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in a common plane, for at least one angular distribution of the light reflected by the mirror arrangement (200, 400).



Optical system for a microlithographic projection exposure apparatus

and microlithographic exposure method

CROSS REFERENCE TO RELATED APPLICATIONS

This application claims priority of German Patent Application DE 10 2012 217

769.8 and US 61/706,824, both filed on September 28, 2012. The content of these

applications is hereby incorporated by reference.

BACKGROUND OF THE INVENTION

Field of the invention

The invention relates to an optical system for a microlithographic projection expo-

sure apparatus and to a microlithographic exposure method.

Prior art

Microlithographic projection exposure apparatuses are used for producing micro-

structured components, such as, for example, integrated circuits or LCDs. Such a

projection exposure apparatus comprises an illumination device and a projection

lens. In the microlithography process, the image of a mask (= reticle) illuminated

with the aid of the illumination device is projected, by means of the projection lens,

onto a substrate (e.g. a silicon wafer) coated with a light-sensitive layer (photore

sist) and arranged in the image plane of the projection lens, in order to transfer the

mask structure to the light-sensitive coating of the substrate.



During the operation of a microlithographic projection exposure apparatus, there is

a need to set defined illumination settings, i.e. intensity distributions in a pupil

plane of the illumination device, in a targeted manner. Alongside the use of diffrac-

tive optical elements (so-called DOEs), the use of mirror arrangements is also

known for this purpose, e.g. from W O 2005/026843 A2. Such mirror arrangements

comprise a multiplicity of micro-mirrors that can be set independently of one an

other.

Furthermore, various approaches are known to set specific polarization distribu-

tions in the pupil plane and/or in the reticle in a targeted manner in the illumination

device in order to optimize the imaging contrast.

In respect of the prior art, reference is made in an exemplary fashion to WO

2005/069081 A2, WO 2005/031467 A2, US 6,1 9 1 ,880 B 1 , US 2007/0146676 A 1,

WO 2009/0341 09 A2, WO 2008/01 9936 A2, WO 2009/1 00862 A 1, DE 10 2008

009 601 A 1, DE 10 2004 0 11 733 A 1 and EP 1 306 665 A2.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide an optical system for a micro-

lithographic projection exposure apparatus and a microlithographic exposure

method which, in a comparatively simple manner, enable flexible variation of the

polarization distribution set in the projection exposure apparatus.

This object is achieved in accordance with the features of the independent claims.

An optical system according to the invention for a microlithographic projection ex

posure apparatus comprises:

- at least one mirror arrangement having a plurality of mirror elements,

wherein these mirror elements can be adjusted independently of one an

other for changing an angular distribution of the light reflected by the mirror

arrangement; and



a polarization-influencing optical arrangement which is arranged down

stream of the mirror arrangement in the light propagation direction;

wherein the polarization-influencing optical arrangement reflects a light

beam incident on the arrangement in at least two reflections, which do not

occur in a common plane, for at least one angular distribution of the light re

flected by the mirror arrangement.

In particular, proceeding from the use of a mirror arrangement with mirror e le

ments that can be adjusted independently of one another, serving for varying the

intensity distribution, the invention is based on the concept of providing the option

for flexibly setting different polarization distributions beyond setting the intensity

distribution by virtue of a plurality of reflections, not all lying in a common plane,

occurring in a polarization-influencing optical arrangement following the mirror

arrangement with the result that a geometric polarization rotation is obtained.

This polarization rotation can be traced back to a geometric effect known per se

and is also referred to as "spin-redirection phase" or "Berry phase". The effect can

be traced back to the fact that, in an optical system, the coordinate system for a

given polarization state is rotated for skew light beams, i.e. beams which leave the

meridional plane, from the entry area to the exit area of the optical system. As a

result of this rotation of the coordinate system, a polarized beam is likewise rotated

in its preferred polarization direction, even if there is no optical rotator (i.e., in par

ticular, no linearly birefringent or circularly birefringent or optically active element)

in the system and also if there is no polarization rotation due to s/p-splitting or by

means of a polarizer.

In particular, the invention makes use of the fact that the light beams incident on

the mirror arrangement with mirror elements that can be set independently of one

another can in each case be directed to a point in the pupil plane of the optical

system by varying the deflection angle respectively set by the mirror elements on

different beam paths along the polarization-influencing optical arrangement, with

the occurring geometric polarization rotation differing in each case. As a result,



there can be flexible setting of the polarization distribution, even without the pres

ence of (linearly or circularly) birefringent optical elements in the optical system.

