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facet element (109) and a support unit (108), the support unit supporting the
facet element (109) The support unit (108) comprises a first support element
(108.1) and a second support element (108.2), the second support element
(108.2) being connected to the facet element (109) to support the facet ele-
ment (109). The first support element (108.1) is connected to the second sup-
port element (108.2) to support the second support element 108.2), the first
support element (108.1) being connected to the second support element
~ (108.1) via at least one flexure unit (108.4), the flexure unit (108.4) compris-
ing at least one tlexure (108.4).
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FACET MIRROR DEVICE

BACKGROUND OF THE INVENTION

The invention relates o a facet mirror device that may be used within an optical device ussed in
gxposure processes, in particuiar in microlithography systems. it further relates to an optical
imaging arrangement comprising such a facet mirror device. it further relates to a method of
supparting a facst element of a facet mirror device and 2 method of manufaciuring a facet
mirrer device. The invention may be used in the context of photolithography processes for
fabricating microslectronic devices, in particular semiconductor devices, of in the context of

fabricating devices, such as masks or reticles, used during such photolithography processes.

Tynically, the optical systermns usad in the context of fabricating microslectronic devices such as
semiconductor devices comprise a plurality of optical element modules comprising optical
elements, such as lenses, mirrors, gratings ele., in the light path of the optical system. Those
optical elements usually coopsrate in an exposure process to flluminate a pattern formed on g
mask, reticle or the like and to transfer an image of this pattern onto & substrate such as a
wafer. The optical elements are usually combined in one or more functionally distinct optical
slemant groups that may be held within distinct optical slement units. Facet mirror devices as
the ones mentioned above, among others may serve to homegenize the illumination light beam
{Hluminating the mask}, Le. to effect a power distribution within the flumination light beam which
is as uniform as possible,

Due to the ongeing miniaturization of semiconductor devices there is not only a permanent need
for gnhanced resolution but also a nsed for enhanced accuracy of the optica! systems used for
fabricating those semiconductor devices. This acouracy cbviously not only has to be present
initially but has to be maintained over the entire operation of the oplical system. A particular
problem in this context is proper heat removal from the optical components 1o avoid uneven
thermal expansion of these components leading to uneven deformation of these components

and, ultimately, to undesired imaging srrors.

As a consequence highly sophisticated facet mirror devices have been developed such as they
are disclosed, for example, in DE 102 05 425 Al (Holderer of al) and DE 103 24 786 A1 (Rofl-

Melemaer), the respective entire disclosure of which is incorporated herein by reference.
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Both these documnenis, among others, show facet mirror devices where facet slements with a
spherical rear surface sit in an associated recess within a support element. The spherical rear
surface rests against a corresponding spherical wall of the support glement confining this
recess. While such a sphere to sphere inlerface theorstically may provide a large area of
contact with good heat transfer from the face! element {o the support elemertd, this large area
contact mainly depends on the manufacturing accuracy of both, the facet slement and the
support slement, Furthermore, the spherical recess is rather sxpensive to manufaciure at an
accuracy of a few microns or less as it is desirable in many cases in all three directions in

space.

To overcome the problem of heat transfer DE 103 24 786 A1 (Rolk-Melemer) suggests to place
& relgtively sofl coating {&.9. a gold coating) onto one of said spherical suwrfaces which
compensates manufacturing tolerances by deformation. However, despite the low rigidity of this
coating, due to the large contact area such deformation requires relatively large forces prone o

introduce undesired deformation into the facst element.

Ancther approach is disclosed in DE 102 05 425 A1 (Holderer et al.) whersin the spherical rear
surface of the facet element, more or less in a line contact, rests against & conical wall confining
the recess receiving the facet slement. This solution, due {0 the line contact provides a lower
heat transfer while still not considerably reducing the manufacturing effor! necessary for the

conical wall to have the accuracy needed for properly positioning the facet slement.

