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GRATING FOR EUV-RADIATION, METHOD FOR MANUFACTURING THE
GRATING AND WAVEFRONT MEASUREMENT SYSTEM

FIELD
[0001] The invention relates to agrating for EUV-radiation, a method for

manufacturing the grating, and a wavefront measurement system, e.g. for alithographic
apparatus comprising the grating.

BACKGROUND
[0002] Lithography is aprocess used to create features on the surface of substrates.

Such substrates can include those used in the manufacture of flat panel displays, circuit
boards, various integrated circuits (I1Cs), and the like. A frequently used substrate for such
applications is a semiconductor wafer. One skilled in the relevant art will recognize that
the description herein aso applies to other types of substrates. In such acase, the
patterning structure may generate acircuit pattern corresponding to an individual layer of
the IC, and this pattern can be imaged onto atarget portion (e.g. comprising one or more
dies) on asubstrate (e.g., asilicon wafer) that has been coated with alayer of radiation-
sensitive material (e.g., resist). In general, asingle wafer will contain awhole network of
adjacent target portions that are successively irradiated viathe projection system, one at a
time. In current apparatus, employing patterning by amask on amask table, adistinction
can be made between two different types of machine. In one type of lithographic projection
apparatus, each target portion isirradiated by exposing the entire mask pattern onto the
target portion at once; such an apparatus is commonly referred to as awafer stepper. In an
aternative apparatus, commonly referred to as a step-and-scan apparatus, each target
portion isirradiated by progressively scanning the mask pattern under the projection beam
in agiven reference direction (the "scanning” direction) while synchronously scanning the
substrate table parallel or anti-parallel to this direction. Since, in general, the projection
system will have amagnification factor M (with M <1) the speed V at which the substrate
table is scanned will be afactor M times that at which the mask table is scanned. More
information with regard to lithographic devices as here described can be gleaned, for
example, from United States Patent No. 6,046,792, incorporated herein by reference.
[0003] In amanufacturing process using alithographic projection apparatus, a pattern
(e.g. inamask) isimaged onto a substrate that is at least partialy covered by alayer of
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radiation-sensitive material (e.g., resist). Prior to thisimaging step, the substrate may
undergo various procedures, such as priming, resist coating and a soft bake. After
exposure, the substrate may be subjected to other procedures, such as a post-exposure bake
(PEB), development, ahard bake and measurement/inspection of the imaged features. This
array of procedures isused as abasis to pattern an individual layer of adevice, e.g. an IC.
Such apatterned layer may then undergo various processes such as etching, ion-
implantation (doping), metallization, oxidation, chemo-mechanical polishing, etc., al
intended to finish off an individual layer. If severa layers are desired, then the whole
procedure, or avariant thereof, should be repeated for each new layer. Eventually, an array
of devices will be present on the substrate (wafer). These devices are then separated from
one another by atechnique such as dicing or sawing, whence the individua devices can be
mounted on a carrier, connected to pins, etc. Further information regarding such processes
can be obtained, for example, from the book "Microchip Fabrication: A Practical Guide to
Semiconductor Processing”, Third Edition, by Peter van Zant, McGraw Hill Publishing
Co., 1997, ISBN 0-07-067250-4, incorporated herein by reference.

[0004] For the sake of simplicity, the projection system may hereinafter be referred to
asthe "lens'; however, this term should be broadly interpreted as encompassing various
types of projection system, including refractive optics, reflective optics, and catadioptric
systems, for example. The radiation system may aso include components operating
according to any of these design types for directing, shaping or controlling the projection
beam of radiation, and such components may aso be referred to below, collectively or
singularly, asa"lens'. The position of a second element traversed by the projection beam
relative to afirst element traversed by the projection beam will for simplicity hereinafter be
referred to as "downstream" of or "upstream” of said first element. In this context, the
expression "downstream" indicates that a displacement from the first element to the second
element is adisplacement along the direction of propagation of the projection beam,
similarly, "upstream” indicates that a displacement from the first element to the second
element is adisplacement opposite to the direction of propagation of the projection beam.
Further, the lithographic apparatus may be of atype having two or more substrate tables
(and/or two or more mask tables). In such "multiple stage” devices, the additional tables
may be used in parallel, or preparatory steps may be carried out on one or more tables
while one or more other tables are being used for exposures. Dua stage lithographic
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apparatus are described, for example, in United States Patent No. 5,969,441 and
International Patent Application Publication No.

WO 98/40791, incorporated herein by reference.

[0005] There isadesire to integrate an ever-increasing number of electronic
components in an IC. Torealize thisit is desirable to decrease the size of the components
and therefore to increase the resolution of the projection system, so that increasingly
smaller details, or line widths, can be projected on atarget portion of the substrate. For the
projection system this means that the projection system and the lens elements used in the
projection system should comply with very stringent quality requirements. Despite the
great care taken during the manufacturing of lens elements and the projection system, they
both may still suffer from wave front aberrations, such as, for example, displacement,
defocus, astigmatism, coma and spherical aberration across an image field projected with
the projection system onto atarget portion of the substrate. The aberrations are sources of
variations of the imaged line widths occurring across the image field. The imaged line
widths at different points within the image field should be constant. If the line width
variation is large, the substrate on which the image field is projected may be rejected
during aquality inspection of the substrate. Using techniques such as phase-shifting masks,
or off-axis illumination, the influence of wave front aberrations on the imaged line widths
may further increase.

[0006] During manufacture of alens element, it may be advantageous to measure the
wave front aberrations of the lens element and to use the measured results to tune the
aberrations in this element or even to reject this element if the quality is not sufficient.
When lens elements are put together to form the projection system it may again be
desirable to measure the wave front aberrations of the projection system. These
measurements may be used to adjust the position of certain lens elements in the projection
system in order to minimize wave front aberrations of the projection system.

[0007] After the projection system has been built into alithographic projection
apparatus, the wave front aberrations may be measured again. Moreover, since wave front
aberrations are variable in time in aprojection system, for instance, due to deterioration of
the lens material or lens heating effects from local heating of the lens material, it may be
desirable to measure the aberrations at certain instants in time during operation of the
apparatus and to adjust certain movable lens elements accordingly to minimize wave front



WO 2009/082224 PCT/NL2008/050836

aberrations. It may be desirable to measure the wave front aberrations frequently due to the
short time scale on which lens-heating effects may occur.

[0008] United States Patent Application Publication No. 2002/0145717 describes a
wavefront measurement method that uses within the lithographic apparatus agrating, a
pinhole and a detector, e.g. CCD detector. The detector may have a detector surface
substantially coincident with a detection plane that islocated downstream of the pinhole at
alocation where a spatial distribution of the electric field amplitude of the projection beam
issubstantially aFourier Transformation of a spatia distribution of the electric field
amplitude of the projection beam in the pinhole plane. With this measurement system built
into the lithographic projection apparatus it is possible to measure in situ the wave front
aberration of the projection system.

