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OVERLAY MARK DESIGN ENABLING LARGE OVERLAY MEASUREMENT

CROSS-REFERENCE TO RELATED APPLICATION

[0001] The present application claims the benefit under 35 U.S.C. § 119(e) of U.S.
Provisional Application Serial Number 63/594,956, filed November 1, 2023, naming Mark
Ghinovker as inventor, which is incorporated herein by reference in the entirety.

TECHNICAL FIELD

[0002] The present disclosure relates generally to overlay metrology and, more

particularly, to overlay metrology in applications with large physical overlay errors.

BACKGROUND

[0003] Overlay metrology provides measurements of a relative alignment of features
fabricated with different lithographic exposures. Some overlay measurement techniques
utilize dedicated overlay targets having periodic features (e.g., diffraction gratings, or the
like). However, periodic overlay targets may have a limited measurable range of overlay
values that may be unambiguously measured, where the range of overlay values may be
generally related to the pitch of the periodic features. There is therefore a need to develop

systems and methods to address the above deficiencies.

SUMMARY

[0004] In embodiments, the techniques described herein relate to an overlay metrology
system including a controller including one or more processors configured to execute
program instructions stored in a memory device, where the program instructions are
configured to cause the one or more processors to implement a metrology recipe by
receiving one or more images of an overlay target on a sample, where the overlay target

includes one or more Moiré structures, where a respective one of the one or more Moiré
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structures is formed from first-layer features with a first pitch on a first layer of the sample
and further with second-layer features with a second pitch on a second layer of the
sample, where the first-layer features and the second-layer features in the respective one
of the one or more Moiré structures partially overlap, where one or more overlap regions
include regions of overlap between the first-layer features and the second-layer features,
where one or more non-overiap regions include regions of non-overlap with one of the
first-layer features or the second-layer features and further include one or more non-
overlapping features; determining a coarse overlay measurement between the first layer
and the second layer based at least in part on the one or more non-overlap regions of the
one or more images; determining a fine overlay measurement between the first layer and
the second layer based at least in part on the one or more overiap regions of the one or
more images; and generating an output overlay measurement based on the coarse

overlay measurement and the fine overlay measurement.

[0005] In embodiments, the techniques described herein relate to an overlay metrology
system, where the program instructions are further configured to cause the one or more
processors to implement the metrology recipe by controlling one or more process tools

via one or more control signals based on the output overlay measurement.

[0006] In embodiments, the techniques described herein relate to an overlay metrology
system, where the one or more non-overlapping features include an overlap boundary
between one of the one or more overlap regions and one of the one or more non-overlap

regions.

[0007] In embodiments, the techniques described herein relate to an overlay metrology
system, where the one or more non-overlapping features include a non-overlap boundary
between one of the one or more non-overlap regions and an outer boundary of the overlay

target.

{0008} In embodiments, the techniques described herein relate to an overlay metrology
system, where the one or more non-overlapping features include an outer boundary of

the overlay target.
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[0009] in embodiments, the techniques described herein relate to an overlay metrology
system, where generating the output overlay measurement based on the coarse overlay
measurement and the fine overlay measurement includes unwrapping the fine overlay

measurement using the coarse overlay measurement.

[0010] In embodiments, the techniques described herein relate to an overlay metrology
system, where the fine overlay measurement has a measurement range, where
generating the output overlay measurement based on the coarse overlay measurement
and the fine overlay measurement includes adjusting the fine overlay measurement by

an integer number of the measurement range based on the coarse overlay measurement.

[0011] In embodiments, the techniques described herein relate to an overlay metrology
system, where the overlay target provides the output overlay measurement along one or
more measurement directions, where the overlay target includes a first set of Moiré
structures, where the first-layer features in the first set of Moiré structures have a pitch P
and the second-layer features in the first set of Moiré structures have a pitch Q; and a
second set of Moiré structures, where the first-layer features in the second set of Moiré
structures have the pitch Q and the second-layer features in the second set of Moiré

structures have the pitch P.

[0012] In embodiments, the techniques described herein relate to an overlay metrology
system, where the one or more Moiré structures includes two or more Moiré structures,
where at least one of the two or more Moiré structures has periodicity along a first
measurement direction, where at least one of the two or more Moiré structures has
periodicity along a second measurement direction different than the first measurement
direction, where the output overlay measurement includes a first output overlay
measurement associated with the first measurement direction and a second output

overlay measurement associated with the second measurement direction.

[0013] In embodiments, the techniques described herein relate to an overlay metrology
system including an imaging sub-system including one or more detectors to image a
sample in response to illumination from an illumination source; and a controller

communicatively coupled to the imaging sub-system, the controlier including one or more
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processors configured to execute program instructions stored in a memory device, where
the program instructions are configured to cause the one or more processors to
implement a metrology recipe by receiving one or more images of an overlay target on
the sample from the imaging sub-system, where the overlay target includes one or more
Moiré structures, where a respective one of the one or more Moiré structures is formed
from first-layer features with a first pitich on a first layer of the sample and further from
second-layer features with a second pitch on a second layer of the sample, where the
first-layer features and the second-layer features in the respective one of the one or more
Moiré structures partially overlap, where one or more overlap regions include regions of
overlap between the first-layer features and the second-layer features, where one or more
non-overiap regions include regions of non-overtap with one of the first-layer features or
the second-layer features and further include one or more non-overlapping features;
determining a coarse overlay measurement between the first layer and the second layer
based at least in part on the one or more non-overlap regions of the one or more images;
determining a fine overlay measurement between the first layer and the second layer
based at least in part on the one or more overlap regions of the one or more images, and
generating an output overlay measurement based on the coarse overlay measurement

and the fine overlay measurement.

[0014] In embodiments, the techniques described herein relate to an overlay metrology
system, where the imaging sub-system is an optical imaging sub-system, where the

illumination includes light.

[0015] In embodiments, the techniques described herein relate to an overlay metrology
system, where the imaging sub-system is a particle-beam imaging sub-system, where the
lumination includes at least one of an electron beam, an ion beam, or a neutral-particle

beam.

[oo16] In embodiments, the techniques described herein relate to an overlay metrology
system, where the program instructions are further configured to cause the one or more
processors to implement the metrology recipe by controlling one or more process tools

via one or more control signals based on the output overlay measurement.
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[0017] in embodiments, the techniques described herein relate to an overlay metrology
system, where the one or more non-overlapping features include an overlap boundary
between one of the one or more overlap regions and one of the one or more non-overlap

regions.

[0018] In embodiments, the techniques described herein relate to an overlay metrology
system, where the one or more non-overiapping features include a non-overlap boundary
between one of the one or more non-overlap regions and an outer boundary of the overlay

target.

[0019] In embodiments, the techniques described herein relate to an overlay metrology
system, where the one or more non-overlapping features include an outer boundary of

the overlay target.

[0020] In embodiments, the techniques described herein relate to an overlay metrology
system, where generating the output overlay measurement based on the coarse overlay
measurement and the fine overlay measurement includes unwrapping the fine overiay

measurement using the coarse overlay measurement.

[0021] In embodiments, the techniques described herein relate to an overlay metrology
system, where the fine overlay measurement has a measurement range, where
generating the output overlay measurement based on the coarse overlay measurement
and the fine overlay measurement includes adjusting the fine overlay measurement by

an integer number of the measurement range based on the coarse overlay measurement.

