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Fig. 19

has a first facet mirror and a second facet mirror, each with a plurality of re-
flecting facets on a support. The facets of the first facet mirror can be
% switched between various tilt positions.In each tilt position, the tiltable first
facet is assigned to a second facet (11) of the second facet mirror (11) for de-
flecting EUV radiation in the direction of this second facet (11). Each of the
first facets (7) is assigned to a set (AAA, aaa...) of second facets (11) by its
tilt positions. The two facet mirrors are arranged in such a way that an ar-
rangement distribution of second facets (11), impinged upon by means of the
first facets (7), results in an illumination-angle distribution of an illumination
of an illumination field. The second facets (11) belonging to each of the sets
(YYYY) of second facets (11) lie within a circle (28) on the second facet
0 mirror (10), the diameter of which circle is less than 70% of an overall dia-
I meter (GD) of an overall arrangement of all second facets (11) on the second
facet mirror (10). This results in an illumination optical unit, in which a
change between various prescribed illumination settings is possible with
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INlumination optical unit for EUV projection lithography

The contents of German patent application DE 10 2012 220 597.7 are in-

corporated herein by reference.

The invention relates to an illumination optical unit for EUV projection
lithography. The invention furthermore relates to a method for prescribing
an assignment of first facets to second facets in such an illumination optical
unit, an optical system with such an illumination optical unit, a projection
exposure apparatus with such an optical system, a method for producing a
microstructured or nanostructured component using such a projection ex-
posure apparatus and a component structured using such a production

method.

A projection exposure apparatus with an illumination optical unit is known
from DE 10 2009 054 540 A1l. In order to flexibly prescribe illumination
settings, i.e. illumination-angle distributions for illuminating structures im-
aged during projection lithography, use is made of tiltable first facets. What

1s required is a change between the various illumination settings.

It is an object of the present invention to develop an illumination optical
unit of the type mentioned at the outset in such a way that it is possible to

change between different prescribed illumination settings with little outlay.

According to the invention, this object is achieved by an illumination opti-

cal unit with the features specified in Claim 1.

The illumination-angle distribution, resulting from the arrangement distri-

bution of the second facets which can be impinged upon with EUV radia-
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tion by means of the given tilt position configuration of the first facets, is
also referred to as illumination setting. As a result of in each case arranging
the second facets within a circle on the second facet mirror, the diameter of
which circle is less than 70% of the overall diameter of the overall ar-
rangement of all second facets, the first facets can be arranged in such a
way that, proceeding from a home position, a maximum tilt angle for im-
pinging upon all second facets belonging to the set of second facets as-
signed to this first facet can be kept as small as possible. A corresponding
small maximum tilt angle for the tiltable first facets reduces the require-
ments demanded of the mechanical system of the tiltable first facets.
Moreover, it is possible to select the illumination geometry in such a way
that the first facets deflect the EUV radiation on all facets of the assigned
set of second facets with very similar angles of incidence on the first facet.
The light with substantially the same tilt angle can then be deflected on the
first facets, independently of their respective tilt position. The first facets
can then, in particular, carry highly reflective coatings, for example multi-
layer coatings, which are matched to precisely this tilt angle. There can
then be a reflection of the EUV radiation with the greatest degree of reflec-
tion on the tiltable first facets. A maximum reflection difference on a first
facet when deflecting the EUV radiation in the various tilt positions of the
first facet can then lie at, at most, 15%, at, at most, 10% or else at, at most,
5%. The diameter of the circle on the second facet mirror, within which the
second facets of each of the sets of second facets lie, can be less than 65%,
can be less than 60%, can be less than 55% and can also be less than 50%

of the overall diameter of the overall arrangement of all second facets.

All first facets on the first facet mirror can be switched between different
tilt positions. Alternatively, it is also possible for only some of the first fac-

ets on the first facet mirror to be switchable between various tilt positions.
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The switchable first facets can be switched between the same number of
different tilt positions or else between different numbers of different tilt
positions. The first facets can be switched between two tilt positions. In
one variant of the first facet mirror, at least some first facets can be
switched between more than two tilt positions, for example between three
tilt positions, between four tilt positions, between five tilt positions, be-

tween six tilt positions or between even more tilt positions.

Symmetrization of an assignment of the tiltable facets on the first facet
mirror to the second facets on the second facet mirror according to Claim 2
significantly reduces the outlay when prescribing suitable assignments in
order to achieve a specific set of different illumination settings by a corre-
sponding tilt of the first facets. The sets of the second facets arranged with
point symmetry with respect to one another in each case contain at least
two second facets. This number of second facets within each set corre-
sponds to the number of tilt positions of the first facets, by means of which
the EUV radiation is deflected in the direction of the second facets. The
symmetrization according to the invention renders it possible to restrict the
assignment problem to a half space of the facets, with the assignment in the
other half space emerging automatically due to the point symmetry pre-

scription.

Sets of the second facets with more than two second facets according to
Claim 3 are used when the first facets can accordingly be switched between
more than two tilt positions. The first facets can be tri-state facets, i.e. fac-
ets with three tilt positions. The first facet mirror can have some first facets
which can be switched between two tilt positions and some first facets

which can be switched between three tilt positions.
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An arrangement of the sets of the second facets according to Claim 4 en-
ables a particularly flexible prescription of different arrangement distribu-
tions of the second facets and hence different illumination settings. The
three arrangement distributions, i.e. the three illumination settings, can, for
example, be two dipole settings and one quadrupole setting. In the case of
such multi-pole illumination settings, an illumination of the illumination
field emerges from the direction of a corresponding number of illumination
poles, which are formed by connected groups of second facets impinged
upon by the EUV radiation. The ratio of the radius of the innermost second
facets to half the overall diameter of the overall arrangement corresponds
to a lower bound of the value sigma in accordance with the definition from
US 6,658,084 B2, i.e. a lower bound for the illumination angle when illu-
minating the illumination field. The radius of the innermost second facets
can be greater than 45%, can be greater than 50%, can be greater than 60%,
can be greater than 70% and can be greater than 80% of half the overall
diameter of the overall arrangement of all second facets. A correspondingly
large radius of the innermost second facets leads to correspondingly large
illumination angles, which is suitable for specific, challenging illumination
objects. The proportion of the overall reflection area of a respective con-
nected pupil facet group of the respective arrangement distribution can be
less than 30% and can be less than 25% of the overall reflection area of the
overall arrangement of all second facets. A correspondingly small reflec-
tion area proportion leads to a correspondingly defined illumination direc-
tion from the direction of the respective illumination pole. The difference
of the at least three arrangement distributions, i.e. the at least three illumi-
nation settings attainable by means of the illumination optical unit by ap-
propriate tilting of the first facets, in terms of their reflection areas, respec-
tively in all quadrants of the overall arrangement of all second facets, can

be at least 10%, can be at least 15%, can be at least 20%, can be at least
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25% and can also be even greater. The features “minimum radius of the
innermost second facets”, “maximum overall reflection area of connected
pupil facet groups” and “difference of the at least three arrangement distri-
butions in terms of their reflection areas in all quadrants” can also be real-
ized independently of one another, i.e. they need not necessarily all be real-

ized at the same time.

An illumination optical unit according to Claims 5 and 6 can be realized
with small absolute changes in tilt angle in the first facets. Every set of sec-
ond facets can comprise more than three second facets, for example four
second facets, five second facets or six second facets. To the extent that the
sets of second facets comprise exactly three second facets, the second fac-

ets of these sets can prescribe the corners of an acute-angled triangle.

An assignment prescription method according to Claim 7 ensures that all
second facets of each illumination setting group can be impinged upon si-
multaneously. As a result of the point symmetry, it is enough to carry out
the assignment for only half of the second facets. The assignment of the
remaining second facets then emerges on account of the symmetry condi-

tion.

