 1. The projection exposure apparatus has an
illumination system 10 and a projection objective 20. The illumination system 10 serves to illuminate a structure-bearing
mask (reticle) 30 with light from a light source unit 1 which for example comprises an ArF-excimer laser for a working
wavelength of 193 nm and a beam-shaping optical arrangement producing a parallel light beam. In general the illumination
system 10 and the projection objective 20 are designed preferably for a working wavelength of less than 400 nm, in
particular less than 250 nm, further particularly less than 200 nm.
[0036] According to the invention a component part of the illumination system 10 is in particular a mirror arrangement
200 as is described in greater detail hereinafter with reference to Figure 2. Arranged upstream of the mirror arrangement
200 in the light propagation direction is a polarisation-influencing optical arrangement 300 which is described in greater
detail hereinafter with reference to Figures 3ff. As shown in Figure 1 there is also provided an actuation unit 305 for
actuating displacement of the arrangement 300 by way of suitable actuators. Actuators for displacement of the arrange-
ment 300 can be designed in any fashion, for example in the form of belt drives, solid-state hinge elements, piezoelectric
actuators, linear drives, dc motors with or without a transmission arrangement, spindle drives, toothed belt drives, gear
drives or combinations of those known components.
[0037] The illumination system 10 has an optical unit 11 which inter alia in the illustrated example comprises a deflection
mirror 12. Disposed downstream of the optical unit 11 in the light propagation direction, in the beam path, is a light mixing
device (not shown) which for example in per se known manner can have an arrangement of micro-optical elements that
is suitable for achieving light mixing, as well as a lens group 14, downstream of which is disposed a field plane having
a reticle masking system (REMA) which is imaged through an REMA objective 15 disposed downstream in the light
propagation direction, on to the structure-bearing mask (reticle) 30 arranged in a further field plane, and thereby delimits
the illuminated region on the reticle. The structure-bearing mask 30 is imaged with the projection objective 20 on to a
substrate 40 or a wafer provided with a light-sensitive layer. The projection objective 20 can be designed in particular
for the immersion mode of operation. In addition it can have a numerical aperture NA of greater than 0.85, in particular
greater than 1.1.
[0038] Preferably the dimensions of the lambda/2 plates 310, 320 are so selected that each of those lambda/2 plates
310, 320 can respectively ’conceal’ the mirror arrangement 200, that is to say all light rays reflected by the mirror
arrangement 200 also pass through the lambda/2 plates 310, 320. Furthermore the lambda/2 plates 310, 320 and the
mirror arrangement 200 are preferably so jointly designed that there is no shadowing of the mirror arrangement 200 by
the arrangement 300 and thus optimum transmission is achieved.
[0039] In the structure diagrammatically shown in Figure 2 the mirror arrangement 200 has a plurality of mirror elements
200a, 200b, 200c, .... The mirror elements 200a, 200b, 200c, are displaceable independently of each other to alter an
angular distribution of the light reflected by the mirror arrangement 200, wherein as shown in Figure 1 there can be an
actuation unit 205 for implementing such displacement (for example by way of suitable actuators).
[0040] Figure 2, to illustrate the structure and function of the mirror arrangement 200 used in accordance with the
invention in the illumination system 10, shows a structure by way of example of a subregion of the illumination system
10 which in the beam path of a laser beam 210 successively comprises a deflection mirror 211, a refractive optical
element (ROE) 212, a lens 213 (only shown by way of example), a microlens arrangement 214, the mirror arrangement
200 according to the invention, a diffuser 215, a lens 216 and the pupil plane PP. The mirror arrangement 200 comprises
a plurality of micromirrors 200a, 200b, 200c, ..., and the microlens arrangement 214 has a plurality of microlenses for
targeted focusing on to those micromirrors and for reducing or avoiding illumination of ’dead area’. The micromirrors
200a, 200b, 200c can be respectively tilted individually, for example in an angular range of between -2° and +2°, in
particular between -5° and +5°, further particularly between -10° and +10°. A desired light distribution, for example an
annular illumination setting or also a dipole setting or a quadrupole setting can be produced in the pupil plane PP by a
suitable tilting arrangement of the micromirrors 200a, 200b, 200c, ... in the mirror arrangement 200, insofar as the
previously homogenised and collimated laser light is respectively deflected in the desired direction depending on the
desired illumination setting by the micromirrors 200a, 200b, 200c, ....
[0041] Figure 3a is a diagrammatic view showing the polarisation-influencing optical arrangement 300 in accordance
with an embodiment of the invention. In the embodiment the polarisation-influencing optical arrangement 300 comprises
mutually partially overlapping lambda/2 plates 310, 320 which are each made from a suitable birefringent material of a
transparency which is adequate at the desired working wavelength, for example magnesium fluoride (MgF2), sapphire
(Al2O3) or crystalline quartz (SiO2). In addition the lambda/2 plates 310, 320 (without the invention being restricted
thereto) are each of a rectangular geometry for adaptation to the geometry of the mirror arrangement 200.
[0042] Figure 3a also shows, for the situation involving incoming radiation of linearly polarised light with a constant
preferential polarisation direction P extending in the y-direction, the preferential polarisation directions respectively oc-
curring after light passes through the polarisation-influencing optical arrangement 300.
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[0043] In that respect the respectively resulting preferential polarisation direction for the first non-overlap region ’B-1’
(that is to say the region which is only concealed by the first lambda/2 plate 310) is denoted by P’, for the second non-
overlap region ’B-2’ (that is to say the region only concealed by the second lambda/2 plate 320) that is denoted by P",
and for the overlap region ’A’ (that is to say the region concealed both by the first lambda/2 plate 310 and also the second
lambda/2 plate 320) that is denoted by P"’.
[0044] The occurrence of the respective preferential polarisation directions in the above-indicated regions is diagram-
matically shown in Figures 3b-e, wherein the respective position of the fast birefringent axis (which extends in the direction
