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1 Title of Invention

Method for producing an optical unit

2 Detailed Description of Invention
The invention relates to a method for producing an optical

s unit having an optical element deviating from a circular
shape, for an optical imaging system, in particular for a pro-
jection objective in semiconductor lithography in the EUV re-

gion.

10 The invention also relates to an optical unit having an opti-

cal element for an optical imaging system.

Projection objectives in semicondﬁctor lithography for produc-
ing semiconductor elements which operate in the EUV region at
15 wavelengths of around 11 to 13 nm are subject to extremely
high requirements plaéed on the optical elements. This ap-
plies, for example, firstly to the useful optical surface
within a particular specification (fitting, roughness) with
reference to the production and, secondly, also to a later ad-
20 justment with reference to a very exact installation position
in an objective. This relates, in particular, to mirrors which
are required instead of lenses given the very short wave-
lengths mentioned above. Since the later adjustment with ref-

erence to the position of the useful optical surface requires

25 this position to be knownh down to a few u, there is the need to
provide on the optical unit, for example the mirror, a number
of reference surfaces which then form reference surfaces -

appropriately referred to a zero point - for installation. A
very high economic outlay is required in order to fulfil the

30 requisite accuracy specifications for the reference surfaces.
The abovementioned problems are even greater given an optical
element deviating from the circular shape, for example a re-

flecting element or a prism.

35 It is therefore the object of the present invention to provide
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ment deviating from the circular shape, in particular a mir-
ror, and an optical unit produced in accordance therewith, in
the case of which method it is possible to implement the re-
quired acecuracies and the exact adjustment with reference to

installation in an objective or to do so with a low outlay.

According to the invention, this is achieved by means of a
method in which the optical element deviating from the circu-
lar shape is provided with a supporting part which is provided
with reference surfaces for adjustment to the optical system,
in accordance with which the optical element is connected to
the supporting part to form an optical unit, and there is
fixed relative to the optical element a zero point which forms
a reference point with a zero point fixed in the optical sys-
tem during installation of the optical unit in the optical

system.

According to the iﬁvéntion, at a location fixed by the user a
zero point is now fixed “somewhere” on the cptical element de-
viating from - a circular shape, for example in the middle of a
spherical or aspheric surface of a mirror. The reference sur-
faces are then referred to this zero pointf the values ob-
tained then also being given correspondingly for installation
in an optical system, for example an objective, and it becomnm-
ing possible in this way for the optical element, for example
an aspheric surface, to be related exactly to another zero

point in the optical system.

One of the essential features of the invention resides in the
fact that the optical unit is not produced monolithically from
one part with the optical element and the supporting part, but
that it comprises a number of parts, at least two-parts, spe-
cifically the supporting part and the actual optical element.
Here, the optical element can likewise be formed form a basic
body on which the actual optical element deviating from the
circular. shape is then constructed - for example a mirror in
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the form of an aspheric which is formed from a so-called par-

ent.

Because the optical unit is split into a number of individual
parts, the individual parts can in each case be separately
produced with the required high accuracy and, if appropriate,

with the required reference surfaces.

The following reference surfaces can be provided in one very

advantageous design of the invention:

a) at least three coplanar reference surfaces which form a
reference plane,

b) a first locating edge, lying at an angle to the coplanar
reference surfaces, of the supporting part, and

c) a second locating position by means of which translatory
displacements along the first locating edge are avolded.

A reference plane is fixed in a first step owing tc the at
least three coplanar reference surfaces via which it is also
possible later, if appropriate, to make a fastening with or in
the optical system. This reference plane is advantageously the
same plane on or at which the actual optical element for exam-
ple a mirror, is fastened. This can be performed, for example,
by wringing to surfaces of correspondingly high precision. The
reference plane can lie perpendicular to the z-axis (optical

axis).

