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& (57) Abstract: One embodiment of an imaging optical system (8) has exclusively mirrors as beam-guiding optical components.

The imaging optical system (8) images at least one object field (4, 5) in at least one object plane (6) into at least one image field (9,
10) in at least one image plane (11). In the imaging optical system (8), there are two object fields (4, 5) which are spatially separated
from one another and with which two image fields (9, 10), which are likewise spatially separated from one another, are associated.
This resuits in an imaging optical system with increased flexibility of use.
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Imaging optical system, projection exposure installation for micro-
lithography comprising an imaging optical system of this type, and
method for producing a microstructured component with a projection

exposure installation of this type

The invention relates to an imaging optical system according to the pream-
ble of claims 1 and 2. The method further relates to a projection exposure
installation according to claim 19 and a method for producing a microstruc-

tured component according to claims 21, 22, 23, 24 and 25.

Imaging optical systems, which may be used in particular in projection ex-
posure installations for microlithography, are known from US 7,046,335
B2, US 2007/0153247 A1, US 6,600,608 B1 and US 6,631,036 B2.

An object of the present invention is to develop an imaging optical system
of the type mentioned at the outset in such a way that the flexibility of use

thereof is increased.

This object is achieved according to the invention by an imaging optical
system with the features of claim 1 and by an imaging optical system with

the features of claim 2.

In the solution according to the invention of claim 1, the exclusive use of
mirrors results in an optical system which provides the possibility of a
broadband use and in which two object fields and two image fields can be
used simultaneously with a compact construction. Thus, use is not made of
two imaging optical systems, as is the case for example in US
2007/0153247 A1, but use is made of precisely one imaging optical sys-

tem, with at least one optical component which is used jointly by the two
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imaging light paths between the two object fields and the two image fields,
this single imaging optical system comprising two object fields and two

image fields. The overall result is a compact imaging construction.

In the solution according to the invention according to claim 2, a folded
light path can be dispersed with because of the inline construction. The
light paths which are associated with the two object fields preferably ex-
tend reflectionally symmetrically in relation to the optical axis. The inline
arrangement simplifies the production of the imaging optical system as a

whole and likewise contributes to a compact system being achieved.

The distance between the at least two object fields is preferably at least 50
mm, more preferably at least 100 mm, even more preferably at least 150

mm and yet more preferably at least 164 mm. The distance between the at
least two image fields results from the distance of the at least two object

fields and the imaging factor of the imaging optical system. A distance of
at least 100 mm between the at least two object fields and a reduction im-
aging scale of 10 results, for example, in a distance of 10 mm between the

at least two image fields.

With particular mirror constructions, used off-axis, of imaging optical sys-
tems, the construction can be widened using the solution according to the
invention in such a way that by using two object fields, the object field

originally used with the construction and thus also the image field double

in size.

In a construction according to claim 3, there are always at least two field
component groups and at least one aperture component group in each case.

The field component groups may be associated with the at least two object
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fields, the at least two image fields, or even intermediate image fields of
the imaging optical system. The two field component groups may be con-
figured so as to be constructionally separated from one another. This makes
it possible to provide these two field component groups with different
qualities of optical systems and also with different additional components,
for example as regards an actuator for displacing individual imaging com-
ponents or a sensor for measuring, for example, optical parameters of the

imaging optical system.

A mirror group according to claim 4 can be configured in a broadband
form and allows in particular light with a wavelength for which transmis-

sive materials do not exist in a sufficient quality to be guided.

A relative aperture size according to claim 5 leads to a compact construc-
tion of the imaging optical system, spatial separation between the optically
effective surfaces of the beam-guiding components of the field component

groups being possible nevertheless.

A configuration according to claim 6 allows a constructional separation of
components associated with the two object fields to be achieved. This
broadens the possibilities for the use of these two object fields. These may
in particular be used by entirely different units, for example a reticle on the
one hand and an optical sensing means on the other hand. The opposite
arrangement, with two field components which are associated with the two

image fields and with an aperture component between the object fields and

the two field component groups, is also possible.
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An afrangement according to claim 7, with four field component groups,
allows of the imaging properties of the field component groups to be influ-

enced in diverse and mutually independent ways.

A configuration of the imaging optical system according to claim 8 makes
it possible, in particular, to act upon a field component group with a differ-
ent wavelength to that used for the other field component group. This can
be made use of in numerous ways, in particular for preparation and meas-
urement purposes. The very same imaging optical system can, for example,
be used for EUV exposure and simultaneously for preparation or measure-
ment in the UV range or in the visible wavelength range. Beam-guiding
optical components which are used jointly by both wavelengths may have
coatings which optimise the passage of light through the imaging optical

system and are tuned to both the wavelengths being used.

Object planes which are at a distance from one another according to claim
9 again lead to an increase in the flexibility of use of the imaging optical
system. For example, when using different wavelengths, it is possible in
this way to compensate chromatic effects. This can be used to compensate
the chromatic variations which are induced by coatings of the beam-
guiding optical components of the imaging optical system. Different imag-
ing criteria may be used in the two partial systems, which are associated
with mutually distanced object planes, of the imaging optical system. This
can then be used for imaging rough structures by means of a first imaging
light path, with which one of the object fields is associated, for example at
a reduction scale of 2x, and for imaging fine structures by means of a fur-
ther imaging light path, with which another of the object fields is associ-
ated, at a higher reduction scale, for example of 16x. Alternatively, it is

possible to image-scan various layers, which are distanced from one an-
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other by the distance of the two object planes, of the same object, which is

moved parallel to the two object planes between the object fields.

An optical sensing means according to claim 10 allows the imaging proper-
ties in the light path, starting from the associated image field, to be meas-
ured. In this way, the image properties of an aperture group can, for exam-
ple, be controlled online during a projection of an object arranged in the
other object field. The measurement result of the optical sensing means can
be used as a control value for adjusting the imaging properties of the imag-
ing optical system. A CCD camera in particular may be used as an optical
sensing means. This can be acted on by measurement light of which the

wavelength is different from that of the illumination light used for the ac-

tual imaging.

A configuration according to claim 11 provides the possibility of readjust-

ing the imaging properties of the imaging optical system in a closed control

circuit.

An arrangement according to claim 12 makes it possible to influence the
image properties on the image field side for the two image fields sepa-

rately. This can also be made use of in numerous ways.

Image fields which, in accordance with claim 13, are not arranged in a

plane increase the flexibility of use of the imaging optical system.

Image fields which, in accordance with claim 14, are parallel to and at a
distance from one another allow imaging of objects arranged in the two

object fields in different layer positions of a substrate arranged in the re-
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gion of the image fields. This can in particular be used for three-

dimensional structuring in the production of microstructured components.

An arrangement according to claim 15 can for example be used for an im-
aging optical system with an imaging scale of 1:1. Individual alterations,
i.e. alterations associated with the respective fields of the field component
groups, in the imaging properties of the imaging optical system are then

possible both on the object field side and on the image field side.

An arrangement according to claim 16 leads to an individual separation of
the light paths between the aperture component groups for each field. This
can be used to analyse one of the two separated light paths, i.e. to use it as
a reference light path, or to manipulate one of the two light paths inde-

pendently of the other. This arrangement may also be configured in such a

way as to result in 1:1 imaging.

