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SCANNING OVERLAY METROLOGY USING OVERLAY TARGETS HAVING
MULTIPLE SPATIAL FREQUENCIES

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 63/295,959, filed January 3, 2022, entitled NEW
OVL METROLOGY TARGET DESIGN FOR SCANNING SCATTEROMETRY OPTICAL
TARGET, naming Itay Gdor, Yuval Lubashevsky, Daria Negri, and Eitan Hajaj, which is

incorporated herein by reference in the entirety.

TECHNICAL FIELD

[0002] The present disclosure is directed to overlay metrology and, more particularly, to

scanning overlay metrology.

BACKGROUND

[0003] Increasing demands for smaller semiconductor devices is resulting in
corresponding increased demand for accurate and efficient metrology. One approach to
increasing the efficiency and throughput of a metrology tool is to generate metrology data
on a sample as it is in motion rather than in a static location in a measurement field of
view. In this way, time delays associated with settling of the translation stage prior to a
measurement may be eliminated or reduced. However, increasing the sensitivity and
throughput of such measurements remains a central challenge to such scanning
metrology methods. Therefore, it is desirable to provide systems and methods for curing

the above deficiencies.
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SUMMARY

[0004] An overlay metrology system is disclosed in accordance with one or more
ilustrative embodiments. In one illustrative embodiment, the system includes an
illumination source. In another illustrative embodiment, the system includes an
iltumination sub-system with one or more illumination optics to illuminate an overlay target
on a sample with illumination from the illumination source as the sample is in motion with
respect to the illumination from the illumination source in accordance with a measurement
recipe. in another illustrative embodiment, the overlay target includes one or more cells
in accordance with the measurement recipe, where at least some of the cells include a
double grating with a first series of features distributed along a measurement direction
with a first pitch and a second pitch in an overlapping region and further include a single
grating with a second series of features distributed along the measurement direction with
the first pitch. In another illustrative embodiment, the system includes a collection sub-
system with one or more collection optics to direct positive and negative first-order
diffraction of the illumination by both the double grating and the single gratings associated
with the first and second pitches to one or more detectors located in a pupil plane in
accordance with the measurement recipe, where the one or more detectors generate
time-varying interference signals associated with the positive and negative first-order
diffraction of the illumination by both the double grating and the single gratings. In another
illustrative embodiment, the system includes a controller to determine an overlay
measurement between the double grating and the single grating based on the time-

varying interference signals.

[0005] An overlay target is disclosed in accordance with one or more illustrative
embodiments. In one illustrative embodiment, the target includes one or more cells on a
sample, where at least some of the cells include a double grating with a first series of
features distributed along a measurement direction with a first pitch and a second pitch
in an overlapping region, and further include a single grating on a second layer of the
sample with a second series of features distributed along the measurement direction with
the first pitch. In another illustrative embodiment, the first and second pitches are selected

such that positive first-order diffraction from the first and second pitches overlap in a first

a
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overlap angular region and negative first-order diffraction from the first and second
pitches overlap in a second overlap angular region for at least one operational
wavelength. In another illustrative embodiment, time-varying interference signals in the
first and second overlap regions generated as the overlay target is scanned relative to an
ilumination beam are indicative of overlay between the double grating and the single

grating.

[0006] An overlay metrology system is disclosed in accordance with one or more
ilfustrative embodiments. In one illustrative embodiment, the system includes an
illumination source. In another illustrative embodiment, the system includes an
illumination sub-system with one or more illumination optics to illuminate an overlay target
on a sample with illumination from the illumination source as the sample is in motion with
respect to the illumination from the ililumination source in accordance with a measurement
recipe. In another illustrative embodiment, the overlay target includes one or more cells
in accordance with the measurement recipe, where at least some of the cells include a
first grating on a first layer of the sample with a first series of features distributed along a
measurement direction with a first pitch, and a second grating on a second layer of the
sample with a second series of features distributed along the measurement direction with
a second pitch different than the first pitch. In ancther illustrative embodiment, the system
includes a collection sub-system with one or more collection optics to direct measurement
diffraction orders to one or more detectors at a pupil plane in accordance with the
measurement recipe, where the measurement diffraction orders include positive and
negative first-order diffraction of the illumination by the first grating, and positive and
negative first-order diffraction and second-order diffraction of the illumination by the
second grating. In another illustrative embodiment, the system includes a controller to
determine an overlay measurement between the first and second layers of the sample
based on the measurement diffraction orders.

