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(57) Abstract: An assembly for a projection
exposure apparatus for EUV projection
lithography has an illumination optical unit
for guiding illumination light to an illumina-
tion field, in which a lithography mask can
be arranged. The illumination optical unit
comprises a first facet mirror (19), which
comprises a plurality of mirror arrays (26)
with respectively a plurality of individual
mirrors (27). The individual mirrors (27)
provide individual mirror illumination chan-
nels for guiding illumination light partial
beams to the illumination field. The mirror
arrays (26) of the first facet mirror (19) are
arranged in an array superstructure. Gaps
(28) extend along at least one main direction
(HR ) between neighboring ones of the mir-
ror arrays (26). Furthermore, the illumina-
tion optical unit comprises a second facet
mirror, which comprises a plurality of fa-
cets, which respectively contribute to ima-
ging a group of the individual mirrors (27)
of the field facet mirror (19) into the illu-
mination field via a group mirror illumina-
tion channel. The assembly furthermore
comprises a projection optical unit for ima-

ging an object tield, which is arranged in the illumination field, into an image field, and an object holder for holding the lithography
mask in the object field, which object holder can be displaced along a displacement direction (y). The at least one main direction
(HRo) includes a smallest angle (o) with the displacement direction (y), which smallest angle is in the range between 20° and 44°.
This results in an assembly in which gaps between the mirror arrays, if anything, have small negative effects on the homogeneity of
an illumination of the illumination field.
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Assembly for a projection exposure apparatus for EUV projection li-

thography

The contents of German patent application DE 10 2012 207 866.5 are in-

corporated by reference.

The invention relates to an assembly for a projection exposure apparatus
for EUV projection lithography. Furthermore, the invention relates to a
projection exposure apparatus with such an assembly, a method for produc-
ing a microstructured or nanostructured component, in particular a semi-
conductor chip, with the aid of such a projection exposure apparatus and a
microstructured or nanostructured component produced by means of this

method.

An illumination optical unit of the type mentioned at the outset is known
from US 2011/0001947 A1. Assemblies for projection exposure appara-
tuses are known from US 2011/0 235 015 A1l and DE 10 2009 030 501 Al.

It is an object of the present invention to develop an assembly of the type
mentioned at the outset in such a way that gaps between the mirror arrays,
if anything, have small negative effects on the homogeneity of an illumina-

tion of the illumination field by means of the illumination optical unit.

According to the invention, this object is achieved by an assembly for a

projection exposure apparatus for EUV projection lithography

- with an i1llumination optical unit for guiding illumination light to an
illumination field, in which a lithography mask can be arranged,

- wherein the illumination optical unit comprises:

--  a first facet mirror,
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--- which comprises a plurality of mirror arrays with respectively
a plurality of individual mirrors which provide individual mir-
ror illumination channels for guiding illumination light partial
beams to the illumination field,

--- wherein the mirror arrays of the first facet mirror are arranged
in an array superstructure,

--- wherein gaps extend along at least one main direction between
neighboring ones of the mirror arrays,

-- asecond facet mirror, which is arranged downstream of the first
facet mirror in the beam path of the illumination light and com-
prises a plurality of facets, which respectively contribute to imag-
ing a group of the individual mirrors of the field facet mirror into
the illumination field via a group mirror illumination channel,
wherein the images of the individual mirrors complement one an-
other in the illumination field to form the whole illumination field,

- with a projection optical unit for imaging an object field, which is ar-
ranged in the illumination field, into an image field,

- with an object holder for holding the lithography mask in the object
field, which object holder can be displaced along a displacement direc-
tion by means of an object displacement drive,

- wherein for the at least one main direction, which includes a smallest
angle with the displacement direction, said angle is in the range be-

tween 20° and 44°.

What was initially identified is that, for making the illumination of the il-
lumination field more homogeneous, it is advantageous to prescribe a
smallest angle between the main direction of the gaps between neighboring
mirror arrays and the displacement direction, which angle is greater than 0.