A configuration of the field component groups according to claim 17 re-
duces the production costs of the beam-guiding optical components from

which they are constructed. For example, each pair of mirrors can be pro-

duced together.

An aperture component group according to claim 18 enables an imaging

optical system with a high numerical aperture to be achieved.

At least one ring field according to claim 19 allows the field shape to be
fitted well to the construction of the imaging optical system for given im-
aging requirements. If two object fields configured as ring fields and/or
two image fields configured as ring fields are used, they may be partial

rings of the same ring, and this symmetrises the construction of the imag-

PCT/EP2008/008336
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ing optical system. In the case of a ring field, it is preferable for all the
fields of the imaging optical system, i.e. both the two object fields and the
two ring fields, to be configured as ring fields.

The advantages of a projection exposure installation according to claims 20
and 21 correspond to those previously discussed with regard to the imaging
optical system according to the invention. The light source of the projec-
tion exposure installation may be in the form of a broadband light source
and may have, for example, a bandwidth greater than 1 nm, greater than 10
nm or greater than 100 nm. In addition, the projection exposure installation
may be constructed in such a way that it can be operated with light sources
of different wavelengths, which in particular are associated with the differ-
ent object fields. Light sources for other wavelengths, in particular wave-
lengths used for microlithography, can be used in conjunction with the im-
aging optical system according to the invention, for example light sources
with wavelengths of 365 nm, 248 nm, 193 nm, 157 nm, 126 nm and 109

nm, and in particular also with wavelengths which are less than 100 nm.

A further object of the invention is to specify methods for the production of
a microstructured component in which the flexibility of use, which is ob-
tained because of the projection exposure installation according to the in-

vention, is particularly useful.

This object is achieved according to the invention by the methods with the

method steps specified in claims 22 to 26.

A production method according to claim 22 allows the creation of con-
structions of a critical dimensions which are smaller than those achieved in

a single-exposure procedure of the light-sensitive layer of the wafer.
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The methods according to claims 23 and 24 have corresponding advan-

tages.

A method according to claim 25 allows online correction to take place be-
fore the projection step, which is decisive in the production of the micro-
structured component. In this method, one of the image fields is used as a
measurement image field and the other as a projection image field. As a
function of the measured wafer topography, alterations can still be made,
for example, in the imaging properties of the field component group which
is associated with the projection image field. It is possible alternatively or
additionally to further adjust the positioning of the wafer in the projection

image field. This is also known as a line of sight correction.

In the method according to claim 26, online-monitoring of the success of
the projection step is possible. In this way, it is possible to achieve a quick
quality control check of the operation of the projection exposure installa-

tion.

Embodiments of the invention will be described in the following in greater

detail with reference to the drawings, in which:

Fig. 1 is a schematic view of a projection exposure installation for
EUV microlithography;
Fig. 2 is a schematic view of an imaging optical system of the pro-

jection exposure installation comprising two field mirror
groups, each between one of two object fields and an entrance

pupil plane of the imaging optical system, and an aperture
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mirror group, between the entrance pupil plane and two im-

age planes respectively associated with the object planes;

is a meridional section of a first variant of an optical con-

struction of the imaging optical system of Fig. 2;

are meridional sections of further variants of optical construc-

tions of the embodiment of Fig. 2;

is a schematic view, similar to Fig. 2, of a further embodi-
ment of an imaging optical system comprising two field mir-
ror groups, each between one of two object fields and an en-
trance pupil plane of the imaging optical system, an aperture
mirror group between the entrance pupil plane and an exit
pupil plane of the imaging optical system, and two further
field mirror groups, in each case between the exit pupil plane

and one of the two image planes;

is a schematic view, similar to Fig. 2, of a further variant of
an imaging optical system comprising an aperture mirror
group between two object fields and an entrance pupil plane
of the imaging optical system, two separated field mirror
groups, each between the entrance pupil plane and an exit pu-
pil plane of the imaging optical system, and a further aperture
mirror group, between the exit pupil plane and two separated

image planes;
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is a schematic view, similar to Fig. 2, of a further variant of
an imaging optical system with mitror groups arranged com-
parably to the embodiment of Fig. 2, the object field plane of
a first object field, associated with the first field mirror group,
being arranged to as to be at a distance from and parallel to
the object field plane of a second image field, associated with

the second field mirror group,

is a schematic view of two ring fields to illustrate a definition

of the distance between them; and

is a schematic view of two rectangular fields to illustrate a

definition of the distance between them.

A projection exposure installation 1 for microlithography, schematically

shown in Fig. 1, has a light source 2 for illumination light. The light source

2 is a EUV light source which produces light in a wavelength range in par-

ticular of between 5 nm and 30 nm. Other EUV wavelengths are also pos-

sible. In general, any desired wavelengths, for example visible wavelengths

or any other wavelengths which are used for example in microlithography

and are available for the appropriate laser light sources and/or LED light

sources, for example 365 nm, 248 nm, 193 nm, 157 nm, 129 nm or 109 nm,

are possible for the illumination light guided in the projection exposure

installation 1. A light path of the illumination light 3 is very schematically

shown in Fig. 1.

In order to aid the description of the projection exposure installation 1 and

the components thereof, an xyz Cartesian coordinate system is provided in

the drawings and shows the respective locations of the components shown
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in the figures. In Fig. 1, the x direction extends perpendicular to and into
the drawing plane. The y direction extends to the right and the z direction

extends downwards.

The illumination light 3 exposes two object fields 4, 5, which are spatially
separated from one another in the y direction by a distance A (cf. also Fig.
9 and 10), and which lie in a common object plane 6, which is perpendicu-
lar to the drawing plane in Fig. 1. The object fields 4, 5 may be ring fields

or also rectangular fields.

A lens system 7 guides the illumination light 3 from the light source 2 to
the object fields 4, 5. With a projection optical system 8, i.e. an imaging
optical system, the two object fields 4, 5 are imaged in two image fields 9,
10 associated therewith, which are likewise arranged so as to spaced from
one another, in a common image plane 11 with a pre-specified reduction
scale. The image plane 11 lies parallel to the object plane 6. In Fig. 1, the
image fields 9, 10 are so small that they are not shown spatially extended in
the image plane 11. One of the embodiments shown in the following fig-
ures can be used for the projection optical system 8. The projection optical
system 8 has for example a reduction factor of 8. Other imaging factors or
reduction scales are also possible, for example 4x, 5x, or even reduction
scales that are greater than 8x. 1:1 imaging is also possible. An imaging
magnification level of 8x is particularly suitable for the illumination light 3
with an EUV wavelength, since the object-side angle of incidence on a re-
flection mask 12 can thus remain small. An imaging magnification level of
8x does not require, in addition, unnecessarily large masks to be used. The
projection optical system 8 images portions of the reflection mask 12, also

referred to as a reticle, which coincide with the object fields 4, 5.
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The image fields 9, 10 are curved in an arc shape in the image plane 11, the
distance between the two arc curves which delimit the image fields 9, 10
being 1 mm. 1 mm is also the side length of the straight side edges which
delimit the image fields 9, 10 between the two arc curves and which extend
parallel to one another and to the y-axis. The drawing plane of Fig. 1 ex-
tends parallel to these side edges of the image planes 9, 10. These two
straight side edges of the image fields 9, 10 are at a distance of 13 mm
from one another. The area of the two curved image fields 9, 10 corre-
sponds to a rectangular image field with edge-lengths of ] mm x 13 mm .
Rectangular image fields of this type are also possible instead of the image
fields 9, 10. Rectangular image fields as produced for example when using
catoptric systems with free-form surfaces as reflection surfaces or when

using catadioptric systems.