A third approach to support the Tacet slements is disclosed in DE 102 05 425 A1 (Holderer et
al.} wherein the spherical rear surface of the facet slemeant, more or less in a thres point
contact, rests against three small spheres sach located &l a free end of a support pin element.
Here, the heat transfer is even worse while as well not considerably reducing the manufacturing

effort necessary for the three small spheres {0 have the desired accuracy.

in all three cases outlined above, a8 manipulating lever is connecled 1o the rear surface of the
facet element, corresponding manipulators acting on said manipulating lever to adjust the
position and, predominantly, the onientation of the facet element with respect to the support
alement. Furthermore, in some cases, the manipulating lever is used for fiking the facet
slement relative to the support element once it has bee adjusted,
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SUMMARY OF THE INVENTION

it is thus an object of the invention to, at ieast to some extent, overcome the above
disadvaniages and io provide a simple way of supporiing a facet element of a facet mirror

device at a high accuracy, in particular an accuracy of a few microns or less,

it is a further object of the invention to allow sasy adiustiment and fixation of the facet slement to

the desired posifion and orientation with respect to the support element.

These and other objects are achieved according 1o the invention which, on the one hand, is
based on the teaching that it is possible to provide a simple and reliable, sasily adiustable
support to the facet! slement if the facet element is supported via 3 flexure unit. Such a flexure
unit may be easily manufactured while providing proper guidance to the facst element in one or
more degrees of freedom allowing sasy adjustment of the facet element in these degrees of

freadom while reliably and precisely restricting motion in one or more other degrees of fresdom,

Thus, according to a first aspect of the invention there is provided a facet mirror device
comprising a facet element and a support unit, the support unit supporting the facet slement.
The support unit comprises a first support element and a second support element, the second
support element being connected to the facet element to support the facet element. The first
support element is connectad 1o the second support element o support the second support
element, the first support element being connected to the second support element via at least

ong flexurs unit, the flexure unit comprising at least one flexure.

According to 2 second aspect of the invention there is provided an optical imaging arrangement
comprising a8 mask unit adapied to receive a paltem, a substrate unit adapled o receive a
subsirate, an flumination unit adapted to Bluminate the patlern, and an optical projection unit
adapted to transfer an image of the paltern onto the substrate. Atlsast one of the Blumination
unit and the oplical projection unit comprises a facei mirror device, the facet mirror device
comprising a facet element and a support unil, the support unit supporting the facet glement.
The support unit comprises a first support element and a second support slement, the second
support element being connecled to the facet slement {o support the facst slement. The first
support slement is connected {o the second support element 1o support the second support
glement, the first support slement being connected to the second support slement via at least

one flexure unif, the flaxure unit comprising at least one flexure,

According to a third aspect of the invention there is provided a method of supparting a facet

element of a facet mirror device comprising providing a facet element and a support element
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urit and supporting the facet element via the support unit. The support unit comprises a first
support element and a second support element, the second support element being connscled
to the facet slement to support the facef slement. The first suppor! element is connectad to the
second support element to support the second support element, the first support element being
connected {0 the second suppor slement via at least one flexure unit, the flexurs unit

comprising at ieast one flexure.

According to a fourth aspect of the invention there is provided a method of manufacturing =
facet mirror device comprising, iy a preparation siep, providing a facet slement and & support
unit, the support unit comprising a first support glement and a second support element, the first
support element, 1o support the second support element, being connecled to the second
support element via at least one flexure unit, the flexure unit comprising at least one flexure;
and, in 3 supporting step, connecting the facet slement to the second support element to

support the face! element via the support unit.

Further aspscis and embodiments of the invention will become apparent from the dependant
claims and the foliowing description of preferred embodiments which refers (o the appended
figures. All combinations of the fealures disclosed, whether explicitly recited in the claims or not,

arg within the scops of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 i a schematic representation of a preferred embodiment of an optical imaging
arrangement according to the invention which comprises a preferred embodiment of
a facet mirror device according {o the invention and with which preferred

embodiments of methods according to the invention may be executed;

Figure 2 is a schematic top view of the facet mirror device of Figure 1,

Figure 3 is a schematic sectional reprasentation of a pan of the facet mirror device of Figure
1 and 2 {(along line [II40 of Figure 2);

Figure 4 s a block diagram of a preferred embodiment of a method of manufacturing a facet
mirror device comprising a preferred embodiment of a method of supperting the
facet element according to the invention which may be used for the optical imaging

arrangement of Figure 1.
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Figure § s a schematic seclional representation of a detail of a further preferred embodiment

of a facet mirror device according to the invention.