A surprising discovery continuing from this was the fact that it is not a 45°
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orientation of the main direction of the gaps to the displacement direction
that brings about the greatest homogenization effect, but rather that it is
substantially advantageous to select a smallest angle between the main di-
rection of the gaps and the displacement direction, which lies in the range
between 20° and 44°. This ensures that the gap effects during scanning of
the respective object point on the lithography mask average through the
object field in such a way that good scan-integrated homogenization of the
illumination of each object point, when the latter is displaced through the
whole object field, is ensured. A width of the gaps between the neighboring
mirror arrays is significantly greater than the distance between two
neighboring individual mirrors within respectively one of the mirror arrays.
The images of the individual mirrors complement one another in the illu-
mination field to form the whole illumination field in such a way that every
individual mirror image constitutes its own illumination field section. The
illumination field sections of the respective individual mirror images do not
overlap in the case of perfect imaging in the illumination field, but rather
have a distance from one another, which, true to the imaging scale, corre-

sponds to the distance of the individual mirrors from one another.

For the purposes of targeted illumination of a given second facet mirror by
a given individual mirror of the first facet mirror, the individual mirrors can
be designed to be tiltable about one axis or about two axes. Here, the indi-
vidual mirrors can be tiltable in such a way that, proceeding from an un-
tilted neutral position, they can be tilted in both directions about the respec-
tive tilt axis by a predetermined tilt angle. Angular ranges, in which the
smallest angle between the main direction and the displacement direction
lies in the range between 30° and 44°, in which the smallest angle between
the main direction and the displacement direction lies in the range between

35° and 40°, and in which the smallest angle between the main direction
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and the displacement direction lies in the range of 37°, have been found to

be particularly advantageous for homogenizing the illumination.

An extent ratio, in which an extent of the individual mirror group perpen-
5 dicular to the scanning direction is not an integer multiple of a maximum
extent of the mirror arrays perpendicular to the scanning direction, ensures
that there is no undesired resonance effect between the extent of the mirror
array perpendicular to the scanning direction and the extent of the individ-
ual mirror groups. Avoiding an integer extent ratio improves the averaging
10 effect, since not all individual mirror groups are pervaded in exactly the

same way by gaps between the mirror arrays.

A curved group reflection surface, in which the individual mirrors of re-
spectively one of the individual mirror groups have a tiltable design and are
15 arranged in such a way that they form an overall curved group reflection
surface in an untilted neutral position, enables an extent of the predeter-
mined regions in an arrangement plane of the second facet mirror with
smallest possible tilt angles for the individual mirrors. Joints of the indi-
vidual mirrors can then advantageously be designed with a high thermal
20  transmission capacity such that heat, which, in particular, is deposited on
the individual mirrors by a residual absorption of the illumination light
thereon, can be dissipated in an effective manner. Even in the case of an
overall curved group reflection surface, the individual individual-mirrors
can respectively have non-curved, i.e. planar, reflection surfaces.
25
The advantages of a projection exposure apparatus
- with an assembly according to the invention,

- with an EUV light source,
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- with a wafer holder for holding a wafer in the image field, which wafer
holder can be displaced along the displacement direction by means of a
wafer displacement drive,

and a method for producing a microstructured or nanostructured compo-

nent, comprising the following method steps:

- providing a wafer, onto which a layer made of a light-sensitive material
is applied at least in part,

- providing a reticle, which has structures to be imaged,

- providing a projection exposure apparatus as described above,

- projecting at least part of the reticle onto a region of the layer with the
aid of a projection optical unit of the projection exposure apparatus,

correspond to those which were already explained above with reference to

the assembly according to the invention.

A microstructured or nanostructured component, produced by a method as
described above, can be produced with an extremely high structure resolu-
tion. By way of example, this makes it possible to produce a semiconductor

chip with an extremely high integration or storage density.

