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(57) Abstract: An apparatus for inspecting a photomask, comprising an il-
lumination source for generating a light which illuminates a target sub-
strate, objective optics for receiving and projecting the light which is re-
flected from the target substrate, the objective optics includes a first mirror
arranged to receive and reflect the light which is reflected from the target
substrate, a second mirror which is arranged to receive and reflect the light
which is reflected by the first mirror, a third mirror which is arranged to
receive and reflect the light which is reflected by the second mirror, and a
segmented mirror which is arranged to receive and reflect the light which
is reflected by the third mirror. The segmented mirror includes at least two
mirror segments. The apparatus further includes at least one sensor for de-
tecting the light which is projected by the objective optics.
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SEGMENTED MIRROR APPARATUS FOR IMAGING AND
METHOD OF USING THE SAME

FIELD OF THE INVENTION
[0001] The present invention broadly relates to optical apparatus and methods of
using the same, and, more particularly, to an optical apparatus having a segmented mirror
for imaging and, even more particularly, to an optical apparatus and method for inspecting
a photomask using light imaging.
BACKGROUND OF THE INVENTION

[0002] The conventional apparatus in the market for photomask inspection
generally employ ultra-violet (UV) light with wavelengths at or above 193 nanometers
(nm). This is suitable for masks designed for use in lithography based on 193 nm light. To
further improve the printing of minimum feature sizes, next generation lithographic
equipment is now designed for operation in the neighborhood of 13.5 nm. Accordingly,
patterned masks designed for operation near 13 nm must be inspected. Such masks are
reflective, having a patterned absorber layer over a resonantly-reflecting substrate (EUV
multilayer), typically 40 pairs of molybdenum silicide (MoSi) with a 7 nm period. The
conventional inspection apparatus uses optics with a combination of wavelength and
numerical apertures (NA) that are not sufficient (i.e., too small) to resolve pattern features
and pattern defects of interest (printable) in EUV mask patterns characterized by a half-
pitch below 22 nm.

[0003] As part of the optics in the conventional inspection apparatus, mirrors of
varying sizes and shapes are used to receive and reflect EUV light reflected from the
substrate. To keep the telecentric condition at the image plane, some mirrors are notably
large in size (e.g., 280 mm by 200 mm). The sheer size of the mirror significantly increases
the cost of production. Moreover, large mirrors require an increased thickness to reduce

self-weight distortion, which adds to the overall cost of production.



10

15

20

25

WO 2014/144160 PCT/US2014/028450

[0004] Mounting a large mirror in an inspection device requires a robust mounting
structure to reduce self-weight distortion and to reduce the static movement of the mirror
in rigid body motion due to the large mirror weight deflecting the main structure. The
configuration of the mounting structure should protect against distortion or unacceptable
motion of a large mirror. In addition, a large mirror may require a graduated or indexed
coating to meet distortion needs. Adding a graduated or indexed coating to a large mirror
adds complexity to the manufacturing process.

[0005] During the mirror manufacturing and inspection process, mirrors are tested
to ensure they receive and reflect light as intended. Large mirrors are more expensive and
difficult to test. When a large mirror is removed from the mounting structure, technicians
must protect the mirror from distorting under its own weight. Moreover, numerous test
points are required for large mirrors due to the number of small sub-apertures. This
additional testing requires more labor and time to validate the mirror. If the testing
uncovers variations or defects in the mirror surface, the mirror must be reworked to fix the
variation or defect. Rework can be a continual process, which impacts yield and cost.
[0006] Thus, there is a long-felt need for an invention to improve upon the
shortcomings of large mirrors that would reduce mirror distortion and improve testing
efficiency. More specifically, there is a long-felt need for a segmented mirror apparatus for
light imaging and a method of using the same.

SUMMARY OF THE INVENTION

[0007] The present invention broadly comprises an apparatus for inspecting a
photomask using a light, including an illumination source for generating light which
illuminates a target substrate, objective optics for receiving and projecting the light which
is reflected from the target substrate, the objective optics including, a first mirror arranged
to receive and reflect the light which is reflected from the target substrate, a second mirror
which is arranged to receive and reflect the light which is reflected by the first mirror, a
third mirror which is arranged to receive and reflect the light which is reflected by the

