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(57) Abstract: The invention relates to an optic-
al system, in particular for a microlithographic
projection exposure apparatus, comprising a first
reflective surface (311, 411, 511), which is ar-
ranged in the optical beam path of the optical
system and is movable for the correction of an
aberration that occurs during the operation of
the optical system, and at least one second re-
flective surtace (312, 412, 512), arranged in the
optical beam path of the optical system, wherein

b
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the optical system is contigured in such a way
that during the travel movement of the first re-
% flective surface (311, 411, 511) the relative posi-
tion of the first reflective surface (311, 411, 511)
and of the second reflective surface (312, 412,
512) with respect to one another is maintainable

in a stable manner, wherein either the first re-
flective surface (311, 411, 511) and the second
reflective surface (312, 412, 512) directly suc-
ceed one another in the optical beam path or
there are only reflective optical elements
between the first reflective surface (311, 411,

511) and the second reflective surface (312, 412,
512).
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Optical system, in particular for a

microlithographic projection exposure apparatus

CROSS REFERENCE TO RELATED APPLICATIONS
This application claims priority of German Patent Application DE 10 2015 225

262.0 filed on December 15, 2015. The content of this application is hereby

incorporated by reference.

BACKGROUND OF THE INVENTION

Field of the invention

The invention relates to an optical system, in particular for a microlithographic

projection exposure apparatus.

Prior art

Microlithography is used for producing microstructured components, such as
integrated circuits or LCDs, for example. The microlithography process is car-
ried out in a so-called projection exposure apparatus comprising an illumination
device and a projection lens. The image of a mask (reticle) illuminated by
means of the illumination device is in this case projected by means of the pro-
jection lens onto a substrate (for example a silicon wafer) coated with a light-
sensitive layer (photoresist) 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.
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In projection lenses designed for the EUV range, i.e. at wavelengths of e.g. ap-
proximately 13 nm or approximately 7 nm, owing to the lack of availability of
suitable light-transmissive refractive materials, mirrors are used as optical
components for the imaging process. Typical projection lenses designed for
EUV, as known e.g. from US 7,538,856 B2, may have for example an image-
side numerical aperture (NA) in the range of NA = 0.2 to 0.3 and image an (e.g.

annular) object field into the image plane or wafer plane.

It is known here, inter alia, for the correction of optical aberrations, to configure
mirrors within the projection lens such that they are actively manipulatable, in
order to achieve a position manipulation in up to six degrees of freedom and an
associated manipulation or correction of aberrations. One problem that occurs
here, in practice, however, is that a position manipulation (e.g. a travel move-
ment or tilting) of a mirror within the projection lens is simultaneously accom-
panied by a movement of the image obtained in the wafer plane. This problem
is all the more serious since the sensitivity of the undesired reaction of the im-
age position to mirror movements is relatively high in comparison with the de-
sired manipulation of the aberrations with respect to said mirror movements,
which holds true in particular for mirror movements taking place in the so-called

degrees of freedom of tilting.

A further challenge in practice is that a correction of aberrations by way of a
position manipulation of one or more mirrors in the projection lens is also desir-
able during the microlithographic exposure process, such that the problem de-
scribed above cannot simply be rectified by adapting the wafer position in

pauses in the exposure process.

With regard to the prior art, reference is made, merely by way of example, to
US 6,842,294 B2, DE 10 2012 212 064 A1, DE 10 2010 038 748 A1 and WO
2008/126925 A1.
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SUMMARY OF THE INVENTION

Against the above background, it is an object of the present invention to pro-
vide an optical system, in particular for a microlithographic projection exposure
apparatus, which enables the correction of aberrations in particular also during

the microlithographic exposure process, without the problems described above.

This object is achieved by means of the features of independent Claim 1.

An optical system according to the invention, in particular for a

microlithographic projection exposure apparatus, comprises:

- afirst reflective surface, which is arranged in the optical beam path of the
optical system and is movable for the correction of an aberration that occurs

during the operation of the optical system; and

- at least one second reflective surface, arranged in the optical beam path of

the optical system;

- wherein the optical system is configured in such a way that during the travel
movement of the first reflective surface, the relative position of the first re-
flective surface and of the second reflective surface with respect to one an-

other is maintainable in a stable manner;

- wherein either the first reflective surface and the second reflective surface
directly succeed one another in the optical beam path or there are only re-
flective optical elements between the first reflective surface and the second

reflective surface.

