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Optical Imaging Arrangement

CROSS-REFERENCE TO RELATED APPLICATIONS

This patent disclosure claims the benefit under 35 U.S.C. 119(e)(1) of provisional U.S. Pat-
ent Application Serial No. 60/686,849 filed 02 June 2005 and of proVisionaI U.S. Patent Ap-
plication Serial No. 60/714,975 filed 08 September 2005, the entire contents of which are
hereby incorporated herein by reference.

BACKGROUND OF THE INVENTION

The invention relates to optical imaging arrangements used in exposure processes, in par-
ticular to optical imaging arrangements of microlithography systems. It further relates to a
method of capturing a spatial relationship between components of an optical imaging ar-
rangement. It also relates to method of transferring an image of a pattern onto a substrate.
Furthermore, it relates to a method of supporting components of an optical projection unit.
The invention may be used in the context of photolithography processes for fabricating mi-
croelectronic devices, in particular semiconductor devices, or in the context of fabricating
devices, such as masks or reticles, used during such photolithography processes.

Typically, the optical systems used in the context of fabricating microelectronic devices such
as semiconductor devices comprise a plurality of optical element units comprising optical
elements, such as lenses and mirrors etc., in the light path of the optical system. Those opti-
cal elements usually cooperate in an exposure process to transfer an image of a pattern
formed on a mask, reticle or the like onto a substrate such as a wafer. Said optical elements
are usually combined in one or more functionally distinct optical element groups. These dis-
tinct optical element groups may be held by distinct optical exposure units. In particular with
mainly refractive systems, such optical exposure units are often built from a stack of optical
element modules holding one or more optical elements. These optical element modules
usually comprise an external generally ring shaped support device supporting one or more
optical element holders each, in turn, holding an optical element.

CONFIRMATION COPY
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Optical element groups comprising at least mainly refractive optical elements, such as
lenses, mostly have a straight common axis of symmetry of the optical elements usually re-
ferred to as the optical axis. Moreover, the optical exposure units holding such optical ele-
ment groups often have an elongated substantially tubular design due to which they are typi-
cally referred to as lens barrels.

Due to the ongoing miniaturization of semiconductor devices there is a permanent need for
enhanced resolution of the optical systems used for fabricating those semiconductor de-
vices. This need for enhanced resolution obviously pushes the need for an increased nu-
merical aperture and increased imaging accuracy of the optical system.

One approach to achieve enhanced resolution is to reduce the wavelength of the light used
in the exposure process. In the recent years, approaches have been made to use light in the
extreme ultraviolet (EUV) range using wavelengths down to 13 nm and even below. In this
EUV range it is not possible to use common refractive optics any more. This is due to the
fact that, in this EUV range, the materials commonly used for refractive optical elements
show a degree of absorption that is to high for obtaihing high quality exposure results. Thus,
in the EUV range, reflective systems comprising reflective elements such as mirrors or the
like are used in the exposure process.to transfer the image of the pattern formed on the
mask onto the substrate, e.g. the wafer.

The transition to the use of high numerical aperture (e.g. NA > 0.5) reflective systems in the
EUV range leads to considerable challenges with respect to the design of the optical imaging

arrangement.

Among others, the above leads to very strict requirements with respect to the relative posi-
tion between the components participating in the exposure process. Furthermore, to reliably
obtain high-quality semiconductor devices it is not only necessary to provide an optical sys-
tem showing a high degree of imaging accuracy. It is also necessary to maintain such a high
degree of accuracy throughout the entire exposure process and over the lifetime of the sys-
tem. As a consequence, the optical imaging arrangement components, i.e. the mask, the
optical elements and the wafer, for example, cooperating in the exposure process must be
supported in a defined manner in order to maintain a predetermined spatial relationship be-
tween said optical imaging arrangement components as well to provide a high quality expo-
sure process.

To maintain the predetermined spatial relationship between the optical imaging arrangement
components throughout the entire exposure process, even under the influence of vibrations
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introduced via the ground structure supporting the arrangement and under the influence of
thermally induced position alterations, it is necessary to at least intermittently capture the
spatial relationship between certain components of the optical imaging arrangement and to
adjust the position of at least one of the components of the optical imaging arrangement as
a function of the result of this capturing process.

To deal with these problems, in common mainly refractive systems, the optical elements and
the metrology devices necessary to capture the spatial relationship mentioned above are
substantially rigidly mounted to a so called metrology frame. Such a metrology frame, in
general, is a heavy, generally plate shaped body. The metrology frame is supported on the
ground structure via vibration isolating means to reduce the influences of vibrations of the
ground structure usually lying in the range of about 30 Hz. Furthermore, considerable effort
is necessary to avoid thermally induced deformations of the metrology frame. Either the me-
trology frame has to be made of a generally expensive material with a very low coefficient of
thermal expansion or an expensive temperature stabilization system has to be provided.
Thus, in any case, the metrology frame is a very complex and, thus, expensive part of the
system.

A further problem arising with the use of light in the EUV range lies within the fact that, for a
system with a high numerical aperture, at least the mirror closest to the wafer is generally of
considerable size by far exceeding the diameter of the last optical elements used in conven-
tional refractive systems. This poses particular problems to the metrology of the wafer stage
leveling system providing the position adjustment between the wafer and the Voptical projec-

tion system formed by the optical elements.

In conventional refractive systems, the leveling of the wafer, i.e. the adjustment of the posi-
tion of the wafer along the optical axis of the optical projection system (often vertical and,
thus, often referred to as the z-axis), is often provided using the measurement results of a
metrology arrangement mounted to the metrology frame and projecting a beam of light onto
the wafer at an oblique angle from a location close to the outer periphery of the last refrac-
tive optical element of the projection system. The measurement beam is reflected from the
surface of the wafer at an oblique angle as well and hits a receptor element of the metrology
arrangement at a location also close to the outer periphery of the last refractive optical ele-
ment. Depending on the location where the measurement beam hits the receptor element,
the location of the wafer with respect to the metrology arrangement may be determined.
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In the conventional refractive systems with last refractive optical elements of relatively mod-
erate diameters, reliable high precision measurement resuits may be achieved. However,
due to the large size of the mirror closest to the wafer and the small distance between s_aid
mirror and the wafer, in a high numerical aperture EUV systems as outlined above, the angle
between the measurement beam and the wafer becomes too small to obtain reliable high

precision measurement results.

EP 1 182 509 A2 (by Kwan), the disclosure of which is incorporated herein by reference,
discloses an imaging system, wherein the positioning of the mask relative to the optical pro-
jection system is provided using the measurement results of a mask metrology arrangement
mounted in part to the hoUsing of the projection system and in part to the mask table carry-
ing the mask. Here, the mask table carries the reference elements of the metrology ar-
rangement, i.e. reflectors for interferometry measurements or 2D-gratings for encoder
measurements. While this solution eliminates the need for mounting components of the

~mask metrology arrangement to a metrology frame it still has the disadvantage that parts of

the metrology arrangement are mounted to the housing of the optical projection system.
Since the housing may be affected by thermally induced expansion effects altering the posi-

-tion of the optical elements received therein, it is necessary to account for these effects

when positioning the mask table adding further complexity to the system thus rendered more
expensive.

SUMMARY OF THE INVENTION

It is thus an object of the invention to, at least to some extent, overcome the above disad-
vantages and to provide good and long term reliable imaging properties of an optical imaging
arrangement used in an exposure process.

Itis a further object of the invention to reduce the effort necessary for an optical imaging
arrangement while at least maintaining the imaging accuracy of the optical imaging ar-
rangement used in an exposure process.

These objects are achieved according to the invention which is based on the teaching that a
reduction of the effort necessary for an optical imaging arrangement while at least maintain-
ing the imaging accuracy of the optical imaging arrangement may be achieved if, on the one
hand, at least a part of the metrology system capturing a spatial relationship between com-
ponents of the optical imaging arrangement, in particular, one or more reference elements of
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the metrology system, is integrated within or mechanically connected directly to a component
of the optical projection unit being adapted to transfer an image of the pattern onto the sub-
strate, and if, on the other hand, certain components of the optical projection unit are ar-
ranged so as to receive least a part of the metrology system, in particular, one or more ref-
erence elements of the metrology system.

Integration or direct connection of at least parts of the metrology systém to a component of
the optical projection unit allows to reduce the effort for a metrology frame up to even en-
tirely eliminating the metrology frame. Furthermore, it has turned out that certain compo-
nents of the optical projection unit may be adapted to be highly suitable for integration or
direct connection of at least parts of the metrology system. In particular, it has turned out
that certain components of the optical projection unit may be adapted to be highly suitable
for integration or direct connection of one or more reference elements of the metrology sys-
tem.

Thus, according to a first aspect of the invention there is provided an optical imaging ar-
rangement comprising: a mask unit comprising a pattern, a substrate unit comprising a sub-
strate, an optical projection unit comprising a group of optical element units, the optical pro-
jection unit being adapted to transfer an image of the pattern onto the substrate, a first im-
aging arrangement component, the first imaging arrangement component being a compo-
nent of one of the optical element units, a second imaging arrangement component, the
second imaging arrangement component being different from the first imaging arrangement
component and being a compone'nt of one of the mask unit, the optical projection unit and
the substrate unit, and a metrology arrangement. The metrology arrangement captures a
spatial relationship between the first imaging arrangement component and the second im-
aging arrangement component. The metrology arrangement comprises a reference element,
the reference element being mechanically connected directly to the first imaging arrange-
ment component.

According to a second aspect of the invention there is provided an optical imaging arrange-
ment comprising: a mask unit comprising a pattern, a substrate unit comprising a substrate,
an optical projection unit comprising a group of optical element units and a support structure.
The group of optical element units is adapted to transfer an image of the pattern onto the
substrate. The group of optical element units comprises a first sub-group of the optical ele-
ment units and a first optical element unit separate from the first sub-group. The support
structure is supported on a ground structure and supports the first sub-group. The first opti-
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cal element unit is connected to one of the support structure and the ground structure via a

vibration isolating device.

According to a third aspect of the invention there is provided an optical imaging arrangement
comprising a mask unit comprising a pattern, a substrate unit comprising a substrate and an
optical projection unit comprising a group of optical element units and a support structure.
The group of optical element units is adapted to transfer an image of the pattern onto the
substrate. The optical projection unit comprises a housing unit supporting at least a first sub-
group of the optical element units. The housing unit is supported in a vibration isolated man-

ner directly on a ground structure.

According to a fourth aspect of the invention there is provided a method of capturing a spa-
tial relationship between a first component and a second component of an optical imaging
arrangement. The method comprises: providing an optical imaging arrangement comprising
a mask unit comprising a pattern, a substrate unit comprising a substrate; an optical projec-
tion unit comprising a group of optical element units, the optical projection unit being adapted
to transter an image of the pattern onto the substrate, a first imaging arrangerhent compo-
nent, the first imaging arrangement component being a component of one of the optical
element units, a second imaging arrangement component, the second imaging arrangement
component being different from the first imaging arrangement component and being a com-
ponent of one of the mask unit, the optical projection unit and the substrate unit. The method
further comprises providing a reference element, the reference element being mechanically
connected immediately to the first imaging arrangement component; and capturing a spatial
relationship between the first imaging arrangement component and the second imaging ar-
rangement component using the reference element.

According to a fifth aspect of the invention there is provided a method of transferring an im-
age of a pattern onto a substrate. The method comprises: in a transferring step, transferring
the image of the pattern onto the substrate using an optical imaging arrangement, in a cap-
turing step of the transferring step, capturing a spatial relationship between a first compo-
nent and a second component of the optical imaging arrangement using the’ method ac-
cording to the third aspect of the invention; in a controlling step of the transferring step, con-
trolling the position of at least one component of the optical imaging arrangement as a func-
tion of the spatial relationship between a first component and a second component captured
in the capturing step.
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According to a sixth aspect of the invention there is provided a method of supporting compo-
nents of an optical projection unit. The method comprises: providing a group of optical ele-
ment units, the group of optical element units being adapted to transfer an image of a pat-
tern onto a substrate; providing a housing unit supporting a first sub-group of the optical
element units, supporting the housing in a vibration isolated manner directly on a ground

structure.

According to a seventh aspect of the invention there is provided a method of supporting
components of an optical projection unit. The method comprises: providing a group of optical
element units, the group of optical element units being adapted to transter an image of a
pattern onto a substrate; supporting a first sub-group of the optical element units via a first
support unit, supporting a first optical element unit separately from the first sub-group, the
first optical element unit being supported in a vibration isolated manner.

According to an eighth aspect of the invention there is provided an optical imaging arrange-
ment comprising: a mask unit comprising a pattern, a substrate unit comprising a substrate,
an optical projection unit comprising a group of optical element units, the optical projection
unit being adapted to transfer an image of the pattern onto the substrate, a first imaging ar-
rangement component, the first imaging arrangement component being a component of one
of the optical element units, a second imaging arrangement component, the second imaging
arrangement component being different from the first imaging arrangement component and
being a component of one of the mask unit, the optical projection unit and the substrate unit,
and a metrology arrangement. The metrology arrangement captures a spatial relationship
between the first imaging arrangement component and the second imaging arrangement
component. At least one metrology component of the metrology arrangement is integrated
into said first imaging arrangement component.

According to a ninth aspect of the invention there is provided an optical imaging arrange-
ment comprising a mask unit adapted to receive a pattern, a substrate unit adapted to re-
ceive a substrate, an optical projection unit comprising a group of optical element units, the
optical projection unit being adapted to transfer an image of the pattern onto the substrate, a
first imaging arrangement component, the first imaging arrangement component being a
component of the optical projection unit, a second imaging arrangement component, the
second imaging arrangement component being a component of one of the mask unit and the
substrate unit, a metrology arrangement comprising an encoder arrangement. The metrol-
ogy arrangement captures a spatial relationship between the first imaging arrangement
component and the second imaging arrangement component using the encoder arrange-
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ment. The encoder arrangement comprises an emitter, an encoder element and a receiver.
The emitter emits a light beam onto the receiver via the encoder element. The encoder ele-

ment is mechanically connected directly to the first imaging arrangement component.

According to a tenth aspect of the invention there is provided a method of capturing a spatial
relationship between a first component and a second component of an optical imaging ar-
rangement, the method comprising providing an optical imaging arrangement comprising a
mask unit adapted to receive a pattern, a substrate unit adapted to receive a substrate, an
optical projection unit comprising a group of optical element units, the optical projection unit
being adapted to transfer an image of the pattern onto the substrate, a first imaging ar-
rangement component, the first imaging arrangement component being a component of the
optical projection unit, a second imaging arrangement component, the second imaging ar-
rangement component being a component of one of the mask unit and 1he substrate unit;
providing an encoder arrangement comprising an encoder element mechanically connected
directly to the first imaging arrangement component; and in a capturing step, capturing a
spatial relationship between the first imaging arrangement component and the second im-
aging arrangement component using the encoder arrangement, the capturing the spatial
relationship comprising receiving, via the encoder element, and evaluating at least a part of
a light beam emitted towards the encoder element.

According to an eleventh aspect of the invention there is provided a method of transferring
an image of a pattern onto a substrate, the method comprising, in a transferring step, trans-
ferring the image of the pattern onto the substrate using an optical imaging arrangement, in
a capturing step of the transferring step, capturing a spatial relationship between a first com-
ponent and a second component of the optical imaging arrangement using the method ac-
cording to the invention, in a controlling step of the transferring step, controlling the position
of at least one component of the optical imaging arrangement as a function of the spatial
relationship between a first component and a second component captured in the capturing
step.