[0007] An overlay target is disclosed in accordance with one or more illustrative
embodiments. In one illustrative embodiment, the target includes one or more cells on a
sample, where at least some of the cells include a first grating on a first layer of the sample

including a first series of features distributed along a measurement direction with a first
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pitch, and a second grating on a second layer of the sample including a second series of
features distributed along the measurement direction with a second pitch different than
the first pitch. In another illustrative embodiment, the first and second pitches are selected
such that positive first-order diffraction from the first grating overlaps with positive first and
second order diffraction from the second grating in a first set of overlap regions, where
the negative first-order diffraction from the first grating overlaps with negative first and
second order diffraction from the second grating in a second set of overlap regions. In
another illustrative embodiment, time-varying interference signals in the first and second
sets of overlap regions are indicative of overlay between the first and second layers of
the sample.

[0008] It is to be understood that both the foregoing general description and the following
detailed description are exemplary and explanatory only and are not necessarily
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

[0009] The numerous advantages of the disclosure may be better understood by those

skilled in the art by reference to the accompanying figures.

FIG. 1A is a conceptual view of a system for performing scatterometry overlay metrology
on an overlay target suitable for single-cell measurements along any particular
measurement direction, in accordance with one or more embodiments of the
present disclosure.

FIG. 1B is a schematic view of the overlay metrology tool in accordance with one or more
embodiments of the present disclosure.

FIG. 2 is a top view of an illumination pupil plane of the overlay metrology tool, in

accordance with one or more embodiments of the present disclosure.
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3A is a top view of a single-pitch grating, in accordance with one or more
embodiments of the present disclosure.

3B is a top view of a double-pitch grating, in accordance with one or more
embodiments of the present disclosure.

3C provides a series of panels illustrating the conceptual formation of the double-
pitch grating of FIG. 3B, in accordance with one or more embodiments of the
present disclosure.

3D is a top view of a cell of an overlay target in which a single-pitch grating and a
double-pitch grating are printed in non-overlapping areas within the cell, in
accordance with one or more embodiments of the present disclosure.

3E is a top view of a cell of an overlay target in which a single-pitch grating and a
double-pitch grating are printed on different layers of the sample within an
overlapping area within the cell, in accordance with one or more embodiments of
the present disclosure.

3F is a conceptual view of a collection pupil plane of the overlay metrology tool
including diffraction from a single-pitch grating and a double-pitch grating as
fllustrated in FIGS. 3D or 3F, in accordance with one or more embodiments of the
present disclosure.

4A is a top view of a cell of an overlay target with a first grating having a first pitch
(P1) and a second grating having a second pitch (P2) different than the first pitch
printed in non-overlapping areas within the cell, in accordance with one or more
embodiments of the present disclosure.

4B is a conceptual view of a collection pupil plane of the overlay metrology tool
including diffraction from a single-pitch grating and a double-pitch grating as
illustrated in FIG. 4A, in accordance with one or more embodiments of the present
disclosure.

5 is a flow diagram illustrating steps performed in a method for single-cell scanning
overlay metrology, in accordance with one or more embodiments of the present

disclosure.
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DETAILED DESCRIPTION

[0010] 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.

[0011] Embodiments of the present disclosure are directed to systems and methods for
single-cell scanning overlay metrology. In particular, some embodiments of the present
disclosure are directed {o overlay targets suitable for single-cell scanning overlay
metrology and some embodiments are directed to overlay metrology tools suitable for

generating overlay measurements by characterizing such targets.

[0012] In some embodiments, an overlay target suitable for single-cell scanning overlay
metrology includes a cell with grating structures associated with two lithographic
exposures oriented with pitches along a particular measurement direction, where the
grating structures may be in the same or different layers of a sample. Further, an overlay
metrology tool suitable for generating an overlay measurement associated with the two
lithographic exposures may include two photodetectors, where each is arranged (e.g., in
a pupil plane) to capture at least a portion of three diffraction lobes from the grating
structures). For example, a first photodetector may capture at least a portion of three
positive-order diffraction lobes and a second photodetector may capture at least a portion
of three negative-order diffraction lobes. It is contemplated herein that an overlay
measurement along the measurement direction between the two lithographic exposures
may be generated based on differences between time-varying interference signals

captured by the photodetectors as the sample is scanned.