DETAILED DESCRIPTION OF THE INVENTION

First embodiment

in the following, a first preferred embodiment of an oplical imaging arrangement 101 according
o the invention will be described with reference fo Figures 110 3. In order to facilitate the
explanations given below an xy,z-coordinate system has been introduced into the Figures and
will be used throughout the following description. In the following, the z-direction designates the
vertical direction. Howsver, i will be apprecisted that, with other embodiments of the invention,
any other orlentation in space of this x,y.2-coordinate system and the components of the optical

imaging arrangement, respectively, may be chosen.

Figure 1 is 3 schematic and not-to-scale representation of the optical imaging arrangement in
the form of an optical exposure apparatus 101 used in a microlithography process during
manufacture of semiconductor devices. The oplical exposure apparatus 101 comprises an
#lumination unit 102 and an optical projection unit 103 adapled to transfer, in an exposure
process, an imags of a pattern formed on a mask 104.1 of 3 mask unit 104 onto & substrate
105.1 of a substrate unit 105, To this end, the illumination unit 102 Hluminates the mask 104.1.
The optical projection unit 103 receives the light coming from the mask 104.1 and projects the
image of the pattern formed on the mask 104.1 onto the substrale 105.1, e.g. a wafer or the
like.

The ilumination unit 102 comprises an optical element system 108 {only shown in a highly
simplified manner in Figure 1} including a plurality of optical element units such as optical
slement unit 106.1. As will be explained in further detall below, the oplical slement unit 108.11s
formed as a preferred embodiment of a facet mirror device according to the invention. The
optical projection unit 103 comprises a further optical element system 107 including a plurality of
opticat element units 107.1. The optics! element units of the optical slement systems 108 and
107 are aligned along 2 folded optical axis 101.1 of the optical exposure apparatus 101,

i the embodiment shown, the oplical exposure apparatus 101 operates using light in the BEUV

range at 2 wavelength between B nm o 20 nm, more precisely at a wavelength of 13 nm. Thus,
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the optical slements used within the {lumination unit 102 and the optical projection unit 103 are
exclusively reflective oplical elements. Howsever, it will be appreciated that, with other
embodiments of the invention working at different wavelengths, any type of optical elements
{refractive, reflective or diffractive) may be used alone orin an arbitrary combination. The
optical element system 107 may comprise a further face! mirror device according {o the
invention.

As can be ssen from Figure 2 and 3, the facel mirror device 108.1 comprises a support unit 108
supporting a plurality of face! elements 108 (only one of which is shown in Figure 3}, Inthe
embodiment shown 800 face! slements 108 are supporied on the support unit 108, Mowever, i
will be appreciated that, with other embodiments of the invention, at any other number of facet
elements 108 may be carried by the support unit 108, For example, with certain preferred
smbodiments of the invention, up to 2000 face! elements 109 or sven more are supported on
the support unit 108, It should be noted that, preferably, as many facet elemenis 109 as
possible are supported on the support unit 108 to obtain homogenization of the illumination
fight. Numbers of up to 4000 Tacetl elements 108, more preferably, up to 16000 face! slements
108, may be realized.

in the eambodiment shown, the facet elements 108 are arranged such that a small gap of less
than 0.05 mm is left between them. Hence, as can be seen in particular from Figure 2, 5
regular rectangular matrix of facet elements 108 is formed on the support unit 108 providing a
minimum amount of loss in radiant power. However, | will be appreciated that, with other
embodiments of the invention, any other armmangement of facst elements may be chosen

according {o the oplical needs of the imaging device, the facel mirror device is used for.

As can be further seen from Figure 2 and 3, in particular from Figure 2, each facet slement 108,
in a top visw {along the z-direction), as an outer contour of substantially rectangular shape,
more precisely of substantially squared shaps. However, with other embodiments of the
invention, any other geometry of this outer contour may be chosen such as, for example, an
arbitrarily curved outer contour, a circular outer contour, an elliptic cuter confour, a polygona

auter contour or arbitrary combinations thereof,

in the embodiment shown, each facet slement has a concave front surface 109.1, a planar rear
surface 108.2 and a lateral surface 108.3. The front surface 108.1 is a reflective surface
optically used during operation of the optical imaging arrangement 101 in arder to provide
homogenization of the ilumination light provided by the iHlumination unit 102, The refisclive
surface 109.1 may be provided vig a reflective coating applied to the front surface 108.1 which
is adapted to the wavelength of the illumination light used (typically, in order 0 provide
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maximum reflectivity at the respective wavelength), With certain embodiments of the invention

