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(57) Abstract: An adjustment device (32) serves for
adjusting mirrors (17, 25) for guiding used radiation
(12) along a beam path. The adjustment device (32)
has at least a first adjustment mark (33) and at least a
second adjustment mark (39). At least one of the two
adjustment marks (33, 39) is fixedly connected to
one of the mirrors (17, 25) to be adjusted. The relat-
ive position of the adjustment marks (33, 39) with
respect to one another is a measure for an adjustment
parameter for the correspondence between an actual
adjustment position of the mirrors (17, 25) to be ad-
justed and an intended adjustment position. The ad-
justment device (32) includes a spatially resolving
detector (43) for detecting the adjustment parameter.
At least one of the mirrors to be adjusted is a facet
mirror (17, 25) with a plurality or multiplicity of
mirror facets or mirror facet groups. The result of
this is an adjustment device by means of which a
predetermined adjustment precision for the relative
position of the two mirrors with respect to one an-
other is achieved.
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Adjustment device and mask inspection device with such an adjust-

ment device

The contents of German patent application DE 10 2012 208 514.9 are in-

corporated herein by reference.

The invention relates to an adjustment device for adjusting mirrors for
guiding a beam of radiation along a beam path. Furthermore, the invention
relates to a mask inspection device for inspecting a mask for projection

lithography, with such an adjustment device.

Devices for adjusting mirrors are known from prior public use. US
6,842,248 B1 discloses a system and a method for calibrating mirrors of a
stage assembly. DE 690 12 874 T2 discloses equipment for projecting a
mask pattern onto a substrate. US 6,118,516 A discloses a projection expo-
sure apparatus having a filter arranged in its projection optical system and a
method for projecting circuit patterns. DE 29 05 635 A1 describes a meth-
od and a device for aligning image- and/or object areas in optical copying
apparatuses. EP 1 349 009 A2 describes a lithographic apparatus and a
method for producing an article. DE 295 20 171 U1 describes a microme-

chanical mirror array.

It is an object of the present invention to develop an adjustment device of
the type mentioned at the outset in such a way that a predetermined ad-
jJustment precision for the relative position of the two mirrors with respect

to one another is achieved.
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According to the invention, this object is achieved by an adjustment device
for adjusting mirrors for guiding effective or used radiation along a beam
path

- with at least a first adjustment mark,

- with at least a second adjustment mark,

- wherein at least one of the two adjustment marks is fixedly connected
to one of the mirrors to be adjusted,

- wherein the relative position of the adjustment marks with respect to
one another is a measure for an adjustment parameter for the corre-
spondence between an actual adjustment position of the mirrors to be
adjusted and an intended adjustment position,

- with a spatially resolving detector for detecting the adjustment parame-
ter,

- wherein at least one of the mirrors to be adjusted is a facet mirror with

a plurality or multiplicity of mirror facets or mirror facet groups.

According to the invention, it was discovered that the use of two adjust-
ment marks together with a spatially resolving detector ensures a repro-
ducible and precise adjustment of the relative position of the two mirrors to
be adjusted with respect to one another. The two mirrors to be adjusted can
in turn be made up of a plurality of individually actuatable individual mir-
rors. However, such a configuration of individually actuatable individual
mirrors is not mandatory. At least one of the mitrors to be adjusted is a
facet mirror with a plurality or multiplicity of mirror facets or mirror facet
groups. In this mirror design, one of the mirror facets or a structure element
of one of the mirror facets, e.g. the edge of a reflection surface of one of
the mirror facets or a plurality of such edges, can be used as adjustment
marker. The two mirrors to be adjusted relative to one another can respec-

tively be a facet mirror with a plurality or a multiplicity of mirror facets. In
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particular, at least one of the mirrors to be adjusted can be an MEMS (mi-
croelectromechanical system) mirror array. [llumination optical units with
such mirror facets, which are used in EUV projection lithography, are
known from EP 0 955 641 A1 and DE 10 2008 009 600 A. The adjustment
device can be used for adjusting the relative position of two mirrors, in par-
ticular two facet mirrors, of the optical systems of such illumination optical

units.

An adjustment device with an adjustment light source with an adjustment
wavelength which differs from an effective or used wavelength of the used
radiation guided by the mirrors to be adjusted makes it possible to adjust
mirrors which guide a used wavelength which, for adjustment purposes,
can only be detected with difficulties or not at all. For the adjustment light
source, use can be made of a laser with an adjustment wavelength in the
visible range (VIS) or in the ultraviolet range (UV) down to the deep ultra-
violet range (DUV). The used wavelength can be significantly smaller once

again and can, for example, lie in the extreme ultraviolet range (EUV).

Adjustment marks, in which the first adjustment mark is formed by a peri-
odic sequence of reflecting first adjustment markers along a marker dimen-
sion on a mirror, leading in the beam path, of the mirrors to be adjusted,
with the second adjustment mark being formed by a periodic sequence of
reflecting second adjustment markers along a marker dimension on a mir-
ror, following in the beam path, of a mirrors to be adjusted,
- wherein a radiation intensity of a totality of adjustment radiation partial
beams which is reflected by the first adjustment markers and subse-
quently reflected by the second adjustment markers is detected as ad-

Justment parameter,
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can enable positional detection in the style of a moiré pattern. By means of
this, the two mirrors can be adjusted with respect to one another in a num-
ber of degrees of freedom. Partial beams of the used radiation or partial
beams of an adjustment radiation of a separate adjustment light source can

be used as adjustment radiation partial beams.

An embodiment of the adjustment device, according to which a periodicity
of the adjustment markers on the mirrors to be adjusted is the same, where-
in the adjustment radiation partial beams extend parallel to one another

between the adjustment marks, is simple and, in particular, enables the de-

tection of tilt maladjustments.