Exemplary embodiments of the invention will be explained in more detail

below on the basis of the drawing. In detail:

Figure 1 schematically shows a meridional section through a projec-

tion exposure apparatus for EUV projection lithography;

Figure 2 schematically shows a top view of a section of a field facet
mirror, made up of individual mirrors, comprising four
mirror arrays, which field facet mirror is designed for use

in the projection exposure apparatus according to Figure 1,
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wherein a main direction HRa of gaps between neighbor-
ing ones of the mirror arrays includes a smallest angle of
37° with a displacement direction y of an object holder of

the projection exposure apparatus;

shows a view of a section of an individual mirror row of
the facet mirror according to Figure 2 from the viewing di-

rection III in Figure 2;

Figures 4 and 5 very schematically show, in two different configurations,

Figure 6

Figure 7

different forms of a row reflection surface formed from the
individual mirrors of the individual mirror row illustrated

in Figure 3;

shows a further configuration of the individual mirror row,
wherein reflected illumination light rays over a possible tilt
angle region of two selected individual mirrors are illus-

trated;

shows a top view of a section of an embodiment of a field
facet mirror made up of individual mirrors, with an exem-
plary grouping of the individual mirrors into an arrange-
ment of individual mirror groups, wherein, in exemplary
fashion, an assignment of some of the individual mirror
groups to second facets of a second facet mirror, likewise
illustrated in a top view to the left-hand side in Figure 7,
via group mirror illumination channels is also indicated;

and
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Figures 8 to 10 show further variants of an angle between the main direc-
tion HRa of the gaps between neighboring ones of the mir-

ror arrays and the displacement direction.

Figure 1 schematically shows a projection exposure apparatus 1 for micro-
lithography in a meridional section. The projection exposure apparatus 1
includes a light or radiation source 2. An illumination system 3 of the pro-
jection exposure apparatus 1 comprises an illumination optical unit 4 for
exposing an illumination field, which coincides with an object field 5, in an
object plane 6. The illumination field can also be larger than the object
field 5. What is exposed here is an object in the form of a reticle 7, which is
held by an object or reticle holder 8 and is arranged in the object field 5.
The reticle 7 is also referred to as lithography mask. The object holder 8
can be displaced along a displacement direction by means of an object dis-
placement drive 9. A projection optical unit 10 serves for imaging the ob-
ject field 5 into an image field 11 in an image plane 12. A structure on the
reticle 7 is imaged onto a light-sensitive layer of a wafer 13 arranged in the
region of the image field 11 in the image plane 12. The wafer 13 is held by
a wafer holder 14. The wafer holder 14 can, synchronized to the object
holder 8, likewise be displaced along the displacement direction by means

of a wafer displacement drive 15.

The radiation source 2 is an EUV radiation source with an emitted used
radiation in the range between 5 nm and 30 nm. Here, this can be a plasma
source, for example a GDPP source (gas discharge-produced plasma) or an
LPP source (laser-produced plasma). A radiation source which is based on
a synchrotron or on a free electron laser (FEL) can also be used as radiation
source 2. By way of example, a person skilled in the art finds information

in respect of such a radiation source in US 6,859,515 B2. EUV radiation
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16, which is emitted by the radiation source 2, is focused by a collector 17.
A corresponding collector is known from EP 1 225 481 A. After the collec-
tor 17, the EUV radiation 16 propagates through an intermediate focus
plane 18, before it is incident on a field facet mirror 19. The field facet mir-
ror 19 is a first facet mirror of the illumination optical unit 4. The field
facet mirror 19 has a multiplicity of individual mirrors, which are not illus-
trated in Figure 1. The field facet mirror 19 is arranged in a plane of the
illumination optical unit 4, which is optically conjugate to the object plane

0.

In the following text, the EUV radiation 16 is also referred to as illumina-

tion light or imaging light.