According to a twelfth aspect of the invention there is provided an optical imaging arrange-
ment comprising a mask unit adapted to receive a pattern, a target unit adapted to receive at
least one target device, an optical projection unit comprising a group of optical element units,
the optical projection unit being adapted to transfer an image of the pattern onto the at least
one target device, a first imaging arrangement component, the first imaging arrangement
component being a component of one of the optical element units, a second imaging ar-
rangement component, the second imaging arrangement component being different from
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the first imaging arrangement component and being a component of one of the mask unit,
the optical projection unit and the target unit, and a metrology arrangement. The metrology
arrangement captures a spatial relationship between the first imaging arrangement compo-
nent and the second imaging arrangement component. The metrology arrangement com-
prises a reference element, the reference element being mechanically connected directly to
the first imaging arrangement component.

According to a thirteenth aspect of the invention there is provided a method of capturing a
spatial relationship between a first component and a second component of an optical imag-
ing arrangement. The method comprises providing an optical imaging arrangement com- '
prising a mask unit comprising a pattern, a target unit comprising a target device, an optical
projection unit comprising a group of optical element units, the optical projection unit being
adapted to transfer an image of the pattern onto the target device, a first imaging arrange-
ment component, the first imaging arrangement component being a component of one of the
optical element units, a second imaging arrangement component, the second imaging ar-
rangement component being different from the first imaging arrangement component and
being a component of one of the mask unit, the optical projection unit and the target unit,
providing a reference element, the reference element being mechanically connected directly
to the first imaging arrangement component, and capturing a spatial relationship between
the>first imaging arrangement component and the second imaging arrangement component

using the reference element.

According to a fourteenth aspect of the invention there is provided an optical imaging ar-
rangement comprising a mask unit adapted to receive a pattern, a target unit adapted to
receive at least one target device, an optical projection unit comprising a group of optical
element units, the optical projection unit being adapted to transfer an image of the pattern
onto the at least one target device using light in an EUV range. The said target unit com-
prises a substrate unit adapted to receive a substrate forming a first target device and an
image sensor unit adapted to receive an image sensor device forming a second target de-
vice. The target unit is adapted to selectively place the substrate unit and the image sensor
unit into an exposure position relative to the optical projection unit. The image of the pattern
is projected onto the substrate received within the substrate unit when the substrate unit is
positioned in the exposure position. The image of the pattern is projected onto the image
sensor device received within the image sensor unit when the image sensor unit is posi-
tioned in the exposure position.
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According to a fifteenth aspect of the invention there is provided a method of transferring an

image of a pattern onto a plurality of target devices. The method comprises selectively plac-

ing a substrate forming a first target device and an image sensor device forming a second

target device into an exposure position relative to an optical projection unit. In a first transfer-

ring step, when the substrate is in the exposure position, the image of the pattern is trans-

ferred onto the substrate using the optical imaging arrangement and using light in an EUV

range. In a second transferring step, when the image sensor device is in the exposure posi-

tion, the image of the pattern is transferred onto the image sensor device using the optical

imaging arrangement and using light in an EUV range.

Further aspects and embodiments of the invention will become apparent from the dependent

claims and the foliowing description of preferred embodiments which refers to the appended
figures. All combinations of the features disclosed, whether explicitly recited in the claims or

not, are within the scope of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1

Figure 2

Figure 3

Figure 4

Figure 5

is a schematic representation of a preferred embodiment of an optical irhaging
arrangement according to the invention with which preferred embodiments of
methods according to the invention may be executed;

is a block diagram of a preferred embodiment of a method of transferring an im-
age of a pattern onto a substrate according to the invention which may be exe-
cuted with the optical imaging arrangement of Figure 1;

is a schematic representation of a further preferred embodiment of an optical
imaging arrangement according to the invention with which preferred embodi-
ments of the methods according to the invention may be executed;

is a schematic representation of a further preferred embodiment of an optical
imaging arrangement according to the invention with which preferred embodi-
ments of the methods according to the invention may be executed,;

is a schematic representation of a further preferred embodiment of an optical
imaging arrangement according to the invention with which preferred embodi-
ments of the methods according to the invention may be executed;

WA fmeae AP 4 ATAVAIANA
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Figure 6 is a schematic representation of a further preferred embodiment of an optical

imaging arrangement according to the invention with which preferred embodi-
ments of the methods according to the invention may be executed;

Figure 7  is a schematic representation of a detail of a further preferred embodiment of an
optical imaging arrangement according to the invention with which preferred em-
bodiments of the methods according to the invention may be executed;.

Figure 8 is a schematic representation of a detail of a further preferred embodiment of an
optical imaging arrangement according to the invention with which preferred em-
bodiments of the methods according to the invention may be executed;

Figure 9A is a schematic view onto plane IX-iX of Figure 8 with the substrate unit in a first
position;

Figure 9B is a schematic view onto plane IX-1X of Figure 8 with the substrate unit in a sec-
ond position;

Figure 9C is a schematic view onto plane IX-IX of Figure 8 with the substrate unit in a third
position.

DETAILED DESCRIPTION OF THE INVENTION

First embodiment

In the following, a first preferred embodiment of an optical imaging arrangement 1 according
to the invention with which preterred embodiments of methods according to the invention
may be executed will be described with reference to Figures 1 and 2.

Figure 1 is a schematic and not-to-scale representation of the optical imaging arrangement
in the form of an optical exposure apparatus 1 operating in the EUV range at a wavelength
of 13 nm. The optical exposure apparatus 1 comprises an optical projection unit 2 adapted to
transfer an image of a pattern formed on a mask 3.1 of a mask unit 3 onto a substrate 4.1 of
a substrate unit 4. To this end, the optical exposure apparatus 1 comprises an illumination
system — not shown - illuminating the reflective mask 3. The optical exposure unit 3 receives
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the light reflected from the mask 3.1 and projects the image of the pattern formed on the
mask 3.1 onto the substrate 4.1, e.g. a wafer or the like.

To this end, the optical projection unit 2 holds an optical element unit group 5 of optical ele-
ment units. This optical element unit group 5 is held within a housing 2.1 of the optical pro-
jection unit 2, often also referred to as the projection optics box (POB) 2.1. The optical ele-
ment unit group 5 comprises a number of optical elements in the form of mirrors, of which
only the mirrors 6.1, 7.1, 8.1 are shown. These optical elements 6.1, 7.1, 8.1 are positioned
with respect to one another along an axis 2.2 of the optical projection unit 2 in up to all 6

degrees of freedom.

The optical projection unit 2 receives the part of the light path between the mask 3.1 and the
substrate 4.1. The projection surfaces 6.2, 7.2, 8.2 of its optical elements 6.1, 7.1, 8.1 coop-
erate to transfer the image of the pattern formed on the mask 4 onto the substrate 5 located
at the end of the light path.

The mask 3.1 is received on a mask table 3.2 of the mask unit 3, the mask table 3.2 being
supported by a suitable support structure — not shown — on a ground structure 9. In a similar
way, the substrate 4.1 is received on a substrate table 4.2 of the substrate unit 4, the sub-
strate table 4.2 as well being supported by a suitable support structure — not shown — on the
ground structure 9.

The image of the pattern formed on the mask 3.1 is usually reduced in size and transferred
1o several target areas of the substrate 4.1. The image of the pattern formed on the mask
3.1 may be transferred to the respective target area on the substrate 4.1 in two different
ways depending on the design of the optical exposure apparatus 1. If the optical exposure
apparatus 1 is designed as a so called wafer stepper apparatus, the entire image of the
pattern is transferred to the respective target area on the substrate 4.1 in one single step by
irradiating the entire pattern formed on the mask 3.1. If the optical exposure apparatus 1 is
designed as a so called step-and-scan apparatus, the image of the pattern is transferred to
the respective target area on the substrate 4.1 by progressively scanning the mask table 3.2
and thus the pattern formed on the mask 3.1 under the projection beam while performing a
corresponding scanning movement of the substrate table 4.2 and, thus, of the substrate 4.1
at the same time.

In both cases, the relative position of the optical elements of optical element unit group 5, i.e.
the mirrors 6.1, 7.1, 8.1, with respect to each other as well as with respect to the mask 3.1
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and with respect to the substrate 4.1 has to be maintained within predetermined limits to
obtain a high quality imaging result.

During operation of the optical exposure apparatus 1, the relative position of the mirrors 6.1,
7.1, 8.1 with respect to each other as well as with respect to the mask 3.1 and the substrate
4.1 is subject to alterations resuiting from, both, intrinsic and extrinsic, disturbances intro-
duced into the system. Such disturbances may be mechanical disturbances, e.g. in the form
vibrations resulting from forces generated within the system itself but also introduced via the
surroundings of the system, e.g. the ground structure 9. They may also thermally induced
disturbances, e.g. position alterations due to thermal expansion of the parts of the system.

In order to keep the above predetermined limits of the relative position of the mirrors 6.1,
7.1, 8.1 with respect to each other as well as with respect to the mask 3.1 and the substrate
4.1, the mirrors 6.1 and 7.1 may be actively positioned in space via actuator units 6.3 and
7.3, respectively. Similarly, the mask table 3.2 and the substrate table 4.2 may be actively
positioned in space via the respective support structure (not shown in Figure 1).

The active positioning of these parts is performed on the basis of the measurement results
of a plurality of metrology arrangements capturing the spatial relationship between certain
components of the optical exposure apparatus 1.

A first metrology arrangement 10, in 6 degrees of freedom (DOF), captures the spatial rela-
tionship between a first imaging arrangement component of the optical exposure apparatus
1 and a second imaging arrangement component of the optical exposure apparatus 1 differ-
ent from said first imaging arrangement component.

The first imaging arrangement component is a first optical element in the form of the first
mirror 8.1 located closest to the substrate 4.1. Thus, the first imaging arrangerhent compo-
nent is a component of the optical element unit 8. The second imaging arrangement compo-
nent is the substrate table 4.2, i.e. a component of the substrate unit 4. Since the spatial
relationship between the substrate table 4.2 and the substrate 4.1 is known, e.g. due to a
measurement operation immediately preceding the exposure process, the first metrology
arrangement 10 also allows to capture the spatial relationship between the substrate 4.1, as
a component of the substrate unit 4, and the first mirror 8.1.

The metrology arrangement 10 and all further metrology arrangements described herein in
the following operate in a contactless manner by using metrology light beams indicated in
the appended Figures by dotted lines. However, it will be appreciated that, with other em-
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bodiments of the invention, any suitable contact based metrology arrangement may be used
as well. In particular, the choice of the working principle may be made as a function of the
aécuracy requirements. As contactless working principles interferometric, encoder based,
capacitive or inductive working principles etc. may be used for example. As contact based
working principles magnetostrictive or electrostrictive working principles etc. may be used for

example.

The first metrology arrangement 10 comprises at least a first emitter and receiver unit 10.1
connected to the housing 2.1. The metrology arrangeh‘nent 10 further comprises a first refer-
ence element 10.2 being mechanically connected directly to the first mirror 8.1, i.e. to the
first imaging arrangement component.

The term "mechanically connected directly”, in the sense of the invention, is to be under-
stood as a direct connection between two parts including — if any — a short distance between
the parts allowing to reliably determine the position of the one part by measuring the position
of the other part. In particular, the term may mean without the interposition of further parts
introducing uncertainties in the position determination, e.g. due to thermal or vibration ef-
fects.

The first reference element 10.2 is connected to the back side surface 8.3 of the first mirror
8.1 opposite to the first reflective surface 8.2 of the first mirror 8.1. Depending on the work-
ing principle of the first metrology arrangement 10, the first reference element may be a re-
flecting element, e.g. a reflective surface or an element providing a plurality of reflecting
surfaces such as a so called corner cube prism or the like, when an interferometry principle
is used or a diffractive element, e.g. a grating, when an encoder principle is used. In the em-
bodiment shown in Figure 1, the reference element 10.2 is formed by the back side surface
8.3 of the first mirror 8.1. To this end, depending on the working principle of the first metrol-
ogy arrangement 10, the back side surface 8.3 of the first mirror, at least in the region of the
reference element 10.2, may be executed as a reflective surface or may show a grating, e.g.
a grating directly exposed onto the back side surface 8.3..

However, it will be appreciated that, with other embodiments of the invention, the first refer-
ence element may also be an element separate from the first mirror and mechanically con-
nected directly thereto. For example, it may be a reflective surface or a grating etc. on a
separate part that is connected via a positive connection, a frictional connection, an adhesive
connection or any combination thereof directly to the first mirror. For example it may be
screwed, clamped, adhesively or otherwise fixedly connected to the first mirror.
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The first mirror 8.1, depending on the optical design of the optical system of the optical pro-
jection unit 2, typically, has a diameter of about 200 to 800 mm while the substrate 4.1, typi-
cally, has a diameter of about 50 to 450 mm. Thus, in the most extreme case, the first mirror
8.1 has a diameter that is 16 times the diameter of the substrate, leading to a situation as
mentioned above wherein the conventional leveling systems mentioned initially may not be

used anymore.

This problem is overcome by the invention by connecting, more precisely, integrating the first
reference within the first mirror 8.1 located closest to the substrate 4.1 and by projecting the
measurement beam of the first metrology arrangement 10 from a lateral position in a plane
substantially perpendicular to the axis 2.2, i.e. here in a substantially horizontal plane, onto a
reflector surface 10.3 of the first metrology arrangement 10. The reflector surface 10.3 di-
rects the measurement beam onto the first reference element 10.2. The reflector surface
10.3 is formed on a surface of the substrate table 4.2 that, with a properly aligned substrate
table 4.2, is inclined by 45° with respect to the axis 2.2. With such an arrangement, inde-
pendent of the diameter correlations between the first mirror 8.1 and the substrate 4.1, a
reliable measurement of the distance between the first mirror 8.1 and the substrate table 4.2
(and thus the substrate 4.1) along the axis 2.2 may be made.

It will be appreciated that the measurement of the relative position between the first mirror
8.1 and the substrate table 4.2 in all six degrees of freedom may be made using one or more
measurement beams directed onto the reflector surface 10.3. In this case, for example, in-
terferometry and encoder principles may be combined leading to a combination of reflective

’ surfaces and gratings on the back side surface 8.3 of the first mirror 8.1. However, it will be

appreciated that, with other embodiments of the invention, further reference elements lo-
cated at other locations than the back side surface 8.3 of the first mirror may be used in the
first metrology arrangement as it is indicated in Figure 1 by the dashed contours 10.4 and
10.5.

Connection, more precisely integration, of part of the first metrology arrangement 10 with the
first mirror 8.1 results in a gain in building space which, in turn, allows to connect the re-
maining parts of the first metrology arrangement 10, in particular the first emitter and re-
ceiver unit 10.1, directly to the housing 2.1 without the interposition of a large and bulky
structure such as a metrology frame or the like.

Thus, the metrology frame as it is used in conventional systems is omitted and the housing
2.1 of the optical projection unit 2 integrates the function of such a metrology frame and is
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directly connected to the ground structure 9 in a vibration isolated manner via a vibration
isolating device 11. The vibration isolating device 11, at its upper first end, directly contacts
the housing 2.1 at a flange part 2.3 of the housing 2.1 and, at its lower second end, directly
contacts the ground structure 9.

The vibration isolating device 11 is formed by a plurality of vibration isolating units 11.1
evenly distributed at the circumference of the housing 2.1. The frequency of the external
mechanical disturbances introduced into the optical projection unit 2 via the ground structure
9 typically ranges between 30 Hz down to 1 Hz. Thus, depending on the frequency of the
mechanical disturbances to be expected, the vibration isolating units 11.1 may be of any
suitable type providing a support to the housing 2.1 at a resonant frequency of at least a
factor 10 below the frequency of the mechanical disturbances to be expected.