An embodiment of the adjustment device, according to which a periodicity
of the adjustment markers on the mirrors to be adjusted differs, wherein the
adjustment radiation partial beams extend in a divergent fashion with re-
spect to one another or in a convergent fashion with respect to one another
between the adjustment marks, in particular enables a detection of distance

maladjustments.

An adjustment device, in which the first adjustment mark constitutes an
object which is imaged onto an image in an arrangement plane of the sec-
ond adjustment mark by the first mirror to be adjusted and/or the second
mirror to be adjusted, wherein the second adjustment mark is fixedly con-
nected to one of the two mirrors to be adjusted, wherein a distance between
the image of the first adjustment mark and the second adjustment mark is
detected as adjustment parameter, can easily be realized and only makes
small demands in respect of the design of the adjustment marks. Such an

adjustment device can in particular measure translation maladjustments. To
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the extent that the adjustment marks have a sufficient extent in space, this

also allows the measurement of tilt maladjustments.

An intermediate image arrangement, according to which an intermediate
image of the image of the first adjustment mark in the adjustment image
lies between an object plane, in which the first adjustment mark is ar-
ranged, and the arrangement plane, renders possible a design of the adjust-
ment device with increased sensitivity of the detected adjustment parameter

in relation to a maladjustment of the mirrors to be adjusted.

The adjustment facets forming adjustment markers, which adjustment fac-
ets are arranged outside of a beam guiding used area of the mirrors to be
adjusted, can be embodied with different optical effects than the mirror
regions, embodied for guiding the used radiation, of the mirrors to be ad-
justed. The adjustment facets can then have a specific beam guiding and in
particular imaging effect for the adjustment radiation and can carry a coat-

ing which is optimized for reflecting the adjustment radiation.

The adjustment facets forming adjustment markers, which adjustment fac-
ets are larger than the mirror facets or mirror groups used for beam guid-
ance, avoid bothersome diffraction effects, which can occur, for example,
if the mirror facets have an extent which is of the order of the adjustment
wavelength. This can be the case if use is made of an adjustment wave-

length which is significantly longer than a used radiation wavelength.

The advantages of the adjustment device particularly come to bear in the
case of mirrors to be adjusted, which are components of an optical system
of a projection exposure apparatus. The projection exposure apparatus can

be an EUV projection exposure apparatus. The mirrors to be adjusted can
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be components of an illumination optical unit and/or a projection optical
unit of such a projection exposure apparatus. Such a projection exposure
apparatus can be used to produce microstructured or nanostructured semi-
conductor components, in particular storage chips, with a very high struc-

ture resolution.

By controlling the adjustment parameter, an adjustment device can be used
to realize a simple adjustment prescription. The adjustment device can also

be used to monitor an adjustment state.

It is possible to control the relative position of the mirrors to be adjusted
with respect to one another by means of an adjustment device comprising a
displacement drive for displacing the mirrors to be adjusted with respect to
one another and with an open/closed-loop control unit which is signal-

connected to the displacement drive.

Closed-loop control of the adjustment, depending on the adjustment pa-
rameter detected by the detector, is possible using an adjustment device in
which the open/closed-loop control unit is signal-connected to the detector.
In particular, the adjustment device can also ensure an optimization of the

relative position of the mirrors within an installation during operation.

The advantages of a mask inspection device for inspecting a mask for pro-
jection lithography, with an adjustment device according to the invention,
correspond to those which were already explained above with reference to

the adjustment device.

Exemplary embodiments of the invention will be explained in more detail

below on the basis of the drawing. In detail:
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schematically shows a projection exposure apparatus
for EUV projection lithography with a primary light
source, an illumination optical unit and a projection

optical unit;

schematically shows an meridional section through the
projection exposure apparatus according to Figure 1,
wherein a beam path for some partial beams of illumi-

nation and imaging light is highlighted in detail;

schematically shows a section of an illumination sys-
tem of the illumination optical unit, according to Fig-
ure 1, with a first transmission partial optical unit for
generating secondary light sources by imaging the
primary light source, wherein a section of a first facet
mirror with reflective effect is illustrated in more detail
such that individual mirrors, which are comprised by
the first facet mirror and provide the individual mirror
illumination channels for guiding the illumination light
to an illumination field of the projection exposure ap-
paratus, can be seen separately from one another and
wherein the guidance of partial beams of two individ-
ual mirror illumination channels to a facet of a second
facet mirror of a second transmission partial optical
unit for transmitting the illumination light from the
secondary light sources to the illumination field is

shown,;
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shows a plan view of a section of the first facet mirror

with first adjustment marks;

schematically shows an adjustment device for adjust-
ing the two facet mirrors of the illumination optical
unit, wherein both the first adjustment mark on the
first facet mirror and a second adjustment mark on the
second facet mirror are respectively formed by a peri-
odic sequence of reflecting adjustment markers, illus-
trated in a relative position of the two facet mirrors ad-

justed with respect to one another;

shows, in an illustration similar to Figure 5, the ad-
justment device with the second facet mirror malad-
justed in a tilted fashion with respect to the first facet

mirror;

shows, in an illustration similar to Figure 5, a further
embodiment of the adjustment device, in which the pe-
riodicity of the adjustment markers on the two facet
mirrors differs with respect to one another and adjust-
ment radiation partial beams extend in a convergent
fashion with respect to one another between the ad-

Justment markers;

shows a further variant of an adjustment device for
adjusting two mirrors with respect to one another, once
again using the example of adjusting the two facet mir-

rors of the illumination optical unit with respect to one
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another, wherein the first adjustment mark constitutes
an object which is imaged on an image in an arrange-
ment plane of the second adjustment mark by the first
mirror to be adjusted, wherein the second adjustment
mark is fixedly connected to the second mirror to be
adjusted, illustrated in a relative position adjusted with
respect to one another of the two mirrors to be adjusted

with respect to one another; and

Figure 9 shows, in an illustration similar to Figure 8, the ad-
justment device according to Figure 8 with mirrors
maladjusted with respect to one another along a trans-

lation coordinate.