After the field facet mirror 19, the EUV radiation 16 is reflected by a pupil
facet mirror 20. The pupil facet mirror 20 is a second facet mirror of the
illumination optical unit 4. The pupil facet mirror 20 is arranged in a pupil
plane of the illumination optical unit 4, which is optically conjugate to the
intermediate focus plane 18 and to a pupil plane of the projection optical
unit 10, or coincides with this pupil plane. The pupil facet mirror 20 has a
plurality of pupil facets, which are not illustrated in Figure 1. With the aid
of the pupil facets of the pupil facet mirror 20 and a subsequent imaging
optical assembly in the form of a transmission optical unit 21 with mirrors
22,23 and 24, denoted in the sequence of the beam path, individual mirror
groups 25 (see Figure 7), which will still be described in more detail below,
of the field facet mirror 19 are imaged into the object field 5. The last mir-

ror 24 of the transmission optical unit 21 is a grazing-incidence mirror.

In order to simplify the description of positional relations, a Cartesian xyz-

coordinate system is plotted in Figure 1 as a global coordinate system for
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the description of the positional relations of components of the projection
exposure apparatus 1 between the object plane 6 and the image plane 12. In
Figure 1, the x-axis extends perpendicular to the plane of the drawing and
into the latter. The y-axis extends toward the right in Figure 1 and parallel
to the displacement direction of the object holder 9 and of the wafer holder
14. In Figure 1, the z-axis extends downward, i.e. perpendicular to the ob-

ject plane 6 and to the image plane 12.

The x-dimension over the object field 5 or the image field 11 is also re-

ferred to as field height.

Figure 2 shows details of the design of a section of the field facet mirror 19
in a very schematic illustration. In order to simplify the description of posi-
tional relations, a Cartesian xyz-coordinate system is plotted in Figure 2 as
a local coordinate system of the field facet mirror 19. Corresponding local
xyz-coordinate systems or coordinate axes are also found in some of the
following figures. The y-direction of the global coordinate system accord-
ing to Figure 1, i.e. the displacement direction for the reticle 7 and the wa-
fer 13, and the y-direction of the local coordinate system according to Fig-

ure 2 extend precisely parallel to one another.

An overall reflection surface of the field facet mirror 19 is subdivided into
a plurality of mirror arrays 26, of which four mirror arrays 26 are illus-
trated in Figure 2. The overall field facet mirror 19 has a multiplicity of
such mirror arrays, e.g. approximately 100 of such mirror arrays 26. The
mirror arrays 26 are in turn respectively subdivided into rows and columns
to form a grid of individual mirrors 27. Each of the mirror arrays 26 is con-
figured as a 10x10 array of individual mirrors 27, i.e. has 100 individual

mirrors 27. Partial beams of the illumination light 16 are guided over the
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respective individual mirrors 27. Perpendicular to the displacement direc-
tion y, i.e. along the x-direction, the mirror arrays 26 have a maximum ex-
tent which is denoted by A in Figure 2. The mirror arrays 26 of the field
facet mirror 19 are in turn arranged in an array superstructure. Figure 2

shows a 2x2 array superstructure made of four mirror arrays.

Gaps 28 extend along two mutually perpendicular main directions HRa and
HR}p between neighboring ones of the mirror arrays 26. Perpendicular to
these main directions HRa, HRf, the gaps 28 have a transverse extent
which is many times larger than a distance between neighboring individual
mirrors 27. The main directions HRa, HRP extend parallel to edges of the
square individual mirrors 27. The one of the two main directions HRa,
HRp which includes a smallest angle a with the displacement direction y is
the main direction HRa. In the embodiment according to Figure 2, the an-
gle a 1s 37°+2°. Depending on the embodiment, this angle a can also be
specified with greater precision, e.g. 37°£1° or else 37°+0.1°. The individ-
ual reflection surfaces of the individual individual-mirrors 27 are planar
and do not have a curvature. An individual mirror row 29 has a plurality of
the individual mirrors 27 lying directly next to one another along the main
direction HR. In the embodiment according to Figure 2, ten individual
mirrors 27 are contained in an individual mirror row 29; however, provi-
sion can also be made for several tens to several hundreds of the individual
mirrors 27. The individual mirrors 27 are square in the example according
to Figure 2. Other shapes of individual mirrors, which allow occupancy of
the reflection surface of the field facet mirror 19 with as few gaps as possi-
ble, can also be used. Such alternative individual mirror shapes are known
from the mathematical theory of tessellation. In this context, reference is

made to the references specified in WO 2009/100 856 Al.