In accordance with one embodiment, the polarization-influencing optical arrange-

ment reflects a light beam incident on the arrangement in at least three reflections,

which do not all occur in a common plane, for at least one angular distribution of

the light reflected by the mirror arrangement.

In accordance with one embodiment, at least one of these reflections is a total-

internal reflection. In particular, all of these reflections can be total-internal ref lec

tions. This allows light losses in the region of the polarization-influencing optical

arrangement to be minimized or entirely avoided.

In accordance with one embodiment, the polarization-influencing optical arrange-

ment consists of an optical element transmissive to light with the work wavelength

of the optical system. This optical element preferably does not have birefringence

(in particular no intrinsic birefringence either and also no stress birefringence

either) so that the occurring polarization rotation only, and in a well-defined man

ner, consists in the form of the above-described geometric polarization rotation.

The optical element can, in particular, be produced from an optically amorphous

material, in particular fused silica (S1O2) .

In accordance with one embodiment, the polarization-influencing optical arrange

ment has a substantially rod-shaped geometry.

In accordance with one embodiment, the polarization-influencing optical arrange

ment has a light-entry area, a light-exit area and a plurality of side areas, wherein

the reflections at each case occur at one of these side areas. Here, some of these

side areas can also form a hollow profile within the polarization-influencing optical

arrangement.



In accordance with one embodiment, the polarization-influencing optical arrange

ment has at least two mirrors, wherein the reflections at each case occur at one of

these mirrors.

In accordance with one embodiment, for the at least one angular distribution of the

light reflected by the mirror arrangement, at least one light beam has the same

direction after the last one of the reflections and when leaving the polarization-

influencing optical arrangement as during incidence on the polarization-influencing

optical arrangement.

In accordance with one embodiment, the optical system, in relation to the light

propagation direction, respectively has one deflection device upstream and down

stream of the mirror arrangement. Here, in particular, the deflection device

arranged upstream of the mirror arrangement can be formed by a deflection mirror

and the deflection device arranged downstream of the mirror arrangement can be

formed by the polarization-influencing optical arrangement.

The invention is not restricted to the application at work wavelengths in the VUV

range (less than 250 nm, in particular less than 200 nm, more particularly less

than 160 nm). In principle, an implementation in the EUV (i.e. at wavelengths of

less than 30 nm, in particular less than 15 nm) is possible.

The invention furthermore relates to a microlithographic exposure method, in

which light, generated by a light source, of an illumination device of a projection

exposure apparatus is supplied for illuminating an object plane of a projection lens

and in which the object plane is imaged in an image plane of the projection lens by

means of the projection lens,

- wherein at least one mirror arrangement, which has a plurality of mirror e l

ements that can be adjusted independently of one another for changing an

angular distribution of the light reflected by the mirror arrangement, is used

in the illumination device and



- wherein a light beam reflected by the mirror arrangement is reflected in at

least two reflections, which do not occur in a common plane, for at least one

angular distribution of the light reflected by the mirror arrangement.

Further embodiments of the invention can be gathered from the description and

the dependent claims.

The invention will be explained in more detail below on the basis of exemplary

embodiments depicted in the attached figures.

BRIEF DESCRIPTION OF THE DRAWINGS

shows a schematic illustration for explaining the functional princi

ple of a polarization-influencing optical arrangement utilized in ac

cordance with the invention;

Figures 2-4 show schematic illustrations for explaining further embodiments of

the present invention; and

Figure 5 shows a schematic illustration for explaining the possible design of

a microlithographic projection exposure apparatus with an optical

system according to the invention.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

In the following text, a design of a microlithographic projection exposure apparatus

with an optical system according to the invention which is possible in principle is

explained with reference to Fig. 5 . The projection exposure apparatus in accord

ance with Fig. 5 has an illumination device 10 and a projection lens 20. The illumi-



nation device 10 serves for illuminating a structure-carrying mask (reticle) 30 using

light from a light-source unit 1, which for example comprises an ArF excimer laser

for a work wavelength of 193 nm and a beam shaping optical unit generating a

parallel bundle of light. In general, the illumination device 10 and the projection

lens 20 are preferably designed for a work wavelength of less than 250 nm, in par

ticular of less than 200 nm, more particularly less than 160 nm. In further embodi

ments, the illumination device and the projection lens of the projection exposure

apparatus can also be designed for operation in the EUV, i.e. at wavelengths of

the less than 30 nm, in particular of less than 15 nm.