Figure 1 shows a schematic illustration of a projection lithography projec-
tion exposure apparatus 1. The projection exposure apparatus 1 comprises
inter alia a light-source unit 2 and an illumination optical unit 3 for illumi-
nating an object field 4 in an object plane 5, in which a structure-bearing

mask 6 is arranged, which mask is also referred to as reticle. The reticle 6

is held by a reticle holder 7.

In order to simplify the description of positional relations, a Cartesian xyz-
coordinate system is plotted in Figure 1 as a global coordinate system of
the projection exposure apparatus 1. The x-axis extends perpendicular to
the plane of the drawing of Figure 1 and into the latter. The y-axis extends

to the right. The z-axis extends downward.

The reticle can be displaced along the y-direction in the object plane 5 with

the aid of the reticle holder 7 which comprises a displacement drive.
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A further component of the projection exposure apparatus 1 is a projection
lens 8 for imaging the structure-bearing mask 6 on a substrate 9, the so-
called wafer. This substrate 9 contains a photo-sensitive layer which is
modified chemically during exposure. This is referred to as a lithographic
step. Here, the structure-bearing mask 6 is arranged in the object plane 5
and the substrate 9 is arranged in an image plane 10 of the projection lens
8. During the exposure, the wafer 9 is likewise displaced along the y-
direction by means of a wafer holder 11 comprising a further displacement
drive, to be precise in a synchronous fashion with the displacement of the
substrate holder 7. During the exposure, the object field 4 is imaged in an
image field 10a in the image plane 10. A beam path of illumination and
imaging light 12 between the light-source unit 2 and the wafer 9 is indi-
cated very schematically in Figure 1. In the following text, the illumination

light 12 is also referred to as used radiation.

The illumination optical unit 3 and the projection lens 8 comprise a plural-
ity of optical elements. Here, these optical elements can be designed in
both a refractive and reflective fashion. Combinations of refractive and
reflective optical elements within the illumination optical unit 3 or the pro-
jection lens 8§ are also possible. The structure-bearing mask 6 can equally
have a reflective or transmissive design. Such projection exposure appara-
tuses consist completely of reflective components in particular when they
are operated with radiation with a wavelength of <193 nm, in particular
with a wavelength in the extreme ultraviolet range (EUV) of 5 to 15 nm.
Projection exposure apparatuses 1 are often operated as so-called scanners.
This means that the structure-bearing mask 6 is moved through a slit-
shaped illumination field, which coincides with the object field 4, along the

scanning direction y, while the substrate 9 is moved synchronously there-
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with in the image plane 10 of the projection lens 8. The ratio of the speeds
of structure-bearing mask 6 and substrate 9 in this case corresponds to the
magnification of the projection lens 8, which is usually less than 1, in par-

ticular equal to Y.

Figure 2 shows an embodiment of the projection exposure apparatus 1 with
the illumination optical unit 3 and the projection lens 8 in more detail.
Here, the illumination optical unit 3 comprises a first transmission partial
optical unit 13 for generating secondary light sources 14 by imaging a pri-
mary light source in the form of a source plasma 15 of the light-source unit
2. The first transmission partial optical unit 13 includes an integral or mul-
tipart collector mirror 16, which collects the EUV radiation of the source
plasma in the wavelength range between 5 nm and 15 nm, and a first facet
mirror in the form of a field facet mirror 17. The illumination light 12 im-

pinges on the field facet mirror 17 with a convergent beam path.

The light-source unit 2 can be configured in various embodiments. A laser
plasma source (LPP) is illustrated. In this source type, the tightly restricted
source plasma 15 is generated by virtue of a small material droplet being
produced by a droplet generator 18 and being moved to a predetermined
location. There, the material droplet is irradiated by a high-energy laser 19
such that the material converts into a plasma state and emits radiation in the
wavelength range 5 to 15 nm. Here, the laser 19 is arranged in such a way
that the laser radiation passes through an opening 20 in the collector mirror
16 before it impinges on the material droplet. By way of example, an infra-
red laser, in particular a CO, laser, with a wavelength of 10 um 1s used as a
laser 19. Alternatively, the light-source unit 2 can also be designed as a
discharge source, in which the source plasma 15 is created with the aid of a

discharge.
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The first facet mirror 17 comprises individual mirrors 21 (cf. Figure 3),
which provide individual mirror illumination channels 22 for guiding the
illumination light 12 to the illumination field 4. The individual mirrors 21
can be embodied both with planar reflection surfaces and curved reflection
surfaces. Radii of curvature of the reflection surfaces of the individual mir-
rors 21 can differ from individual mirror 21 to individual mirror 21. The
individual mirrors 21 have a mirror surface such that the individual mirror
illumination channels 22 illuminate illumination field sections in the illu-
mination field 4, which illumination field sections are smaller than the en-
tire illumination field 4. Figure 2 does not illustrate the individual individ-
ual mirrors 21, but rather groups 23 of individual mirrors, wherein the in-
dividual mirrors 21 of respectively one of the groups 23 illuminate illumi-
nation field sections which complement one another to form the whole il-
lumination field 4. The radii of curvature of the individual mirrors 21 can

differ from group 23 to group 23.