Imaging takes place on the surface of a substrate 13 in the form of a wafer
which is supported by a substrate support 14. Fig. 1 schematically shows,
between the reticle 12 and the projection optical system 8, light beams 15,
16, entering these, of the illumination light 3. In this case, the light beam
15 departs from the object field 4 and the light beam 16 from the object
field 5. Between the projection optical system 8 and the substrate 13, two
light beams 17, 18 of the illumination light exiting from the projection op-
tical system 8 are shown. The light beam 17 exposes the image field 9 and

the light beam 18 exposes the image field 10.

The paths of the light beams 15 to 18 are shown very schematically in Fig.
1. In particular, the light beams 15 and 17 on one side and 16 and 18 on the
other may extend symmetrically in relation to an assigned axis of the pro-

jection optical system 8, in particular symmetrically in relation to the opti-

cal axis thereof.
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The projection exposure installation 1 is a scanner-type device. Both the
reticle 12 and the substrate 13 are scanned in the y direction during the op-
eration of the projection exposure installation 1. Alternatively, the projec-
tion exposure installation 1 can be a stepper-type device. In this case, the
substrate support 14 and a reticle support (not shown), which is associated
with the reflection mask 12, are displaced stepwise between individual ex-

poses in the y direction.

Fig. 2 shows schematically a variant of the projection optical system 8 of
the projection exposure system 1. Components which correspond to those
which have been previously explained with reference to Fig. 1 like refer-

ence numerals and will not be discussed in detail again.

Fig. 2 shows schematically the construction of a first embodiment of the
projection optical system 8. This is configured as an inline system. All
beam-guiding components of the projection optical system 8 may be asso-
ciated with the same continuous optical axis 19, which thus extends with-

out bends, throughout.

The projection optical system § of Fig. 2 has three component groups 20,

21, 22, which are each constructed as beam-guiding optical components.

The two component groups 20, 21 shown on the left in Fig. 2 are field
groups, in which the light beams 15, 16, which proceed respectively from
the object planes 4, 5, are guided. The light beams 15, 16 are guided sepa-
rately from one another in the two field groups 20, 21.
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In Fig. 2, the field group 20 is arranged below the field group 21. The field
group 20 lies between the object field 4 and a pupil plane 23 of the projec-
tion optical system 8. The two light beams 15, 16 exiting the field groups
20, 21 overlap in the pupil plane 23.

The component group 22 shown on the right in Fig. 2 is an aperture group,
in which the light beams 15, 16, i.e. the imaging rays which proceed from

all of the object planes 4, 5, are guided. The aperture group 22 is arranged

between the pupil plane 23 and the two image fields 9, 10.

The component groups 20 to 22 of the embodiment of Fig. 2 are pure mir-
ror groups or catoptric groups, i.e. component groups which comprise ex-
clusively mirrors as beam-guiding optical components. In principle, the

component groups 20 to 22 may also be catadioptric or dioptric groups.

The two field groups 20, 21 may be constructionally completely separate
from one another, but may however be integrated to form one construc-

tional unit, as is indicated in Fig. 2, with a common housing 24.

Fig. 3 shows a first constructional variant of the projection optical system
8. Components which correspond to those which have been previously ex-

plained with reference to Fig. 1 and 2 have like reference numerals and will

not be discussed in detail again.

The light path of each of three individual rays 25, which proceed in each
case from two object field points, at a distance from one another in the y
direction in Fig. 3, of the object fields 4 and §, is shown. The three individ-
ual rays 25, which belong to one of these in total four object field points,

are each associated with three different illumination means for the image
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field point. Principal rays 16, which extend through the centre of the pupil
plane 23 of the projection optical system 8, are included in Fig. 3 only for
illustrative reasons, as these are not real imaging light paths of the projec-

tion optical system 8.

The individual rays 15, in each case associated with the same illumination
angle of a field point, extend divergently from the respective object plane
4, 5. This is referred to in the following as a negative back focal length of
the entrance pupil. An entrance pupil of the projection optical system 8 of
Fig. 3 lies not inside the projection optical system 8 but before the object
planes 4, 5 in the light path. Alternatively, a positive back focal length of
the entrance pupil or a telecentric light path on the object side is possible,
for example when using a ray divider element for illuminating a reflection
mask or when using a transmission mask. This makes it possible, for ex-
ample, to arrange a pupil component of the illumination optical system 7 in
the entrance pupil of the projection optical system 8, before the projection
optical system 8 in the light path, without further imaging optical compo-
nents having to be present between these pupil components and the object

planes 4, 5.

The field group 20 of the projection optical system 8 has two mirrors Mla,
M2a. The field group 21 of the projection optical system 8 likewise has
two mirrors M1b and M2b. Where, in the following, the references M1,
M2 are used instead of the references M1z/b, M2a/b within a field group,
for example, they refer in each case to both mirrors M1a/b, M2a/b. The
numbering of the mirrors of the projection optical system 8 are numbered
in the sequence of the light path, proceeding from the object fields 4 and 5.
The mirrors M1a and M1b and the mirrors M2a and M2b each have reflec-

tion surfaces which are arranged on the same surface, which is rotationally
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symmetric about the optical axis 19. The mirrors M1a and M1b on the one
hand and M2a and M2b on the other hand may therefore be portions of one
and the same mirror. However, this is not compulsory. The mirrors M1a,
M1b, M2a, M2b may equally all be arranged spatially separated from one

another.

After the mirrors M1a/b and M2a/b, the projection optical system 8 also
comprises four further mirrors M3, M4, M5 and M6, which belong to the
aperture group 22.

Fig. 3 shows only the reflection surfaces of the mirrors M1 to M6. The re-
flection surfaces of the mirrors M1 to M6 are as a whole at least portions in
each case of a surface which is rotationally symmetrical in relation to the
optical axis 19. The mirrors M1, M4, M5 and M6 are formed as concave

mirrors. The mirrors M2 and M3 are formed as convex mirrors.

The optical data for the projection optical system 8 of Fig. 3 are shown in

the following by means of two tables.

In the column "radius", the first table shows in each case the reciprocal of

the curvature ¢ of the mirrors M1 to M6. The third column (thickness) de-

scribes the distance from the object plane 6 to the following surface in each

casc.

The second table describes the precise surface form of the reflection sur-

faces of the mirrors M1 to M6, where the constants K and A to G are to be

put into the following equation for the sagittal height:
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z(h) =
ch’
T+ SORTR-(+ K)h?}
+ Ah* + Bh® + Ch® + D" + ER” + Fh" + Gh'®

In this case, h represents the distance from the optical axis 19. Therefore:

h? = x* + y. The reciprocal of "radius" is used for c.