[0009] Asillustrated in Figure 1A, in this measurement system acomponent, plane
wave PWio of wave W1 is diffracted by the grating as an emanating wave WD. The wave
WD emanating from the grating can be considered as a sum of diffracted plane waves
PW,,, [i=0, 2...]. The plane waves PW.,, PW 0and PW, are, respectively, the +lst,
Oth and -1st diffracted order of the incoming wave PWio- In the projection system
schematically shown in Figure 1B the plane waves PW,,,, [i=0, 1,2 ...] will focus near or
at the pupil plane PU, and sample the pupil plane in three points. The aberrations of the
projection system PL can be thought of as phase errors that are endowed on the focused
plane waves PW,,, [i=0, 1,2 ...] inthe pupil plane PU. These focused plane waves will
exit the lens as plane waves PW,,, [i=0, 1, 2. ..], respectively. Asshown in Figure 1C, to
measure the phase errors representative for the lens aberrations, the plane waves PW,,
[i=0,, 2...] aredirectionally recombined by diffraction at the pinhole 17 in apinhole
plate 11. For instance, PW 400 isthe O™ order diffracted wave originating from PW30, PW,;,
isthe +1% order diffracted wave from PW,, and PW ,,, is the - 1% order diffracted wave
originating from PW 5, and these directionally recombined waves can interfere. Their
interference intensity isharmonic with the phase stepping of the grating. Other
recombination's of diffracted waves originating from the PW,, [i=0.1.2 .. .], are possible
aswell. However, the intensity resulting from the interference of such recombination
varies as ahigher harmonic of the phase stepping movement of the grating. Such higher

order harmonic signals can befiltered out from each CCD-pixel signal.
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[0010] It is desirable to further reduce the size of the structures obtained by
lithography. Therein the wavelength of the radiation may play an essential role. The
shorter the wavelength, the more transistors can be etched onto the silicon wafer. A silicon
wafer with many transistors may result in amore powerful, faster microprocessor. In order
to enable processing with light of a shorter wave length, chip manufacturers developed a
lithography process known as Extreme Ultraviolet Lithography (EUVL). In this process,
transparent lenses are replaced by mirrors. United States Patent No. 6,867,846 describes a
phase shift mask for measuring wave front aberrations in such aprocess.

[0011] According to the method described therein, schematically shown in Figure 3,
the projection optical system PO projects an image of the first grating 203 at a second
grating 201 that is positioned in its focal plane. Analogous to the method described in
United States Patent Application Publication No. 2002/0145717, the second grating
recombines diffracted waves. Wave front aberrations caused by the optical system PO
become visible as an interference pattern, which can be inspected by awave front sensor
106, such as a CCD-camera.

[0012] A particular problem that frequently exists in many EUV photolithographic
systems is that the EUV source does not provide uniform information, but instead has a
number of facets, or hot spots in its exit pupil that result from use of fly's eye lenses in the
optics of the EUV source. This results in anon-uniform wavefront at the input numerical
aperture of the pupil of the projection optics, or sometimes, in underfilled numerical
aperture of the projection optics. These problems may affect the measurement of the
wavefront by the wavefront sensor discussed above.

[0013] Thus, it is desirable to be able to eliminate the underfilling and intensity
nonuniformity at the input numerical aperture of the projection optics. Accordingly, the
phase shift mask additionally serves to condition the illumination reaching the input
numerical aperture pupil plane of the projection optics PO. The phase shift mask washes
out spatial variations introduced by the source, so that the pupil plane is substantially fully
and homogeneoudly illuminated.

[0014] This may be achieved in that the first grating 203 includes aplurality of
reflecting lines each formed by aplurality of reflecting dots.

[0015] The reflecting dots generate a diffraction pattern within a diffraction pattern.

Thus, each reflecting dot becomes awavefront source, as viewed from the focal plane.
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Therefore, irregularities in intensity, particularly due to fly's eye facets of the source, will
disappear, presenting aclean, regular image of the source at the focal plane. According to
United States Patent Application Publication No. 2002/0145717, the reflecting dots have a
random height with a standard deviation of many times a wavelength.

[0016] One possible disadvantage of this known grating that it may be difficult to
manufacture, asit is difficult to obtain a pattern of reflective dots having alarge difference
in height while having a predetermined in-plane size.

SUMMARY

[0017] According to an aspect of the invention, there is provided agrating for EUV-
radiation. The grating includes aplurality of reflecting lines. Each reflecting line includes
aplurality of first reflecting dots, and aplurality of second reflecting dots arranged
between each other. Thefirst reflecting dots and the second reflecting dots are configured
to reflect EUV-radiation with amutua phase difference of 180110 degrees mod 360
degrees.

[0018] According to an aspect of the invention, there is provided awavefront
measurement system that includes an imaging system configured to direct electromagnetic
radiation from a source at an object plane so as to illuminate the object plane, and afirst
grating positioned in the object plane. The first grating includes aplurality of reflecting
lines, each reflecting line includes aplurality of first reflecting dots, and aplurality of
second reflecting dots arranged between each other. The first reflecting dots and the
second reflecting dots are configured to reflect EUV-radiation with amutual phase
difference of 180+10 degrees mod 360 degrees. The measurement system also includes a
projection optical system configured to project an image of the first grating onto afocal
plane, a second grating at the focal plane, and a detector configured to receive afringe
pattern produced by the second grating. The grating may be positioned in the object plane.
Contrary known gratings, the grating according to embodiments of the present invention
can be manufactured relatively easily.

[0019] According to an aspect of the invention, there is provided a method for
manufacturing agrating for EUV-radiation. The method includes providing a patterned
substrate having first locations and second locations spread between each other. The first
locations and the second locations have a mutual height difference. The method also
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includes depositing a multilayer forming a Bragg-reflector for the EUV-radiation at the
patterned substrate, and applying apattern of lines made of an EUV adsorbing material at
the multilayer.

[0020] According to an aspect of the invention, there is provided a method for
manufacturing agrating for EUV-radiation. The method includes providing a substrate,
providing afirst multilayer reflector on said substrate, providing afirst combined
capping/etch stop layer on said first multilayer reflector, and providing a second multilayer
reflector on said first combined capping/etch stop layer. The method also includes
providing a second combined capping/etch stop layer on said second multilayer reflector,
applying alayer of an EUV-absorbing material, selectively etching the second multilayer
reflector to obtain apattern of first dots reflecting with a phase shift of 0 deg and second
dots reflecting with amutual phase difference of 180 deg + 10 deg modulo 360 deg, and
selectively etching the layer of absorbing material to obtain a pattern of reflecting lines.
[0021] Manufacturing of the grating according to embodiments of the invention may
be substantially simplified in that it suffices that there are only two different height levels
used for the substrate on which the Bragg reflector is deposited. The two different height
levels and the Bragg reflector can be applied in away known as such, e.g. as described in
United States Patent No. 6,392,792. Subsequently, apattern of lines made of an EUV
adsorbing material can be made at the multilayer.