Downstream of the first transmission partial optical unit 13 in the beam
path, the illumination optical unit 3 has a second transmission partial opti-
cal unit 24 for guiding the illumination light 12 from the secondary light
sources 14 into the illumination field 4. The second transmission partial
optical unit 24 comprises a second facet mirror 25 in the form of a pupil
facet mirror, which is arranged downstream of the first facet mirror 17 in
the beam path of the illumination light 12. The secondary light sources 14
are produced in the region of a reflection of the illumination light 12 on the
second facet mirror 25. The pupil facet mirror 25 has a plurality of pupil

facets 26, which are also referred to as second facets.
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A first telescopic mirror 27 and a second telescopic mirror 28 are arranged
in the light path downstream of the pupil facet mirror 25, with both tele-
scopic mirrors being operated in the region of perpendicular incidence, i.e.
the illumination light 12 impinges on the two mirrors 27, 28 with an angle
of incidence of between 0° and 45°. Here, the angle of incidence is under-
stood to mean the angle between the incident radiation and the normal of
the reflective optical surface. Arranged downstream of this in the beam
path is a deflection mirror 29, which deflects the radiation incident thereon
onto the object field 4 in the object plane 5. The deflection mirror 29 is op-
erated under grazing incidence, i.e. the illumination light 12 impinges on
the mirror at an angle of incidence of between 45° and 90°. The reflective
structure-bearing mask 6, which is imaged in the image field 10a in the
image plane 10 with the aid of the projection lens 8, is arranged at the loca-
tion of the object field 4. The projection lens 8 comprises six mirrors M1,
M2, M3, M4, M5 and M6, which are numbered in the sequence of the
beam path of the imaging light 3. All six mirrors M1 to M6 of the projec-
tion lens 8 respectively have a reflective optical surface, which extends

along a surface rotationally symmetric about the optical axis oA.

Figure 3 shows a section of the illumination optical unit 3 between the
source plasma 15 of the light source and one of the pupil facets 26 of the
pupil facet mirror 25. In Figure 3, the components of the first transmission
partial optical unit 13 and, additionally, one of the individual mirror groups
23 of the field facet mirror 17 are illustrated. Furthermore, the profiles of a
plurality of selected individual rays of the illumination light 12, which are
associated with the illustrated mirror group 23 of the field facet mirror 17,

are also illustrated.
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Depending on the embodiment of the illumination optical unit 3, the field
facet mirror 17 has an imaging effect or a purely deflecting effect for the
illumination light 12. In Figure 3, the pupil facets 26 of the pupil facet mir-

ror 25 are illustrated by a mirror surface with concave curvature.

From the illustration according to Figure 3 it becomes clear that, in the first
transmission partial optical unit 13, the collector mirror 16 images the pri-
mary light source, i.e. the source plasma 15, onto the secondary light
source 14 in the region of the pupil facet 26, which is associated with the
individual mirrors 21 of the mirror group 23 via a group illumination chan-
nel. The group illumination channel includes the individual mirror illumi-
nation channels 22 of the individual mirrors 21 of this mirror group 23.
Apart from pure beam deflection, the field facet mirror 17 contributes noth-

ing to this imaging.

In the case of this imaging, the secondary light sources 14 constitute a first
light-source image in the beam path of the illumination light 2 after the

primary light source, i.e. after the source plasma 15.

In actual fact, as can be gathered from Figure 2, each of the mirror groups
23 is illuminated by the illumination light and respectively images the
source plasma 15 on a selected one of the pupil facets 26 of the pupil facet
mirror 25 in the form of a secondary light source 14. The secondary light
sources 14 do not have to lie exactly at the point of reflection on the pupil
facets 26, but can rather also be created in the beam path of the illumina-

tion light 12 adjacent to the reflection on the pupil facets 26.

Each of the mirror groups 23 of the field facet mirror 17 has a plurality of

individual mirrors 21. Via the respective individual mirror illumination
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channels 22, the individual mirrors 21 respectively reflect the illumination
light 12 into illumination field sections, which are smaller than the entire
illumination field or object field 4 and complement one another to form the
entire object field 4 for the individual mirrors 21 of respectively one of the
mirror groups 23. Thus, one of the mirror groups 23 has the function of a
field facet of a field facet mirror or a first scanning element according to,
for example, US 6,438,199 B1 or US 6,658,084 B2. A corresponding sub-
division of field facets into individual mirrors such that the effect of an in-
dividual mirror group corresponds to the effect of a field facet is known

from DE 10 2008 009 600 A.

The individual mirrors 21 respectively of one of the mirror groups 23 are
associated with exactly one pupil facet 26, i.e. one of the facets of the sec-
ond facet mirror 25, by means of their respective individual mirror illumi-
nation channels 22. Within such a mirror group 23 there can be more than
ten individual mirrors 21, more than twenty-five individual mirrors 21,
more than fifty individual mirrors 21 or else more than one hundred indi-

vidual mirrors 21.

In one embodiment of the illumination optical unit 3, each of the individual
mirrors 21 is in a mechanical functional connection with an associated ac-
tuator 30 for a tilt-displacement of the respective individual mirror 21,
which is illustrated in an exemplary fashion for one of the individual mir-
rors 21 in Figure 3. By means of the actuators 30, the individual mirrors 21
can be tilted between at least two tilt positions in such a way that, in a first
one of the tilt positions of the individual mirrors 21, a first illumination
distribution of the facets 26 of the second facet mirror 25 and, in a second
one of the tilt positions of the individual mirrors 21, a second illumination

distribution of the facets 26 of the second facet mirror 25 is illuminated via
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the individual mirrors 21 which are respectively associated by the individ-
ual mirror illumination channels 22.

In the tilt position of the individual mirrors 21 according to Figure 3, the
individual mirrors 21 of the illustrated individual mirror group 23 deflect
the illumination light 12 onto precisely one of the pupil facets 26, which, in
Figure 3, is denoted as pupil facet 26,. This illumination is shown for pre-

cisely two of the individual mirrors 21.

The actuators 30 of the individual mirrors 21 are signal-connected (not il-
lustrated) to a central control apparatus 31. The control apparatus 31 pre-

scribes the respective tilt positions of the individual mirrors 21.

