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DYNAMIC RANGE EXTENSION OF OPTICAL SYSTEMS WITH MULTIPLE
LOW INTENSITY BEAMS

BACKGROUND OF THE INVENTION

i. Field of the Invention

This invention generally relates to methods and systems for generating multiple
light beams for illumination of a specimen and/or determining information for g
specimen. Certain embodiments relate to extending the dynamic range of an optical
system by illuminating a specimen with beams of different intensity and using only one
of the resulting unsaturated, detector outputs for deterruining information for the

specimen.

2. Description of the Related Art

The following description and examples are not admitted to be prior art by virtue

of their inclusion in this section.

Fabricating semiconductor devices such as logic and memory devices typically
includes processing a substrate such as a semiconductor wafer using a large number of
semiconductor fabrication processes to form various features and multiple levels of the
semiconductor devices. For example, lithography is a semiconductor fabrication process
that involves transferring a pattern from a photomask to a resist arranged on 2
semiconductor wafer. Additional examples of semiconductor fabrication processes
include, but are not limited to, chemical-mechanical polishing (CMP), eich, deposition,
and ion implantation. Multiple semiconductor devices may be fabricated in an
arrangement on a single semiconductor wafer and then separated into individual

semiconductor devices.
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Inspection processes are used at various steps during a semiconductor
manufacturing process to detect defects on specimens to drive higher yield in the
manufacturing process and thus higher profits. Inspection has always been an important
part of fabricating semiconductor devices. However, as the dimensions of semiconductor
devices decrease, inspection becomes even more important io the successful manufacture
of acceptable semiconductor devices because smaller defects can cause the devices to
fail.

The configuration of inspection systems can dramatically attect the capability of
the tools especially as the structures on the specimens being inspected become much
smaller and more complex and/or as the particles or defects on the specimens become
significantly smaller. Although nearly every configurable parameter of an inspection
system may have an effect on the inspection capability of the system, the primary
concern addressed berein s bow its various elements and patameters can atfect dynamic

range of the system.

Some currently used techniques for extending dynamic range of an optical system
include using leaked light from the main signal and measuring it on a separate sensor of
the same or different type as the main sensor/detector. Another currently used technique
for extending the dynamic range of an optical system includes imaging techniques of
using the non-saturated part of the saturated optical signal. This technique is only

applicable to imaging systems.

There are, however, a number of important disadvantages to the currently used
techniques described above. For example, adding an additional sensor/detector and its
associated hardware and software can be cost prohibitive in both cost of the
sensor/detector and the corresponding electronics and computation. Using a different
type of sensor/detector than the main sensor can reduce cost. However, the resultant
sensitivity may not be sufficient to cover the dynamic range gaps. In an additional
example, imaging rethodologies that try to use just the non-saturated past of the inage

can result in accuracy issues since the entire signal cannot be used and only the tail
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regions where the signal is not saturated can be used. Thus, relatively small variations in

the tail signals can result 1n a relatively large difference in the results,

Accordingly, it would be advantageous to develop systems and/or methods for
5 generating multiple light beams for tllumination of a specimen and/or deterining
information for a specimen that do not have one or more of the disadvantages described

above.

SUMMARY OF THE INVENTION

10
The following description of various embodiments is not to be construed in any

way as Hmiting the subject matter of the appended claims.

One embodiment relates 1o a svstem configured for generating multiple light

[
(V3

beams for illumination of a specimen. The system includes an optical element positioned
in a path of a light beam from a light source of the system. The optical element is
configured for separating the light beam into a primary beam and one or morg pairs of
secondary beams. The secondary beams in each of the one or more pairs are located on

opposite sides of the primary beam, respectively. The optical element is configured such

D

that the primary beam has a higher intensity than all of the secondary beams. Focusing

by

optics of the system are configured for simultaneously focusing the primary beam and the
secondary beams to different, spatially separated spots, respectively, in an imaging plane
of the system. The system is configured for Huminating the specimen with the different,
spatially separated spots in the imaging plane. The system: may be further configured as

described herein.

[
(5]

Another embodiment relates to a method for generating multiple light beams for
iflumination of a specimen. The method includes separating a light beam into a primary
beam and one or more pairs of secondary beams with an optical element positicned in a
30 path of the light beam from a light source. The secondary bearns o each of the one or

more pairs are located on opposite sides of the primary beam, respectively, and the
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primary beam has a higher intensity than all of the secondary beams. The method also

includes simultancously focusing the primary beam and the secondary beams to different,
spatially separated spots, respectively, in an imaging plane of the system. In addition, the
method includes illuminating the specimen with the different, spatially separated spots in

the imaging plane,

The steps of the method mway be performed as described further herein. o
addition, the method may include any other step(s) of any other method(s) described

herein. The method may be performed by any of the systems described herein.

An additional embodiment relates to a system configured for determining
information for a specimen. The systern includes a light source configured for generating
a light beam and an optical element positioned in a path of the light beam and configured
as described above. The system also includes focusing optics configured for
simultaneously focusing the primary beam and the secondary beams to different, spatially
separated spots, respectively, in an imaging plane of the system. In addition, the system
includes a detector configured for separately and simultaneousiy detecting light from the
different, spatially separated spots and generating different outputs responsive thereto.
The system further includes a computer subsystem configured for determining
information for the specimen from the different outputs generated by the detector. The

system may be configured as deseribed further herein,

A further embodiment relates to a wethod for determining information for a
specimen. The method includes generating a light beam with a light source and
separating the light beam into a primary beam and one or more pairs of secondary beams
with an optical element positioned in a path of the light beam. The secondary beams in
each of the one or more pairs are located on opposite sides of the primary beam,
respectively, and the primary beam has a higher intensity than all of the secondary beams.
The method also includes simultaneously focusing the primary beam and the secondary
beams to differem, spatially separated spots, respectively, in an imaging plane at the

specimen. In addition, the methed includes separately and simultaneously detecting light

4
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from the different, spatially separated spots and generating different cutputs responsive
thereto. The method further includes determining information for the specimen from the

different outputs generated by the detector.
The steps of the method may be performed as described further herein. In
addition, the method may include any other step{s) of any other method(s) described

berein. The method may be performed by any of the systems described herein.

BRIFF DESCRIPTION OF THE DRAWINGS

Other objects and advantages of the invention will become apparent upon reading
the following detailed description and upon reference to the accompanying drawings in

which:

Fig. 11s a schematic diagram illnsirating a perspective view of an embodiment of
an optical element configured as described herein for separating a light beam into a

primary beam and one or more pairs of secondary beams;

Fig 2 is a schematic diagram illustrating a side view of an embodiment of an

optical element and focusing optics configured as described herein;

Fig. 3 is a schematic diagram illustrating a plan view of an embodiment of
locations of light from a specimen duoe to illumination with the primary and secondary

beams described herein in a field of view of a detector;

Fig. 4 is a schematic diagram illustrating a side view of one embodiment of 2
system configured for generating multiple light beams for illumination of a specimen and

determining information for a specimen; and

Fig. S is a block diagram illustrating one emabodiment of a non-transitory

computer-readable medium storing program instructions executable on a computer
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system for performing one or more of the computer-implemented methods described

herein.

While the invention is susceptible to various modifications and alternative forms,
specific embodiments thereof are shown by way of example in the drawings and will
herein be described in detail. it should be understood, however, that the drawings and
detailed description thereto are not intended to limit the invention fo the particular form
disclosed, but on the contrary, the intention is to cover all modifications, equivalents and
alternatives falling within the spirit and scope of the present invention as defined by the

appended claims.

BETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Turning now to the drawings, it is voted that the figures are not drawn 1o scale. In
particular, the scale of some of the elements of the figures is greatly exaggerated to
emphasize characteristics of the elements. It 15 also noted that the figures are not drawn
to the same scale. Elements shown in more than one figure that may be similarly
configured have been indicated using the same reference numerals. Unless otherwise
noted herein, any of the elements described and shown may include any suitable

commercially available elements.