[0022] In embodiments, the techniques described herein relate to an overlay metrology
system, where the overlay target provides the output overlay measurement along one or
more measurement directions, where the overlay target includes a first set of Moiré
structures, where the first-layer features in the first set of Moiré structures have a pitch P
and the second-layer features in the first set of Moiré structures have a pitch Q; and a
second set of Moiré structures, where the first-layer features in the second set of Moiré
structures have the pitch Q and the second-layer features in the second set of Moiré

structures have the pitch P.
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[0023] in embodiments, the techniques described herein relate to an overlay metrology
system, where the one or more Moiré structures includes two or more Moiré structures,
where at least one of the two or more Moiré structures has periodicity along a first
measurement direction, where at least one of the two or more Moiré structures has
periodicity along a second measurement direction different than the first measurement
direction, where the output overlay measurement includes a first output overiay
measurement associated with the first measurement direction and a second output

overlay measurement associated with the second measurement direction.

[0024] In embodiments, the techniques described herein relate to an overlay method
including generating one or more images of an overlay target on a sample, where the
overlay target includes one or more Moiré structures, where a respective one of the one
or more Moiré structures is formed from first-layer features with a first pitch on a first layer
of the sample and further from second-layer features with a second pitch on a second
layer of the sample, where the first-layer features and the second-layer features in the
respective one of the one or more Moiré structures partially overlap, where one or more
overlap regions include regions of overlap between the first-layer features and the
second-layer features, where one or more non-overlap regions include regions of non-
overlap with one of the first-layer features or the second-layer features and further include
one or more non-overlapping features; determining a coarse overlay measurement
between the first layer and the second layer based at least in part on the one or more
non-overiap regions of the one or more images; determining a fine overlay measurement
between the first layer and the second layer based at least in part on the one or more
overlap regions of the one or more images; and generating an output overlay
measurement based on the coarse overlay measurement and the fine overlay

measurement.

[0025] In embodiments, the techniques described herein relate to an overlay target
including one or more Moiré structures, where a respective one of the one or more Moiré
structures is formed from first-layer features with a first pitch on a first layer of a sample
and further from second-layer features with a second pitch on a second layer of the

sample, where the first-layer features and the second-layer features in the respective one
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of the one or more Moiré structures partially overlap, where one or more overlap regions
include regions of overlap between the first-layer features and the second-layer features,
where one or more non-overlap regions include regions of non-overlap with one of the
first-layer features or the second-layer features and further include one or more non-
overlapping features, where an output overlay measurement between the first layer and
the second layer is determinable based on a coarse overlay measurement and a fine
overlay measurement, where the coarse overlay measurement is based at least in part
on the one or more non-overlap regions in one or more images, where the fine overlay
measurement is based at least in part on the one or more overlap regions of the one or

more images.

[0026] In embodiments, the techniques described herein relate to an overlay target, where
the one or more non-overlapping features include an overlap boundary between one of

the one or more overlap regions and one of the one or more non-overlap regions.

[00271 In embodiments, the techniques described herein relate to an overlay target, where
the one or more non-overiapping features include a non-overlap boundary between one

of the one or more non-overlap regions and an outer boundary of the overlay target.

[0028] In embodiments, the techniques described herein relate to an overlay target, where

the one or more non-overlapping features include an outer boundary of the overlay target.

[0029] In embodiments, the techniques described herein relate to an overlay target, where
the overlay target provides the output overlay measurement along one or more
measurement directions, where the overlay target includes a first set of Moiré structures,
where the first-layer features in the first set of Moiré structures have a pitch P and the
second-layer features in the first set of Moiré structures have a pitch Q; and a second set
of Moiré structures, where the first-layer features in the second set of Moiré structures
have the pitch Q and the second-layer features in the second set of Moiré structures have
the pitch P.

[0030] |t is to be understood that both the foregoing general description and the following

detailed description are exemplary and explanatory only and are not necessarily
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restrictive of the invention as claimed. The accompanying drawings, which are
incorporated in and constitute a part of the specification, illustrate embodiments of the
invention and together with the general description, serve to explain the principles of the

invention.

BRIEF DESCRIPTION OF DRAWINGS

[00311 The numerous advantages of the disclosure may be better understood by those

skilled in the art by reference to the accompanying figures.

[0032] FIG. 1A is a block diagram depicting an overlay metrology system, in accordance

with one or more embodiments of the present disclosure.

[0033] FIG. 1B is a simplified schematic of the overlay metrology system configured as
an optical system, in accordance with one or more embodiments of the present

disclosure.

[0034] FIG. 1C is a simplified schematic of the overlay metrology system configured as a
particle beam system, in accordance with one or more embodiments of the present

disclosure.

[0035] FIG. 2A is a simplified top view of a Moiré structure, in accordance with one or

more embodiments of the present disclosure.

[0036] FIG. 2B is a simplified cross-sectional view of a Moiré structure, in accordance with

one or more embodiments of the present disclosure.

[00371 FIG. 2C is a top view of an overlay target including multiple Moiré structures, in

accordance with one or more embodiments of the present disclosure.

[0038] FIG. 3 is a diagram depicting ambiguous measurement conditions associated with
large physical overlay error, in accordance with one or more embodiments of the present

disclosure.
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[0039] FIG. 4 is a top view of the overlay target 104 in FIG. 2C shown with a physical

overlay error, in accordance with one or more embodiments of the present disclosure.

[0o040] FIG. 5is a flow diagram illustrating steps performed in a method 500 for overlay

metrology, in accordance with one or more embodiments of the present disclosure.

DETAILED DESCRIPTION

[0041] Reference will now be made in detail to the subject matter disclosed, which is
illustrated in the accompanying drawings. The present disclosure has been particularly
shown and described with respect to certain embodiments and specific features thereof.
The embodiments set forth herein are taken to be illustrative rather than limiting. It should
be readily apparent to those of ordinary skill in the art that various changes and
modifications in form and detail may be made without departing from the spirit and scope

of the disclosure.

[0042] Embodiments of the present disclosure are directed to systems and methods
providing accurate overlay measurements with an overlay target having one or more
Moiré regions that include overlapping periodic features with different pitches to form a
Moiré structure and further include one or more single-layer regions with features on a
single layer. The Moiré regions may form or be associated with a robust advanced
imaging metrology (r-AlM) target. Such a configuration may be suitable for providing

accurate overlay measurements over a large range of physical overlay values.

{00431 It is contemplated herein that typical techniques for generating overlay
measurements based on an overlay target with periodic structures may have a limited
range of measurable physical overlay errors. When a physical overlay error is outside of
this window (e.g., when a physical overlay error is sufficiently large), a resulling
measurement may be ambiguous. For example, a maximum physical overlay measurable
by a traditional advanced imaging metrology (AIM) target may be approximately +p/4,
where p is a pitch of features of the target. As another example, a maximum physical

overlay measurable by an r-AlM target may be approximately +p,,/(4G,,,), where p,, is a
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Moiré pitch associated with double diffraction by periodic features with different pitches

and G, is a Moiré gain factor associated with a difference between the different pitches.

[0044] In embodiments, a fine overlay measurement is generated based one or more
images of the one or more Moiré regions, while a coarse overlay measurement is
generated based on one or more images of the one or more single-layer regions. The fine
overlay measurement may be generated using any suitable technique. Overlay metrology
based on Moiré effects are generally described in U.S. Patent No. 11,164,307 issued on
November 2, 2021; U.S. Patent No. 11,256,177 issued on February 22, 2022; U.S. Patent
No. 10,705,435 issued on July 7, 2020; U.S. Patent No. 11,841,621 issued on December
12, 2023; and U.S. Patent No. 11,355,375 issued on June 7, 2022; all of which are

incorporated herein by reference in its entirety.

[0045] The coarse overlay measurement may then be used to resolve any ambiguity in
the fine overlay measurement such as, but not limited to, ambiguity associated with a

physical overlay error.