In this case, within the meaning of the present application, the criterion accord-
ing to which, during the travel movement of the first reflective surface, the rela-
tive position of the first reflective surface and of the second reflective surface
with respect to one another is maintainable in a stable manner should be un-
derstood to mean that no image movement relevant to the exposure is caused.
Preferably, in this case, the relative position of the first and second reflective

surfaces is constant apart from a maximum change or fluctuation in the angle
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between these surfaces of 16 picorad (prad).

The invention is based on the concept, in particular, of keeping at least two
reflective surfaces in a stable or substantially constant relative position with re-
spect to one another, in order to obtain a travel movement carried out for the
purpose of the correction of aberrations without an undesired image shift (e.g.

on the wafer plane in a projection lens of a projection exposure apparatus).

A particular advantageous application example of the invention is a scenario in
which a correction of aberrations by way of a position manipulation of a mirror
is performed during the microlithographic exposure process, which can be real-
ized according to the invention without the requirement of performing a correc-

tion of image movement/shift on the wafer plane using a further mirror.

In accordance with one embodiment, the optical system comprises a first con-
trol loop for controlling the common position of the first reflective surface and of
the second reflective surface in relation to a reference position. In this case,
common position is understood to mean the average position (i.e. the average
position) of the positions of the first and second surfaces. In a further embodi-
ment, the optical system comprises a first control loop for controlling the rela-

tive position of the first reflective surface in relation to a reference position.

In accordance with one embodiment, the optical system comprises a second
control loop for controlling the relative position of the first reflective surface and

of the second reflective surface with respect to one another.

In accordance with one embodiment, the control in the first control loop is car-
ried out on the basis of sensor signals of at least one first sensor, and the con-
trol in the second control loop is carried out on the basis of sensor signals of at
least one second sensor, wherein the first sensor has a lower sensitivity and a
greater measurement range than the second sensor. In each case a plurality of
sensors can also be provided here for the first and/or second control loop,

which sensors measure jointly in a plurality of degrees of freedom.
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In accordance with one embodiment, the control in the second control loop is
carried out on the basis of sensor signals of at least one sensor that measures
the relative position of the first reflective surface and the second reflective sur-
face with respect to one another. The invention is, however, not restricted
thereto. In further embodiments, it is also possible to measure the position of
each of the first reflective surface and the second reflective surface relative to a

(common) reference object or reference surface.

In accordance with one embodiment, the first reflective surface and the second

reflective surface are mechanically rigidly coupled to one another.

In accordance with one embodiment, the first reflective surface and the second

reflective surface are embodied monolithically.

In accordance with one embodiment, the first reflective surface and the second

reflective surface are embodied on separate mirror bodies.

In accordance with one embodiment, the first reflective surface and the second

reflective surface directly succeed one another in the optical beam path.

The invention is, however, not restricted thereto. In further embodiments, at
least one reflective optical element is arranged in the optical beam path bet-
ween the first reflective surface and the second reflective surface. In particular,
the invention also comprises embodiments in which the first reflective surface
and the second reflective surface — although not directly succeeding one an-
other in the optical light path, are arranged in a small spatial distance from
each other (e.g. due to an optical light path that runs from the first reflective
surface forward to one or more further optical elements and then back to the

second reflective surface).

In accordance with one embodiment, the first reflective surface and/or the sec-

ond reflective surface aref/is arranged in such a way that reflection angles
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which occur during the operation of the optical system upon the reflection of
electromagnetic radiation at the respective surface, said reflection angles being
relative to the respective surface normal, are at least 55°, in particular at least

60°, more particularly at least 65°.

In other words, in embodiments, at least one of the reflective surfaces can be
operated with grazing incidence. The mirrors having such a reflective surface
are also referred to for short as Gl mirrors (= “grazing incidence"), wherein the
use thereof is desirable, in principle, with regard to the comparatively high
achievable reflectivities (of e.g. 80% or more). In addition, in a corresponding
optical system, the distance between successive Gl mirrors is sometimes com-
paratively small, and so the invention (for instance in the case of rigid mechan-
ical coupling between the first and second reflective surfaces) can be realized

particularly advantageously in such a system.

However, the invention is not restricted to a realization in conjunction with Gl
mirror(s), such that, in particular, at least one of the two reflective surfaces can

also be operated with normal incidence.