In the method according to Claims 8 to 10, the assignment is optimized in
such a way that there are the smallest possible demands on the mechanical
system of the tiltable facets. Further advantages correspond, in particular,
to what was already explained above with reference to the illumination op-

tical unit according to the invention.

An assignment prescription method according to Claim 11 enables flexible

tilt prescription of different illumination settings which are particularly
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suitable for illuminating the structure. In particular, it can be possible to
prescribe two, three, four, five, six or even all of these settings. Prescrib-
able illumination settings can also include multi-pole settings with more
than two poles. The poles of the dipole or multi-pole settings can be
formed as “leaflets”. The angle a of the +/-a-dipole settings, which pre-
scribes a circumferential position of the poles in the circumferential direc-
tion about the center of the second facet mirror, can be 25° or else 45°. In
principle, the angle a can lie in a region between 20° and 45°. A corre-
sponding statement applies to an angle a, defined in the same way, of a
quadrupole setting, which angle can lie in a region between 10° and 22.5°.
A corresponding statement applies to a hexapole setting with six illumina-
tion poles, i.e. with second facets, on which illumination light impinges, on
the second facet mirror. It is also possible to realize conventional illumina-
tion settings, in which the second facet mirror is, on average, illuminated
homogeneously over its entire used surface, which is prescribed by the ar-
rangement of the second facets. This can be achieved either by impinging
on all second facets of the second facet mirror with the illumination light
or, in the case that there are fewer second facets than first facets, by a cor-
respondingly homogeneously thinned out impingement of the second facets

of the second facet mirror.

The advantages of an optical system according to Claim 12, a projection
exposure apparatus according to Claim 13, a production method according
to Claim 14 and a microstructured or nanostructured component according
to Claim 15 correspond to those which were already explained above with
reference to the illumination optical unit according to the invention and the

assignment prescription method according to the invention.
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The projection exposure apparatus can have an object holder with an object

displacement drive for displacing the object to be imaged along an object

displacement direction. The projection exposure apparatus can have a wa-

fer holder with a wafer displacement drive for displacing a wafer, on which

a structure of the object to be imaged is to be imaged, along an image dis-

placement direction. The object displacement direction can extend parallel

to the image displacement direction.

Exemplary embodiments of the invention will be explained in more detail

below on the basis of the drawing. In the latter:

Figure 1

Figure 2

Figure 3

Figure 4

schematically shows a meridional section of a microlitho-
graphic projection exposure apparatus, in relation to an illu-

mination optical unit;

shows a view of a facet arrangement of a field facet mirror of
the illumination optical unit of the projection exposure appa-
ratus according to Figure 1, in the “rectangular field” em-

bodiment;

shows, in an illustration similar to Figure 2, a facet arrange-
ment of a further embodiment of a field facet mirror in the

“arcuate field” embodiment;

shows, very schematically and in an exemplary manner, a

view of a facet arrangement of a pupil facet mirror of the il-
lumination optical unit of the projection exposure apparatus
according to Figure 1, with facets, which are impinged upon

by illumination light by means of the facets of the field facet
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mirror and form a facet group, being highlighted, using the
example of a “conventional with small illumination angles”

illumination setting;

shows, in an illustration similar to Figure 4, the pupil facet
mirror with an impingement of the pupil facets for generating
the “annular illumination-angle distribution with mid-sized il-

lumination angles” illumination setting;

shows, in an illustration similar to Figure 4, the pupil facet
mirror with an impingement of the pupil facets for generating
the “annular illumination-angle distribution with large illumi-

nation angles” illumination setting;

shows, in an illustration similar to Figure 4, the pupil facet
mirror with an impingement of the pupil facets for generating

the “y-dipole” illumination setting;

shows, in an illustration similar to Figure 4, the pupil facet
mirror with an impingement of the pupil facets for generating

the “x-dipole” illumination setting;

shows, in an illustration similar to Figure 4, the pupil facet
mirror with an impingement of the pupil facets for generating

the “+25°-dipole” illumination setting;

shows, in an illustration similar to Figure 4, the pupil facet
mirror with an impingement of the pupil facets for generating

the “-25°-dipole” illumination setting;
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schematically shows the pupil facet mirror with a total of 144
pupil facets, with each of the pupil facets being denoted by a
letter, wherein the pupil facets denoted with in each case the
same letter can be impinged upon by illumination light from

different tilt positions of exactly one field facet;

Figures 12 to 18 each show, in an illustration similar to Figure 11, group-

Figure 19

Figure 20

by-group impingement examples of the pupil facets for gen-
erating illumination settings corresponding to those according
to Figures 4 to 10, with the assignment of the pupil facets to
the tiltable field facets in each case being the same as de-

picted in Figure 11;

shows, in an illustration once again similar to Figure 11, the
pupil facet mirror with the pupil facet assignment to the
tiltable field facets indicated by letters, with in each case
three pupil facets assigned to the same field facet being high-
lighted, which pupil facets respectively form a pupil facet set
containing three pupil facets due to their assignment to the
field facets, wherein the two highlighted pupil facet sets have
point symmetry to one another in relation to a center of the

pupil facet mirror;

shows, in an illustration similar to Figure 19, a modification
of the assignment of the pupil facet sets, in each case to one
of the tiltable field facets, wherein there has been an ex-
change of pupil facets for minimizing a field facet deflection

angle between the two pupil facet sets according to Figure 19;
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schematically shows a further embodiment of the pupil facet
mirror with a total of 416 pupil facets, with each of the pupil
facets being denoted by a letter and optionally by shading,
wherein the pupil facets denoted in each case by the same let-
ter and optionally the shading can be impinged upon by illu-
mination light from different tilt positions of exactly one field

facet; and

Figures 22 to 30 each show, in an illustration similar to Figure 21, group-

by-group impingement examples of the pupil facets for gen-
erating illumination settings similar to those according to
Figures 4 to 10, with the assignment of the pupil facets to the
tiltable field facets in each case being the same as depicted in

Figure 21.

A microlithographic projection exposure apparatus 1 serves for producing a

microstructured or nanostructured electronic semiconductor component. A

light source 2 emits EUV radiation used for illumination in the wavelength

range of, for example, between 5 nm and 30 nm. The light source 2 can be

a GDPP (gas discharge produced plasma) source or an LPP (laser produced

plasma) source. A radiation source based on a synchrotron or a free elec-

tron laser (FEL) can also be used for the light source 2. Information con-

cerning a light source of this type can be found by the person skilled in the

art in US 6 859 515 B2, for example. EUV illumination light or illumina-

tion radiation in the form of an imaging light beam 3 is used for illumina-

tion and imaging within the projection exposure apparatus 1. Downstream

of the light source 2, the imaging light beam 3 firstly passes through a col-

lector 4, which can be, for example, a nested collector having a multi-shell
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construction known from the prior art or, alternatively, an ellipsoidally
shaped collector, which is then arranged behind the light source 2. A corre-
sponding collector is known from EP 1 225 481 A. Downstream of the col-
lector 4, the EUV illumination light 3 firstly passes through an intermediate
focal plane 5, which can be used for separating the imaging light beam 3
from undesired radiation or particle portions. After passing through the
intermediate focal plane 5, the imaging light beam 3 firstly impinges on a
field facet mirror 6. The field facet mirror 6 constitutes a first facet mirror

of the projection exposure apparatus 1.

In order to facilitate the description of positional relationships, a Cartesian
global xyz-coordinate system is in each case plotted in the drawing. In Fig-
ure 1, the x-axis extends perpendicular to the plane of the drawing and out
of the latter. The y-axis extends toward the right in Figure 1. The z-axis

extends upward in Figure 1.