5
Operating

Surface Radius Thickness [mode
Object plane| INFINITY  683.665
M1 -694.834 -271.324 [REFL
M2 -411.527 1372.036 |REFL
M3 346.281 -1100.613 [REFL

10 M4 1469.502 2005780 [REFL
M5 -722.731 -41.563 REFL

STOP INFINITY -272.149

M6 544.465 370.467 REFL
Image plane INFINITY 0.000

15 Surface K A B C
M1 7.396949 -8.591818E-112.958631E-15 -1.515085E-19
M2 -4.696303E-01 -1.639186E-09-1.894486E-14-4.136066E-18
M3 -5.224549E-01 -2.010111E-09-1.293006E-14-2.918315E-20
M4 -3.021297E-02 9.250522E-14 5.057734E-20 4.887335E-28
M5 -3.126684E+002.153833E-09 1.799694E-14 -1.892202E-20
M6 6.984230E-01 -1.682769E-10-1.422157E-151.234832E-20
Surface D E F G

20 M1 4.091038E-24 -5.790509E-293.296826E-34 8.178384E-41
M2 1.255234E-21 -1.379809E-255.435466E-30 -4.566966E-36
M3 1.475407E-23 -5.835055E-28 1.288505E-32 -3.671165E-37
M4 4.320243E-35 4.670696E-39 -4.109431E-452.963010E-51
M5 -6.296522E-25 2.964336E-29 6.191151E-34 -1.998284E-38
M6 -1.683381E-25 8.658821E-31 -3.676860E-36-5.905802E-41

25
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The mirrors M1a/b and M2a/b of the two field groups 20, 21 are used in
the shape of ring segments and off-axis in relation to the optical axis 19.
The employed optical reflection surface of the mirrors M1 and M2 thus lies

at a distance from the optical axis 19.

The employed optical reflection surface of the mirror M3 is approximately

centred on the optical axis 19.

The pupil plane 23 lies in the imaging light path of the projection optical
system 8 in the region of the reflection of the individual rays 25 on the mir-
ror M3. In the imaging light path between the mirrors M4 and M35, spatially
in between the mirrors M6 and MS5, lies an intermediate image plane 26 of

the projection optical system 8.

Between the mirrors M2a/b and M3, the individual rays 25 pass through a
through-opening 27 in the mirror M4. The mirror M4 is used around the
through-opening 27. The mirror M4 is thus an obscured mirror. As well as

the mirror M4, the mirrors M5 and M6 are also obscured and both likewise

comprise a through-opening 27.

The mirror M3, i.e. the fourth last mirror in the light path before the image
fields 9 and 10, is not obscured. An outer edge 28 of the optically effective
reflection surface of the mirror M3 provides a central shadowing of the
projection optical system 8, i.e. of the imaging optical system, in an exit
pupil plane 29 in the imaging light path in the region of the reflection on
the mirror M5. The mirror M3 thus defines the pupil obscuration of the

projection optical system 8. The mirror M3 therefore shadows the light

path between the mirrors M4 and M5.



WO 2009/052925 PCT/EP2008/008336

10

15

20

25

-19-

The distance between the fourth last mirror M3 and the last mirror M6 is
equal to approximately 22 % of the distance of the object plane 6 from the
image plane 11 in the embodiment of the projection optical system 8 of

Fig. 3.

The projection optical system 8 of Fig. 3 has a numerical aperture of 0.55
on the image side. The projection optical system 8 of Fig. 3 has a maxi-
mum root mean square (rms) wavefront error of 1.4 nm. The maximum

distortion is 1.4 nm. The pupil obscuration is 16.8 %.

The light beams 15, 16 of the two imaging light paths, which until now
have been guided on separate mirrors M1a/b, M2a/b, overlap in the aper-

ture group 22, i.e. on the mirrors M3 to M6

In the projection optical system 8 of Fig. 3, the distance A (cf. also Fig. 9
and 10) between the two object fields 4, 5 is 164 mm.

The projection optical system 8 can be used within the projection exposure
installation 1 in the production of a microstructured component in the fol-
lowing manner: Initially, the reticle 12 and the wafer 13 are prepared. Sub-
sequently, a structure, arranged in the first object field 4, on the reticle 12 is
projected onto a light-sensitive layer of the wafer 13 in the first image field
9. The exposed light-sensitive layer is then displaced in the positive y di-
rection from the first image field 9 to the second image field 10 by displac-
ing the wafer 13 by means of the substrate support 14. Subsequently, a
structure, arranged in the second object field 5, on the reticle 12 is pro-
jected onto the previously exposed light-sensitive layer of the wafer 13 in
the second image field 10. In this way, a microstructure is produced on the

wafer 13. As far as the basic procedure is concerned, but not the use of the
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optical components shown here, this method is known as a "double expo-
sure" method and allows a smaller structures than would be possible with a
conventional "single exposure" method to be microstructured. A double
exposure method which can be used with the projection exposure installa-
tion 1 is disclosed, for example, in the professional article A. Poonawala,
Y. Borodovsky, and P. Milanfar, "ILT for Double Exposure Lithography
with Conventional and Novel Materials", Proceedings of the SPIE Ad-
vanced Lithography Symposium, Feb 2007. In this professional article, the
use of a second field region for receiving the topography of a wafer, as dis-
cussed below, is also explained. Further wafer-monitoring methods which
can be used with the disclosed variants of the projection exposure installa-

tion 1 are explained in US 2007/0080281 A1 and in US 5,268,744.

In an alternatively or additionally possible application of the projection
optical system 8 within the projection exposure installation 1, after the
preparation of the reticle 12 and of the wafer 13, a light-sensitive layer of
the wafer 13 in the first image field 9 is initially exposed with a preparation
light of a first light wavelength, which is coupled into the first image field
9 via the first object field 4 and the field group 20. Subsequently, the light-
sensitive layer prepared in this manner is displaced from the first image
field 9 to the second image field 10, as explained previously in the above.
Subsequently, a structure, arranged in the second object field 5, on the reti-
cle 12 is projected onto the prepared light-sensitive layer of the wafer 13 in
the second image field 10. In this way, a microstructure is produced on the
wafer 13. In a variant of the method, the reticle 12 does not cover the first
object field 4. Alternatively, it is possible to prepare the reticle 12 only af-
ter the preparation of the light-sensitive layer with the preparation light in

the location of the object field 5.
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Irradiation with preparation light may for example be used to make the
light-sensitive layer on the wafer 13 more sensitive for the subsequent irra-

diation process with the illumination light 3.

In an alternatively or additionally possible application of the projection
optical system 8 within the projection exposure installation 1, the sequence
of the exposure of the wafer 13, on the one hand with preparation light and
on the other hand with illumination light, is reversed as compared to the
method explained above. In the first image field 9, the light-sensitive layer
on the wafer 13 is initially exposed with the illumination light 3. After the
displacement of the previously exposed light-sensitive layer on the wafer
13 to the second image field 10, the previously exposed light-sensitive

layer is irradiated with the preparation light in the second image field 10.

In a further application of the projection optical system 8 within the projec-
tion exposure installation 1, the projection optical system 8 has additional
components, which are shown in broken lines in Fig. 2. This includes an
optical sensing means 30, which may for example be a CCD camera. The
optical sensing means 30 is arranged in such a way that the optically sensi-
tive surface thereof encompasses the object field 5 of the field group 21.
The optical sensing means 30 thus encompasses the imaging rays between
the image field 10 and the object field 5. The optical sensing means 30 is in
a signal connection with a central control means 32 of the projection expo-

sure installation 1 via a signal line 31.