[0013] Additionally, an overlay target may include multiple cells having grating structures
oriented along different measurement directions 1o provide overlay measurements along

the different measurement directions.
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[0014] It is recognized herein that many scatterometry overlay metrology techniques
generally determine overlay by illuminating an overlay target having grating structures in
two layers (e.g., grating-over-grating structures), where an overlay measurement is based
on asymmetries between positive and negative diffraction orders. For example, various
scatterometry techniques are described in U.S. Patent Publication No. 2021/0364279
published on March 11, 2021; U.S. Patent No. 10,824,079 issued on November 3, 2020;
U.S. Patent No. 10,197,389 issued on February 9, 2019; and Adel, et al., “Diffraction order
control in overlay metrology: a review of the roadmap options,” Proc. SPIE. 6922,
Metrology, Inspection, and Process Control for Microlithography XXII, 692202. (2008), all
of which are incorporated herein by reference in their entireties.

[0015] However, existing scatterometry overlay techniques typically require or benefit
from measurements of two or more cells having different configurations of grating
structures. For example, different cells may include grating structures with different
intentional overlay offsets. By way of another example, an overlay target including grating
structures with different pitches may include different cells in which the constituent pitches

are provided in different layers.

[0016] Embodiments of the present disclosure are directed to scanning overlay metrology
using an overlay target suitable for providing an overlay measurement along with a single
cell per overlay measurement. it is contemplated herein that single-cell measurements

may provide higher measurement throughput than multi-cell measurements.

[0017] In some embodiments, a cell of an overlay target suitable for single-cell scanning
overlay metrology includes a single-pitch grating on one layer and a double-pifch grating
(e.g., a double grating) on another layer. For example, a double-pitch grating may be
functionally characterized by two grating structures with different pitches that overlap on
a common area of a sample layer. However, it is to be understood that the constituent
features of a double-pitch grating are fabricated with a common lithographic exposure. in
this way, the characterization of a double grating as being formed from two grating
structures with different pitches is purely conceptual and overlapping portions of the two

grating structures with different pitches are formed as common elements.
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[0018] It is contemplated herein that illuminating a double-pitch grating may generate two
sets of diffraction orders associated with the two constituent pitches. Further, illuminating
an overlay target {or a cell therein) with both a single-pitch grating and a double-pitch

grating may generate three sets of diffraction orders.

[0019] In some embodiments, the pitches of the single-pitch and double-pitch gratings are
selected such that the first-order diffraction lobes associated with the three selected
pitches at least partially overlap (e.g., in a pupil plane). For example, +1 order diffraction
fobes associated with the three pitches may at least partially overlap in a first location of
a pupit plane and -1 order diffraction lobes associated with the three pitches may at least
partially overlap in a second location of the pupil plane. It is contemplated herein that
photodetectors placed at the first and second locations in the pupil plane may capture
time-varying interference signals as the sample is scanned, where an overlay
measurement between the single-pitch and double-pitch gratings may be generated
based on differences between these time-varying interference signals. It is further
contemplated herein that such an overlay measurement may be similar to the overlay
measurements associated with triple-grating targets generally described in U.S. Patent
Application No. 17/119,536 filed on December 11, 2020, which is incorporated herein by
reference in its entirety. However, it is noted that that an overlay target including a single-
pitch grating and a double-pitch grating as disclosed herein may have several advantages
over a triple-grating overlay target described in U.S. Patent Application No. 17/119,536
filed on December 11, 2020 incorporated and referenced above. In particular, an overlay
target including a single-pitch grating and a double-pitch grating as disclosed herein may
avoid undesirable edge-diffraction and scattering effects associated with the triple-grating

structures.