In order to facilitate the description of positional relationships in the case
of individual optical components of the projection exposure apparatus 1, a
Cartesian local xyz- or xy-coordinate system is in each case also used in
the following figures. The respective local xy-coordinates span, unless de-
scribed otherwise, a respective principal arrangement plane of the optical
component, for example a reflection plane. The x-axes of the global xyz-
coordinate system and of the local xyz- or xy-coordinate systems extend
parallel to one another. The respective y-axes of the local xyz- or xy-
coordinate systems have an angle with respect to the y-axis of the global
xyz-coordinate system, which corresponds to a tilting angle of the respec-

tive optical component about the x-axis.
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Figure 2 shows, by way of example, a facet arrangement of field facets 7 of
the field facet mirror 6 in the “rectangular field” embodiment. The field
facets 7 are rectangular and in each case have the same x/y aspect ratio.
The x/y aspect ratio can be for example 12/5, can be 25/4, can be 104/8,
can be 20/1 or can be 30/1.

The field facets 7 prescribe a reflection area of the field facet mirror 6 and
are grouped in four columns each having six to eight field facet groups 8a,
8b. The field facet groups 8a in each case have seven field facets 7. The
two additional marginal field facet groups 8b of the two central field facet
columns each have four field facets 7. Between the two central facet col-
umns and between the third and fourth facet rows, the facet arrangement of
the field facet mirror 6 has interspaces 9, in which the field facet mirror 6 is
shaded by holding spokes of the collector 4. If an LPP source is used as the
light source 2, corresponding shading can also arise as a result of a tin
droplet generator which is arranged adjacent to the collector 4 and is not

illustrated in the drawing.

Figure 3 shows a further "arcuate field" embodiment of a field facet mirror
6. Components corresponding to those which have been explained above
with reference to the field facet mirror 6 according to Figure 2 bear the
same reference signs and will be explained only insofar as they differ from

the components of the field facet mirror 6 according to Figure 2.

The field facet mirror 6 according to Figure 3 has a field facet arrangement
having arcuate field facets 7. Said field facets 7 are arranged in a total of
five columns each having a plurality of field facet groups 8. The field facet
arrangement is inscribed in a circular boundary of a carrier plate 6a of the

field facet mirror.
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The field facets 7 of the embodiment according to Figure 3 all have the
same area and the same ratio of width in the x-direction and height in the y-
direction, which corresponds to the x/y aspect ratio of the field facets 7 of

the embodiment according to Figure 2.

The field facets 7 can be switched between three different tilt positions in
each case. Depending on the embodiment of the field facet mirror 6, all or
else some of the field facets 7 can also be switched between more than
three different tilt positions. To this end, each field facet is respectively
connected to an actuator 7a, which is illustrated very schematically in Fig-
ure 2. The actuators 7a of all tiltable field facets 7 can be actuated by a cen-

tral control device 7b, which is likewise depicted schematically in Figure 2.

After reflection on the field facet mirror 6, the imaging light beam 3, which
is divided into imaging light partial beams assigned to the individual field
facets 7, impinges on a pupil facet mirror 10. The respective imaging light
partial beam of the overall imaging light beam 3 is routed along one imag-

ing light channel in each case.

Figure 4 shows, very schematically, an exemplary facet arrangement of
pupil facets 11 on the pupil facet mirror 10. The pupil facet mirror 10 con-
stitutes a second facet mirror of the projection exposure apparatus 1. The
pupil facets 11 are arranged on a support plate 10a of the pupil facet mirror
10. The pupil facets 11 are arranged in an x/y grid around a center in a row-
by-row and column-by-column manner. The pupil facets 11 have square
reflection areas. Other forms of reflection areas are also possible, for ex-

ample rectangular, round or polygonal areas, for example hexagonal or oc-
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tagonal areas. Pupil facets 11 arranged in a diamond shape are also possi-

ble.

To each imaging light partial beam of the EUV illumination light 3, re-
flected by one of the field facets 7 in one of the three tilt positions, is as-
signed exactly one pupil facet 11, and so respectively one impinged upon
facet pair with exactly one of the field facets 7 and exactly one of the pupil
facets 11 prescribes the imaging light channel for the associated imaging
light partial beam of the EUV illumination light 3. Thus, in each tilt posi-
tion of the respective field facet 7, to this field facet 7 is assigned exactly
one pupil facet 11 for deflecting the EUV illumination light 3 in the direc-
tion of this pupil facet 11.

The channel-by-channel assignment of the pupil facets 11 to the field facets
7 takes place dependent on a desired illumination by the projection expo-
sure apparatus 1. As a result of the three possible field facet tilt positions,
each of the field facets 7 can therefore prescribe three different imaging
light channels. By means of all its tilt positions, to each one of the field
facets 7 is assigned a set of pupil facets 11 whose number corresponds to
the number of tilt positions. In the explanation relating to Figure 11 ff., yet
to be described below, each of these pupil facet sets is indicated by exactly
one lowercase letter (a, b, c...) or by exactly one uppercase letter (A, B,

C...).

In an alternative embodiment, the field facets 7 can also be switched be-
tween two tilt positions, between four tilt positions or between even more
tilt positions and can, as a result of this, in each case prescribe one imaging
light channel. The number of pupil facets 11 in the respective pupil facet

set is then correspondingly larger.
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In addition to field facets 7 which can be switched between several tilt po-
sitions, the field facet mirror 6 can also have field facets 7 which cannot be
switched but which are rather fixedly assigned to respectively one pupil
facet. Such a variant with field facets 7 that cannot be switched is used, in
particular, if the various illumination settings to be prescribed intersect one
another such that, in all illumination settings to be prescribed, light is re-
quired from specific same directions such that specific pupil facets are al-
ways impinged upon by the EUV illumination light, independent of the

illumination setting to be prescribed.

In Figure 4, those pupil facets 11 of the pupil facet mirror 10 are high-
lighted, which are impinged upon by the illumination light 3 as a result of a
current tilt position of the field facets 7. This results in a corresponding
illumination setting, i.e. a distribution over the whole pupil facet mirror 10
of the pupil facets 11 impinged upon by the illumination light 3. This illu-
mination setting corresponds to an illumination-angle distribution, which
can be prescribed by the projection exposure apparatus 1. The pupil facets
11 impinged upon by the illumination light 3 form at least one connected
pupil facet group in the case of each illumination setting. In principle, de-
pending on the current tilt positions of the field facets 7, it is also possible
to realize illumination settings with non-connected distributions of pupil
facets 11 impinged upon by the illumination light 3. Mixed forms of illu-
mination settings with at least one connected pupil facet group and with at
least one isolated impinged-upon pupil facet 11 are also possible. Such an
illumination setting having isolated impinged-upon pupil facets 11 can be
realized in cases where there is a significantly larger number of pupil facets
compared to the number of field facets, wherein, with the lower number of

field facets, the pupil facets on the pupil facet mirror 10 should, for exam-
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ple, be impinged upon as homogeneously as possible. To the extent that the
illumination setting has at least one connected pupil facet group, this pupil

facet group contains at least two pupil facets 11.

The field facets 7 are imaged in an object plane 16 of the projection expo-
sure apparatus 1 by means of the pupil facet mirror 10 (Figure 1) and a
downstream transmission optical unit 15 consisting of three EUV mirrors
12, 13, 14. The EUV mirror 14 is embodied as a grazing incidence mirror.
Arranged in the object plane 16 is a reticle 17, from which an illumination
area which coincides with an object field 18 of a downstream projection
optical unit 19 of the projection exposure apparatus 1 is illuminated by the
EUYV illumination light 3. The illumination area is also referred to as illu-
mination field. Depending on the specific embodiment of an illumination
optical unit of the projection exposure apparatus 1, the object field 18 is
rectangular or arcuate. The imaging light channels are superimposed in the
object field 18. The EUV illumination light 3 is reflected by the reticle 17.
The reticle 17 is held by an object holder 17a, which can be displaced
along the displacement direction y, driven with the aid of a schematically

indicated object displacement drive 17b.