of a high refractive index) for the first lambda/2 plate 310 is indicated by the broken line ’fa-1’ while for the second
lambda/2 plate 320 it is indicated by the broken line ’fa-2’. In the illustrated embodiment the fast axis ’fa-1’ of birefringence
of the first lambda/2 plate 310 extends at an angle of 22.5° 6 2° relative to the preferential polarisation direction P of
the light beam incident on the arrangement 300 (that is to say relative to the y-direction) and the fast axis ’fa-2’ of the
birefringence of the second lambda/2 plate 320 extends at an angle of -22.5° 6 2° relative to the preferential polarisation
direction P of the light beam incident on the arrangement 300.
[0045] The preferential polarisation direction P’ occurring after light passes through the first lambda/2 plate 310 cor-
responds to mirroring of the original (entrance) preferential polarisation direction P at the fast axis ’fa-1’ (see Figure 3b)
and the preferential polarisation direction P" occurring after light passes through the second lambda/2 plate 320 corre-
sponds to a mirroring of the original (entrance) preferential polarisation direction P at the fast axis ’fa-2’ (see Figure 3c).
The preferential polarisation directions P’ and P" respectively occurring after light passes through the non-overlap regions
’B-1’ and ’B-2’ consequently extend at an angle of 6 45° relative to the preferential polarisation direction P of the light
beam incident on the arrangement 300.
[0046] For the light beam incident on the arrangement 300 in the overlap region ’A’, the preferential polarisation
direction P’ of the light beam issuing from the first lambda/2 plate 310 (see Figure 3d) corresponds to the entrance
polarisation distribution of the light beam incident on the second lambda/2 plate 320 so that the preferential polarisation
direction, identified by P"’ in Figure 3a, of the light beam issuing from the overlap region ’A’, extends at an angle of 90°
relative to the preferential polarisation direction P of the light beam incident on the arrangement 300.
[0047] The invention is not restricted to lambda/2 plates which are displaceable relative to each other. Thus, differently
polarised illumination settings can already be set with a static implementation of the lambda/2 plates, by utilising the
displaceability of the mirror elements of the mirror arrangement. For example, it is possible to switch over between a
quasi-tangential polarisation distribution and a quasi-radial polarisation distribution by for example deflecting the light
components rotated in their polarisation direction through 90° by the arrangement 300 being guided into the pupil plane
either at ’12:00’ o’clock and ’6:00’ o’clock or at ’3:00’ o’clock and ’9:00’ o’clock.
[0048] Although in the illustrated embodiment both lambda/2 plates 310, 320 are arranged upstream of the mirror
arrangement 200 with respect to the light propagation direction the invention is not restricted thereto. Thus in further
embodiments it is also possible for one of the lambda/2 plates 310, 320 to be arranged upstream of the mirror arrangement
with respect to the light propagation direction and for the other to be arranged downstream of the mirror arrangement
200, or it is also possible for both lambda/2 plates 310, 320 to be arranged downstream of the mirror arrangement 200.
The last-mentioned configuration has the advantage in that respect that an (exit) polarisation distribution set by the
arrangement 300 is no longer altered by reflection at the mirror arrangement 200.
[0049] The placement of the lambda/2 plates 310, 320 and the spacing thereof relative to the mirror arrangement 200
are also respectively to be so selected that the light components incident on the individual mirrors of the mirror arrangement
200 are defined in respect of the polarisation state in such a way that the light reflected at a respective one of the mirrors
of the mirror arrangement 200 is acted upon with one defined polarisation state - and not for example with two or more
mutually different polarisation states.
[0050] An example of a polarisation distribution which can be set with the arrangement of Figure 3a is shown in Figure
3f. The polarisation distribution produced in accordance with Figure 3f is a quasi-tangential polarisation distribution 350
with eight regions in the shapes of segments of a circle, in which the polarisation direction in each case extends constantly
and at least approximately tangentially, that is to say perpendicularly to the radius directed towards the optical axis
(which extends in the z-direction). The polarisation distribution in the respective regions in the shapes of segments of a
circle is afforded by virtue of the fact that the polarisation direction, as described hereinbefore, was rotated through 0°,
45°, -45° and 90° respectively relative to the polarisation direction of the light incident on the arrangement 300. The
polarisation distribution 350 makes it possible to further operate for example production processes which have been
optimised by means of the OPC process (OPC = "optical proximity correction" = "optical near field correction") to a quasi-
tangential illumination setting, in which respect however it is also additionally possible to use for example an illumination
setting with a quasi-tangential polarisation distribution in illumination poles rotated through 45°.
[0051] A possible further example of use of the arrangement 300 is described with reference to Figures 4a-b. In this
case, in the structure of Figure 1, in addition to the arrangement 300 a further polarisation manipulator 400 is disposed
in the pupil plane (the view in Figure 4a only represents a diagrammatic sketch as the polarisation manipulator 400 is
disposed downstream of the arrangement 300 in the light propagation direction). That further polarisation manipulator
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400 is known from WO 2005/069081 A2 and is diagrammatically shown in Figure 4b. The polarisation manipulator 400
is made from optically active material (in particular crystalline quartz with the crystal axis extending along the light
propagation direction) and has a thickness profile varying in the light propagation direction. The polarisation manipulator
400 has a hole 405 in a central region and, as described in WO 2005/069081 A2, produces a tangential polarisation
distribution in the region outside the hole 405 by virtue of the thickness profile and circular birefringence.
[0052] In the Figure 4a example the two lambda/2 plates 310 and 320 of the arrangement 300 in mutually superposed
relationship conceal only a comparatively small part of the mirror arrangement 200 (that is to say only a small part of
the total light reflected at the mirror arrangement 200 also passes through the lambda/2 plates 310 and 320). In accordance