second mirror, and, a segmented mirror which is arranged to receive and reflect the light
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which is reflected by the third mirror, wherein the segmented mirror includes at least two
mirror segments. The apparatus further includes at least one sensor for detecting the light
which is projected by the objective optics.
[0008] A general object of the invention is to replace one large parent mirror with a
plurality of smaller mirror segments. These mirrors are lighter and easier to mount. In
addition, small mirrors have less surface distortion due to mounting and self-weight.
Smaller mirror segments are easier to handle during testing and require fewer test points.
[0009] Another object of the invention is to use identical mirror segments when the
parent mirror is spherical. Using identical mirror segments to form a spherical shape
reduces manufacturing complexity. If the parent mirror is ashperical, each mirror
segment could be a best fit sphere close enough to the parent asphere that the combination
of the spheres will not degrade the image quality unacceptably.
[0010] Yet another object of the invention is to provide uniform mirror coatings.
Instead of having a single large mirror with a graduated coating, each mirror segment may
use a different coating to mimic the effect of a graduated coating. Each smaller mirror
segment would have a continuous, non-graduated coating. One mirror segment coating
would, in isolation, be continuous, but when viewed as a grouping of mirror segments,
would mimic the graduated profile of a large mirror.
[0011] These and other objects and advantages of the present invention will be
readily appreciable from the following description of preferred embodiments of the
invention and from the accompanying drawings and claims.
BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The nature and mode of operation of the present invention will now be more
fully described in the following detailed description of the invention taken with the
accompanying drawing figures, in which:

Figure 1 is a schematic diagram of a reflective imaging apparatus in

accordance with an embodiment of the invention;
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Figure 2 is an optical ray diagram of a mirror distribution for reflective
objective optics in accordance with an embodiment of the invention; and,

Figure 3 is an isolated view of a segmented fourth mirror in accordance with
an embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0013] At the outset, it should be appreciated that like drawing numbers on
different drawing views identify identical, or functionally similar, structural elements of
the invention. It also should be appreciated that figure proportions and angles are not
always to scale in order to clearly portray the attributes of the present invention.
[0014] While the present invention is described with respect to what is presently
considered to be the preferred aspects, it is to be understood that the invention as claimed
is not limited to the disclosed aspects. The present invention is intended to cover various
modifications and equivalent arrangements included within the spirit and scope of the
appended claims.
[0015] Furthermore, it is understood that this invention is not limited to the
particular methodology, materials and modifications described and, as such, may, of
course, vary. It is also understood that the terminology used herein is for the purpose of
describing particular aspects only, and is not intended to limit the scope of the present
invention, which is limited only by the appended claims.
[0016] Although any methods, devices or materials similar or equivalent to those
described herein can be used in the practice or testing of the invention, the preferred
methods, devices, and materials are now described.
[0017] Extreme ultra-violet (EUV) microscope objectives (having 2 to 4 multilayer-
coated mirrors) have been disclosed previously, are designed for defect or pattern review
applications, with operation in the neighborhood of 13.5 = 0.5 nm wavelength of light, have
a NA in the range 0.05 — 0.12, and an object field extent just adequate to the review
(microscopy) task, i.e., in the range of 5-20 microns at the mask. According to rigorous

analyses of the defect detection capability as a function of NA and defect size, the resolving
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power and defect detection sensitivity of EUV objectives with NA in this range are
inadequate for production-worthy EUV inspection of masks with feature half-pitch (HP)
below 18 nm or so, due to shortcomings in both NA and high-quality object field size.

[0018] Current mask inspection systems are based on UV and deep ultra-violet
(DUV) laser sources of light, which are high brightness and relatively high power. Light
sources with significant spectral brightness in the neighborhood of 13.5 nm are based on
pulsed plasmas. Due to poor conversion efficiency (conversion from input energy to in-
band radiation), such plasma sources show limited brightness at 13-14 nm, and raising the
brightness significantly can drive source cost (and thus inspection costs imposed on the
mask during fabrication) to levels which impair the economic attractiveness of EUV
Lithography (EUVL).

[0019] High-throughput operation of mask inspection systems with low brightness
plasma sources (discharge or laser produced) drives the need for large object fields and
detector arrays, to increase the rate of instantaneous image signal integration and
conversion to digital representation.

[0020] Simultaneously, to discriminate defect signals from background image noise,
the imaging optics must maximize the collection of light diffracted or scattered by
patterning or multilayer defects residing on the EUV mask of interest. For most defects of
interest, which diffract and scatter the incident light over a wide range of angles, increasing
the NA of the objective will provide an increase in defect signals.