[0022] Nevertheless other methods are applicable to manufacture a grating according
to the present invention. According to one such method in afirst step a Bragg-reflector is
deposited at a substantially flat substrate. In anext step the surface of the Bragg-reflector is
patterned to form the first and second reflecting dots. After this step apattern of lines of
EUV adsorbing material (such as Cr or TaN-based material) is applied at the patterned
surface. Other steps may intervene, e.g. the patterned Bragg-reflector may be provided
with acapping layer, e.g. made of Ru before the pattern of absorbing lines is applied.
[0023] The lines have awidth typically an order of magnitude larger than that of the
reflecting dots formed within the lines. In preferred embodiments the lines have awidth in
therange of 1 um to 10 um, while the reflecting dots are between 70 nm and 120 nmin
diameter. Hence aratio between the width of the lines and awidth of the dots may bein a
range of 5to 150.
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[0024] Surprisingly, for systems using incoherent radiation the pattern of reflecting
dots introducing only phase differences of 180 degrees (mod 360 degrees) provides for an
efficient reduction of the O order contribution in the diffraction pattern. Nevertheless
further dots may be present that may provide for phase differences of 90 degrees and/or
270 degrees mod 360 degrees.

[0025] In an embodiment of the grating, the first and second reflecting dots completely
fill the area within the reflecting lines. This may have an advantage of arelatively high
efficiency. The optical properties of the grating can be amended by tuning the exact phase
difference between the first and the second dots.

[0026] In an embodiment of the grating, the first and second reflecting dots within the
reflecting lines are separated by absorbing portions. This may have an advantage that more
parameters are available to determine the optical properties of the diffraction pattern. The
size of the first and the second dots may be tuned independently from each other. The first
and the second reflecting dots may be spread regularly between each other, according to a
predetermined pattern, e.g. achess-board pattern, but may alternatively be spread
irregularly, in arandom manner.

BRIEF DESCRIPTION OF THE DRAWINGS
[0027] These and other aspects are described in more detail with reference to the

drawings in which:

[0028] Figure IA, IB and 1C schematically shows a measurement method for
measuring wavefront aberrations in an optical system;

[0029] Figure 2 schematically shows an EUV-lithographic system;

[0030] Figure 3 schematically shows a measurement method for measuring wavefront
aberrations in an EUV-lithographic system;

[0031] Figures 4 and 5 demonstrate the occurrence of afringe pattern in a shearing
interferometer unit;

[0032] Figure 6 schematically shows an arrangement used for measuring wavefront
aberrations in an EUV-lithographic system;

[0033] Figure 7A and 7B schematically show agrating according to an embodiment of
the present invention;
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[0034] Figure 8A and 8B schematically show agrating according to an embodiment of
the present invention;

[0035] Figures 9A to 9D show gratings according to embodiments of the present
invention;

[0036] Figure 10A shows an embodiment of afirst grating for use in a wavefront
aberration measurement system according to an embodiment of the invention;

[0037] Figure 10B shows an embodiment of a second grating for use in a wavefront
aberration measurement system according to an embodiment of the invention;

[0038] Figure 10C shows an embodiment of athird grating for use in awavefront
aberration measurement system according to an embodiment of the invention;

[0039] Figure 10D shows adetail of the embodiment of Figure 10C;

[0040] Figure 10E shows an embodiment of afourth grating for use in a wavefront
aberration measurement system according to an embodiment of the invention;

[0041] Figure 10F shows an enlarged portion of said fourth embodiment according to F
in Figure 10E;

[0042] Figure 10G shows afurther enlarged portion of said fourth embodiment
according to G in Figure 10F;

[0043] Figure 10H shows an embodiment of afifth grating for use in a wavefront
aberration measurement system according to an embodiment of the invention;

[0044] Figure 101 shows an enlarged portion of said fifth embodiment according to | in
Figure 10H;

[0045] Figure 10J shows afurther enlarged portion of said fifth embodiment according
toJin Figure 101;

[0046] Figure 10K shows an embodiment of a sixth grating for use in a wavefront
aberration measurement system according to an embodiment of the invention;

[0047] Figure 10L shows an enlarged portion of said sixth embodiment according to L
in Figure 10K;

[0048] Figure 10M shows afurther enlarged portion of said sixth embodiment
according to M in Figure 10L;

[0049] Figure ION shows an embodiment of a seventh grating for use in a wavefront

aberration measurement system according to an embodiment of the invention;
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[0050] Figure 100 shows an enlarged portion of said seventh embodiment according to
Oin Figure ION;

[0051] Figure 10pP shows afurther enlarged portion of said seventh embodiment
according to Pin Figure 100;

[0052] Figures 11 A and 11 B show stages in amethod for manufacturing agrating
according to an embodiment of the invention; and

[0053] Figure 12 shows afirst grating according to an embodiment of the present
invention that may be obtained with an aternative method;

[0054] Figure 13 shows across section of an embodiment of grating and detector in
more detail.;

[0055] Figure 14A to 14C illustrates aspects relating to cleaning of agrating, therein
[0056] Figure 14A illustrates acarbon deposition in afirst type of grating;

[0057] Figure 14B illustrates aprocess of cleaning this grating;

[0058] Figure 14C illustrates a process of cleaning a different type of grating;

[0059] Figure 15A illustrates a grating with rectangular openings,

[0060] Figure 15B illustrates adetail of Figure 15A,

[0061] Figure 15C illustrates a different grating.

DETAILED DESCRIPTION
[0062] In the following detailed description numerous specific details are set forth in

order to provide athorough understanding of the present invention. However, it will be
understood by one skilled in the art that the present invention may be practiced without
these specific details. In other instances, well known methods, procedures, and components
have not been described in detail so as not to obscure aspects of the present invention. The
invention is described more fully hereinafter with reference to the accompanying drawings,
in which embodiments of the invention are shown. This invention may, however, be
embodied in many different forms and should not be construed as limited to the
embodiments set forth herein. Rather, these embodiments are provided so that this
disclosure will be thorough and complete, and will fully convey the scope of the invention
to those skilled in the art. In the drawings, the size and relative sizes of layers and regions
may be exaggerated for clarity. Embodiments of the invention are described herein with

reference to cross-section illustrations that are schematic illustrations of idealized
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embodiments (and intermediate structures) of the invention. As such, variations from the
shapes of the illustrations as aresult, for example, of manufacturing techniques and/or
tolerances, are to be expected. Thus, embodiments of the invention should not be construed
as limited to the particular shapes of regions illustrated herein but are to include deviations
in shapes that result, for example, from manufacturing.

[0063] Thus, the regions illustrated in the Figures are schematic in nature and their
shapes are not intended to illustrate the actual shape of aregion of adevice and are not
intended to limit the scope of the invention.

[0064] It will be understood that when alayer isreferred to asbeing "on" alayer, it can
be directly on the other layer or intervening layers may be present. In contrast, when an
element isreferred to asbeing "directly on," another layer, there are no intervening layers
present. Like numbers refer to like elements throughout. Asused herein, the term "and/or"
includes any and all combinations of one or more of the associated listed items.