[0046] Some embodiments of the present disclosure are directed to an overlay target
having one or more Moiré regions and one or more single-layer regions. Some
embodiments of the present disclosure are directed to an overlay metrology system
designed to generate an overlay measurement based on one or more images of an
overlay target having one or more Moiré regions and one or more single-layer regions,
where the overlay measurement is based on a fine overlay measurement associated with
Moiré regions and a coarse overlay measurement based on single-layer regions. Some
embodiments of the present disclosure are directed to an overlay metrology method
based on one or more images of an overlay target having one or more Moiré regions and
one or more single-layer regions, where the overlay measurement is based on a fine
overlay measurement associated with Moiré regions and a coarse overlay measurement

based on single-layer regions.

[0047] Referring now to FIGS. 1A-5, systems and methods for overlay metrology are
described in greater detail, in accordance with one or more embodiments of the present

disclosure.
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[0048] FIG. 1A is a block diagram depicting an overlay metrology system 100, in
accordance with one or more embodiments of the present disclosure. In embodiments,
an overlay metrology system 100 includes an illumination sub-system 102 configured to
iluminate an overlay target 104 on a sample 106 with illumination 108 and an imaging
sub-system 110 configured to generate one or more images of the sample 106. For
example, the imaging sub-system 110 may collect a signal from the sample 106 (referred
to herein as a sample signal 112} and image the overlay target 104 with at least a portion

of the sample signal 112.

[0049] The overlay metrology system 100 may utilize any type of illumination 108 as the
basis for imaging an overlay target 104. In embodiments, the overlay metrology system
100 is an optical system. In this configuration, the illumination 108 includes one or more
illumination beams formed as light (e.g., photons). In embodiments, the overiay metrology
system 100 is a particle-beam system. In this configuration, the illumination 108 includes
one or more illumination beams formed as particle beams such as, but not limited to, one

or more electron beams, one or more ion beams, or one or more neutral-particle beams.

{00501 FIG. 1B is a simplified schematic of the overlay metrology system 100 configured
as an optical system, in accordance with one or more embodiments of the present
disclosure. FIG. 1C is a simplified schematic of the overlay metrology system 100
configured as a particle beam system, in accordance with one or more embodiments of

the present disclosure.

[0051] In embodiments, the overlay metrology system 100 includes a controller 114
including one or more processors 116 configured to execute program instructions
maintained on memory 118, or memory medium. [n this regard, the one or more
processors 116 of controller 114 may execute any of the various process steps described
throughout the present disclosure. Further, the controller 114 may be communicatively
coupled to any component of the overlay metrology system 100 including, but not limited
to, the illumination sub-system 102, the imaging sub-system 110, or any component

therein.

11



WO 2025/096270 PCT/US2024/052699

[0052] in embodiments, the overlay metrology system 100 is configurable to generate one
or more overlay measurements associated with an overlay target 104 including one or
more Moiré regions and one or more single-layer regions. For example, the overlay
metrology system 100 may be configurable to generate one or more fine overlay
measurements based on the Moiré regions and one or more coarse overlay
measurements based on single-layer regions. In this way, an output overiay
measurement may be generated by using the coarse overlay measurement to resolve
ambiguities in the fine overlay measurement such as, but not limited to, ambiguities
associated with the use of periodic signals when generating the fine overlay

measurement.

[0053] The overlay metrology system 100 may be configurable to generate
measurements based on any number of metrology recipes defining various aspects of
the overlay target 104 (e.g., a target design) or measurement parameters of the imaging
sub-system 110 suitable for generating an overlay measurement of a particular overlay
target 104 with a particular target design. Put another way, the overlay metrology system
100 may be configured to provide a selected type of measurement for a selected overiay
target design. For example, a metrology recipe may include various parameters
associated with a design of the overlay target 104 such as, but not limited to, positions
and orientations of sample features (e.g., pitches of grating features along particular
directions). By way of another example, a metrology recipe may include various
parameters associated with the position of the sample 106 during a measurement such
as, but not limited to, a height, an orientation, whether the sample 106 is static during a
measurement, or whether the sample 106 is in motion during a measurement (along with
associated parameters describing the speed, scan pattern, or the like). By way of another
example, a metrology recipe may include parameters of the illumination 108 such as, but
not limited to, an illumination wavelength, an illumination pupil distribution (e.g., a
distribution of illumination angles and associated intensities of illumination at those
angles), a polarization of incident illumination, or a spatial distribution of illumination. By
way of another example, a metrology recipe may include collection parameters
associated with collection or filtering of the sample signal 112 such as, but not limited to,

a collection pupil distribution, collection field stop settings to select portions of the overlay

12
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target 104 of interest for imaging, a polarization of sample signal 112, wavelength filters,

or parameters for controlling one or more detectors.

[0054] Referring now to FIGS. 2A-5, systems and methods for unambiguous overlay
measurements on an overlay target 104 are described in greater detail, in accordance

with one or more embodiments of the present disclosure.

[0055] FIG. 2A is a simplified top view of a Moiré structure 202, in accordance with one
or more embodiments of the present disclosure. FIG. 2B is a simplified cross-sectional
view of a Moiré structure 202, in accordance with one or more embodiments of the present

disclosure.

[0056] In embodiments, a Moiré structure 202 includes first-layer features 204 on a first
layer 206 of the sample 106 and second-layer features 208 on a second layer 210 of the
sample 106, where the first-layer features 204 and the second-layer features 208 at least
partially overlap. Further, the first-layer features 204 and the second-layer features 208
may be periodic with different pitches. For example, FIG. 2A depicts a configuration in
which the first-layer features 204 have a pitch P and the second-layer features 208 have
a pitch @. As a result, the first-layer features 204 and the second-layer features 208 in
regions of overlap may be together referred {o as a grating-over-grating structure and

may produce Moiré effects based on the different pitches.

[00571 The first layer 206 and the second layer 210 may be at any location within the
sample 106. For example, as illustrated in FIG. 2B, the first-layer features 204 and the
second-layer features 208 may be formed on a substrate 212. However, this is merely an
lustration and should not be interpreted as limiting on the scope of the present disclosure.
The sample 106 may include any number of additional layers between the first layer 206
and the second layer 210, and/or on either side of the first layer 206 or the second layer
210.

[0058] In embodiments, an overlay target 104 includes one or more Moiré structures 202,
where the different Moiré structures 202 may have different configurations. For example,

an overlay target 104 may include one or more pairs of Moiré structures 202 with inverted

13
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pitch configurations. As an illustration, an overlay target 104 may include a first Moiré
structure 202 as depicted in FIGS. 2A and 2B in which the first-layer features 204 have
pitch P and the second-layer features 208 have pitch Q (e.g., a P/Q or a P over @ Moiré
structure 202), and may further include a second Moairé structure 202 in which the first-
layer features 204 have pitch Q and the second-layer features 208 have pitch P (e.g., a
Q/P ora @ over P Moiré structure 202). Such a pair of inverted Moiré structures 202 may
provide various benefits including, but not limited to, self-configuration and/or self-
calibration. Overlay metrology using pairs of inverted Moiré structures 202 are generally
described in U.S. Patent No. 10,705,435 issued on July 7, 2020; and U.S. Patent No.
11,841,621 issued on December 12, 2023; both of which are incorporated herein by
reference in their entireties. As another example, an overlay target 104 may include
multiple Moiré structure 202 with the same configuration (e.g., as different cells). Such a
configuration may be suitable for increasing an accuracy or robustness of a

measurement.