In accordance with one embodiment, the first reflective surface and/or the sec-
ond reflective surface arefis aspherical. In this way it is possible, on the one
hand, to achieve an effective correction of aberrations and, on the other hand,
at least to a good approximation, furthermore to avoid an image shift on the

wafer plane.

In accordance with one embodiment, the travel movement of the first reflective

surface is able to be carried out during the operation of the optical system.

In accordance with one embodiment, the optical system is designed for an op-
erating wavelength of less than 30 nm, in particular for an operating wave-
length of less than 15 nm. However, the invention is not restricted thereto, but
rather can also be realized advantageously e.g. at wavelengths in the DUV

range (e.g. of less than 250 nm).
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In accordance with one embodiment, the optical system is an illumination de-

vice or a projection lens of a microlithographic projection exposure apparatus.

The invention furthermore relates to a microlithographic projection exposure
apparatus, comprising an illumination device and a projection lens, wherein the
illumination device, during the operation of the projection exposure apparatus,
illuminates a mask situated in an object plane of the projection lens and the
projection lens images structures on said mask onto a light-sensitive layer situ-
ated in an image plane of the projection lens, wherein the projection exposure

apparatus comprises an optical system having the features described above.

The invention furthermore also relates to a method for the operation of an opti-
cal system, in particular of a microlithographic projection exposure apparatus,
wherein the optical system comprises a first reflective surface and at least one
second reflective surface in the optical beam path, wherein the first reflective
surface is moved for the correction of an aberration that occurs during the op-
eration of the optical system, and wherein, during said travel movement, the
relative position of the first reflective surface and of the second reflective sur-
face with respect to one another is kept stable, wherein either the first reflective
surface and the second reflective surface directly succeed one another in the
optical beam path or there are only reflective optical elements between the first

reflective surface and the second reflective surface.

In accordance with one embodiment, the relative position of the first reflective

surface in relation to a reference position is controlled in a first control loop.

In accordance with one embodiment, the relative position of the first reflective
surface and of the second reflective surface with respect to one another is con-

trolled in a second control loop.

In accordance with one embodiment, the first reflective surface and the second

reflective surface are mechanically rigidly coupled to one another.
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Further configurations of the invention may be gathered from the description

and the dependent claims.

The invention is explained in greater detail below on the basis of exemplary

embodiments illustrated in the accompanying figures.

In the figures:

Figure 1

Figures 2-4

Figures 5a-d

Figure 6

BRIEF DESCRIPTION OF THE DRAWINGS

shows a schematic illustration of a projection exposure appa-

ratus designed for operation in the EUV;

show schematic illustrations for elucidating the basic principle

and the mode of action of the present invention;

show schematic illustrations for elucidating further embodi-

ments of the invention; and

shows a schematic illustration for elucidating an exemplary
embodiment of a projection lens in which the present inven-

tion can be realized.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Fig. 1 firstly shows a schematic illustration of an exemplary projection exposure

apparatus which is designed for operation in the EUV and in which the present

invention can be realized.

According to Fig. 1, an illumination device in a projection exposure apparatus
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100 designed for EUV comprises a field facet mirror 103 and a pupil facet mir-
ror 104. The light from a light source unit comprising a plasma light source 101
and a collector mirror 102 is directed onto the field facet mirror 103. A first tele-
scope mirror 105 and a second telescope mirror 106 are arranged in the light
path downstream of the pupil facet mirror 104. A deflection mirror 107 is ar-
ranged downstream in the light path and directs the radiation impinging on it
onto an object field in the object plane of a projection lens 150, which is merely
indicated in Fig. 1a. A reflective structure-bearing mask 121 on a mask stage
120 is arranged at the location of the object field, said mask being imaged into
an image plane with the aid of the projection lens 150, a substrate 161 coated
with a light-sensitive layer (photoresist) on a wafer stage 160 being situated in

said image plane.

According to the invention, then, in embodiments of the invention, the projec-
tion exposure apparatus or the projection lens can be configured in such a way
that two reflective surfaces or mirrors are mechanically rigidly coupled to one
another, in particular are realized on one and the same mirror body, as de-
scribed below with reference to Fig. 2b-c and Fig. 3, in order to be able to carry
out a rotational movement — effected for the purpose of correction of aberra-
tions — of said reflective surfaces about a predefined axis of rotation, without

this being accompanied by an undesired image movement on the wafer plane.