with the principle described hereinbefore with reference to Figure 3a, quasi-tangential polarisation is involved for that
light component which at the same time also passes through the hole 405 of the polarisation manipulator 400. That
polarisation is on the one hand formed from a region with y-polarisation for light which passes through the region not
covered by the lambda/2 plates 310, 320 and the hole 405 of the polarisation manipulator 400 as none of the lambda/2
plates 310, 320 is arranged in the regions 421 and 422 of the polarisation distribution occurring after light passes through
the arrangement 400 and thus there the preferential polarisation direction corresponds to the original preferential polar-
isation direction (that is to say the y-direction). In addition, a region with x-polarisation is produced by virtue of the action
of the two lambda/2 plates 310, 320, that is to say for light which passes through the region covered by the two lambda/2
plates 310, 320 as well as the hole of the polarisation manipulator 400.
[0053] Tangential polarisation distribution is set in an outside region of the pupil plane (for which the mirror arrangement
200 is not covered by the arrangement 300 and for light which passes through the region of the polarisation manipulator
400 outside the hole 405).
[0054] Figures 5a-c show further examples of polarisation distributions which can be set according to the invention.
Depending on the respective setting of the lambda/2 plates 310, 320 those and other polarisation distributions can also
be flexibly set without the polarisation-influencing optical arrangement 300 having to be exchanged for the change
between those illumination settings.
[0055] In that respect as shown in Figures 5a and 5b the polarisation distributions each have a constantly linear
polarisation direction in a central region of the pupil plane or for light which passes through the region of the polarisation
manipulator 400 within the hole 405, wherein that polarisation direction in Figure 5a, b was set differently by way of the
combination of the mirror arrangement 200 and the polarisation-influencing arrangement 300. In the example shown in
Figure 5c, mutually perpendicularly polarised light components (with x-polarisation and y-polarisation) can also be in
mutually superposed relationship in order by that superpositioning to produce unpolarised light in a central region or for
light which passes through the region of the polarisation manipulator 400 within the hole 405.
[0056] Figure 6 shows as a further embodiment an arrangement of two rotatable lambda/2 plates 610 and 620. Actuators
for rotation of the lambda/2 plates 610 and 620 can be of any desired configuration, for example in the form of belt drives,
solid-state hinge elements, piezoelectric actuators or combinations of those known components.
[0057] Here there is the advantage that two polarisation states with any desired preferential polarisation direction can
be set by way of the two rotatable lambda/2 plates 610 and 620. In the overlap region of the lambda/2 plates 610 and
620 there is a further third polarisation state arising out of the combined action of the two lambda/2 plates 610 and 620
similarly to Figure 3.
[0058] In accordance with further embodiments light components which are reflected by the mirrors and which involve
different polarisation directions as a consequence of the action of the polarisation-influencing arrangement 300 can also
be in mutually superposed relationship. Such an embodiment which is diagrammatically shown in Figure 7 is based on
the consideration that for example a resultant polarisation direction at 22.5° is afforded by superpositioning (indicated
in the lower right part of Figure 7) of the polarisation directions 0° and 45° (in each case with respect to the x-axis in the
illustrated co-ordinate system), in accordance with vector addition. Corresponding superpositioning can also be effected
continuously or with continuously varying intensity components of light involving different polarisation directions so that
the illumination setting which is ultimately produced has a continuous transition between the adjacent polarisation di-
rections. In other words the mirror arrangement is used to achieve a (quasi-)continuous polarisation setting by the
superpositioning of discrete polarisation states.
[0059] In regard to the above-described superpositioning it is to be noted that there is an unpolarised contribution on
the basis of the mutually adding orthogonally polarised light components, which leads to a reduction in the IPS value
which can be achieved. In that respect the term IPS value is used to denote the degree of implementation of a desired
polarisation state at a given location. In that respect IPS is the abbreviation for ’intensity in preferred state’ and the IPS
value gives the energetic relationship of the light intensity in the reference direction (which for example can be measured
with an ideal polariser, the transmission direction of which is set in the reference direction), relative to the overall intensity.
In quantitative terms, starting from Figure 7, that is to say in the production of a total of eight polarisation states, by
means of the combination of the polarisation-influencing optical arrangement and the mirror arrangement, there is an
IPS value of about 96% for the case of superpositioning of the polarisation directions 0° and 22.5°. For comparison
purposes, starting from Figure 3, that is to say when producing a total of four polarisation states, by means of the
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combination of the polarisation-influencing optical arrangement and the mirror arrangement, there is an IPS value of
about 85% for the case of superpositioning of the polarisation directions 0° and 45°.
[0060] In accordance with further embodiments described hereinafter with reference to Figure 8 and Figure 9 the
optical system can also have more than two lambda/2 plates. In general the present invention embraces arrangements
with any number (≥ 2) of lambda/2 plates with any orientation of the fast axis of birefringence.
[0061] Referring to Figure 8 the use of three lambda/2 plates 810, 820, 830 makes it possible to set four polarisation
states which differ stepwise through 45° respectively in terms of the respectively produced exit polarisation direction.
As can be seen from the right-hand part of Figure 8 a continuous polarisation distribution can again be achieved by the
above-described superpositioning as the intensity ratio between the light components respectively reflected by two
mirrors with respectively different ’associated’ polarisation states is continuously altered by way of the azimuth angle
and thus the polarisation direction is rotated.
[0062] The orientations of the lambda/2 plates, which are set for the embodiment in Figure 8, and the respectively
produced polarisation directions, are shown in Table 1.