[0065] It will be understood that, although the terms first, second, third etc. may be
used herein to describe various elements, components, regions, layers and/or sections,
these elements, components, regions, layers and/or sections should not be limited by these
terms. These terms are only used to distinguish one element, component, region, layer or
section from another region, layer or section. Thus, afirst element, component, region,
layer or section discussed below could be termed a second element, component, region,
layer or section without departing from the teachings of the present invention.

[0066] Spatially relative terms, such as "beneath”, "below", "lower”, "above", "upper"
and the like, may be used herein for ease of description to describe one element or feature's
relationship to another element(s) or feature(s) as illustrated in the Figures. It will be
understood that the spatially relative terms are intended to encompass different orientations
of the device in use or operation in addition to the orientation depicted in the Figures. For
example, if the device in the Figures is turned over, elements described as "below" or
"beneath” other elements or features would then be oriented "above" the other elements or
features. Thus, the exemplary term "below" can encompass both an orientation of above
and below. The device may be otherwise oriented (rotated 90 degrees or at other
orientations) and the spatially relative descriptors used herein interpreted accordingly.
[0067] Unless otherwise defined, all terms (including technical and scientific terms)
used herein have the same meaning as commonly understood by one of ordinary skill in



WO 2009/082224 PCT/NL2008/050836

12

the art to which this invention belongs. It will be further understood that terms, such as
those defined in commonly used dictionaries, should be interpreted as having a meaning
that is consistent with their meaning in the context of the relevant art and will not be
interpreted in an idealized or overly formal sense unless expressy so defined herein.
[0068] Figure 2 illustrates aportion of an EUV photolithographic system 100, which
includes an EUV source (not shown in Figure T). The system 100 also includes image
optics (including mirrors M4 and M3), apupil 101, apatterning device 102, such asa
reticle, mounted on a support, such as areticle stage (not shown) with an image of a
pattern to be imaged onto a substrate 105, such as awafer, and projection optics 104,
which includes mirrors M1 and M6. The EUV radiation is then projected onto the substrate
105, which ismounted on a substrate support, such aswafer stage (not shown). It will be
appreciated that the patterning device 102 isreflective in EUV systems, unlike
photolithographic systems operating at longer wavelengths, such as deep ultraviolet, or
visible, where the patterning device 102 isusually transmissive.

[0069] Asfurther shown in Figure 2, in the present invention, a sensor module 106 is
placed on the wafer stage, and a source module 103 is placed on the reticle stage, to
measure the wavefront. The sensor and source modules 106, 103 may also be referred to as
awavefront sensor (WFS).

[0070] Figure 3isanillustration of the wavefront measurement arrangement in which
at least one embodiment of the present invention may be applied, particularly asit can be
incorporated into aphotolithographic system. In Figure 3, parts corresponding to those in
Figure 2 have the same reference number. Asmay be seen in Figure 3, the source module
103 may be placed on the reticle stage, and in an embodiment includes two orthogonally
oriented gratings. The wavefront sensor (or sensor module 106) is placed on the wafer
stage and includes a 2-D grating 201 and a CCD detector 202 that is positioned below the
2-D grating. The projection optics (PO) 104 remain the same as during normal exposure
operation, e.g. as shown in Figure 2.

[0071] The wavefront can be measured when imaging is not being performed. In order
to measure the wavefront, the reticle stage is moved, such that one of the gratings 203 in
the source module 103 on the reticle stage is placed in the optical path, rather than the
reticle 102 itself. The wafer stage is also moved such that the wavefront sensor is
positioned to receive an image of the source module grating 203. The CCD detector 202
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below the 2-D grating 201 then receives and measures the transmitted radiation. The reticle
stage can then be moved to place adifferent diffraction grating in the optical path, so asto
measure the wavefront with an orthogona orientation of the source module grating 203.
[0072] Figures 4 and 5illustrate the use of apupil in alateral shearing interferometer
410 to produce reference wavefronts and shear wavefronts. (See aso the entrance pupil
101 in Figure 2). Asshown in Figures 4 and 5, awavefront 401 converges at apoint in
space, while emanating from aprimary source. An image of apoint source 402 exists at an
entrance pupil 101. A partially transmitting film 415 may be placed at the entrance pupil
101. A pinhole 403 ispositioned at the entrance pupil 101. The pinhole 403 generates a
transmitted wave 404 with awavefront 411, which includes adiffracted spherical reference
wave 405. Thus, the lateral shearing interferometer 410 creates one or more apparent
sources, whose wavefronts 411 interfere to produce fringes 412.

[0073] Figure 6 is another illustration of the wavefront measurement system in which
embodiments of the present invention is applicable, showing the source module 103
positioned in the object plane (i.e. patterning device plane, not labeled in the Figures), the
projection optics 104, and the sensor module 106. An image shearing grating 201 is
positioned on the wafer stage, and generates multiple wavefronts that are then detected as
fringe patterns in the sensor module 106.

[0074] Figures 7A and 7B illustrate an embodiment of agrating 702. As shown in
Figure 7A, two orthogonally oriented gratings collectively form a source module grating
203, such asthe source module grating discussed above. The two orthogonal gratings each
have a size of 200x200 pm. Asis shown in more detail in Figure 7B, reflecting lines 704
may have awidth of about 3.2 um and comprise aplurality of reflecting dots 706. The dots
706 comprise first reflecting dots and second reflecting dots. The first reflecting dots and
the second reflecting dots reflect EUV-radiation with amutual phase difference of 180+/-
10 degrees mod 360 degrees.

[0075] The reflecting dots can be randomly scattered, as shown in Figures 7A and 7B,
or can be arranged in aregular matrix pattern.

[0076] Asmay be seen from Figure 7A, the lines 704 of the grating 702 of the source
module, when seen "from far away," appear to be solid lines, as discussed above. However,

when viewed "up close" (as illustrated in Figure 7B), they are instead made up of a number
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of reflecting dots. The remainder of the material, for EUV application, may be absorbing
material.

[0077] The grating lines are chosen to have adirect relation to the 2nd order grating
lines so asto further maximize the use of the object plane illumination, preserve fringe
visibility at the detector, and eliminate + and - 1 order fringes.

[0078] In an embodiment, the diameter of the dots, for the parameters discussed above
(6.4 um for 4X magnification, 0.25 output numerical aperture, 0.0625 input numerical
aperture, 13.5 nm source) is between about 70 and about 120 nm, and may be about 70 nm.
[0079] It will be appreciated that with the use of the first and second reflecting dots of
embodiments of the present invention, the single diffraction pattern becomes adiffraction
pattern within adiffraction pattern. Thus, each reflecting dot becomes awave front source,
asviewed from the focal plane. Therefore, irregularities in intensity, particularly due to
fly's eye facets of the source, should disappear, thereby presenting aclean, regular image
of the source at the focal plane. The reflecting dot pattern of the grating 203 may aso have
the advantage that it overfills the 0.0625 numerical aperture of the projection optics, and
utilizes as much light that isincident onto the grating 203 as possible. Furthermore, no
additional pupil facets or pupil structures are introduced if illumination at the object plane
is spatially incoherent. The reflecting dot grating shown in Figures 7A and 7B can be
fabricated on a standard reticle blank. The dot diameter is preferably chosen to more than
overfill the numerical aperture, so asto provide near-uniform pupil illumination.