The first locating edge, which preferably lies perpendicular
to the coplanar fastening surfaces, has the effect of preclud-
ing rotations on the reference plane formed by the coplanar
fastening surfaces, and/or of fixing the position on the ref-

erence plane.

The second locating point, which is preferably likewise a lo-
cating edge, then has the effect that translatory displace-

ments along the first locating edge are avoided in a last
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step. In this way, the position of the optical element 1is

fixed exactly with reference to the reference surfaces and to

the zero point of the optical element.

Further advantageous refinements and developments of the in-
vention emerge from the remalnlng subclaims and from the fol-

lowing exemplary embodiment described in principle with the

aid of the drawing,

As optical system, the projection objective 1 illustrated in
Figure 1 is provided for producing semiconductor elements by
semiconductor lithography in the EUV region. Exposure 1is
served by a light source, for example a plasma source 2, which
transmits exposure beams 4 onto a mask (reticle) 5 via an il-
lumination system 3. Formed in the mask 5 is the structure
which images the beams on a wafer 6 on a correspondingly re-
duced scale after passage through the objective 1. The expo-
sure beam 4 is reflected in a known way in the projection ob-
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jective 1 via & number of mirrors 7 as optical units before it
strikes the wafer 6. The mirrors 7, which deviate from a cir-
cular shape, are respectively connected to the housing of the
cbjective 1 via a supporting part B in a way not illustrated
in more detail, for example via screws (see bore. holes in Fig-
ure 2). The supporting part 8 is provided for this purpose
with three fastening sections 9 which are arranged distributed
over the circumference and in each case have fastening sur-
faces 10. The fastening surfacee 10 of the fastening sections
Y simultaneously form reference surfaces and are coplanar with
one another -for this purpose, that is to say they lie in the
same plane. This plane is simultaneously also a plane surface
11, produced with high accuracy, of the supporting part 8.
Lald onto the plane surface 11 of the supporting part 8 is a

basic body 12 in which a reflecting surface 13 1is formed as

optical element on the side averted from the supporting part
8. The underside of the basic body 12 is produced with a cor-
respondingly high accuracy, as a vresult of which it can be

connected to the supporting part 8 by wringing. L

Of course, it is not mandatcry for the reference surfaces to
form the fastening surfaces at the same time. If need be,
these can also together form a reference plane at another lo-
caticn. However, the reference surfaces should advantageously
be simultaneously processed with the fastening surfaces 10 in
this case. ¥For this purpose, the reference surfaces 10 should
then lie as directly as possible adjacent to the fastening

surfaces 10.

‘Instead of forming .the reflective surface 13 (aspheric) in the

basic body 12, it is alsoc possible to provide as a freeform
surface a separate reflecting surface 13 placed on the basic
body 12, It is to be ensured in this case that the underside
of the aspheric has or is given a plane surface of correspond-
ingly high accuracy via which the connection to the basic body
12 is then performed.
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Instead of an individual off-axis segment of an ellipse, the
top side of the reflecting surface 13, specifically the
aspheric surface, can be produced from a parent 15, as may be
seen from Figure 4. For this purpose, the required off-axis
segments are cut out of the parent 15 as reflecting surfaces
13 and correspondingly prepared on their undersides for wring-

ing. The advantage of this method of production consists, in-

ter alia, in that the "overflow" 16 of importance for the pro-

duction can be intrinsically present on the optical surfaces.
This means that there is no need tc reserve any polishing
overflows, which can amount to up to 9 mm; for the production
of the useful optical surface. The mirror 13 can therefore be
produced in a much more compact fashion, and sc an installa-
tion space which is generally a tight one can be utilized in a

more optimal fashion.

The reference surfaces on the supporting part 8 -serve for de-
termining the position of the reflecting surface or the
aspheric 13. As mentioned, here the first reference plane is
formed by the three coplanar fastening surfaces 10. The posi-
tion in the reference plane with reference to an axis, for ex-
ample the x-axis, is determined by a first locating edge 14
which is formed by a long side of the supporting part 8.