To the extent that the pupil facet mirror 10 is arranged directly in an entry
pupil of the projection optical unit 19, it is possible to dispense with the

transmission optical unit 15.

The projection optical unit 19 images the object field 18 in the object plane
16 in an image field 20 in an image plane 21. Arranged in this image plane
21 is a wafer 22, which carries a light-sensitive layer which is exposed dur-
ing the projection exposure by means of the projection exposure apparatus

1. The wafer 22, i.e. the substrate on which imaging takes place, is held by
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a wafer or substrate holder 22a, which can be displaced synchronously with
the displacement of the object holder 17a along the displacement direction
y with the aid of a likewise schematically indicated wafer displacement
drive 22b. During the projection exposure, both the reticle 17 and the wafer
22 are scanned synchronized in the y-direction. The projection exposure
apparatus 1 is embodied as a scanner. The scan direction y is the object

displacement direction.

The field facet mirror 6, the pupil facet mirror 10 and the mirrors 12 to 14
of the transmission optical unit 15 are components of an illumination opti-
cal unit 23 of the projection exposure apparatus 1. Together with the pro-
jection optical unit 19, the illumination optical unit 23 forms an illumina-

tion system of the projection exposure apparatus 1.

Figures 4 to 10 show different illumination settings, i.e. different groupings
of pupil facets 11 impinged upon on the pupil facet mirror 10 by the illu-
mination light 3 by means of a corresponding prescription of field facet tilt

mirrors, with the impinged-upon pupil facets 11 being highlighted.

In the embodiment according to Figure 4, the pupil facet mirror 10 has a
total of one hundred and forty-four pupil facets 11. Assigned to such a pu-
pil facet mirror 10 is an embodiment of the field facet mirror 6 with a total
of 48 field facets 7, which can each be switched between three different tilt

positions.

In an alternative embodiment of the illumination optical unit 3, a field facet
mirror 6 with seventy-two field facets 7, which can each be switched be-
tween two tilt positions, can also be assigned to the pupil facet mirror 10.

In a further variant, the field facet mirror 6 can have thirty-six field facets
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7, which can be switched between four tilt positions. In a further variant,
the field facet mirror 6 can have seventy-two field facets 7, which can be
switched between three tilt positions, with the pupil facet mirror 10 then
having two hundred and sixteen pupil facets 11. In a further variant, the
field facet mirror 6 can have forty-eight field facets 7, which can be
switched between four tilt positions, with then one hundred and ninety-two

pupil facets 11 being present on the pupil facet mirror 10.

Figure 4 shows a “conventional illumination with small maximum illumi-
nation angle” illumination setting. The maximum illumination angle is pre-
scribed by the impinged-upon pupil facets 11 which are furthest away from

a center 24 of the pupil facet mirror 10.

Figure 5 shows an “annular illumination-angle distribution with mid-sized
maximum illumination angle” illumination setting. Here, the illumination
light 3 impinges upon a ring of pupil facets 11, with pupil facets 11 which
are not impinged upon remaining both within this ring and outside of this

ring.

Figure 6 shows the pupil facet mirror 10 with an “annular illumination-
angle distribution with maximum illumination angle” illumination setting.
Here, an outer ring of the pupil facets 11 on the pupil facet mirror 10 is

impinged upon by the illumination light 3.

Figure 7 shows a “y-dipole” illumination setting. Here, two pupil facet
groups 235, 26 spaced apart from one another in the y-direction are im-
pinged upon; the shape of the outer edge of said groups is reminiscent of
that of a leaf from a deciduous tree, which is why such a pupil facet group

1s also referred to as a “leaflet”.
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Figure 8 shows an “x-dipole” illumination setting with leaflets spaced apart

from one another in the x-direction.

Figure 9 shows a “+25°-dipole” illumination setting with leaflets, i.e. pupil
facet groups 25, 26, twisted with respect to one another compared to the x-
dipole according to Figure 7 by 25° clockwise in the circumferential direc-

tion around the center 24 of the pupil facet mirror 10.

Figure 10 shows a “-25°-dipole” illumination setting with leaflets twisted
by -50° in the circumferential direction compared to the illumination set-

ting according to Figure 9.

Other dipole angles are also possible, for example +45° or -45°. A +a/-a-
dipole setting is also referred to below in an abbreviated form as a-dipole

setting.

Figure 11 shows a variant of an assignment of pupil facet sets of in each
case three pupil facets 11, which, corresponding to the three tilt positions,
are assigned to exactly one of the field facets 7 in each case. Here, the same
letters denote the membership of the same pupil facet set. The pupil facet
mirror 10 has 144 pupil facets, as already explained above. Figure 11
moreover indicates a subdivision of the support plate 10a of the pupil facet
mirror 10 into four quadrants I, II, III, IV. The three pupil facets 11 which
are arranged in the fourth row, tenth column, in the eleventh row, eighth
column and in the eleventh row, thirteenth column for example belong to
one and the same pupil facet set, characterized by the letter “A”, 1.e. they
are impinged upon by the illumination light 3 by means of one and the

same field facet 7, depending on the tilt position of this field facet 7.
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Each of these pupil facet sets, i.e., for example, also the pupil facet set
“AAA”, is associated with a symmetry set of the pupil facets 11, which is
arranged with point symmetry to this pupil facet set in relation to the center
24 of the pupil facet mirror 10. In the case of the pupil facet set “AAA”,

the symmetry set is the pupil facet set “aaa”.

The assignment of all pupil facets 11 to the pupil facet sets, i.e., for exam-
ple, to the sets “AAA” and “aaa”, can be such that the pupil facets 11 in
each of these pupil facet sets AAA, BBB... aaa, bbb... prescribe the cor-
ners of an acute-angled triangle 27. These triangles 27 are plotted in Figure

11 for the sets “AAA” and “aaa”.

When assigning the field facets 7 to the pupil facets 11, which results in the
prescription of the position of the respective pupil facets 11 of the various
pupil facet sets, initially those pupil facets groups are prescribed on the
pupil facet mirror 10 onto which, proceeding from different field facets 7,
the EUV illumination light 3 should be deflected. Thus, in this prescription,
a decision is initially made as to what illumination settings should be gen-
erated on the pupil facet mirror 10. In the illustrated embodiment, these are
the illumination settings according to Figures 4 to 10. Subsequently, the
field facets 7 are assigned to the pupil facets 11, with there being a corre-
sponding prescription of arrangements of the pupil facet sets on the pupil
facet mirror 10 such that only pupil facets from different pupil facet sets
are arranged in each illumination setting group of the pupil facets 11. In the
assignment according to Figure 11, this is clearly shown for the illumina-
tion settings according to Figures 4 to 10 in Figures 12 to 18, which show

the respective partial assignments of the pupil facets 11 to the field facets 7
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in respectively exactly one of the three possible tilt positions such that this

results in the desired illumination setting.

Figure 12 shows the illumination setting according to Figure 4, Figure 13
shows the illumination setting according to Figure 5, and so on. In each of
the pupil facet groups depicted in Figures 12 to 18, there is no occurrence
of two lowercase letters that are the same and also no occurrence of two
uppercase letters that are the same. Thus, it is ensured that, simultaneously,
all pupil facets 11 of each illumination setting group can be impinged upon

by means of the field facet mirror 6 with the tiltable field facets 7.

