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Description

[0001] The invention relates to a projection objective
in semiconductor lithography having at least one optical
subassembly.
[0002] An optical subassembly of the type mentioned
at the beginning and a projection objective having an
optical subassembly with an optical element which has
bearing points arranged on the circumference and is con-
nected to a mount via resilient connecting elements is
disclosed by WO 02/16993 A1.
[0003] Stress-decoupled connection of an optical ele-
ment to a mount in a projection objective of a projection
illumination system for producing semiconductor ele-
ments is also disclosed by DE 198 25 716 A1.
[0004] EP 1 137 054 A1 likewise shows a projection
objective in semiconductor lithography with connecting
elements between an optical element and a mount, a
wafer device having three bearing points on the circum-
ference, each having two adjustable individual feet.
[0005] For the further prior art, reference is made to
EP 1 245 982 A2.
[0006] Optically reflective EUV systems in projection
illumination systems with a projection objective in semi-
conductor lithography have to satisfy extremely high re-
quirements with respect to accuracy, in particular with
respect to dynamic stability, temperature influences and
long-term behavior. Extremely small external effects on
the optical subassemblies cause very large disruptive
influences on the optical surface contours.
[0007] Particular problems result with respect to the
mounting of optical subassemblies and also of individual
optical elements which, on the one hand, are to be de-
coupled as far as possible from external influences, such
as mechanical forces and thermal stresses arising from
different thermal expansion coefficients, but, on the other
hand, should be mounted rigidly. For example, optical
subassemblies or even individual optical elements are
positioned or adjusted via actuators, the intention being
to avoid their adjusting forces having effects on the optical
surface. This applies in particular to mirror elements and
lenses.
[0008] From time to time, it is also necessary to remove
and install optical elements some times, the intention be-
ing to provide reproducibility of the positioning. In this
case, installation positions are especially a problem, the
optical axis of an optical element deviating from the hor-
izontal or from the vertical axial position. In this case,
tilting forces also occur in addition to the forces due to
the weight.
[0009] The present invention is therefore based on the
object, in the case of an optical subassembly, to provide
a mounting and a connection to mount elements which
eliminates the problems mentioned at the beginning, in
particular by means of which external influences on the
optical subassembly and/or an optical element of the su-
bassembly are minimized as far as possible.
[0010] According to the invention, this object is