Translatory displacements along the locating edge 14 are
avoided and/or the last degree of freedom of the supporting
part 8 is determined by a further second locating position in
the form of a locating edge 15 which lies at an angle to the
locating edge 14.

The system can be adjusted with the aid of the abovementioned
reference surfaces, specifically the fastening surfaces 10,
the two Jlocating edges 14 and 15. For this purpose, a zero
point 17 is fixed in the middle of the aspheric surface 13,
fer example, the position of the aspheric surface with refer-
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ence to the reference surfaces thereby being known. The values
obtained therefrom are then passed on correspondingly to the
objective 1 via the supporting part 8 as optical units for the
purpose of installing the optical element in this system, this
zero point being fixed relative to a zero point 18 in the ob-
jective, which can likewise be freely fixed previously in a
corresponding way. The zeroc peoint 18 in the objective can be
positioned, for example, at a specific location on the inside
of the housing of the cbjective 1, or else at another location

on the optical axis.

The result of this is to refer the optical element, in this
case the aspheric surface 13, with the zero point 17 previ-
ously fixed during production to the zero point 18 in the ob-
jective, the result being not only that a correspondingly ac-
curate adjustment is possible, but also that an exact repro-
ducibility is achieved in the event of removal and subsequent

reinstallation.

Three reference surfaces can be used to make contact in a sim-
ple way with the supporting part 8 for installation in the ob-
Jjective 1, and thus adjust it exactly as appropriate.

For reasons of stability, it can be preovided that an underpart
20 is arranged on the side of the supporting part 8 averted
from the optical element. It is also possible in this way to
minimize stresses which occur, for example, by coatings in the
optical element. The underpart 20 can likewise be connected to
the supporting part 8 by wringing. Of course, this requires
the mutually facing surfaces of the supporting part 8 and the
underpart 20 to be produced with correspondingly high preci-

sion.

All the parts of the optical unit, which can therefore consist
of the aspheric 13, the supporting part 8 and the underpart
20, will advantageously be produced from the same material.
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zerodur, for example, is suitable as material for the optical
element, since it has a very low coefficient of thermal expan-
sion. Likewise suitable is ULE (from the firm of Corning).

Two methods for producing an coptical unit are described below

in principle by way of example:

The supporting part 8 is produced in a first step. Subse-
quently, the basic body 12 is produced, after which the basic
body 12 is connected to the supporting part 8. Subsequently,
the surface of the actual optical element 13 (reflecting sur-

face or aspheric surface) is processed on the basic body 12.

In a second method, the supporting part 8 is likewise produced
in a first step. Subsequently, a parent 15 is produced and ap-
propriately processed, in which case after being machined from
the parent 15 in accordance with the desired off-axis segment
of an ellipse, a reflecting surface 13 is cut out. Subse-
quently, the basic body 12 or the supporting part 8 is con-
nected to the cut-out axial segment of an ellipse.

Figure 5 shows in a partial section an embodiment of an opti-
cal unit having a cylindrical basic body 12 on whose front end
face the optical element 13 is arranged.

For the purpose of connection to the supporting part 8', the
basic body 12 is provided with an adapter 19 which is con-
nected to the basic body 12 on the end face thereof averted
from the optical element 13. The basic body 12 is mounted in a
cutout 20 in the supporting body 8', the supporting body 8' in
this case having the form of a prism, as is to be seen from
the perspective illustration in Figure 6. The adapter 19 with
the basic body 12 lies on one of the two sides, arranged at
right angles to one another, on the supporting body 8'. This
is the side with the cutout 20 in which the adapter 12 is
mounted. Of course, the cutout 20 need not be circular.
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Rather, it is to be adapted to the cross section of the basic
body 12 which, of course, likewise need not be cylindrical,

but can, for example, have a rectangular shape.

The optical element 13 can, for example, be an aspheric which
is, for example, formed from the parent 15 illustrated in Fig~

ure 4.