[0059] FIG. 2C is a top view of an overlay target 104 including multiple Moiré structures
202, in accordance with one or more embodiments of the present disclosure. In particular,
the overlay target 104 in FIG. 2C includes a first set 214 of cells with Moiré structures 202
having a P /@ configuration and a second set 216 of cells of Moiré structures 202 having

a Q/P configuration. Further, a Moiré pitch (p,,) is visible.

[0060] FIG. 3 is a diagram depicting ambiguous measurement conditions associated with
large physical overlay error, in accordance with one or more embodiments of the present

disclosure.

[0061] It is contemplated herein that overlay may be determined based on one or more
images of an overlay target 104 using a variety of techniques. For example, one non-
limiting technique for determining overlay is to separately find centers of symmetry of sets
of cells with similar structures (e.g., the first set 214 of cells and the second set 216 of
cells in FIG. 2C), and then to determine an overlay measurement based on differences
between these centers of symmetry. As an illustration, a center of symmetry of the first

set 214 of cells in FIG. 2C may be, but is not required to be, generated by identifying
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regions of interest (ROls) associated with the cell 226a and the cell 226b and rotating a
portion of the image associated with the cell 226b by 180 degrees {which corresponds to
flipping the portion of the image when features are symmetric). Then, a position
associated with a point of rotation providing a highest correlation between the ROls
corresponds to a center of symmetry of the set 214 of cells. Such a process may then be

repeated for the second set 216 of cells to provide an overlay determination.

{00621 However, FIG. 3 depicts conditions in which the correlation used to generate a
center of symmetry measurement may be ambiguous such that the resulting overlay
measurement may also be ambiguous. In particular, FIG. 3 shows a first image 302 of a
Moiré structure 202 corresponding to a region of interest of a cell in a top right quadrant
of an overlay target 104 as depicted in FIG. 2C (e.g., a region of interest in cell 226a in
FIG. 2C), along with a second image 304 corresponding to a region of interest of a cell in
a bottom left quadrant of the same overlay target 104 (e.g., a region of interest in cell
226b in FIG. 2C). Further, the solid lines 306 correspond to a signal strength overlaid on
the respective images. In both the first image 302 and the second image 304, fringes

associated with a Moiré pitch (p,,) are visible.

{00631 In FIG. 3, a physical overlay error induces a shift of the visible Moiré fringes in the
first image 302 of p,,,/4 to the right and a shift of the visible Moiré fringes in the flipped
second image 304 of p,,,/4 to the left. However, the large shifts lead to an ambiguity in

this correlation process and thus an ambiguity in the center of symmetry determination.

[0064] In a general sense, the repetitive nature of a periodic signal such as the Moiré
fringes in these images may necessitate additional information in order to determine the
direction and/or extent of a fringe shift. When the fringe shift is known to be small (e.g.,
due to tightly-controlied fabrication tolerances), this information may provide certainty as
to the direction of fringe shifts and thus certainty in a center of symmetry measurement.
However, when the fringe shift may potentially be larger, additional information beyond
the first image 302 and the second image 304 is needed to determine the extent and/or
direction of fringe shifts. As one exampile, if the fringe shifts exceed a period of the fringes,

additional information may be necessary to determine a number of periods the fringes are
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shifted. As another example, even when the fringe shifts are smaller than a period of the

fringes, there may still be ambiguity regarding the direction and/or magnitude of the shift.

[0065] In embodiments, an overlay target 104 includes one or more Moiré structures 202
arranged such that the first-layer features 204 and the second-layer features 208 have
different spatial extents (e.g., different boundaries). As a result, overlapping grating-over-
grating structures (e.g., areas of overlap between the first-layer features 204 and the
second-layer features 208) may lie within one or more overlap regions 218, whereas

areas with non-overlapping features may lie within one or more non-overlap regions 220.

[oo66] For example, FIG. 2A depicts a configuration with a single Moiré structure 202 in
which second-layer features 208 have a larger spatial extent than the first-layer features
204. Further, the overlay target 104 includes an overlap region 218 and a non-overlap
region 220 fully surrounding the overlap region 218. In FIG. 2A, the overlap region 218 is
bounded by an overlap boundary 222, while the non-overlap region 220 is located

between the overlap boundary 222 and a non-overlap boundary 224.

[0067] As another example, FIG. 2C depicts a configuration with multiple Moiré structures
202 in which second-layer features 208 across the whole overlay target 104 have a larger
spatial extent than the first-layer features 204 across the whole overlay target 104. iIn this
configuration, an overlap region 218 includes overlapping portions of the various Moiré
structures 202 across the overlay target 104. In this way, the non-overlap boundary 224
may correspond to the overlay target 104 as a whole, whereas the overlap boundary 222
may correspond to an inner region of the overlay target 104 that includes overlapping

grating-over-grating structures.

[0068] However, itis to be understood that FIGS. 2A and 2C along the above descriptions
are provided solely for illustrative purposes and should not be interpreted as limiting the
scope of the present disclosure. For example, an overlay target 104 may include any
number of Moiré structures 202 having features with different spatial extents. As another
example, an overlay target 104 may include any number or arrangement of overlap

regions 218 and non-overlap regions 220.
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[0069] it is contemplated herein that the non-overlap regions 220 may be used to provide
a coarse overlay measurement that may resolve ambiguities associated with a fine
overlay measurement from one or more overlap regions 218. For example, an ambiguity
in a fine overlay measurement associated with periodic signals in one or more overlap
regions 218 may be resolved by selecting a value closest to a coarse overlay

measurement associated with one or more non-overlap regions 220.

[0070] A coarse overlay measurement may be generated using any suitable technique

based at least in part on one or more non-overlap regions 220 (or portions thereof).

[0071] In embodiments, a coarse overlay measurement is generated based on
observable boundaries between one or more overlap regions 218 and one or more non-
overlap regions 220. For example, different features and/or signal levels may be present
these different regions such that the boundaries between them may be measurable.
Further, in some applications, an outer boundary of the overlay target 104 (e.g., a
boundary associated with outermost features of the overlay target 104) is further used to

generate a coarse overlay measurement.

[0072} As an illustration, FIG. 4 is a top view of the overlay target 104 in FIG. 2C shown
with a physical overlay error, in accordance with one or more embodiments of the present

disclosure.

[0073] FIG. 4 also depicts ROIls 402a,b including portions of non-overlap regions 220
formed from second-layer features 208 with pitch P located in opposing corners of the
overlay target 104, along with ROls 404a,b including portions of non-overlap regions 220
formed from second-layer features 208 with pitch Q located in different opposing corners
of the overlay target 104. The ROls 402a,b and 404a,b shown in FIG. 4 further include

portions of neighboring overlap regions 218, but this is not a requirement.

[0074] In this configuration, a coarse overlay measurement may be generated based on
a difference between a center of symmetry of the ROls 402a,b and a center of symmetry
of the ROIs 404a,b. These centers of symmetry may be determined using any suitable

technique. For example, the center of symmetry of the ROIs 402a,b may be determined
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by identifying a position at which rotating an image of the ROl 402b provides a peak
correlation with an image of the ROl 402a. Similarly, the center of symmetry of the ROls
404a,b may be determined by identifying a position at which rotating an image of the ROl
404b provides a peak correlation with an image of the ROI 404a.

[0075] A fine overlay measurement may then be generated based on portions of overlap
regions 218. For example, a fine overlay measurement along the horizontal direction in
FIG. 4 may be determined based on a difference between a center of ROlIs 406a,b and a
center of symmetry of ROIs 408a,b. As above, these centers of symmetry may be
determined using any suitable technique. For example, the center of symmetry of the
ROIls 406a,b may be determined by identifying a position at which rotating an image of
the ROI 406b provides a peak correlation with an image of the ROl 406a. Similarly, the
center of symmetry of the regions of interest 408a,b may be determined by identifying a
position at which rotating an image of the ROI 408b provides a peak correlation with an
image of the ROI 408a.