[0080] A factor of 2 drop-off in intensity may be allowable for each dot, since photon
noise-limited elemental detection signal-to-noise ratio increases only by the square root of
two. Larger diameters may be desirable due to manufacturability issues. Calculations show
that a 44 nm diameter dot gives a 10% drop-off, a 66 nm diameter dot gives a 20% drop-
off, and a 112 nm diameter dot gives a 50% drop-off, for example.

[0081] Thus, the reflecting dot grating 203 of an embodiment of the present invention
is an example of areflective EUV scattering device that in this case has 0.4% efficiency
for the large number of dots and first grating size, with an additional goal of maximizing
the efficiency. Efficiency here isdefined asthe fraction of the illumination power falling
within the desired numerical aperture after reflection from the device, ascompared to a

Lambertian diffuser.
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[0082] A tailored reflecting EUV diffractor may fill the input numerical aperture of the
projection optics to eliminate pupil facets due to the illumination subsystem, and to
maximize utilization of the illumination for optical system aberration measurements at
EUV wavelengths using alateral grating shearing interferometer. The last may utilize the
equivalent of agrating placed in front of the incoherent extended source in the reticle
plane. The first two may require that the input illumination bereflected by a diffractor with
amore favorable pattern than aLambertian diffuser. The tailored reflecting diffractor may
be an ensemble of micro-reflector diffraction-limited dots in the form of agrating. The
individua reflecting dots in that ensemble would be placed at the "dlits" of the 50% duty
cycle "grating”" and each individua reflecting dot of the size and shape to fill by diffraction
the input numerical aperture of the optics being measured. For anumerical aperture of
0.0625 at 13.5 nm, the dot diameter may be 70 nm (to 210 nm). A single 70 nm dot would
yield about 0.01 "detectable" EUV photon in EUV ILIAS measurement systems. However,
a50% duty cycle "grating” 300 um long, with 45 lines of pitch 6.4 um, and with dots only
along the central axis of each line, could accommodate enough spots to yield up to 1,000
"detectable” photons which are more than adequate for EUV ILIAS measurement systems.
"Grating" lines filled with dots would give larger signals. A single (dotted) line would give
an inadequate signal. A Lambertian diffuser and regular grating of similar form would give
abarely adeguate signal.

[0083] In an embodiment, the pattern of reflecting dots may comprise further dots that
introduce aphase difference differing both from the first and the second dots, for example,
the pattern may comprise first dots that introduce no phase shift, second dots that introduce
aphase shift of 180 degrees, third dots that introduce aphase shift of 90 degrees and fourth
dots that introduce aphase shift of 270 degrees.

[0084] In the embodiment of the grating shown in Figures 7A and 7B, the first and
second reflecting dots within the reflecting lines are separated by absorbing portions. This
may have the advantage that the diffraction pattern can be adjusted in various ways.

[0085] Figure 8A shows an embodiment of apattern of lines 804 at the patterning
device with agrating 802, and Figure 8B shows the pattern of reflecting dots within the
lines 804 in more detail. Therein the reflecting dots completely fill the area within the
reflecting lines. This embodiment may have the advantage of ahigh reflection. The

reflecting lines 804 are alternated by EUV absorbing lines 805. By way of example, the
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patterning device may comprise reflecting lines having alength L of 45.12 um and awidth
W of 2.82 pm. In the illustrated embodiment, the reflecting dots are shaped as squares
having size of 90nm. The squares are arranged with adiagonal in the direction of the lines.
The lines are images onto the sensor module; in an embodiment, this has a checkerboard
grating (Figure 10A). In that case, the sensor moves diagonaly (V or V ) so that the
structure isintegrated diagonally and hence the lines in Figure 8A should aso be diagona
(V or V). Inan embodiment, the sensor may contain diamonds (Figure 10B) and then the
orientation at the reticle would be 'x' and V (Figure 9A, and Figure 7). In an embodiment,
apinhole array may replace the checkerboard on the sensor. Asshown in Figure 8B, the
pattern of square shaped dots comprises first dots 807 indicated in gray that introducing no
phase shift or aphase shift of n.360 degrees, and second dots 808 indicated in black that
introduce aphase shift of approximately 180 degrees mod 360 degrees. By selecting the
difference in phase shift between the first and second dots 807, 808 in arange of, for
example, 180 degrees +/- 10 degrees, the diffraction pattern induced by the pattern of dots
can be adapted.

[0086] The present invention need not be limited to the use as areticle for measuring
wavefront aberrations. Figures 9A-9D shows various examples of reticles, each
comprising apluraity of lines comprised of apluraity of first and second reflecting dots.
The reticles shown in Figures 9A-9D each have aplurality of parallel lines that are used to
introduce aphase shift iny, inx, inadirection -xy and adirection xy, respectively.

Figures 10A and 10B illustrates embodiments of the 2-D grating 201 for use in a wavefront
measurement system of the present invention. Asshown in Figures 10A and 10B, a
checkerboard grating can be used, with acarefully chosen pitch of the grating. Such a
grating can be manufactured on a substrate of, e.g., 100 nanometers thick, made of a
material that istransmissive at the exposure wavelength. For example, for an exposure
wavelength of 13.5 nanometers, examples of such transmissive materials include silicon
and silicon nitride. The 2-D checkerboard diffraction grating 201 thus can be said to have a
50% duty cycle. The primary interference will be of 0t order with the + and - 1% order.
The pseudo-randomized nature of diffuse scattering from source module 103 isexpected to
effectively wash out spatial variation in the wavefront across the projection optics 104
pupil. Asmay be seen in Figures 10A and 10B, the pitch of the 2-D grating 201 isthe

length of the perpendicular square.



WO 2009/082224 PCT/NL2008/050836

17

[0087] The 2-D grating 201 may also include reflective (or opaque) regions, asmay be
seen in Figures 10A and 10B. Opague regions can be formed of materials that absorb EUV
radiation (this case, for 13.5 nm exposure wavelength), such asnickel, chromium or other
metals.

[0088] In an embodiment, the checkerboard grating pitch may be 1.6 microns. The
pitch should be carefully chosen to cause an appropriate angle for first order diffraction (as
discussed below) for aparticular shear ratio and numerical aperture. In an embodiment, the
shear ratio may be 1/30 t, although it will be appreciated by one of ordinary skill in the art
that embodiments of the invention are not limited to these particular numbers or
dimensions. In an embodiment, the output numerical aperture of the system may be 0.25
(and the input numerical aperture may be 0.0625, for 4X magnification), although
embodiments are not limited to this particular numerical aperture.