[0020] In some embodiments, a cell of an overlay target suitable for single-cell scanning
overlay metrology includes two single-pitch gratings with different pitches (e.g., a first
pitch and a second pitch), where first-order diffraction lobes associated with the first pitch
overlap portions of both first and second-order diffraction associated with the second

pitch. For example, a +1 order diffraction lobe associated with the first pitch (Dp, .,) may

partially overlap with both +1 and +2 diffraction lobes associated with the second pitch
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(Dp, 41 @nd Dp_,,). Similarly, a -1 order diffraction lobe associated with the first pitch
(Dp, 1) may partially overlap with both -1 and -2 diffraction lobes associated with the
second pitch (Dp, ; and Dp, ;). In some embodiments, an overlay metrology tool
includes a first photodetector placed in a first location of the pupil plane with a size suitable
for capturing the overlap of Dp ., with both Dp, ., and Dy, ., and a second photodetector
placed in a first location of the pupil plane with a size suitable for capturing the overlap of
Dp, -1 With both Dp, _; and Dp, _,. It is contemplated herein that such first and second
photodetectors may capture time-varying interference signals as the sample is scanned,
where an overlay measurement between the two single-pitch gratings may be generated

based on these time-varying interference signals.

[0021] Some embodiments of the present disclosure are directed to providing recipes for
configuring an overlay metrology tool to facilitate an overlay measurement based on
selected diffraction orders. An overlay metrology tool is typically configurable according
to a recipe including a set of parameters for controlling various aspects of an overlay
measurement such as, but not limited to, the illumination of a sample, the collection of
light from the sample, or the position of the sample during a measurement. In this way,
the overlay metrology tool may be configured to provide a selected type of measurement
for one or more overlay target designs of interest. For example, a metrology recipe may
include illumination parameters such as, but not limited to, an illumination wavelength, an
iflumination pupil distribution (e.g., a distribution of iflumination 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 such as, but not limited to, a collection pupil distribution
(e.g., a desired distribution of angular light from the sample to be used for a measurement
and associated filtered intensities at those angles), collection field stop settings {o select
portions of the sample of interest, polarization of coliected light, wavelength filters, or
parameters for controlling one or more detectors. By way of a further example, a
metrology recipe may include various parameters associated with the sample position
during a measurement such as, but not limited to, a sample height, a sample orientation,

whether a sample is static during a measurement, or whether a sample is in motion during
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a measurement (along with associated parameters describing the speed, scan pattern,
or the like).

[0022] Referring now to FIGS. 1A-4B, systems and methods for single-cell scanning
scattering overlay metrology is described in greater detail, in accordance with one or more

embodiments of the present disclosure.

[0023] FIG. 1A is a conceptual view of an overlay metrology system 100 for performing
scatterometry overlay metrology on an overlay target 102 suitable for single-cell
measurements along any particular measurement direction, in accordance with one or
more embodiments of the present disclosure. In some embodiments, the overlay
metrology system 100 includes an overlay metrology tool 104 to perform scatterometry
overlay measurements on overlay targets 102 distributed across a sample 108. FIG. 1B
is a schematic view of the overlay metrology tool 104 in accordance with one or more

embodiments of the present disclosure.

[0024] For the purposes of the present disclosure, the term overlay is generally used to
describe relative positions of features on a sample fabricated by two or more lithographic
patterning steps, where the term overlay error describes a deviation of the features from
a nominal arrangement. In this context, an overlay measurement may be expressed as
either a measurement of the relative positions or of an overlay error associated with these
relative positions. For example, a multi-layered device may include features patterned on
multiple sample layers using different lithography steps for each layer, where the
alignment of features between layers must typically be tightly controlled to ensure proper
performance of the resulting device. Accordingly, an overlay measurement may
characterize the relative positions of features on two or more of the sample layers. By
way of another example, multiple lithography steps may be used to fabricate features on
a single sample layer. Such techniques, commonly called double-patterning or multiple-
patterning techniques, may facilitate the fabrication of highly dense features near the
resolution of the lithography system. An overlay measurement in this context may
characterize the relative positions of the features from the different lithography steps on

this single layer. It is to be understood that examples and illustrations throughout the

10
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present disclosure relating to a particular application of overlay metrology are provided

for iHlustrative purposes only and should not be interpreted as limiting the disclosure.