WO 2013/167409 PCT/EP2013/058868

10

15

20

25

-11 -

Depending on the embodiment of the field facet mirror 19, an individual
mirror column 30 extending along the main direction HR likewise has a
plurality of the individual mirrors 27. These are likewise ten individual
mirrors 27 in the embodiment according to Figure 2. By way of example,
several, several tens or several hundreds of the individual mirrors 27 are

provided per individual mirror column 30.

Depending on the embodiment of the field facet mirror 19, the individual
mirrors 27 have x/y extents in the range of, for example, from 500 pm x
500 um to, for example, 2 mm x 2 mm. The individual mirrors 27 can be
shaped in such a way that they have a focusing effect for the illumination
light 16. Such a focusing effect of the individual mirrors 27 is particularly
advantageous if use is made of a divergent illumination of the field facet
mirror 19 by the illumination light 16. The overall reflection surface of the
field facet mirror 19 has an extent which, depending on the embodiment,

for example is 300 mm x 300 mm or 600 mm % 600 mm.

For the purposes of an individual deflection of incident illumination light
16, each of the individual mirrors 27 is respectively connected to an actua-
tor 31, as indicated in a dashed fashion in Figure 2 on the basis of two indi-
vidual mirrors 27 arranged in a left-hand corner of the reflection surface of
the field facet mirror 19 and illustrated in more detail in Figure 3 on the
basis of a section of an individual facet row 29. The actuators 31 are ar-
ranged on the side of each of the individual mirrors 27 which faces away
from a reflecting side of the individual mirrors 27. By way of example, the
actuators 31 can be configured as piezo-actuators. Embodiments of such

actuators are known from the design of micro-mirror arrays.
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The actuators 31 of an individual mirror row 29 are respectively connected
to a row signal bus 33 via signal lines 32. One individual mirror row 29 is
associated with respectively one of the row signal buses 33. The row signal
buses 33 of the individual mirror rows 29 are in turn connected to a main
signal bus 34. The latter has a signal connection to a control device 35 of
the field facet mirror 19. The control device 35 is in particular configured
for common line-by-line, i.e. row-by-row or column-by-column, actuation
of the individual mirrors 27. An individual actuation of the individual mir-
rors 27 is also possible within the individual mirror rows 29 and the indi-

vidual mirror columns 30.

Each of the individual mirrors 27 can, individually and independently, be
tilted about two tilt axes which are perpendicular to one another, wherein a
first one of these tilt axes extends parallel to the x-axis and the second one
of these two tilt axes extends parallel to the y-axis. Tilt axes parallel to the
two main directions of extent HRa, HRP are also possible. The two tilt
axes lie in the individual reflection surfaces of the respective individual

mirrors 27.

Additionally, the actuators 31 also render it possible to displace the indi-
vidual mirrors 27 individually in the z-direction. Thus, the individual mir-
rors 27 can be displaced in an actuatable manner separately from one an-
other along a normal to the reflection surface of the field facet mirror 19.
As aresult, it is possible to change the topography of the reflection surface
of the field facet mirror 19 or of the respective mirror array 26 overall. This
1s illustrated in an exemplary and very schematic fashion on the basis of
Figures 4 to 6. As a result, it is also possible to manufacture contours of the
reflection surface with large sag, i.e. large variations in the topography of

the reflection surface, in the form of mirror sections, arranged in a plane
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overall, in the style of Fresnel lenses. A basic curvature of such a mirror
surface topography with large sag is eliminated by such a subdivision into

sections in the style of Fresnel zones.