Furthermore, for this further application, the projection optical system 8
has within the projection exposure installation 1 a correction means 33 for
the correction of the imaging properties of the field group 20, i.e. of the

field group which is not directly associated with the optical sensing means
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30. In turn, the correction means 33 is in a signal connection with the con-

trol means 32 via a signal line 34.

The correction means 33 may for example be a mirror, which is displace-

able by means of at least one actuator (not shown), or an adjustable stop or

filter element.

In an application of the projection optical system 8 within the projection
exposure installation 1 where the components 30 to 34 are used, the reticle
12 is prepared in the region of the object field 4 and the wafer 13 in the
region of the two image fields 9 and 10. Subsequently, the topography of
the wafer is measured in the image field 10 by means of the optical sensing
means 30. By means of the measured topography and the corresponding
topography data conveyed from the optical sensing means 30 to the control
means 32, the control means 32 calculates a correction value. Subse-
quently, the imaging properties of the projection optical system 8 are cor-
rected on the basis of the calculated correction value by actuating the cor-
rection means 33. Finally, the structure which is arranged in the object field
4, on the reticle 12, is projected onto a light-sensitive layer of the wafer 13

in the image field 9 with the corrected projection optical system 8.

In an alternatively or additionally possible application of the projection
optical system 8 with the additional components 30 to 32, i.e. with the op-
tical sensing means 30, the control means 32 and the associated signal line
31, the reticle is again prepared in the object field 4 and the wafer in the
image fields 9 and 10. Subsequently, the structure which is arranged in the
first object field 4, on the reticle 12, is projected onto a light-sensitive layer
of the wafer 13 in the image field 9 with the projection optical system 8.

Subsequently, the wafer 13 is displaced in such a way that the portion ini-
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tially lying in the image field is transferred into the image field 10. Subse-
quently, the topography, affected by the aforementioned projection, of the
wafer 13 in the image field 10 of the projection optical system 8 is meas-
ured by means of the optical sensing means 30, which is arranged in the
object field 5. In this way, the result of the projection step can be subjected

to an immediate check.

Fig. 4 shows a further embodiment of a projection optical system 8 for use
in the projection exposure installation 1. Components which correspond to
those which have been previously explained with reference to Fig. 1 to 3
have like reference numerals and will not be discussed in detail again. The
applications of the projection optical system of Fig. 4 also correspond to

those which were previously explained in the above, unless otherwise indi-

cated below.

The first field group 20 comprises a total of four mirrors M1a, M2a, M3a
and M4a in the embodiment of Fig. 4. The second field group 21 com-
prises the mirrors M1b, M2b, M3b and M4b, which lie, comparably with
the mirrors M1 and M2 of the embodiment of Fig. 3, on portions, which are
arranged symmetrically in relation to the optical axis 19, of a reflection
surface which is rotationally symmetric about the optical axis 19 and on
which the mirrors M1a, M2a, M3a and M4a also lie in portions respec-
tively spatially separated therefrom. The reflection surfaces of the mirrors
MIla and M1b, the mirrors M2a and M2b, the mirrors M3a and M3b and
the mirrors M4a and M4b thus lie pairwise on the same surface, arranged
rotationally symmetrically in relation to the common optical axis 19. The
separation between the mirrors M4a and M4b is in this case relatively

small as compared to the separations of the mirrors M1 to M3.
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The aperture group 22 comprises the following mirrors M5 to M8, of the
projection optical system 8 of Fig. 4, in the imaging light path.

The mirrors M3a and M3b on the one hand and M6 on the other hand are
arranged back to back as regards the reflection surfaces thereof. The same
applies to the mirrors M1a and M1b on the one hand and M4a and M4b on
the other hand.

The pupil plane 23 lies in the light path between the mirrors M5 and M6
close behind the reflection of the individual rays 25 on the mirror M5. The
intermediate image plane 26 lies in the light path between the mirrors M6
and M7. This plane lies spatially in between the mirrors M5 to M8, which
are likewise used back-to-back as regards the reflection surfaces thereof. In
the embodiment of Fig. 4, the exit pupil plane 29 is in the region of the re-

flection of the individual rays 25 on the mirror M7.

The projection optical system 8 of Fig. 4 has a root mean square (rms)
maximum wavefront error of 0.6 nm, a distortion which is less than 1nm,

and a pupil obscuration of 6 %.

The mirrors M1, M4 and M5 are convex. The mirrors M2, M3, M6, M7
and M8 are concave. The mirrors M5 to M8 each comprise a central

through-opening 27, and are therefore obscured.

The projection lens system 8 of Fig. 4 also has a reduction scale of 8. The

image-side numerical aperture of the projection lens system 8 of Fig. 4 is

0.60.
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The optical data for the projection optical system 8 of Fig. 4 are shown in

the following by means of two tables, which correspond in terms of their

layout to the tables for Fig. 3.

Operating

Surface Radius Thickness mode
Object plane] INFINITY  182.885

1 312.514 -135.045 |[REFL
M2 461.057 514.193 REFL

3 -089.211 -295.490 [REFL
M4 -210.779 875.015 REFL

5 760.298 -545.015 |REFL
M6 698.490 798.704 REFL
M7 -576.011 -19.744 REFL

STOP INFINITY -173.945
M8 347.848 224.078 REFL
Image plane INFINITY 0.000
5

Surface | K A B C
M 1 0.000000E+00 2.054833E-08 -4.009641E-137.171735E-17
M 2 0.000000E+00 3.334553E-10 -7.634038E-151.024823E-19
M 3 0.000000E+00 -5.191038E-10-4.805715E-161.117253E-19
M 4 0.000000E+00 -8.530524E-08 -7.872800E-12-8.643400E-16
M 5 0.000000E+00 -9.493122E-10-4.519746E-142.842871E-19
M 6 0.000000E+00 1.067524E-10 3.344389E-16 8.381905E-22
M 7 0.000000E+00 3.431647E-10 -3.006760E-151.681919E-19
M 8 0.000000E+00 -5.212207E-09-4.936095E-143.981107E-19
Surface | D E F G
M 1 -2.913353E-211.088107E-25 0.000000E+00 0.000000E+00
M 2 -9.460244E-253.872599E-30 0.000000E+00 0.000000E+00
M 3 -1.418804E-249.313360E-30 0.000000E+00 0.000000E+00
M 4 -1.810090E-20-3.582650E-23 0.000000E+00 0.000000E+00
M 5 -9.298310E-24-1.362975E-28 0.000000E+00 0.000000E+00
M 6 2.378219E-27 2.644241E-33 3.062582E-38 0.000000E+00
M 7 -1.186133E-242.512989E-29 0.000000E+00 0.000000E+00
M 8 3.278180E-24 -3.575793E-290.000000E+00 0.000000E+00
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In the projection optical system 8 of Fig. 4, the distance A (cf. also Fig. 9
and 10) between the two object fields 4, 5 is 88.308 mm.

A further embodiment of a projection optical system 8 is disclosed in the
following by means of Fig. 5. Components which correspond to those
which have been previously explained with reference to Fig. 1 to 4 have
like reference numerals and will not be discussed in detail again. The ap-
plications of the projection optical system of Fig. 5 also correspond to
those which were previously explained in the above, unless otherwise indi-

cated below.