[0089] Asnoted above, the pitch of the 2-D grating 201 may be chosen in an
embodiment to provide ashear ratio of 1/30t, where the CCD detector 202 isin the fringe
plane (i.e.,, below the focal plane of the system), and "sees' apattern of fringes (an
interferogram) or a number of overlapping circles. The shear ratio is ameasure of the
overlap of two circles, where a shear ratio of zero represents perfect overlap. It isdesirable
for the CCD detector 202 to "see" only the O order and the + and - 1%t order diffraction
images, and to eliminate the + and - 2" order on diffraction images. For this purpose, the
second grating may have a 50% duty-cycle. This may be achieved with a checkerboard
grating with square transmission and reflection areas, as shown in Figures 10A and 10B. In
an embodiment, apin-hole array may be applied as shown in Figure 10C, and in more
detail in Figure 10D, and may be manufactured as an array of holes etched in a silicium
layer of afew pm, eg. 2 um. In this way, an array may be obtained of fully transmissive
holes (100% transmission) and a substantially non-transmissive background (<1%
transmission). The pin-hole array shown in Figure 10C has asize of 100 gm. Asshown in
more detail in Figure 10D, the array isprovided with pin-holes having a diameter of 1.13
pm and arranged at aregular grid having aperiod of 1.41 pum that isoriented at an angle of
45 deg with respect to the x-axis.

[0090] The first grating 103 may be constructed to aid in eliminating unwanted orders.
For whichever pattern of transmission and reflection areas isused, there should be a

regular pattern that forms a2-D grating. Other shapes, in addition to square shapes, are
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possible, e.g., circular reflective areas, or circular transmissive aress, etc., as long as the
pattern isregular.

[0091] Some of the tolerancing issues between the sensor module 106 and the source
module 103 may beresolved by first fabricating the 2-D grating 201 of the sensor module
106, measuring its exact dimensions, and then fabricating the source module gratings 203
accordingly. In a4X magnification system, the pitch of the linear grating of the source
module 103 may be exactly 4X the pitch of the 2-D grating 201 of the sensor module 106.
Thus, for a 1.6 micron pitch of the 2-D grating 201, the pitch of the source module grating
203 may be 6.4 microns. However, if the 2-D grating 201 is measured to be deviating by,
for example, 10% from the nominal value of 1.6, the source module grating 203 can be
manufactured accordingly to have apitch 4X times the measured checkerboard grating
pitch. This may reduce the need for extreme precision in the manufacture of both sets of
gratings simultaneoudly.

[0092] In an embodiment, the 2-D grating 201 may be a cross grating, such that two
linear gratings of an appropriate pitch are essentially placed one on top of another, with
each grating having the appropriate pitch dimension to result in an appropriate combined
diagonal pitch. It isbelieved, however, that the checkerboard grating may give better
results.

[0093] In an embodiment, acheckerboard grating or a cross grating can be used in the
source module 103 instead of two separate linear gratings, although the use of a2-D
grating in the source module 103 may complicate the detector readout and the analysis
mathematics used to interpret the fringe pattern.

[0094] Although the discussion above is primarily in terms of a EUV photolithography
system, where reflective optical elements are typicaly used (such as the source module
gratings 203, the projection optics 104, and the imaging optics), embodiments of the
invention are equally applicable to other wavelengths used in the photolithographic system,
with appropriate transmissive/refractive components used in place of reflective ones, as
appropriate.

[0095] Figures 10E- 10P show some further non-limitative examples of gratings for use
in alithographic apparatus according to the invention taking into account the above
observations.
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[0096] Figure 10E shows afirst sguare grating having sides of 100 pm. An enlarged
portion thereof according to the dotted square indicated by F is shown in Figure 10F. The
grating comprises aplurality of circular pinholes that are arranged in arectangular grid
having apitch in both directions of 1.41um. The pinholes have adiameter 1.13 pm as
illustrated in Figure 10G which isan enlarged view according to the dotted rectangle G in
Figure 10F. In this embodiment the sguare grating and the rectangular grid are rotated by
45° with respect to the axes X and Y.

[0097] Figure 10H shows a second sguare grating having sides of 100 pm. An enlarged
portion thereof according to the dotted square indicated by | is shown in Figure 101 and an
enlarged portion according to the dotted square indicated by Jis shown in Figure 10J. This
second sguare grating and the first square grating according to Figures 10E - 10F have the
same specifications, except that the second square grating is aligned with respect to the
axes X and Y.

[0098] Figure 10K shows athird square grating having sides of 100 pm. An enlarged
portion thereof according to the dotted square indicated by L isshown in Figure 10L. The
grating comprises aplurality of rectangular pinholes that are arranged in arectangular grid
having apitch in both directions of 1.41m. The pinholes have adiameter 1.41 pm as
illustrated in Figure 10M which isan enlarged view according to the dotted rectangle M in
Figure 10L. In this embodiment the sguare grating and the rectangular grid are rotated by
45° with respect to the axes X and Y. Also the rectangular pinholes are rotated by 45° with
respect tothe axes X and Y.

[0099] Figure ION shows afourth square grating having sides of 100 pm. An enlarged
portion thereof according to the dotted square indicated by O is shown in Figure 100 and
an enlarged portion according to the dotted square indicated by P is shown in Figure 10P.
This second sguare grating and the first square grating according to Figures 10K - 10M
have the same specifications, except that the second square grating is aligned with respect
to the axes X and Y. The rectangular holes are rotated by 45° with respect to the axes X
and Y.

[00100] Figures 11A and 11B illustrate an embodiment of a method for manufacturing a
grating for EUV-radiation. According to this method, aflat substrate 20 isprovided, as
shown in Figure 1lA. The substrate 20 isprovided, for example, with astack of bi-layers,
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wherein the two components in each bi-layer have respective etching agents. The bi-layers
may be formed from a combination of Cr, Si and Mo, or other materials, provided that they
do not destruct the substrate. With each etching step, the substrate is etched with one layer
a atime, so that an accurate height pattern can be formed at the surface of the substrate. In
this way apatterned substrate may be provided that has first locations 21 and second
locations 22. The first locations 21 and the second locations 22 have a mutual height
difference.

[00101] A Bragg-reflector 30 for the EUV-radiation may then be applied at the
patterned substrate. The Bragg-reflector 30 comprises aplurdlity, e.g. 40 to 50, suitable bi-
layers 35, for example Mo/Si layers or Mo/Be layers. The bilayers 35 may have athickness
of half the wave-length of the EUV-radiation, for example athickness of 7nm. The bilayers
35 may be applied by any suitable method, such as vapor deposition.

[00102] The structure formed by the first and second locations 21, 22 in the patterned
substrate 20 propagates into the stack of bi-layers 35, and provide for a deflection of the
EUV beam. The Distance D between the structures determines the apparent deflection
angle of the EUV beam.

[00103] Figure 11 B shows afurther stage in the manufacturing of the grating. For
clarity, the pattern formed and illustrated in Figure 11 A is not shown. As shown in Figure
11B, the stack 30 of bilayers 35 may be provided with aprotection layer 40, for example to
protect the reflector against oxidation. A suitable protection layer 40 may include Ru.
[00104]  Subsequently, apattern of lines 50 of an EUV adsorbing material, such as Cr or
TaN-based material may be applied at the stack 30 of bilayers 35 by a method known in
the art, such aslitho -e-beam.