In further embodiments, even in the case of two reflective surfaces or mirrors
configured in a manner spatially separated from one another, by means of the
realization of two control loops, described in even greater detail below with ref-
erence to Fig. 4, of which control loops one controls or minimizes the relative
movement of the two reflective surfaces and the other controls a common rota-
tional movement of the reflective surfaces that serves once again for the cor-
rection of aberrations, it is possible to obtain no undesired image shift on the

wafer plane in conjunction with a low outlay in terms of control engineering.

Firstly, however, the concept underlying the invention will be described below

with reference to the schematic depictions in Fig. 2a-c and Fig. 3-4.
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The schematic depictions in Fig. 2a-c serve firstly for clarifying the functional

principle of a retroreflector, this principle being known as such:

In contrast to a simple plane mirror 210 (Fig. 2a), which, upon tilting relative to
the direction of an incident light beam, exhibits a sensitive reaction of the direc-
tion of the respectively reflected light beam, with a retroreflector 220 having two
reflective surfaces 220a, 220b arranged at a fixed angle (90° in the example)
relative to one another in accordance with Fig. 2b, what can be achieved is that
the direction of the beam reflected at the second reflective surface is main-
tained independently of the direction of incidence upon impinging on the first

reflective surface 220a.

This maintenance of the direction of the light beam reflected at the second re-
flective surface is not restricted to a right-angled arrangement of the two reflec-
tive surfaces (i.e. a resulting 180° reflection), but rather is also fulfilled in ar-
rangements having a different (constant) angle between two surfaces which
successively reflect the respective light beam. Consequently, even during a
movement of the mirror body 230 having the two reflective surfaces 230a,
230b, said mirror body being illustrated in Fig. 2c, the direction of the respec-
tive emerging light beam (i.e. reflected at the second reflective surface 230b)
for one and the same direction of incidence of the light beam before the latter

impinges on the first reflective surface 230a is maintained or remains constant.

On the basis of the above considerations, the invention then includes the con-
cept, in particular, of realizing two reflective surfaces within the projection lens
such that their relative position with respect to one another remains unchanged
during the lithography process. This can be achieved in particular (but without
the invention being restricted thereto) by the two reflective surfaces being me-
chanically rigidly coupled to one another or being realized monolithically on one
and the same mirror body, as described below with reference to the exemplary

embodiment illustrated in Fig. 3.
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Fig. 3 shows, for the realization of the concept described above, the configura-
tion of a mirror body 310 having two reflective surfaces 311, 312, at which — as
indicated schematically in Fig. 3 — a light beam impinging during operation ex-
periences in each case two successive reflections (wherein, as described
above, the position of the image generated in a downstream image plane or
the wafer plane of the projection lens having the mirror remains unchanged in-

dependently of a movement of the mirror body 310).

Fig. 3 likewise illustrates a control loop in which the position of the mirror body
310 having the two reflective surfaces 311, 312 is measured relative to a frame
305 by means of a position sensor 320 and is set to the desired value (corre-
sponding to a setpoint position value 301) by means of a controller 340 via an
actuator 330. Position sensor 320, actuator 330 and controller 340 act only in
one degree of freedom in the basic schematic diagram in Fig. 3, namely with
regard to a rotational movement about an axis of rotation running perpendicular
to the plane of the drawing. In the technical realization, typically a plurality of

degrees of freedom can be manipulated simultaneously.

In further embodiments, it is also possible to provide a plurality of position sen-

sors 320 for measuring a plurality of degrees of freedom.

The circumstance that the image position ultimately generated on the wafer
plane is maintained independently of a movement of the mirror body 310 car-
ried out for the purpose of correction of aberrations has the consequence that
the position sensor 320 (or the position sensors) requires/require a compara-
tively low measurement accuracy, which in particular is significantly lower in
comparison with the measurement accuracy of an analogously used position
sensor which would have to ensure the stability of the image position in the

case of the movement of a single reflective surface.

In other words, for the functionality of the position sensor 320 it suffices to carry
out a comparatively coarse position measurement with regard to the position-

ing of the mirror body 310 for influencing aberrations, wherein although this po-
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sition measurement should have a large measurement range (of e.g. 50 um)
designed according to the positioning required for influencing aberrations, it
nonetheless requires a measurement accuracy lower by a plurality of orders of
magnitude in comparison with a position sensor that ensures image stability

upon reflection at only one moved reflective surface.