The embodiments described herein generally relate to methods and systems for
generating multiple light beams for ilumination of a specimen and/or determining
information for a specimen. Some embodiments described herein are advantageously
configured for dynamic range extension of optical systems such as optical inspection
systems by multiple high order beams. For example, the embodiments described hergin
include an optical element configured to generate multiple high order beams of
decreasing intensity to properly measure optical signals that would otherwise be
saturated. In terms of the embodiments described herein, the term “saturated” as used
with respect to aun optical signal or other output desciibed herein is generally defined as a

signal or other output that exceeds the maximum value detectable by the detector or
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sensor. When a detector becomes “saturated,” its cutput becomes fixed at the maximum
value even if the signal is actually greater than the maximum. As such, at saturation, the
output generated by a detector is unusable since it probably does not represent an

accurate value. In this manner, by accounting for the saturation of detectors as described

heretn, the dynamic range of systemws such as optical inspection systems can be extended.

Une embodiment of a system configured for generating multiple hight beams for
iHumination of a specimen includes an optical element positioned in a path of a light
beam from a light source of the system. In particular, the optical element 18 positioned in
the path of the light from the light source and between the light source and the specimen
since, as described further herein, the optical element generates the multiple light beams
that are used to illuminate the specimen. One such possible position for the optical
element is described further below and shown in Fig. 4. However, the position of the
optical eleruent in the path of the illomination hight may vary depending ou the
configuration of the system, other optics in the system, characteristics of the light, and
any other parameters normally considered in optical systems design. The optical element
described herein may also be incorporated into an existing optical system or may be
included in an optical system being designed from scratch. In particular, the
embodiments described herein may be advantageous for existing optical systems (either

as a permanent or optional feature) and for optical systems currently being developed.

The optical element is configured for separating the light beam into a primary
beam and one or more pairs of secondary beams. The terms “secondary beams,” “higher
order beams,” and “ghost beams” are used interchangeably herein. The secondary beams
may be higher order beams, t.¢., beams having a higher order than the primary beam, but
in general the secondary beams are simply beams, along with the primary beam, into
which a single light beam is separated and which have intensities and other
characteristics described herein. The light beam that is incident on (entering) the optical
element and the primary beam exiting the optical element will remain essentially the
same except for intensity as some of the entering light beam will be diverted from the

exiting primary beam to the higher order beams. In other words, the light beam, the

-1



WO 2025/178796 PCT/US2025/015444

10

[
(941

L)

by

[
(5]

primary beam, and the secondary beams will have characteristics other than intensity,
c.g.. wavelength, polarization, etc. | that are the same or substantially the same. In
particular, other than separating the single light beam into multiple light beams of
different intensity that can separately and simultaneously illuminate different spots on a
specimen, the optical element does not intentionally change any other characteristics of

the light.

The number of orders of the secondary beams, i.e., how many secondary beams
are created from the incoming light beam, 1s in principle infinite. However, there may be
a practical limit on the number of secondary beams that are generated based on the
configuration of the system, and, in some instances, the number of secondary bearns that
are generated and/or used for each application may be selected by a user  For example,
the optical element may be designed based on the system configuration and user
preferences, and then the same optical element configuration may be used in all
applications performed by the system. However, in some instances, one or more
characteristics of the optical element may be changed, e.g., for different applications, it
possible so that different numbers of beams are generated for different applications

performed by the same system.

There are several options that can be used for the optical element and the
mudiiple, higher order beam generation perforied therewith, For example, the optical
element may include wedged prisms configured for two beam generation with a series of
prisms for multi-beam generation. Another example of a suitable optical element
configuration includes a system of mirrors with reflective coating control for multi-beam
generation. An additional example of a suttable optical element configuration includes a
diffraction grating or a diffractive optical element (IDOE) for multi-beam {(multi-order}
generation. In this manner, the optical element may i practice include one or more
optical elements, which may include various optical components configured as described
herein to generate muitiple, higher order beams of decreasing intensity to thereby enable

an optical system to extend it dynamic range.
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The secondary beams in each of the one or more pairs are {ocated on opposite
sides of the primary beam, respectively. In other words, each of the pairs may include
two secondary beams, say first and second secondary beams. Then, all of the first
secondary beams in each pair may be located on one side of the primary beam, and all of
the second secondary bearms in each of the pairs may be located on the other side of the
primary beam. To state this a different way, secondary beam 1 in pair | may be located
on side 1 of the primary beam and secondary beam 2 in pair 1 may be located on side 2 of
the primary beam. In addition, secondary beam 1 in pair 2 may be located on side 1 of
the primary beam, and secondary beam 2 in pair 2 may be located on side 2 of the
primary beam, and so on. The first and second sides may be separated by each other by
180 degrees. In other words, the two secondary beams in each of the pairs are on
opposite sides of the primary beam, which means that all of the beams are arranged along
the same dimension, which is an important feature of the embodiments described herein.
In particular, as described further herein, configuring the optical element so that
secondary beams of each order are generated on both sides of the primary beam ensures
that light from the specimen corresponding to at least one beam of each order is incident
on the detector {also referred to interchangeably herein as a “sensor’} even it there is
some variation in locations of the light corresponding to the beams on the detector

imaging plane.

1o some embodiments, the primary beam and each of the secondary beams are
arranged in a one-dimensional (1D} array. For example, the embodiments are configured
for generating the primary beam and secondary beams from the original light beam and
directing the primary and secondary beams to an imaging plane of the system and on the
sensor/detector of the system in one direction. Fig. | shows one embodimentof a 1D
multi-spot/beam splitter element configured to generate the multi-spot tlumination
described herein. In this ermnbodiment, optical element 100 is configured to separate a
light beam {(not shown in Fig. 1) into different beams including a primary beam {not
shown in Fig. 1) and secondary beams. In terms of how the optical element is shown in
Fig. 1, the light beam may be directed to the optical element from below the optical

element, and the primary beam and secondary beams may exit the optical element trom a

D
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top surface of the optical element. As shown in Fig 1, each of the secondary beams 102,
104, 106, 108, 110, 112, 114, 1106, 118, and 120 are arranged in a 1D array parallel to one

dimension of the opiical clement.

The refative intensity of each of the bearas shown in Fig. 1 are indicated by the
different heights of the beams, and the secondary beams are not shown in Fig. 1 0
convey any characteristics of the bearns other than relative intensity and location. In this
manner, Fig. 1 1s not meant to illustrate any absolute values of the characteristics of the
secondary beams, and while the relative intensities and relative locations of the secondary
beams are preferably configured as described herein and illustrated generally in Fig. 1
they may also vary somewhat from that shown in Fig. 1. The secondary beams may
include beams 102 and 120 baving the Towest intensity of the secondary beams and
otherwise configured as a pair of secondary beams as described herein. Beams 104 and
118 may also be a pair of secondary beams configured as described herein and have a
second lowest intensity of the secondary beams. Beams 106 and 116 may be the next
pair of secondary beams having intensities greater than beams 104 and 118, Beams 108
and 114 may be a pair of secondary beams having the second highest intensity of the
secondary beams, and beams 110 and 112 may be a pair of secondary beams having the
highest intensity of all of the secondary beams. The primary beam may be positioned

between beams 110 and 112,

The optical element is also configured such that the primary beam has a higher
intensity than all of the secondary beams. For example, each secondary bearn will be ata
much lower signal intensity than the primary beam. In particular, as described further
herein, the primary beam may have an intensity that is lower than the incoming hight
beam by only the intensity of the light used to create the secondary beams. Therefore, the
intensity of the primary beam will be most similar to the incoming light beam, and each
of the secondary beams will have an intensity that is lower (and most likely much lower}
than the primary beam. The reason for the different intensities of the primary beam and
secondary beams is that, as described further heretn, if the light from the specimen due to

illumination with the primary beam saturates the detector, then light from the specimen

10
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due to iHumination with one of the lower intensity, secondary beams may not saturate the
detector thereby providing a useable output for the applications described herein. In this
manser, the relative intensities of the primary beam and the secondary beams are not
merely design choices but enable the embodiments described herein to extend the

dynamic range of the optical system.