In a further embodiment of the illumination optical unit 3, the respective
mirror group 23 has a monolithic design. The individual mirrors 21 of the
mirror group 23 are then tilted individually and can, depending on the cur-
vature of the reflection surfaces of the mirrors 21, have a different beam
guiding effect, but cannot be actuated individually. In this case, each of the
mirror groups 23 is equipped with a group actuator for common tilting of

all individual mirrors 21.

The pupil facets 26 of the pupil facet mirror 25 lie in an illumination pupil

plane of the illumination optical unit 3.

The size of the individual mirrors 21 is illustrated in a greatly exaggerated
fashion in Figure 3, since the ratio between the size of the respective indi-
vidual mirror 21 and the distance between the collector 16 and the field

facet mirror 17 with the mirror groups 23 is very much smaller in practice

than illustrated in the schematic Figure 4.
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Figure 5 shows an adjustment device 32 for adjusting mirrors for guiding
beams of radiation along a beam path, using the example of adjusting the
field facet mirror 17 relative to the pupil facet mirror 25. In a similar fash-
ion as to will be explained below on the basis of these two mirrors 17, 25,
it is possible, using the adjustment device 32, to adjust the relative position
of arbitrary pairs of mirrors relative to one another, which are arranged in
succession in a beam path for guiding used radiation. Examples of such
pairs of mirrors are the mirrors of the illumination optical unit 3 or the mir-

rors of the projection optical unit 8 of the projection exposure apparatus 1.

The adjustment device 32 has a first adjustment mark 33 in the form of a

periodic sequence of reflecting first adjustment markers 34 along a marker
dimension MD on the field facet mirror 17, i.e. on the guiding mirror in the
beam path of the illumination light 12. The marker dimension MD can be a
dimension parallel to the x- or y-coordinate, as indicated in Figure 5 by the

schematically plotted Cartesian xyz-coordinate system.

Figure 4 shows a plan view of the field facet mirror 17. A section of a sup-
port plate 35 of the field facet mirror 17 with a mirror group 23, arranged
thereon and illustrated in an exemplary fashion, with individual mirrors 21

and several adjustment markers 34 of the adjustment mark 33 is illustrated.

In the plane of the support plate 35, the reflection surfaces of the respective
adjustment markers 34 have an extent which is so large that there are no
diffraction effects at the adjustment markers 34, even in the case of an ad-
justment wavelength of adjustment radiation 36, guided over the beam path
of the illumination light 12, which is significantly longer than the wave-

length of the illumination light 12. The adjustment radiation 36 has a wave-
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length of, for example, 193 nm, i.e. a wavelength which is longer by ap-
proximately a factor of 10 than the wavelength of the illumination light 12.
The adjustment markers 34 have x- and y-extents of, for example, 10 pum,
1.e. they can be embodied as square mirrors on the support plate 35 with
reflection surfaces with extents of 10 um x 10 um. Larger reflection sur-
faces of the adjustment markers 34 are also possible, for example surfaces
with typical edge lengths of 50 pm, 100 pm, 250 pm, 500 pm, 1 mm, 2

mm or 5 mm.

The adjustment radiation 36 is generated by an adjustment radiation source
37 (cf. Figure 5) and coupled into the beam path of the illumination light
12 via a coupling-in mirror 38, which can, for example, be folded in and is
folded into the beam path of the illumination light 12 during adjustment
pauses outside of the operating times of the projection exposure apparatus

1.

The adjustment device 32 furthermore includes a second adjustment mark
39 on the pupil facet mirror 25. The second adjustment mark 39 is likewise
formed by a periodic sequence of reflecting second adjustment markers 40
along a marker dimension MD on the pupil facet mirror 25, i.e. on the fol-
lowing mirror, of the mirrors to be adjusted, in the beam path of the illumi-
nation light 12 and the adjustment radiation 36. In the case of a correct ad-
justment of the two mirrors 17, 25 with respect to one another, as illus-
trated in Figure 5, the two marker dimensions MD of the adjustment marks
33, 39 extend parallel to one another and, for example, relative to the x-
direction or parallel to the y-direction. Both the adjustment markers 34 and

the adjustment markers 40 have planar reflection surfaces.



WO 2013/174680 PCT/EP2013/059973

10

15

20

25

- 19 -

The adjustment markers 34 reflect the adjustment radiation 36 in such a
way that adjustment radiation partial beams 41 of the adjustment radiation
36 extend parallel to one another between the adjustment marks 33, 39. In
the embodiment of the adjustment device 32 according to Figures 5 and 6,
the periodicity Py of the adjustment markers 34 and 40 of the adjustment
marks 33 and 39 is the same. In the mirrors 17, 25 adjusted in accordance
with Figure 5, an effective period of a totality 42 of the adjustment radia-
tion partial beams 41 on the pupil facet mirror 25 has the same length as
the period Py of the adjustment markers 40 of the second adjustment mark
39. Moreover, if the mirrors 17, 25 are adjusted correctly with respect to
one another, the adjustment markers 40 of the second adjustment mark 39
are aligned precisely with respect to the adjustment radiation partial beams
41, both in the x-direction and in the y-direction, such that said adjustment
radiation partial beams can be reflected with the greatest reflectivity from
the adjustment markers 40 to a spatially resolving detector 43 in the form

of a camera.

The adjustment markers 40 are aligned in such a way that the adjustment
radiation partial beams 41 extend parallel to one another even after the re-

flection on the adjustment markers 40.