As a result, this leads to a considerable reduction of the outlay in terms of sen-
sor technology and control engineering, as a result of which in turn the re-
quirements made of the structure-dynamic design of the mirror body 310, of the
actuator 330 and of the frame 305 in the set-up in accordance with Fig. 3 are

reduced.

As already mentioned, the invention is not restricted to the realization of two
successive reflections or reflective surfaces on one and the same mirror body
or to an otherwise realized rigid mechanical connection of the relevant reflec-
tive surfaces. Rather, in further embodiments, the relative position of two sepa-
rate mirror bodies each having a reflective surface, which mirror bodies are not
rigidly connected to one another, can also be correspondingly controlled in a
suitable control loop. In this case, too, major advantages are afforded with re-
gard to the outlay in terms of sensor technology and control engineering, as will

be explained in greater detail below with reference to Fig. 4.

Fig. 4 shows two separate mirror bodies 410a, 410b, each having a reflective
surface 411 and 412, respectively, said mirror bodies not being mechanically
rigidly connected to one another. The relative position of the two mirror bodies
410a, 410b with respect to one another is determined by means of a relative
sensor 425. Although said relative sensor 425 requires a comparatively high
measurement accuracy (since a relative movement between the two mirror
bodies 410a, 410b or the reflective surfaces 411, 412 with respect to one an-
other would lead directly to a significant image movement), in return said rela-
tive sensor does not require a large measurement range (since the reflective
surfaces 411, 412 are intended to remain positioned continuously at the same

angle with respect to one another).
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On the basis of the measurement signals of the relative position sensor 425, in
a control loop with controller 445, the relative position of the two mirror bodies
410a, 410b or of the two reflective surfaces 411, 412 is controlled using a rela-
tive controller 445 and using actuators 431, 432 assigned to the respective mir-
ror bodies 410a, 410b. The actuators 431, 432 here are driven in each case
such that — for instance in the case of an undesired movement of the mirror
bodies 410a, 410b away from one another — a force is applied with which the

mirror bodies 410a, 410b are moved towards one another again.

If the force exerted by the first actuator 431 is designated by fy, the force exert-
ed by the second actuator 432 is designated by f,, the manipulated variable or
force of the common control loop is designated by f. and the manipulated vari-

able of the differential control loop is designed by fy, then it holds true that:

f1 =1+ 14 (1)

fo =fc - fq (2)

In addition to this control loop with controller 445 (responsible for the relative
position between the two mirror bodies 410a, 410b), in accordance with Fig. 4
a superordinate control loop with controller 440 is realized, which controls the
common or average position of the two mirror bodies 410a and 410b relative to
an outer frame 405. “401” designates a setpoint position value. In this case, it
holds true that:

Q=1 + 2% Qg (3)
wherein q; denotes the position of the first mirror body 410a, g, denotes the
common position of the two mirror bodies 410a and 410b, and qq denotes the

differential position of the two mirror bodies 410a and 410b.

Said superordinate control loop with controller 440 in turn requires (in this re-
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spect analogously to the exemplary embodiment from Fig. 3) a sensor having a
large measurement range, but in conjunction with only a low measurement ac-
curacy (since here e.g. a tilting of the mirror bodies 410a, 410b for the purpose
of the manipulation of aberrations must be determined with a comparatively low

accuracy, but over a large measurement range of e.g. 50 um).

The invention is not restricted to the concrete arrangement of the actuators as
illustrated in Fig. 4. In further embodiments, e.g. it is also possible for one of
the actuators to act between the two mirror bodies 410a, 410b, and the other

actuator between one of the mirror bodies 410a, 410b and the frame 405.

As a result, the requirements in terms of sensor technology and control engi-
neering which are applicable in each case in the two control loops for the reali-
zation of the exemplary embodiment of Fig. 4 (in particular of a sensor having a
high measurement accuracy over a comparatively small measurement range,
and of a further sensor having a low measurement accuracy over a compara-

tively large measurement range) can also be fulfilled comparatively simply.

Fig. 5a-d show schematic illustrations for elucidating further embodiments of
the invention, wherein the same components or components which have the
same function are designated with reference numbers increased by “100” with

respect to Fig. 4.

The embodiment of Fig. 5a differs from that of Fig. 4 insofar as — instead of
measuring the position of only one mirror body in relation to the outer frame —
the average positions of both mirror bodies 510a and 510b are determined,
and used as a basis for the respective superordinate control loop with control-
ler 540 which controls the average position of the two mirror bodies 510a and
510b relative to the outer frame 505. “501” designates a setpoint position

value.