Figure 4 shows individual reflection surfaces of the individual mirrors 27
of a section of an individual mirror row 29, wherein all individual mirrors
27 of this individual mirror row 29 are set to the same absolute z-position
by the control device 35 and the actuators 31. This results in a planar row
reflection surface of the individual mirror row 29. If all individual mirrors
27 of the field facet mirror 19 are aligned in accordance with Figure 4, the

whole reflection surface of the field facet mirror 19 is planar.

Figure 5 shows an actuation of the individual mirrors 27 of the individual
mirror row 29, in which the central individual mirror 27, is set offset in the
negative z-direction with respect to neighboring individual mirrors 27,,,
271, 275. The result of this is a stepped arrangement, which leads to a cor-
responding phase offset of the EUV radiation 16 incident on the individual
mirror row 29 according to Figure 5. The EUV radiation 16 reflected by
the two central individual mirrors 27,, experiences the greatest phase retar-
dation here. The edge-side individual mirrors 27,; generate the least phase
retardation. The intermediate individual mirrors 27,;, 27,, generate, corre-
spondingly step-wise, increasingly less phase retardation proceeding from

the phase retardation by the central individual mirrors 27,,.

Figure 6 shows an arrangement of the individual mirrors 27 of the illus-
trated section of the individual mirror row 29 in such a way that this results
overall in a concavely shaped main alignment of the individual mirror row
29 as a result of, firstly, an offset of the individual mirrors 27 with respect

to one another in the z-direction and, secondly, an orientation of the indi-
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vidual mirrors 27 with respect to one another. The individual mirrors 27 of
the individual mirror row 29 therefore form a group reflection surface

which is curved overall.

The beam profile of two individual rays of the illumination light 16 in the
case of the reflection at two of the individual mirrors 27 is illustrated in a
dashed and exemplary fashion in Figure 6, which individual mirrors are
present with the main alignment, i.e. in an untilted neutral position. Thus,
when untilted, these two individual mirrors 27 reflect the incident illumina-
tion light 16 to a center Z of a region 36, to be illuminated by the individual
mirror row 29, in an arrangement plane 37 of the pupil facet mirror 20. The
full rows in Figure 6 illustrate how the reflection angle of the two individ-
ual rays of the illumination light 16 changes when the two individual mir-
rors 27 are present tilted about their respective maximum tilt angle y. Here,
the reflected individual rays of the illumination light 16 sweep over the
whole illumination region 36. The concavely curved design of the individ-
ual mirror row 29 therefore ensures that, in the case of a small required
maximum tilt angle y for all individual mirrors 27, the whole illumination
region 36 can be illuminated by all individual mirrors 27 of the individual

mirror row 29.

A convex arrangement of groups of the individual mirrors 27, for example,

1s naturally also possible in the same way.

Corresponding shapings, as explained above with reference to Figures 4 to
6, are not restricted to the row dimension HR but can, depending on the
actuation by means of the control device 33, also be used over the column
dimension HRa of the mirror arrays 26 or of the whole field facet mirror

19.
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As a result of the individual actuation of the actuators 31 by means of the
control device 35, a predetermined tilt grouping of the individual mirrors
27 into the individual mirror groups 25, already mentioned above, respec-
tively made up of at least two individual mirrors 27 can be set, which will
be explained in more detail below on the basis of Figure 7. By means of
respectively at least one own group mirror illumination channel 37 for the
illumination light 16, the individual mirror groups 25 are respectively asso-
ciated with at least one own pupil facet 38 of the pupil facet mirror 20 for
imaging the individual mirror group 25 into the object field 5. This associa-
tion is brought about by predetermining a main alignment and/or the re-
spective tilt position or switch position of the individual mirrors 27 belong-
ing to the individual mirror group 25. Here, the group mirror illumination
channel 37 is the totality of all individual mirror illumination channels of
the respective individual mirror group 25, which complement one another
to illuminate the whole illumination or object field 5 as a result of imaging
by means of the pupil facet 38. Each of the individual mirror groups 25 can
therefore be considered to be the original image of the illumination field 5.
The overall illumination of the illumination or object field 5 then consti-

tutes a superposition of these original images.