By way of example, the arrangement distributions according to Figures 14
to 18 of the pupil facets 11 have innermost pupil facets 11 which lie on a

radius R; around the center 24 of the pupil facet mirror 10, which radius is
greater than 42% of the overall diameter of the carrier plate 10a of the pu-

pil facet mirror 10.

The point symmetry of the pupil facet sets in relation to one another, which
was explained above using the example of the sets “AAA” and “aaa”, ren-
ders it possible to carry out the assignment method for only half of the pu-
pil facets 11 on the pupil facet mirror 10 since the second half then
emerges on account of the point symmetry of the assignment. In the exam-
ple of the assignment according to Figure 11, it is therefore for example
sufficient to allocate the uppercase letters, as a result of which the position
of the lowercase letters is immediately set unambiguously due to the point

symmetry.

If a possible assignment was found, for example the assignment according

to Figure 11, said assignment can be refined further in order to optimize the
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tilt angles of the field facets 7. To this end, the pupil facets 11 are arranged
within each of the pupil facet sets in such a way that a maximum distance
between the pupil facets 11 within the pupil facet sets is minimized for all
sets. In particular, the optimization is carried out in such a way that the pu-
pil facets 11 within each of the pupil facet sets are arranged such that the
pupil facets 11 of the pupil facet sets are arranged within circular areas on

the pupil facet support 10a with a radius minimized for all pupil facet sets.

This will be described in an exemplary manner below on the basis of Fig-
ures 19 and 20. Figure 19 shows the assignment according to Figure 11 and
shows, for a selected pupil facet set “YYY”, an arc 28 of the smallest circle
within which the three pupil facets 11 of the pupil facet set “YYY” are ar-

ranged.

Figure 20 shows an assignment in which two of the pupil facets 11, which
are denoted by 111 in Figures 19 and 20, have been exchanged between the
sets “YYY” and “yyy”. The two pupil facets 111 have point symmetry with

respect to one another.

The resultant pupil facet sets “YYY” and “yyy”, which are highlighted in
Figure 20, remain point symmetrical with respect to one another. The pupil
facets 11 within the respective pupil facet sets “YYY” and “yyy” now lie
closer together, and so an optimized arc 29, which prescribes the smallest
circle on which all three pupil facets 11 of the set “YYY” lie, now has a
smaller radius than the arc 28 of the assignment according to Figure 19. As
a result, the pupil facets 11 of the sets “YYY” and “yyy” can be actuated,
1.e. impinged upon by the illumination light 3, by means of smaller tilt po-
sition changes of the respectively assigned field facet 7, i.e. by means of

smaller tilt angles.
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The two facet mirrors, i.e. the field facet mirror 6 and the pupil facet mirror
10, are arranged in such a way that an arrangement distribution of the sec-
ond facets, i1.e. the pupil facets 11, which can be actuated by the EUV ra-
diation or the EUV illumination light 3 at a given tilt position configuration
of the first facets, i.e. the field facets 7, results in an illumination-angle dis-
tribution of an illumination of the illumination field 18. The pupil facets

11, which belong to each of the pupil facet sets, e.g. “AAAA”, lie within
circles, e.g. the circles prescribed by the arcs 28 and 29, on the pupil facet
mirror 10, the diameter of which is less than 70% of an overall diameter of
an overall arrangement of all pupil facets 11 on the pupil facet mirror 10,

1.e. of the diameter of the carrier plate 10a of the pupil facet mirror 10.

An overall reflection area of connected pupil facet groups of these ar-
rangement distributions according to Figures 14 to 18 is less than 40% of
an overall reflection area of the overall arrangement of the pupil facets 11.
The arrangement distributions of the pupil facets 11 according to, on the
one hand, Figures 15, 17 and 18 and, on the other hand, Figures 16, 17 and
18 differ, in particular in relation to the number of the pupil facets 11 be-
longing in each case to the arrangement distributions, by at least 5% in all
four quadrants I to I'V of the overall arrangement of all pupil facets 11. The
arrangement distribution according to Figure 15 for example has exactly 12
illuminated pupil facets 11 in all four quadrants I to I'V; these are high-
lighted by the respective letters. The arrangement distribution according to
Figure 17 has a total of 19 illuminated pupil facets in quadrant I and in
quadrant III and in each case exactly five illuminated pupil facets 11 in
quadrants IT and IV. The arrangement distribution according to Figure 18
has exactly five illuminated pupil facets 11 in quadrants I and III and ex-

actly 19 illuminated pupil facets 11 in quadrants II and I'V. In respect of the



WO 2014/075902 PCT/EP2013/072496

10

15

20

25

_24 -

number of pupil facets 11 in the various arrangement distributions in quad-
rants [ to IV, the difference is even substantially greater than 5%, greater
than 10%, greater than 15%, greater than 20%, greater than 30%, greater
than 40% and, in the case of the arrangement distributions mentioned

above, even greater than 50%.

In an illumination optical unit with a variant of the pupil facet mirror 10,
which is explained below on the basis of Figures 21 to 30, the illumination
optical unit has a field facet mirror 6 with field facets 7, which can be
switched between four different tilt positions in each case. The pupil facet

mirror 10 according to Figures 21 to 30 has a total of 416 pupil facets 11.

Figure 21 shows a variant of an assignment of pupil facet sets of in each
case four pupil facets 11, which are assigned to the four tilt positions of in
each case exactly one of the field facets 7. Here, the same letters denote
membership of the same pupil facet set. Examples of such pupil facet sets
are the sets AAAA, aaaa, A’A’A’A’ and a’a’a’a’, which include the pupil
facets 11 highlighted with shading in Figure 21. The four pupil facets 11
which are arranged on the pupil facet mirror 10 in the 12" row, 7" column,
in the 15™ row, 4™ column, in the 20" row, 4™ column and in the 19™ row,
15™ column for example belong to one and the same pupil facet set, charac-
terized by the letter “A”, 1.e. they are impinged upon by illumination light 3
by means of one and the same field facet 7, depending on the tilt position

of this field facet 7.

A symmetry set of the pupil facets 11, which is arranged with point sym-
metry to a given pupil facet set in relation to the center 24 of the pupil facet
mirror 10, is associated with each of the pupil facet sets “AAAA” to
“2Z277” and “A’A’A’A’ to “L° 2’77777, 1.e. for example also to the pupil
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facet set “AAAA”. In the case of the pupil facet set “AAAA”, the symme-
try set is the pupil facet set “aaaa”. Corresponding symmetry assignments
apply, for example, to the sets “C’C’C’C’” and “c’c’c’c’”, and “MMMM”

and “mmmm?”.

The assignment of all pupil facets 11 to the pupil facet sets, i.e., for exam-
ple, to the sets “AAAA” and “A’A’A’A’”, can be such that the pupil facets
11 of each of these pupil facet sets AAAA, A’A’A’A’, aaaa, a’a’a’a’ pre-
scribe the corners of a convex polygon, in this case the corners of a convex
quadrilateral 30. These quadrilaterals 30 are plotted in Figure 21 for the
sets “AAAA” and “A’A’A’A’”.

The field facets 7 are assigned to the pupil facets 11 as already explained
above on the basis of, for example, the embodiment according to Figures
11 to 19. Figure 21 shows the result of such an assignment of the pupil fac-
ets 11 of the pupil facet mirror 10 for the field facet mirror 6 with field fac-

ets 7 that can each be switched between four tilt positions.

Figures 22 to 29 constitute examples of illumination settings, which show
respective partial assignments of the pupil facets 11 to the field facets 7 in,
in each case, exactly one of the four possible tilt positions such that this

results in the desired illumination setting.