Typically, the resonant frequency of the vibration isolating units 11.1 will be chosen between
0.01 and 10 Hz. Preferably, the resonant frequency of the support provided by the vibration
isolating units 11.1 is at about 0.1 Hz or below. Such a vibration isofating unit 11.1 may be
provided by well known so called magnetic gravity compensators as they are disclosed in
WO 2005/028601 A2 (Miihlbeyer et al.), the disclosure of which is incorporated herein by
reference, having lateral drift control which may also operate according to an electromag-
netic principle (e.g. using voice coil motors etc.) and may also provide the drift control at a
resonant frequency of about the same order, i.e. preferably of about 0.1 Hz or below.

However, it will be appreciated that, with other embodiments of the invention, other working
principles, e.g. purely mechanical working principles with spring arrangements or pneumatic
arrangements of suitably low resonant frequency, may be chosen for the vibration isolating
units.

The elimination of the conventional metrology frame that may be achieved according to the
invention provides a number of advantages over the optical projection systems currently
known:

One advantage is that the elimination of the conventional metrology frame frees up a con-
siderable amount of building space close to the substrate. This facilitates the design and
dimensioning of the projection optics. A further advantage is that the housing 2.1 of the opti-
cal projection unit in itself has already to be highly stabilized in terms of thermal stability in
order to reduce thermal drift effects between the optical elements received therein. Thus, the
housing 2.1 is particularly suitable for integrating parts of the first metrology arrangement
and the considerable effort usually necessary for thermal stabilization of a metrology frame
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has not to be taken. This considerably reduces the overall costs of the optical projection ap-

paratus 1.

The first mirror 8.1 serves as the central reference in the entire system. Thus, a second me-
trology arrangement 12 is provided capturing the spatial relationship between the first mirror
8.1 and the mask table 3.2 in order to use the result in positional adjustment of the mask
table 3.2 with respect to the optical projection system.

The second metrology arrangement 12 comprises a second emitter and receiver unit 12.1
connected to the mask table 3.2 and a second reference element 12.2 mechanically directly
connected to the front side surface 8.4 of the first mirror 8.1. Here again, the second metrol-
ogy arrangement 12 may capture, in 6 degrees of freedom (DOF), the spatial relationship
between the first mirror 8.1 as a first imaging arrangement component of the optical expo-
sure apparatus 1 and the mask table 3.2 as a second imaging arrangement component of
the optical exposure apparatus 1.

The second reference element 12.2 is connected to the front side surface 8.3 of the first
mirror 8.1 also forming the first reflective surface 8.2 of the first mirror 8.1. Depending on the
working principle of the second metrology arrangement 12, the second reference element
may be a reflecting element, e.g. a reflective surface or an element providing a plurality of
reflecting surfaces such as a so called corner cube prism or the like, when an interferometry
principle is used, or a diffractive element, e.g. a grating, when an encoder principle is used.

In the embodiment shown in Figure 1, the front side surface 8.4 of the first mirror 8.1, de-
pending on the working principle of the second metrology arrangement 12, at least in the
region of the second reference element 12.2, may be executed as a reflective surface or
may show a grating, e.g. a grating directly exposed onto the front side surface 8.4.

However, it will be appreciated that, with other embodiments of the invention, the second
reference element may also be an element separate from the first mirror and mechanically
connected directly thereto. For example, it may be a reflective surface or a grating etc. on a
separate part that is connected via a positive connection, a frictional connection, an adhesive
connection or any combination thereof directly to the first mirror. For example it may be
screwed, clamped, adhesively or otherwise fixedly connected to the first mirror.

Furthermore, it will be appreciated that, with other embodiments of the invention, the second
metrology arrangement 12 may be replaced by a conventional metrology arrangement as it
is known from EP 1 182 509 A2 and as it is indicated in Figure 1 by the dashed contour 12.3.
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Furthermore, the second metrology arrangement 12 may also be replaced by a metrology
arrangement as it is indicated in Figure 1 by the dashed contour 12.4. With such a second
metrology arrangement the emitter and receiver unit is again connected to the mask table
3.2 and the second reference element is mechanically directly connected to the housing 2.1.

Finally, a third metrology arrangement 13 is provided capturing the spatial relationship be-
tween the first mirror 8.1 and the other mirrors 6.1 and 7.1 in order to use the result in the
poéitional adjustment of the other mirrors 6.1 and 7.1 with respect to the first mirror 8.1.

The third metrology arrangement 13 comprises a third emitter and receiver unit 13.1 con-
nected to the housing 2.1 and third reference elements 13.2, 13.3, 13.4 mechanically directly
connected to surfaces of the mirrors 8.1, 6.1 and 7.1, respectively. Here again, the third me-
trology arrangement 13 may capture, in 6 degrees of freedom: (DOF), the spatial relationship
between the first mirror 8;1 as a first imaging arrangement component of the optical expo-
sure apparatus 1 and the respective mirror 6.1 and 7.1 as a second imaging arrangement
component of the optical exposure apparatus 1.

The third reference elements 13.2, 13.3, 13.4, depending on the working principle of the
third metrology arrangement 13, may be reflecting elements, e.g. reflective surfaces or ele-
ments providing a plurality of reflecting surfaces such as a so called corner cube prism or
the like, when an interferometry principle is used, or diffractive elements, e.g. gratings, when
an encoder principle is used. In the embodiment shown in Figure 1, the respective surfaces
of the mirrors 8.1, 6.1 and 7.1 forming the third reference elements, depending on the work-
ing principle of the third metrology arrangement 13, at least in the region of the respective
third reference element 13.2, 13.3, 13.4, may be executed as a reflective surface or may
show a grating, e.g. a 2D grating.

However, it will be appreciated that, with other embodiments of the invention, the respective
third reference element may also be an element separate from the respective mirror and
mechanically connected directly thereto. For example, it may be a reflective surface or a
grating etc. on a separate part that is connected via a positive connection, a frictional con-
nection, an adhesive connection or any combination thereof directly to the first mirror. For
example it may be screwed, clamped, adhesively or otherwise fixedly connected to the first
mirror.

Furthermore, it will be appreciated that the respective measurement beam of the respective
metrology arrangement does not necessarily have to have a straight path as it is shown in
Figure 1. Rather, depending on the design of the optical system, appropriate beam steering
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optics may be provided to guide the respective measurement beam, in a defined manner, on
a folded path.

Furthermore, it will be appreciated that, with other embodiments of the invention, the third
metrology arrangement 13 may be replaced by separate metrology arrangements as sepa-
rately capturing the spatial relationship between the first mirror and the respective further
mirror as it is indicated in Figure 1 by the dashed contour 13.5.

With the first embodiment as outlined above, the first to third reference elements 10.2, 12.2,
13.2, 13.3, 13.4 have been provided directly on the respective optical element, i.e. mirrors
6.1, 7.1, 8.1. However, it will be appreciated that, with other embodiments of the invention,
the respective reference elements may also be connected to other components of the re-
spective optical element unit allowing for proper assessment of the spatial position of the
respective optical element. For example, the respective reference element may also be con-
nected to a optical element mounting holding the respective optical element and displaced
together with the respective optical element.

The above mentioned metrology systems 10, 12, 13 could be such that they measure the
direct spatial relationship between mirror 8.1, the substrate table 4.1, the mask table 3.1, and
the mirrors 6.1 and 7.1. Alternatively, the spatial measurement can also be implemented
indirectly, e.g. by measuring the positions of the said individual elements relative to a stable
reference structure (e.g. structure 2.1), from which the direct spatial relationship between
any 2 of the said elements could be determined by vector addition.

With the optical exposure apparatus 1 of Figure 1 a preferred embodiment of a method of
transferring an image of a pattern onto a substrate according to the invention may be exe-
cuted as it will be described in the following with reference to Figure 1 and 2.

In a transferring step 14 of this method, an image of the pattern formed on the mask 3.1 is
transferred onto the substrate 4.1 using the optical projection unit 2 of the optical imaging
arrangement 1.

To this end, in a capturing step 14.1 of said transferring step 14, the spatial relationship be-
tween the first mirror 8.1 as a first component of the optical imaging arrangement 1 and the
substrate table 4.2, the mask table 3.2 and the other mirrors 6.1 and 7.1 each forming a
second component of the optical imaging arrangement 1 is captured using a preferred em-
bodiment of the method of capturing a spatial relationship between a first component and a
second component of an optical imaging arrangement 1 according to the invention.
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In a controlling step 14.2 of the transferring step, the position of the substrate table 4.2, the
mask table 3.2 and the other mirrors 6.1 and 7.1 with respect to the first mirror 8.1 is con-
trolled as a function of the spatial relationship previously captured in the capturing step 14.1.
In an exposure step 14.3, immediately following or eventually overlapping the controlling
step 14.2, the image of the pattern formed on the mask 3.1 is then exposed onto the sub-
strate 4.1 using the optical imaging arrangement 1.

In a step 14.4 of the capturing step 14.1, the mask unit 3 with the mask 3.1 and the sub-
strate unit 4 with the substrate 4.1 is provided and positioned in space. it will be appreciated
that the mask 3.1 and the substrate 4.1 may also be inserted into the mask unit 3 and the
substrate unit 4, respectively, at a later point in time prior to the actual position capturing or
at an even later point in time prior to the exposure step 14.3.

in a step 14.5 of the capturing step 14.1, the components of the optical projection unit 2 are
provided and supported acéording to a preferred embodiment of a method of supporting
components of an optical projection unit according to the invention. To this end, in a step
14.6, the optical element units 6, 7, 8 of the optical projection unit 2 are provided and posi-
tioned within the housing 2.1 of the optical projection unit 2. In a step 14.7, the housing 2.1
with the optical element units 6, 7, 8 is supported in a vibration isolated manner on the
ground structure 9 to provide a configuration as it has been described above in the context
of Figure 1.

In a step 14.8 of the capturing step 14.1 the first to third metrology arrangements 10, 12, 13
are provided to provide a configuration as it has been described above in the context of Fig-
ure 1. It will be appréciated that the first to third reference elements 10.2, 12.2, 13.2, 13.3,
13.4 have already been provided at an earlier point in time together with the respective mir-
ror 6.1, 7.1, 8.1 on which they are formed. However, with other embodiments of the inven-
tion, the first to third reference elements may be provided together with the other compo-
nents of the first to third metrology arrangement at a later point in time prior to the actual
position capturing. '

In a step 14.9 of the capturing step 14.1, the actual spatial relationship between the first mir-
ror 8.1 as a first component of the optical imaging arrangement 1 and the substrate table
4.2, the mask table 3.2 and the other mirrors 6.1 and 7.1 each forming a second component
of the optical imaging arrangement 1 is then captured.

It will be appreciated that the actual spatial relationship between the first mirror 8.1 as a first
component of the optical imaging arrangement 1 and the substrate table 4.2, the mask table
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3.2 and the other mirrors 6.1 and 7.1 each forming a second component of the optical im-
aging arrangement 1 may be captured continuously throughout the entire exposure process.
In the step 14.9, the most recent result of this continuous capturing process is then retrieved
and used.

As described above, in the controlling step 14.2, the position of the substrate table 4.2, the
mask table 3.2 and the other mirrors 6.1 and 7.1 with respect to the first mirror 8.1 is then

controlled as a function of this spatial relationship previously captured before, in the expo-

sure step 14.3, the image of the pattern formed on the mask 3.1 is exposed onto the sub-

strate 4.1.

Second embodiment

In the following, a second preferred embodiment of an optical imaging arrangement 101 ac-
cording to the invention with which preferred embodiments of methods according to the in-
vention may be executed will be described with reference to Figure 3.

Figure 3 is a schematic and not-to-scale representation of the optical imaging arrangement
in the form of an optical exposure apparatus 101 operating in the EUV range at a wave-
length of 13 nm. The optical exposure apparatus 101 comprises an optical projection unit
102 adapted to transfer an image of a pattern formed on a mask 103.1 of a mask unit 103
onto a substrate 104.1 of a substrate unit 104. To this end, the optical exposure apparatus
101 comprises an illumination system — not shown - illuminating the reflective mask 103.
The optical exposure unit 103 receives the light reflected from the mask 103.1 and projects
the image of the pattern formed on the mask 103.1 onto the substrate 104.1, e.g. a wafer or
the like.

The embodiment of Figure 3, in its design and functionality, largely corresponds to the em-
bodiment of Figure 1. In particular, in Figure 3, like or identical parts have been given the -
same reference numeral raised by 100. Thus, it is here mainly referred to the explanations
given above and, primarily, only the differences will be discussed.

The main difference with respect to the first embodiment lies within the fact that the first mir-
ror 108.1 located closest to the substrate 104.1 is not located within the housing 102.1 of the
optical projection unit 102, often also referred to as the projection optics box (POB) 102.1.
Instead, the first mirror 108.1 is suspended to the lower part of the housing 102.1 by a sub-
stantially rigid mounting device 115 providing support to the first mirror 108.1 at a resonant
frequency of about 300 Hz.
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Apart from the elimination of a conventional metrology frame, this embodiment has the ad-
vantage that, due to the substantially rigid suspension of the first mirror 108.1 outside the
housing 102.1, building space becomes available in the region of the first mirror 108.1, since
no housing elements are located at the circumference of the first mirror 108.1. Thus, the
components of the first metrology arrangement 110 mounted to the housing 102.1 may be
located closer to the first mirror 108.1 leading to improved dynamic behavior of these com-

ponents.

It will be appreciated that, with this embodiment as well, the methods according to the inven-
tion as they have been described above with reference to Figure 2 may be executed as well.
Thus, in this context, it is here only referred to the above explanations.

Third embodiment

In the following, a third preferred embodiment of an optical imaging arrangement 201 ac-
cording to the invention with which preferred embodiments of methods according to the in-
vention may be executed will be described with reference to Figure 4.

The embodiment of Figure 4, in its principal design and functionality, largely corresponds to
the embodiment of Figure 1. In particular, in Figure 4, like or identical parts have been given
the same reference numeral raised by 200. Thus, it is here mainly referred to the explana-
tions given above and, primarily, only the differences will be discussed.

Figure 4 is a schematic and not-to-scale representation of the optical imaging arrangement
in the form of an optical exposure apparatus 201 operating in the EUV range at a wave-
length of 13 nm. The optical exposure apparatus 201 comprises an optical projection unit
202 adapted to transfer an image of a pattern formed on a mask 203.1 of a mask unit 203
onto a substrate 204.1 of a substrate unit 204. To this end, the optical exposure apparatus
201 comprises an illumination system — not shown — illuminating the reflective mask 203.
The optical exposure unit 203 receives the light reflected from the mask 203.1 and projects
the image of the pattern formed on the mask 203.1 onto the substrate 204.1, e.g. a wafer or
the like.

To this end, the optical projection unit 202 holds an optical element unit group 205 of optical
element units. The optical element unit group 205 comprises a number of optical elements in
the form of mirrors, of which only the mirrors 206.1, 207.1, 208.1 are shown. These optical
elements 208 are positioned with respect to one another along an axis 202.2 of the optical
projection unit 202. The projection surfaces 206.2, 207.2, 208.2 of the optical elements
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206.1, 207.1, 208.1 cooperate to transfer the image of the pattern formed on the mask 204
onto the substrate 205.

In order to keep predetermined limits of the relative position of the mirrors 206.1, 207.1,
208.1 with respect to each other as well as with respect to the mask 203.1 and the substrate
204.1, the mirrors 206.1 and 207.1 may be actively positioned in space (6 DOF) via actuator
units 206.3 and 207.3, respectively. Similarly, the mask table 203.2 and the substrate table
204.2 may be actively positioned in space (6 DOF) via the respective support structure (not
shown in Figure 4). The active positioning of these parts is performed on the basis of the
measurement results of the first to third metrology arrangement 210, 212 and 213 capturing
(in 6 DOF) the spatial relationship between these components of the optical exposure appa-
ratus 201.