1o one embodiment, the optical element is configured such that the one or more
pairs have intensities that decrease as a distance between the one or more pairs and the
primary beam increases. For example, each pair of additional higher order ghost beams
will be farther away from the primary beam and have lower signal infensity than lower
order beams. One example of such a relationship between the distance and intensities is
shown in Fig 1 and described further herein. In other words, as the order of the
secondary beams increases, the distance between the secondary beams and the primary
beam increases and the intensity of the secondary beams decrease. In this manner, the
secondary beams closest to the primary beam will have the highest intensities of the
secondary beams, the secondary beams next closest to the primary bearm will have the
next highest intensities of the secondary beams, and so on. Such relative intensities
among the secondary beams will likely be the most common configuration of the optical
element, but this relationship between distance from the primary beam and secondary
beam intensity is not necessarily the only possihility. For example, as long as the
different intensities of the secondary beams are all known and lower than the primary

beam, the embodiments can functicn as described herein.

in some embodiments, the optical element is configured such that each of the
secondary beams in at least one of the one or more pairs has the same intensity. Inan
additional embodiment, the optical element is configured such that each of the secondary
beams in each of the one or more pairs has substantially the same intensity. For example,
in general, the secondary beams in the pair closest to the primary beam may have the
same intensity as each other. The secondary beams in the pair next closest to the primary

beam may have the same intensity as each other. The same may be true for all other pairs

11
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of secondary beams on either side of the primary beam and of the same order and/or the

same distance from the primary beam.

Such a configuration is again not simply a design choice. Instead, as described
herein, having secondary bearas on either side of the primary beam with the same
intensities {or at least known intensities) ensures that even if the spatial relationship
between the light from the specimen and the detector changes, light from spots on the
specimen illuminated by at least the primary beam and all of the secondary beams on one
side of the primary beam can be detected by the detector. In other words, configuring the
optical element for generating secondary bream pairs of the same, lower intensities on
either side of the prirmary beam ensures that if the light from the spot on the specimen
iHuminated by the primary beam saturates the detector, then signals responsive to the
light from spots illuminated on the specimen by the secondary beams having each of the
different secondary beam intensities are available for use. In this manner, even if the
spatial relationship between the light from the specimen and the detector changes and
even if the detector output responsive to the light from the primary beam illuminated spot
on the specimen is saturated, the systeny should generate at least one unsaturated detecior
output that can be used to determine information for the specimen thereby extending the

dynamic range of the system.

1n a further embodiment, the optical element is configured such that the secondary
beams in a first of the one or more pairs have intensities that are different from intensities
of the secondary beams in others of the one or more pairs. For example, each of the
secondary beams in one pair preferably have intensities that are different from the
intensities of all other secondary beams. In particular, the purpose of the secondary
beams in the embaodiments described herein 1s to provide at least one unsaturated detector
output that is usable for specimen information determination in the event that Hght from
the primary beam illuminated spot saturates the detector. Therefore, as {ong as one of the
secondary beams produces detector output that is unsaturated, the system can function
with an extended dynaraic range. As such, as the number of secondary beams that have

different intensities increases, the ability to extend the dynamic range will also increase.
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In this manner, although it is possible that some of the secondary beams on one side of
the primary beam could have the same intensities (meaning that the secondary beams in
more than one pair have the same intensities), a more advantageous configuration is for
all of the secondary beams on one side of the primary beam to have different intensities
to increase the probability that for any one specimen location a usable detector output

will be generated.

i another embodiment, the optical element is configured such that the secondary
beams are symmetrical to each other about the primary bear. For example, each order of
the additional beams is preferably a set of symmetric beams on either side of the primary
beam at a much lower intensity than the primary beam. In other words, the secondary
beams on a first side of the primary beam will be a mirror image of the secondary beams
on a second side of the primary beam. The charactenistics of the secondary beams that
are symmetrical about the primary beam include at least intensity, number of beams, and
distance from the primary beam, but possibly other characteristics as well. Again, the
symimetry of the secondary beams about the primary beam is advantageous for the same
reasons described above, e g, ensuring that even if the spatial relationship between the
beams from the specimen and the detector changes, at least one of the beams incident on
the detector will produce an unsaturated output usable for the applications described

herein.

i{n a further embodiment, the optical element is configured such that the secondary
beams in at least one of the pair{s) are spaced from the primary beam by substantially the
same distance and opposite directions. In other words, the optical element may be
contigured so that higher order beams of the same order are spaced from the primary
beam by the same or substantially the same distance and in opposite directions. For
example, the first order, secondary beams may be located on opposite sides of the
primary beam and at the same distance from the primary beam. The same may be true
for each of the other pairs of higher order beams. In addition, the secondary beams in

each pair do not necessarily veed to be evenly spaced from each other. For example, if a

i~
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distance between the primary beam and a first order beam is x, the distance between the

first and second order beams does not necessarily have to also be x.

The distance between each of the secondary beams and the primary beams may be
kept as small as possible to thereby ensure that light from all of most of the secondary
beams on the specimen is detected by the detector. The distance between each of the
secondary beams and the primary beam may vary depending on the configuration of the
system as long as the beams are far enough apart to avoid any possible overfap on the
specimen and at the detector. In a similar manner, the optical element and the other
parameters of the system may be configured so that the spots illuminated on the specimen
by the primary beam and the secondary beams are as close to each other as possible
without any overlap. For example, if the light from a specimen location illuminated with
the primary beam is saturated at the detector, then light from a different spot illuminated
with a secondary beam that i3 unsaturated at the detector raay be used to determine
specimen information for that specimen location. As such, the different spots are
preterably sufficiently close to each other on the specimen so that light from each of the
different spots is responsive to the same specimen characteristics at or near the specimen

location.

Focusing optics of the system are configured for simultaneously focusing the
primary beam and the secondary beams to diffevent, spatially separated spots,
respectively, in an imaging plane of the system. Fig. 2 shows one embodiment of a
multi-gpot/beamsplitter and focusing lens. In other words, Fig 2 shows an embodiment
configured for generating the multi-spot illumination via a beam splitter element and with
addition of a focusing lens to focus the multiple spots on the same imaging plane. As
shown in Fig. 2, the light beam from the light source may be incident laser 200, although
the light from the light source may be any other kind of light described herein. Incident
laser 200 is directed to DOE 202, which may be configured according to any of the
optical element embodiments described herein. Light from the DOE may be directed to
lens 204, which although shown tn Fig. 2 as a single refractive optical element may have

other contigurations described herein. Lens 202 is configured to focus the primary and
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secondary beams (shown simply in Fig. 2 as beams 206) to multiple foci 208 in an

imaging plane (not shown).

The system is configured for tlluminating the specimen with the different,
spaiially separated spots in the imaging plase. For example, the specimen (not shown in
Fig. 2} may be located at the imaging plane in which multiple foct 208 shown in Fig. 2
are located. 1o this manuer, the focusing optics may be configured to focus the primary
and secondary beams directly from the optical element to the specimen. However, as
described further herein, one or more additional optical elements may be positioned
between the focusing optics and the specimen. As such, the imaging plane to which the
focusing optics focus the primary and secondary bearns may be an intermediate image
plane of the system from which the beams are directed to the specimen. Such additional
optical element(s) and the spatially separated tlluminated spots on the specimen may be

configured as described further berein.

In one embodiment, the optical element is configured such that light from the
spectmen, due to Hiumination with the different, spatially separated spots corresponding
to the primary beam and at least one of the secondary beams tn each of the one or more
pairs located on at least one of the opposite sides of the primary beam, is directed by the
system to a field of view (FOV) of a detector in the system. For example, configuring the
optical element so that there is a secondary beam of each order on both sides of the
primary beam is an important and advantageous feature of the embodiments described
heretn. In particuiar, the embodiments described hereiu are configured for generating
higher order beams on both sides of the primary beam because where the primary beam

will fand on the sensor may be unknown.