[0021] Multilayer-mirror based imaging systems have poor transmission of light,
due to the limited reflectivity of multilayers at the design wavelengths near 13-14 nm. A
single MoSi multilayer mirror shows peak spectral reflectivity near 13.5 nm in the range of
60-70%. After multiple reflections from near-normal incidence mirrors in typical
illumination and imaging optics in an EUV system, system transmission can fall below 1%.
It should be appreciated that decreased system transmission can also occur due to the
cumulative effect of several factors, e.g., mirror reflections (normal and grazing), gas

transmission and debris migration.
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[0022] To perform the inspection task adequately, the light reaching the image
plane and converted to digital signals by the detector array, from each resolved region of
the mask, must reach a certain number of primary (13.5 nm) quanta, and so a certain
minimum signal-to-noise ratio, which in well-designed systems is a strong function of the
number of primary quanta (photons absorbed in the detector material, typically silicon).
To compensate for losses in the optical system while keeping the light incident on the
detector constant, the source brightness must be increased, which is difficult to develop and
expensive to produce using currently known source technologies.

[0023] Alternatively, the range of angles emitted by the source which are
transferred to the mask by the illumination optics can be increased, since the amount of
light will increase with this angular range, at least within a range of angles supported by
the source brightness. In other words, the illumination pupil size can be increased until a
physical constraint intervenes. Rigorous studies of defect signal to noise ratio (SNR) in
inspection optic designs have indicated that for EUV masks, such largely incoherent
imaging often provides higher SNR than lower sigma, more coherent operation of the
design and system, when used with plasma sources of limited brightness.

[0024] The use of beam splitters in reflective imaging systems used in conjunction
with reflective objects (such as EUV mask inspection using EUV light) can simplify optical
design and layout, by allowing interpenetration or overlap of illumination and imaging
pupils in angle space. Current EUV beam splitter technologies have low reflection and
transmission coefficients (25-35%). Inspection systems with beam splitters must increase
source brightness greatly to compensate for the loss of light reaching the detector.
Inspection optics without a beam splitter element is thus strongly preferred.

[0025] Light at wavelengths within the spectral bandpass of the resonantly-
reflecting multilayer incident on such a uniform (unpatterned) mirror is reflected at 60-
70% only if the angle of incidence resides within the angular bandpass as well. Bandpass

refers to a type of filter or filtering process. Periodic MoSi multilayers have an angular
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bandpass of 20-25 degrees at 13.5 nm. Light incident outside of the angular bandpass is
reflected by the multilayer at very low levels, and thus is largely absorbed, or wasted.

[0026] Rigorous studies of light propagation and diffraction by patterns on EUV
masks indicate that this trend holds for light incident on patterned masks, as well.
Furthermore, the angular distribution of light diffracted and scattered by defects present
on or in the EUV patterned mask is also modulated by the angular bandpass of the
multilayer. The angular distribution of light scattered by a defect depends as well on the
defect geometry, and the geometry of the local pattern, and can be significantly skewed to
one side of the imaging pupil or another. To collect adequate light from all defect types
and for arbitrary pattern geometries, the size of the imaging pupil should be maximized.
Consequently, design of inspection optics without a beam splitter and which operate largely
within the finite angular bandwidth of the mask, and which utilize plasma sources of
limited brightness, must contend with competing angular claims of the illumination and
imaging pupils, each of which seek to maximize the size of their angular extent.

[0027] EUVL at 11 HP may use aperiodic multilayers in the EUV mask design,
which provide increased angular bandwidth, and enable EUVL imaging at higher NAs
than possible with a conventional periodic multilayer design. This improves, but does not
fully mitigate the issue of finite angular bandpass.

[0028] Although increasing the number of mirrors in an imaging design can provide
design capability which enables simultaneous high NA and wide object field; this can lead
to a prohibitive decrease in light reaching the detector. Thus, there is significant value in
discovering designs which provide adequate inspection performance at minimum mirror
count, which do not use a beam splitter, and which balance the competing needs of
illuminating and imaging pupil sizes and locations, and thereby enable the production use
of low brightness plasma-based EUV sources.

[0029] Furthermore, it is of strong economic interest to discover optical designs
which provide adequate defect inspection performance for at least two technology nodes,

for example 16 HP and 11 HP. As the critical defect size which limits chip yield shrinks
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with technology node, the NA of the inspection system should be increased to compensate
for the reduction in scattered light.