A radiation intensity I of the totality 42 of the adjustment radiation partial
beams 41 which is reflected by the first adjustment markers 34 and subse-
quently reflected by the second adjustment markers 40 serves as adjust-
ment parameter detected by the camera 43. In the case of a perfect adjust-
ment of the two mirrors 17, 25 with respect to one another, the radiation
intensity detected with the camera 43 along the marker dimension MD,
which can extend along the x-axis or along the y-axis, has a top hat profile

I(x, y), wherein a detected intensity [, reaches a predetermined value (cf.
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Figure 5). A maladjustment is present if, in a predetermined detection re-
gion of the camera 43, the radiation intensity value I = I, is not reached

and/or if the measured radiation intensity profile is not a top hat profile.

Figure 6 clarifies the effects of a tilt maladjustment of the mirror 25 rela-
tive to the mirror 17 about a tilt angle a. This reduces an effective period
P.¢ of the adjustment markers 40 of the second adjustment mark 39 to a
value P = Py x cos a, wherein Py is the period of the adjustment markers
40 of the second adjustment mark 39 along the marker dimension. Accord-
ingly, only part of the totality of the adjustment radiation partial beams 41,
which are incident on the pupil facet mirror 25, is reflected with the great-
est reflectivity by the adjustment markers 40. In the example according to
Figure 6, this is a central adjustment radiation partial beam 41,,. The fur-
ther the other adjustment radiation partial beams 41 are distanced from this
central adjustment radiation partial beam 41, the lower a reflection effi-
ciency of the adjustment radiation partial beams 41 is on the adjustment
markers 40. This is due to the fact that the following applies to the peri-
odicities: P g < Py. A radiation intensity profile, which is illustrated below
the camera 43 in Figure 6, emerges as adjustment parameter on the image
field of the camera 43. As long as the peak intensity value I is still
reached, it is still possible to gather from this approximately Gaussian ra-
diation intensity profile that there is only a tilt maladjustment. If the inten-
sity maximum value, I, is no longer reached in the radiation intensity pro-
file according to Figure 6, this is an indication that there also is a transla-
tion maladjustment in addition to a tilt maladjustment, since none of the
adjustment partial beams are then reflected at the adjustment markers 34 or

40 with the highest reflectivity.
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The adjustment markers 34 and 40 can be formed by adjustment facets,
which are arranged outside of a beam guiding used region of the mirrors
17, 25 to be adjusted. A boundary of this beam guiding used region is indi-
cated in Figure 4 by a dash-dotted line between the adjustment markers 34
arranged outside of the beam guiding used region and the mirror groups 23

arranged within the beam guiding used region.

In accordance with what was explained above in the context of Figure 4
and the field facet mirror 17, the adjustment markers 40 are arranged on a
support plate of the pupil facet mirror 25, outside of a beam guiding used
region, in which the pupil facets 26 of the pupil facet mirror 25 are ar-

ranged.

The adjustment device 32 furthermore includes a first displacement drive
44 for displacing the field facet mirror 17, which is mechanically con-
nected to the support plate 35, and a second displacement drive 45 for dis-
placing the pupil facet mirror 25, which is mechanically connected to the
support plate thereof. The two displacement drives 44 and 45 and also the
camera 43 are signal-connected to the open/closed-loop control unit 31,

which is not illustrated in detail in Figure 5.

A lookup table is stored in the open/closed-loop control unit 31, which
lookup table associates specific change patterns for the radiation intensity
profile measured by the camera 43 with specific relative displacements be-
tween the mirrors 17, 25, which displacements can be prescribed by the
displacement drives 44, 45. In order to adjust the two mirrors 17, 25 with
respect to one another, some test displacements of the mirrors 17, 25 with
respect to one another are played through and the mirror intensity profile

changes measured thereby are established by the displacement patterns in
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the lookup table. As a result of this, the open/closed-loop control apparatus
31 establishes an actual position of the two mirrors 17, 25 and subsequently
actuates the displacement drives 44, 45 in such a way that these actual po-
sitions of the mirrors 17, 25 correspond to previously predetermined, per-
fectly adjusted intended positions. This is how the mirrors 17, 25 are ad-
justed. The relative position of the adjustment marks 33 with respect to one
another is a measure for the adjustment parameter for the correspondence
between an actual adjustment position of the mirrors 17, 25 to be adjusted

and an intended adjustment position.

Figure 7 shows a further embodiment of an adjustment device 46, which
can be used in place of the adjustment device 32 for adjusting the two mir-
rors 17, 25 or another pair of mirrors of the projection exposure apparatus 1
or of a different optical system. Components which correspond to those
which were already explained above with reference to Figures 1 to 6 and,
in particular, with reference to Figures 4 to 6 are denoted by the same ref-

erence signs and will not once again be discussed in detail.

In the adjustment device 46, the periodicity P, of the first adjustment mark
33 on the mirror 17 differs from the periodicity P, of the second adjustment
mark 39 on the mirror 25. The following applies: P; < Py. In the adjustment
device 46, the adjustment radiation partial beams 41 extend in a convergent
fashion between the adjustment marks 33 and 39 between the two mirrors
17 and 25 to be adjusted. The convergence angle is matched to the ratio
P,/Py in such a way that, in the case of mirrors 17, 25 correctly adjusted
with respect to one another, the distance between the adjustment radiation
partial beams 41 on the reflection on the adjustment markers 40 corre-
sponds to the periodicity of these adjustment markers 40 on the second

mirror 25 adjusted in this way. In the case of mirrors 17, 25 that are ad-
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justed perfectly with respect to one another, the adjustment radiation partial
beams 41 are thus reflected with highest reflectivity by both the adjustment
markers 34 of the first adjustment mark 33 and the adjustment marks 40 of

the second adjustment mark 39.