More specifically, the systems described herein may be configured and set up so
that light from the spot ifuminated on the specimen by the primary beam will be incident
on the detector of the system. However, during scanning of the specimen, the position of
the light refative to the specimen and/or the detector may vary for a number of reasons

such as variations inn height and/or topography of a top surface of the specimen relative to

—
=
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the system. For instance, variations in height of the specimen relative to the system can
shift the spatial relationship between the light from the specimen and the detector. In
addition, different particles or defects on the specimen may scatter light inio somewhat

different scattering angles that can aftect that spatial relationship.

in this manner, having the beams generated along one direction and
syruetrically about the primary beam will effectively guarantee that one set of ghost
beams is always in the sensor FOV. Therefore, even if the position of the light from the
spectmen varies with respect to the detector, the computer subsystem should be able to
find at least one unsaturated detector cutput that can be used for determining information
for the specimen. As a result, the embodiments described herein advantageously reduce
the sensitivity of the system to unexpected signal saturation and signal drift. Tn other
words, the embodiments described herein can generate usable signals even in the

presence of significant detector saturation and drift.

Fig. 3 shows an embodiment of a layout of the light corresponding to the primary
and higher order beams with 3 orders on a light detecting area of an troaging sensor. In
particular, light 302 from the specimen due to illumination with the primary beam is
incident on sensor 300. Light 304 and 306 from the specimen due to tlumination with
the first order bearns in a secondary beam pair is incident on sensor 300 and on either
side of light 302, Light 308 and 310 from the specimen due to tlumination with the
second order beams in a secondary beam pair is incident on sensor 300 and on either side
of tight 302, Light 312 and 314 from the specimen due to Hlumination with the third
order beams in a secondary beam pair is incident on sensor 300 and on either side of light
302. Although 3 orders of the secondary beams are shown in Fig. 3, the number of the

secondary beams may vary as described herein.

The darkness of the light spots shown in Fig. 3 is meant to indicate the relative
intensity of the light spots on the sensor which will generally correspond to the relative
intensities of the primary and secondary bearus. In other words, generally, the relative

intensity of each of the light spots on the sensor will be proportional to the relative
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intensity of each of the primary and secondary beams, even if the intensity of each of the
light spots on the sensor is somewhat different than their corresponding primary and
secondary beams {e.g., due to the inherent physical limitations of any actual optical
system). In this manner, light 302 will generally have the highest intensity on the sensor
since it corresponds to the primary besm having an intensity higher than all of the
secondary beanss, and the intensity of the other light spots on the sensor will generally

decrease as the intensity of their corresponding secondary beams decreases.

The characteristics of the light spots on the detector may vary from that shown in
Fig 3, however. For example, the intensities of the light spots on the detector may not
have the same relationship to each other as the intensities of the light spots on the
specimen {and the infensities of the primary and secondary beams) In one such, non-
limiting example, the degree to which the light from any of the spots on the specimen is
scattered out of the imaging path of the system may vary from spot to spot, e.g., due to
characteristics of the specimen. Therefore, the ratio of detected intensity to tilumination
intensity tor different light beams may be somewhat ditferent from each other. In
addition, although each of the spots on the light sensitive area of the sensor is shown in
Fig 3 as a circle, the shape of the spots may vary depending on, for example, the angle of
ilumination, the angle of collection, characteristics of the specimen, etc. For example, if
the system is configured for oblique angle ilumination, the spots on the specimen and at

the detector imaging plane may be elliptical in shape rather than circular,

As described above, therefore, the configurations of the optical element and the
focusing optics generally will control the characteristics of the primary and secondary
beams that iHluminate the specimen. In general, the configurations of these elements may
vary depending on the overall system configuration and the application for which it will
be used. In addition, the illumination described herein can be achieved in many different
ways, and the actual configuration that is used to implement the embodiments described
herein can be designed based on any suitable method or system for optics design known

in the art.
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An embodiment of a system configured for determining information for a
specimen 18 shown in Fig. 4. In general, the embodiments described herein may be
configured as or included in an imaging system. The imaging system may be configured
te generate images in different ways as described herein. In addition, the imaging system
configuration may vary as described further herein depending on the application for

which 1t will be used such as inspection, metrology, and defect review.

The system includes a light source configured for generating 2 light beam. For
example, systern 410 includes at teast one light source, e.g | light source 416, The system
is configured to direct the light to the specimen at one or more angles of incidence, which
may include one or more oblique angles and/or one or more normal angles. As shown in
Fig. 4, Hght from light source 410 is directed through optical element 418 and then lens
420 to beam splitter 421, which directs the light to specimen 414 at a normal angle of
incidence. The angle of incidence may include any suitable angle of incidence, which
may vary depending on, for instance, characteristics of the spectmen and the patterned

features to be measured on the specimen.

The system may be configured to direct the light to the specimen at different
angles of incidence at different times. For example, the system may be configured o
alter one or more characteristics of one or more elements of the system such that the light
can be directed to the specimen at an angle of incidence that is different than that shown
inn Fig. 4. In one such example, the system may be configured to move light source 416,
optical elernent 418, and lens 420 such that the light is divected to the specimen at a

different angle of incidence.

{n some 1nstances, the system may be configured to direct light to the specimen at
more than one angle of incidence at the same time. For example, the system may include
more than one tllumination channel, one of the Humination channels may include light
source 410, optical element 418, and lens 420 as shown in Fig. 4 and another of the
tHumination channels (not shown) may include similar elements, which may be

configured ditferently or the same, or may include at least a light source and possibly one

1%
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or more other components such as those described further herein. If such light is directed
to the specimen at the same time as the other light, one or more characteristics {¢.g.,
wavelength, polarization, etc.) of the Hight directed to the specimen at different angles of
incidence may be different such that light resulting from illumination of the specimen at

the different angles of incidence can be discriminated from each other at the detector(s)

1o another instance, the system may include only one light source {e.g., source
416 shown in Fig. 4) and light from the light source may be separated into different
optical paths {e.g., based on wavelength, polarization, etc ) by one or more optical
elements (not shown} of the system. Light in each of the different optical paths may then
be directed to the specimen. Multiple tlumination channels may be configured to direct
light to the specimen at the same time or at different times (e.g., when different
illumination channels are used to sequentially illuminate the specimen). In another
instance, the same illumination channel may be configured to direct light to the spectmen
with different characteristics at different times. For example, the system may include a
spectral filter {not shown) and the properties of the spectral filter can be changed in a
variety of different ways {e.g., by swapping out the spectral filter) such that different
wavelengths of light can be directed to the specimen at different times. The system may
have any other suitable configuration known in the art for directing light having different
or the same characteristics 1o the specimen at different or the same angles of incidence

sequentially or simultancously.

in one erabodiment, light source 416 includes a broadband plasma (BRP) light
source. In this manner, the light generated by the light source and directed to the
spectmen may include broadband light. However, the light source may include any other
suitable light source such as any suitable faser known 1n the art configured to generate
light at any suitable wavelength(s} known in the art. The laser may be configured to
generate light that s monochromatic or nearly-monochromatic. In this manner, the laser
may be a narrowband laser. The light source may also include a polychromatic light

source that generates light at muliiple discrete wavelengths or wavebands.
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The system includes optical element 418 positioned in a path of the light beam
from light source 416. The optical element is configured as described further herein. For
example, the optical element is configured for separating the light beam into a primary
beam and one or more pairs of secondary beams. The secondary beams in each of the
one or more pairs are located on opposite sides of the primary bearn, respectively. The
optical element is also configured such that the primary beam has a higher intensity than

all of the secondary beams.