[0076] Notably, the physical overlay error may induce a shift of the Moiré fringes with
Moiré pitch p,, in the ROIs 406a,b (and thus a shift in the center of symmetry of the ROlIs
406a,b) along one direction, as well as a shift of the Moiré fringes with Moire pitch p,, in
the ROlIs 408a,b (and thus a shift in the center of symmetry of the ROls 408a,b) along an
opposite direction. Further, the magnitude of these Moiré fringe shifts may be amplified
by a Moiré gain factor associated with differences between the pitches of the first-layer
features 204 and the second-layer features 208 (e.g., a difference between pitch P and
pitch Q). As a result, the fine overlay measurement may be more accurate than the coarse
overlay measurement, but may suffer from ambiguity due to the periodic nature of the
Moiré fringes as described throughout the present disclosure. However, the coarse
overlay technique may not suffer from such an ambiguity since it may not rely solely on
periodic signals. For example, the ROIs 402a,b (and ROls 402a,b) may include non-
periodic features such as but not limited to, the overlap boundary 222 or the non-overlap
boundary 224.
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[0077] As a result, the ambiguity in the fine overlay measurement may be resolved using
any suitable technique such as, but not limited to, adjusting the fine overlay measurement
by one or more integer multiples to a value closest to the coarse overlay measurement.
Such a technique may be characterized as unwrapping the fine overlay measurement
using the coarse overlay measurement in a manner analogous to phase unwrapping
technigues known in the art. For instance, the fine overlay measurement may be adjusted
by integer multiples of a measurement range that is equivalent to a shift of the Moiré

fringes by a full period (e.g., pn)-

[0078] For example, the coarse overlay measurement may be used to provide a direction
of a physical overlay error and thus resolve a directional ambiguity when determining a
fine overlay measurement. As another example, the coarse overlay measurement may
be used to determine when a physical overlay error exceeds a maximum measurement
range associated with an unambiguous fine overlay measurement and further used to
adjust the fine overlay measurement accordingly. For instance, the maximum
measurement range of the fine overlay measurement may be associated with a period of
Moiré fringes. In this way, the fine overlay measurement may be adjusted accordingly to
resolve an ambiguity associated with the magnitude of a physical overlay error. In another
instance, the coarse overlay measurement may be used to determine whether a physical
overlay error induces a Moiré fringe shift greater than the Moiré pitch. In this configuration,
the coarse overlay measurement may be used to adjust the fine overlay measurement by
a value associated with an integer number of a measurement range provided by the fine
overlay measurement {e.g., a measurement range limited to ambiguities associated with

the periodic Moiré fringes).

[0079] It is to be understood, however, that FIG. 4 and the associated description is
provided solely for illustrative purposes and should not be interpreted as limiting the scope
of the present disclosure. For example, the coarse overlay measurement and the fine
overlay measurement may be determined using any suitable technique based on any
suitable ROls.
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[0080] Referring now to 1B, additional aspects of the overlay metrology system 100 are
described in greater detail, in accordance with one or more embodiments of the present

disclosure.

[0081] In embodiments, the illumination sub-system 102 includes an illumination source
120 configured to generate illumination 108 to be directed to the sample 106. The
lumination 108 may include one or more selected wavelengths of light including, but not
fimited to, vacuum ultraviolet radiation (VUV), deep ultraviolet radiation (DUV), ultraviolet
(UV) radiation, visible radiation, or infrared (IR) radiation. The illumination 108 may
further include any range of selected wavelengths. In another embodiment, the
lumination source 120 may include a specirally-tunable illumination source to generate

illumination 108 having a tunable spectrum.

[0082] The illumination source 120 may further produce illumination 108 having any
temporal profile. For example, the illumination source 120 may produce continuous-wave
(CW) illumination 108, pulsed illumination 108, or modulated illumination 108.
Additionally, the illumination 108 may be delivered via free-space propagation or guided
light (e.g. an optical fiber, a light pipe, or the like).

[0083] The illumination source 120 may include any type of illumination source suitable
for providing illumination 108 in the form of at least one illumination beam. In some
embodiments, the illumination source 120 is a laser source. For example, the illumination
source 120 may include, but is not limited to, one or more narrowband laser sources, a
broadband laser source, a supercontinuum laser source, a white light laser source, or the
like. In this regard, the illumination source 120 may provide illumination 108 having high
coherence {(e.g., high spatial coherence and/or temporal coherence). In some
embodiments, the illumination source 120 includes a laser-sustained plasma (LSP)
source. For example, the illumination source 120 may include, but is not limited to, a LSP
lamp, a LSP bulb, or a LSP chamber suitable for containing one or more elements that,
when excited by a laser source into a plasma state, may emit broadband illumination. In
some embodiments, the illumination source 120 includes a lamp source. For example,

the illumination source 120 may include, but is not limited to, an arc lamp, a discharge
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lamp, an electrode-less lamp, or the like. In this regard, the illumination source 120 may
provide illumination 108 having low coherence (e.g., low spatial coherence and/or

temporal coherence).

[0084] In embodiments, the illumination sub-system 102 includes one or more illumination
sub-system lenses 122 (e.g., to collimate the illumination 108, to relay pupil and/or field
planes, or the like). In some embodiments, the illumination sub-system 102 includes one
or more illumination sub-system optics 124 to shape or otherwise control the illumination
108. Forexample, the illumination sub-system optics 124 may include, but are not limited
to, one or more field stops, one or more pupil stops, one or more polarizers, one or more
filters, one or more beam splitters, one or more diffusers, one or more homogenizers, one
or more apodizers, one or more beam shapers, or one or more mirrors (e.g., static mirrors,

transiatable mirrors, scanning mirrors, or the like).

[0085] In embodiments, the imaging sub-system 110 includes various optical elements to
collect the sample signal 112 and image the sample 106 (e.g., image one or more overlay
targets 104 on the sample 106) onto on one or more detectors 126. The imaging sub-
system 110 may further include one or more optical elements suitable for modifying
and/or conditioning the sample signal 112 from the sample 106. In some embodiments,
the imaging sub-system 110 includes one or more collection sub-system lenses 128 (e.qg.,
to collimate the sample signal 112, to relay pupil and/or field planes, or the like), which
may include, but is not required to include, the objective lens 132. In some embodiments,
the imaging sub-system 110 includes one or more collection sub-system optics 130 to
shape or otherwise control the sample signal 112. For example, the collection sub-
system optics 130 may include, but are not limited to, one or more field stops, one or
more pupil stops, one or more polarizers, one or more filters, one or more beam splitters,
one or more diffusers, one or more homogenizers, one or more apodizers, one or more
beam shapers, or one or more mirrors {(e.g., static mirrors, transiatable mirrors, scanning

mirrors, or the like).

[0086] The illumination sub-system 102 and the imaging sub-system 110 may be

arranged in any configuration suitable for illuminating the sample 106 (e.g., illuminating
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one or more overlay targets 104 on the sample 106) and imaging the sample 106 (e.g.,
imaging one or more overlay targets 104 on the sample 106) based on at least a portion
of collected sample signal 112. For example, as depicted in FIG. 1B, the overlay
metrology system 100 may include an objective lens 132 and a beamspilitter 134 to both
direct illumination 108 to the sample 106 and collect sample signal 112 from the sample
106 for imaging. As another example, the illumination sub-system 102 and the imaging
sub-system 110 include separate optical elements for directing illumination 108 to the
sample 106 and collecting sample signal 112 from the sample 106 for imaging. Such

optical elements may include objective lenses or any other suitable optical elements.