[0030] In summary, conventional apparatus that utilize UV light are clearly limited
when applied to inspect extreme ultra-violet photomasks (“EUV masks”). The
conventional apparatus are typically “non-actinic” in that they result in an image of the
mask that does not represent what will be realized using EUV light during lithography.
Rather, the resultant image of the mask lacks both resolution and contrast, such that the
image is not very useful for pattern inspection and defect detection.

[0031] More recently, photomask inspectors that use EUV light for imaging (“EUV
inspectors”) are being developed. However, the current EUV inspectors also have
limitations and drawbacks. First, the field sizes of the images are very small. This
limitation results in a low throughput when the apparatus is used to inspect entire EUV
masks for defects. Second, numerical apertures of the optics are low. This limitation
results in a relatively lower resolution. Such lower resolution limits the practical use of the
images for pattern inspection and defect detection.

[0032] The present patent application discloses a reflective, segmented imaging
apparatus that overcomes the above-discussed problems with photomask inspectors.

[0033] During inspection of patterned masks, acquisition and subsequent signal
processing of the signal corresponding to a localized defective pattern can be accomplished
by comparing or differencing the digital images from a test region of a pattern and a
reference region, whether acquired or synthesized from prior information. The
differencing operation removes the pattern, leaving the defect as a perturbation of a quasi-
uniform background signal.

[0034] Imaging pupils are often circularly symmetric, leading to symmetric point
spread functions (psf) at the image plane. While such symmetry is often required in
lithography, mask inspection via difference imaging does not require symmetric psf, and

consequently the imaging pupil can afford to be asymmetric. In particular, obscuration of
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a portion of the imaging pupil can be tolerated, if defect signal collection is not
compromised significantly.

[0035] Additionally, the shape of the parent pupil need not be circular. For
instance, square or rectangular shapes for the parent are possible, and even advantageous
when considering the incremental gain of scattered defect light or signal through addition
of pupil region.

[0036] Expressed as a fraction of pupil area, obscuration fractions less than 5 or
10% are preferred. Obscuration in 4-mirror designs is often created through the blocking
or shadowing of light reflected or scattered from the mask by the second mirror, or M2.
Minimizing the size of both reflecting surface and peripheral support of M2 will minimize
obscuration.

[0037] The design of structural support for M2 must provide for sufficient rigidity
that environmental disturbances or vibrations do not drive or lead to dynamic
perturbations of the M2 position and thus to degradation of image quality through
blurring.

[0038] Since mirrors for EUV light must be coated with multilayers to reach
adequate reflectivity, the range of incidence angles on any of the highly curved elements
must be considered, and restricted within the limits of multilayer deposition process
technology. When estimating the defect SNR of a particular objective and system design,
the apodization or modulation of transmission of each light ray by local reflectivity
variations at the point of reflection on each mirror induced by the multilayer deposition
process must be considered.

[0039] In particular, the design process must balance obscuration, structural
response and curvature factors in the geometry of the second mirror or M2, in order to
secure the minimum viable defect SNR which enables fast and economic mask inspection.
[0040] The choice of chief ray in design of the objective for mask inspection must
balance several competing factors. The chief ray is defined by the centroid of the angular

distribution of light rays transmitted by the objective to the image plane, with due
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consideration of the pupil apodization caused by mirror coatings. Although conventional
designs for reflective imaging without a beam splitter place the plane dividing the
illumination and collection light bundles on the optical axis and coincident with the object
surface normal, inspection-oriented optics do not demand or strongly prefer this choice.
Thus, allowing placement of the lower marginal ray of the imaging pupil below the
surface normal is found to be advantageous for defect signal collection.
[0041] Correspondingly, in the process of increasing defect SNR, as the NA is
increased from low levels, in higher performance designs the imaging chief ray (relative to
the surface normal) is below the numerical value of the NA. Inspection-optimized EUV
objective designs bias the imaging chief rays toward the surface normal to maximize
overlap of imaging pupil with multi-layer modulated angular distribution of light scattered
by pattern defects, while providing sufficient angular range (still largely restricted to the
multilayer angular bandpass) to the illumination pupil to secure adequate photon flux from
the limited brightness plasma EUV sources.
[0042] Within the optics configuration, the fourth mirror, or M4, in a preferred
embodiment, comprises a group of mirror segments instead of a single large mirror. A
single mirror segment is smaller than the parent mirror and grouped with at least one
other mirror segment. Placing the mirror segments in specific configurations will create
the desired shape of the parent mirror, such as spherical, aspherical, or planar. However,
the grouping of mirror segments need not match the exact shape of the single parent
mirror. The mirror segments are configured to optimally receive and reflect light from the
third mirror, M3, to a sensor.
[0043] Since M4 is functionally near a field plane, the positional accuracy is not as
severe when compared to other systems utilizing segmented mirrors, such as astronomical
telescopes. In an example embodiment, each individual mirror segment supports the
imaging of a sub-field that is the size of one time delay integration (TDI) sensor, as part of