& reflective grating may be provided at the front surface of the facet slements.

in the embodiment shown, the front surface 1091 is 2 spherical surface. Mowever, it will be
apprecigied that, with other embodiments of the invention, any other shape of the front surface
may be chosen depending on the optical task to be performed by the facet mirror davice.
Hence, apart from such spherical surfaces, aspherical as well as planar surfaces as well as
arbitrary combinations thereof may be used. Furthermore, convey front surfaces may also be

used,

Furthermore, it should be noled that the optically usable front surface 1081 of the facet slement
108 may be of any suitable size. Preferably, the size of the front surface 108.1 ranges from
10 mm® {0 400 mm®, in particular from 50 mm® to 150 mm?, more preferably from 90 mm® to

110 mm®,

The suppert unit 108 comprises a first support slement in the form of 3 base plate 108.1. Each
facet element 108 has an associated second support element 108.2 which, in the embodiment
shown, is a substantially pin-shaped body inserted into and reaching through an opening 108.3
within the base plate 108.1. In the embaodiment shown, the opening 108.3 is 2 cylindrical bore.
However, any other geomelry may be chosen for this recess 108.3 within the base plate 108 1.
Furthermore, in the embodiment shown, the base plate 108.1 is a planar slement. However,
depending e.g. on the optical requirements, an arbitrary geomelry {8.g. an at least section wise
curved geometry) may be chosen for the base plate.

Gne end of the second support element 108.2 is connecled to the rear side 108.2 of the facet
slement 109 to support the Iatter. The second support element 108.2, in turn, is connectad to
the first support element 108.1 via a flexure unit 108.4 to support the second support element
108.2 and, consequently, the facet element 109 on the first support element 108.1.

The fleaure unit 108.4 is located at the front side of the first support element 108.1 facing
towards the facet element 109, The flexure unit 108.4 comprises a plurality of flexures in the
form of leaf spring elements 108.5 connected at their ends {o the second support element 108.7
and a ring-shaped linking section 108.6, respectively.

I the embodiment shown, four leaf spring slements 108.8 are evenly distributed at the
circumference of the second support element 108.2. However, it will be appreciated that, with
other embodiments of the invention, any other number of leaf spring slements or flexures may

be provided. In particular, one single leaf spring slement may also be provided connecting the
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linking section and the second support element in the manner of a continuous membrane

gxiending over substiantially the entire circumference of the second support element.

in the embodiment shown, sach leal spring slement 108.5, in a top view (along the z-axis} is a
substantially rectangular element. The transverse dimension of the leaf spring element 108.5 s
selected such that {at the interface with the second support element 108.2) it extends over
about 15% of the circumference of the second support slement 1082, Howsver, it will be
appreciated that, with other embodiments of the invention, any other suitable shape and

dimensions may be ssiected for the leaf spring slsments.

As can be seen from Figure 3, the leaf spring slements 108.5 are formed monolithic with the
second support element 108.2 and the linking section 108.8, whils the linking section 1088 is
connected {o the first support element 108.1 by any suitable connection {not shown in greater
detail) such as a positive conneclion, a frictional conneclion, an adhesive connection or arbifrary
combinations thereof. However, it will be appreciated that, with other embodimants of the
invaention, the finking section may siso be formed monolithic with the first support element. The
same applies the other way round two the connection between the leaf spring slements and the

second support slement.

The second support element 108.2 protrudes from the rear side of the first support element
108.1 facing away from the facst element 108, Here, in the mounted stale (shown in Figure 3),
the first support element 108.1 and the second suppot slement 108.2 are substantially rigidly
connaclad via a conneclor element in the form of a connector plate 108.7. The conneclor plate
108.7 is locking the first support slement 1081 and the second support element 108.2 in their
mutual relative position and orientation. Hence, the connactor plate 108.7 also fakes partin

supporting the face! element 108,

The connector plate 108.7 s connected {o the first suppor element 108.1 and the second
support element 108.2 by any sullable connection such as a positive connection, a frictional
connection, an adhesive connection or arbitrary combinations thereof. Preferably, the
respective connection is formed by an adhesive connection such as by gluing, soldering or
welding as it indicated by the contours 110, 111 and 112,