Likewise a prism 13' can be arranged as optical element on the
front side face of the basic body 12, as illustrated by dashes

in Figure 5.

The aim of the embodiment according to Figure 5 1s to keep an-
gular errors in the zero point 17 of the optical element 13
with reference to the =zero point 1B in the optical system
smaller than 10 seconds of angle, preferably smaller than 3
seconds' of angle, the zero point 17 again being a zero point
selected arbitrarily on the optical element 13, and "18" being
the zero point arbitrarily fixed in the optical system 1. In
this way, an exact and reproducible assignment results once

more upon installation of the coptical element 13.

The adapter 19 is connected to the basic body 12 and the sup-
porting part 8' by wringing, for example. The optical unit ac-
cording to Figure 5 with the basic body 12, the adapter 19 and
the supporting body 8' has reference surfaces in the same way
as the exemplary embodiment according to Figures 1 to 3 with
the reflecting surface 13 as optical element. However, these

are not illustrated for reasons of clarity.

The supporting body 8' is produced in a first step in the
method of production illustrated by way of example below, and

in this case angular errors should be y < 3'' seconds of angle,
preferably < 1 second of angle. The flatness error should be
< 10 p, preferably < 1 p. Here, the angle vy is the angle of di-
rect angularity of the prismatic supporting body 8'. The plan-
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parallel adapter 19 is subsequently produced, after which the
basic body 12 is connected, for example by wringing, to the
adapter 19 and, at the same time, also to the supporting body
8r.

If required, the individual parts of the optical unit can also
be interconnected in another way such as, for example, by
bonding. However, wringing will generally be preferred, in or-

der to avoid introducing adhesive stresses.

3 Brief Description of Drawings

Figure 1 shows a diagrammatic illustration of a projection
objective having a number of mirrors as optical ele-
ments;

'Figure 2 shows a top view of a mirror as optical unit having

a supporting part;

Figure 3 shows a side view of the mirror according to Fig-

ure 2;
Figure 4 shows a top view of a parent;

Figure 5 shows a partial section through an optical unit hav-
ing a prism; and

Figure 6 shows a perspective view of a supporting body from
the prism according to Figure 5.
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Patent Claims:

1. Method for producing an optical unit (7} having an opti-
cal element (13) deviating from a circular shape, for an opti-
cal imaging system (1), in particular for a projection objec-
tive in semiconductor lithography in the EUV region, having a
supporting part (8) which is provide& with reference surfaces
(10, 14, 15) for adjustment in the optical system (1), in ac-
cordance with which the optical element (13) is connected to
the supporting part (8) to form the optical unit (7), and
there is fixed relative tc the optical element (13} a zero
point (17) which forms a reference point with a zero point
(18) fixed in the optical system (1) during installation of
the optical unit (7) in the optical system (1). |

2. Method characterized in that the following reference sur-

faces are provided:

a) at least three coplanar reference surfaces (10) which
form a reference plane, |

b) a first locating edge (14), lying at an angle to the co-
planar reference surfaces (10), of the supporting part
{(8), and

c) second locating position (15} by means of which transla-

tory displacements aiong the first locating edge (14) are

avoided.

3. Method according to Claim 2, characterized in that the
three reference surfaces (10) forming a reference plane lie
perpendicular to the optical axis (z-axis).

4. Method accofding to Claim 2, characterized in that the
first locating edge (14) lies perpendicular to the reference

plane.

5. Method according to Claim 2, characterized in that the

second locating position (15) 1s constructed as a locating



[

L T e T e T e T e T s T e T s T e T s R e T e T T T s T s Y e T e, T e T e, IO e, TR e T e, T e T e TR e T e T e TR e TR e T e T e T e B s Y s B s B T T e T e T e T s T e T e B s |

10

15

20

25

30

35

(24) JP 2005-191579 A 2005.7.14

edge.