Figure 7 clarifies such a grouping. The whole reflection surface of the field
facet mirror 19 is illustrated. Components corresponding to those which
have already been explained above with reference to Figures 2 to 6 are de-
noted by the same reference signs and will not be discussed again individu-

ally.

In the x-direction, i.e. perpendicular to the object displacement direction y,

the reflection surface of each of the individual mirror groups 25 has an ex-
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tent of B. In the y-direction, the reflection surface of each of the individual
mirror groups 25 has an extent of C. The individual mirror groups 25 (see
Figure 7) have typical x/y extents of 25 mm % 4 mm or of 104 mm x 8§ mm,
1.e. an x/y aspect ratio of 13/1. Depending on the ratio between the size of
the respective individual mirror groups 25 and the size of the individual
mirrors 27, which make up these individual mirror groups 25, each of the
individual mirror groups 25 has an appropriate number of individual mir-

rors 27.

Within each of the individual mirror groups 25, the individual mirrors 27
are aligned with respect to one another in such a way that the shape of each
of the individual mirror groups 25 corresponds to the shape of an individ-
ual field facet of a conventional field facet mirror. The images of the indi-
vidual mirrors 27 of the respective individual mirror group 25 complement

one another in the object field 5 to form the whole object field 5.

Thus, respectively one of the individual mirror groups 25 has the function
of a facet of a field facet mirror, as is disclosed in, for example, US
6,438,199 B1 or US 6,658,084 B2. Here, the individual mirror groups 25
correspond to curved field facets. One of the individual mirrors 27 belongs
to an individual mirror group 25 precisely if at least 50% of the reflection
surface of the individual mirror 27 lies within the boundary of the respec-

tive individual mirror group 25 prescribed by the curved contouring.

The curved edge contours of the individual mirror groups 25 respectively
have the same x/y aspect ratio. Each of the individual mirror groups 25
consists of a multiplicity of individual mirrors 27, which respectively be-
long to a plurality of mirror arrays 26. The extent B of the individual mirror

groups 25 perpendicular to the object displacement direction or scanning
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direction y is not an integer multiple of the extent A of the mirror arrays 26
perpendicular to the scanning direction y. That is to say, the following ap-

plies:

B #KkA,

where k is an integer.

As aresult of an appropriate grouping of the actuations by the control de-
vice 35, five columns of individual mirror groups 25 are formed in the ex-
ample in Figure 7. In this case, a central column contains more than forty
individual mirror groups 25, which lie directly next to one another in the y-
direction. The two outer group columns contain more than twenty individ-
ual mirror groups and the intermediate group columns contain more than
thirty individual mirror groups such that, overall, the field facet mirror 19

has more than one hundred and forty individual mirror groups 25.

Figure 7 once again illustrates the angular relationship between the main

direction HRa and the object displacement direction y.

Figure 7 schematically shows an assignment of three of the individual mir-
ror groups 25 to three pupil facets 38 of the pupil facet mirror 20 via the

group mirror illumination channels 37.

Figures 8 to 10 show further variants of smallest angles between the main
direction HRa, i.e. the direction of extent of the gaps 28 between neighbor-

ing ones of the mirror arrays 26, and the object displacement direction y.
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In the embodiment according to Figure 8, this angle o, is 30°+2°. In the

variant according to Figure 9, this angle a, 1s 25°+2°. In the variant accord-
ing to Figure 10, this angle a; 1s 22.5°+10°. Other angles between the main
direction HRa and the object displacement direction y in the range between
20° and 44° are also possible, in particular angles in the range between 30°

and 44° or between 35° and 40°.