In one embeodiment, the optical element s configured such that the one or more
pairs have intensities that decrease as a distance between the one or more pairs and the
primary beam increases. In another embodiment, the optical element is configured such
that the secondary beams in a first of the one or more pairs have intensities that are
different from intensities of the secondary beams in others of the one or more pairs.

These embodiments may also be further configured as described herein,

The system also includes focusing optics configured for simultaneously focusing
respectively, in an imaging plane at the specimen. For example, light from optical
element 418 may be focused to beam splitter 421 by focusing optics that include at least
lens 420, The focusing optics and any lens included in the focusing optics may be
configured as described further herein. Although lens 420 is shown in Fig. 4 as a single
refractive optical element, in practice, lens 420 may include a number of refractive and/or
reflective optical elements that in combination focus the light from the optical element to
the specimen. The system shown in Fig. 4 may include any other suitable optical
clements (not shown}. Examples of such optical elements include, but are not limited to,
polarizing component(s}, spectral filter(s), spatial filter(s), reflective optical elemeni(s},
apodizer(s), beam splitter(s), aperture(s), and the like, which may include any such
suitable optical elements known in the art. In addition, the system may be configured to

alter one or more elements based on the type of tllumination to be used for imaging.
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The system may also include a scanning subsvstem configured to cause the light
to be scanned over the specimen. For example, the system may include stage 422 on
which specimen 414 is disposed during imaging. The scanning subsystem may include
any suitable mechanical and/or robotic assembly (that includes stage 422) that can be
configured to move the spectmen such that the light can be scanned over the specimen.
In addition, or alternatively, the system may be configured such that one or more optical
elements of the system perform some scanning of the light over the specimen. The light

may be scanned over the specimen in any suitable fashion.

The system also includes a detector configured for separately and simultanecusly
detecting light from the different, spatially separated spots and generating different
outputs responsive thereto, For example, the syster includes at least one detector, e.g,
detector 428 and/or 434, Each of the detectors may be configured for detecting light as
described furtber heretn. In particular, the light from the spots illuminated on the
specimen by the primary beam and all of the secondary beams on at least one side of the
primary beam are preferably incident on the light sensitive areas of at least one or each of

the detectors as shown in Fig. 3 and described further herein.

In this manner, when a system is configured to detect light from a specimen with
muldtiple detectors, the embodiments described herein can extend the dynamic range of
the system with respect to all of the detectors. In other words, the detector cutput
processing described herein may be performed separately for each of the detectors
included in the system so that for each detector and each specimen location being
examined, the computer subsystem may find a usable, unsaturated ouiput for information
determination purposes. Once the unsaturated outputs generated by each detector fora
spectmen location have been identified, those output(s) may be processed as described
herein or in any other manner. For example, if defect detection is nonmally performed
based on output generated by both detectors shown in Fig 4, once the computer
subsystem has identified an unsaturated ocutput generated by each detector for a specimen
location, the computer subsystem may input those unsaturated outputs into a defect

detection method or algorithm in the same manner as any other outputs normally
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generated by the detectors. In other words, the unsaturated detector output identified by
the computer subsystem may be used in the same manner as any other detector output for
determining information for the specimen. The detectors may be further configured as

described herein.

in one embodiment, the optical element is configured such that the light from the
different, spatially separated spots, corresponding to the primary bearn and at Jeast one of
the secondary beams in each of the pair{s} located on at feast one of the opposite sides of
the primary beam, s separately and simultanecusly detected by the detector. This
embodiment may be configured as described further herein and advantageously ensures
that regardiess of the spatial relationship between the light from the specimen and the
detector, at least one vnsaturated detector output will be generated and available for

specimen information determination thereby extending the dynamic range of the systen.

The system further includes one or more detection channels. At least one of the
one or more detection channels includes a detector contigured to detect light from the
spectmen due io tumination of the specimen by the system and to generate output
responsive to the detected light. For example, the system shown in Fig. 4 includes two
detection channels, one formed by collector 424, element 426, and detector 428 and
another formed by collecior 430, element 432, and detector 434, As shown in Fig. 4, the
two detection channels are configured to collect and detect light at different angles of
collection. In some instances, one detection channel is configured to detect specularly
reflected light, and the other detection chanuel is configured to detect light that is not
specularly reflected (e.g., scattered, diffracted, etc.} from the specimen. However, two or
more of the detection channels may be configured to detect the same type of hight from
the specimen {(e.g., specularly reflected light). Although Fig. 4 shows an embodiment of
the system that includes two detection channels, the system may include a different
number of detection channels {e.g., only one detection channel or two or more detection
channels). Although each of the collectors are shown in Fig. 4 as single refractive optical
elements, each of the collectors may include one or more refraciive optical element(s}

and/or one or more reflective optical element(s).
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The one or more detection channels may include any suttable detectors known in
the art such as photo-multiplier tbes (PMT3), charge couplied devices (CCDs), and time
delay integration (TDI1} cameras. The detectors may also include non-imaging detectors
or tmaging detectors. If the detectors are non-tmaging detectors, each of the detectors
may be configured 1o detect certain characteristics of the scattered light such as mntensity
but may not be configured to detect such characteristics as a function of position within
the imaging plane. As such, the output that is generated by each of the deteciors included
in each of the detection channels may be signals or data, but not image signals or image
data. In such instances, a computer subsystem such as computer subsystem 436 may be
configured to generate images of the specimen from the non-imaging output of the
detectors. However, in other instances, the detectors may be configured as imaging
detectors that are configured to generate imaging signals or image data. Therefore, the

imaging subsystem may be configured to generate images in a number of ways.

In the embodiments described herein, the detectors are clearly configured to
separately detect the light from each of the illuminated spots on the specimen. Therefore,
each of the detectors should detect light as a function of position. Such detectors may
generally include imaging detectors configured so that light from each of the spots can be
separately detected on the same light sensitive surface. In this manner, if the spatial
relationship between the Hght from the specimen and one of the detectors changes, fight
from not all of the spots may be incident on the light sensitive area of that one detector.
However, such deteciors may include non-imaging detectors that are configured in a
similar manner. For example, each detector may include an array of non-imaging
detectors, each configured to detect the light from only one of the spots iltuminated on
the specimen. In this manner, if the spatial relationship between the light from the
specimen and the detector varies, then some of the non-imaging detectors in the array
may not detect any light. In either case, the output of the detector responsive to the light
from each of the spots illuminated on the specimen may be processed as described herein.

In particular, regardiess of the detector configuration, the computer subsystem will try to

b
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find an unsaturated output as described herein and then use only that unsaturated output

for specimen information determination.

Computer subsystem 436 of the system may be coupled to the detectors in any
suitable manner (¢.g., via one or more transmission media, which may include “wired”
and/or “wireless” transmission media) such that the computer subsystem can receive the
output generated by the detectors during scanning of the specimen. Computer subsystern
436 may be configured to perform a number of functions using the output of the detectors
as described herein and any other functions described further herein. This computer

subssystem may be further configured as described herein.

This computer subsystem (as well as other computer subsystems described herein)
may also be referred to herein as computer system(s). Each of the computer subsystem(s)
or system{s) described heretn may take various forms, including a personal compuier
system, image computer, mainframe computer system, workstation, network appliance,
Internet appliance, or other device. In general, the term “computer system” may be
broadly defined to encompass any device having one or more processors, which executes
instructions from a memory medium. The computer subsystem(s) or system(s) may also
include any suitable processor known in the art such as a parallel processor. In addition,
the computer subsystem(s) or system(s) may inchude a computer platform with high

speed processing and software, either as a standalone or a networked tool.

if the system includes more than one computer subsystem, the different cornputer
subsystems may be coupled to each other such that images, data, information,
instructions, etc. can be sent between the computer subsystems as described further
herein. For example, computer subsysiem 436 may be coupled to computer subsystem(s)
402 {as shown by the dashed line in Fig. 4) by any suitable transmission media, which
may inchude any suitable wired and/or wireless transmission media known in the art.
Two or more of such computer subsystems may also be effectively coupled by a shared

computer-readable storage medium (not shown),



i

by

[

WO 2025/178796 PCT/US2025/015444

O

(941

>

(5]

30

The system also includes a computer subsystem, & g, computer subsystem 436
and/or computer subsystem 402, configured for determining information for the specimen
from the different outputs generated by the detector. The computer subsystem may be
configured for determining the information as described further herein, e.g., by
methodically identifying an unsaturated output generaied by the detector(s) and then
determining the information for the specimen from the unsaturated output(s). Once the
unsaturated output{(s) have been identified by the computer subsystem, the computer
subsystem may use the unsaturated output(s) as described further herein and in any other
suttable manner to determine the information for the specimen. In other words, once the
unsaturated cutput(s) have been identified by the computer subsystem, they may be input
to a defect detection algorithm or method or any other suitable algorithim or method in the

same manner as any other detector output would be.