the sensor array.
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[0044] Using multiple mirror segments allows for lighter and easier mounting
compared to a single large mirror. Mirrors are removed from the imaging apparatus
during testing. Removing smaller mirror segments is less demanding for technicians. As
the mirror gets larger, there is a greater likelihood of distortion. Smaller mirror segments
will exhibit lower surface distortion from mounting and from the mirror’s own weight.
[0045] In an example embodiment where M4 is spherical in shape, the mirror
segments are identical and can be manufactured in large batches. The spherical nature of
the mirror permits the use of identical mirror segments to form substantially the same
spherical shape as a single large mirror. For an aspherical M4 shape, another
embodiment, the mirror segments are distinct and configured into a best fit asphere close
enough to the original asphere that it would not appreciably degrade image quality.
However, the configuration of mirror segments does not have to mimic the shape of the
parent mirror.

[0046] For a single large mirror, a graduated or indexed coating is typically applied
to meet distortion needs. By using a configuration of mirror segments for M4, the
variations in coating may be achieved by varying the coating on each mirror segments.
Instead of a graduated or indexed coating on one large mirror, the coating on each mirror
segment will be designed to meet the optical needs of M4. Each mirror segment will have a
uniform coating with a distinct coating period. This will significantly reduce
manufacturing costs.

[0047] Using a mounting structure, each mirror segment is fixed relative to the
other mirror segments. The mirror segments do not have to be directly connected to each
other. Their positioning is dependent upon the desired optics configuration. Individually,
the mirror segments are aligned relative to the mounting structure during assembly or
setup. Configuration may be performed by a technician or through a computer-controlled
mounting system.

[0048] Adverting now to the drawings, Figure 1 is a schematic diagram of a

reflective imaging apparatus in accordance with an embodiment of the invention.
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Apparatus 100 includes EUV illumination source 102, illumination mirror 104, target
substrate 106, substrate holder 107, objective optics 108, sensor (detector) 110, and data
processing system 112,

[0049] EUYV illumination source 102 may comprise, for example, a laser-induced
plasma source which outputs EUV light beam 122. In one embodiment, the EUV light is at
a wavelength of 13.5 £ 0.5 nm. Illumination mirror 104 reflects the EUV light such that
beam 124 illuminates target substrate 106. In one embodiment of the invention, target
substrate 106 is an EUV mask being inspected. Target substrate 106 may be scanned
under beam 124 by controllably translating substrate holder 107 so that the field of view of
the imaging apparatus covers regions on the substrate to be inspected.

[0050] Patterned light 126 is reflected from target substrate 106 to reflective
objective optics 108. A preferred embodiment of objective optics 108 is described in detail
below in relation to Figure 2.

[0051] Objective optics 108 outputs projection 128 of the patterned light onto sensor
110. In one embodiment, sensor 110 may be a time-delay integration detector array so that
the data may be detected while the target substrate is being scanned (translated) under
beam 124,

[0052] Data processing system 112 may include electronic circuitry, one or more
microprocessors, data storage, memory and input and output devices. Data processing
system 112 may be configured to receive and process data from sensor 110. In accordance
with one embodiment, data processing system 112 may process and analyze the detected
data for pattern inspection and defect detection.

[0053] Figure 2 is an optical ray diagram of a mirror distribution for the objective
optics 108 in accordance with one embodiment of the invention. An optical prescription for
objective optics 108 in Figure 2 is provided below in Appendix A.

[0054] In this embodiment, there are three non-segmented mirrors 202, 204, and 206
and one segmented mirror 208 arranged as shown in Figure 2. The mirrors are arranged

such that patterned light 126 reflects from the first non-segmented, second non-segmented,
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third non-segmented, and the segmented mirrors 202, 204, 206, and 208, respectively, in
that order. In this arrangement, first non-segmented mirror 202 is concave, second non-
segmented mirror 204 is convex, third non-segmented mirror 206 is concave, and
segmented mirror 208 is concave. Hence, the mirrors are, in order: concave; convex;
concave; and concave.