Proceeding from the object fields 4, 5, the projection optical system 8 of
Fig. 5 first has two field groups 20, 21 with mirrors M1a, M2a on one side
and M1b, M2b on the other, which are similar in construction to the field

groups 20, 21 of the embodiment of Fig. 3.

The embodiment of Fig. 5 has, arranged after the two field groups 20, 21,
two further field groups 35, 36, respectively comprising four mirrors M3a,
M4a, M5a, M6a on one side and M3b, M4b, M5b, M6b on the other. The
field group 35 is in this case arranged after the field group 20 in the light
path of the individual rays 25 proceeding from the object field. The field
group 36 is arranged after the field group 21 in the light path of the indi-
vidual rays 25 proceeding from the object field 5. In Fig. 5, the field group
35 lies above the optical axis 19 and the field group 36 lies below the opti-
cal axis 19. In turn, the mirrors M1 to M6 of the field groups 20, 21, 35, 36
each comprise two mirrors a/b which are outside the axis and of which the
reflection surfaces lie on a common surface which is rotationally symmet-

rical in relation to the common optical axis 19.
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A first pupil plane 37 of the projection optical system 8 of Fig. 5 lies be-
tween the field groups 20 and 35 on the one hand and 21 and 36 on the
other hand. After the first pupil plane 37, the beams of individual rays as-
sociated with the two object fields 4, 5 separate completely again, in such a
way that the following first mirrors M3a/b of the field groups 35, 36 are

also spatially separated from one another.

The mirrors M1a and M1b on the one hand and M4a and M4b on the other
lie back to back as regards the reflection surfaces thereof. The same applies
to the mirrors M3a and M3b on the one hand and M6a and M6b on the

other hand.

The mirrors M1, M4, M5, M8, M9 and M10 are concave. The mirrors M2,
M3, M6 and M7 are convex.

The mirrors M7 to M10 belong to the aperture group 22 of the projection
optical system of Fig. 5. The mirrors M7 to M10 each comprise a central

through-opening 27, and are therefore obscured.

In the light path between the mirrors M5a and M6a on the one hand and
MS5b and M6b on the other lies a first intermediate image plane 38 of the
projection optical system 8. In the vicinity of the reflection of the individ-
val rays 25 on the mirror M7 lies a further pupil plane 39, which corre-
sponds approximately to the pupil plane 23 of the embodiment of Fig. 4..
In the light path between the mirrors M8 and M9 lies a further intermediate
image plane 40 of the projection optical system 8 of Fig. 5. This further

intermediate image plane 40 lies spatially in between the mirrors M7 and

M10.
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As regards the reflection surfaces thereof, the mirrors MSa and M5b on the
one hand and M8 on the other hand are arranged back-to-back relative to
one another. As regards the reflection surfaces thereof, the mirrors M7 and

M10 are arranged back-to-back relative to one another.

The exit pupil plane 29 is arranged in the vicinity of the reflection of the

individual rays 25 on the mirror M9.

The projection optical system 8 of Fig. 5 has reduction scale of 8x and a
numerical aperture of 0.80. The root mean square (rms) of a wavefront er-
ror is 2 nm. The distortion is at most 1.5 nm and the pupil obscuration is 9

%.

The optical data for the projection optical system 8 of Fig. 5 are shown in
the following by means of two tables, which correspond in terms of their

layout to the tables for Fig. 3.

Operating

Surface Radius Thickness |mode
Object plane{ INFINITY  231.437

M1 -288.093 -103.544 [REFL
M2 -377.155 292.180 REFL
M3 448.302 -138.636  |REFL
M4 454.8 523.231 REFL
M5 -589.203 -216.254  |REFL
M6 -145.829 1018.283 |REFL
M7 2703.619 -649.781  [REFL
M8 012.571 920.886 REFL
M9 -812.217 -31.279 REFL

STOP INFINITY -179.826

M10 359.686 256.105 REFL
Image plane INFINITY 0.000
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Surface K A B C
M1 0.000000E+00-2.770331E-09 -1.945643E-131.458478E-17
M2 0.000000E+00-5.212535E-09 1.710190E-12 -8.085597E-16
M3 0.000000E+00-3.752077E-08 5.246057E-14 -6.894048E-17
M4 0.000000E+00-2.462750E-09 -3.344608E-14 -1.092346E-19
M5 0.000000E+00-5.521295E-10 -4.038243E-146.719521E-19
M6 0.000000E+00-3.262600E-07 -1.087971E-10-1.914029E-14
M7 0.000000E+004.368648E-10 -1.436480E-15-9.017326E-21
M8 0.000000E+004.738372E-11 6.475997E-17 8.529830E-23
M9 0.000000E+00 1.300125E-09 -3.133782E-152.232463E-19
M10 0.000000E+00-1.582356E-09 -1.336421E-14-2.713010E-20
Surface| D E F G
M1 -1.046226E-21 5.585585E-26 -2.261643E-30 4.656384E-35
M2 5.785045E-19 -1.744933E-22 3.203600E-26 -2.339477E-30
M3 1.505618E-20 -1.372039E-24 6.258658E-29 -1.139523E-33
M4 -1.945640E-23 1.214453E-28 3.518208E-33 -1.581797E-37
M35 -1.134436E-23 2.244576E-28 -2.347477E-33 1.853695E-39
M6 8.830341E-18 -1.561330E-20 6.912490E-24 -8.162979E-27
M7 8.083936E-26 -5.639881E-303.439245E-35 -4.819066E-40
M8 1.142674E-28 4.929596E-35 2.814036E-40 5.135289E-46
M9 -3.720192E-24 5.185605E-29 -4.428414E-34 1.816673E-39
MI10  |4.748659E-25 -1.040642E-29 5.109331E-35 -4.742038E-41
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In the projection optical system 8 of Fig. 5, the distance A (cf. also Fig. 9
and 10) between the two object fields 4, 5 is 104 mm.

Fig. 6 shows a further embodiment of a projection optical system 8, in a
view similar to that of Fig. 2. Components which correspond to those
which have been previously explained with reference to Fig. 1 to 5 have
like reference numerals and will not be discussed in detail again. The same

applies to the applications of the projection optical system 8 of Fig. 6.

In the embodiment of Fig. 6, the two object fields 4, 5 and the two image
fields 9, 10 are spatially separated from one another. The arrangement of
the two field groups 20, 21 on the object field side corresponds to the ar-
rangement of Fig. 2. The projection optical system 8 of Fig. 6 has an aper-
ture group 41, between the first pupil plane 23 and a further pupil plane 42,
as a third component group. Between the further pupil plane 42 and one of
the two image fields 9, 10 in each case lie two further field groups 43, 44.
In the schematic view of the projection optical system 8 of Fig. 6, the ar-
rangement of the component groups 20, 21, 41, 43, 44 is thus reflectionally

symmetric in relation to an xy-plane intersecting the aperture group 41 cen-

trally.

The field group 44 may, as is shown in broken lines in Fig. 6, be config-
ured in such a way that an image plane 11a of the field group 44 is sepa-
rated from the image plane 11 of the image field 9 by a distance AF. In the
embodiment of Fig. 6, the image plane 11a of the image field 10a is dis-
placed in the positive z direction relative to the image plane 11 of the im-
age field 9. This displacement AF may for example only be a few microme-
tres. It is thus possible to produce images at different depths in the light-

sensitive layer on the wafer 13, within the scope of a double exposure
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method as described above. In this way, it is possible to produce a three-
dimensional structure in the wafer 13 by means of appropriately selected

reticle constructions in the object fields 4 and 5.