achieved by stress-decoupling cutouts being arranged
between the optical surface and the bearing points.
[0011] As a result of the cutouts according to the in-
vention, both thermal and mechanical stresses and load-
ings, such as vibrations or deformation forces, from the
outside are as far as possible kept away from the optical
element. This applies both during transport and during
operation. By means of this interposition of cutouts, pref-
erably in the form of slots, physical separation between
the bearing points and the optical surface of the optical
element is achieved. In this way, the connecting area
between these two parts is reduced to a minimum, care
merely having to be taken that there is sufficient stability
or stiffness and that the dynamic requirements continue
to be satisfied.
[0012] In one possible refinement, the slots can have
a curved shape which, in its course, is matched at least
approximately to the external course of the optical sur-
face. In this way, the connecting area is reduced to a
minimal transition area with a low space requirement, at
the same time there being sufficient clearance to be able
to absorb different expansions between the optical ele-
ment and the mount. At the same time, sufficient stiffness
between the bearing points and the optical element can
be maintained and the area in which heat transfer be-
tween the aforementioned parts is possible is likewise
considerably reduced.
[0013] If a mirror element is provided as the optical
element, then, in a very advantageous refinement of the
invention, the mirror part can be formed in one piece with
an optical surface and a base part.
[0014] In this case, use will advantageously be made
of a material which has a very low thermal transfer coef-
ficient, such as quartz glass, Zerodur® (glass ceramic
from Schott Glas), or ULE® (ultra low expansion glass
from Corning). The use of a single-piece configuration
not only provides good dynamic properties, in particular
with regard to a high natural frequency, but also, more-
over, long-term stability, since the number of connections
between different constituent parts of the optical element
is reduced to a minimum.
[0015] In an advantageous development of the inven-
tion, provision can be made for connecting elements to
be employed whose clamping forces can be adjusted.
For this purpose, for example, clamping elements can
be provided which connect the bearing points to the
mount with a force fit. In this case, the clamping elements
can in each case be connected to the mount by screw
connections, it being possible for spring elements to be
provided for a preselected preclamping force.
[0016] If the optical element has to be removed and
then installed again some times for repair purposes or
else for precise adjustment or production of its optical
surface, it is necessary to create reproducible fixing and
bearing conditions. This applies in particular with respect
to the bearing points with the connecting elements to the
mount. Here, if possible, constant absorption of force or
transmission of force should always be maintained, in
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order that their effects on the optical element or its optical
surface remain the same. With the configuration accord-
ing to the invention of the clamping elements, this can
be achieved to the greatest extent.
[0017] A further advantageous refinement can consist
in three bearing points being arranged distributed on the
circumference of the optical element, each bearing point
being connected to the mount via at least one connecting
joint.
[0018] By means of this refinement, isostatic mounting
of the optical element is achieved.
[0019] In this case, provision can advantageously be
made for the at least one connecting joint to be designed
to be stiff in two directions; this stiff design should in par-
ticular be provided in the tangential direction and in the
axial direction.
[0020] This refinement according to the invention
achieves the situation where each bearing point, al-
though, firstly, it can react optimally to thermal stresses
and/or mechanical loadings and "intercept" these, sec-
ondly, as viewed overall, a highly stiff overall mounting
for the optical element is achieved via the three bearing
points with the aforementioned degrees of freedom.
[0021] The optical subassembly according to the in-
vention can be used in the widest range of optical fields.
[0022] One very advantageous possible use consists
in installing the optical subassembly in a projection ob-
jective in semiconductor lithography for producing sem-
iconductor elements. In this field, extremely high accu-
racies of the optical imaging quality are needed.
[0023] A very advantageous mount technique results
if provision is made for two bearing feet to be provided
for each bearing point and, in particular, to be arranged
in the form of a bipod. In this case, provision can be made
for the connecting joints to be designed as solid-body
joints with slots.
[0024] Configuring the connecting joints as solid-body
joints permits a play-free, resiliently compliant connec-
tion with degrees of freedom in the desired directions -
depending on the arrangement of slots in the solid-body
joint - to be provided.
[0025] Advantageous developments and refinements
of the invention emerge from the remaining subclaims.
[0026] In the following text, an exemplary embodiment
of the invention is illustrated in principle using the draw-
ing, in which:

figure 1 shows a basic structure of an EUV projection
illu- mination system having a light source, an
illumina- tion system and a projection objec-
tive;

figure 2 shows a plan view of an optical subassembly
having an optical element which is construct-
ed as a mirror element;

figure 3 shows a section along the line III-III in figure
2; and

figure 4 shows a perspective illustration of the optical
element usable with the invention with con-
necting joints and a mount.