During the projection exposure with the aid of the projection exposure ap-
paratus 1, at least part of the reticle 7 in the object field 5 is imaged onto a
region of the light-sensitive layer on the wafer 13 in the image field 11 for
the purposes of the lithographic production of a microstructured or nanos-
tructured component, in particular a semiconductor component, for exam-
ple a microchip. In the process, the reticle 7 and the wafer 13 are, during
scanner operation, continuously displaced in the y-direction in a temporally

synchronized fashion.
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Patent claims

1. Assembly for a projection exposure apparatus (1) for EUV projection
lithography
- with an illumination optical unit (4) for guiding illumination light
(16) to an illumination field (5), in which a lithography mask (7)
can be arranged,
- wherein the illumination optical unit (4) comprises:
-- a first facet mirror (19),
--- which comprises a plurality of mirror arrays (26) with re-
spectively a plurality of individual mirrors (27) which pro-
vide individual mirror illumination channels for guiding il-
lumination light partial beams to the illumination field (5),
--- wherein the mirror arrays (26) of the first facet mirror (19)
are arranged in an array superstructure,
--- wherein gaps (28) extend along at least one main direction
(HRa) between neighboring ones of the mirror arrays (26),
-- asecond facet mirror (20), which is arranged downstream of
the first facet mirror (19) in the beam path of the illumination
light (16) and comprises a plurality of facets (38), which re-
spectively contribute to imaging a group (25) of the individual
mirrors (27) of the field facet mirror (19) into the illumination
field (5) via a group mirror illumination channel (37), wherein
the images of the individual mirrors (27) complement one an-
other in the illumination field (5) to form the whole illumina-
tion field (5),
- with a projection optical unit (10) for imaging an object field,
which is arranged in the illumination field (5), into an image field

(1),
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- with an object holder (8) for holding the lithography mask (7) in
the object field (5), which object holder can be displaced along a
displacement direction (y) by means of an object displacement
drive (9),

- wherein for the at least one main direction (HRa), which includes a
smallest angle (a; al; a2; a3) with the displacement direction (y),

said angle is in the range between 20° and 44°.

Assembly according to Claim 1, characterized in that the smallest
angle (a; al) between the main direction (HRa) and the displacement

direction (y) is in the range between 30° and 44°.

Assembly according to Claim 2, characterized in that the smallest
angle (o) between the main direction (HRa) and the displacement di-

rection (y) is in the range between 35° and 40°.

Assembly according to Claim 3, characterized in that the smallest
angle (o) between the main direction (HRa) and the displacement di-

rection (y) is in the range of 37°.

Assembly according to one of Claims 1 to 4, characterized in that an
extent (B) of the individual mirror group (25) perpendicular (x) to the
scanning direction (y) is not an integer multiple of a maximum extent

(A) of the mirror arrays (26) perpendicular (x) to the scanning direction

y)

Assembly according to one of Claims 1 to 5, characterized in that the
individual mirrors (27) of respectively one of the individual mirror

groups (25) have a tiltable design and are arranged in such a way that
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they form an overall curved group reflection surface in an untilted neu-

tral position.

Projection exposure apparatus (1)

with an assembly according to one of Claims 1 to 6,

with an EUV light source (2),

with a wafer holder (14) for holding a watfer (13) in the image field
(11), which wafer holder can be displaced along the displacement

direction (y) by means of a wafer displacement drive (15).

Method for producing a microstructured or nanostructured component,

comprising the following method steps:

providing a wafer (13), onto which a layer made of a light-
sensitive material is applied at least in part,

providing a reticle (7), which has structures to be imaged,
providing a projection exposure apparatus (1) according to Claim
7,

projecting at least part of the reticle (7) onto a region of the layer
with the aid of a projection optical unit (10) of the projection expo-

sure apparatus (1).

Component, produced by a method according to Claim 8&.
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