Fig. 7 shows a further embodiment of a projection optical system 8, in a
view similar to that of Fig. 2. Components which correspond to those
which have been previously explained with reference to Fig. 1 to 6 have
like reference numerals and will not be discussed in detail again. The same

applies to the applications of the projection optical system 8 of Fig. 7.

In the projection optical system 8 of Fig. 7, between the object fields 4 and
5 and the field groups 20, 21, there first lies an aperture group 45, in which
the light beams 15, 16 are guided together. The light beams 15, 16 separate
only after a first pupil plane 46, and then enter the field group 20, 21.

The field group 21, for example, may in turn contain an optical correction
means 33, the function of which is identical to that which has already been

explained in relation to the projection optical system 8 of Fig. 2.

Fig. 8 shows a further embodiment of a projection optical system 8, in a
view similar to that of Fig. 2. Components which correspond to those
which have been previously explained with reference to Fig. 1 to 7 have
like reference numerals and will not be discussed in detail again. The same

applies to the applications of the projection optical system 8 of Fig. 8.

In the embodiment of Fig. 8, the two field groups 20, 21 belong to object
fields 4a, 5a, of which the object planes 6a, 6b extend parallel to one an-
other and are at a distance from one another. The field group 20 is config-

ured, in terms of the optical construction thereof, for a different wavelength
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to that of the field group 21, for example for preparation or measurement
light. In this case, the light beam 15 is preparation light, which may have a
different wavelength to that of the illumination light, i.e. the light beam 16.

The projection optical system 8 of Fig. 8, which is otherwise constructed in
the same way as the one in Fig. 2, is suitable in particular for the method
previously disclosed above for correcting imaging properties by means of
measured topography data and for checking, after a projection exposure

procedure, the topography produced thereby on the substrate 13.

In general, the field groups have a smaller aperture than the aperture groups

within one of the previously disclosed embodiments of the projection opti-

cal system 8.

Fig. 9 and 10 serve to illustrate a definition of the distance A between the
object fields 4, 5. Fig. 9 thus shows the case where the object fields 4, 5 are

ring fields, and Fig. 10 shows the case where the object fields 4, 5 are rec-

tangular fields.

In the case of ring fields, where the object fields 4, 5 are thus delimited
inter alia by inner arcs which face the optical axis 19, the distance A is de-
fined as the distance between the two points, on the two arcs, at the central
height (x = 0) in the object fields 4, 5. In the case where the two inner arcs
are concentric about the optical axis 19, this distance A is accordingly de-
fined as twice the radius R of the inner arcs which delimit the ring fields. In
the case of the rectangular object fields 4, 5, the distance A is defined as

the distance between the two longitudinal edges, facing one another, of the

object fields 4, 5.
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Imaging optical system (8), which comprises exclusively mirrors as
beam-guiding optical components (M1 to M6; M1 to M8; M1 to M10)
and images at least one object field (4, 5) in at least one object plane
(6; 6a, 6b) into at least one image field (9, 10) in at least one image
plane (11; 11, 11a),

characterised by at least two object fields (4, 5; 4a, 5a), which are
spatially separated from one another and with which two image fields
(9, 10; 9a, 10a), which are likewise spatially separated from one an-
other, are associated, there being at least one optical component (M3 to
Mé6; M5 to M8; M7 to M10) of the imaging optical system (8) which is
used jointly by the imaging light paths, which are separate at least in
portions and which are present between the object fields (4, 5; 4a, Sa),
which are arranged separately from one another, and the image fields

(9, 10; 9a, 10a), which are arranged separately from one another.

Imaging optical system (8), which is configured as an inline system, of
which the components (M1 to M6; M1 to M8; M1 to M10) can there-
fore all be associated with one and the same continuous optical axis
(19), and which images at least one object field (4, 5; 4a, 5a) in at least
one object plane (6; 6a, 6b) into at least one image field (9, 10; 9, 10a)
in at least one image plane (11; 11, 11a),

characterised by at least two object fields (4, 5; 4a, 5a), which are
spatially separated from one another and with which two image fields
(9, 10; 9a, 10a), which are likewise spatially separated from one an-
other, are associated, the imaging light paths between the at least two
object fields and the at least two image fields jointly using at least one

pupil plane of the imaging optical system.
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Imaging optical system according to either claim 1 or claim 2, charac-
terised by a construction consisting of at least three component groups
(20, 21, 22; 20, 21, 41, 43, 44; 45, 20, 21, 22; 35, 36), each of the com-
ponent groups (20, 21, 22; 20, 21, 41, 43, 44; 45, 20, 21, 22; 35, 36)
being able to be associated with a type from the two following groups:
- afield type (20, 21; 20, 21, 43, 44; 35, 36), in which imaging rays
(25) proceeding from precisely one object field (4, 5; 4a, 5a) are
guided;
- an aperture type (22; 41; 45), in which imaging rays (25), proceed-
ing from all object fields (4, 5; 4a, 5a) are guided.

Imaging optical system according to claims 2 and 3, characterised in
that at least one of the component groups (20, 21, 22; 20, 21, 41, 43,
44; 45, 20, 21, 22; 35, 36) comprises exclusively mirrors (M1 to M6;
M1 to M8; M1 to M10).

Imaging optical system according to either claim 3 or claim 4, charac-
terised in that the at least one field component group (20, 21; 20, 21,
43, 44; 35, 36) has a lower numerical aperture than the at least one ap-

erture component group (22; 41).

Imaging optical system according to any one of claims 3 to 5, charac-

terised by precisely two object fields (4, 5; 4a, 5a), precisely two im-

age fields (9, 10) and at least three component groups (20, 21, 22; 20,

21, 41, 43, 44, 45, 20, 21, 22; 35, 36),

- two field component groups (20, 21) each being arranged between
one of the two object fields (4, 5; 4a, S5a) and a pupil plane (23) of
the imaging optical system (8), and



WO 2009/052925 PCT/EP2008/008336

10

15

20

25

7.

8.

10.

-35-

- an aperture component group (22) being arranged between the pu-
pil plane (23) and the two image fields (9, 10).

Imaging optical system according to claim 6, characterised in that

- two field component groups (20, 21) are each arranged between
one of the two object fields (4, 5) and a pupil plane (37) of the im-
aging optical system (8),

- two further field component groups (43, 44) are arranged between
this pupil plane (37) and a further pupil plane (39) of the imaging
optical system (8),

- an aperture component group (23) is arranged between the further
pupil plane (39) and the two image fields (9, 10).

Imaging optical system according to any one of claims 1 to 7, charac-
terised in that the imaging optical system (8) is configured for a dif-
ferent wavelength of imaging rays (25) in the light path between the
first object field (4; 4a) and the associated first image field (9) from
those in the light path between the second object field (5; 5a) and the

associated second image field (10; 10a).

Imaging optical system according to any one of claims 1 to 8, charac-
terised in that the two object fields (4a, 5a) are arranged in object

planes (6a, 6b) which are at a distance from one another.