One of the differences with respect to the first embodiment lies within the fact that the first
mirror 208.1 located closest to the substrate 204.1 is not located within the housing 202.1 of
the optical projection unit 202. Instead, the first mirror 208.1 is suspended to the lower part
of the housing 202.1 by a substantially rigid mounting device 215 providing support to the
first mirror 208.1, e.g. at a resonant frequency of about 300 Hz or above.

As already explained in the context of the second embodiment, apart from the elimination of
a conventional metrology frame, this embodiment has the advantage that, due to the sub-
stantially rigid suspension of the first mirror 208.1 outside the housing 202.1, building space
becomes available in the region of the first mirror 208.1, since no housing elements are lo-
cated at the circumference of the first mirror 208.1. Thus, the components of the first metrol-
ogy arrangement 210 mounted to the housing 202.1 may be located closer to the first mirror
208.1 leading to improved dynamic behavior of these components.

A further difference with respect to the first embodiment lies within the fact that the other
mirrors 206.1 and 207.1 of the optical element unit group 205 are received within the hous-
ing 202.1 but supported separately by a support structure 216, referred to herein also as
force frame 216. This support structure 216 is directly supported on the ground structure
209.

The third embodiment has advantages with respect to the dynamic properties of the system.
One is that the housing 202.1 is only dynamically connected to passive, not actuated parts
such as the first mirror 208.1. Thus, the housing 202.1 is free of dynamic intrinsic loads or
disturbances resulting from position adjustment actions on the mirrors 206.1 and 207.1 etc.
Thus, the housing 202.1, herein also referred to as sensor frame, carrying parts of the first,
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second and third metrology arrangement 210, 212 and 213 is free of high frequency distur-
bances resulting from these position adjustment actions on the mirrors 206.1 and 207.1
leading to improved measurement results and less effort to achieve these results, respec-
tively.

It will be appreciated that the mechanical disturbances introduced into the force frame 216
have to be accounted for by corresponding counteracting position adjustments via the ac-
tuator units 206.3 and 207.3 of the mirror units 206 and 207. However, to reduce these me-
chanical disturbances introduced into the force frame 216, the force frame 216 itself may be
supported by a corresponding vibration isolation means on the ground structure 209. Such a
vibration isolation means may support the force frame 216 at a resonant frequency compa-
rable to the one of the vibration isolation device 211 chosen for the direct support of the sen-
sor frame 202.1 on the ground structure 209. The resonant frequency of the vibration isola-
tion means of the force frame 216 may be chosen to be about 30 Hz or below.

As with the first and second embodiment, the first mirror 208.1 serveé as the central refer-
ence in the entire system. Thus, in a design identical with the first and second embodiment,

" it integrates the first to third references 210.3, 212.3 and 213.3 of the first to third metrology

arrangement 210, 212 and 213.

Here again, it will be appreciated that, with this embodiment as well, the methods according
to the invention as they have been described above with reference to Figure 2 may be exe-
cuted as well. Thus, in this context, it is here only referred to the above explanations.

Fourth embodiment

In the following, a fourth preferred embodiment of an optical imaging arrangement 301 ac-
cording to the invention with which preferred embodiments of methods according to the in-
vention may be executed will be described with reference to Figure 5.

The embodiment of Figure 5, in its principal design and functionality, largely corresponds to
the embodiment of Figure 1. In particular, in Figure 5, like or identical parts have been given
the same reference numeral raised by 300. Thus, it is here mainly referred to the explana-

tions given above and, primarily, only the differences will be discussed.

Figure 5 is a schematic and not-to-scale representation of the optical imaging arrangement
in the form of an optical exposure apparatus 301 operating in the EUV range at a wave-

length of 13 nm. The optical exposure apparatus 301 comprises an optical projection unit
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302 adapted to transfer an image of a pattern formed on a mask 303.1 of a mask unit 303
onto a substrate 304.1 of a substrate unit 304. To this end, the optical exposure apparatus
301 comprises an illumination system — not shown — illuminating the reflective mask 303.
The optical exposure unit 303 receives the light reflected from the mask 303.1 and projects
the image of the pattern formed on the mask 303.1 onto the substrate 304.1, e.g. a wafer or
the like.

To this end, the optical projection unit 302 holds an optical element unit group 305 of optical
element units. The optical element unit group 305 comprises a number of optical elements in
the form of mirrors, of which only the mirrors 306.1, 307.1, 308.1 are shown. These optical
elements 308 are positioned with respect to one another along an axis 302.2 of the optical
projection unit 302. The projection surfaces 306.2, 307.2, 308.2 of the optical elements
306.1, 307.1, 308.1 cooperate to transfer the image of the pattern formed on the mask 304
onto the substrate 305.

The optical element unit group 305 comprises a first sub-group 305.1 and a second sub-
group 305.2. The first sub-group 305.1 is held within a housing 302.1 of the optical projec-
tion unit 302, often also referred to as the projection optics box (POB) 302.1. The mirrors
306.1, 307.1 form part of the first sub-group 305.1, while the mirror 308.1 forms part of the
second sub-group 305.2.

In order to keep predetermined limits of the relative position of the mirrors 306.1, 307.1,
308.1 with respect to each other as well as with respect to the mask 303.1 and the substrate
304.1, the mirrors 306.1 and 307.1 may be actively positioned in space (6 DOF) via actuator
units 306.3 and 307.3, respectively. Similarly, the mask table 303.2 and'the substrate table
304.2 may be actively positioned in space (6 DOF) via the respective support structure (not
shown in Figure 5). The active positioning of these parts is performed on the basis of the
measurement results of the first to third metrology arrangement 310, 312 and 313 capturing
(in 6 DOF) the spatial relationship between these components of the optical exposure appa-
ratus 301.

One of the differences with respect to the first embodiment lies within the fact that the first
metrology arrangement 310 comprises two first emitter and receiver units 310.1 and 310.6
connected to the substrate table 304.2. The first metrology arrangement 310 further com-
prises two first reference elements 310.2 and 310.7 being mechanically connected directly to
the first mirror 308.1, i.e. to the first imaging arrangement component.
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Each of the first reference elements 310.2, 310.7 is connected to the back side surface
308.3 of the first mirror 308.1 opposite to the first reflective surface 308.2 of the first mirror
308.1. Depending on the working principle of the first metrology arrangement 310, the first
reference element may be a reflecting element, e.g. a reflective surface or an element pro-
viding a plurality of reflecting surfaces such as a so called corner cube prism or the like,
when an interferometry principle is used or a diffractive element, e.g. a grating, when an en-
coder principle is used. In the embodiment shown in Figure 5, the reference element 310.2 is
formed by the back side surface 308.3 of the first mirror 308.1. To this end, depending on
the working principle of the first metrology arrangement 310, the back side surface 308.3 of
the first mirror, at least in the region of the reference element 310.2, may be executed as a
reflective surface or may show a grating, e.g. a grating directly exposed onto the back side
surface 308.3.

However, it will be appreciated that, with other embodiments of the invention, one or each of
the first reference elements may also be an element separate from the first mirror and me-
chanically connected directly thereto. For example, it may be a reflective surface or a grating
etc.ona sepérate part that is connected via a positive connection, a frictional connection, an
adhesive connection or any combination thereof directly to the first mirror. For example it
may be screwed, clamped, adhesively or otherwise fixedly connected to the first mirror.

It will be appreciated that the measurement of the relative position between the first mirror
308.1 and the substrate table 304.2 in all six degrees of freedom may be made using one or
more measurement beams provided by each of the first emitter and receiver units 310.1 and
310.6. Ih this case, for example, interferometry and encoder principles may be combined

| leading to a combination of reflective surfaces and gratings on the back side surface 308.3

of the first mirror 308.1. However, it will be appreciated that, with other embodiments of the
invention, further reference elements located at other locations than the back side surface
308.3 of the first mirror may be used in the first metrology arrangement.

A further difference with respect to the first embodiment lies within the fact that the first mir-
ror 308.1 located closest to the substrate 304.1 is not located within the housing 302.1 of the
optical projection unit 302. Instead, the first mirror 308.1 forming the second sub-group
305.2 is suspended to the lower part of the housing 302.1 in a vibration isolated manner via
a second vibration isolating device 317. The second vibration isolating device 317, at its up-
per first end, directly contacts the housing 302.1. The second vibration isolating device 317,
at its lower second end, directly contacts the first mirror 308.1.
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The respective first and second vibration isolating device 311 and 317 is formed by a plural-
ity of first and second vibration isolating units 311.1 and 317.1 evenly distributed at the cir-
cumference of the housing 302.1 and the first mirror 308.1, respectively. The frequency of
the external mechanical disturbances introduced into the optical projection unit 302 via the
ground structure 309 typically ranges between 30 Hz down to 1 Hz. Thus, depending on the
frequency of the mechanical disturbances to be expected, the first and second vibration iso-
lating units 311.1 and 317.1 may be of any suitable type providing a support to the housing
302.1 and the first mirror 308.1, respectively, at a resonant frequency of at least a factor 10
below the frequency of the mechanical disturbances to be expected.

Typically, the resonant frequency of the first and second vibration isolating units 311.1 and
317.1 will be chosen between 0.01 and 10 Hz. Preferably, the resonant frequency of the
support provided by the first and second vibration isolating units 311.1 and 317.1 is at about
0.1 Hz or below. Such a vibration isolating unit 311.1 and 317.1, respectively, may be pro-
vided by well known so called magnetic gravity compensators having lateral drift control
which may also operate according to an electromagnetic principle (e.g. using voice coil mo-
tors etc.) and may also provide the drift control at a resonant frequency of about the same
order, i.e. preferably of about 0.1 Hz or below.

However, it will be appreciated that, with other embodiments of the invention, other working
principles; e.g. purely mechanical working principles with spring arrangements of suitably low
resonant frequency, may be chosen for the vibration isolating units.

As already explained in the context of the second embodiment, apart from the elimination of
a conventional metrology frame, this embodiment has the advantage that, due to the sus-
pension of the first mirror 308.1 outside the housing 302.1, building space becomes avail-
able in the region of the first mirror 308.1, since no housing elements are located at the cir-
cumference of the first mirror 308.1.

A further advantage of this embodiment results from the separate vibration isolated support
of the first mirror 308.1. The first mirror 308.1, depending on the optical design of the optical
system of the optical projection unit 302, typically, has a diameter of about 200 to 800 mm.
In case the first mirror 308.1 is fabricated as a solid body of a suitable material such as Ze-
rodur or the like, the first mirror 308.1 has a considerable mass, which, typically, may be as

high as 60 kg and even beyond. The material of the first mirror 308.1, e.g. Zerodur or the

like, may have a low coefficient of thermal expansion (CTE) and, thus, be thermally inert.
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As mentioned, the first mirror 308.1 has a large mass, may be made of a thermally inert
material, is not actively actuated and — as will be explained in further detail below —~ may in-

_tegrate or hold only passive components of the metrology arrangements used in its context.

Thus, the first mirror 308.1, in itself, is a — thermally and dynamically — highly stable compo-
nent of the system. With the separate vibration isolated suspension, the first mirror 308.1 is
dynamically decoupled from the part of the optical projection unit 302 held by the housing
302.1 and, thus, also stabilized with respect to external mechanical disturbances. Thus, it
perfectly suits for the role as the central reference in the entire system that it is given ac-
cording to this embodiment of the invention. Dynamically, the first mirror 308.1 is connected
to the ground structure in a cascaded manner via two vibration isolation systems 311.1 and
317.1 in series, the latter arrangement offering extra isolation performance with respect to
ground disturbances in particular.

According to this concept of providing the first mirror 308.1 as the central reference in the
entire system, in a design identical with the first and second embodiment, the first mirror
308.1 holds and integrates, respectively, the first to third references 310.3, 312.3 and 313.3
of the first to third metrology arrangement 310, 312 and 313.

Here again, it will be appreciated that, with this embodiment as well, the methods according
to the invention as they have been described above with reference to Figure 2 may be exe-
cuted as well. Thus, in this context, it is here only referred to the above explanations.

Furthermore, it will be appreciated that, with other embodiments of the invention, the second
sub-group 305.2 of the optical element units may comprise further optical element units held
together with the first optical element, here the first mirror 308.1, via the second vibration
isolation device 317. To this end, this second subgroup may be received by a second hous-
ing structure or the like that is supported directly on the ground structure 309 via the second
vibration isolating device 317.

Fifth embodiment

In the following, a fifth preferred embodiment of an optical imaging arrangement 401 ac-
cording to the invention with which preferred embodiments of methods according to the in-
vention may be executed will be described with reference to Figure 6.

The embodiment of Figure 6, in its principal design and functionality, largely corresponds to
the embodiment of Figure 1. In particular, in Figure 6, like or identical parts have been given
the same reference numeral raised by 400.
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Figure 6 is a schematic and not-to-scale representation of the optical imaging arrangement
in the form of an optical exposure apparatus 401 operating in the EUV range at a wave-
length of 13 nm. The optical exposure apparatus 401 comprises an optical projection unit
402 adapted to transfer an image of a pattern formed on a mask 403.1 of a mask unit 403
onto a substrate 404.1 of a substrate unit 404. To this end, the optical exposure apparatus
401 comprises an illumination system — not shown — illuminating the reflective mask 403.
The optical exposure unit 403 receives the light refiected from the mask 403.1 and projects
the image of the pattern formed on the mask 403.1 onto the substrate 404.1, e.g. a wafer or
the like.

To this end, the optical projection unit 402 holds an optical element unit group 405 of optical
element units. This optical element unit group 405 comprises a first sub-group 405.1 and a
second sub-group 405.2. The sub-group 405.1 is held within a housing 402.1 of the optical
projection unit 402, often also referred to as the projection optics box (POB) 402.1.

The optical element unit group 405 compfises a number of optical elements in the form of
mirrors, of which only the mirrors 406.1, 407.1, 408.1 are shown. These optical elements
408 are positioned with respect to one another along an axis 402.2 of the optical projection
unit 402. The mirrors 406.1, 407.1 form part of the first sub-group 405.1, while the mirror
408.1 forms part of the second sub-group 405.2.

The optical projection unit 402 receives the part of the light path between the mask 403.1
and the substrate 404.1. The projection surfaces 406.2, 407.2, 408.2 of its optical elements
406.1, 407.1, 408.1 cooperate to transfer the image of the pattern formed on the mask 404
onto the substrate 405 located at the end of the light path.

The mask 403.1 is received on a mask table 403.2 of the mask unit 403, the mask table
403.2 being supported by a suitable support structure — not shown — on a ground structure
409. In a similar way, the substrate 404.1 is received on a substrate table 404.2 of the sub-
strate unit 404, the substrate table 404.2 as well being supported by a suitable support
structure — not shown — on the ground structure 409.

The image of the pattern formed on the mask 403.1 is usually reduced in size and trans-
ferred to several target areas of the substrate 404.1. The image of the pattern formed on the
mask 403.1 may be transferred to the respective target area on the substrate 404.1 in two
different ways depending on the design of the optical exposure apparatus 401. If the optical
exposure apparatus 401 is designed as a so called wafer stepper apparatus, the entire im-
age of the pattern is transferred to the respective target area on the substrate 404.1 in one
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single step by irradiating the entire pattern formed on the mask 403.1. If the optical exposure
apparatus 401 is designed as a so called step-and-scan apparatus, the image of the pattern
is transferred to the respective target area on the substrate 404.1 by progressively scanning
the mask table 403.2 and thus the pattern formed on the mask 403.1 under the projection
beam while performing a corresponding scanning movement of the substrate table 404.2
and, thus, of the substrate 404.1 at the same time.

In both cases, the relative position of the optical elements of optical element unit group 405,
i.e. the mirrors 406.1, 407.1, 408.1, with respect to each other as well as with respect to the
mask 403.1 and with respect to the substrate 404.1 has to be maintained within predeter-
mined limits to obtain a high quality imaging resuit.