As will be explained now in greater detall with reference to Figures 2 1o 4 the facet mirror device
106.1 is manufactured according to a preferred embodiment of the method according to
invention using a preferred embodiment of the method of supporting a facet slement according

fo the invention.
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According to Figure £, in a preparation step 113.1, the components of the support unit 108 and
the facet elements 109 are manufacturad as it has been oullined above. In the embodiment
shown, the facet elements are made of silicon {81), while the support element is made of silicon
carbide {SiC). With such a material palring and bensficial heat transfer from the facet elements
109 {typically reaching temperatures of 100°C to 150°C during operation of the imaging
arrangement 101) may be obtained,

Howaver, it will be appreciated that, with other embodiments of the invention, the facet slement
may be made of siticon carbide (8IC), quartz {(8iG;), sificon aluminium (SiAl) Zerodur® (a glass
ceramic as manufactured by SCHOTT AG, Mainz, DE), ULE™ (ultra low expansion tianium
silicate glass as manufactured by Corning Incorporated, Corning, NY 14831, USA), other glass
ceramics as well as coppsr (Cu} or aluminium {Al) coated with N1P or MoSi fayers; while the
support slement may be made of stainless steel, copper {Cu), aluminium {Al}, reaction bonded
silicon infiltrated silicon carbide (SISICY, Zerodur® or other glass ceramics, it should be noted
that, preferably, a matching of the cosflicient of thermal expansion (CTE) is provided for the
facet slement and the support element.

Then, in a connecting step 113.3 of a supporting step 113.2, the second support element 108.2
is introduced inte the opening 108.3 untll the linking seclion 108.4 rest against the run-on
surface of the first support slement 108.1. Subsequently, the linking section 108.4 is connected
io the first support element 108.1 a5 & has been outlined above.

Then, the facet element 108 is connacted to the second support slement 108.2 by any suitable
connection {(not shown in greater detall) such as a positive connection, a frictional connection,

an adhesive connection or arbitrary combinations thereof. However, it will be appreciated that,
with other embodiments of intervention, the facet slement 108 may be connscted fo the second

support element 108.2 prior to connecting the latter {o the first support element 108.1.

Then, in an adjiustment step 113.4 of the supporting step 113.2, the poaition and orientation of
the facet element 108 with respedt to the first support element 108 is adjusted according to the
aptical requirements for the face! mirrar device 106.1 during later operation in the imaging
arrangement 101

To this end, an adjiustment device in the form of 2 manipulater 114 controlled by a control
device 115 is used to generate a corresponding adjustment force on an adjustment interface
108.8 of the sscond support element 108.2 as # is shown in Figure 3. Under the control of the

control device 115 a relative motion may be generated between the manipulator 114 and the
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facet mirror device 106.1 is such that the manipulation force F generated may induce the

appropriate adjustment motion lo provide proper adiusiment of the lalter,

it witi be appreciated that the leaf spring elements 108.5 of the flexure unit 108.4 provide
guidance to the second support element 108.2 and facst element 109 by restricting relative
motion in two transiational degrees of fresdom (namesly the ¥~ and y-direction) and one
rotational degres of freedom {(namely rotation about the z-axis) while allowing orientation
adiustment in two rotational degrees of freedom (namely rotation about the x- and v-axis) and
position adjustment in one transiational degree of freedom {namely the =-direction}. Hence, ina
very simple manner, proper height and inclination adjustment of the facel element 108 may be
achisved.

it will be further appreciated that, with cerlain embodiments of the invention, the manipulator
114 may also be used to adjust the rotation of the facet element 109 {then already mounted o
the sscond support element 108.2) about the z-axis prior {o connecting the linking section 108.4

of the second support element 108.2 {0 the first support element 108.1.

Assessment of the adjustment of the opticaily used front surface 108.1 is performead using the
measurement results of 8 measurement device 118, In the present embodiment, the
measurement device 118 is an oplical device comprising an emitter 1161 emitling a
measurement light beam 118.2 towards the front surface 108.1. The measurement light beam
118.2 is reflected at the front surface 109.1 and reaches a sensor 116.3 of the measursment
device 116,

In the embodiment shown, the emitler is a conventional emifter using measurement light at a
wavelsngth of 833 nm. Hence, #f may be necessary (o provide a measurement section at the
front surface 108.1 having a reflective coating adapted {o this wavelength of the measurement
ght {provided that the reflective coating of the front surface 108.1 adapled (o the exposure light
doss not provide sufficlent reflection at the measurement light wavelength). However, it will be
appreciated that, with other embodiments of the invention, other wavelengths may be used for
the measurement light, such that, sventually, no such additional measurement section may be

NECessary.