[0063] Referring to Figure 9 using seven lambda/2 plates 910, 920, 930, ... makes it possible to set eight polarisation
states which differ stepwise each through 22.5° in respect of the respectively produced exit polarisation direction or in
which the polarisation direction of the light beam issuing from the respective lambda/2 plate extends at an angle which
is an integral multiple of 22.5°. In specific terms, in the first lambda/2 plate 910 the fast axis extends at an angle of 11.25°
to the preferential polarisation direction P of the light beam incident on the arrangement 900 while in the second lambda/2
plate 920 the fast axis extends at an angle of 11.25° + 22.5° relative to the preferential polarisation direction P of the
light beam incident on the arrangement 900 and in the n-th lambda/2 plate the fast axis extends at an angle of 11.25°
+ (n-1)*22.5° relative to the preferential polarisation direction P of the light beam incident on the arrangement 900.
[0064] In other words, in each of the lambda/2 plates 910, 920, 930, ... the fast axis of birefringence respectively
extends at an angle of 11.25° relative to the preferential polarisation direction P of the light beam respectively incident
on the lambda/2 plate in question so that each rotational angle through a further 22.5° is afforded as a consequence of
mirroring at the respective fast axis.
[0065] The orientations of the lambda/2 plates, which are set for the Figure 9 embodiment, as well as the respectively
achieved polarisation directions, can be seen in Table 2.