Figure 22 shows an illumination setting which is similar to the one accord-
ing to Figures 4 and 12. The illuminated pupil facets 11 lie within a circle
31 on the pupil facet mirror 10, the diameter of which is approximately
60% of an overall diameter of the support plate 10a. That is to say, the ob-
ject field 18 is illuminated from illumination angles which, in accordance

with this diameter ratio of 60%, are smaller than a maximum achievable
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illumination angle, which would be achieved by illuminating the outermost
pupil facets 11 lying in the region of the overall diameter of the carrier
plate 10a. This ratio specification is also denoted “sigma”. A definition of
this value “sigma” is found in US 6,658,084 B2. In the illumination setting
according to Figure 22, sigma < 0.6 applies. Figure 22 shows a “conven-
tional illumination with small maximum illumination angle” illumination

setting.

Figure 23 shows, correspondingly, an illumination setting with
0.5 <sigma < 0.7. Figure 23 shows an “annular illumination-angle distribu-

tion with mid-sized maximum illumination angle” illumination setting.

Figure 24 shows an illumination setting with 0.7 < sigma < 0.85. This is an
“annular 1llumination-angle distribution with larger maximum illumination

angle” illumination setting.

Figure 25 shows an illumination setting with sigma > 0.85. This is an “an-
nular illumination-angle distribution with large maximum illumination an-

gle” illumination setting.

Figures 26 and 27 as well as Figures 29 and 30 show corresponding “y-
dipole”, “x-dipole”, “+25°-dipole” and “-25°-dipole” illumination settings,
corresponding to the illumination settings which were already explained

above, for example in the context of Figures 7 to 10.

Figure 28 shows a quadrupole illumination setting with, overall, four con-
nected poles 32, 33, 34 and 35 of connected pupil facet groups. These four
pupil facet groups 32 to 35 are each arranged in one of the quadrants I to

IV of the pupil facet mirror 10. In the circumferential direction around the
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center 24 of the pupil facet mirror 10, the four poles 32 to 35 lie centered
around the positions +45°, +135°, +225°, +315°. Each one of the four poles
32 to 35 contains 26 illuminated pupil facets 11. Sigma > 0.5 applies for

each one of the poles.

In the embodiment according to Figures 21 to 30, the two facet mirrors 6,
10 are also arranged in such a way that the pupil facets 11, which belong to
each of the sets, for example AAAA and A’A’A’A’ of the pupil facets 11,
lie within circles on the pupil facet mirror 10, the diameter of which is less
than 70% of the overall diameter of the overall arrangement of the pupil
facets 11, i.e. of the overall diameter of the carrier plate 10a. By way of
example, this overall diameter is denoted by GD in Figures 19 and 21. Cor-
responding arcs of circles, within which the pupil facet sets AAAA and
A’A’A’A’ lie, are plotted at 36 and 37 in Figure 21. Many of the arrange-
ment arcs of the pupil facet sets are substantially smaller than 70% of the
overall diameter of the carrier plate 10a in the arrangement according to
Figure 21, for example smaller than 60%, smaller than 50% or even

smaller still.

The arrangement distributions of the illuminated pupil facets 11 according
to Figures 24 to 30 are in turn such that the illuminated innermost pupil
facets 11, as seen from the center 24 of the pupil facet mirror 10, lie on a
radius which is greater than 42% and also greater than 50% of half the
overall diameter GD of the carrier plate 10a of the pupil facet mirror 10.
This radius of the innermost pupil facets 11, i.e. of the innermost second

facets, is denoted by R; in Figures 13 to 18 and 26 to 30.

In all illumination settings according to Figures 22 to 30, the overall reflec-

tion area of connected pupil facet groups, i.e. for example of the individual
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poles of the pole settings according to Figures 26 to 30, is less than 40% of

an overall reflection area of the pupil facets 11 on the carrier plate 10a.

The illumination settings according to Figures 26 to 30 are examples of
arrangement distributions of illuminated pupil facets 11, which, in terms of
their reflection areas, respectively in all quadrants I to IV of the overall
arrangement of the pupil facets 11 on the pupil facet mirror 10, differ from
one another by at least 5%. The illumination settings according to Figures
26 and 27 in each case have twenty-six illuminated pupil facets 11 in all
quadrants I to IV. The quadrupole illumination setting according to Figure
28 likewise in each case has twenty-six illuminated pupil facets 11 in each
quadrant I to I'V. The illumination setting according to Figure 29 in each
case has forty-six illuminated pupil facets 11 in quadrants I and III and in
each case has six illuminated pupil facets 11 in quadrants II and IV. The
illumination setting according to Figure 30 in each case has six illuminated
pupil facets 11 in quadrants [ and III and in each case has forty-six illumi-
nated pupil facets 11 in quadrants IT and [V. It is also true in this case that
the number of pupil facets 11 associated with the respective arrangement
distributions in each case differs from one another by substantially more

than 5% in all quadrants I to IV, namely, once again, by more than 50%.

During the projection exposure, firstly the reticle 17 and the wafer 22 bear-
ing a coating that is light-sensitive to the illumination light 3 are provided.
Subsequently, a section of the reticle 17 is projected onto the wafer 22 with
the aid of the projection exposure apparatus 1. Finally, the light-sensitive
layer exposed by the illumination light 3 on the wafer 22 is developed. A
microstructured or nanostructured component, for example a semiconduc-

tor chip, is produced in this way.
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Patent claims

1. Illumination optical unit (23) for EUV projection lithography for illu-

minating an illumination field (18),

with a first facet mirror (6) with a plurality of first reflecting facets
(7) on a support (6a),

with a second facet mirror (10) with a plurality of second reflecting
facets (11) on a support (10a),

wherein at least some of the first facets (7) can be switched be-
tween various tilt positions,

wherein, in each tilt position of the respective tiltable first facet (7),
this first facet (7) is assigned to a second facet (11) for deflecting
EUYV radiation in the direction of this second facet (11),

wherein each of the tiltable first facets (7) is assigned to a set
(AAA, aaa...; AAAA, aaaa...) of second facets (11) by its tilt posi-
tions,

wherein the two facet mirrors (6, 10) are arranged in such a way
that an arrangement distribution of second facets (11), on which
EUYV radiation can impinge in a given tilt position configuration of
the first facets (7), results in an illumination-angle distribution of
an illumination of the illumination field (18),

wherein the second facets (11) belonging to each of the sets (AAA,
aaa...; AAAA, aaaa...) of second facets (11) lie within a circle (28,
29; 36, 37) on the second facet mirror (10), the diameter of which
circle is less than 70% of an overall diameter (GD) of an overall ar-

rangement of all second facets (11) on the second facet mirror (10).

2. TIllumination optical unit according to Claim 1, characterized in that a

symmetry set (AAA, aaa...; AAAA, aaaa...) of the second facets (11)
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belongs to each of the sets (AAA, aaa...; AAAA, aaaa...) of the sec-

ond facets (11), which symmetry set, in relation to a center (24) of the

second facet mirror (10), is arranged with point symmetry with respect

to the set (AAA, aaa...; AAAA, aaaa...) of the second facets (11).

[llumination optical unit according to Claim 1 or 2, characterized in

that every set (AAA, aaa...; AAAA, aaaa...) comprises more than two

second facets (11).

