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HOMOGENIZER

TECHNICAL FIELD

[0001]  The present invention relates in general to homogenization of spatial

intensity distributions of spatially coherent radiation beams.
BACKGROUND OF THE INVENTION

[0002] With ordinary light sources, light emitted by the source is usually of low
optical coherence so that a fairly uniform light intensity profile is achieved at a target
plane by superposing multiple wave fronts. In optical lithography or metrology an
excimer laser is often used as a light source, and typically the radiation output from
the laser is passed a radiation beam-scrambling illuminator to distribute the light
intensity uniformly over a particular area, e.g. an SLM area. Different laser sources
have different coherence lengths. A problem is that coherent parts of a beam of

radiation may sometimes cause an interference pattern on the target.
SUMMARY OF THE INVENTION

[0003] Accordingly it is an object of the present invention to provide an apparatus
for homogenizing the spatial intensity distribution of a spatially coherent radiation
beam, which overcomes or at least reduces the abovementioned problem of
interference pattern of the radiation beam.

[0004]  This object, among others, is according to a first aspect of the invention
attained by an apparatus, which comprises a source of electromagnetic radiation, a
first array (20) of deflecting elements (25) arranged to receive said electromagnetic
radiation and to deflect said beam of electromagnetic radiation into numerous
spatially separated beamlets, a second array (30) of deflecting elements (35) arranged
to receive said beamlets deflected from said first lens array and to superimpose said
spatially separated beamlets at a target plane (40) whereby a radiation beam having a
homogenized spatial intensity distribution is formed.

[0005] In another embodiment according to the invention, said beamlets from
adjacent deflecting elements (25) in said first array (20) are impinged onto non

adjacent deflecting elements (35) in said second array (30).
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[0006] In another embodiment according to the invention, at least one of the
deflecting elements (25) in said first array (20) comprises at least one prism.

[0007] In another embodiment according to the invention, at least one of the
deflecting elements (25) in said first array (20) comprises at least one grating.

[0008] In another embodiment according to the invention, at least one of the
deflecting elements (25) in said first array (20) comprises at least one Fresnel lens.
[0009] In another embodiment according to the invention, said at least two
beamlets deflected from adjacent elements of said first array are transmitted non-
parallel between said first (20) and second (30) arrays.

[0010] In another embodiment according to the invention, said non parallel
beamlets are arranged in different planes in the space.

[0011] In another embodiment according to the invention, at least one array(20,
30) is transmissive.

[0012] In another embodiment according to the invention, at least one array (20,
30) is reflective.

[0013] In another embodiment according to the invention, a shape of an
illuminated area of said first and said second array (20, 30) is different.

[0014] In another embodiment according to the invention, at least one deflecting
element (25) in said first array (20) have a different shape than at least one deflecting
element (35) in said second array (30).

[0015]  In another embodiment according to the invention, a pattern of
arrangement of the deflecting elements in said first array and said second array are
different.

[0016] In another embodiment according to the invention, at least two deflecting
elements in said first array are differently shaped.

[0017] In another embodiment according to the invention, at least two deflecting
elements in said second array are differently shaped.

[0018] In another embodiment according to the invention, at least one of said first
array and said second array is rotatable. '

[0019] In another embodiment according to the invention, said deflecting

elements comprise focusing power.
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[0020]  In another embodiment according to the invention, focusing power is
accomplished by a separate lens arrangement arranged between said first array and
said second array and/or said second array and said target plane.

[0021] A further object of the invention is to provide a method for homogenizing
the spatial intensity distribution of a spatially coherent radiation beam, which
overcomes or at least reduces the abovementioned problem of interference pattern of
the radiation beam.

[0022]  According to a second aspect of the invention there is provided a method
for homogenizing a beam of electromagnetic radiation, comprising the actions of
impinging said beam of electromagnetic radiation onto a first array of deflecting
elements, deflecting said beam of electromagnetic radiation into numerous spatially
separated beamlets by said first array of deflecting elements, impinging said deflected
beamlets onto a second array of deflecting elements, superimposing said beamlets
from the second array of deflecting elements at a target plane whereby a radiation
beam having a homogenized spatial intensity distribution is formed.

[0023] In another embodiment of the invention the spatially separated beamlets
from at least two adjacent deflecting elements in said first array impinge onto non
adjacent deflecting elements in said second array.

[0024] In another embodiment of the invention, at least one of the deflecting
elements in said first and/or said second array comprises at least one prism.

[0025] In another embodiment of the invention, at least one of the deflecting
elements in said first array and/or second array comprises at least one grating.

[0026] In another embodiment of the invention, at least one of the deflecting
elements in said first array and/or second array comprises at least one Fresnel lens.
[0027] In another embodiment of the invention, at least two beamlets from
adjacent elements of said first array are transmitted non-parallel between said first and
second arrays.

[0028] In another embodiment of the invention, said non parallel beamlets are
arranged in different planes in the space.