[0025] Further, the term scatterometry metrology is used herein to broadly encompass
the terms scatterometry-based metrology and diffraction-based metrology in which a
sample having periodic features on one or more sample layers is illuminated with an
ilumination beam having a limited angular extent and one or more distinct diffraction
orders are collected for the measurement. Additionally, the term scanning metrology is
used to describe metrology measurements generated when a sample is in motion relative
to ilumination used for a measurement. in a general sense, scanning metrology may be
implemented by moving the sample, the illumination, or both. In this way, specific
descriptions herein of a particular technique for implementing scanning metrology are

solely illustrative and should not be interpreted as limiting.

[0026] In some embodiments, the averlay metrology tool 104 includes an illumination sub-
system 108 to generate illumination in the form of one or more illumination beams 110 to
ifluminate the sample 106 and a collection sub-system 112 to collect light from the
iftluminated sample 106. For example, the one or more illumination beams 110 may be
angularly limited on the sample 106 such that grating structures in one or more cells of
the overlay target 102 may generate discrete diffraction orders. Further, the one or more
illumination beams 110 may be spatially limited such that they may dluminate selected
portions of the overlay target 102. For instance, each of the one or more illumination
beams 110 may be spatially limited to illuminate a particular cell of an overlay target. In
some embodiments, the one or more iflumination beams 110 underfifl a particular cell of

an overlay target.

[0027] The collection sub-system 112 may then collect at least some diffraction orders
associated with diffraction of the illumination beam 110 from an overlay target 102.
Further, the collection sub-system 112 may include at least two photodetectors 114a.,b
positioned in a collection pupil plane 116 at locations associated with time-varying
interference signals indicative of overlay. For example, as will be described in greater

detail below, suitable locations for the photodetectors 114 may include, but are not limited
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to, locations proving capture of three diffraction orders from grating structures within the

overlay target 102.

[0028] In some embodiments, the overlay metrology tool 104 includes a translation stage
118 to scan the sample 106 through a measurement field of view of the overlay metrology
tool 104 during a measurement to implement scanning metrology. In some embodiments,
the overlay metrology tool 104 includes a beam-scanning sub-system 120 configured to
modify or otherwise control a position of at least one illumination beam 110 on the sample
106. For example, the beam-scanning sub-system 120 may scan an illumination beam
110 in a direction orthogonal to a scan direction (e.g., a direction in which the translation
stage 118 scans the sample 106) during a measurement. In this way, a scanning
measurement may be performed by any relative motion of the sample 106 and an

itlumination beam 110.

[0029] In some embodiments, the overlay metrology system 100 includes a controlier 122
communicatively coupled to the overlay metrology tool 104. The controller 122 may
include one or more processors 124 and a memory device 126, or memory. For example,
the one or more processors 124 may be configured to execute a set of program
instructions maintained in the memory device 126. In this way, the controller 122 may
implement any of the various process steps described throughout the present disclosure
such as, but not limited to, receiving time-varying interference signals from the
photodetectors 114, processing or filtering the time-varying interference signals, or
generating overlay measurements associated with the sample 106 based on the time-

varying interference signals.

[0030] Referring now to FIGS. 2-4B, the collection of diffraction orders from an overlay
target 102 and the placement of the photodetectors 114 for single-cell scanning
scatterometry overlay metrology is described in greater detail in accordance with one or
more embodiments of the present disclosure. in particular, FIG. 2 illustrates a non-limiting
illumination pupil distribution, FIGS. 3A-3F illustrate a first non-limiting design of an
overlay target 102, and FIGS. 4A-4B illustrate a second non-limiting design of an overlay
target 102.
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[0031] FIG. 2 is a top view of an illumination pupil plane 128 of the overlay metrology tool
104 (e.g., as shown in FIG. 1B), in accordance with one or more embodiments of the
present disclosure. In some embodiments, the illumination sub-system 108 illuminates
the overlay target 102 with one or more illumination beams 110 at normal incidence (or
near-normal incidence) as illustrated in FIG. 2A. For example, FIG. 2A illustrates the
illumination beam 110 in a center of a pupil boundary 202 of the illumination pupil plane
128. Further, the one or more illumination beams 110 may illuminate the overlay target
102 with a limited range of incidence angles as illustrated by the limited size in the
collection pupil plane 116. In this regard, the overlay target 102 may diffract the one or

more illumination beams 110 into discrete diffraction orders.