The signals of the sensor 118.3 are forwarded to the control device 115 which, in turn, performs
the assessment of the adiustment of the front surface 108.1 using these signals. twill be
appraciated that the control device 115, as s function of the signals of the sensor 118.3,

controls the manipulator 114 to provide rapid proper adjustment of the front surface 108.1.
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i will be appreciated that, in the embodiment shown, the front surface 108.1 is adjusted at an
angular accuracy of less than 100 urad, However, it will be appraciated that, with other
embodiments of the invention, depending on the optical requirsments during later operation of

the imaging arrangemesnt 101, any other angular accuracy may be chosen.

Onee the adjustment of the facet slement 108 is compleied, in a face! fixation step 113 5 of the
supporting step 113.2, the face! slement 108 is fixed in place by connecting the connector plate
108.7 {0 the second support element 108.2 as i has been outlined above.

in the present example, a laser welding technique s used to provide the fixed adhesive
connection 112 between the conneclor plate 108.7 and the second support element 108.2
Howeaver, it will be appreciaied that, with other embodiments of the invention, apart from the
laser welding technique as ocutlined above, any other sultable bonding technique {such as e.g.
fusion bonding, gluing, clamping efc.) may be used alone or in arbitrary combination to provide
proper connection and relative fixation between the face! elements and the support unit. Such
suitable bonding techniques include, for example, gluing, soldering, laser soldering, welding,

diffusion bonding eie.

The connector plate 108.7 had been connecled to the first suppor slement 108.1 prior to the

adjustment step. However, it will be appraciated that, with othsr embodiments of the invention,
the connection behween the connector plate 108.7 and the first support element 108.1 may also
be applied at any point i thme during or after the adjustment of the facet element as it has been

autlined above.

Omnoe the facet fixation step 113.5 is completed, the manipulater 114 disengages the adiustment
interface 108 .8 of the second support element 108.2 as it is indicated by the dashed contour in
Figure 3.

fra step 113.8 it s then checked if a further facet elemant 108 is to be mounted o the support
slement 108, if this is the case the method jumps back to step 113.3 for axscuting the
supporting step for the next face! slement 108 {0 be mounted. Otherwise, the method ends in
step 113.7.

Heat removal from the facet mirror device 106.1 during operation of the imaging arrangement
101 may be achisved using a cooling medium circulating through cooling channels as they are
ingdicated by the dashed contours 117 {see Figure 3).
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The connection between tha first support slement 108.1 and the second support slement 208.2
may be mads in 3 sealing manner such that, during operation of the facet mirror device 108.1,
the rear side of the base body 108 {(facing away from the facet elements 108} may be cooled by
a fluid, .9, a cooling medium, while the space surrounding the face! elements 108 is evacuated
{or, depending on the wavsiength of the iilumination light, eventually filled with a gas). This may
be achieved in a particularly simple manner in specific embodiments where one single leaf
spring element is provided connecting the linking seclion and the second support slement in the
manner of a continuous membrans extending over the entire circumference of the second

support element as it has been described above.

in the embodiment shown, the flexure unit comprises flexurs is in the form of 3 isaf spring
glementis, However, it will be appreciated that, with other embodiments of the invention, other
types of flexure is mavbe used. For example, instead of a leaf spring element, configuration
may be used comprising two elaslic hinges each formed at one end of & less Tlexible section.
For example, the leaf springs 108.5 could be replaced by such a configuration, one elastic hinge
being formed at the transition {o the linking section 108.6 and the other slastic hinge being
formed at the fransition to the second support element 108.2.