According to Fig. 5b, as to the control loop with controller 545 in Fig. 5b, meas-

uring of the relative position of mirror bodies 510a and 510b as well as the re-
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spective control are analogously to Fig. 4. In contrast to Fig. 4, the position of
one mirror body 510b is measured in relation to the outer frame 505 and used
as a basis for the control loop with controller 540. This controls the position of
mirror body 510b. The position of mirror body 510a is indirectly controlled by

controller 545.

The embodiment of Fig. 5c differs from that of Fig. 4 insofar as the respective
positions of each of the mirror bodies 510a and 510b are measured in relation
to the outer frame 505. These measured positions are then used for both con-
trol loops, i.e. for the control loop with controller 540 controlling the common or
average position of the mirror bodies 510a, 510b, and the control loop with
controller 545 for controlling the relative position of the reflective surfaces 511

and 512 or mirror bodies 510a, 510b, respectively.

The embodiment according to Fig. 5d is similar to that of Fig. 4 insofar as what
is measured is, on the one hand, the relative position of the two mirror bodies
510a and 510b, and on the other hand, the position of one mirror body 510b in
relation to the outer frame 505. However, and different from Fig. 4, the posi-
tions of both mirror bodies 510a and 510b are controlled in separate control

loops with controllers 550 or 560, respectively.

Fig. 6 shows an exemplary concrete set-up of a projection lens 600 in which
the invention can be realized. However, the invention is not restricted to reali-
zation in a projection lens having the concrete set-up shown in Fig. 6. In further
exemplary embodiments, the invention can also be realized in projection
lenses having a different set-up (e.g. as disclosed in DE 10 2012 202 675 A1)
or other optical systems. The projection lens 600 in accordance with the exem-
plary embodiment in Fig. 6 has eight mirrors M1 to M8, of which the mirrors
M1, M4, M7 and M8 are embodied as mirrors for normal incidence of the illu-
mination light (with an angle of incidence of less than 45°) and can comprise a
reflection layer stack composed of molybdenum (Mo) and silicon (Si) layers.
The mirrors M2, M3, M5 and M6 are embodied as mirrors for grazing incidence

of the illumination light (with angles of incidence of greater than 60°) and can
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have a coating with, for example, a layer composed of molybdenum (Mo) or ru-

thenium (Ru).

Merely by way of example, the reflective surfaces kept stable with regard to
their relative position according to the invention can be the optical effective sur-
faces of the mirrors M5 and M6 (with combination of two surfaces that are re-
flective under grazing incidence) or else the optical effective surfaces of the
mirrors M3 and M4 (with combination of a surface that is reflective under graz-
ing incidence with a surface that is reflective under substantially normal inci-

dence).

Even though the invention has been described on the basis of specific embod-
iments, numerous variations and alternative embodiments are evident to the
person skilled in the art, e.g. through combination and/or exchange of features
of individual embodiments. Accordingly, it goes without saying for the person
skilled in the art that such variations and alternative embodiments are concomi-
tantly encompassed by the present invention, and the scope of the invention is
restricted only within the meaning of the appended patent claims and the

equivalents thereof.
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Claims

Optical system, in particular for a microlithographic projection exposure ap-

paratus, comprising

a first reflective surface (311, 411, 511), which is arranged in the optical
beam path of the optical system and is movable for the correction of an
aberration that occurs during the operation of the optical system; and

o at least one second reflective surface (312, 412, 512), arranged in the
optical beam path of the optical system;

e wherein the optical system is configured in such a way that during the
travel movement of the first reflective surface (311, 411, 511), the rela-
tive position of the first reflective surface (311, 411, 511) and of the
second reflective surface (312, 412, 512) with respect to one another is
maintainable in a stable manner:;

e wherein either the first reflective surface (311, 411, 511) and the second

reflective surface (312, 412, 512) directly succeed one another in the

optical beam path or there are only reflective optical elements between
the first reflective surface (311, 411, 511) and the second reflective sur-

face (312, 412, 512).

Optical system according to Claim 1, characterized in that said optical sys-
tem comprises a first control loop for controlling the common position of the
first reflective surface (311, 411, 511) and of the second reflective surface
(312, 412, 512) in relation to a reference position or for controlling the rela-
tive position of the first reflective surface (311, 411, 511) in relation to a ref-

erence position.