During operation of the optical exposure apparatus 401, the relative position of the mirrors
406.1, 407.1, 408.1 with respect to each other as well as with respect to the mask 403.1 and
the substrate 404.1 is subject to alterations resulting from, both, intrinsic and extrinsic, dis-
turbances introduced into the system. Such disturbances may be mechanical disturbances,
e.g. in the form vibrations resulting from forces generated within the system itself but also
introduced via the surroundings of the system, e.g. the ground structure 409. They may also
thermally induced disturbances, e.g. position alterations due to thermal expansion of the
parts of the system.

In order to keep the above predetermined limits of the relative position of the mirrors 406.1,
407.1, 408.1 with respect to each other as well as with respect to the mask 403.1 and the
substrate 404.1, the mirrors 406.1 and 407.1 may be actively positioned in space via actua-
tor units 406.3 and 407.3, respectively. Similarly, the mask table 403.2 and the substrate
table 404.2 may be actively positioned in space via the respective support structure (not
shown in Figure 6).

The active positioning of these parts is performed on the basis of the measurement results
of a plurality of metrology arrangements capturing the spatial relationship between certain
components of the optical exposure apparatus 401.

A first metrology arrangement 410, in six degrees of freedom (DOF), captures the spatial
relationship between a first imaging arrangement component of the optical exposure appa-
ratus 401 and a second imaging arrangement component of the optical exposure apparatus
401 different from said first imaging arrangement component.
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The first imaging arrangement component is a first optical element in the form of the first
mirror 408.1 located closest to the substrate 404.1. Thus, the first imaging arrangement
component is a component of the optical element unit 408. The second imaging arrange-
ment component is the substrate table 404.2, i.e. a component of the substrate unit 404.
Since the spatial relationship between the substrate table 404.2 and the substrate 404.1 is
known, e.g. due to a measurement operation immediately preceding the exposure process,
the first metrology arrangement 410 also allows to capture the spatial relationship between
the substrate 404.1, as a component of the substrate unit 404, and the first mirror 408.1.

The first metrology arrangement 410 comprises two first emitter and receiver units 410.1 and
410.6 connected to the substrate table 404.2. The metrology arrangement 410 further com-
prises two first reference elements 410.2 and 410.7 being mechanically connected directly to
the first mirror 408.1, i.e. to the first imaging arrangement component.

Each of the first reference elements 410.2, 410.7 is connected to the back side surface
408.3 of the first mirror 408.1 opposite to the first reflective surface 408.2 of the first mirror
408.1. Depending on the working principle of the first metrology arrangement 410, the first
reference element may be a reflecting element, e.g. a reflective surface or an element pro-
viding a plurality of reflecting surfaces such as a so called corner cube prism or the like,
when an interferometry principle is used or a diffractive element, e.g. a grating, when an en-
coder principle is used. In the embodiment shown in Figure 6, the reference element 410.2 is
formed by the back side surface 408.3 of the first mirror 408.1. To this end, depending on
the working principle of the first metrology arrangement 410, the back side surface 408.3 of
the first mirror, at least in the region of the reference element 410.2, may be executed as a
reflective surface or may show a grating, e.g. a grating directly exposed onto the back side
surface 408.3.

However, it will be appreciated that, with other embodiments of the invention, one or each of
the first reference elements may also be an element separate from the first mirror and me-
chanically connected directly thereto. For example, it may be a reflective surface or a grating
etc. on a separate part that is connected via a positive connection, a frictional connection, an
adhesive connection or any combination thereof directly to the first mirror. For example it
may be screwed, clamped, adhesively or otherwise fixedly connected to the first mirror.

It will be appreciated that the measurement of the relative position between the first mirror
408.1 and the substrate table 404.2 in all six degrees of freedom may be made using one or

more measurement beams provided by each of the first emitter and receiver units 410.1 and
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410.6. In this case, for example, interferometry and encoder principles may be combined
leading to a combination of reflective surfaces and gratings on the back side surface 408.3
of the first mirror 408.1. However, it will be appreciated that, with other embodiments of the
invention, further reference elements located at other locations than the back side surface
408.3 of the first mirror may be used in the first metrology arrangement.

Connection, more precisely integration, of part of the first metrology arrangement 410 with
the first mirror 408.1 as well as connection, more precisely integration, of the remaining parts
of the first metrology arrangement 410, in particular the first emitter and receiver unit 410.1
together with the well known X, Y, Z reference mirrors and the retro reflectors of the zero
sensors, directly to the substrate table 404.2 allow to avoid the interposition of a large and
bulky structure such as a metrology frame or the like between the ground structure 409 and
the housing 402.1.

Thus, the metrology frame as it is used in conventional systems is omitted and the housing
402.1 of the optical projection unit 402 holding the first sub-group 405.1 of optical element
units integrates functionality of such a metrology frame. The housing 402.1 is directly con-
nected to the ground structure 409 in a vibration isolated manner via a first vibration isolating
device 411. The first vibration isolating device 411, at its upper first end, directly contacts the
housing 402.1 at a flange part 402.3 of the housing 402.1 and, at its lower second end, di-
rectly contacts the ground structure 409.

Furthermore, in this embodiment, the first mirror 408.1 forming the second sub-group 405.2
of optical element units is supported separately and also integrates functionality of such a
metrology frame. The first mirror 408.1 is also directly connected to the ground structure 409
in a vibration isolated manner via a second vibration isolating device 417. The second vibra-
tion isolating device 417, at its upper first end, directly contacts a support structure 418 sub-
stantially rigidly mounted to the ground structure 409. The second vibration isolating device
417, at its lower second end, directly contacts the first mirror 408.1.

The respective first and second vibration isolating device 411 and 417 is formed by a plural-
ity of first and second vibration isolating units 411.1 and 417.1 evenly distributed at the cir-
cumference of the housing 402.1 and the first mirror 408.1, respectively. The frequency of
the external mechanical disturbances introduced into the optical projection unit 402 via the
ground structure 409 typically ranges between 30 Hz down to 1 Hz. Thus, depending on the
frequency of the mechanical disturbances to be expected, the first and second vibration iso-
lating units 411.1 and 417.1 may be of any suitable type providing a support to the housing
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402.1 and the first mirror 408.1, respectively, at a resonant frequency of at least a factor 10
below the frequency of the mechanical disturbances to be expected.

Typically, the resonant frequency of the first and second vibration isolating units 411.1 and
417.1 will be chosen between 0.01 and 10 Hz. Preferably, the resonant frequency of the
support provided by the first and second vibration isolating units 411.1 and 417.1 is at about
0.1 Hz or below. Such a vibration isolating unit 411.1 and 417.1, respectively, may be pro-
vided by well known so called magnetic gravity compensators having lateral drift control
which may also operate according to an electromagnetic principle (e.g. using voice coil mo-
tors etc.) and may also provide the drift control at a resonant frequency of about the same
order, i.e. preferably of about 0.1 Hz or below.

However, it will be appreciated that, with other embodiments of the invention, other working
principles, e.g. purely mechanical working principles with spring arrangements of suitably low
resonant frequency, may be chosen for the vibration isolating units.

The elimination of the conventional metrology frame that may be achieved according to the
invention provides a number of advantages over the optical projection systems currently
known: '

One advantage is that the elimination of the conventional metrology frame frees up a con-
siderable amount of building space close to the substrate. This facilitates the design and
dimensioning of the projection optics. A further advantage is that the housing 402.1 of the
optical projection unit in itself has already to be highly stabilized in terms of thermal stability
in order to reduce thermal drift effects between the optical elements received therein. Thus,
the housing 402.1 is particularly suitable for integrating parts of the first metrology arrange-
ment and the considerable effort usually necessary for thermal stabilization of a metrology
frame has not to be taken. This considerably reduces the overall costs of the optical projec-
tion apparatus 1.

Further advantages of this embodiment lie within the separate vibration isolated support of
the first mirror 408.1. The first mirror 408.1, depending on the optical design of the optical
system of the optical projection unit 402, typically, has a diameter of about 200 to 800 mm.
In case the first mirror 408.1 is fabricated as a solid body of a suitable material such as Ze-
rodur or the like, the first mirror 408.1 has a considerable mass, which, typically, may be as
high as 60 kg and even beyond. The material of the first mirror 408.1, e.g. Zerodur or the
like, may have a low coefficient of thermal expansion (CTE) and, thus, be thermally inert.
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One advantage is that the housing does not have to bear the load of the first mirror 408.1
and, thus, may be of less complicated optimized design. A second advantage is that a dy-
namic separation is achieved between the disturbances introduced into the first mirror 408.1
and the disturbances introduced into the housing 402.1. A third advantage lies within the fact
that the first mirror 408.1 has a large mass, may be made of a thermally inert material, is not
actively actuated and — as will be explained in further detail below — may integrate or hold
only passive components of the metrology arrangements used in its context. Thus, the first
mirror 408.1, in itself, is a — thermally and dynamically — highly stable component of the
system. With the separate vibration isolated suspension, the first mirror 408.1 is dynamically
decoupled from the rest of the optical projection unit 402 and, thus, also stabilized with re-
spect to mechanical disturbances originating from the optical projection unit, e.g. from ac-
tuator forces for mirrors 306.2 and 307.2. Thus, it perfectly suits for the role as the central
reference in the entire system that it is given according to this embodiment of the invention
and as will be explained in the following.

According to the concept of providing the first mirror 408.1 as the central reference in the
entire system, beyond the first metrology arrangement 410, a second metrology arrange-
ment 412 is provided capturing the spatial relationship between the first mirror 408.1 and the
mask table 403.2 in order to use the result in positional adjustment of the mask table 403.2
with respect to the optical projection system.

The second metrology arrangement 412 comprises a second emitter and receiver unit 412.1
connected to the mask table 403.2 and a second reference element 412.2 mechanically di-
rectly connected to the front side surface 408.4 of the first mirror 408.1. Here again, the sec-
ond metrology arrangement 412 may capture, in 406 degrees of freedom (DOF), the spatial
relationship between the first mirror 408.1 as a first imaging arrangement component of the
optical exposure apparatus 401 and the mask table 403.2 as a second imaging arrangement
component of the optical exposure apparatus 401.

The second reference element 412.2 is connected to the front side surface 408.3 of the first
mirror 408.1 also forming the first reflective surface 408.2 of the first mirror 408.1. Depend-
ing on the working principle of the second metrology arrangement 412, the second reference
element may be a reflecting element, e.g. a reflective surface or an element providing a plu-
rality of reflecting surfaces such as a so called corner cube prism or the like, when an inter-
ferometry principle is used, or a diffractive element, e.g. a grating, when an encoder principle
is used.
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In the embodiment shown in Figure 6, the front side surface 408.4 of the first mirror 408.1,
depending on the working principle of the second metrology arrangement 412, at least in the
region of the second reference element 412.2, may be executed as a reflective surface or
may show a grating, e.g. a grating directly exposed onto the front side surface 408.4.

However, it will be appreciated that, with other embodiments of the invention, the second
reference element may also be an element separate from the first mirror and mechanically
connected directly thereto. For example, it may be a reflective surface or a grating etc. on a
separate part that is connected via a positive connection, a frictional connection, an adhesive
connection or any combination thereof directly to the first mirror. For example it may be
screwed, clamped, adhesively or otherwise fixedly connected to the first mirror.

Furthermore, it will be appreciated that, with other embodiments of the invention, the second
metrology arrangement 412 may be replaced by a conventional metrology arrangement as it
is known from EP 1 182 509 A2 and as it is indicated in Figure 6 by the dashed contour
412.3. Furthermore, the second metrology arrangement 412 may also be replaced by a me-
trology arrangement as it is indicated in Figure 6 by the dashed contour 412.4. With such a
second metrology arrangement the émitter and receiver unit is again connected to the mask
table 403.2 and the second reference element is mechanically directly connected to the
housing 402.1.

Finally, according to the concept of providing the first mirror 408.1 as the central reference in
the entire system, beyond the first and second metrology arrangement 410 and 412, a third
metrology arrangement 413 is provided capturing the spatial relationship between the first
mirror 408.1 and the other mirrors 406.1 and 407.1 in order to use the result in the positional
adjustment of the other mirrors 406.1 and 407.1 with respect to the first mirror 408.1.

The third metrology arrangement 413 comprises a third emitter and receiver unit 413.1 con-
nected to the housing 402.1 and third reference elements 413.2, 413.3, 413.4 mechanically
directly connected to surfaces of the mirrors 408.1, 406.1 and 407.1, respectively. Here
again, the third metrology arrangement 413 may capture, in six degrees of freedom (DOF),
the spatial relationship between the first mirror 408.1 as a first imaging arrangement compo-
nent of the optical exposure apparatus 401 and the respective mirror 406.1 and 407.1 as a
second imaging arrangement component of the optical exposure apparatus 401.

The third reference elements 413.2, 413.3, 413.4, depending on the working principle of the
third metrology arrangement 413, may be reflecting elements, e.qg. reflective surfaces or
elements providing a plurality of reflecting surfaces such as so called corner cube prisms or
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the like, when an interferometry principle is used, or diffractive elements, e.g. gratings, when
an encoder principle is used. In the embodiment shown in Figure 6, the respective surfaces
of the mirrors 408.1, 406.1 and 407.1 forming the third reference elements, depending on
the working principle of the third metrology arrangement 413, at least in the region of the
respective third reference element 413.2, 413.3, 413.4, may be executed as a reflective

surface or may show a grating, e.g. a 2D grating.

However, it will be appreciated that, with other embodiments of the invention, the respective
third reference element may also be an element separate from the respective mirror and
mechanically connected directly thereto. For example, it may be a reflective surface or a
grating etc. on a separate part that is connected via a positive connection, a frictional con-
nection, an adhesive connection or any combination thereof directly to the first mirror. For
example it may be screwed, clamped, adhesively or otherwise fixedly connected to the first
mirror.

Furthermore, it will be appreciated that the respective measurement beam of the respective
metrology arrangement does not necessarily have to have a straight course as it is shown in
Figure 6. Rather, depending on the design of the optical system, appropriate beam steering
optics may be provided to guide the respective measurement beam, in a defined manner, on
a non-straight track.

Furthermore, it will be appreciated that, with other embodiments of the invention, the third
metrology arrangement 413 may be replaced by separate metrology arrangements as sepa-
rately capturing the spatial relationship between the first mirror and the respective further

-mirror as it is indicated in Figure 6 by the dashed contour 413.5 or capturing the spatial rela-

tionship between the first mirror and the housing as it is indicated in Figure 6 by the dashed
contour 413.6.

With the fourth embodiment as outlined above, the first to third reference elements 410.2,
412.2, 413.2, 413.3, 413.4 have been provided directly on the respective optical element, i.e.
mirrors 406.1, 407.1, 408.1. However, it will be appreciated that, with other embodiments of
the invention, the respective reference elements may also be connected to other compo-
nents of the respective optical element unit allowing for proper assessment of the spatial
position of the respective optical elemenf. For example, the respective reference element
may also be connected to a optical element mounting holding the respective optical element
and displaced together with the respective optical element.
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It will be appreciated that, with the optical exposure apparatus 401 of Figure 6, the method of
transferring an image of a pattern onto a substrate according to the invention may be exe-
cuted as it has described above with reference to Figure 2.

Furthermore, it will be appreciated that, with other embodiments of the invention, the second
sub-group 405.2 of the optical element units may comprise further optical element units held
together with the first optical element, here the first mirror 408.1, via the second vibration
isolation device 417. To this end, this second subgroup may be received by a second hous-
ing structure or the like that is supported directly on the ground structure 409 via the second
vibration isolating device 417.