[00105] Asshown in Figure 1IB, reflecting lines 51 remain between the absorbing lines
50. Asshown in Figure HA, these reflecting lines are formed of first reflective dots 31
propagated above the first locations 21 in the patterned substrate, and second reflecting
dots 32 propagated above the second locations 22 in the patterned substrate 20.

[00106] Inthis example the sub-pattern of dots within the pattern of lines forms an
alternating phase-shift mask, i.e., the first and second dots 31, 32 have a substantialy equal
reflection for EUV-radiation.

[00107] An dternative method to provide the pattern of reflecting dots is described in
United States Patent No. 6,645,679. As described therein, the stack of bilayers is arranged
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upon aflat substrate e.g. of alow therma expansion material (LTEM). The substrate can
be asilicon oxynitride (SION) material. After the stack of bi-layers isprovided, aheat
mask isprovided a the stack. Subsequently, the heat-mask is selectively etched to form a
pattern and the stack of bi-layers is selectively heat treated according to the pattern. In this
way, apattern is formed on the stack of first spots having a phase shift of O degrees and a
high reflectance and second spots having a phase shift of 180 degrees and having a
relatively low reflectance.

[00108]  According an embodiment, apattern of lines of an EUV adsorbing material
may be subsequently made at the surface of the patterned stack of bi-layers, such as Crat
the multilayer. The pattern of lines may be applied by e-beam writing. In this way, a
resulting pattern may be obtained having first, EUV-absorbing lines aternated by second
lines having a sub-pattern formed by the first highly-reflective and second lowly reflective
spots. If desired, the second lines may be provided with EUV-absorbing zones. In this way,
an dternative degree of freedom may be obtained to shape the diffraction pattern caused by
the sub-pattern.

[00109] Figure 12 shows agrating that may be obtained by an embodiment. Parts
therein corresponding to Figures 11 A and 11 B have areference number that is 100 higher.
The grating shown in Figure 12 has a substrate 120 of low thermal expansion material. A
first multilayer reflector 136 may be applied on the substrate 120, for example by
depositing aplurality, e.g. 40 to 50 suitable bi-layers, for example Mo/Si layers or Mo/Be
layer. The first reflector 136 may be provided with acombined capping/etch stop layer
138. On top of the etch stop layer 138 a second reflector 137 may be applied. The second
reflector 137 may be provided with acombined capping/etch stop layer 139. On top of the
etch stop layer 139, an EUV absorbing layer may be applied. The effective thickness of the
stack formed by second reflector 137 and further etch stop layer 139 is A/4. The bilayer
thickness of the second reflector istailored so as to match the reflectances of the stacked
reflectors 136, 138, 137, 139 and the first reflector 136, 138 alone. The second reflector
137 and the absorber 150 are selectively etched in away known to obtain apattern of first
dots 132 reflecting with aphase shift of 0 deg and second dots 131 reflecting with a phase
shift of 180 deg as shown for example in Figure 8B. Finaly, the absorbing material 150is

selectively etched to obtain apattern of lines, as shown for example in Figure 8A.
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Figure 13 shows a cross section of an embodiment of the grating 201 and a CCD-
detector 202 in more detail. The grating 201 isformed as alayered structure comprising a
wafer 201 A of silicon. Alternatively another material like sheet metal or a ceramic material
such as Si3N4 may be used. The wafer has athickness of at least 0.1 mm. For practical
purposes the wafer is not thicker than 1cm. In this embodiment the thickness of the wafer
i5$0.675 mm. The wafer 201 A isprovided with astiff foil 201 B of aceramic material such
as Si3N4 or SiC or ametal like titatium and having athickness in the range of at most
[OOnm. The foil 201B, here of Si3N4 and having athickness of 50nm, is covered with a
patterned absorber layer 201C. A material for this layer 201C, having good absorbing
properties isnickel. A thickness of 50nm provides for sufficient absorption. In the
embodiment shown however alayer 201C of Cr, is used, asthe material can be easily
patterned. The layer 201C has athickness of 120nm to provide for sufficient absorption.
Where the absorbing layer 201C has openings, the membrane 201B is etched through (real
holes). Although various options are possible for the pattern, such as a checkerboard
pattern, apattern with hexagonal openings, apattern of circular pinholes 201E, for
example as shown in Figure 10D is preferred. Such apattern is particularly favorable for a
good heat-transfer and for agood strength, and facilitates cleaning of the grating 201, as
described with reference to Figure 14C. The substrate 201 A has a pattern approximately
conformal to that of the membrane 201B, so that it mechanically supports the membrane
201 B in areas between the openings 20IE, and therewith contributes to the stiffness of the
grating. The layered structure isprovided with a Ruthenium protection layer 201D to allow
cleaning of the layered structure. Alternative materials are Si3N4, Cr and TiN. The
protection layer 201D typicaly has athickness in the range of 5to 10 nm, eg. 7.5 nm.

Figures 14 A-C illustrates the consequences of the structure of the grating 201 for
the effort necessary for cleaning.

In Figure 14C parts corresponding to those in Figure 13 have the same reference
number. In Figures 14A and 14B parts corresponding to those in Figure 13 have a
reference number that is 300 higher.

Figure 14A shows agrating 501 having aclosed foil 501B. As shown therein
carbon 501F deposits on both sides of the grating during use thereof. This carbon
deposition reduces transmission of the grating, and therewith inhibits its functionality. A

cleaning method illustrated in Fig 2B may be used, wherein the grating is exposed to
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hydrogen radicals H*. The hydrogen radicals H* react with the deposited carbon and the
reaction products CxHx evaporate. Although this process results in a clean upper surface of
the grating 501, the carbon 501 F deposited at the bottom is not removed in thisway. In
order to provide for bottom cleaning with H* aH* source would be needed inside the
sensor. However, as such a source entails ahigh heat production, it could not be
implemented without introducing cooling means and therewith substantially increasing the
volume of the detector. AsH* has ahigh recombination-ratio of H* into H2 hardly no H*
reaches the bottom of the grating 501.

Figure 14C shows apart of agrating 201 according to the present invention. Due to the
presence of the openings 201E, the hydrogen radicals can reach both sides of the grating
and therewith remove substantially all deposited carbon.

Figure 15A schematically shows atop view of agrating 201, ideally having square
openings 201E, indicated in black. Asis shown in more detail in Figure 15B, in practice
the openings will show acorner rounding, see within dotted circle 201E. The grating of
Figure 15A and 15B has abad force distribution as the corner-roundings form points of a
large shear force. On the other hand this arrangement is advantageous in that it allows for
simple e-beaming, i.e. shaped electron beaming and the Zernike offset can be solved with a
rotated version.

Figure 15C shows an aternative arrangement, wherein the grating 301 has circular
openings 301E. This isadvantageous, asthis results in asignificantly smoother stress
distribution. However, as compared to the embodiment shown in Figure 15A and 15B, this
arrangement is more difficult to manufacture by e-beaming.