[0032] It is recognized herein that the distribution of diffracted orders of an illumination
beam 110 by a periodic structure in an overlay target 102 may be influenced by a variety
of parameters such as, but not limited to, a wavelength of the illumination beam 110, an
incidence angle of the illumination beam 110 in both altitude and azimuth directions,
pitches of the gratings of an overlay target 102, or a numerical aperture (NA) of a
collection lens. Accordingly, in embodiments of the present disclosure, the illumination
sub-system 108, the collection sub-system 112, and the overlay target 102 may be
configured to provide a desired distribution of diffraction orders in a collection pupil
suitable for generating time-varying interference patterns indicative of overlay. For
example, the illumination sub-system 108 and/or the collection sub-system 112 may be
configured (e.g., using a measurement recipe) to generate measurements on overlay
targets 102 having grating features with a selected range of pitches to provide a desired
collection pupil distribution. Further, various components of the illumination sub-system
108 and/or the collection sub-system 112 (e.g., stops, pupils, or the like) may be
adjustable (e.g., using a measurement recipe) to provide the desired collection pupil

distribution.

[0033] Further, the sizes and shapes of diffraction orders in the collection pupil plane 116
may generally be related to the size and shape of an illumination beam 110 on the sample
106. For example, although not shown, in the case that the illumination beam 110 is

elongated, the associated diffraction orders may similarly be elongated.

.
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[0034] FIGS. 3A-3D illustrate a first non-limiting embodiment of an overlay target 102
suitable for single-cell scanning scatterometry overlay measurements in which a cell 302
includes a single-pitch grating 304 associated with a first lithographic exposure and a
double-pitch grating 306 associated with a second lithographic exposure. in some
embodiments, the single-pitch grating 304 is fabricated on a first layer and the double-
pitch grating 306 is fabricated on a second layer. In this way, an associated overlay
measurement may correspond to a measurement of the relative placement errors
between the first and second layers. Further, the single-pitch grating 304 and/or the
double-pitch grating 306 may be formed on fully processed layers or as a patterned
photoresist layer. For example, one of the gratings may be formed on a fuily processed
fayer and the other may be formed on a subsequently-exposed photoresist layer. In some
embodiments, both the single-pitch grating 304 and the double-pitch grating 306 are
formed on a single layer. In this way, the associated overlay measurement may
correspond fo a measurement of the relative placement errors between different

exposures of a multi-exposure fabrication process (e.g., double patterning, or the like).

[0035] FIG. 3Ais a top view of a single-pitch grating 304, in accordance with one or more
embodiments of the present disclosure. In some embodiments, a single-pitch grating 304
includes a set of identical grating features 308 distributed along a measurement direction
310 with a selected pitch (P).

[0036] FIG. 3B is a top view of a double-pitch grating 308, in accordance with one or more
embodiments of the present disclosure. in some embodiments, the double-pitch grating
3086 is formed as a set of grating features 312 having two characteristic pitches (Pp,) and
{Pp2). In this way, the grating features 312 may have varied sizes and relative positions

to provide the pitches Py, and Pp,.

[0037] FIG. 3C provides a series of panels illustrating the conceptual formation of the
double-pitch grating 306 of FIG. 3B, in accordance with one or more embodiments of the
present disclosure. Panel A illustrates a first conceptual grating 314 with a first pitch (Pp,)
and a second conceptual grating 316 with a second pitch (Py,). Panels B and C illustrate

the conceptual overlapping of first conceptual grating 314 with the second conceptual
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grating 316 in a common area. In this way, the grating features 312 may be formed as a
combination of the first conceptual grating 314 and the second conceptual grating 316. it
is to be understood, however, that the depictions in FIG. 3C are merely for illustrative
purposes to clarify the layout of the double-pitch grating 306. In particular, the first
conceptual grating 314 and the second conceptual grating 316 are not themselves
fabricated, but are merely associated with the design of the double-pitch grating 306. As
an illustration, the grating feature 312a is a single feature based on the combination of
features from each of the first conceptual grating 314 and the second conceptual grating
316 as depicted in FIG. 3C.