6. Method according to Claim 2, characterized in that the

reference surfaces (10) simultaneously form the fastening sur-

faces (10) to which the optical unit (7) with the optical sys-
tem (1) is connected.

7. Method according to Claim 2, characterized in that the
reference surfaces (l10) are processed simultaneously with the
fastening surfaces (10}.

B. Method according to Claim 1, characterized in that the
supporting part (8) is provided with an underpart (20} on the
side averted from the optical element (13). '
9. Method according to Claim 1 or 8, characterized in that
the individual parts (13, 8, 20) are connected to one another
by wringing.

10. Method according to Claim 1 or 8, characterized in that
the individual parts (13, B8, 20) are connected to one another
by bonding.

11. Method according to Claim 1, characterized in that the
optical element (13) is provided with a basic body (12) which
is provided with a plane surface for connection to the sup-
porting part (8), ‘and in that a mirror is formed as optical
element (13) on the basic body (12}.

12, Method according to Claim 11, characterized in that the
mirror (13) is formed as part of a freeform surface
{aspheric).

13. Method according to Claim 1 or 8, characterized in that
the individual parts (13, 8, 20} of the optical unit (7) are

produced from the same material, in particular a material of
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very low thermal expansiocn,

14, Optical unit having an optical element (13) deviating
from a circular shape, for an optical imaging system (1), in-
particular for a projection objective in semiconductor lithog-
raphy in the EUV region, and having a supporting part (8)
which is provided with reference surfaces (10, 14, 15) for ad-
justment to the optical system (1), the supportiﬁg part (8)
being connected to the optical element (13), and the reference
surfaces (10, 14, 15) being referred to a zero point relative
tc the optical element (13) which forms a reference point with
a zero point (18) fixed in the optical system (1) during in-
stallation of the optical unit (7) in the optical system.

15. Optical unit according to Claim 14, characterized in that
the following reference surfaces are provided on the support-
ing part (8): .

a) at least three coplanar reference surfaces (10) which

form a reference plane,

b) a first locating edge (14), lying at an angle to the co-
planar reference surfaces {10), of the supporting part
(8), and

c) second locating position (15) by means of which transla-

tory displacements along the first locating edge (14) are

avoided.

16. ©Optical unit according te Claim 15, characterized in that
the three reference surfaces (10} forming a reference plane

lie perpendicular to the optical axis (z-axis).

17. Optical unit according to Claim 15, characterized in that
the first locating edge (14) lies perpendicular tc the refer-
ence plane.

l18. Optical unit éccording to Claim 15, characterized in that
the second locating position (15) is constructed as a locating
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edge.

19, Optical unit according to Claim 153, characterized in that
the reference surfaces (10) simultaneously form the fastening
surfaces (10) to which the optical unit (7) with the optical

system (1) is connected.

20. Optical unit according to Claim 15, characterized in that

the reference surfaces (10) lie adjacent to the fastening sur-

faces (10).

21. Optical unit according to Claim 15, characterized in that
the supporting part (8) is provided with an underpart (16) on

the side averted from the optical element (13).

22. Optical unit according to Claim 15 or 21, characterized
in that the individual parts (13, 8, 20) of the optical unit
are connected to one another by wringing.

23. Optical unit according to Claim 15 or 21, characterized
in that the individual parts (13, 8, 20) of the optical unit
are connected to one another by bonding.

24. Optical unit according to Claim 15 or 21, characterized-
in that the individual parts (13, 8, 20) are formed from the
same material, in particular a material of very low thermal

expansion.

25. Optical unit according to Claim 15, characterized in that
a basic body (12) with a plane surface 1is provided via which
the basic body (12) is connected to the supporting part (8),
and in that the basic body (12} has a reflecting surface as
optical element (13).

26. Optical unit according to Claim 25, characterized in that

the reflecting surface (13) is formed in the basic body (12)
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as a freeform numerous surface (aspheric).

27. Optical unit according to Claim 25, characterized in that
the reflecting surface (13) is formed from a parent (15) from
which the reflecting surface (13) is cul out.