[0087] The overlay metrology system 100 may further include various components to
position the sample 106 during imaging. For example, the overlay metrology system 100
may include one or more translation stages 136 to position the sample 106 with respect
to the illumination 108, which may be secured by a chuck (not shown). A translation stage
136 may include any type of actuator known in the art and may provide motion along any
direction or combination of directions. For instance, the overlay metrology system 100
may include any combination of linear, angular, or tip/tilt translation stages 136. As
another example, the overlay metrology system 100 may include beam-scanning optics
to position the illumination 108 with respect to the sample 106. Any suitable beam-
scanning optics may be utilized including, but not limited to, translatable mirrors, an f-

theta lens, or the like.

[0088] The imaging sub-system 110 may operate in a static measurement mode and/or
a scanning measurement mode. In a static measurement mode, the sample 106 may be
stationary relative to the illumination 108 during imaging. In a scanning measurement
mode, the sample 106 may be in motion relative to the illumination 108 during imaging

{e.g., via any combination of translation stages 136 or beam-scanning optics).

[0089] The imaging sub-system 110 may generally include any number or type of
detectors 126 suitable for generating one or more images of a sample 106. For example,
a detector 126 may include a two-dimensional pixel array {e.g., a focal plane array) such

as, but not limited to, a charge-coupled device (CCD) or a complementary metal-oxide
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semiconductor (CMOS) device. As another example, a detector 126 may include an array
of single-pixel sensors such as, but not limited to, photodiodes. As another example, a

detector 126 may include a time-delay integration (TDl) sensor.

[o090] Referring now to FIG. 1C, additional aspects of the overlay metrology system 100
are described in greater detail, in accordance with one or more embodiments of the

present disclosure.

[0091] The overlay metrology system 100 may include, but is not limited {o, an electron
beam illumination source 120 to generate illumination 108 in the form of an electron beam,
one or more electron-optical elements 140, one or more electron-optical elements 142,

and detector 126 including one or more electron sensors 138.

[0092] In embodiments, the electron beam source 120 is configured to direct one or more
electron beams of illumination 108 to the sample 106. The electron beam ilumination
source 120 may form an electron-optical column. In embodiments, the electron beam
illumination source 120 includes one or more electron-optical elements 140 configured to
focus and/or direct the one or more electron beams of illumination 108 to the surface of
the sample 106. In embodiments, the overlay metrology system 100 includes one or
more electron-optical elements 142 configured to collect secondary and/or backscattered
electrons (e.g., sample signal 112) emanating from the surface of the sample 106 in
response to the one or more electron beams of illumination 108. It is noted herein that
the one or more electron-optical elements 140 and the one or more electron-optical
elements 142 may include any electron-optical elements configured to direct, focus,
and/or collect electrons including, but not limited to, one or more deflectors, one or more
electron-optical lenses, one or more condenser lenses (e.g., magnetic condenser fenses),

one or more objective lenses (e.g., magnetic condenser lenses), or the like.

[0093] It is further noted that the overlay metrology system 100 may include any number
and type of electron-optical elements necessary to direct/focus the one or more electron
beams of illumination 108 onto the sample 106 and, in response, collect and image the

sample 106 based on any type of sample signal 112.
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[0094] For example, the overlay metrology system 100 may include one or more electron
beam scanning elements (not shown), which may include, but are not limited to, one or
more electromagnetic scanning coils or electrostatic deflectors suitable for controlling a
position of the one or more electron beams of illumination 108 relative to the surface of
the sample 106. Further, the one or more scanning elements may be utilized to scan the
one or more electron beams of illumination 108 across the sample 106 in a selected

pattern.

[0095] In embodiments, secondary and/or backscattered electrons (e.g., sample signal
112) are directed to one or more sensors 138 of the electron detector 126. The electron
detector 126 may include any componentis or combination of components suitable for
detecting backscattered and/or secondary electrons (e.g., sample signal 112) emanating
from the surface of the sample 106. In one embodiment, the electron detector 126
includes an electron detector array. In this regard, the electron detector 126 may include
an array of electron-detecting portions. Further, each electron-detecting portion of the
detector array of the electron detector 126 may be positioned to detect an electron signal
from sample 106 associated with one of the incident electron beams of illumination 108.
The electron detector 126 may include any type of electron detector known in the art. For
example, the electron detector 126 may include a micro-channel plate (MCP), a PIN or p-
n junction detector array, such as, but not limited to, a diode array or avalanche photo
diodes (APDs). By way of another example, the electron detector 126 may include a

high-speed scintillator or a photomuitiplier tube (PMT) detector.

[ooss] While FIG. 1C illustrates the overlay metrology system 100 as including an electron
detector 126 comprising only a secondary electron detector assembly, this is not to be
regarded as a limitation of the present disclosure. In this regard, it is noted that the
electron detector 126 may include, but is not limited to, a secondary electron detector, a
backscattered electron detector, and/or a primary electron detector (e.g., an in-column
electron detector). In another embodiment, the overlay metrology system 100 may
include multiple electron detectors 126. For example, overlay metrology system 100 may
include a secondary electron detector assembly, a backscattered electron detector

assembly, and an in-column electron detector assembly.
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[0097] Referring again to FIG. 1A, the one or more processors 116 of a controller 114
may include any processor or processing element known in the art. For the purposes of
the present disclosure, the term “processor” or “processing element” may be broadly
defined to encompass any device having one or more processing or logic elements (e.g.,
one or more micro-processor devices, one or more application specific integrated circuit
(ASIC) devices, one or more field programmable gate arrays (FPGAs), or one or more
digital signal processors (DSPs)). In this sense, the one or more processors 116 may
include any device configured to execute algorithms and/or instructions (e.g., program
instructions stored in memory). In some embodiments, the one or more processors 116
may be embodied as a desktop computer, mainframe computer system, workstation,
image computer, parallel processor, networked computer, or any other computer system
configured {0 execute a program configured to operate or operate in conjunction with the
overlay metrology system 100, as described throughout the present disclosure.
Moreover, different subsystems of the overlay metrology system 100 may include a
processor or logic elements suitable for carrying out at least a portion of the steps
described in the present disclosure. Therefore, the above description should not be
interpreted as a limitation on the embodiments of the present disclosure but merely as an
lustration. Further, the steps described throughout the present disclosure may be carried
out by a single controller or, alternatively, multiple controllers. Additionally, the controller
114 may include one or more controllers housed in a common housing or within multiple
housings. In this way, any controller or combination of controllers may be separately

packaged as a module suitable for integration into overlay metrology system 100.

[0098] The memory 118 may include any storage medium known in the art suitable for
storing program instructions executable by the associated one or more processors 116.
For example, the memory 118 may include a non-transitory memory medium. By way of
another example, the memory 118 may include, but is not limited to, a read-only memory
(ROM), a random-access memory {RAM), a magnetic or optical memory device (e.g.,
disk), a magnetic tape, a solid-state drive and the like. It is further noted that the memory
118 may be housed in a common controller housing with the one or more processors 116.
In some embodiments, the memory 118 may be located remotely with respect to the

physical location of the one or more processors 116 and the controller 114. For instance,

25



WO 2025/096270 PCT/US2024/052699

the one or more processors 116 of the controller 114 may access a remote memory (e.g.,

server), accessible through a network (e.g., internet, intranet and the like).

[0099] The controller 114 may direct (e.g., through control signals) or receive data from
any components of the overlay metrology system 100. In this way, the controller 114 may
execute or control the execution of any process steps disclosed herein. For example, the
processors 116 of the controller 114 may be configured to execute program instructions
stored on the memory 118, where the program instructions are configured to cause the

processors 116 {o execute or control the execution of any process steps disclosed herein.