[llumination optical unit according to one of Claims 1 to 3, character-

ized in that the arrangement of the sets (AAA, aaa...; AAAA, aaaa...)

on the second facet mirror (10) is such

that this results in at least three arrangement distributions of the
second facets (11), the innermost second facets (11) of which, as
seen from a center (24) of the second facet mirror (10), lie on a ra-
dius (R;) which is greater than 42% of half the overall diameter
(GD) of the overall arrangement of all second facets (11) on the
second facet mirror (10),

wherein an overall reflection area of connected pupil facet groups
(32 to 35) of these arrangement distributions of the second facets
(11) is less than 40% of an overall reflection area of the overall ar-
rangement of all second facets (11),

wherein at least three of the arrangement distributions differ from
one another by at least 5% in terms of their reflection areas, in each
case in all quadrants (I to IV) of the overall arrangement of all sec-

ond facets (11).
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[llumination optical unit according to Claim 3 or 4, characterized in
that each set (AAA, aaa...; AAAA, aaaa...) comprises exactly three

second facets (11).

[llumination optical unit according to one of Claims 3 to 5, character-
ized in that the second facets (11) of each set (AAA, aaa...; AAAA,

aaaa...) prescribe the corners of a convex polygon (27; 30).

Method for prescribing an assignment of first facets (7) to second fac-
ets (11) in an illumination optical unit (23) according to one of Claims
1 to 6, comprising the following steps:

- prescribing groups (25, 26) of second facets (11) on the second
facet mirror (10), onto which, proceeding from different first facets
(7), EUV radiation can be deflected,

- assigning the first facets (7) to the second facets (11) while corre-
spondingly prescribing arrangements of sets (AAA; aaa...) of sec-
ond facets (11) in such a way that only facets (11) from different
sets (AAA; aaa...) of second facets (11) are arranged in each group

(25, 26).

Method according to Claim 7, characterized in that the second facets
(11) within each of the sets (AAA; aaa...) are arranged in such a way
that a maximum distance between the second facets (11) in the respec-

tive set (AAA; aaa...) is minimized.

Method according to Claim 7 or 8, characterized in that the second
facets (11) within each of the sets (AAA; aaa...) are arranged in such a
way that, for all sets (AAA; aaa...), the second facets (11) in the sets

(AAA; aaa...) are arranged on the support (10a) of the second facet
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mirror (10) within circular areas (29) with a radius minimized for all

sets (AAA; aaa...).

Method according to one of Claims 7 to 9, characterized in that the
second facets (11) within each of the sets (AAA; aaa...) are arranged in
such a way that, for all sets (AAA; aaa...), the second facets in the sets
(AAA; aaa...) prescribe corners of convex polygons (27; 30) on the
support (10a) of the second facet mirror (10).

Method according to one of Claims 7 to 10, characterized in that ar-
rangements of second facets (11) which lead to at least some of the fol-
lowing illumination settings are prescribed as the groups (25, 26) of

second facets (11):

annular illumination with small illumination angles,

- annular illumination with mid-sized illumination angles,
- annular illumination with large illumination angles,

- x-dipole setting,

- y-dipole setting,

- +o-dipole setting,

- -a-dipole setting,

- quadrupole setting,

- hexapole setting,

- conventional setting.

Optical system with an illumination optical unit according to one of

Claims 1 to 6 and an EUV light source (2) for the illumination light
(3).
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Projection exposure apparatus (1) with an optical system according to

Claim 12 and a light source (2) for the illumination light (3).

Method for producing structured components, comprising the follow-

ing steps:

- providing a wafer (22), on which a layer of a light-sensitive mate-
rial has been applied, at least in part,

- providing a reticle as object (17), which has structures to be im-
aged,

- providing a projection exposure apparatus (1) according to Claim
13,

- projecting at least part of the reticle (17) onto a region of the layer

of the wafer (22) with the aid of the projection exposure apparatus

(1)

Structured component, produced according to a method according to

Claim 14.



WO 2014/075902

/
14
22a

PCT/EP2013/072496

1/15

22
22b

_/19
: _____[\21

1\
<
3
Fig. 1



WO 2014/075902 PCT/EP2013/072496

2/15

8 8 6 7 8b 8a 7a 7b

Fig. 2



WO 2014/075902 PCT/EP2013/072496

3/15

Fig. 3



WO 2014/075902 PCT/EP2013/072496

4/15

11$_

10\

24—

N
b

Fig. 4

11&“‘

10\

c 7 "
24— . %,
. :
%

Fig. 5

Fig. 6



WO 2014/075902 PCT/EP2013/072496

5/15
11 10 24 25 v 26 11 10 24 25 vy
/L \ L,
7

Fig. 8

I I

e 7 o
%
\ \
X N
LG
% % %
.
%




PCT/EP2013/072496

AR L1 "B

(W) N e o

6/15

N (X=X =

o [—|=l=|=|>|>

WO 2014/075902

Al [QIALD I m
N APTEINDTTITITTI
N olalgimolo|nw]y]AN
0 A En R YEICIE
X[ NN o XAy [V m
BERE ozIxon_gmaxB
167} __ |o[aINL[AIM JIOTNATIT
e TTATANIOIF | T TRIATT e [PD
uiyiy I EIE\E I AEITIENEIL
njw MIT L LAGAX OB/ nw] 4 Y|
> s|al3a Wi | s Bt stulwie
V NAlHIn[n[olb[m]g]sl o,
j N B ula ]l
I dlh|p] il
] IR
L A eQL sz vz 0L ZZ Vbl



PCT/EP2013/072496

WO 2014/075902

7115

1 bl el Big

ATTLIN THRERN o1
E YA / g|m(ojojnjuw
VI q|s HIS ej8]
N M ME 1!
N 0 NI TN dixj \
0 N _ L ain NG Al L
| _ b BT /# AP
0 b X1d ulo
M n ril 1E
Slg we 3|V s |y,
NAIH 8o/ N winlojbmial || J/
ANYIEFINIE RN N | |6
X|{d[A]P] I | I
X X
) A ] |
A egl ¥Z 0l Ll A egl bz oLz 1L



PCT/EP2013/072496

WO 2014/075902

8/15

9| b4

AN
/ N
VIN g|s
NIy Fim
3INIH old|x|o
O|QIAL . JIALI]T
BR=IPNE! N JIAIp|D
OiX|d|d yjujolb
M| [ AN
S|4 Wie,
v

N , )

//.\\\\

JX
Sy
1§
(-
—
v
N
o
-—
—
o

Gl "Bid
= N CIEs e
ATTIIND[ T3
Jlamolonfu[y] N\
AlIVIS|O
Y \
yigie A
N__|H[WIn|otb{m|qla]
N B lula]T
I d|h[pL— I
K '
] |
A egl vz ol Ll




PCT/EP2013/072496

WO 2014/075902

9/15

A IR =
ANNEIE N
EIFIMBIR N

V[N[H[STA

N4 \

[ ¥\

y[yn
| [Als|ylw]e
olbimlqgiajal/
RITRCATA RN

I MEIIE I

x 1A

J\A 0L Yz oL bl

Ll b
|
|
Al P anris I
NBINHRE
olo{njwlylAN
omm@m
/ 1 Im
w\ \
ML L
slglalv]D
NAIH[W[N[O}b 1%
N IFININREE
I dih(p ii

<——j><
>
4]
(-]
)
N“f_":;w
o
—
-
—



PCT/EP2013/072496

WO 2014/075902

10/15

E

0z b4 ao
m m
TaIAID]X WINEIES
ATTLIN[D T T IN PTLYNTO T[4 ]3]
olalgaimjolo|njwlyZaN o(3jgimjojo|njwly]
VINIHISA v|s|o]|e|ala]|s VIN[HTSRNV|s[2|e]|e|q]s
Dx:,_:ooxf_;/ ATaIWinBfoxal1|tm
OINIHIMIN[ald] [ ]s]d]x]o IINTHIMIN[aNd| [ ]e]d][x]o
Oa[ALLTAM ~, [TIB[IZ 111 Ola[AlLIAIM] [P 1]
TING O[] [ ym[A]1]A]p]D TIENEIREN A1 a|plD
OlX/d Il [dpluld|ujula]b I EIEIFIREIRVIEIE IR
MIFILIgIXTOLb [nwly|yin />>:mxo@=e:3
NEIEINIRIRENEINE Sslglalv|o|stex s |yjwe
e AEEIRZ W Aok [miglelo )/
OB luls | 7 MEIFINR GG
dinipl— a/io\
62 LI e0lL 2z ¥Z Ol 8Z LI eol vZ 0L 1L
X X