[0027] As can be seen from figure 1, an EUV projection
illumination system 1 has a light source 2, an EUV illu-
mination system 3 for illuminating a field in a plane 4 in
which a mask bearing a structure is arranged, and a pro-
jection objective 5 for forming the mask bearing the struc-
ture in the plane 4 on a light-sensitive substrate 6. The
projection objective 5 has a plurality of optical elements,
in particular mirrors 7, in its housing 8. An EUV projection
illumination system 1 of this type is disclosed by EP 1
278 089 A2.
[0028] The construction of a mirror element 7 is illus-
trated in principle in figures 2 and 3. As can be seen, the
mirror element 7 has an actual mirror part 8 with an optical
surface 9 and a base part 10, but which is formed in one
piece with the mirror part 8. The materials provided for
this are materials which have a very low thermal expan-
sion coefficient, such as quartz, Zerodur® (Schott) or
ULE® (Corning).
[0029] On the outer circumference of the optical sur-
face 9 of the mirror part 8, at intervals of about 120°,
cutouts in the form of curved slots 11 are arranged. The
slots 11 correspond in their curved shape to the external
course of the optical surface 9 and extend continuously
in the axial direction through the base part 10. Here, they
are located between three bearing points 12 arranged
on the circumference of the base part 10 and the mirror
part 8. This means that, between the mirror part 8 with
its optical surface 9, there are narrow material regions
only on both sides of the slots 11, which produce a con-
nection to bearing points (12).
[0030] By means of the slots 11 in the position illus-
trated, stresses acting from outside of a thermal or me-
chanical kind can largely be kept away from the optical
surface 9, so that no changes in the illumination beam
occur.
[0031] As illustrated in principle in figure 4, the optical
element is connected to a mount 13 via the three bearing
points 12 which, in this case, are formed in the form of
attachments to the base part 10. At each bearing point
12, as connecting elements 2, bearing feet 14 in the form
of a bipod are provided, the two legs 14a and 14b of the
bipod being connected to the mount 13, while, on the
upper side, where the two legs 14a and 14b meet, a re-
taining plate 15 is provided which, to be connected to the
base part 10, comes to rest underneath the latter. In each
case a clamping plate 16 is fitted above the base part 10
in the region of the bearing points 12. A screw connection
17 with screws produces the clamping connection be-
tween the clamping plate 16 and the retaining plate 15
at each bearing point. In order that reproducible bearing
forces are achieved, between the heads of these screws
of the screw connection 17 and the clamping plate 16
there are in each case spring elements 18, for example
in the form of disk springs, by means of which the precise
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tightening forces and therefore identical clamping forces
can be set.
[0032] In figure 2, it is indicated by dashed lines that
one of the curved slots 11 (illustrated on the left) is of
enlarged form. In this way, a larger aperture is created
in a region which is optically not relevant, through which,
if necessary, an illumination beam for illuminating the wa-
fer can be guided if, on account of constructional condi-
tions, it is necessary that the illumination beam cannot
be led past a mirror element 7.
[0033] The two bearing feet 14 with their legs 14a and
14b belonging to each bearing point 12 are formed as
connecting joints which are designed to be stiff in the
tangential direction and in the axial direction, which is
generally the optical axis. As can be seen, the bearing
feet 14 with their two bearing legs 14a and 14b at each
bearing point 12 have six degrees of freedom but - as
mentioned - the degrees of freedom being blocked in the
tangential direction and in the axial direction or a high
stiffness being preselected. In the remaining directions
or degrees of freedom, there is a very soft attachment.
On account of the arrangement of the connecting joints
and the bearing points, in this way the result, viewed over-
all, is a very high stiffness. However, stresses which oc-
cur at each bearing point can be absorbed or dissipated
by the latter because of their softness or resilience.
[0034] The connecting joints can be designed as solid-
body joints. This means that in each case they comprise
a bearing block which, in accordance with the desired
degrees of freedom in which resilient compliance is to be
present, is provided with slots which merely leave free in
the bearing block a material cross section such that ap-
propriate bending or resilience is provided at the point
with the slots. Solid-body joints of this type are generally
known.
[0035] For the connecting elements, materials will gen-
erally likewise be provided which have a very low thermal
conductivity and a very low thermal expansion coeffi-
cient. However, it is advantageous if elastic materials,
such as Invar or carbon fibers, are used. Ceramic mate-
rials with their likewise very low thermal expansion coef-
ficient are suitable for the mount 13. The lower plate 15
can likewise consist of Invar, while for the upper plate 16
any desired material is possible, such as a steel plate,
since this has no influence on the mirror element. In order
to be able to intercept or dissipate thermal stresses, the
bearing feet 14 are very soft, in particular in the radial
direction.

Claims

1. A projection objective in semiconductor lithography
having at least one optical subassembly with an op-
tical element which has an optical surface and bear-
ing points arranged on the circumference, the optical
element being connected to a mount at the bearing
points via connecting elements, whereby stress-de-

coupling cutouts (11) are arranged between the op-
tical surface (9) and the bearing points (12), char-
acterized in that said at least one optical subassem-
bly is arranged such that through at least one of the
cutouts (11) a projection beam is guided during op-
eration of the projection objective.