[o100] Referring now to FIG. 5, FIG. 5 is a flow diagram illustrating steps performed in a
method 500 for overlay metrology, in accordance with one or more embodiments of the
present disclosure. Applicant notes that the embodiments and enabling technologies
described previously herein in the context of the overlay metrology system 100 should be
interpreted to extend to the method 500. It is further noted, however, that the method 500

is not limited to the architecture of the overlay metrology system 100.

[0101] In embodiments, the method 500 includes a step 502 of generating one or more
images of an overlay target 104 on a sample 106, where the overlay target 104 includes
one or more Moiré structures 202 as described herein. For example, a Moiré structure
202 may be formed from first-layer features 204 on a first layer 206 of the sample 106
and second-layer features 208 on a second layer 210 of the sample 106, where the first-
layer features 204 and the second-layer features 208 have different pitches and partially
overlap. Further, one or more overlap regions 218 of the overlay target 104 may include
regions of overlap between the first-layer features 204 and the second layer features 208.
One or more non-overlap regions of the overlay target 104 may include regions of non-
overlap with one of the first-layer features 204 or the second-layer features 208. The one
or more non-overlap regions may further include one or more non-overlapping features
such as, but not limited to, an overlap boundary 222 between an overlap region 218 and
a non-overlap region 220, an outer boundary of the overlay target 104, or a non-overlap

boundary 224 bounding a non-overlap region 220. In this way, a coarse overlay
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measurement based on the one or more non-overlap regions 220 may not suffer from

ambiguity associated with a periodic signal.

[0102] Further, the images generated in step 502 may be generated using any technique
known in the art. For example, the images generated in step 502 may be generated using

light and/or particle beams as illumination 108.

[6103] In embodiments, the method 500 includes a step 504 of determining a coarse
overfay measurement between the first layer 206 and the second layer 210 based at least
in part on the one or more non-overlap regions of the one or more images. The step 504
of determining a coarse overlay may be implemented using any suitable technique based
on any signals within the one or more images. For example, the coarse overlay
measurement may be based on a difference between centers of symmetry between ROls
that include at least a portion of one or more non-overlap regions 220 (e.g., ROls including

corner regions of the overlay target 104).

[0104] In embodiments, the method 500 includes a step 506 of determining a fine overlay
measurement between the first layer 206 and the second layer 210 based at least in part
on the one or more overlap regions of the one or more images. The step 506 of
determining a fine overlay measurement may be implemented using any suitable
technique based on any signals within the one or more images. For example, the fine
overlay measurement may be based on a difference between centers of symmetry

between ROls of Moiré structures 202 within one or more overlap regions 218.

[0105] In embodiments, the method 500 includes a step 508 of generating an output
overlay measurement based on the coarse overlay measurement and the fine overlay
measurement. For example, the coarse overlay measurement may be used fo resolve
ambiguities in the fine overlay measurement such as, but not limited to, a direction or
magnitude of a physical overlay error. As an illustration, ambiguities may arise when
measuring relatively large physical overlay errors based on periodic signals (e.g., Moiré
fringes), which may be resolved using a coarse overlay measurement generated in step
504. As a result, the method 500 may enable highly accurate measurements with the

benefits of the fine overlay measurement technique for potentially large physical overiay
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errors. In a general sense, the method 500 may enable measurements with the accuracy
and sensitivity of the technique used to generate the fine overlay measurements {(e.qg., in
step 506) for any potentially large physical overlay error, where the maximum measurable
overlay error may be limited only by the size of the Moiré region 218 and the ability to

generate a coarse overlay measurement therefrom.

[o106] Additionally, though not shown in FIG. 5, the method 500 may include a step of
controlling one or more process tools via one or more control signals based on the output
overlay measurement. Any type of process ool is within the spirit and scope of the present
disclosure and may include, but is not limited to, a lithography tool (e.g., a scanner, a
stepper, or the like), an etching tool, or a polishing tool. The control signals may further
provide any combination of feedback and/or feed-forward control. For example, feedback
control may be used to compensate for process deviations for samples within a lot. As
another example, feed-forward control may be used to adjust future steps performed on

a given sample in response to a measured overlay error.
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[0107] The herein described subject matter sometimes illustrates different components
contained within, or connected with, other components. It is to be understood that such
depicted architectures are merely exemplary, and that in fact many other architectures
can be implemented which achieve the same functionality. In a conceptual sense, any
arrangement of components to achieve the same functionality is effectively "associated"
such that the desired functionality is achieved. Hence, any two components herein
combined to achieve a particular functionality can be seen as "associated with" each other
such that the desired functionality is achieved, irrespective of architectures or intermedial
components. Likewise, any two components so associated can alsc be viewed as being
"connected" or "coupled” to each other to achieve the desired functionality, and any two
components capable of being so associated can also be viewed as being "couplable” to
each other to achieve the desired functionality. Specific examples of couplable include
but are not limited to physically interactable and/or physically interacting components
and/or wirelessly interactable and/or wirelessly interacting components and/or logically

interactable and/or logically interacting components.

[0108] It is believed that the present disclosure and many of its attendant advantages will
be understood by the foregoing description, and it will be apparent that various changes
may be made in the form, construction, and arrangement of the components without
departing from the disclosed subject matter or without sacrificing all of its material
advantages. The form described is merely explanatory, and it is the intention of the
following claims to encompass and include such changes. Furthermore, it is to be

understood that the invention is defined by the appended claims.

29



WO 2025/096270 PCT/US2024/052699

CLAIMS

What is claimed:

1. An overlay metrology system comprising:

a controller including one or more processors configured to execute program
instructions stored in a memory device, wherein the program instructions are configured
to cause the one or more processors to implement a metrology recipe by:

receiving one or more images of an overlay target on a sample, wherein the
overlay target comprises:
one or more Moiré structures, wherein a respective one of the
one or more Moiré structures is formed from first-layer features with
a first pitch on a first layer of the sample and further with second-
layer features with a second pitch on a second layer of the sample,
wherein the first-layer features and the second-layer features in the
respective one of the one or more Moiré structures partially overiap,
wherein one or more overlap regions include regions of overlap
between the first-layer features and the second-layer features,
wherein one or more non-overlap regions include regions of non-
overlap with one of the first-layer features or the second-layer
features and further include one or more non-overlapping features;
determining a coarse overlay measurement between the first layer and the
second layer based at least in part on the one or more non-overlap regions of the
one or more images;
determining a fine overlay measurement between the first layer and the
second layer based at least in part on the one or more overlap regions of the one
or more images; and
generating an output overlay measurement based on the coarse overlay

measurement and the fine overlay measurement.
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2. The overlay metrology system of claim 1, wherein the program instructions are further
configured to cause the one or more processors to implement the metrology recipe by
controlling one or more process tools via one or more control signals based on the output

overlay measurement.

3. The overlay metrology system of claim 1, wherein the one or more non-overlapping
features comprise:
an overlap boundary between one of the one or more overlap regions and one of

the one or more non-overiap regions.

4. The overlay metrology system of claim 1, wherein the one or more non-overlapping
features comprise:
a non-overlap boundary between one of the one or more non-overlap regions and

an outer boundary of the overlay target.

5. The overlay metrology system of claim 1, wherein the one or more non-overlapping
features comprise:

an outer boundary of the overlay target.

6. The overlay metrology system of claim 1, wherein generating the output overlay
measurement based on the coarse overlay measurement and the fine overlay
measurement comprises:

unwrapping the fine overlay measurement using the coarse overlay measurement.