[0066] In this case also as a result a continuous polarisation distribution can again be achieved by the above-described
superpositioning, wherein a comparatively high IPS value (in the example an IPS value of about 96%) can be achieved
as for example in comparison with the arrangement of Figure 7, it is possible to reduce the proportion of depolarisation

Table 1:

Plate m Rotary angle (°) Fast axis (°) Polarisation downstream of the plate (°)

0 0

1 45 22.5 45

2 45 67.5 90

3 45 112.5 135

Table 2:

Plate m Rotary angle (°) Fast axis (°) Polarisation downstream of the plate (°)

0 0

1 22.5 11.25 22.5

2 22.5 33.75 45

3 22.5 56.25 67.5

4 22.5 78.75 90

5 22.5 101.25 112.5

6 22.5 123.75 135

7 22.5 146.25 157.5
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as a consequence of superpositioning of the orthogonal polarisation states.
[0067] In general terms with a number n of lambda/2 plates the rotary angle of each lambda/2 plate is selected as
360°/(n+1)/2, wherein the fast axes are each differently oriented and wherein the orientation of the fast axis of the m-th
lambda/2 plate is given as (m-1)*360°/(n+1)/2 + 360°/(n+1)/4. The polarisation rotation downstream of the m-th lambda/2
plate is then (m)*360°/(n+1)/2.
[0068] The lambda/2 plates in the embodiments described with reference to Figures 8 and 9 can be arranged dis-
placeably in their relative position with respect to each other, similarly to the previously described embodiments. In that
respect reference is directed to the preceding description in relation to Figures 3 ff.
[0069] Even if the invention has been described by means of specific embodiments numerous variations and alternative
embodiments will be apparent to the man skilled in the art, for example by the combination and/or exchange of features
of individual embodiments. Accordingly the man skilled in the art will appreciate that such variations and alternative
embodiments are also embraced by the present invention and the scope of the invention is limited only in the sense of
the accompanying claims

Claims

1. An optical system of a microlithographic projection exposure apparatus comprising:

• at least one mirror arrangement (200) having a plurality of mirror elements which are displaceable independently
of each other for altering an angular distribution of the light reflected by the mirror arrangement; and
• a polarisation-influencing optical arrangement (300, 800, 900) comprising a first lambda/2 plate (310, 810,
910) and at least one second lambda/2 plate (320, 920, 930); characterized in that
• the first lambda/2 plate (310) and the second lambda/2 plate (320) are arranged in succession in the optical
system in relation to the light propagation direction;
• and that the first lambda/2 plate (310) and the second lambda/2 (320) are displaceable relative to each other
in their relative position with a variable degree of overlap.

2. An optical system as set forth in claim 1, characterised in that the displaceability of the first lambda/2 plate (310)
and the second lambda/2 plate (320) in their relative position with respect to each other comprises a translatory
displacement of at least one of the lambda/2 plates and/or a rotation of at least one of the lambda/2 plates.

3. An optical system as set forth in claim 1 or claim 2, characterised in that the displaceability of the first lambda/2
plate (310) and the second lambda/2 plate (320) in their relative position with respect to each other can be performed
in mutually different, in particular mutually perpendicular spatial directions.

4. An optical system as set forth in one of the preceding claims, characterised in that the first lambda/2 plate (310)
has a first fast axis (fa-1) of birefringence and the second lambda/2 plate (320) has a second fast axis (fa-2) of
birefringence, wherein the orientations of the first fast axis (fa-1) and the second fast axis (fa-2) are different from
each other.