In accordance with the invention, a mirror arrangement 200 and a polarization-

influencing optical arrangement 2 10 , as is explained in more detail below with ref

erence to Fig. 1 ff., are, in particular, components of the illumination device 10 .

The mirror arrangement 200 has - as indicated schematically in e.g. Fig. 2 - a

plurality of mirror elements 200a, 200b, 200c,... that can be adjusted independent

ly of one another for changing an angular distribution of the light reflected by the

mirror arrangement 200. In accordance with Fig. 5 , provision can be made for an

actuation unit 205 for actuating these adjustments by means of suitable actuators.

The mirror elements 200a, 200b, 200c, ... can be tilted, individually in each case,

over e.g. an angular range of -2° to +2°, in particular -5° to +5°, more particularly -

10° to + 10°. Upstream of the mirror arrangement 200 in the light propagation

direction, provision can be made, in a manner known per se, for a micro-lens

arrangement (not illustrated), which has a multiplicity of micro-lenses for targeted

focusing on the mirror elements 200a, 200b, 200c, ... and for reducing or avoiding

illumination of a "dead area" and a loss of light between the mirror elements 200a,

200b, 200c, ... .

The illumination device 10 has an optical unit 11 which, inter alia, comprises a de

flection mirror 12 in the depicted example. Downstream of the optical unit 11 in the

light propagation direction and in the beam path there is a light-mixing device (not

illustrated) which can, for example in a manner known per se, have an arrange

ment of micro-optical elements suitable for obtaining a light mixture and there also

is a lens group 14, behind which there is a field plane with a reticle masking sys-



tem (REMA) which is imaged onto the structure-carrying mask (reticle) 30 situated

in a further field plane by a REMA lens 15 following in the light propagation direc

tion and, as a result thereof, delimits the illuminated region on the reticle. The

structure-carrying mask 30 is imaged onto a wafer or a substrate 40 provided with

5 a light-sensitive layer by the projection lens 20. The projection lens 20 can, in par

ticular, be designed for immersion operation. Furthermore, it can have a numerical

aperture NA of greater than 0.85, in particular of greater than 1. 1 .

Fig. 1 initially serves for explaining the principle of a polarization-influencing optical

1 0 arrangement 110 employed in accordance with the invention. In accordance with

Fig. 1 and in a merely exemplary embodiment, the polarization-influencing optical

arrangement 110 has three mirrors 110a, 110b and 110c, by means of which a

beam S incident on the polarization-influencing optical arrangement 110 from the

mirror arrangement (not illustrated in Fig. 1) situated upstream thereof, as de

l scribed above, experiences three successive reflections by means of which, over

all, a geometric rotation of the polarization direction of the beam S is achieved.

In accordance with Fig. 1, the beam S is initially reflected in the negative y-

direction in relation to the plotted coordinate system (i.e. downward within the

2 0 plane of the drawing) at the first mirror 110a, subsequently reflected in the positive

x-direction (i.e. perpendicularly out of the plane of the drawing) at the second m ir

ror 110b and finally reflected in the positive z-direction (i.e. toward the right in the

plane of the drawing) at the third mirror 110c, whereupon the beam S once again

has the original propagation direction when leaving the polarization-influencing op-

2 5 tical arrangement 110 . However, the polarization direction of the beam S was ro

tated geometrically (and, in particular, without the use of linear or circular birefrin

gence) by 90° compared to the input polarization direction (namely from an original

"x-polarization", i.e. a linear polarization with an oscillation plane of the electric

field strength vector extending along the x-axis, to an ultimately obtained y-

3 0 polarization, i.e. a linear polarization with an oscillation plane of the electric field

strength vector extending along the y-axis) as a result of the reflections occurring

in different planes.



The invention is not restricted to the three reflections which occur in the example

described above. In particular, the invention is not restricted to the "pure" genera

tion of s- or p-polarization, plotted in each case in Fig. 1, and so other skew ref lec

tions which obtain different output polarizations in each case can also occur in fur-

ther exemplary embodiments. Furthermore, it is not necessary for all of the ref lec

tions occurring within the polarization-influencing optical arrangement to take place

in different planes (such that, for example, in the case of at least three reflections,

the first and the last reflection can also occur in the same plane). Moreover, it is

also possible - as described below with reference to Fig. 2 - for there only to be

two reflections within the polarization-influencing optical arrangement.