Sscond embodiment

in the following, & second embodiment of the facet mirror device 208.1 acoording to the
invaention will be described with reference to Figure 8. The facet mirror device 2081 In #ts basic
design and functionality largsly corresponds to the facet mirror device 106.1 and may replace
the facet mirror device 108.1 in the oplical imaging device 101 of Figure 1. In particular, the
mathod of supporting a facet elemant and the method of manufacturing the facet mirror devics
as they have been described above in reiation (o the first embodiment (Figure 4) may be
exacutad as well in the context of this facet mirror device 208.1. Thus, # is here mainly referred
o the explanations given above and only the differences with respect to the facet mirror device
1061 will be sxplained in further detall. in particular, similar parts are given the sams reference
numeral raised by the amount 100 and (unless explicitly described in the following) in respect to
these paris reference is mads o the explanations given above in the comlext of the first

gmbodimant,

The only main difference with respect to the facet mirrer device 106.1 ies within the design of
the flexure unit 208.4. In the embodiment shown, the flexure unit 208.4 is formed by suitable
generally ring-shaped slots {connected over centain parls of the circumference of the second
support elemeni 208.2 by radial slots} within the base body 208, thereby forming a plurality of
{preferably evenly distributed) leaf spring slements 208.5. Elastic hinges 208.9 may be formed
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at at least one end of the respective leaf spring element 208.5 to faciliate orlertation
adiustment. i1 will be appreciated thal the flexure unit 208.4 allows motion in two rofations
degrees of freedom {namely rotation about the x- and y-axig} while resiricting motion in all other
four degress of fresedom.

The connection between the connector element 208.7 and the first support element 208.1 and
the second support element 208.2 is made in a sealing manner such that a cavity 218 at the
rear side of the base body 208 may be filled with a cooling medium while the space surrounding
the facst elements 200 is evacuated.

inn the foregoing, the invention has been described in the context of embodiments whers the
optical module according o the invention is used in the Humination unit. Mowsver, it will he
appreciated that the optical module according to ths invention may provide its beneficial effects

as well in the optical projection unil,

iy the foregoing, the invention has been desecribed in the context of embodiments working in the
EUV range. However, it will be appreciated thal the invention may also be used &t any other
wavelengih of the exposurs light, e.g. in systems working at 183 nm ete.

Finally, in the foregoing, the invention has been described solely in the context of
microlithography systems. However, it will be appreciated that the invention may also be used

in the context of any other optical device using facet mirror devices,

* R K E W
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What is claimed is:

Pt

A facet mirror device comprising
a facet slement and
& support unit;
- said support unit supporting said facet element;
- said support unit comprising a first support slement and a second support slement:

- said second support element being connecled o said facst element to support said

facet elemeant;

- said first support slement being connected o said second support element o support

said second suppor slement,

said first support element being connected {o said sscond support element vig at

least one flexure unit, sald flexure unit comprising at least one flexure.

The facet mirror device according 1o clalm 1, wharein af lsast one of

said flexurs unit forms a guiding unit adapisd {o guide said facet element in an

adjustment motion;
and

said fexurs unit restricts relative motion between said first support slement and said

second support element in at least two degress of freedom;
and

- said flexurs unit restricts relative motion belween said first support slement and said

second support element in exactly three degrees of fresdom;
and

- sald flexure unit restricts relative motion behween said first support slement and said
second support element in two translatory degrees of freedom and one rotatory

degres of fresdom:

The facet mirrer device according to claim 1, wherein

said flexure unit restricts relative molion between said first support element and said

second support slemeant in two translatory degrees of freedom,
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said flexure unit comprising at last one flexure element mainly extending in a plane

defined by said two transiatory degrees of freedom.

The facet mirror device sccording to claim 1, wherein at least one of
said flexurs unit comprises at least one elastic hings element;
and
said flexurs unit comprises at lsast one leafl spring element.
and

- said flexure unit comprises at least one membrane element.

The facet mirror device according to olaim 1, wherein st least one of
- said flexure unit is formed monaclithic with said first support element:
angd

said flexure unit is formed monolithic with said second support element.

The facst mirror device according to daim 1, wherein at least one of

sabd second support element has an adjustment interface, said adjustment interface
being adapled to be contacted by an adjusimant device adjusting st ieastione of a
relative position and a relative orlentation between said facet slement and said

support unit;
and

said second support slement extends within a recess of said first support element;
and

said second support slement extends through an opening within said first support
alement; an adjiustment interface for an adjustrent device being formed at a rear end

of said second suppod element facing sway from said Tacet slement.