2. The projection objective as claimed in claim 1, char-
acterized in that the optical element (7) is formed
as a lens.

3. The projection objective as claimed in claim 1, char-
acterized in that the optical element (7) is formed
as a mirror element (7).

4. The projection objective as claimed in claim 3, char-
acterized in that the cutouts are at least approxi-
mately formed as curved slots (11).

5. The projection objective as claimed in claim 3, char-
acterized in that the mirror element (7) has a mirror
part (8) with the optical surface (9) and a base part,
the mirror part (8) and the base part (10) being
formed in one piece.

6. The projection objective as claimed in claim 3, char-
acterized in that the connecting elements have
clamping elements (15-17) which connect the bear-
ing points (12) to the mount (13) with a force fit.

7. The projection objective as claimed in claim 6, char-
acterized in that the clamping elements (15, 16)
are connected to the mount (13) via screw connec-
tions (17) with spring elements (18), via which a
preselected preclamping force can be set.

8. The projection objective as claimed in claim 3, char-
acterized in that at least the mirror element (7), the
connecting elements (14) and the mount (13) are
formed of materials with very low thermal expansion
coefficients.

9. The projection objective as claimed in claim 8, char-
acterized in that a mirror element comprising a mir-
ror part with an optical surface (9) and a base part
(10) connected to the latter in one piece is formed
of glass ceramic.

10. The projection objective as claimed in claim 8, char-
acterized in that at least some of the connecting
elements (14) are formed of Invar.

11. The projection objective as claimed in claim 8, char-
acterized in that the mount (13) is formed of ceram-
ic.
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Patentansprüche

1. Projektionsobjektiv in der Halbleiterlithographie mit
wenigstens einer optischen Baugruppe mit einem
optischen Element, das eine optische Oberfläche
am Umfang angeordnete Lagerstellen aufweist, wo-
bei das optische Element an den Lagerstellen über
Verbindungselemente mit einer Fassung verbunden
ist, wobei zwischen der optischen Oberfläche (9) und
den Lagerstellen (12) spannungsentkoppelnde Aus-
sparungen (11) angeordnet sind, dadurch gekenn-
zeichnet, dass die wenigstens eine optische Bau-
gruppe derart angeordnet ist, dass durch wenigstens
eine der Aussparungen (11) während des Betriebs
des Projektionsobjektivs ein Projektionsstrahl ge-
führt wird.

2. Projektionsobjektiv nach Anspruch 1, dadurch ge-
kennzeichnet dass das optische Element (7) als
Linse ausgebildet ist.

3. Projektionsobjektiv nach Anspruch 1, dadurch ge-
kennzeichnet dass das optische Element (7) als
Spiegelelement ausgebildet ist.

4. Projektionsobjektiv nach Anspruch 3, dadurch ge-
kennzeichnet, dass die Aussparungen wenigstens
annähernd als gekrümmte Schlitze (11) ausgebildet
sind.

5. Projektionsobjektiv nach Anspruch 3, dadurch ge-
kennzeichnet, dass das Spiegelelement (7) ein
Spiegelteil (8) mit der optischen Oberfläche (9) und
ein Basisteil aufweist, wobei das Spiegelteil (8) und
das Basisteil (10) einstückig ausgebildet sind.

6. Projektionsobjektiv nach Anspruch 3, dadurch ge-
kennzeichnet, dass die Verbindungselemente
Klemmelemente (15-17) aufweisen, die die Lager-
stellen (12) kraftschlüssig mit der Fassung (13) ver-
binden.

7. Projektionsobjektiv nach Anspruch 6, dadurch ge-
kennzeichnet, dass die Klemmelemente (15,16)
über Schraubverbindungen (17) mit Federelemen-
ten (18), über die eine vorgewählte Vorspannkraft
einstellbar ist, mit der Fassung (13) verbunden sind.