As a result of exclusive use being made of reflecting elements in the polarization-

influencing optical arrangement 110 in the exemplary embodiment of Fig. 1, this

embodiment is, in principle, also realizable in an optical system designed for oper-

ation in the EUV.

In further embodiments, the polarization-influencing optical arrangement - as de

scribed below with reference to Fig. 2 ff. - can also consist of an optical element

transmissive to light of the respective work wavelength of the optical system.

Fig. 2 shows a schematic illustration for explaining a further embodiment of the in

vention. In accordance with Fig. 2 , a polarization-influencing optical arrangement

2 10 , arranged downstream of the mirror arrangement 200 having the mirror e le

ments 200a, 200b, 200c, ... that can be adjusted independently of one another in

relation to the light propagation direction (extending along the z-direction in the

plotted coordinate system), is embodied as a rod and made of material such as

fused silica (S1O2) which is transmissive to light at the work wavelength (e.g. a p

proximately 193 nm), which material moreover does not, where possible, have b i

refringence (i.e., in particular, no stress birefringence or intrinsic birefringence ei-

ther).

As indicated in Fig. 2 , light beams, which enter the rod forming the polarization-

influencing optical arrangement 2 10 through an end area, can pass through the



rod along different beam paths depending on the deflection angles set by the m ir

ror elements 200a, 200b, 200c, ... . In the specific example, it is possible, for exam

ple, for a beam Si reflected at the mirror element 200c to reach one and the same

location in the pupil plane or one and the same location on an optical element 240

arranged in the pupil plane along a direct beam path, denoted by "A" in Fig. 2 (i.e.

without reflection at the side areas of the rod), or else after reflecting at several

side areas of the rod (at the "upper" side area 2 10a and the "front" side area 2 10b

in the example), for example along the beam path denoted by "B" in Fig. 2 .

Whereas there is no influence on the polarization direction along the "direct" beam

path "A" - as a result of the lack of birefringence in the rod material as described

above - there is a geometric polarization rotation along the beam path "B", select

ed in the example above, as a result of the "skew" reflections occurring at the side

areas 210a, 210b.

Here, the entry angle when light enters into the rod, which is set by the mirror e le

ments 200a, 200b, 200c, ... of the mirror arrangement 200, is preferably selected

in each case such that the above-described reflections are total-internal reflections

at each case, as a result of which all light entering the rod remains within this rod

during the course of the occurring reflections while avoiding light losses and only

emerges from the rod after the last reflection. In other words, the respectively ap

plicable boundary angle for total-internal reflection relating to the normal in relation

to the reflecting area should be obtained or exceeded for every light beam (with

the exception of at the light exit area) incident on the side areas or interfaces w ith

in the transmissive optical element forming the polarization-influencing optical ar-

rangement 2 10 .

As a result, it is also possible to bring about flexible setting of the polarization o b

tained in a plane after the polarization-influencing optical arrangement 2 10 in the

exemplary embodiment of Fig. 2 by varying the deflection angle set by the mirror

elements 200a, 200b, 200c, ... of the mirror arrangement 200.

Fig. 3a-c show further embodiments of a polarization-influencing optical arrange

ment which can be employed in an optical system according to the invention. Like



in the exemplary embodiment of Fig. 2 , the polarization-influencing optical a r

rangement in this case has a light entry area, a light exit area and a plurality of

side areas, wherein the reflections at each case occur at one of these side areas.

In accordance with the exemplary embodiment of Fig. 3b, the side areas 320a-

320f moreover form a hexagonal hollow profile 325 within the polarization-

influencing optical arrangement 320, whereas, in accordance with the exemplary

embodiment of Fig. 3c, the side areas 330a-330d form a square hollow profile 335

within the polarization-influencing optical arrangement 330.

As indicated on the basis of a beam profile which is indicated in a purely exempla

ry manner in Fig. 3a, light respectively enters the end area (arranged in the xy-

plane) of the transmissive element which forms the polarization-influencing optical

arrangement and is shaded in the illustration during the operation of the optical

system, wherein the mirror elements 200a, 200b, 200c, ... of the mirror arrange-

ment 200 (which are not plotted in Fig. 3a-c but have a design analogous to Fig. 2

and are arranged upstream of the transmissive element in relation to the light

propagation direction) can be used to set different entry angles (i.e. different a n

gles of inclination to the z-axis extending perpendicular to the entry area). These

angles of inclination in turn result in different successive reflections on the side ar-

eas (i.e. the interfaces to the respectively surrounding optically thinner medium)

depending on the specific geometry of the respective transmissive optical element,

which in turn leads to different values of the geometric polarization rotation u lt i

mately brought about by the transmissive optical element forming the polarization-

influencing optical arrangement.