Sixth embodiment

In the following, a sixth preferred embodiment of an optical imaging arrangement 501 ac-
cording to the invention with which preferred embodiments of methods according to the in-
vention may be executed will be described with reference to Figure 7.

The embodiment of Figure 7, in its principal design and functionality, largely corresponds to
the embodiment of Figure 3. In particular, in Figure 7, like or identical parts have been given
the same reference numeral raised by 400 with respect to the ones from Figure 3. The only
difference between the embodiment of Figure 7 and the embodiment of Figure 3 lies within
the design of the first metrology arrangement 510 and the design of the first mirror 508.1 of
the optical element unit 508. All further parts are identical such that, in their respect, it is
here referred to the above explanations given in the context of Figure 3.

Figure 7 is a schematic and not-to-scale partially sectional representation of the lower part of
the optical imaging arrangement in the form of an optical exposure apparatus 501 operating
in the EUV range at a wavelength of 13 nm. Here again, the housing 502.1 of the optical
projection unit 502 integrates the function of a metrology frame and is directly connected to
the ground structure 509 in a vibration isolated manner via a vibration isolating device 511 as

it has been described above.

The first metrology arrangement 510, in six degrees of freedom (DOF), captures the spatial
relationship between the first mirror 508.1 of the as a first imaging arrangement component
of the optical exposure apparatus 501 and the substrate unit 504 as a second imaging ar-
rangement component of the optical exposure apparatus 501 different from said first imag-
ing arrangement component.
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The first metrology arrangement 510 comprises an emitter and receiver unit 510.1 and a
receiver unit 510.8 connected to the housing 502.1. The emitter and receiver unit 510.1
comprises a first beam steering unit 510.9 forming a metrology component of the first me-
trology arrangement 510. The first beam steering unit 510.9 is integrated within the first mir-
ror 508.1. To this end, the first beam steering unit 510.9 is held within a first receptacle
508.5 formed by a first cavity within the first mirror 508.1. In order not to be influenced by
any motions of the first mirror 508.1, the first beam steering unit 510.9 is held such that it
does not contact the first mirror 508.1.

The receiver unit 510.8 comprises a second beam steering unit 510.10 forming a further
metrology component of the first metrology arrangement 510. The second beam steering
unit 510.10 is also integrated within the first mirror 508.1. To this end, the second beam
steering unit 510.10 is held within a second receptacle 508.6 formed by a éecond cavity
within the first mirror 508.1. In order not to be influenced by any motions of the first mirror
508.1, the second beam steering unit 510.10 is as well held such that it does not contact the
first mirror 508.1.

It will be appreciated that the cavities for integrating the beam steering units may be

“achieved by any suitable means. For example, corresponding cavities may be introduced

into a solid mirror body. However, it will be appreciated that, with other embodiments of the
invention, the mirror itself may be formed as structure that is internally at least partially hol-
low such that it is able to receive the beam steering units. Furthermore, it will be appreciated
that, with other embodiments of the invention, instead of at least one of the beam steering
units, an emitter and/or a receiver forming a respective metrology component of the first
metrology arrangement may be held and thus integrated within the first mirror at a suitable
location without contacting the mirror.

To provide the leveling information for the substrate table 504.2 along the axis 502.2, in a
manner similar to known leveling systems, the emitter and receiver unit 510.1 emits a first
measurement beam 510.11. This first measurement beam 510.11 is directed through the
first mirror 508.1 via the first beam steering unit 510.9 and projected onto the substrate
504.1 at an oblique angle. The first measurement beam 510.11 is then reflected from the
surface of the substrate 504.1 into the second beam steering unit 510.10. The second beam
steering unit 510.10 guides the first measurement beam 510.11 to a receptor within the re-
ceiver unit 510.8. Depending on the position of the substrate table 504.2 along the axis
502.2, the first measurement beam 510.11 hits the receptor at a certain position. Thus, the
position where the first measurement beam 510.11 hits the receptor provides the desired
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information about the position of the substrate table 504.2 along the axis 502.2 with respect
to the housing 502.1.

The first metrology arrangement 510 further comprises two reference units 510.12 and
510.13. The reference unit 510.12 is mechanically connected directly to the substrate table
504.2 such that the first metrology arrangement 510 may provide, in the remaining degrees
of freedom, the spatial relationship between the substrate table 504.2 and the first metrology
arrangement 510. The reference unit 510.13 is mechanically connected directly to the first
mirror 508.1 such that the first metrology arrangement 510 may provide, in six degrees of
freedom, the spatial relationship between the first mirror 508.1 and the first metrology ar-
rangement 510. Thus, the first metrology arrangement 510, in six degrees of freedom, may
also provide the spatial relationship between the substrate table 504.2 and the first mirror
508.1 which is then used to position the substrate table 504.2 and, thus, the substrate 504.1
in space during the exposure process as it has been described above.

Seventh embodiment

In the following, a seventh preferred embodiment of an optical imaging arrangement 601
according to the invention with which preferred embodiments of methods according to the
invention may be executed will be described with reference to Figure 8 and 9A to 9C.

The embodiment of Figure 8, in its principal design and functionality, largely corresponds to
the embodiment of Figure 1. In particular, in Figure 8, like or identical parts have been given
the same reference numeral raised by 600. One difference between the embodiment of Fig-
ure 8 and the embodiment of Figure 1 lies within the design of the first metrology arrange-
ment 610 and the design of the first mirror 608.1 of the optical element unit 608. A further
difference with respect to the embodiment of Figure 1 lies within the fact that the substrate
unit 604 is part of a target unit 620 further comprising an image sensor unit 621. All further
parts are identical such that, in their respect, it is here referred to the above explanations
given in the context of Figure 1.

Figure 8 is a schematic and not-to-scale partially sectional representation of the lower part of
the optical imaging arrangement in the form of an optical exposure apparatus 601 having an
optical projection unit 602 with and optical element unit group 605 and operating in the EUV

range at a wavelength of 13 nm.

The target unit 620 is designed to selectively place — by suitable means not shown in Figure
8 — the substrate unit 604 and the image sensor unit 621 into an exposure position wherein
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they receive an image of the pattern formed on the mask that is transferred by the optical
element group 605. In Figure 8 the substrate unit 604 is shown in the exposure position.

The image sensor unit 621 comprises an image sensor 621.2 carried by an image sensor
table 621.2. The image sensor 621.1 is designed for capturing an image of the pattern
formed on the mask and providing corresponding signals to an evaluation unit — not shown
in Figure 8 — evaluating the quality of the image captured.

In the embodiment shown, the image sensor table 621.2 is a component that may be sepa-
rately controlled. However, it will be appreciated that, with other embodiments of the inven-
tion, the substrate table and the image sensor table may be mechanically connected to form
one single component.

During operation of the optical exposure apparatus 601, the relative position of the mirrors of
the optical element unit group 605 with respect to each other as well as with respect to the
mask and the substrate 604.1 is subject to alterations résulting from, both, intrinsic and ex-
trinsic, disturbances introduced into the system as described above.

Independent of the operation of the optical exposure apparatus 601 as a wafer stepper ap-
paratus or as a step-and-scan apparatus, the relative position of the optical elements of the
optical element unit group 605 with respect to each other as well as with respect to the mask
603.1 and with respect to the substrate 604.1 has to be maintained within predetermined
limits to obtain a high quality imaging resuilt.

In order to keep the above predetermined limits of the relative position of the mirrors of the
optical element unit group 605 with respect to each other as well as with respect to the mask
and the substrate 604.1, among others, the first mirror 608.1 may be actively positioned in
space via an actuator unit 608.7 (only schematically indicated in Figure 9A) that is controlled
by a control unit 619. Similarly, the mask table and the substrate table 604.2 may be actively
positioned in space via the respective support structure (not shown in Figure 8).

The active positioning of these parts is performed on the basis of the measurement results
of a plurality of metrology arrangements, among others the first metrology arrangement 610,
capturing the spatial relationship between certain components of the optical exposure appa-
ratus 601. These metrology arrangements provide the position information that is captured
to the control unit 619 which then controls actuation of the respective components.
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The first metrology arrangement 610, in six degrees of freedom (DOF), captures the spatial
relationship between the first mirror 608.1 of the optical element unit group 605 as a first
imaging arrangement component of the optical exposure apparatus 601 and the substrate
unit 604 as a second imaging arrangement component of the optical exposure apparatus
601 different from said first imaging arrangement component.

The first metrology arrangement 610 comprises an encoder arrangement with a first emitter
and receiver unit 610.1 and three second emitter and receiver units 610.6, 610.14 and
610.15 mounted to the substrate table 604.2 and connected to a control unit 619. The en-
coder arrangement of the metrology arrangement 610 further comprises a first reference
element 610.2 being mechanically connected directly to the first mirror 608.1, i.e. to the first
imaging arrangement component.

The first reference element 610.2 — the position of which is indicated in Figure 9A to 9C by
dashed lines — is connected to the back side surface 608.3 of the first mirror 608.1 opposite
to the first reflective surface 608.2 of the first mirror 608.1. The first reference element is an
encoder element in the form of a two-dimensional grating 610.2. In the embodiment shown
in Figure 8, the reference element 610.2 is formed by the back side surface 608.3 of the first
mirror 608.1. To this end, the back side surface 608.3 of the first mirror, at least in the region
of the reference element 610.2, shows a two-dimensional grating, e.g. a grating directly ex-
posed onto the back side surface 608.3.

However, it will be appreciated that, with other embodiments of the invention, the first refer-
ence element may also be an element separate from the first mirror and mechanically con-
nected directly thereto. For example, it may be a grating etc. on a separate part that is con-
nected via an interlocking connection, a frictional connection, an adhesive connection or any
combination thereof directly to the first mirror. For example it may be screwed, clamped,
optically contacted, adhesively or otherwise fixedly connected to the first mirror.

Furthermore, it will be appreciated that a separate encoder element may be provided for
each emitter and receiver unit or a subgroup of these emitter and receiver units. With indi-
vidual encoder elements, preferably, in the centered position of the substrate table shown in
Figure 8, each emitter and receiver unit is centered, i.e. aligned with the center of its associ-
ated encoder element.

Preferably, such a separate part has a coefficient of thermal expansion that is adapted to the
coefficient of thermal expansion of the first mirror. Preferably, the coefficient of thermal ex-
pansion of the part where the grating is formed on is as low as possible or the part is tem-
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perature controlled by suitable means in order to avoid any distortion or deformation of the
grating.

Each one of the first emitter and receiver unit 610.1 and the second emitter and receiver
units 610.6, 610.14 and 610.15 of the encoder arrangement emits at least one light beam
610.16 and 610.17, respectively, towards the grating 610.2 and receives at least a part of
the light beam 610.16 and 610.17, respectively, reflected back by the grating 610.2. When
there is a relative movement between the grating and the respective emitter and receiver
unit in a direction transverse to the respective light beam, the intensity of the light received at
the emitter and receiver unit varies in a well known manner due to the structure of the grat-
ing leading to a correspondingly pulsed signal by the emitter and receiver unit. The control
unit 619 uses these signals in a well known manner to draw conclusions on the relative

movement.

The encoder arrangement, with the signals from the first emitter and receiver unit 610.1 and
the second emitter and receiver units 610.6, 610.14 and 610.15, provides position informa-
tion in at least three degrees of freedom, namely the two translational degrees of freedom
(often referred to as translation along X-axis and Y-axis) in a plane perpendicular to the opti-
cal axis 602.2 of the optical projection unit 602 and the rotational degree of freedom: (often
referred to as rotation about Z-axis) about the optical axis 602.2.

it will be appreciated that the measurement of the relative position between the first mirror
608.1 and the substrate table 604.2 in all six degrees of freedom may be made using one or
more measurement beams provided by each one of the first emitter and receiver unit 610.1
and the second emitter and receiver units 610.6, 610.14 and 610.15 610.6.

Furthermore, for example, the encoder principle of the encoder arrangement may be com-
bined with interferometric and/or capacitive sensors to provide the position information in the
remaining three degrees of freedom. In the embodiment shown in Figure 8, this may be
achieved with three measurements along the optical axis 602.2 (Z-axis). It will be appreci-
ated that the grating 610.2 already provides a convenient reference element for this purpose.
For example, capacitive sensors or interferometric sensors using diffraction patterns re-
flected off the grating 610.2 may be used.

However, it will be appreciated that, with other embodiments of the invention, further encoder
elements located at other locations than the back side surface 608.3 of the first mirror may
be used in the first metrology arrangement. Thus, for example, the entire metrology ar-
rangement may operate according to the encoder principle.
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The use of the encoder arrangement has several advantages. It is much easier to implement
operate than known interferometric systems and provides more position information using
less parts and less space. Furthermore, the encoder element, e.g. the grating is easier to
manufacture than the high quality mirror surfaces required for known interferometric sys-

tems.

A further advantage of the use of the encoder arrangement is that a homing function may be
easily implemented in a well known manner by incorporating into the grating 610.2, for ex-
ample, multiple home index pulses in both translational degrees of freedom (X-axis and Y-
axis). Thus, the substrate table 604.2 may be repeatedly driven to a known home position
relative to the optical projection unit 602 without a need for complex initialization procedures.
It will be appreciated that, to position the substrate table 604.2 in the capture range of the
home index pulses, the positioning accuracy of the positioning unit of the substrate table
604.2 may be more than sufficient.

As mentioned above, connection, more precisely integration, of part of the first metrology
arrangement 610 with the first mirror 608.1 as well as connection, more precisely integration,
of the remaining parts of the first metrology arrangement 610, in particular the emitter and
receiver units 610.1, 610.6, 610.14, 610.15, directly to the substrate table 604.2 makes it
possible to eliminate large and bulky structures such as a metrology frame or the like be-
tween the ground structure and the housing of the optical projection unit 602as it has been
described above.

The emitter and receiver units 610.1, 610.6, 610.14, 610.15 are located close to and evenly
distributed at the outer circumference of the substrate 604.1. They have a mutual distance
that equals at least half of the maximum diameter of the substrate 604.1, thus reducing the
maximum Abbe arm that may occur at extreme positions of the substrate table 604.2.

Thus, as can be seen from Figures 9B and 9C showing extreme positions of the substrate
table 604.2, at least two, namely three, of these emitter and receiver units 610.1, 610.6,
610.14, 610.15 are functional to provide position information described above at any time in
the range of relative motion between the optical projection unit 602 and the substrate unit
604. In other words, each of the emitter and receiver units 610.1, 610.6, 610.14, 610.15 is
functional to provide position information in a part of the range of relative motion between the
optical projection unit 602 and the substrate unit 604, these parts of the range of relative
motion having an overlap such that three of these emitter and receiver units 610.1, 610.6,
610.14, 610.15 are functional to provide position information at any time.
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It will be appreciated that, with other embodiments of the invention, another number of emit-
ter and receiver units may be used. Even one single emitter and receiver unit may be used.
However, preferably at least two, more preferably at least three emitter and receiver units,
measuring at the same resolution in at least one common degree of freedom are used in
order to avoid overly large encoder elements.

It will be appreciated that the four emitter and receiver units 610.1, 610.6, 610.14, 610.15
provide redundant position information that may be used, among others, by the control unit
619 for encoder calibration.

The first metrology arrangement 610 further comprises an encoder arrangement with a third
emitter and receiver unit 610.18 and three fourth emitter and receiver units 610.19 mounted
to the image sensor table 621.2 and also connected to the control unit 619. The the third
emitter and receiver unit 610.18 and the fourth emitter and receiver units 610.19 are ar-
ranged in a manner similar to the arrangement of the emitter and receiver units 610.1, 610.6,
610.14, 610.15 such that it is here only referred to the explanations given above.