Imaging optical system according to any one of claims 1 to 9, charac-
terised in that a two-dimensional optical sensing means (30) is ar-
ranged in one of the two object fields (5) and senses imaging rays (16)

between the image field (10) associated with this object field (5) and
said object field (5).
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Imaging optical system according to claim 10, characterised by

- acorrection means (33) for correcting the imaging properties of a
component group (20) of the imaging optical system (8) in the im-
aging light path between the object field (4) and the image field (9)
in which the optical sensing means (30) is not arranged,

- acontrol means (32), which is in a signal connection (31, 34) with

the optical sensing means (30) and the correction means (33).

Imaging optical system according to any one of claims 1 to 11, charac-

terised by precisely two object fields (4, 5), precisely two image fields

(9, 10; 9, 10a) and at least three component groups (20, 21, 41, 43, 44),

one aperture component group (41) being arranged between the two

object fields (4, 5) and a pupil plane (42), and

- at least two field component groups (43, 44) each being arranged
between the pupil plane (42) and one of the two image fields (9,
10; 9, 10a).

Imaging optical system according to claim 12, characterised in that
the two field component groups (43, 44) are configured in such a way
that the second image field (10a) is arranged at a distance from the im-

age plane (11) of the first image field (9).

Imaging optical system according to claim 13, characterised in that
the two field component groups (43, 44) are configured in such a way
that the image field plane (11a) of the second image field (10a) is ar-
ranged parallel to and at a distance from the image field plane (11) of

the first image field (9).
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Imaging optical system according to any one of claims 1 to 14, charac-
terised by precisely two object fields (4, 5), precisely two image fields
(9, 10; 9, 10a), and precisely five component groups (20, 21, 41, 43,
44),

- two field component groups (20, 21) each being arranged between
one of the two object fields (4, 5) and a pupil plane (23) of the im-
aging optical system (8),

- an aperture component group being arranged between this pupil
plane (23) and a further pupil plane (42) of the imaging optical sys-
tem (8), and

- two further field component groups (43, 44) each being arranged
between the further pupil plane (42) and one of the two image
fields (9, 10; 9, 10a).

Imaging optical system according to any one of claims I to 11, charac-
terised by precisely two object fields (4, 5), precisely two image fields
(9, 10) and precisely four component groups (45, 20, 21, 22),

an aperture component group (45) being arranged between the two

object fields (4, 5) and a first pupil plane (46) of the imaging opti-

cal system (8),

- two field component groups (20, 21) each being arranged between
this pupil plane (46) and a further pupil plane (23) of the imaging
optical system (8),

- a further aperture component group (22) being arranged between

the further pupil plane (23) and the two image fields (9, 10).

Imaging optical system according to any one of claims 4 to 16, charac-
terised in that reflection surfaces of the mirrors (Mla/b, M2a/b,
M3a/b, M4a/b, M5a/b, M6a/b) of field mirror groups (20, 21; 20, 21,
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35, 36; 20, 21, 43, 44) are in each case configured as pairs of surface
portions of a surface which is rotationally symmetric in relation to a

common axis (19).

Imaging optical system according to any one of claims 4 to 17, charac-
terised in that the at least one aperture component group (22; 41; 22;
45) is configured as an obscured-pupil system, i.e. as a mirror group

with internal pupil shadowing.

Imaging optical system according to any one of claims 1 to 18, charac-
terised in that at least one of the fields (4, 5, 9, 10; 4a, 5a; 9, 10a) is

configured as a ring field.

Projection exposure installation (1) for microlithography

- comprising an imaging optical system (8) according to any one of
claims 1 to 19,

- comprising a light source (2) for illumination and imaging light
(3), and

- comprising an illumination optical system (7) for guiding the illu-
mination light (3) to at least one of the object fields (4, 5) of the

imaging optical system (8).

Projection exposure installation according to claim 20, characterised

in that the light source (2) is configured as an EUV light source.

Method for the production of a microstructured component with the
projection exposure installation (1) according to either claim 20 or
claim 21, comprising the following steps:

- providing a reticle (12) and a wafer (13),
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projecting a structure, arranged in the first object field (4), on the
reticle (12) onto a light-sensitive layer of the wafer (13) in the first
image field (9),

displacing the exposed light-sensitive layer from the first image
field (9) to the second image field (10; 10a)

projecting a structure, arranged in the second object field (5), on
the reticle (12) onto a previously exposed light-sensitive layer of
the wafer (13) in the second image field (10; 10a),

producing a microstructure on the wafer (13).

Method for the production of a microstructured component with the

projection exposure installation (1) according to either claim 20 or

claim 21, comprising the following steps:

providing a reticle (12) and a wafer (13),

Exposing a light-sensitive layer of the wafer (13) in the first image
field (9) with the imaging optical system (8) with preparation light
(15),

Displacing the prepared light-sensitive layer from the first image
field (9) to the second image field (10; 10a),

projecting a structure, arranged in the second object field (5), on
the reticle (12) onto the prepared light-sensitive layer of the wafer
(13) in the second image field (10; 10a) with the projection expo-
sure installation (1),

producing a microstructure on the wafer (13).

Method for the production of a microstructured component with the

projection exposure installation (1) according to either claim 20 or

claim 21, comprising the following steps:

providing a reticle (12) and a wafer (13),
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- projecting a structure, arranged in the first object field (4), on the
reticle (12) onto a light-sensitive layer of the wafer (13) in the first
image field (9),

- displacing the exposed light-sensitive layer from the first image
field (9) to the second image field (10; 10a)

-  exposing the previously exposed light-sensitive layer of the wafer
(13) in the second image field (10; 10a) with the imaging optical
system (8) with preparation light (16),

- producing a microstructure on the wafer (13).

Method for the production of a microstructured component with the
projection exposure installation (1) according to either claim 20 or
claim 21, with an imaging optical system according to claim 11, com-
prising the following steps:

- providing a reticle (12) and a wafer (13),

- measuring the topography or a position of the wafer (13) in a first
one of the image fields (10) using the optical sensing means (30),
which is arranged a further object field (5) associated with this im-
age field (10),

- calculating a correction value in the control means (32) by means
of the topography data or position data conveyed from the optical
sensing means (30),

- correcting imaging properties of the imaging optical system (8) by
controlling the correction means (33) on the basis of the calculated
correction value,

- projecting a structure, arranged in the first object field (4) of the
imaging optical system (8), on the reticle (12) onto a light-sensitive
layer of the wafer (13) in the associated image field (9) with the

corrected imaging optical system (8).
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26. Method for the production of a microstructured component with the

projection exposure installation (1) according to either claim 20 or

claim 21, with an imaging optical system according to claim 10, com-

prising the following steps:

providing a reticle (12) and a wafer (13),

projecting a structure, arranged in the first object field (4) of the
imaging optical system (8), on the reticle (12) onto a light-sensitive
layer of the wafer (13) in the associated image field (9) with the
corrected imaging optical system (8),

displacing the exposed light-sensitive layer of the wafer (13) to the
second image field (10),

measuring the topography, influenced by the projection procedure,
of the wafer (13) in the second image field (10) of the imaging op-
tical system (8), by means of the optical sensing means (30) which
is arranged in the object field (5), associated with the second image

field (10), of the imaging optical system (8).
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