?8. Projecticn objective for semiconductor lithography in the
EUV region having at least one optical unit with an optical
element (13) deviating from a circular shape, and having a
supporting part (8) which is provided with reference surfaces
(L0, 14, 15) for adjustment in the optical system (1}, the op-
tical element (13) being connacted to the suppcrting part (B)
to form the optical unit (7), and there is fixed relative to
the optical element (13) a zero point (17} which forms a ref-
erence point with a zero point (18) fixed in the projection
objective (1} during installation of the optical unit (7) in
the projection objective (1).

29, Projection objective according to Claim 28, characterized
in that the following reference surfaces are provided:
aj at least three coplanar reference surfaces (10) which

foerm a reference plane,

b) a first locating edge (14), lying at an angle to the co-
planar reference surfaces (10}, of the supporting part
(8), and _

c) a second locating position (15} by means of which trans-

latory displacements along the first locating edge (14)

are avoided.

30. Projection objective according to Claim 29, characterized
in that the three reference surfaces (10} forming a reference
plane lie perpendicular to the optical axis (z-axis).

31. Projection objective according to Claim 29, characterized
in that the first locating edge (14) lies perpendicular to the
reference surface (10).
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32. Projection objective according to Claim 29, characterized
in that the second locating position (15) is constructed as &

locating edge.

33. Projection objective according to Claim 28, characterized
in that the reference surfaces (10} simultaneously form the
fastening surfaces to which the optical unit (7) in the pro-

jection objective is fastened.

34, Projection objective according to Claim 28, characterized
in that the supporting part (8) is provided with an underpart

{20} on the side averted from the optical element (13).

35. Projection objective according to Claim 28, characterized-
in that the individual parts (13, 8, 20) of the optical unit

{7) are connected tc cne another by wringing or bonding.

36. Projection objective according to Claim 28, characterized
in that the optical element (13) is provided with a basic body
(12) which is connected to the supporting part (8).

37. Projection objective according to Claim 36, characterized
in that the basic body (12) is provided with a reflective sur-

face as optical element (13).

38. Projection objective according to Claim 36, characterized
in that the basic body (12) i1s provided with a plane surface
for connection to the supporting part (8).

39. Projection objective according to Claim 28, characterized
in that the basic body (12) 1s connected to the supporting
part (B') via an adapter (13).

40. Projection objective according te Claim 39, characterized

in that the supporting part (8') is designed in the form of a
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prism.

41. Projection objective according to Claim 40, characterized
in that the basic body (12} is mounted in a cutout (20) in the
supporting part (B8'}).

42. Projection objective according to Claims 39 and 41, char-
acterized in that the adapter (19} is arranged on the side of
the basic body (12) averted from the optical element (13).

43. Projection objective according to Claim 42, characterized
in that the adapter (19) bears against the rear side, averted
from the optical element (13), of a wall of the supporting
part {(8') in which the cutout (20) is located.

44. Projection objective according to one of Claims 28 to 43,

characterized in that the optical element is an aspheric.

45, Projection objective according to cne of Claims 28 to 43,

characterized in that the optical element is a prism (13'}.
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1 Abstract

In a method for producing an optical unit (7) having an opti-
cal element (13) deviating from a circular shape, for an opti-
cal imaging system (1), in particular for a projection objec-
tive in semiconductor lithography in the EUV region, a sup-
porting part (8) is provided, which is provided with reference
surfaces (10, 14, 15) for adjustment in the optical system
(1), in accordance with which the optical element (13) is con-
nected to the supporting part (8). Subsequently, there 1is
fixed relative to the optical element (13) a zero point (17)
which forms a reference point with a zero point (18) fixed in
the optical system (1) during installation of the optical unit
(7) in the optical system (1}.

2 Representative Drawing

Figure 2
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Figure 2

Figure 1

Figure 4

Figure 3
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