The image sensor unit 621 is placed into the exposure position when the exposure process
of the wafer 604.2 has been completed and a new wafer 604.2 has to be placed onto the
wafer table 604.1 and, thus, the substrate unit 604 is removed from the exposure position.
Of course it is also possible that the image sensor unit 621 is placed into the exposure posi-
tion prior to placing the substrate unit 604 in the exposure position for the first time, i.e. prior
to an exposure of a wafer 604.2.

When the image sensor unit 621 is placed in the exposure position, i.e. assumes the position
of the substrate unit 604 shown in Figure 8, the emitter and receiver units 610.18 and 610.19
co-operate with the first reference element 610.2 in a manner similar to the emitter and re-
ceiver units 610.1, 610.6, 610.14, 610.15 éuch that it is here also mainly referred to the ex-

planations given above.

The encoder arrangement, with the signals from the third emitter and receiver unit 610.18
and the fourth emitter and receiver units 610.19, provides position information in at least
three degrees of freedom, namely the two translational degrees of freedom (often referred to
as translation along X-axis and Y-axis) in a plane perpendicular to the optical axis 602.2 of
the optical projection unit 602 and the rotational degree of freedom (often referred to as ro-
tation about Z-axis) about the optical axis 602.2. It will however be appreciated that, with
other embddiments of the invention, any other suitable contactless or contact based working
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principle (as mentioned above) may be used for providing the position information in these at

‘least three degrees of freedom.

As mentioned above, the signals provided by the image sensor 621.1 of the image sensor

“unit 621 may be used to evaluate the quality of the image captured. The data obtained

therefrom may be used to Comprises an image sensor table 621.2 carrying an image sensor
621.1 designed for capturing an image of the pattern formed on the mask and providing cor-
responding signals to an evaluation unit — not shown in Figure 8 — evaluating the quality of
the image captured. It will be appreciated that this image quality information provided by the
image sensor 621.1 may be used, among others, by the control unit 619 for calibration and
adjustment the components are the optical exposure apparatus 601.

It will be further appreciated that, with the optical exposure apparatus 601 of Figure 8, the
method of transferring an image of a pattern onto a substrate according to the invention may
be executed as it has described above with reference to Figure 2. The substrate thereby
forms a first target device in the sense of the invention. Furthermore, with the optical expo-
sure apparatus 601, this method described above with reference to Figure 2 may also be
used for transferring an image of a pattern onto the image sensor 621 1 forming a second
target device in the sense of the invention.

It will be further appreciated that, with other embodiments of the invention, the respective
emitter and receiver unit does not necessarily have to be mounted to the substrate unit. For
example, the emitter and receiver unit may be executed as a separate emitter unit and a
separate receiver unit. Either of such a emitter and receiver unit or separate emitter unit and
receiver unit may be mounted external to the substrate unit. In such a case a beam directing
device, e.g. a mirror, would be mounted to the substrate unit in order to direct the respective

light beam to and from the encoder element.

It will be further appreciated that, with other embodiments of the invention, the encoder ar-
rangement as described above may be used in combination with optical projection units
comprising, partly or exclusively, other types of optical elements, such as refractive or dif-
fractive optical elements. Furthermore, the encoder arrangement as described above may
be used in combination with optical projection units working in other wavelength ranges.

Furthermore, the first imaging arrangement component does not necessarily have to be a
component of an optical element unit. In particular with optical projection units not having
such a large optical element close to the substrate, e.g. as it is the case with conventional
refractive systems, the encoder element may also be formed or mounted on a part of the
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housing of the optical projection unit or even on a support structure supporting the optical
projection unit. In particular, this may be the case where immersion techniques are used, i.e.
where a part of the optical element located closest to the substrate unit is immersed, to-
gether with a part of the substrate, in an immersion medium such as highly purified water. In
these cases, eventually, a separate sensor arrangement may be necessary to capture the
relative position between the encoder element and an optical element the position of which is
to be determined with respect to the substrate unit.

Furthermore, it will be appreciated that the first mirror 608.1, the substrate unit 604 and the
first metrology arrangement 610 may replace the corresponding parts in any one of the first
to sixth embodiment described above.

It will be further appreciated that such an arrangement with a substrate unit as a first target
unit and an image sensor unit as a second target unit may also be used in combination with
any one of the first to sixth embodiment described above.

Finally, it will be appreciated that a metrology arrangement comprising an encoder arrange-
ment as described above in the context of Figure 8 may also be used in conjunction with the
positioning of the mask unit. A component of the mask unit would then The first mirror 608.1,
the substrate unit 604 and the first metrology arrangement 610 may replace the corre-
sponding parts in any one of the first to sixth embodiment described above.

Although, in the foregoing, embodiments of the invention have been described where the
optical elements are exclusively reflective elements, it will be appreciated that, with other
embodiments of the invention, reflective, refractive or diffractive elements or any combina-
tions thereof may be used for the optical elements of the optical element units.

Furthermore, it will be appreciated that, with other embodiments of the invention, any other
combination of the support concepts for the optical element sub-groups outlined above may
be chosen.

* k k k k
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What is claimed is:

1. An optical imaging arrangement comprising:
a mask unit adapted to receive a pattern,
a substrate unit adapted to receive a substrate;

an optical projection unit comprising a group of optical element units, said optical
projection unit being adapted to transfer an image of said pattern onto said sub-
strate;

a first imaging arrangement component, said first imaging arrangement compo-
nent being a component of one of said optical element units,

a second imaging arrangement component, said second imaging arrangement
component being different from said first imaging arrangement component and
being a component of one of said mask unit, said optical projection unit and said
substrate unit;

a metrology arrangement;

said metrology arrangement capturing a spatial relationship between said first im-
aging arrangement component and said second imaging arrangement component;

said metrology arrangement comprising a reference element;

said reference element being mechanically connected directly to said first imaging
arrangement component.

2. The optical imaging arrangement according to claim 1, wherein said first imaging
arrangement component is a component of the optical element unit of said optical
projection unit located closest to one of said mask unit and said substrate unit.

3. The optical imaging arrangement according to claim 1, wherein said first imaging
arrangement component is an optical element.

4, The optical imaging arrangement according to claim 1, wherein said first imaging

arrangement component is a mirror.
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The optical imaging arrangement according to claim 1, wherein said reference ele-
ment comprises a reference surface, said reference surface being at least one of a
reflective surface and a diffractive surface.

The optical imaging arrangement according to claim 5, wherein said reference sur-

face is a surface of said first imaging arrangement component.

The optical imaging arrangement according to claim 5, wherein

- said optical projection unit comprises a group of optical elements, said optical
elements having projection surfaces cooperating in transferring said image of said
pattern onto said substrate;

- said reference surface being one of
- established on one of said projection surfaces and

- established on a surface of one of said optical elements other than one of said
projection surfaces.

The optical imaging arrangement according to claim 1, wherein

- said optical projection unit comprises a group of optical elements, said optical
elements having projection surfaces cooperating in transferring said image of said
pattern onto said substrate;

- said first imaging arrangement component is a mirror, said mirror having a front
part with a reflective front surface and a rear part, said reflective front surface be-
ing one of said projection surfaces,

- atleast a part of said reference element being connected to said rear part.

The optical imaging arrangement according to claim 8, wherein
- said rear part comprises a rear surface opposite to said front surface,

said reference element comprises a reference surface, said reference surface
being at least one of a reflective surface and a diffractive surface,

at least a part of said rear surface forms at least a part of said reference surface.

The optical imaging arrangement according to claim 1, wherein
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said optical projection unit exclusively comprises reflective optical elements hav-
ing reflective projection surfaces cooperating in transferring said image of said
pattern onto said substrate;

said first imaging arrangement component is one of said reflective optical ele-
ments. '

The optical imaging arrangement according to claim 1, wherein said second imaging
arrangement component is an optical element.

The optical imaging arrangement according to claim 1, wherein said second imaging
arrangement component is a component of said mask unit.

The optical imaging arrangement according to claim 1, wherein said second imaging
arrangement component is a component of said substrate unit.

The optical imaging arrangement according to claim 1, wherein

said optical projection unit comprises a housing unit supporting a first sub-group
of said optical element units,

a first vibration isolating device is provided, said first vibration isolating device
having a first end and a second end,;

said first end of said first vibration isolating device directly contacting said

housing unit,

said second end of said first vibration isolating device directly contacting a
ground structure.

The optical imaging arrangement according to claim 14, wherein said first vibration
isolating device has a resonant frequency between 0.01 Hz and 10 Hz.

The optical imaging arrangement according to claim 14, wherein said housing unit
supports at least a part of said metrology arrangement.

The optical imaging arrangement according to claim 14, wherein said first imaging
arrangement component is supported by said housing unit at a location external to
said housing unit.
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The optical imaging arrangement according to claim 14, wherein said first imaging
arrangement component is supported via a second vibration isolating device.

The optical imaging arrangement according to claim 18, wherein
said second vibration isolating device has a first end and a second end;

said first end of said first vibration isolating device directly contacting said first im-
aging arrangement component,

said second end of said first vibration isolating device directly contacting one of
said housing unit and said a ground structure.

The optical imaging arrangement according to claim 18, wherein said second vibra-
tion isolating device has a resonant frequency between 0.01 Hz and 10 Hz.

The optical imaging arrangement according to claim 18, wherein

said optical projection unit comprises a support structure, said support structure
supporting a second sub-group of said optical element units,

said second sub-group comprising said first imaging arrangement compohent.

The optical imaging arrangement according to claim 21, wherein
said second vibration isolating device has a first end and a second end;

said first end of said second vibration isolating device directly contacting said
~ support structure,

said second end of said second vibration isolating device directly contacting one
of said housing unit and said a ground structure.

The optical imaging arrangement according to claim 1, wherein

said optical projection unit comprises a first support unit supporting a sub-group
of said optical element units,

a second support unit is provided, said second support unit supporting said first

imaging arrangement component,

a vibration isolating device is provided, said vibration isolating device having a
first end and a second end;
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- said first end of said vibration isolating device directly contacting said second
support unit,

said second end of said vibration isolating device directly contacting a ground

structure.

The optical imaging arrangement according to claim 23, wherein said first vibration
isolating device has a resonant frequency between 0.01 Hz and 10 Hz. '

The optical imaging arrangement according to claim 23, wherein said second support
unit supports at least a part of said metrology arrangement.

The optical imaging arrangement according to claim 23, wherein said second support
unit forms a housing receiving said sub-group of said optical element units.

The optical imaging arrangement according to claim 1, wherein
a control unit is provided;

said control unit being connected to said metrology arrangement to receive said
spatial relationship between said first imaging arrangement component and said
second imaging arrangement component;

said control unit controlling the position of at least one component of said optical
imaging arrangement during the transfer of said image of said pattern onto said
substrate as a function of said spatial relationship received from said metrology ar-
rangement.

The optical imaging arrangement éccording to claim 1, wherein said mask unit and
said optical projection unit are adapted to use light in the EUV range.

An optical imaging arrangement comprising
a mask unit adapted to receive a pattern,
a substrate unit adapted to receive a substrate;

an optical projection unit comprising a group of optical element units and a sup-
port structure;



10

15

20

25

WO 2006/128713 PCT/EP2006/005263

30.

31.

32.

33.

34.

-52-

said group of optical element units being adapted to transfer an image of said
pattern onto said substrate;

- said group of optical element units comprising a first sub-group of said optical
element units and a first optical element unit separate from said first sub-group;

said support structure being supported on a ground structure and supporting said
first sub-group;

- said first optical element unit being connected to one of said support structure
and said ground structure via a vibration isolating device.

The optical imaging arrangement according to claim 29, wherein
- 'said vibration isolating device has a first end and a second end;

- said first end of said first vibration isolating device directly contacting said first op-
tical element unit,

- said second end of said vibration isolating device directly contacting one of said
support structure and said ground structure.

The optical imaging arrangement according to claim 29, wherein said vibration iso-
lating device has a resonant frequency between 0.01 Hz and 10 Hz.

The optical imaging arrangement according to claim 29, wherein said first optical
element unit is the optical element unit of said optical projection unit located closest
to one of said mask unit and said substrate unit.

The optical imaging arrangement according to claim 29, wherein said first optical
element unit comprises a mirror.

The optical imaging arrangement according to claim 29, wherein
a metrology arrangement is provided;

said metrology arrangement capturing a spatial relationship between a first com-
ponent of said first optical element unit and a second component of one of said
mask unit, said optical projection unit and said substrate unit.

said metrology arrangement comprising a reference element, said reference ele-
ment being mechanically connected directly to said first optical element unit.
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The optical imaging arrangement according to claim 34, wherein said reference ele-
ment comprises a reference surface, said reference surface being a surface of said
first optical element unit.

An optical imaging arrangement comprising
a mask unit adapted to receive a pattern,
a substrate unit adapted to receive a substrate;

an optical projection unit comprising a group of optical element units and a sup-
port structure;

said group of optical element units being adapted to transfer an image of said
pattern onto said substrate;

said optical projection unit comprising a housing unit supporting at least a first
sub-group of said optical element units; '

said housing unit being supported in a vibration isolated manner directly on a
ground structure.

The optical imaging arrangement according to claim 36, wherein said housing unit is
supported on said ground structure by a first vibration isolating device directly con-
tacting said housing and said ground structure.

The optical imaging arrangement according to claim 37, wherein said first vibration
isolating device has a resonant frequency between 0.01 Hz and 10 Hz.

The optical imaging arrangement according to claim 36, wherein

a first optical element unit is provided, said first optical element unit not forming
part of said first sub-group,

said first optical element unit being supported in a vibration isolated manner di-
rectly on one of said housing unit and said ground structure

The optical imaging arrangement according to claim 36, wherein said first optical
element unit is supported via a second vibration isolating device separate from a first
vibration isolating device supporting said housing unit.
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The optical imaging arrangement according to claim 36, wherein said second vibra-
tion isolating device directly contacts said first optical element unit and one of said
housing unit and said ground structure.

The optical imaging arrangement to claim 39, wherein said first optical element unit is
supported at a resonant frequency between 0.01 Hz and 10 Hz.

The optical imaging arrangement according to claim 39, wherein said first optical
element unit is supported together with a second sub-group of said optical element
units, said first optical element unit forming part of said second sub-group.

A method of capturing a spatial relationship betweeh a first component and a second
component of an optical imaging arrangement, said method comprising:

providing an optical imaging arrangement comprising
a mask unit comprising a pattern,
a substrate unit comprising a substrate;

an optical projection unit comprising a group of optical element units, said opti-
cal projection unit being adapted to transfer an image of said pattern onto said
substrate;

a first imaging arrangement component, said first imaging arrangement com-
ponent being a component of one of said optical element units,

a second imaging arrangement component, said second imaging arrangement
component being different from said first imaging arrangement component and
being a component of one of said mask unit, said optical projection unit and
said substrate unit; |

providing a reference element, said reference element being mechanically con-
nected directly to said first imaging arrangement component; and

capturing a spatial relationship between said first imaging arrangement compo-
nent and said second imaging arrangement companent using said reference ele-
ment.

The method according to claim 44, wherein said first imaging arrangement compo-
nent is a component of the optical element unit of said optical projection unit located

clos.est to one of said mask unit and said substrate unit.
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The method according to claim 44, wherein said first imaging arrangement compo-
nent is a mirror.

The method according to claim 44, wherein said reference element comprises a ref-
erence surface, said reference surface being a surface of said first imaging arrange-
ment component.

A method of transferring an image of a pattern onto a substrate, said method com-
prising
in a transferring step, transferring said image of said pattern onto said substrate
using an optical imaging arrangement,

in a capturing step of said transferring step, capturing a spatial relationship be-
tween a first component and a second component of said optical imaging ar-
rangement using the method according to claim 44;

in a controlling step of said transferring step, controlling the position of at least
one component of said optical imaging arrangement as a function of said spatial
relationship between a first component and a second component captured in said
capturing step. '

A method of supporting components of an optical projection unit, said method com-
prising

providing a group of optical element units, said group of optical element units be-
ing adapted to transfer an image of a pattern onto a substrate;

providing a housing unit supporting a first sub-group of said optical element units,

supporting said housing in a vibration isolated manner directly on a ground
structure.