In oue erabodiment, the computer subsysten is configured for determining the
information by determining if a first of the different outputs responsive to the light from
one of the different, spatially separated spots iHuminated by the primary beam (the
“prumary beam signal”} is saturated and when the first of the different outputs (s not
saturated, determining the information for the specimen from only the first of the
different outputs. {Ahthough the outputs are referred to herein for the sake of brevity and
clarity as simply “signals.” each of the outputs may be any other suitable outputs of the
detectors such as images, image signals, image data, etc. whether they are referved to as
signals or not.} In other words, if the primary beam signal is not saturated, then the
computer subsystem (or an image processing algoritho} may remove outputs responsive
to the light from the different, spatially separated spots illuminated by the secondary
beams {i.¢, the “secondary beam signals” or the signals from the higher order beams) and

process only the primary beam signal.

This function should be relatively straightforward as the tocation of the light
corresponding to each of the higher order beams relative to the primary beam is known
{e.g., based ou the configuration of the optical element and the other elements in the

system). In other words, using a known spatial relationship between each of the beams,

b
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the computer subsystem can identify the signals corresponding to each of the beams and
evaluate them as described herein to find the best unsaturated signal for specimen

information determination.

In one such embodiment, when the first of the different cutputs 1s saturated, the
computer subsystem s configured for determining if a second of the different cutputs
responsive to the light from a second of the different, spatially separated spots
iHuminated by one of the secondary beams closest to the primary beam is saturated and
when the second of the different outputs is not saturated, determining the information for
the specimen from only the second of the different outputs. In other words, if the primary
beam signal is saturated, then the computer subsystem (or the image processing
algorithm} will check one of the secondary beam signals corresponding to one of the first
order beams, and if that signal is not saturated, then that will be the signal to process and
the primary beam signal and other order beam signals will be removed. If the first order,
secondary beam signals are also saturated, then the computer subsystem may move onto
the second order, secondary beam signals. The computer subsystem can continue this
process until a non-saturated signal is found. The achievable number of orders of the
secondary beams and their corresponding light spots at the detector may be technically

limited by the sysiem, but conceptually, that number is unlimited.

1n another embodiment, the coraputer subsystem is configured for determining the
information by: identifving one or more of the different outputs responsive to the light
from the different, spatially separated spots that are not saturated; and selecting one of the
one or more identitied different outputs having a highest intensity among the one or more
identified different outputs as the only output used for determining information for the
spectmen. For example, as described above, the computer subsystem may first determine
if the primary beam signal is saturated. If that signal is not saturated, then that may be
the only output that is used for determining the specimen information. If that signal is
saturated, then the computer subsystem may determine if the next secondary beam signal
is saturated, and so on wotil one unsaturated secondary beam signal is found. That one

unsaturated signal is then the only cutput used for specimen determination. The
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computer subsystem may alternatively determine which of the primary and secondary
beam signals are saturated and which are not. I only one of the signals is unsaturated,
then that signal will be automatically selected for further processing. If more than one of
the signals is unsaturated, the computer subsystem may then select the non-saturated
signal having the highest intenstty as the only signal used for specimen information
determination. As described above, therefore, there are different ways that the computer
subsystern can find the best {e.g , highest wntensity ) unsaturated signal for use in specimen
information determination, which is then the oaly output used for specimen information

determination.

In another such embodiment, the computer subsystem ts configured for
determining the information from an entirety of the selected one of the one or more
identified different outputs. For example, some currently used imaging techniques may
use only a non-saturated part of a saturated optical signal for specimen information
determination. However, these methodologies can suffer from accuracy issues since the
entire signal cannot be used, e.g., only the tail regions where the signal 1s not saturated
can be used. Therefore, relatively small variations in the tail signals, which can be
refatively common, can result in relatively large differences in the results. In contrast, the
embodiments described herein can use the entivety of an unsaturated signal for specimen
information determination. For exarple, if the primary beam signal is unsaturated, then
the output generated by the detector tn response to all of light 302 shown in Fig. 3 may be
used for specimen information determination. In a similar manner, if the primary beam
signal 1s saturated, but the first order signal is unsaturated, then the output generated by
the detector in response to all of light 304 or 306 shown in Fig. 3 may be used for
specimen information determination. In this manner, the embodiments described herein

can extend the dynamic range of the system without reducing the accuracy of the aystem.

in one embodiment, a dynamic range of the sysiem is defined by a highest
sensitivity achieved with the primary beam to a lowest sensitivity achieved with one of
the secondary beams having a lowest intensity. For example, the signal intensity of each

order can be selected and designed so that there will be a continued dynamic range from
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the most sensitivity case with the primary beam 1o the least sensitivity case with the

highest order ghost beam.

{n ancther embodiment, a dynamic range of the system achieved by using only the
primary beam or only one of the secondary beams in the oue or more pairs for
determining the information for the specimen is greater than a dynamic range of the
systers using ounly the light beam for determnining the information for the specimen. In
other words, the embodiments described herein extend the dynamic range achievable by a
system with its currently used Hght bear(s). Configuring and enabling systems such as
those described herein with increased dynamic range is an increasingly important and
challenging task. For example, for next generation inspection fools, sensitivity is always
a basic performance requirement that is preferably improved upon compared to prior
tools. However, with improved sensitivity, there is generally a reduction in dynamic
range due to the fundamental physics of scatiering and electronics. Dynamic range s
therefore becoming more critical for users of such tools, and thus the embodiments
described herein can be implemented in next generation lnspection tools to extend the

dynamic range of the system.

The embodiments described herein provide a number of important advantages
over currently used methods in addition to those already described. For example, unlike
some currently used systers, the embodiments can achieve extended dynamic range
without any additional sensor/detector. In addition, the information determinations (e.g.,
rmeasurements, defect detections, etc.} can be performed by the embodiments described
herein based on actual signals within the dynamic range of the sensor thereby eliminating
any need for extrapolation. An additional advantage of the embodiments described
herein s that a potentially infinite amount of higher order ghost beams can be generated.
Therefore, the amount of dynamic range extension can be extended infinitely and is only
limited by 1) the relationship between ghost beam separation and sensor size and 2) the

control on the ghost beam intensity.
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Although the embodiments are described herein with respect to light-based
imaging systems, the embodiments are not so limited. For example, generally, in the
field of vield-refated processes like those described herein, some different energy sources
may be used. The systems may be configured for light as desecribed herein, but also or
alternatively for charged particies like electrons and ions. o one such example,
inspection systems are usually light based, but they may instead use electrons. In charged
particle systems, usually signal saturation is less of an issue than in light based systems.
However, in instances in which the dynamic range of such systems is limited by image
saturation, the same kinds of optical elements described herein may be used in such
systems. Obviously, the different types of systems would use different types of beam
separators, focusing optics, and detectors, but the concept would be the same. The
system would be configured for simultaneous specimen iflumination with multiple beams
of different “intensity,” the detector would simultaneously detect electrons, etc. from as
raany of the multiple beams on the specimen as possible, aud the computer subsystern
would identify the highest “intensity,” unsaturated signal and use only that signal for
specimen information determination. Therefore, the same principles described herein can

be adapted to non-light systems configured for applications described herein.