PCT/EP2013/072496

WO 2014/075902

1Z B4

\

/

Le il L)

TN ><| =

11/15

\>>
ATTW,zZ|,0 DJAINIL
Ohx_ b. .0
OIT], A
GmR= TV
N Y
AlQle B N
c.rNo X
TIUTAR Y NTTA
LU IAIm am/
_O_:w |—i\
e

//

TN

0l

as
0g¢ A
|
AT TR
H ._g OQQ\ I [} E
i R
e eI Y sy e
\x N,V— .w .o _>_)_N ._ o_o >O -.Xz
0 I _O ufA ..— d ._ : _m _\4 __l_._..m _I_.Q_
DL MPIXD THSIZ TN
STATPTaTA AT T ZLOTAH NI AINL LLLLALE ZTA
TN E RTINS DIXOMITSIN
BOEEL L ANOBDIAGA
RIS RN rrlzn
MZU T LI D Moo
OLOLALTIVLOIA LR ANNEI m
RN EL DX x&&af
AZLAAL U AD ] T TAIISNAIAL
E—B—>EN.¥.?L—QE\& _m.o
__H_Qrm.fwg—m—:% = 7& Ia.
XU IO TA IO T M) X/
I I IEAN T3l
_m_% :x% ..f@mm
I .w UTZ I briior \ 1l
@ S AL QA

bz 9c 05 1L 1L



PCT/EP2013/072496

12/15

WO 2014/075902

AR ¢z b1
_ |
* |
— i I Al S n 1l
\.X.—;_x>ms_x_0.l.m.// )
3.: _® 3 m_\/_ // \\_ _D_ n
111 Ul AP0
7 1S DM f ATMNTTZIBLITT MO LOINIA
\I .& “— / FHUIA w_I.ml /
11) AT Pl ZIA
AP a7 q[d IIA
aj N FIRAR / AR XIO['Y \
O .m _> .m..\C M _O_>>.
0 . 2zl niu o TI.- L
[ o) I NN
A 0 YD Y WAVES
J 7] \ T[0IX X147 ]
z Al/ AL [ dig
TIM[A gliy ujz dld
\J11d O/ KIME AIN
M S A >5@Q;H;rm_>o
/ _ _ 9 4 i 0 _ __ mu 5 m_n.._
N@XE w >.m _{.V‘N.mu\ B m.U \4/\ \
{1 [ 1. il \ B
I ] 1 I 1 I
o i
A eol vz LE Ol A eoL  ¥Z'  1g 0)



PCT/EP2013/072496

13/15

WO 2014/075902

9z "bi- TANIE
| |
| |
d\.|\20._— ! __— .u“.
BRI PAIETINY 1 Al oo, L
O.C.X.J.v_ m_\/_x.n.n_ml_.N. O.C |_.N,/
_c _:_ —m_ _D _wx 3 l E :O _mku_v
AV TOL0 e HIY
X_W ;/_x/
D i
s N
S A
! \ IR SIN
W al} | dLH
i _U S —ﬁj(“.!
. ——  ——n ] 4
yi.p i
\_m / s [ iE|
| W M)
WL, 9
) X! YiX
Dloj[{[9]J]eld el0 411
N._.x_\m_r ZImE I T I I SUEINHLEIEI e !
LLLALTTALALES X LU TATALH /
_ * / “w‘\n ﬁ
A eQl 174 0l egl 4 0l



PCT/EP2013/072496

WO 2014/075902

14/15

gz b4
G¢ 174%
i\ A i}
o] Z]
nioiLo NI
IEIEIRIN oLuLdL
X.N% _w .O _> —J .O_D> _\<_J_X,
HIR1TUJA SIHIdlLd
HEIE ZINLA
a oL
[ \
R o
\ /
J | d
MAWZ aidil
11di8[Uis AINIHIONY
NXUTIMBIALNLO FLALDLSIALYIX
E1ALPINID IEIN
[3 _;_ E _O O D
M» 0 m
Tﬁ B0l 2§ vZ 0L €¢

/7 bl
%
w
Al - _ I
X X
B1H S
RIFIR LN
S[AIP[] AEIZIA
ISR ! OlVIHISIN
_Q h_. om.m M _>>.Y_ _>.p_ln
Db[3],0[n|u . ALCICRAW
.D_N_ __ _ _N..__ : _ZD_OO...
LB W V3]0 m
US| Jelb G idIM
AZIGIA | didIALS
wlT|M T
NJRINN YOI
WX X
| I
X = /
f eOL V2 0l



PCT/EP2013/072496

WO 2014/075902

15/15

=

==

i

[@!

MO

[22)

LLIO| O

ol obely

LI "} <
<™ O

N<C oA &

)OO
=l
—laed >N

& '@ b= rS

1))

oo

<O

=

)

it NI

Yo'
(S e

] OO

(] Of OicHiL

>| N

=g

0. >0

M DS

o

| "o

—

| ND<|X—|

— = &
%

N




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2013/072496

A. CLASSIFICATION OF SUBJECT MATTER

INV. GO3F7/20 GO2B26/08
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

GO3F GOZB

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal, WPI Data, INSPEC

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X DE 10 2009 054540 Al (ZEISS CARL SMT GMBH 15
[DE]) 16 June 2011 (2011-06-16)
cited in the application

A paragraphs [0051] - [0053]; figures 3a, 1-14
7a-h

X WO 2010/003527 Al (ZEISS CARL SMT AG [DE]; 15
FIOLKA DAMIAN [DE])

14 January 2010 (2010-01-14)
A page 11, Tine 9 - page 13, line 11; figure 1-14
6

D Further documents are listed in the continuation of Box C. See patent family annex.

* Special categories of cited documents : . . . . L
"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand

"A" document defining the general state of the art which is not considered the principle or theory underlying the invention

to be of particular relevance
"E" earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be

filing date considered novel or cannot be considered to involve an inventive
"L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone

cited to establish the publication date of another citation or other "Y* document of particular relevance; the claimed invention cannot be

special reason (as specified) considered to involve an inventive step when the document is

"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art

"P" document published prior to the international filing date but later than
the priority date claimed "&" document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report

28 February 2014 12/03/2014

Name and mailing address of the ISA/ Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040, .
Fax: (+31-70) 340-3016 Eisner, Klaus

Form PCT/ISA/210 (second sheet) (April 2005)



INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2013/072496
Patent document Publication Patent family Publication
cited in search report date member(s) date

DE 102009054540 Al 16-06-2011 AT 534938 T 15-12-2011
DE 102009054540 Al 16-06-2011
EP 2333611 Al 15-06-2011
JP 2011124584 A 23-06-2011
KR 20110066868 A 17-06-2011
W 201126282 A 01-08-2011
US 2011141445 Al 16-06-2011
WO 2010003527 Al 14-01-2010  DE 102008028416 Al 24-12-2009
WO 2010003527 Al 14-01-2010

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - claims
	Page 32 - claims
	Page 33 - claims
	Page 34 - claims
	Page 35 - claims
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - wo-search-report
	Page 52 - wo-search-report