During the operation of the optical system having the polarization-influencing opti

cal arrangement, it is now possible for a specific desired output polarization of the

light incident on a specific location in the pupil plane to establish, e.g. by means of

simulation, a succession of reflections suitable for generating this polarization

state by means of a geometric polarization rotation and, in turn, the deflection suit

able for this to be brought about by the mirror arrangement 200, whereupon the

actuation of the mirror elements 200a, 200b, 200c, ... of the mirror arrangement

200 can be undertaken in an appropriate manner (e.g. by the actuation unit 205).



In the specific example of Fig. 3a, a beam "S" entering the transmissive optical e l

ement through the end area 3 10a is successively reflected on the side areas 3 10b,

3 10c and 3 1Od, before it emerges through the light exit area.

Analogously to the embodiment described above with reference to Fig. 2 , the entry

angle set by the mirror elements 200a, 200b, 200c, ... of the mirror arrangement

200 when light enters the respective transmissive element forming the polariza

tion-influencing optical arrangement is, also in accordance with Fig. 3a-c, prefera-

bly selected such that the reflections occurring at the interfaces are in each case

total-internal reflections, resulting in all light entering into the transmissive element

remaining within this element over the course of the occurring reflections while

avoiding light losses and only emerging from the element after the last reflection.

In other words, the respectively applicable boundary angle for total-internal reflec-

tion relating to the normal in relation to the reflecting area should, also in accord

ance with Fig. 3a-c, be obtained or exceeded for every light beam (with the excep

tion of at the light exit area) incident on the side areas or interfaces within the re le

vant transmissive optical element forming the polarization-influencing optical a r

rangement.

Depending on the specific geometry of the transmissive element forming the polar

ization-influencing optical arrangement (for example with the geometries illustrated

in Fig. 3b and 3c or with other geometries), it is now possible for the respective e n

try angles set by the mirror elements 200a, 200b, 200c, ... of the mirror arrange-

ment 200 to provide different successive reflections at the interfaces to the respec

tively surrounding optical thinner medium and hence to provide different geometric

polarization rotations.

In further embodiments, the successive reflections which occur in accordance with

Fig. 3a-c and are employed for geometric polarization rotation can also be realized

by virtue of the polarization-influencing optical arrangement, deviating from Fig.

3a-c, being embodied without material in the region respectively shaded and with

reflecting areas or mirrors forming the interfaces in each case (which then as it



were delimit a hollow tube with an arbitrary predetermined cross section). As a re

sult of the embodiment with reflective elements, this embodiment can then, in prin

ciple, analogous to Fig. 2 , also be realized in an optical system designed for oper

ation in the EUV.

In order likewise to minimize a light loss in the embodiment described above with

reflective elements in each case, the entry angle into the polarization-influencing

optical arrangement set by the mirror elements 200a, 200b, 200c, ... of the mirror

arrangement 200 is preferably selected such that the reflections occurring at the

reflecting areas of the polarization-influencing optical arrangements occur as com

pletely as possible or with minimal s/p-split, for which purpose, in turn, the angles

of incidence on the respective reflecting areas should have values which are as

small as possible (i.e. grazing incidence), e.g. less than 30°, in particular less than

20°, more particularly less than 20° in relation to the reflecting area.

Moreover, a suitable coating can be provided on the relevant reflecting areas for

minimizing the s/p-split or for maximizing the reflections at the used angle range in

embodiments of the invention, which coating can be embodied in the form of any

known HR layer when the optical system is designed for VUV (e.g. for a work

wavelength of less than 250 nm, in particular less than 200 nm) and e.g. as ruthe

nium coating or as molybdenum/silicon multiple layer for a work wavelength in the

EUV.

Fig. 4a shows a schematic illustration for explaining a further possible application

of the invention in an illumination device which likewise has a mirror arrangement

400 with a plurality of mirror elements 400a, 400b, 400c, ... that can be adjusted

independently of one another.