At adistance D of 10mm from the grating 201, a camera 202 is located. In the embodiment
shown, the camera, comprises a COMS camera chip 202B mounted at aprinted circuit
board 202A. At a side facing towards the grating 201 the camera chip 202B is provided
with afiber optic plate. The fiber optic plate 202C enables deposition of further layers, in
that it protects the camera 202B during the deposition of the further layers. Asthe fiber
optic plate 202C iscomposed of "vertical fibers' i.e. fibers that are arranged transverse to
the surface of the camera chip 202B it hardly influences imaging capability. A first layer
deposited on the fiber optic plate 202C isalayer 202D of scintillating material. The layer
202 converts the UV-radiation into awavelength for which the camera chip 202B has a

good sensitivity. The scintillating material isfor example P43 of YAG:Ce. The layer 202D
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is covered with alayer 202E of zirconium having athickness of 50nm, that functions as a
spectral purity filter. Although any other material serving as a spectral purity filter is
suitable, alayers of Zr or Si ispreferred. Dependent on the required suppression of non-
EUV wavelengths, the thickness of the layer 202E may be varied between 10 and 100 nm.
A thickness less than 10 nm would generally have atoo low suppression of the non-EUV
wavelengths, and alayer having athickness higher than 100nm will generaly aso
suppress radiation in the EUV wavelength range too much. The stack formed by layers
202A-202E isprovided with alayer 202F of Ruthenium as cleaning-resilience-layer.
Typically the layer has athickness in arange of 5to 10nm. The layer should be vacuum
compatible, hence have low outgassing characteristics and should further have arelatively
low absorption. Apart from ruthenium, other materials like TiN and CrN may be used for
this layer.

[00110]  Inthe claims the word "comprising” does not exclude other elements or steps,
and the indefinite article "a" or "an" does not exclude aplurality. A single component or
other unit may fulfil the functions of several items recited in the claims. The mere fact that
certain measures are recited in mutually different claims does not indicate that a
combination of these measures cannot be used to advantage. Any reference signs in the

claims should not be construed as limiting the scope.
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Clams

1. A grating for EUV-radiation, comprising:

aplurality of reflecting lines, each reflecting line comprising aplurality of first
reflecting dots, and aplurality of second reflecting dots arranged between each other,
wherein the first reflecting dots and the second reflecting dots are configured to reflect

EUV-radiation with amutual phase difference of 180110 degrees mod 360 degrees.

2. A grating according to claim 1, wherein the first reflecting dots and the second
reflecting dots within the reflecting lines are separated by absorbing portions.

3. A grating according to claim 1, wherein the first reflecting dots and the second
reflecting dots completely fill the areawithin the reflecting lines.

4. A grating according to claim 1, wherein the first reflecting dots and/or the second
reflecting dots are between 50 nm and 150 nm in diameter.

5. A grating according to claim 4, wherein the first reflecting dots and/or the second
reflecting dots are between 70 nm and 120 nm in diameter.

6. A grating according to claim 1, wherein the first reflecting dots and the second
reflecting dots are arranged in arandom pattern within each line.

7. A grating according to claim 1, wherein the first reflecting dots and the second
reflecting dots are arranged in aregular pattern within each line.

8. A grating according to claim 1, wherein the plurality of reflecting lines are arranged
in two orthogonal directions.

9. A grating according to claim 1, wherein the plurality of reflecting lines are arranged
as acheckerboard grating.
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10. A grating according to claim 1, wherein each of the plurality of reflecting lines has
awidth in the range of 1 um to 10 pm.

11. A grating according to claim 1, further comprising

apatterned substrate having first locations and second locations spread between
each other, the first locations and the second locations having a mutual height difference;

amultilayer configured to form aBragg-reflector for the EUV-radiation at the
patterned substrate, the pattern of first locations and the second locations at the substrate
being propagated into a surface of the Bragg reflector as the first reflecting dots and the
second reflecting dots, respectively; and

apattern of lines made of an EUV adsorbing material at the multilayer configured
to delimitate reflecting lines formed by the surface of the multilayer.

12. A grating according to claim 1, further comprising

asubstrate;

afirst multilayer reflector on said substrate;

apatterned second multilayer reflector on the first multilayer reflector, the first
multilayer reflector and the second multilayer reflector being configured to form a
reflecting surface, wherein the first reflecting dots are formed by the second multilayer
reflector and the second reflecting dots are formed by the first multilayer reflector; and

apattern of reflecting lines formed at said surface, the reflecting lines being
separated by lines of absorbing material at said surface.

13. A wavefront measurement System comprising:

an imaging system configured to direct electromagnetic radiation from a source at
an object plane so asto illuminate the object plane;

afirst grating positioned in the object plane, the first grating comprising aplurality
of reflecting lines, each reflecting line comprising aplurality of first reflecting dots, and a
plurality of second reflecting dots arranged between each other, wherein the first reflecting
dots and the second reflecting dots are configured to reflect EUV-radiation with a mutual
phase difference of 180+10 degrees mod 360 degrees;

aprojection optical system configured to project an image of the first grating onto a
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focal plane;
a second grating at the focal plane; and
adetector configured to receive afringe pattern produced by the second grating.

14.  The system according to claim 13, wherein the first reflecting dots and the second
reflecting dots are configured to create an illumination that overfills anumerical aperture
of the projection optical system.

15.  The system according to claim 13, wherein the first reflecting dots and the second
reflecting dots are configured to create an illumination free of irregularities caused by the

source.

16. The system according to claim 13, wherein the plurality of reflecting lines of the
first grating are arranged to maximize intensity and visibility of the fringe pattern.

17.  The system according to claiml3, wherein the plurality of lines of the first grating
are oriented at 45 degrees relative to the second grating.

18.  The system according to claim 13, wherein the source is an Extreme Ultraviolet
(EUV) radiation source.

19.  The system according to claim 13, wherein the first grating is mounted on areticle
stage.

20.  The system according to claim 13, wherein the second grating is mounted on a
wafer stage.

21. A method for manufacturing agrating for EUV-radiation, the method comprising:

providing apatterned substrate having first locations and second locations spread
between each other, the first locations and the second locations having a mutual height
difference;
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depositing amultilayer forming a Bragg-reflector for the EUV-radiation at the
patterned substrate; and
applying apattern of lines made of an EUV adsorbing material at the multilayer.

22. A method for manufacturing agrating for EUV-radiation, the method comprising:

providing a substrate;

providing afirst multilayer reflector on said substrate;

providing afirst combined capping/etch stop layer on said first multilayer reflector;

providing a second multilayer reflector on said first combined capping/etch stop
layer;

providing a second combined capping/etch stop layer on said second multilayer
reflector;

applying alayer of an EUV-absorbing material;

selectively etching the second multilayer reflector to obtain apattern of first dots
reflecting with a phase shift of 0 deg and second dots reflecting with amutual phase
difference of 180 deg + 10 deg modulo 360 deg; and

selectively etching the layer of absorbing material to obtain apattern of

reflecting lines.
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