7. The overlay metrology system of claim 1, wherein the fine overlay measurement has a
measurement range, wherein generating the output overlay measurement based on the
coarse overlay measurement and the fine overlay measurement comprises:

adjusting the fine overlay measurement by an integer number of the measurement

range based on the coarse overlay measurement.
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8. The overlay metrology system of claim 1, wherein the overlay target provides the output
overlay measurement along one or more measurement directions, wherein the overlay
target includes:

a first set of Moiré structures, wherein the first-layer features in the first set of Moiré
structures have a pitch P and the second-layer features in the first set of Moiré structures
have a pitch Q; and

a second set of Moiré structures, wherein the first-layer features in the second set
of Moiré structures have the pitch Q and the second-layer features in the second set of

Moiré structures have the pitch P.

9. The overlay metrology system of claim 1, wherein the one or more Moiré structures
includes two or more Moiré structures, wherein at least one of the two or more Moiré
structures has periodicity along a first measurement direction, wherein at least one of the
two or more Moiré structures has periodicity along a second measurement direction
different than the first measurement direction, wherein the output overlay measurement
includes a first output overlay measurement associated with the first measurement
direction and a second output overlay measurement associated with the second

measurement direction.
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10. An overlay metrology system comprising:
an imaging sub-system including one or more detectors o image a sample in
response to illumination from an illumination source; and
a controller communicatively coupled to the imaging sub-system, the controller
including one or more processors configured to execute program instructions stored in a
memory device, wherein the program instructions are configured to cause the one or
more processors to implement a metrology recipe by:
receiving one or more images of an overlay target on the sample from the
imaging sub-system, wherein the overlay target comprises:
one or more Moiré structures, wherein a respective one of the
one or more Moiré structures is formed from first-layer features with
a first pitch on a first layer of the sample and further from second-
layer features with a second pitch on a second layer of the sample,
wherein the first-layer features and the second-layer features in the
respective one of the one or more Moiré structures partially overlap,
wherein one or more overlap regions include regions of overlap
between the first-layer features and the second-layer features,
wherein one or more non-overlap regions include regions of non-
overlap with one of the first-layer features or the second-layer
features and further include one or more non-overlapping features;
determining a coarse overlay measurement between the first layer and the
second layer based at least in part on the one or more non-overlap regions of the
one or more images;
determining a fine overlay measurement between the first layer and the
second layer based at least in part on the one or more overlap regions of the one
or more images; and
generating an output overlay measurement based on the coarse overlay

measurement and the fine overlay measurement.

11. The overlay metrology system of claim 10, wherein the imaging sub-system is an

optical imaging sub-system, wherein the illumination comprises light.
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12. The overlay metrology system of claim 10, wherein the imaging sub-system is a
particle-beam imaging sub-system, wherein the illumination comprises at least one of an

electron beam, an ion beam, or a neutral-particle beam.

13. The overlay metrology system of claim 10, wherein the program instructions are
further configured to cause the one or more processors to implement the metrology recipe
by controlling one or more process tools via one or more control signals based on the

output overlay measurement.

14. The overlay metrology system of claim 10, wherein the one or more non-overlapping
features comprise:
an overlap boundary between one of the one or more overlap regions and one of

the one or more non-overlap regions.

15. The overlay metrology system of claim 10, wherein the one or more non-overlapping
features comprise:
a non-overlap boundary between one of the one or more non-overlap regions and

an outer boundary of the overlay target.

16. The overlay metrology system of claim 10, wherein the one or more non-overlapping
features comprise:

an outer boundary of the overlay target.

17. The overlay metrology system of claim 10, wherein generating the output overlay
measurement based on the coarse overlay measurement and the fine overlay
measurement comprises:

unwrapping the fine overlay measurement using the coarse overlay measurement.
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18. The overlay metrology system of claim 10, wherein the fine overlay measurement has
a measurement range, wherein generating the output overlay measurement based on the
coarse overlay measurement and the fine overlay measurement comprises:

adjusting the fine overlay measurement by an integer number of the measurement

range based on the coarse overlay measurement.

19. The overlay metrology system of claim 10, wherein the overlay target provides the
output overlay measurement along one or more measurement directions, wherein the
overlay target includes:

a first set of Moiré structures, wherein the first-layer features in the first set of Moiré
structures have a pitch P and the second-layer features in the first set of Moiré structures
have a pitch Q; and

a second set of Moiré structures, wherein the first-layer features in the second set
of Moiré structures have the pitch Q and the second-layer features in the second set of

Moiré structures have the pitch P.

20. The overlay metrology system of claim 10, wherein the one or more Moiré structures
includes two or more Moiré structures, wherein at least one of the two or more Moiré
structures has periodicity along a first measurement direction, wherein at least one of the
two or more Moiré structures has periodicity along a second measurement direction
different than the first measurement direction, wherein the output overlay measurement
includes a first oufput overlay measurement associated with the first measurement
direction and a second output overlay measurement associated with the second

measurement direction.
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21. An overlay method comprising:
generating one or more images of an overlay target on a sample, wherein the
overlay target comprises:
one or more Moiré structures, wherein a respective one of the one or
more Moiré structures is formed from first-layer features with a first pitch on
a first layer of the sample and further from second-layer features with a
second pitch on a second layer of the sample, wherein the first-layer
features and the second-layer features in the respective one of the one or
more Moiré structures partially overlap, wherein one or more overlap
regions include regions of overlap between the first-layer features and the
second-layer features, wherein one or more non-overiap regions include
regions of non-overlap with one of the first-layer features or the second-
layer features and further include one or more non-overlapping features;
determining a coarse overlay measurement between the first layer and the second
layer based at least in part on the one or more non-overlap regions of the one or more
images;
determining a fine overlay measurement between the first layer and the second
layer based at least in part on the one or more overlap regions of the one or more images;
and
generating an output overlay measurement based on the coarse overlay

measurement and the fine overlay measurement.
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22. An overlay target comprising:

one or more Moiré structures, wherein a respective one of the one or more Moiré
structures is formed from first-layer features with a first pitch on a first layer of a sample
and further from second-layer features with a second pitch on a second layer of the
sample, wherein the first-layer features and the second-layer features in the respective
one of the one or more Moiré structures partially overlap, wherein one or more overlap
regions include regions of overlap between the first-layer features and the second-layer
features, wherein one or more non-overlap regions include regions of non-overlap with
one of the first-layer features or the second-layer features and further include one or more
non-overlapping features, wherein an output overlay measurement between the first layer
and the second layer is determinable based on a coarse overlay measurement and a fine
overlay measurement, wherein the coarse overlay measurement is based at least in part
on the one or more non-overiap regions in one or more images, wherein the fine overlay
measurement is based at least in part on the one or more overlap regions of the one or

more images.

23. The overlay target of claim 22, wherein the one or more non-overlapping features
comprise:
an overiap boundary between one of the one or more overlap regions and one of

the one or more non-overlap regions.

24. The overlay target of claim 22, wherein the one or more non-overlapping features
comprise:
a non-overlap boundary between one of the one or more non-overlap regions and

an outer boundary of the overlay target.
25. The overlay target of claim 22, wherein the one or more non-overlapping features

comprise:

an outer boundary of the overlay target.
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26. The overlay target of claim 22, wherein the overlay target provides the output overiay
measurement along one or more measurement directions, wherein the overlay target
includes:

a first set of Moiré structures, wherein the first-layer features in the first set of Moiré
structures have a pitch P and the second-layer features in the first set of Moiré structures
have a pitch Q; and

a second set of Moiré structures, wherein the first-layer features in the second set
of Moiré structures have the pitch Q and the second-layer features in the second set of

Moiré structures have the pitch P.
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