In accordance with Fig. 4a, a deflection device 401 , 402 is respectively provided

upstream and downstream of the mirror arrangement 400 in the light propagation

direction, wherein the deflection device 401 arranged upstream of the mirror a r

rangement 400 is formed by a deflection mirror and wherein the deflection device

402 arranged downstream of the mirror arrangement 400 is formed by a polariza-



tion-influencing optical arrangement analogous to the embodiments described with

reference to Fig. 3a-c. Exemplary embodiments of such a polarization-influencing

optical arrangement, which simultaneously acts as deflection device 402, are illus

trated schematically in Fig. 4b and 4c. The arrangements 4 10 , 420 shown in Fig.

4b and Fig. 4c on the one hand assume the function of the deflection device 402

present in the beam path of Fig. 4a and, on the other hand, assume - in this re

spect analogously to the embodiments of Fig. 3a to 3c or Fig. 2 - the generation of

the desired (output) polarization state by means of geometric polarization rotation

during the succession of reflections occurring in the relevant arrangement 4 10 ,

420. In Fig. 4c, only the beam deflection itself is indicated here for reasons of s im

plicity, wherein the geometric polarization rotation takes place analogously to the

above description of the exemplary embodiment of Fig. 2 (with the mirror a r

rangement 200 being replaced by the first reflecting side area of the polarization-

influencing optical arrangement 420 plotted on the left in Fig. 4c).

Referring back to Fig. 4a, the deflection device 401 arranged upstream of the m ir

ror arrangement 400 deflects the illumination light initially propagating along the

optical system axis OA (i.e. in z-direction) in the direction toward the mirror a r

rangement 400 by means of reflection, whereupon - after reflection at the mirror

elements 400a, 400b, 400c, ... of the mirror arrangement 400 - there once again is

a deflection in a direction approximately parallel to the optical system axis OA to

the additional components 403, ... provided in the illumination device by a ref lec

tion at the second deflection device 402 (or as a result of the beam deflection by

the polarization-influencing optical arrangement 4 10 , 420 in accordance with Fig.

4b, 4c).

Analogous to the embodiments of Fig. 3a-c, the mirror elements 400a, 400b,

400c, ... of the mirror arrangement 400 can be adjusted by an actuation unit 405 in

order thereby to provide different successive reflections within the polarization-

influencing optical arrangement forming the second deflection device 402 by vary

ing the entry angles and thereby create the option for flexibly setting different po

larization distributions in a subsequent plane, e.g. in the pupil plane.



Even though the invention has been described on the basis of specific embodi

ments, numerous variations and alternative embodiments are evident to the per

son skilled in the art, e.g. through combination and/or exchange of features of ind i

vidual embodiments. Accordingly, it goes without saying for the person skilled in

the art that such variations and alternative embodiments are concomitantly en

compassed by the present invention, and the scope of the invention is restricted

only within the meaning of the accompanying patent claims and the equivalents

thereof.



Claims

1. An optical system for a microlithographic projection exposure apparatus,

comprising

• at least one mirror arrangement (200, 400) having a plurality of m ir

ror elements (200a, 200b, 200c, ... , 400a, 400b, 400c, ... ) , wherein

these mirror elements can be adjusted independently of one another

for changing an angular distribution of the light reflected by the mirror

arrangement; and

• a polarization-influencing optical arrangement ( 1 10, 210, 3 10 , 320,

330) which is arranged downstream of the mirror arrangement (200,

400) in the light propagation direction;

• wherein the polarization-influencing optical arrangement ( 1 10 , 2 10 ,

3 10 , 320, 330) reflects a light beam incident on the arrangement

( 1 10 , 210, 3 10 , 320, 330) in at least two reflections, which do not oc

cur in a common plane, for at least one angular distribution of the

light reflected by the mirror arrangement (200, 400).

2 . The optical system as claimed in claim 1, wherein the polarization-

influencing optical arrangement ( 1 10 , 2 10 , 3 10 , 320, 330) reflects a light

beam incident on the arrangement ( 1 10 , 210, 3 10 , 320, 330) in at least

three reflections, which do not all occur in a common plane, for at least

one angular distribution of the light reflected by the mirror arrangement

(200, 400).

3 . The optical system as claimed in claim 1 or 2 , wherein at least one of

these reflections is a total-internal reflection.

4 . The optical system as claimed in claim 3 , wherein all of these reflections

are total-internal reflections.



5 . The optical system as claimed in one of the preceding claims, wherein the

polarization-influencing optical arrangement (21 0 , 3 10 , 320, 330) consists

of an optical element transmissive to light with the work wavelength of the

optical system.