5. An optical system as set forth in one of the preceding claims, characterised in that it further has a polarisation-
influencing optical element (400) which is produced from an optically active material and has a varying thickness
profile.

6. A microlithographic projection exposure apparatus comprising an illumination system and a projection objective,
wherein the illumination system (110) and/or the projection objective (130) have an optical system as set forth in
one of the preceding claims.

7. An microlithographic projection exposure apparatus as set forth in claim 6, characterised in that the vibration plane
of a first linearly polarised light beam which passes only through the first lambda/2 plate (310) is rotated through a
first rotary angle and the vibration plane of a second linearly polarised light beam which passes only through the
second lambda/2 plate (320) is rotated through a second rotary angle, the first rotary angle being different from the
second rotary angle.

8. An microlithographic projection exposure apparatus as set forth in claim 6 or 7, characterised in that the first
lambda/2 plate (310) and the second lambda/2 plate (320) form a 90° rotator in an overlap region with each other.
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9. An microlithographic projection exposure apparatus as set forth in one of the claims 6 to 8, characterised in that
the polarisation-influencing optical arrangement (300, 800, 900) is adjustable in such a way that in combination with
the mirror arrangement (200) in operation of the optical system it converts a linear polarisation distribution with a
preferential polarisation direction which is constant over the light beam cross-section, of a light beam incident on
the arrangement, into an approximately tangential polarisation distribution.

10. A microlithographic exposure method using the microlithographic exposure apparatus of claim 6.

11. A method as set forth in claim 10, characterised in that when adjusting at least one of said illumination settings
the first lambda/2 plate (310, 810, 910) and the second lambda/2 plate (320, 920, 930) are so arranged that they
partially mutually overlap forming at least one overlap region and at least one non-overlap region.

12. A method as set forth in one of claims 10 or 11, characterised in that at least two beam portions which are reflected
by different mirror elements of the mirror arrangement (200) and which have different polarisation directions as a
consequence of the action of the polarisation-influencing arrangement (300) are mutually superposed.

13. A process for the microlithographic production of microstructured components comprising the following steps:

• providing a substrate (40) to which a layer of a light-sensitive material is at least partially applied;
• providing a mask (30) having structures which are to be imaged;
• exposing the layer by the microlithographic exposure method as set forth in one of the claims 10-12.

Patentansprüche

1. Optisches System einer mikrolithografischen Projektionsbelichtungsanlage, umfassend:

• mindestens eine Spiegelanordnung (200) mit mehreren Spiegelelementen, welche zwecks Änderung einer
Winkelverteilung des von der Spiegelanordnung reflektierten Lichts unabhängig voneinander verstellbar sind,
und
• eine polarisationsbeeinflussende optische Anordnung (300, 800, 900), umfassend eine erste Lambda/2-Platte
(310, 810, 910) und mindestens eine zweite Lambda/2-Platte (320, 920, 930), dadurch gekennzeichnet, dass
• die erste Lambda/2-Platte (310) und die zweite Lambda/2-Platte (320) im optischen System in Bezug auf die
Lichtausbreitungsrichtung hintereinander angeordnet sind,
• und dass die erste Lambda/2-Platte (310) und die zweite Lambda/2-Platte (320)in ihrer Lage zueinander mit
einem variablen Überdeckungsgrad verstellbar sind.

2. Optisches System nach Anspruch 1, dadurch gekennzeichnet, dass die Verstellbarkeit der ersten Lambda/2-
Platte (310) und der zweiten Lambda/2-Platte (320) in ihrer Lage zueinander eine translatorische Verstellung min-
destens einer der Lambda/2-Platten und/oder eine Drehung mindestens einer der Lambda/2-Platten umfasst.

3. Optisches System nach Anspruch 1 oder 2, dadurch gekennzeichnet, dass die Verstellbarkeit der ersten Lamb-
da/2-Platte (310) und der zweiten Lambda/2-Platte (320) in ihrer Lage zueinander in voneinander verschiedenen,
insbesondere zueinander rechtwinkligen Raumrichtungen durchgeführt werden kann.

4. Optisches System nach einem der vorstehenden Ansprüche, dadurch gekennzeichnet, dass die erste Lambda/2-
Platte (310) eine erste schnelle Doppelbrechungsachse (fa-1) und die zweite Lambda/2-Platte (320) eine zweite
schnelle Doppelbrechungsachse (fa-2) aufweist, wobei sich die Ausrichtungen der ersten schnellen Achse (fa-1)
und der zweiten schnellen Achse (fa-2) voneinander unter-scheiden.