in some embodiments, determining the information for the specimen includes
detecting defects on the specimen based on the different outputs generated by the
detector. For example, once the unsaturated signal has been identified by the computer
subsystem as described further herein, the computer subsystem can input the unsaturated
signal into a defect detection algorithn or method in the same manner as any other
detector output. In perhaps one of the most simple examples, defect detection may
include subtracting a reference signal from the unsaturated signal, and the results of the
subtraction may be generally referred 1o as a difference image or difference signal. The
defect detection may then include comparing the difference timage or signal to a defect
detection threshold. Any difference image or signal having a value above the defect
detection threshold may be identified as a defect or potential defect, and all other
difference images or signals may be discarded. The defect detection algorithm or method

into which the computer subsystem inputs the unsaturated signal may include any other
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defect detection algorithm or method known in the art such as, but not limited to, the
MDAT algorithm that is used by some tools commercially available from KLA Corp.,

Milpitas, Calif,

Fig. 4 is provided to generally illustrate configurations of optical elements that
may be included in the system embodiments described herein. Obviously, the system
configuration described herein may be altered to optimize the performance of the system
as is normally performed when designing a commercial imaging system. In addition, the
systems described herein may be implemented using an existing imaging system {e.g., by
adding functionality described hersin to an existing inspection system ) such as the
inspection tools that are commercially avatlable from KL A For some such systems, the
embodiments described herein may be provided as optional functionality of the system
{e.g., in addition to other functionality of the system). Alternatively, the systems
described herein mway be designed “from scratch” to provide a completely new imaging

system.

The systems described herein may be configured to generate cuiput, e.g., inages,
of the specimen with multiple modes. In general, a “mode” is defined by the values of
parameters of the system used for generating output and/or images of a specimen {or the
output used to generate images of the specimen). Therefore, modes may be different in
the values for at least one of the parameters of the system (other than position on the
specimen at which the output is generated). For example, in an optical system, different
modes rmay use different wavelength(s) of light for tllumination. The modes may be
different in the illomination wavelength(s) as described further herein {e.¢., by using
different light sources, different spectral filters, etc. for difterent modes). In another
example, different modes may use different iHlumination channels of the system. For
example, as noted above, the system may include more than one illumination channel.
As such, ditferent illumination channels may be used for different modes. The modes
may also or alternatively be different in one or more collection/detection parameters of
the system. The modes mway be different 1o any one or more alterable parameters (¢.g.,

illumination polarization(s), angle(s), wavelength(s}, etc., detection polarization{s),
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angle(s}, wavelength(s}, etc.) of the system. The system may be configured to scan the
specimen with the different modes in the same scan or different scans, ¢.g., depending on

the capability of using raultiple modes t0 scan the specimen ai the same time.

Each of the modes may be configured to use an optical element configured as
described herein, and any of the cutput generated by any of the modes may be processed
by the computer subsystern as described further herein. For example, for each mode used
to generate output for a specimen location, the computer subsystem may identify the
unsaturated output generated by each mode for that specimen location and then use the
unsaturated cutput identified for each mode for determining information for the specimen
location. The unsaturated output identified for each mode may be used in the same
manner as any other multi-mode output to determine information for a specimen. For
example, the unsaturated cutput identified for each mode may be input to any suitable

multi-mode defect detection method ot algorithm known in the art.

In one embodiment, the specimen is a wafer. The wafer may include any water
known in the semuiconductor arts. In addition, although some embodiments may be
described herein with respect to a wafer, the embodiments are also not limited in the
specimen for which they can be used. For example, the embodiments described herein
may be used for specimens such as reticles, flat panels, personal computer (PC) boards,

and other semiconducior specimens.

The system described herein may be configured as an inspection system, a
metrology system, a defect review system, or another type of yvield-related tool known in
the art. For example, the embodiment of the system shown in Fig. 4 may be modified in
one or more parameters io provide different imaging capability depending on the
application for which it will be used. In one such example, the system may be configured
1o have a higher resoluticn it it is to be used for metrology rather than for inspection. In
other words, the embodiment of the system shown in Fig. 4 describes some general and

various configurations for an imaging system that can be tailored in a number of manners

PCT/US2025/015444
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that will be obvious to one skilled in the art to produce systems having ditferent imaging

capabilities that are more or less suitable for different applications.

Computer subsystem 43¢ and/or 402 shown 1n Fig. 4 may be configured to
generate results that include at least the information determined for the specimen as
described further herein. The results may have any suitable format (e.g., a KLARF file,
which is a proprietary file format used by tools commercially available from KL A, a
resuits file generated by Klarity, which is a3 tool that is commercially available from
KLA, alot result, etc.). In addition, all of the embodiments described herein may be
configured for storing results of one or more steps of the embodiments in a computer-
readable storage medium. The results may include any of the results described herein
and may be stored in any manner known in the art. The storage medium may nclude any
storage medium described herein or any other suitable storage medium known in the art.
After the results have been stored, the resulis can be accessed in the storage medium and
used by any of the method or system embodiments described herein, formatted for
display to a user, used by another software module, method, or system, etc. to perform

one or more functions for the specimen or another specimen.

Such functions include, but are not limited to, altering a process such as a
fabrication process or step that was or will be performed on the specimen in a feedback,
feedforward, in-~situ manner, etc. For example, the computer subsystem may be
configured to determine one or more changes to a process that was or will be performed
on the specimen based on the detected defect(s) and/or other determined information.
The changes to the process may include any suitable changes to one or more parameters
of the process. For exarmple, if the determined information is for defects detected on the
spectmen, the computer subsystem preferably determines those changes such that the
defects can be reduced or prevented on other specimens on which the revised process is
performed, the defects can be corrected or eliminated on the specimen in another process
performed on the specimen, the defects can be compensated for in another process
performed on the speciruen, ete. The computer subsystem may determine such changes

in any suitable manner known in the art.
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Those changes can then be sent to a semiconductor fabrication system (not
shown} or a storage mediun (not shown in Fig. 4} accessible to both the computer
subsystem and the semiconductor fabrication system. The semiconductor fabrication
system raay of may not be part of the syster embodiments described herein. For
example, the systems described herein may be coupled to the semiconductor fabrication
system, e.g., via one or more common elements such as a housing, a power supply, a
specimen handiing device or mechanism, etc. The semiconductor fabrication system may
include any semiconductor fabrication system known in the art such as a lithography tool,

an etch tool, a chemical-mechanical polishing (CMP) tool, a deposition tool, and the like.

Each of the embodiments of the systems described above may be further

configured according to any other embodiment(s) described herein.

Another embodiment relates to a method for generating multiple light beams for
iHumination of a specimen. The method includes separating a light beam {e.g., incident
laser 200 shown in Fig. 2) into a primary beam and one or more pairs of secondary beams
{e.g., coliectively shown as light beams 206) with an optical element (e.g., DOE 202}
positioned in a path of the light beam from a light source (e.g., light source 416 shown in
Fig. 4). The secondary bearns in each of the one or more pairs are located on opposite
sides of the primary beam, respectively, and the primary beam has a higher intensity than
all of the secondary beams. The method also includes simultancously focusing the
primary beam and the secondary bearns to different, spatiaily separated spots,
respectively, (e.g., multiple foci 208 shown in Fig. 2} in an imaging plane of the system.
In addition, the method includes illuminating the specimen {e.g., specimen 422 shown in

Fig. 4) with the different, spatially separated spots in the imaging plane.