[0029] In another embodiment of the invention, at least one array is transmissive.
[0030] In another embodiment of the invention, at least one array is reflective.
[0031] In another embodiment of the invention, a shape of an illuminated area of

said first and said second array is different.
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[0032] In another embodiment of the invention, at least one deflecting element in
said first array has a different shape than at least one deflecting element in said second
array.

[0033] In another embodiment of the invention, a pattern of arrangement of the
deflecting elements in said first array and said second array are different.

[0034] In another embodiment of the invention, at least two deflecting elements in
said first array are differently shaped.

[0035] In another embodiment of the invention, at least two deflecting elements in
said second array are differently shaped.

[0036] In another embodiment of the invention, at least one of said first array and
said second array is rotatable.

[0037] In another embodiment of the invention, said deflecting elements comprise
focusing power.

[0038] In another embodiment of the invention, focusing power is accomplished
by a separate lens arrangement arranged between said first array and said second array
and/or said second array and said target plane.

[0039] Other aspects of the present invention are reflected in the detailed

description, figures and claims.
BRIEF DESCRIPTION OF THE DRAWINGS

[0040] Figure 1 depicts a perspective view of a first embodiment of the inventive
homogenizer.
[0041] Figure 2 depicts a perspective view of a second embodiment of the

inventive homogenizer.

DETAILED DESCRIPTION

[0042] The following detailed description is made with reference to the figures.
Preferred embodiments are described to illustrate the present invention, not to limit its
scope, which is defined by the claims. Those of ordinary skill in the art will recognize
a variety of equivalent variations on the description that follows.

[0043] Fig 1 illustrates a schematic perspective view of a first embodiment of a
device for homogenizing a spatially coherent radiation beam according to the
invention. Said device comprises a first array 20of deflecting elements 25 and a

second array 30 of deflecting elements 35.
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[0044] The spatially coherent radiation beam may originate from a source of
radiation, which typically is an excimer laser producing a broadband laser beam of for
example rectangular cross section, €.g., 3 mm X 6 mm.
[0045]  Infigure 1 said radiation beam, denoted by 10, has a circular shape
originating from a radiation source, not indicated in the figure. Said radiation beam is
incident on said first array 20 of deflecting elements 25, such as Fresnel lenses,
grating structures or prisms. Said deflecting elements 25 may have any kind of
geometrical shape. In figure 1 the shape is indicated to be rectangular but any
polygonal shape may be applicable. In figure 1 said rectangular shaped defelcting
elements are arranged somewhat irregular, i.e., said deflecting elements are not
arranged strictly on top of each other.
[0046]  Facets of the deflecting elements in said array 20 may have a focusing
power. Alternatively said focusing power is achieved with at least one separate lens
arrangement arranged between said first array 20 and said second array 30.
[0047] The first and second array 20 may have 200 deflecting elements,
preferably more than 400 deflecting elements.
[0048] The deflecting elements 25 deflect the incoming radiation beam 10 into a
number, equal to the number of deflecting elements, of beamlets. Said beamlets are
deflected by said deflecting elements 25 in one general direction. All beamlets are
dispersed in spatially different directions. Beamlets originating from two adjacent
deflecting elements 25 in said first array 20 will end up in two non adjacent deflecting
elements 35 in said second array30. At least two beamlets, and preferably all
beamlets, are non parallel between said first and second array, 20 and 30 respectively.
Preferably they are non parallel in both an x direction and an y direction and not lying
in the same plane.
[0049] The shape of an illuminated area of said first and second array , 20 and 30
respectively, may be different.
[0050] The deflecting elements 25 may have a different shape compared to the
deﬂectiﬂg elements 35. Individual deflecting elements within array 20 or 30 may be
different. All deflecting elements 25, 35 may have a different shape. The array 20, 30
of deflecting elements 25, 35 may be produced by CSEM in Switzerland, by Hexagon
in Finland or by DOC in North Carolina USA.
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[0051] One of the arrays 20, 30 may be arranged rotatable. By rotating one array
relative the other may enhance the homogenization further.
[0052] For diffractive deflecting elements a phase is varied between adjacent
deflecting elements, so that an averaging over different phases occur in an
homogenized area at a target plane 40.
[0053] In figure 1 said first and second array are made to be transmissive. In
figure 2 said arrays are made to be reflective. For transmissive diffractive arrays it is
preferable to expose a pattern in a resist by photons or electrons. A surface profile is
developed and said profile is etched into the substrate, typically made of fused silica
or calcium fluoride. For reflective arrays it is not necessary to transfer the pattern to a
transparent substrate. Instead it is possible to use the resist profile directly, either by
depositing a mirror film on the resist or by making a molded replica, such as in electro
deposited copper, electroless deposited nickel, molding with a thermosetting or
hardening polymer. Eflective diffractive pattern needs a much smaller profile depth
than transmissive one, therefore non-conventional resist processes can be used to
create the surface profile, e.g., the resist loss after exposure. It is also possible to add a
selective agent such as silane compounds that react and add thickness anly where the
resist has been exposed.
[0054] The radiation source may be an excimer laser at any wavelength such as
UV, DUV, EUV etc. In particular this invention is suitable for use in pattern
generators and metrology and inspection systems that use a uniform illumination by
an excimer laser or other electromagnetic radiation sources.
[0055] While the preceding examples are cast in terms of a method, devices and
systems employing this method are easily understood. A magnetic memory
containing a program capable of practicing the claimed method is one such device. A
computer system having memory loaded with a program practicing the claimed
method is another such device.
[0056] While the present invention is disclosed by reference to the preferred
embodiments and examples detailed above, it is understood that these examples are
intended in an illustrative rather than in a limiting sense. It is contemplated that
modifications and combinations will readily occur to those skilled in the art, which
modifications and combinations will be within the spirit of the invention and the

scope of the following claims.
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CLAIMS