5. Optisches System nach einem der vorstehenden Ansprüche, dadurch gekennzeichnet, dass es außerdem ein
polariationsbeeinflussendes optisches Element (400) aufweist, welches aus einem optisch aktiven Material herge-
stellt ist und ein variierendes Dickenprofil aufweist.

6. Mikrolithografische Projektionsbelichtungsanlage, umfassend ein Beleuchtungssystem und ein Projektionsobjektiv,
wobei das Beleuchtungssystem (110) und/oder das Projektionsobjektiv (130) ein optisches System nach einem der
vorstehenden Ansprüche aufweist.
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7. Mikrolithografische Projektionsbelichtungsanlage nach Anspruch 6, dadurch gekennzeichnet, dass die Schwin-
gungsebene eines ersten linear polarisierten Lichtstrahls, welcher nur durch die erste Lambda/2-Platte (310) tritt,
um einen ersten Drehwinkel gedreht wird und die Schwingungsebene eines zweiten linear polarisierten Lichtstrahls,
welcher nur durch die zweite Lambda/2-Platte (320) tritt, um einen zweiten Drehwinkel gedreht wird, wobei der erste
Drehwinkel vom zweiten Drehwinkel verschieden ist.

8. Mikrolithografische Projektionsbelichtungsanlage nach Anspruch 6 oder 7, dadurch gekennzeichnet, dass die
erste Lambda/2-Platte (310) und die zweite Lambda/2-Platte (320) in einem Überdeckungsbereich einen 90°-Rotator
miteinander bilden.

9. Mikrolithografische Projektionsbelichtungsanlage nach einem der Ansprüche 6 bis 8, dadurch gekennzeichnet,
dass die polarisationsbeeinflussende optische Anordnung (300, 800, 900) derart justierbar ist, dass sie zusammen
mit der Spiegelanordnung (200) beim Betrieb des optischen Systems eine lineare Polarisationsverteilung mit einer
über den Querschnitt eines auf die Anordnung einfallenden Lichtstrahls konstanten Vorzugspolarisationsrichtung
in eine angenähert tangentiale Polarisationsverteilung umwandelt.

10. Mikrolithografisches Belichtungsverfahren mittels der mikrolithografischen Belichtungsvorrichtung nach Anspruch 6.

11. Verfahren nach Anspruch 10, dadurch gekennzeichnet, dass beim Justieren von mindestens einer der Beleuch-
tungseinstellungen die erste Lambda/2-Platte (310, 810, 910) und die zweite Lambda/2-Platte (320, 920, 930) so
angeordnet werden, dass sie einander teilweise überdecken und so mindestens einen Überdeckungsbereich und
mindestens einen Nichtüberdeckungsbereich bilden.

12. Verfahren nach einem der Ansprüche 10 oder 11, dadurch gekennzeichnet, dass sich mindestens zwei Strahl-
anteile, die von verschiedenen Spiegelelementen der Spiegelanordnung (200) reflektiert werden und die infolge der
Wirkung der polarisationsbeeinflussenden Anordnung (300) unterschiedliche Polarisationsrichtungen haben, ge-
genseitig überlagern.

13. Prozess zur mikrolithografischen Herstellung mikrostrukturierter Bauteile, welches folgende Schritte umfasst:

• Bereitstellung eines Substrats (40), auf welches mindestens teilweise eine Schicht eines lichtempfindlichen
Materials aufgebracht wird;
• Bereitstellung einer Maske (30), welche abzubildende Strukturen aufweist;
• Belichten der Schicht mittels des mikrolithografischen Belichtungsverfahrens nach einem der Ansprüche 10
bis 12.

Revendications

1. Système optique d’un appareil d’exposition par projection microlithographique comprenant :

• au moins un agencement de miroirs (200) ayant une pluralité d’éléments miroirs qui sont déplaçables indé-
pendamment les uns des autres pour modifier une distribution angulaire de la lumière réfléchie par l’agencement
de miroirs ; et
• un agencement optique influençant la polarisation (300, 800, 900) comprenant une première lame lambda/2
(310, 810, 910) et au moins une deuxième lame lambda/2 (320, 920, 930) ; caractérisé en ce que
• la première lame lambda/2 (310) et la deuxième lame lambda/2 (320) sont agencées successivement dans
le système optique par rapport à la direction de propagation de la lumière ;
• et en ce que la première lame lambda/2 (310) et la deuxième lame lambda/2 (320) sont déplaçables l’une
par rapport à l’autre dans leur position relative avec un degré variable de chevauchement.