A further embodiment relates to 2 method for determining information for a
specimen. The method includes generating a light beam {e.g., incident laser 200 shown
in Fig. 2) with alight source (e.g., light source 416 shown in Fig. 4) and separating the

light beam into a primary beam and one or maore pairs of secondary beams (e.g.,

LY
)
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collectively shown in Fig. 2 as light beams 206) with an optical element {e.g., DOE 202)
positioned in a path of the light beam. The secondary beams in each of the one or more
pairs are located on opposite sides of the primary beam, respectively, and the primary
beam has a higher intensity than all of the secondary beams. The methed also includes

5 simultaneously focusing the primary beam and the secondary beams io different, spatially
separated spots, respectively, (e.g., multiple foci 208} in an imaging plane at the
specimen. In addition, the method includes separately and simultaneously detecting light
{0, Hght 302, 304, 306, 308, 310, 312, and 314 shown in Fig. 3} from the different,
spatially separated spots and generating different outputs responsive thereto. The method

10 further includes determining information for the specimen from the different outpuis.

Hach of the steps of the each of the methods may be performed as described
further herein. The methods may also include any other step(s) that can be performed by

the sysiem(s) described herein. The sieps of the methods may be performed by the

[
(941

systems described herein, which may be configured according to any of the embodiments

described herein.

An additional embodiment relates to a non-transitory computer-readable medium

storing program instructions executable on a computer system for performing a

L)

by

computer-implemented method for generating multiple light beams for illumination of a
specimen and/or determining information for a specimen. One such embodiment is
shown in Fig 5. In particular, as shown in Fig. 5, non-transitory computer-readable
medium 500 includes program instructions 502 executable on computer system 504, The
computer-implemented method may include any step(s) of any method{s) described

herein.

[
(5]

Program instructions 502 implementing methods such as those described herein
may be siored on computer-readable medium 500. The computer-readable medium may
be a storage medium such as a magnetic or optical disk, a magnetic tape, or any other

30 suitable non-transitory computer-readable raedium known in the art.
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The program tnstructions may be implemented in any of various ways, including
procedure-based techniques, component-based technigues, and/or object-oriented
technigues, among others. For exampie, the program instructions may be implemented
using ActiveX controls, C++ objects, JavaBeans, Microsoft Foundation Classes
(“MFC™), SSE (Streaming SIMD Extension) or other technologies or methodologies, as

desired.

Computer system 504 may be configured according to any of the embodiments

described herein.

Further modifications and alternative embodiments of various aspects of the
invention will be apparent to those skilled in the art in view of this description. For
example, methods and systems for generating multiple light beams for illumination of a
specimnen andfor determining information for a specimen are provided. Accordingly, this
description is to be construed as illustrative only and is for the purpose of teaching those
skilled 1n the art the general manner of carrying out the invention. 1t is to be understood
that the forms of the invention shown and described heretn are to be taken as the
presently preferred embodiments. Elements and materials may be substituted for those
iflustrated and described herein, parts and processes may be reversed, and certain features
of the invention may be utilized independently, all as would be apparent to one skilled in
the artt after having the benefit of this description of the invention. Changes may be made
iy the elements described herein without departing from the spirit and scope of the

invention as described in the following claims.

L
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CLAIMS

i A system configured for generating multiple lght beams for Hlumination of 3

specimen, comprising:

an optical element positioned in & path of a light beam from a light source of the
system, wherein the optical element is configured for separating the light
beam into a primary beam and one or more pairs of secondary beams,
wherein the secondary beams in each of the one or more pairs are focated
on opposite sides of the primary beam, respectively, and wherein the
optical element is further configured such that the primary beam has a

higher intensity than all of the secondary beams;

wherein focusing optics of the system are configured for simultaneously focusing
the primary beam and the secondary beams to different, spatially separated

spots, respectively, in an imaging plane of the system; and

wherein the system is further configured for illuminating the specimen with the

different, spatially separated spots in the imaging plane.

2 The system of claim 1, wherein the optical element s further configured such that
light from the specimen due to illumination with the different, spatially separated spots
corresponding to the primary beam and at least one of the secondary beams in said each
of the one or more pairs located on at least one of the opposite sides of the primary beam

is directed by the system to a field of view of a detector in the system.

3. The system of claim 1, wherein the optical element is further contigured such that
the one or more pairs have intensities that decrease as a distance between the one or more

pairs and the primary beam increases.
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4. The system of claim 1, wherein the primary beam and each of the secondary

beams are arranged in a onc-dimensional array.

5. The system of claim 1, wherein the optical element 1s further configured such that

the secondary beams are symmeirical 1o each other about the primary beam.

6. The system of claim 1, wherein the optical element is further configured such that
the secondary beams in at least one of the one or more pairs are spaced from the primary

beam by substantially the same distance and opposite directions.

7. The system of claim 1, wherein the optical element is further configured such that
cach of the secondary beams in at least one of the one or more pairs has substantially the

same intensity

8. The system of claim 1, wherein the optical element ts further configured such that
each of the secondary beams in said each of the one or more pairs has substantially the

same intensity.

9. The system of claim 1, wherein the optical element is further configured such that
the secondary beams in a first of the one or more pairs have intensities that are difterent

from intensities of the secondary beams i others of the one or more pairs.
0. A gystern configured for determining information for a specimen, comprising:
a light source configured for generating a light beam;

an optical element positioned in a path of the light beam, wherein the optical
clement is configured for separating the light beam into a primary beam
and one or more pairs of secondary beams, wherein the secondary beams
in each of the one or more pairs are located on opposite sides of the
prituary beam, respectively, and wherein the optical element is further
contigured such that the primary beam has a higher intensity than all of

the secondary beams;

~3
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focusing optics configured for simultaneously focusing the primary beam and the
secondary beams to different, spatially separated spots, respectively, in an

imaging plane at the specimen;

a detector configured for separately and simultaneously detecting light from the
different, spatially separated spots and generating different outputs

responsive thereto; and

a computer subsystem configured for determining information for the specimen

from the different outputs generated by the detector.

1. The system of claim 10, wherein the optical element is further configured such
that the hght from the different, spatially separated spots correspouding to the primary
beam and at feast one of the secondary beams in said each of the one or more pairs
located on at least one of the opposite sides of the primary beam is separately and

simultaneously detected by the detector.

i2.  Thesystem of claim 10, wherein the optical element is further configured such
that the one or more pairs have intensities that decrease as a distance between the one or

more pairs and the primary beam increases.

13, The system of claim 10, wherein the optical element is further configured such
that the secondary beams in a first of the one or more pairs have intensities that are

different from intensities of the secondary beams in others of the one or more pairs.

14, The system of claim 10, wherein the computer subsystem is further configured for
determining the information by determining if a first of the different outputs responsive
to the tight from one of the different, spatially separated spots ifluminated by the primary
beam is saturated and when the first of the different outputs is not saturated, determining

the wnformation for the speciraen from only the first of the different outputs.

15, The system of claim 14, wherein when the first of the different outputs is

saturated, the computer subsystem ts further configured for determining if a second of the
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different outputs responsive fo the light from a second of the different, spatially separated
spots illuminated by one of the secondary beams closest to the primary beam is saturated
and when the second of the different cutputs is not saturated, determining the information

for the specimen from only the second of the different cutputs.

16, The system of claim 10, wherein the computer subsystem is further configured for
determining the information by identifying ove or more of the different ouipuis
responsive to the light from the different, spatially separated spots that are not saturated
and selecting one of the one or more identified different outputs having a highest
intensity among the one or more identified different outputs as the only output used for

determining the information for the specimen.

i7. The system of claim 16, wherein the computer subsystem is further configured for
determining the information from an entivety of the selected one of the one or more

identified different outputs.

i8.  The system of claim 10, whevein a dynamic range of the system is defined by a
highest sensitivity achieved with the primary beam to a lowest sensitivity achieved with

one of the secondary beams having a lowest intensity.

9. The system of claim 10, wherein a dynamic range of the system achieved by
using only the primary beam or only one of the secondary beams in the one or more pairs
for determining the wformation for the specimen is greater than a dynamic range of the

system using only the light beam for determining the information for the specimen.

20, The system of claim 10, wherein determining the information for the specimen
comprises detecting defects on the specimen based on the different cutputs generated by

the detector.