1. A method for homogenizing a beam of electromagnetic radiation, comprising

the actions of:

- impinging said beam of electromagnetic radiation onto a first array of

deflecting elements,

- deflecting said beam of electromagnetic radiation into numerous

spatially separated beamlets by said first array of deflecting elements,

- impinging said deflected beamlets onto a second array of deflecting

elements, and

- superimposing said beamlets from the second array of deflecting
elements at a target plane whereby a radiation beam having a

homogenized spatial intensity distribution is formed.

2. The method according to claim 1, wherein the spatially separated beamlets
from at least two adjacent deflecting elements of said first array impinge on

nonadjacent deflecting elements of said second array.

3. The method according to claim 1, wherein at least one of the deflecting

elements in said first and/or said second array comprises at least one prism.

4. The method according to claim 1, wherein at least one of the deflecting

elements in said first array and/or second array comprises at least one grating.

5. The method according to claim 1, wherein at least one of the deflecting

elements in said first array and/or second array comprises at least one Fresnel lens.

6. The method according to claim 1, wherein at least two beamlets deflected
from adjacent elements of said first array are transmitted non-parallel between said

first and second arrays.

7. The method according to claim 1, wherein at least one array is transmissive.
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8. The method according to claim 1, wherein at least one array is reflective.

9. The method according to claim 1, wherein a shape of an illuminated area of

said first and said second array are different.

10. The method according to claim 1, wherein at least one deflecting element in
said first array has a different shape than at least one deflecting element in said second

array.

11. The method according to claim 1, wherein patterns of arrangement of the

deflecting elements in said first and said second arrays are different.

12. The method according to claim 1, wherein at least two deflecting elements in

said first array are differently shaped.

13. The method according to claim 1, wherein at least two deflecting elements in

said second array are differently shaped.

14. The method according to claim 1, wherein at least one of said first array and

said second array is rotatable.

15. The method according to claim 1, wherein said deflecting elements comprise

focusing power.

16. The method according to claim 1, further including focusing the deflected
beamlets through a separate lens arrangement placed between said first and second

arrays and/or between said second array and said target plane.

17. An apparatus for homogenizing a beam 10 of electromagnetic radiation

comprising:
- asource of electromagnetic radiation

- afirst array (20) of deflecting elements (25) arranged to receive said
electromagnetic radiation and to deflect said beam of electromagnetic

radiation into numerous of spatially separated beamlets,

- asecond array (30) of deflecting elements (35) arranged to receive said

beamlets deflected from said first lens array and to superimpose said
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spatially separated beamlets at a target plane (40) whereby a radiation

beam having a homogenized spatial intensity distribution is formed.

18. The apparatus according to claim 17, wherein said beamlets from adjacent
deflecting elements (25) in said first array (20) are impinged onto non adjacent

deflecting elements (35) in said second array (30).

19. The apparatus according to claim 17, wherein at least one of the deflecting

elements (25) in said first array (20) comprises at least one prism.

20. The apparatus according to claim 17, wherein at least one of the deflecting

elements (25) in said first array (20) comprises at least one grating.

21. The apparatus according to claim 17, wherein at least one of the deflecting

elements (25) in said first array (20) comprises at least one Fresnel lens.

22. The apparatus according to claim 17, wherein said at least two beamlets
deflected from adjacent elements on said first array are transmitted non-parallel

between said first (20) and second (30) arrays.

23. The apparatus according to claim 17, wherein at least one array(20, 30) is

transmissive.

24. The apparatus according to claim 17, wherein at least one array (20, 30) is

reflective.

25. The apparatus according to claim 17, wherein a shape of an illuminated area

of said first and said second array (20, 30) is different.

26. The apparatus according to claim 17, wherein at least one deflecting element
(25) in said first array (20) have a different shape than at least one deflecting element

(35) in said second array (30).

27. The apparatus according to claim 17, wherein a pattern of arrangement of the

deflecting elements in said first array and said second array are different.

28. The apparatus according to claim 17, wherein at least two deflecting elements

in said first array are differently shaped.
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29. The apparatus according to claim 17, wherein at least two deflecting elements

in said second array are differently shaped.

30. The apparatus according to claim 17, wherein at least one of said first array

and said second array is rotatable.

31. The apparatus according to claim 17, wherein said deflecting elements

comprise focusing powetr.

32. The apparatus according to claim 17, wherein focusing power is
accomplished by a separate lens arrangement arranged between said first array and

said second array and/or said second array and said target plane.
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