[0055] In this embodiment, second non-segmented mirror 204 partially obscures
first non-segmented mirror 202 from patterned light 126. In other words, part of the area
of first non-segmented mirror 202 is blocked by second non-segmented mirror 204 from
receiving light 126 reflected from target substrate 106. Furthermore, an opening in first
non-segmented mirror 202 is used to let the light reflected by second non-segmented mirror
204 pass through to reach third non-segmented mirror 206. It has been found that, despite
first non-segmented mirror 202 being partially obscured and needing a pass-through hole,
a high numerical aperture is nevertheless achieved with this embodiment.

[0056] Figure 3 is an isolated view of an embodiment of the mirror segments of the
fourth mirror. Segmented mirror 208 is a grouping of mirror segments 208a, 208b, 208c,
208d and 208e that receives the light from third non-segmented mirror 206 and
subsequently reflects the light to sensor 110. In this embodiment, there are five mirror
segments, but it should be appreciated that there can be any number of mirror segments.
In an embodiment, the grouping of mirror segments forms a spherical shape wherein each
segment is identical. In an alternate embodiment, the segmented mirror comprises unique
mirror segments that collectively form an aspherical shape.

[0057] In accordance with a preferred embodiment, the numerical aperture for the
objective optics is at least 0.2, and the field of view is at least 5,000 square microns in area.
For the embodiment of objective optics 108, described above, the numerical aperture has
been determined to be 0.2 at the object plane, and the size of the field of view has been
determined to be 300 microns by 400 microns (120,000 square microns in area). The field
of view is offset 273 microns from the optical axis. Advantageously, both the numerical

aperture and field of view are relatively large in this embodiment.
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[0058] The working distance is the distance between target substrate 106 and the
nearest optical element (in this case, the second mirror 204). A working distance of at least
100 millimeters (mm) is desirable to provide sufficient space for illumination of the target
substrate 106. In this embodiment, the working distance is 174 mm.

[0059] The magnification represents how much larger an object at the mask plane
will appear at the sensor plane. Based on the characteristics of the spherical embodiment,
described above, the magnification is 711.1x.

[0060] Although the use of EUV light is discussed to describe a preferred
embodiment of the present invention, light at other wavelength ranges can also be used as
an illumination source. For example, the present invention can be configured to use ultra-
violet light, visible light, as well as light at other wavelengths as the illumination source.
The photomask or other object, surface, pattern, efc. being imaged will dictate the required

wavelength used in the inspection tool.
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APPENDIX A

Optical Prescription for Objective Optics depicted in Figure 2.

PCT/US2014/028450

SURFACE DESCRIPTION  THICKNESS APERTURE DESCRIPTION
ELT SUR RADIUS SHAPE OR DIMENSION SHAPE
MATERIAL
NO. NO. X Y SEPARATION X
OBJECT INF FLT 0.0000
292.6339 0.945 CIR
DECENTER( 1)
1 337.3662 119.467 CIR (STOP)
RETURN( 1)
1 2 -508.391 A-l -455.0115 440.955 CIR REFL
2 3 56.050 A2 925.0114 30.080 CIR REFL
3 4 48.906 A3 -600.0001 21.163 CIR REFL
4 5 1554.806 CC SPH 800.0000 555.324 CIR REFL
0.0000 671.757 CIR
IMAGE INF FLT 671.757
NOTES

- Positive radius indicates the center of curvature is to the right
Negative radius indicates the center of curvature is to the left

- Dimensions are given in millimeters
- Thickness is axial distance to next surface

- Image diameter shown above is a paraxial value, it is not a ray traced value

aspheric constants

2
(CURV)Y 4 6 3 10
Z= + (A)Y + (B)Y + (OY + (D)Y
2 2112
1+(1-(1+K) (CURV) Y )