The method according to claim 49, wherein said supporting said housing comprises
providing a first vibration isolating device directly contacting said housing and said
ground structure.

The method according to claim 49, wherein said housing is supported at a resonant
frequency between 0.01 Hz and 10 Hz.
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The method according to claim 49, wherein

a first optical element unit is provided, said first optical element unit not forming

part of said first sub-group,

said first optical element unit being supported in a vibration isolated manner di-
rectly on one of said housing unit and said ground structure

The method according to claim 52, wherein said first optical element unit is supported
via a second vibration isolating device separate from a first vibration isolating device
supporting said housing unit.

The method according to claim 53, wherein said second vibration isolating device
directly contacts said first optical element unit and one of said housing unit and said
ground structure.

The method according to claim 52, wherein said first optical element unit is supported
at a resonant frequency between 0.01 Hz and 10 Hz.

The method according to claim 52, wherein said first optical element unit is supported
together with a second sub-group of said optical element units, said first optical ele-
ment unit forming part of said second sub-group.

A method of supporting components of an optical projection unit comprising

providing a group of optical element units, said group of optical element units be-
ing adapted to transfer an image of a pattern onto a substrate;

supporting a first sub-group of said optical element units via a first support unit,

supporting a first optical element unit separately from said first sub-group, said
first optical element unit being supported in a vibration isolated manner

The method according to claim 57, wherein said first optical element unit is supported
in a vibration isolated manner directly on one of a ground structure and said first sup-
port unit.
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The method according to claim 50, wherein said first optical element unit is supported
via a vibration isolating device, said vibration isolating device directly contacting said
first optical element unit and one of said ground structure and said first support unit.

The method according to claim 57, wherein said first optical element unit is supported
at a resonant frequency between 0.01 Hz and 10 Hz.

The method according to claim 57, wherein said first optical element unit is supported
together with a second sub-group of said optical element units, said first optical ele-
ment unit forming part of said second sub-group.

An optical imaging arrangement comprising:
a mask unit comprising a pattern,
a substrate unit comprising a substrate;

an optical projection unit comprising a group of optical element units, said optical
projection unit being adapted to transfer an image of said pattern onto said sub-
strate,

a first imaging arrangement component, said first imaging arrangement compo-
nent being a component of one of said optical element units,

a second imaging arrangement component, said second imaging arrangement
component being different from said first imaging arrangement component and
being a component of one of said mask unit, said optical projection unit and said
substrate unit;

a metrology arrangement;

said metrology arrangement capturing a spatial relationship between said first im-
aging arrangement component and said second imaging arrangement component;-

at least one metrology component of said metrology arrangement being inte-
grated into said first imaging arrangement component.

The optical imaging arrangement according to claim 62, wherein said first imaging
arrangement component is a component of the optical element unit of said optical
projection unit located closest to one of said mask unit and said substrate unit.
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The optical imaging arrangement according to claim 62, wherein said first imaging
arrangement component is a mirror.

The optical imaging arrangement according to claim 62, wherein said metrology
component is located within a receptacle of said first imaging arrangement compo-
nent.

The optical imaging arrangement according to claim 65, wherein said metrology
component is not contacting said first imaging arrangement component.

The optical imaging arrangement according to claim 62, wherein said metrology
component comprises a beam steering element.

The optical imaging arrangement according to claim 62, wherein said second imag-
ing arrangement component is a component of said substrate unit.

The optical imagingarrangement according to claim 1, wherein said mask unit and
said optical projection unit are adapted to use light in the EUV range. '

An optical imaging arrangement comprising:
a mask unit adapted to receive a pattern,
a substrate unit adapted to receive a substrate;

an optical projection unit comprising a group of optical element units, said optical
projection unit being adapted to transfer an image of said pattern onto said sub-
strate; '

a first imaging arrangement component, said first imaging arrangement compo-
nent being a component of said optical projection unit,

a second imaging arrangement component, said second imaging arrangement
component being a component of one of said mask unit and said substrate unit;

a metrology arrangement comprising an encoder arrangement;

said metrology arrangement capturing a spatial relationship between said first im-
aging arrangement component and said second imaging arrangement component
using said encoder arrangement;
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said encoder arrangement comprising an emitter, an encoder element and a re-
ceiver,;

said emitter emitting a light beam onto said receiver via said encoder element;

said encoder element being mechanically connected directly to said first imaging

arrangement component.

The optical imaging arrangement according to claim 70, wherein at least one of said
emitter and said receiver is mechanically connected directly to said second imaging
arrangement component.

The optical imaging arrangement according to claim 70, wherein said encoder ele-

ment is a grating.

The optical imaging arrangement according to claim 70, wherein said first imaging
arrangement component is a component of one of said optical element units.

The optical imaging arrangement according to claim 73, wherein said first imaging
arrangement component is a component of the one of said optical element units lo-
cated closest to said second imaging arrangement component.

The optical imaging arrangement according to claim 73, wherein said first imaging
arrangement component is an optical element.

The optical imaging arrangement according to claim 70, wherein said encoder ele-
ment is formed on a surface of said first imaging arrangement component.

The optical imaging arrangement according to claim 76, wherein
said first imaging arrangement component is a mirror and

said encoder element is formed on a back surface of said mirror.

The optical imaging arrangement according to claim 70, wherein said encoder ele-
ment is formed on a surface of a carrier mounted to said first imaging arrangement
component.
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The optical imaging arrangement according to claim 70, wherein

said first imaging arrangement component and said second imaging arrangement
component are movable relative to each other and have a center position where
they are centered with respect to each other; and

said encoder element has an encoder element center;

said encoder element and said receiver being arranged such that, at said center
position of said first imaging arrangement component and said second imaging ar-
rangement, said receiver receiving said light beam from said encoder element via
said encoder element center.

The optical imaging arrangement according to claim 70, wherein

said substrate has an outer circumference and

said receiver is located close to said outer circumference of said substrate.

The optical imaging arrangement according to claim 70, wherein said receiver is

functional to provide a position information in at least two degrees of freedom.

The optical imaging arrangement according to claim 81, wherein said encoder ele-

ment is a two-dimensional grating.

The optical imaging arrangement according to claim 70, wherein

said receiver is a first receiver and
said encoder arrangement comprises at least one second receiver;

said at least one second receiver being located at a distance from said first re-

ceiver.

The optical imaging arrangement according to claim 83, wherein

said substrate has a substrate diameter and

said distance between said first receiver and said at least one second receiver is
equal to at least one half of said substrate diameter.
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The optical imaging arrangement according to claim 83, wherein said second re-
ceiver is mechanically connected directly to said second imaging arrangement com-
ponent.

The optical imaging arrangement according to claim 83, wherein
said light beam is a first light beam,
said encoder element is a first encoder element and

said second receiver receives a second light beam via one of said first encoder
element and a second encoder element.

The optical imaging arrangement according to claim 83, wherein
said substrate has an outer circumference and

said first receiver and said at least one second receiver are located close to said
outer circumference of said substrate.

The optical imaging arrangement according to claim 87, wherein said first receiver
and said at least one second receiver are substantially evenly distributed at said
outer circumference of said substrate. '

The optical imaging arrangement according to claim 83, wherein

said first imaging arrangement component and said second imaging arrangement
component are movable relative to each other and have a range of relative mo-
tion;

said encoder arrangement, over at least a first part of said range of relative mo-
tion, being functional to provide a position information via said first receiver,

- said encoder arrangement, over at least a second part of said range of relative
motion, being functional to provide a position information via said at least one sec-

ond receiver;

said first part of said range of relative motion and said second part of said range
of relative motion having an overlap.

The optical imaging arrangement according to claim 83, wherein

a plurality of receivers is provided;
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said plurality of receivers comprising said first receiver and a plurality of said sec-
ond receivers;

said encoder arrangement, over said range of relative motion, being functional to
provide a position information via at least two receivers of said plurality of receiv-

ers at any time.

91.  The optical imaging arrangement according to claim 70, wherein
a control unit is provided,

said control unit being connected to said metrology arrangement to receive said
spatial relationship between said first imaging arrangement component and said
second imaging arrangemeht component;

said control unit controlling the position of at least one component of said optical
imaging arrangement during the transfer of said image of said pattern onto said
substrate as a function of said spatial relationship received from said metrology ar-
rangement.

92. The optical imaging arrangement according to claim 70, wherein said mask unit and
said optical projection unit are adapted to use light in the EUV range.

93. A method of capturing a spatial relationship between a first component and a second
component of an optical imaging arrangement, said method comprising:

providing an optical imaging arrangement comprising
- a mask unit adapted to receive a pattern,
- a substrate unit adapted to receive a substrate;

an optical projection unit comprising a group of optical element units, said opti-
cal projectioh unit being adapted to transfer an image of said pattern onto said
substrate;

a first imaging arrangement component, said first imaging arrangement com-
ponent being a component of said optical projection unit,

a second imaging arrangement component, said second imaging arrangement
component being a component of one of said mask unit and said substrate unit;

providing an encoder arrangement comprising an encoder element mechanically
connected directly to said first imaging arrangement component; and
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in a capturing step, capturing a spatial relationship between said first imaging ar-
rangement component and said second imaging arrangement component using
said encoder arrangement, said capturing said spatial relationship comprisihg re-
ceiving, via said encoder element, and evaluating at least a part of a light beam
emitted towards said encoder element. ‘

The method according to claim 93, wherein

said providing an encoder arrangement comprises providing an emitter emitting
said light beam and a receiver receiving at least said part of said light beam

at least one of said emitter and said receiver being mechanically connected di-
rectly to said second imaging arrangement component.

The method according to claim 93, wherein said encoder element is a grating.

The method according to claim 93, wherein said receiver provides a position informa-
tion in at least two degrees of freedom using said received part of said light beam.

The method according to claim 96, wherein said encoder element is a two-
dimensional grating.

The method according to claim 93, wherein said first imaging arrangement compo-
nent is a component of the one of said optical element units located closest to said
second imaging arrangement component.

The method according to claim 93, wherein
said first imaging arrangement component is a mirror and

said encoder element is formed on a surface of said mirror.

The method according to claim 93, wherein
said light beam is a first light beam and

said capturing said spatial relationship comprises receiving, via an encoder ele-
ment, and evaluating at least a part of a second light beam.
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The method according to claim 100, wherein

- said first imaging arrangement component and said second imaging arrangement
component are moved relative to each other within a range of relative motion;

at least a part of said first light beam being received and evaluated over at least a
first part of said range of relative motion;

at least a part of said second light beam being received and evaluated over at
least a second part of said range of relative motion;

said first part of said range of relative motion and said second part of said range
of relative motion having an overlap.

The method according to claim 100, wherein

- a plurality of light beams is provided, at least a part of each of said light beams
being received,;

said plurality of light beams comprising said first light beam and a plurality of said
second light beams;

over said range of relative motion, at least a part of at least two light beams of
said plurality of light beams is received and evaluated at any time. 4

The method according to claim 93, wherein the position of at least one component of
said optiéal imaging arrangement during the transfer of said image of said pattern
onto said substrate is controlled as a function of said spatial relationship captured in
said capturing step.

The method according to claim 93, wherein said mask unit and said optical projection
unit are adapted to use light in the EUV range.

A method of transferring an image of a pattern onto a substrate, said method com-
prising
in a transferring step, transferring said image of said pattern onto said substrate

using an optical imaging arrangement,

in a capturing step of said transferring step, capturing a spatial relationship be-
tween a first component and a second component of said optical imaging ar-
rangement using the method according to claim 93;
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in a controlling step of said transferring step, controlling the position of at least .
one component of said optical imaging arrangement as a function of said spatial
relationship between a first component and a second component captured in said
capturing step.

An optical imaging arrangement comprising:
a mask unit adapted to receive a pattern,
a target unit adapted to receive at least one target device;

an optical projection unit comprising a group of optical element units, said optical
projection unit being adapted to transfer an image of said pattern onto said at least
one target device;

a first imaging arrangement component, said first imaging arrangement compo-
nent being a component of one of said optical element units,

a second imaging arrangement component, said second imaging arrangement
component being different from said first imaging arrangement component and
being a component of one of said mask unit, said optical projection unit and said
target unit;

a metrology arrangement;

said metrology arrangement capturing a spatial relationship between said first im-
aging arrangement component and said second imaging arrangement component;

said metrology arrangement comprising a reference element;

said reference element being mechanically connected directly to said first imaging
arrangement component.

The optical imaging arrangement according to claim 106, wherein
said target unit comprises a substrate unit,

said at least one target device being a substrate.

The optical imaging arrangement according to claim 106, wherein
said target unit comprises an image sensor unit,

said at least one target device being an image sensor device.
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The optical imaging arrangement according to claim 106, wherein

said target unit comprises a substrate unit adapted to receive a substrate and an
image sensor unit adapted to receive an image sensor device,

said target unit being adapted to selectively place said substrate unit and said im-
age sensor unit into an exposure position relative to said optical projection unit;

said image of said pattern being projected onto said substrate received within
said substrate unit when said substrate unit is positioned in said exposure position,

said image of said pattern being projected onto said image sensor device re-
ceived within said image sensor unit when said image sensor unit is positioned in
said exposure position.

The optical imaging arrangement according to claim 106, wherein said optical projec-
tion unit uses light in an EUV range.

The optical imaging arrangement according to claim 106, wherein at least parts of
said target unit are placed in a vacuum.

A method of capturing a spatial relationship between a first component and a second
component of an optical imaging arrangement, said method comprising:

providing an optical imaging arrangement comprising
- a mask unit comprising a pattern,
a target unit comprising a target device;

an optical projection unit comprising a group of optical element units, said opti-
cal projection unit being adapted to transfer an image of said pattern onto said
target device;

a first imaging arrangement component, said first imaging arrangement com-
ponent being a component of one of said optical element units,

a second imaging arrangement component, said second imaging arrangement
component being different from said first imaging arrangement component and
being a component of one of said mask unit, said optical projection unit and
said target unit;

providing a reference element, said reference element being mechanically con-
nected directly to said first imaging arrangement component; and
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capturing a spatial relationship between said first imaging arrangement compo-
nent and said second imaging arrangement component using said reference ele-

ment.

An optical imaging arrangement comprising:

a mask unit adapted to receive a pattern,
a target unit adapted to receive at least one target device;

an optical projection unit comprising a group of optical element units, said optical
projection unit being adapted to transfer an image of said pattern onto said at least
one target device using light in an EUV range;

said target unit comprising a substrate unit adapted to receive a substrate forming
a first target device and an image sensor unit adapted to receive an image sensor
device forming a second target device,

said target unit being adapted to selectively place said substrate unit and said im-
age sensor unit into an exposure position relative to said optical projection unit;

said image of said pattern being projected onto said substrate received within
said substrate unit when said substrate unit is positioned in said exposure position,

said image of said pattern being projected onto said image sensor device re-
ceived within said image sensor unit when said image sensor unit is positioned in

said exposure position.

A method of transferring an image of a pattern onto a plurality of target devices, said
method comprising

selectively placing a substrate forming a first target device and an image sensor
device forming a second target device into an exposure position relative to an op-

tical projection unit;

in a first transferring step, when said substrate is in said exposure position,
transferring said image of said pattern onto said substrate using said optical im-

aging arrangement and using light in an EUV range,

in a second transferring step, when said image sensor device is in said exposure
position, transferring said image of said pattern onto said image sensor device
using said optical imaging arrangement and using light in an EUV range.
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