6 . The optical system as claimed in claim 5 , wherein this optical element

does not have birefringence.

7 . The optical system as claimed in claim 5 or 6 , wherein this optical element

is made of optically amorphous material, in particular fused silica (S1O2).

8 . The optical system as claimed in one of the preceding claims, wherein the

polarization-influencing optical arrangement (21 0) has a substantially rod-

shaped geometry.

9 . The optical system as claimed in one of the preceding claims, wherein the

polarization-influencing optical arrangement (21 0 , 3 10 , 320, 330) has a

light entry area, a light exit area and a plurality of side areas (210a, 201 b,

3 10a-31 0d, 320a-320f, 330a-330d), wherein the reflections at each case

occur at one of these side areas (21 0a, 201 b, 310a-31 0d, 320a-320f,

330a-330d).

10 . The optical system as claimed in claim 9 , wherein at least some of these

side areas (31 0a-310d, 320a-320f, 330a-330d) form a hollow profile within

the polarization-influencing optical arrangement (31 0 , 320, 330).

11. The optical system as claimed in claim 1 or 2 , wherein the polarization-

influencing optical arrangement ( 1 10) has at least two mirrors ( 1 10a, 110b,

110c, ... ) , wherein the reflections at each case occur at one of these m ir

rors ( 1 10a, 110b, 110c, ... ) .



12. The optical system as claimed in one of the preceding claims, wherein, for

the at least one angular distribution of the light reflected by the mirror a r

rangement (200, 400), at least one light beam has the same direction after

the last one of the reflections and when leaving the polarization-influencing

optical arrangement as during incidence on the polarization-influencing op

tical arrangement.

13 . The optical system as claimed in one of the preceding claims, wherein, in

relation to the light propagation direction, it respectively has one deflection

device (401 , 402) upstream and downstream of the mirror arrangement

(400).

14. The optical system as claimed in claim 13 , wherein the deflection device

(401 ) arranged upstream of the mirror arrangement (400) is formed by a

deflection mirror.

15 . The optical system as claimed in claim 13 or 14, wherein the deflection

device (402) arranged downstream of the mirror arrangement (400) is

formed by the polarization-influencing optical arrangement.

16. The optical system as claimed in one of the preceding claims, wherein it is

designed for a work wavelength of less than 250 nm, in particular of less

than 200 nm, even more particularly of less than 160 nm.

17 . The optical system as claimed in one of the preceding claims, wherein it is

designed for a work wavelength of less than 30 nm, in particular of less

than 15 nm.

18 . A microlithographic projection exposure apparatus with an illumination de

vice ( 10) and a projection lens (20), wherein the illumination device ( 10)

has an optical system as claimed in one of the preceding claims.



19 . A microlithographic exposure method, in which light, generated by a light

source, of an illumination device ( 10) of a projection exposure apparatus is

supplied for illuminating an object plane of a projection lens (20) and in

which the object plane is imaged in an image plane of the projection lens

(20) by means of the projection lens (20),

• wherein at least one mirror arrangement (200, 400), which has a plu

rality of mirror elements (200a, 200b, 200c,... , 400a, 400b, 400c, ... )

that can be adjusted independently of one another for changing an

angular distribution of the light reflected by the mirror arrangement

(200, 400), is used in the illumination device ( 10); and

• wherein a light beam reflected by the mirror arrangement (200, 400)

is reflected in at least two reflections, which do not occur in a com

mon plane, for at least one angular distribution of the light reflected

by the mirror arrangement (200, 400).

20. The microlithographic exposure method as claimed in claim 19 , wherein

the polarization-influencing optical arrangement ( 1 10 , 2 10 , 3 10 , 320, 330)

reflects a light beam incident on the arrangement ( 1 10 , 2 10 , 3 10 , 320,

330) in at least three reflections, which do not all occur in a common

plane, for at least one angular distribution of the light reflected by the m ir

ror arrangement (200, 400).

2 1 . A method for microlithographic production of microstructured components,

comprising the following steps:

• providing a substrate (40) onto which a layer made of a light-

sensitive material has been applied at least in part;

• providing a mask (30) which has structures to be imaged;

• providing a microlithographic projection exposure apparatus which

has an optical system as claimed in one of claims 1 to 17 ; and

• projecting at least part of the mask (30) onto a region of the layer

with the aid of the projection exposure apparatus.
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