12 14 16 18 20
+ B)Y + @Y +(G)Y + @Y + AY
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ASPHERIC CURV K A B C D
E F G H J
5 A-1  -0.196699E-02  0.00000000 4.71555E-11 1.80988E-16 6.26281E-22 2.51157E-27
5.77273E-33 4.91517E-38 0.00000E+00 0.00000E+00 0.00000E+00
A-2 0.01784111  0.00000000 -7.32381E-08 1.34142E-11 -2.83704E-14 1.26372E-16
-1.54155E-19 1.90098E-23 0.00000E+00 0.00000E+00 0.00000E+00
10
A-3 0.02044744  0.00000000 9.96891E-08 -3.66193E-10 6.82424E-12 -4.72979E-14
1.25363E-16 6.15908E-24 0.00000E+00 0.00000E+00 0.00000E+00
15
DECENTERING CONSTANTS
DECENTER X Y Z ALPHA BETA GAMMA
20
D(1) 0.0000 -51.3259  0.0000 0.0000 0.0000 0.0000 (RETU)
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CLAIMS

What Is Claimed Is:

1. An apparatus for inspecting a photomask using a light, comprising:
an illumination source for generating the light which illuminates a target substrate;
objective optics for receiving and projecting the light which is reflected from the
target substrate, the objective optics comprising:

a first mirror which is arranged to receive and reflect the light which is
reflected from the target substrate;

a second mirror which is arranged to receive and reflect the light which is
reflected by the first mirror;

a third mirror which is arranged to receive and reflect the light which is
reflected by the second mirror; and,

a segmented mirror which is arranged to receive and reflect the light which is
reflected by the third mirror, wherein the segmented mirror comprises at least two mirror
segments;

the apparatus further comprising at least one sensor for detecting the light which is

projected by the objective optics.

2. The apparatus recited in Claim 1, wherein the light comprises extreme ultra-violet
(EUV) light.
3. The apparatus recited in Claim 1, wherein the second mirror partially obscures the

first mirror from the reflected light.

4. The apparatus recited in Claim 1, wherein the light reflected by the second mirror

passes through an opening in the first mirror.

17
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5. The apparatus recited in Claim 1, wherein the first, second, third, and segmented

mirrors are, respectively, concave, convex, concave, concave.

6. The apparatus recited in Claim 1, wherein the segmented mirror is spherical.

7. The apparatus recited in Claim 1, wherein the segmented mirror is aspherical.

8. The apparatus recited in Claim 1, wherein the mirror segments comprise a coating.
9. The apparatus recited in Claim 1, wherein the mirror segments are fixedly
connected.

10.  The apparatus recited in Claim 1, wherein a numerical aperture of the objective

optics is at least 0.2.

11.  The apparatus recited in of Claim 1, wherein a field of view of the apparatus is at

least greater than 120,000 square microns.

12.  The apparatus recited in Claim 1, wherein a distance between the target substrate

and the second mirror is at least 174 millimeters.

13. The apparatus recited in Claim 1, wherein a quantity of mirror segments equals a

quantity of sensors.
14. Objective optics for inspecting a target substrate using a light, comprising:

a first mirror which is arranged to receive and reflect the light which is reflected

from the target substrate,

18



WO 2014/144160 PCT/US2014/028450

a second mirror which is arranged to receive and reflect the light which is reflected
by the first mirror,

a third mirror which is arranged to receive and reflect the light which is reflected by
the second mirror, and

a segmented mirror which is arranged to receive and reflect the light which is
reflected by the third mirror, the segmented mirror comprising at least two mirror

segments, wherein a numerical aperture of the objective optics is at least 0.2.

15.  The apparatus recited in Claim 14, wherein the light comprises extreme ultra-violet

(EUV) light.

16. The objective optics recited in Claim 14, wherein the second mirror partially

obscures the first mirror from the reflected light.

17.  The objective optics recited in Claim 14, wherein the light reflected by the second

mirror passes through an opening in the first mirror.

18.  The objective optics recited in Claim 14, wherein the segmented mirror is spherical.

19. The objective optics recited in Claim 14, wherein the segmented mirror is

aspherical.

20. A method of projecting a light reflected from a target substrate to a sensor, the
method comprising:

receiving and reflecting the light which is reflected from the target substrate using a
first mirror;

receiving and reflecting the light which is reflected from the first mirror using a

second mirror;

19
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receiving and reflecting the light which is reflected from the second mirror using a
third mirror;

receiving and reflecting the light which is reflected from the third mirror using a
segmented mirror, wherein the segmented mirror comprises at least two mirror segments;
and

detecting the light which is reflected by the segmented mirror.

21.  The apparatus recited in Claim 20, wherein the light comprises extreme ultra-violet

(EUV) light.

22, The method recited in Claim 20, wherein a numerical aperture of the objective

optics is at least 0.2.

23. The method recited in Claim 20, wherein the second mirror partially obscures the

first mirror from the reflected light.
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