In the adjustment device 46, the camera 43 is arranged downstream of an
intermediate focus Z, through which the adjustment radiation partial beams
41 pass as a result of the convergent guidance thereof. In the case of a cor-
rect adjustment of the two mirrors 17, 25 with respect to one another, the
camera once again detects a radiation intensity profile I(x) or I(y) in the
form of a top hat profile I = I as adjustment parameter. In the case of a
maladjustment of the two mirrors 17, 25, in particular in the case of a mal-
adjustment of the mirror 25 relative to the mirror 17 in the z-direction, this
results in a deviation of the measured radiation intensity profile from this
top hat profile, as illustrated in Figure 7 in a dashed manner. In particular
in the case of a maladjustment along the z-direction, the periodicity of the
adjustment radiation beam deviates from the periodicity of the second ad-
justment markers 40 as a result of the convergence of the adjustment radia-
tion beam 41 in the region of the reflection at the second mirror 25 adjusted
thus so that not all of the adjustment radiation partial beams are reflected at
the second adjustment markers 40 with the same high reflectivity. The ad-
Justment device 46 is therefore particularly sensitive in respect of a malad-
justment of the two mirrors 17, 25 with respect to one another along the z-

direction, i.e. perpendicular to the marker dimension MD.

The following emerges for this effective period Py of the adjustment radia-
tion partial beams at the adjustment device 46, dependent on a maladjust-

ment z:
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P]T: Pl X (ZO —Z)/ZO.

Here, a measure for z0 is at which z-distance the adjustment radiation par-

tial beams 41 would meet at a focus if the second mirror 25 were omitted.

The adjustment sensitivity of the two adjustment devices 32, 46 emerges

from the principle of a moiré pattern.

In place of a convergent beam path between the two mirrors 17, 25, use can
also be made of a divergent beam path in an alternative embodiment of an
adjustment device. In this case, the periodicity P, of the adjustment mark-
ers 40 on the second mirror 25 in the beam path is greater than the perio-
dicity Py of the adjustment markers 34 of the first adjustment mark on the

first mirror 17.

On the basis of Figures 8 and 9, a further embodiment of an adjustment
device 47 for adjusting mirrors 17, 25 for beam guidance of radiation along
a beam path is described below, once again using the example of the two
facet mirrors 17, 25. Components which correspond to those which were
already explained above with reference to Figures 1 to 7 are denoted by the

same reference signs and will not once again be discussed in detail.

As first adjustment mark, the adjustment device 47 has an adjustment ob-
ject 48, which can, for example, be a cross, which is illustrated in a plan
view in an insert of Figure 8. The bars of the cross of the adjustment mark
48 extend parallel to the x-direction and parallel to the y-direction. The
adjustment object 48 and imaging adjustment mirrors 49, 50 on the two
mirrors 17, 25 to be adjusted are arranged in such a way that the adjustment

object 48 is imaged onto an adjustment image 51 on at least one of the two
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mirrors 17, 25 as a result of the imaging effect. An intermediate image ZB
of this image lies between an adjustment object plane 52, in which the ad-
justment object 48 is arranged, and an adjustment image plane 53, in which
the adjustment image 51 is arranged. The first mirror 17 images the ad-
justment object 48 into the intermediate image ZB. The second mirror 25

images the intermediate image ZB into the adjustment image 51.

The intermediate image plane 53 coincides with an arrangement plane of a
second adjustment mark 54. The second adjustment mark 54 is fixedly, i.e.
rigidly, connected to the first mirror 17, as indicated in Figure 8 by a con-

necting arm 55.

The adjustment marks 48 and 54 of the adjustment device 47 can, in par-
ticular, be realized by edges of reflection surfaces of mirror facets on the

mirrors 17, 25.

In the case of correctly adjusted mirrors, the adjustment image 51 coincides

with the second adjustment mark 54.

The second adjustment mark 54 can in turn be embodied as an xy-cross in
the style of the adjustment object 48. An x/y-distance, i.e. firstly an x-
distance and secondly a y-distance, between the adjustment image 51 and
the second adjustment mark 54 is captured by the camera 43 as an adjust-
ment parameter. In the case of correctly adjusted mirrors 17, 25, this x/y-

distance is 0.

In the case of a maladjustment between the mirrors 17 and 25, this results
in a corresponding x/y-displacement of the adjustment image 51 relative to

the second adjustment mark 54, as illustrated in Figure 9. In the case of
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magnifying imaging of the adjustment object 48 into the adjustment image
51, a corresponding magnification of a sensitivity of the adjustment device
47 in relation to an adjustment displacement of the mirrors 17, 25 with re-
spect to one another can be achieved, as illustrated in Figure 9. A dis-
placement error Ax of the mirror 17 is, in the process, converted into an
enlarged distance Ax' of the adjustment image 51 from the second adjust-

ment mark 54.

The adjustment devices 46 and 47 can also interact with displacement
drives for the mirrors 17, 25 and with an open/closed-loop control appara-
tus 31 for closed-loop control of the mirror adjustment, as was already ex-

plained above in conjunction with the adjustment device 32.

During the production of a microstructured or nanostructured component,
the wafer 9 is initially provided, on which wafer a layer made of a light-
sensitive material is applied at least in part. Provision is moreover made for
the reticle 6, which has structures to be imaged. Furthermore, the projec-
tion exposure apparatus 1 is provided with one of the above-described em-
bodiments of the first transmission partial optical unit 13 and a pupil facet
mirror 25, in which the number of pupil facets 26 is an integer multiple of
the number of individual mirror groups 23; for example, it is greater by a
factor of three to ten. Prior to the actual projection exposure, the mirrors
17, 25 and optionally further pairs of mirrors of the optical system of the
projection exposure apparatus 1, i.e. of the illumination optical unit 3
and/or the projection optical unit 8, i.e. in particular also the mirrors M1 to
Mo, are adjusted with respect to one another with the aid of the adjustment
devices 32, 46 or 47 explained above. An illumination setting is thereupon
prescribed; i.e. those pupil facets 26 of the pupil facet mirror 25 which

should be illuminated are selected so that a predetermined illumination an-
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gular distribution results during the illumination of the object field 4, in
which the reticle 6 is arranged. In accordance with this prescription, the
open/closed-loop control apparatus 31 prescribes the tilt position of the
individual mirrors 21 of all individual mirror groups 23 of the first facet
mirror 17. Subsequently, at least part of the reticle 6 is projected onto a
region of the light-sensitive layer with the aid of the projection optical unit

8 of the projection exposure apparatus 1.