The facel mirror device according to olaim 1, wherein at least one of

said first support element and said second support slement are connecled via a

connacior element;

and
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said first support element and said second support slemant are connected in &l least

one of 3 sealing manner and a fluid tight manner,
and

said second support element extends through an opening within said first support
glement, a connecior slement connecting said first support element and sald second
support slement being located at a rear side of said first support element facing away

from said facat slement;
arwd

- said connecior slement is connected to at least one of saild first support element and

said second support slement by an adhesive bond;
and

said connector slement is connected to at least one of said first support element and
said second support slement by at least one bonding technique selected from a group
of bonding technigues consisting of gluing, soldering, Iaser soldering, welding, laser
walding, diffusion bonding.

The facet mirror device according to olaim 1, wharsin & lsast one of
said facet slsment is connected to sald second support slemant by an adhesive bond;
arw

said facet slement is connacted to said second support slement by at least one
bonding technigue selscted from a group of bonding technigues consisting of gluing,

soldering, laser soldering, welding, laser welding, diffusion bonding.

The facst mirror device according o claim 1, wherein at least one of

said support unit comprises at least ong cooling duct adapted to receive a cooling

madium during operation of said facet mirror device,
and

& cooling cavity is formed at a rear side of said first support slement facing away from
said facet element; said cooling cavity being adapted o be filled, at least during

operation of said facet mirror device, with a cooling medium.
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10, The facet mirror device according to claim 1, wherein at least ane of

said support unit comprises a plurality of further second support sections, each of
said further second support sections being connected to said first support element
and supporting & further facet element;

and

said support unit supports at least 1000 facet elements.

11. An optical imaging arrangement comprising
a mask unit adapted o recseive & pattam,
a substrate unit adapted o receive a substrate,
- an Hlumination unit adapted to iluminate said patlemn,

an optical projection unit adapted (o transfer gn image of said pattern onto said

subsirale:

at least one of said Humination unit and said optical projection unit comprising a facst

mirror device,
- said facet mirrer device comprising a facet element and 3 support unit;
- said support unit supporting sald facet slement;
said support unit comprising a first support slement and a second support element;

said sgcond support element being cennectad o said facet elemeant to support said

facet slemeant;

said first support element being connscled to said second support element {o support
said second support slement;

said first support element being connected to sakd second support element via at

izast one Bexure uni, sald fexure unit comprising at least one flexure.

12 A method of supporting a facef element of a facet mirror device comprising
providing a facet! element and & support slement unit
supporting said facet element via sald support unit;
said support unit comprising a first support element and & second support element:

said second support slement being connecied 1o zaid facet slement to support said

facst elemsent;
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said first support elemend being connecied o said second support element to support

said second support element;

said first support element being connscled to said second support element via at

feast one flexure unil, eaid flexure unit comprising at least one flexurs,

A method of manufacturing a faced mirror device comprising,

- in & preparation step, providing a facet slement and & support unil, said support uni
comprising a first support slement and a second support slement, said first support
element, to support said second support slement, being connected {0 said second
support slement via at least ons flexure unit, said flexure unit comprising at least one

flexure; and,

in a supporting step, connecting said facet slement o said second support slement to

support said facet slement via said support unit.

The method according to claim 13, wherein al least one of,

in a facet adjustment step of said supporting step, an adjustment of at least one of &
position and an orlentation of said facst slement with respect 1o said support unit is

performed according to oplical needs during operation of said facet mirror device
and

in a facet adiustment step of said supporting step, using an adjustment device
contacting an adiustment interface of sald second support element to adjust af least
one of a position and an orlentation of said facst element with respect to said support
unit;

and

- in a facet adjustment step of said supporting step, using said Hexure unit to guide sald

facet slement in an adiustment motlion adiusting at least one of a position and an

grientation of said face! element with respect to said support unit.

The method according to claim 13, wherein, in a facet fixation step of sald supporting

siep, at lsast one of
fixing said face! slement with respect {o said support unig;
and

connscling said first suppor! slement and said second support slement in at least ohe

of & sealing manner and a fluid tight manner,
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and

- connecting said first support element and said second support element vis a

sonnector slement;
anad

8 - connecting said first support slement and said second support element via a
connector element, said second support slement extending through an opening within
said firgt support elsment, said connector slement being located at a rear side of said

first support slement facing away from said facet slement;

and

10 - connecting a connector elemsnt to al least one of sald first support slement and said

second support element by an adhesive bond;

and

- connegcting a connector element to at least one of said first support slement and said
second support slement by at least one bonding fechnique selected from a group of
15 bonding techniques consisting of gluing, soldering, laser soldering, welding, laser
welding, diffusion bonding.
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