2. Système optique selon la revendication 1, caractérisé en ce que la capacité de déplacement de la première lame
lambda/2 (310) et de la deuxième lame lambda/2 (320) dans leur position relative l’une par rapport à l’autre comprend
un déplacement par translation d’au moins une des lames lambda/2 et/ou une rotation d’au moins une des lames
lambda/2.

3. Système optique selon la revendication 1 ou la revendication 2, caractérisé en ce que la capacité de déplacement
de la première lame lambda/2 (310) et de la deuxième lame lambda/2 (320) dans leur position relative l’une par
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rapport à l’autre peut être assurée dans des directions spatiales mutuellement différentes, en particulier mutuellement
perpendiculaires.

4. Système optique selon une des revendications précédentes, caractérisé en ce que la première lame lambda/2
(310) a un premier axe rapide (fa-1) de biréfringence et la deuxième lame lambda/2 (320) a un deuxième axe rapide
(fa-2) de biréfringence, les orientations du premier axe rapide (fa-1) et du deuxième axe rapide (fa-2) étant différentes
l’une de l’autre.

5. Système optique selon une des revendications précédentes, caractérisé en ce qu’il a en outre un élément optique
influençant la polarisation (400) qui est produit à partir d’un matériau optiquement actif et a un profil d’épaisseur
variable.

6. Appareil d’exposition par projection microlithographique comprenant un système d’éclairage et un objectif de pro-
jection, le système d’éclairage (110) et/ou l’objectif de projection (130) ayant un système optique selon une des
revendications précédentes.

7. Appareil d’exposition par projection microlithographique selon la revendication 6, caractérisé en ce que le plan de
vibration d’un premier faisceau de lumière polarisée linéairement qui passe uniquement à travers la première lame
lambda/2 (310) est tourné d’un premier angle de rotation et le plan de vibration d’un deuxième faisceau de lumière
polarisée linéairement qui passe uniquement à travers la deuxième lame lambda/2 (320) est tourné d’un deuxième
angle de rotation, le premier angle de rotation étant différent du deuxième angle de rotation.

8. Appareil d’exposition par projection microlithographique selon la revendication 6 ou 7, caractérisé en ce que la
première lame lambda/2 (310) et la deuxième lame lambda/2 (320) forment un rotateur à 90° dans une région de
chevauchement l’une avec l’autre.

9. Appareil d’exposition par projection microlithographique selon une des revendications 6 à 8, caractérisé en ce que
l’agencement optique influençant la polarisation (300, 800, 900) est ajustable de telle sorte qu’en combinaison avec
l’agencement de miroirs (200), pendant le fonctionnement du système optique, il transforme une distribution de
polarisation linéaire avec une direction de polarisation préférentielle, qui est constante sur la section transversale
du faisceau de lumière, d’un faisceau de lumière incident sur l’agencement en une distribution de polarisation
approximativement tangentielle.

10. Procédé d’exposition microlithographique utilisant l’appareil d’exposition microlithographique de la revendication 6.

11. Procédé selon la revendication 10, caractérisé en ce que, lors de l’ajustement d’au moins un desdits réglages
d’éclairage, la première lame lambda/2 (310, 810, 910) et la deuxième lame lambda/2 (320, 920, 930) sont agencées
de telle sorte qu’elles se chevauchent mutuellement de façon partielle pour former au moins une région de chevau-
chement et au moins une région sans chevauchement.

12. Procédé selon une des revendications 10 et 11, caractérisé en ce qu’au moins deux parties de faisceau qui sont
réfléchies par différents éléments miroirs de l’agencement de miroirs (200) et qui ont des directions de polarisation
différentes en conséquence de l’action de l’agencement influençant la polarisation (300) sont mutuellement super-
posées.

13. Procédé de production microlithographique de composants microstructurés comprenant les étapes suivantes :

• se procurer un substrat (40) auquel une couche de matériau photosensible est au moins partiellement
appliquée ;
• se procurer un masque (30) ayant des structures qui doivent être imagées ;
• exposer la couche par le procédé d’exposition microlithographique selon une des revendications 10 à 12.
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