The above-described embodiments of the adjustment devices 32, 46 and 47
can also be used for adjusting two mirrors to be adjusted in a mask inspec-
tion device. Such a mask inspection device is described in WO
2011/144389 A1, the content of which is referred to in its entirety. Such a
mask inspection device comprises an illumination optical unit for illumi-
nating the mask, i.e., for example, the reticle 6, a magnifying imaging opti-
cal unit for illuminating an illuminated object field, which coincides with a
section of the mask, and a detection apparatus for capturing a light intensity
of the illumination and imaging light in the image field. The mirrors to be
adjusted with respect to one another can in each case be two of the illumi-
nation mirrors B1 to B3 and/or two of the projection mirrors M1 to M4 of
the mask inspection device described in this document. Such a mask in-
spection device can be used, in particular, to measure optical parameters of

the mask and/or detect structure defects on the mask.
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Patent claims

Adjustment device (32; 46; 47) for adjusting mirrors (17, 25) for guid-

ing used radiation (12) along a beam path

- with at least a first adjustment mark (33; 48),

- with at least a second adjustment mark (39; 54),

- wherein at least one of the two adjustment marks (33, 39; 54) is
fixedly connected to one of the mirrors (17, 25; 17) to be adjusted,

- wherein the relative position of the adjustment marks (33, 39; 48,
54) with respect to one another is a measure for an adjustment pa-
rameter for the correspondence between an actual adjustment posi-
tion of the mirrors (17, 25) to be adjusted and an intended adjust-
ment position,

- with a spatially resolving detector (43) for detecting the adjustment
parameter,

- wherein at least one of the mirrors to be adjusted is a facet mirror
(17, 25) with a plurality or multiplicity of mirror facets (21) or mir-
ror facet groups (23).

Adjustment device according to Claim 1, characterized by an adjust-
ment light source (37) with an adjustment wavelength which differs
from a used wavelength of the used radiation guided by the mirrors to

be adjusted.

Adjustment device according to Claim 1 or 2, characterized in that
the first adjustment mark (33) is formed by a periodic sequence of re-
flecting first adjustment markers (34) along a marker dimension (MD)
on a mirror (17), leading in the beam path, of the mirrors (17, 25) to be
adjusted, with the second adjustment mark (39) being formed by a pe-
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riodic sequence of reflecting second adjustment markers (40) along a

marker dimension (MD) on a mirror (25), following in the beam path,

of the mirrors (17, 25) to be adjusted,

- wherein a radiation intensity (I) of a totality (42) of adjustment ra-
diation partial beams (41) which is reflected by the first adjustment
markers (34) and subsequently reflected by the second adjustment

markers (40) is detected as adjustment parameter.

Adjustment device according to Claim 3, characterized in that a pe-
riodicity (Py) of the adjustment markers (34, 40) on the mirrors (17, 25)
to be adjusted is the same, wherein the adjustment radiation partial
beams (41) extend parallel to one another between the adjustment

marks (33, 39).

Adjustment device according to Claim 3, characterized in that a pe-
riodicity (Py, P,) of the adjustment markers (34, 40) on the mirrors (17,
25) to be adjusted differs, wherein the adjustment radiation partial
beams (41) extend in a divergent fashion with respect to one another or
in a convergent fashion with respect to one another between the ad-

justment marks (33, 39).

Adjustment device according to Claim 1 or 2, characterized in that
the first adjustment mark (48) constitutes an object which is imaged
onto an image (51) in an arrangement plane (53) of the second adjust-
ment mark (54) by the first mirror (17) to be adjusted and/or the second
mirror (25) to be adjusted, wherein the second adjustment mark (54) is
fixedly connected to one of the two mirrors (17) to be adjusted, where-

in a distance (Ax') between the image (51) of the first adjustment mark



WO 2013/174680 PCT/EP2013/059973

10

15

20

25

10.

11.

-30 -

(48) and the second adjustment mark (54) is detected as adjustment pa-

rameter.

Adjustment device according to Claim 6, characterized in that an in-
termediate image (ZB) of the image of the first adjustment mark (48) in
the adjustment image (51) lies between an object plane (53), in which
the first adjustment mark (48) is arranged, and the arrangement plane

(53).

Adjustment device according to one of Claims 3 to 7, characterized in
that the adjustment markers (34; 40) are formed by adjustment facets
which are arranged outside of a beam guiding used area of the mirrors

(17, 25) to be adjusted.

Adjustment device according to one of Claims 3 to 8, characterized in
that the adjustment markers (34; 40) are formed by adjustment facets
which are larger than the mirror facets (21) or mirror groups (23) used

for the beam guidance.

Adjustment device according to one of Claims 1 to 9, characterized in
that the mirrors (17, 25) to be adjusted are components of an optical

system (3, 8) of a projection exposure apparatus (1).

Adjustment device according to one of Claims 1 to 10, characterized
by a displacement drive (44, 45) for displacing the mirrors (17, 25) to
be adjusted with respect to one another and with an open/closed-loop
control unit (31) which is signal-connected to the displacement drive

(44, 45).
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12. Adjustment device according to Claim 11, characterized in that the
open/closed-loop control unit (31) is signal-connected to the detector

(43).

5 13. Mask inspection device for inspecting a mask (6) for projection lithog-
raphy, with an adjustment device (32; 46; 47) according to one of
Claims 1 to 12.
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