Optical system according to Claim 2, characterized in that said optical sys-
tem comprises a second control loop for controlling the relative position of
the first reflective surface (411, 511) and of the second reflective surface

(412, 512) with respect to one another.

Optical system according to Claim 3, characterized in that the control in the
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first control loop is carried out on the basis of sensor signals of at least one
first sensor (420, 520), and the control in the second control loop is carried
out on the basis of sensor signals of at least one second sensor (425, 525),
wherein the first sensor (420, 520) has a lower sensitivity and a greater

measurement range than the second sensor (425, 525).

Optical system according to Claim 3 or 4, characterized in that the control in
the second control loop is carried out on the basis of sensor signals of at
least one sensor (425, 525) that measures the relative position of the first
reflective surface (411, 511) and the second reflective surface (412, 512)

with respect to one another.

Optical system according to Claim 1 or 2, characterized in that the first re-
flective surface (311) and the second reflective surface (322) are mechani-

cally rigidly coupled to one another.

Optical system according to Claim 1 or 2, characterized in that the first re-
flective surface (311) and the second reflective surface (312) are embodied

monolithically.

Optical system according to any of Claims 1 to 5, characterized in that the
first reflective surface (411, 511) and the second reflective surface (412,

512) are embodied on separate mirror bodies.

Optical system according to any of the preceding claims, characterized in
that the first reflective surface (311, 411, 511) and the second reflective sur-

face (312, 412, 512) directly succeed one another in the optical beam path.

Optical system according to any of the claims 1 to 8, characterized in that at
least one reflective optical element is arranged in the optical beam path be-

tween the first reflective surface and the second reflective surface.
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Optical system according to any of the preceding claims, characterized in
that the first reflective surface (311, 411, 511) and/or the second reflective
surface (312, 412, 512) arelis arranged in such a way that reflection angles
which occur during the operation of the optical system upon the reflection of
electromagnetic radiation at the respective surface, said reflection angles
being relative to the respective surface normal, are at least 55°, in particular

at least 60°, more particularly at least 65°.

Optical system according to any of the preceding claims, characterized in
that the first reflective surface (311, 411, 511) and/or the second reflective
surface (312, 412, 512) arelis aspherical.

Optical system according to any of the preceding claims, characterized in
that the travel movement of the first reflective surface (311, 411, 511) is

able to be carried out during the operation of the optical system.

Optical system according to any of the preceding claims, characterized in
that the optical system is designed for an operating wavelength of less than

30 nm, in particular for an operating wavelength of less than 15 nm.

Optical system according to any of the preceding claims, characterized in
that the optical system is an illumination device or a projection lens of a

microlithographic projection exposure apparatus.

Microlithographic projection exposure apparatus, comprising an illumination
device and a projection lens, wherein the illumination device, during the
operation of the projection exposure apparatus, illuminates a mask (121)
situated in an object plane of the projection lens (150) and the projection
lens images structures on said mask (121) onto a light-sensitive layer situ-
ated in an image plane of the projection lens (150), characterized in that the
projection exposure apparatus comprises an optical system according to

any of the preceding claims.
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Method for the operation of an optical system, in particular of a microlitho-
graphic projection exposure apparatus, wherein the optical system com-
prises a first reflective surface (311, 411, 511) and at least one second re-
flective surface (312, 412, 512) in the optical beam path, wherein the first
reflective surface (311, 411, 511) is moved for the correction of an aberra-
tion that occurs during the operation of the optical system, and wherein,
during said travel movement, the relative position of the first reflective sur-
face (311, 411, 511) and of the second reflective surface (312, 412, 512)
with respect to one another is kept stable, wherein either the first reflective
surface (311, 411, 511) and the second reflective surface (312, 412, 512)
directly succeed one another in the optical beam path or there are only re-
flective optical elements between the first reflective surface (311, 411, 511)
and the second reflective surface (312, 412, 512).

Method according to Claim 17, characterized in that the relative position of
the first reflective surface (311, 411, 511) in relation to a reference position

is controlled in a first control loop.

Method according to Claim 18, characterized in that the relative position of
the first reflective surface (411, 511) and of the second reflective surface
(412, 512) with respect to one another is controlled in a second control

loop.

Method according to Claim 17 or 18, characterized in that the first reflective
surface (311) and the second reflective surface (312) are mechanically rig-

idly coupled to one another.
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