8. Projektionsobjektiv nach Anspruch 3, dadurch ge-
kennzeichnet, dass wenigstens das Spiegelele-
ment (7), die Verbindungselemente (14) und die Fas-
sung (13) aus Materialien mit sehr geringem Wär-
meausdehnungskoeffizienten ausgebildet sind.

9. Projektionsobjektiv nach Anspruch 8, dadurch ge-
kennzeichnet, dass das eine Spiegelteil mit einer
optischen Oberfläche (9) und ein einstückig damit
verbundenes Basisteil (10) aufweisende Spiegelele-

ment aus Glaskeramik gebildet ist.

10. Projektionsobjektiv nach Anspruch 8, dadurch ge-
kennzeichnet, dass wenigstens ein Teil der Ver-
bindungselemente (14) aus Invar gebildet ist.

11. Projektionsobjektiv nach Anspruch 8, dadurch ge-
kennzeichnet, dass die Fassung (13) aus Keramik
gebildet ist.

Revendications

1. Objectif de projection pour la lithographie de semi-
conducteurs, ayant au moins un sous-ensemble op-
tique avec un élément optique qui a une surface op-
tique et des points d’appui disposés sur la circonfé-
rence, l’élément optique étant relié à une monture
aux points d’appui par l’intermédiaire d’éléments de
liaison, dans lequel des découpes de découplage
des contraintes (11) sont ménagées entre la surface
optique (9) et les points d’appui (12), caractérisé
en ce que ledit au moins un sous-ensemble optique
est disposé de telle manière qu’un faisceau de pro-
jection est guidé à travers au moins une des décou-
pes (11) pendant l’utilisation de l’objectif de projec-
tion.

2. Objectif de projection tel que revendiqué dans la re-
vendication 1, caractérisé en ce que l’élément op-
tique (7) est formé par une lentille.

3. Objectif de projection tel que revendiqué dans la re-
vendication 1, caractérisé en ce que l’élément op-
tique (7) est formé par un élément miroir (7).

4. Objectif de projection tel que revendiqué dans la re-
vendication 3, caractérisé en ce que les découpes
sont au moins approximativement constituées par
des fentes curvilignes (11).

5. Objectif de projection tel que revendiqué dans la re-
vendication 3, caractérisé en ce que l’élément mi-
roir (7) comprend une partie formant miroir (8) avec
la surface optique (9) et une partie de base (10), la
partie formant miroir (8) et la partie de base (10) étant
faites d’une seule pièce.

6. Objectif de projection tel que revendiqué dans la re-
vendication 3, caractérisé en ce que les éléments
de liaison comprennent des éléments de serrage
(15-17) qui relient les points d’appui (12) à la monture
(13) avec un ajustement à force.

7. Objectif de projection tel que revendiqué dans la re-
vendication 6, caractérisé en ce que les éléments
de serrage (15, 16) sont reliés à la monture (13) par
l’intermédiaire de liaisons à vis (17) pourvues d’élé-
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ments ressorts (18) par l’intermédiaire desquels une
force de précontrainte de serrage présélectionnée
peut être prédéterminée.

8. Objectif de projection tel que revendiqué dans la re-
vendication 3, caractérisé en ce qu’au moins l’élé-
ment miroir (7), les éléments de liaison (14) et la
monture (13) sont formés en des matériaux possé-
dant de très faibles coefficients de dilatation thermi-
que.

9. Objectif de projection tel que revendiqué dans la re-
vendication 8, caractérisé en ce qu’un élément mi-
roir comprenant une partie formant miroir avec une
surface optique (9) et une partie de base (10) reliée
à cette dernière en une seule pièce est fait en céra-
mique vitreuse.

10. Objectif de projection tel que revendiqué dans la re-
vendication 8, caractérisé en ce qu’au moins cer-
tains des éléments de liaison (14) sont faits en Invar.

11. Objectif de projection tel que revendiqué dans la re-
vendication 8, caractérisé en ce que la monture
(13) est faite en céramique.
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