[oo38] FIGS. 3D and 3E illustrate non-limiting layouts of the single-pitch grating 304 and
the double-pitch grating 306 within a cell 302 of an overlay target 102.

[o039] FIG. 3D is a top view of a cell 302 of an overlay target 102 in which a single-pitch
grating 304 and a double-pitch grating 306 are printed in non-overlapping areas within
the cell 302 (e.g., side by side), in accordance with one or more embodiments of the
present disclosure. In this configuration, the single-pitch grating 304 and the double-pitch
grating 306 may be fabricated on different layers of the sample 106 or on a common layer

of the sample 106.

[0040] FIG. 3E is a top view of a cell 302 of an overlay target 102 in which a single-pitch
grating 304 and a double-pitch grating 306 are printed on different layers of the sample
106 within an overlapping area within the cell 302, in accordance with one or more
embodiments of the present disclosure. In this way, the cell 302 may include a variation
of a grating-over-grating structure formed with the single-pitch grating 304 and the double-

pitch grating 306.

[0041] Further, in both designs illustrated in FIGS. 3D and 3E, the illumination beam 110
may be simultaneously incident on both the single-pitch grating 304 and the double-pitch
grating 306. In this way, the single-pitch grating 304 and the double-pitch grating 306 may
simultaneously generate diffraction lobes associated with the pitch P; of the single-pitch
grating 304 as well as the pitches Py, and Py, of the double-pitch grating 306. Further,

although not shown, the illumination beam 110 may be elongated in a direction
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perpendicular to the measurement direction 310 to mitigate target-induced noise caused
by imperfections in the cell 302 such as, but not limited to, roughness of the single-pitch
grating 304 or the double-pitch grating 306.

[0042] FIG. 3F is a conceptual view of a collection pupil plane 116 of the overlay metrology
tool 104 including diffraction from a single-pitch grating 304 and a double-pitch grating
306 as illustrated in FIGS. 3D or 3F, in accordance with one or more embodiments of the

present disclosure.

[0043] In some embodiments, the pitches associated with the cell 302 (e.g., the pitch P
of the single-pitch grating 304, the pitches P,, and P, of the double-pitch grating 306, or
the like) and/or various parameters in the metrology recipe (e.g., the wavelength of the
illumination beam 110, or the like) are selected such that first-order diffraction lobes from
each of the pitches P, Py, and Py, overlap. For example, FIG. 3F depicts the +1 order
diffraction lobes Ds .y, Dpy 41, and Dp, ., associated with diffraction of the illumination
beam 110 by the pitches P, Py, and Pp,, which overlap at a first overlap region 318. FIG.
3B further depicts the -1 order diffraction lobes Ds_,, Dpy _4, and Dp, _, associated with
diffraction of the illumination beam 110 by the pitches £, Pp, and Pp,, which overlap at a
second overlap region 320. FIG. 3F also illustrates 0-order diffraction (Do) (e.g., specular

reflection).

[0044] It is contemplated herein that scanning the overlay target 102 with respect fo the
ilumination beam 110 (or vice versa) along the measurement direction 310 will resuit in
time-varying interference signals at the first overlap region 318 and the second overlap
region 320 that are indicative of overlay errors between the first and second lithographic
exposures associated with the single-pitch grating 304 and the double-pitch grating 306.
Accordingly, in some embodiments, the overlay metrology tool 104 includes
photodetectors 114 in the collection pupil plane 116 at the regions of overlap. For
example, FIG. 3F illustrates a first photodetector 114a at the first overlap region 318 and

a second photodetector 114 at the second overlap region 320.

[o045] Further, it is noted herein that the active area of the photodetectors 114 (e.g., as

depicted by the dashed circles in FIG. 3F) may generally be any suitable size sufficient
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to capture the associated time-varying signals. For example, the active area of the
photodetectors 114 may be larger than the associated overlap regions. In this
configuration, the photodetectors 114 may capture additional signals beyond the relevant
time-varying signals such as, but not limited to, constant signals. However, such signals

may be filtered out or otherwise ignored using any technique known in the art.

[0046] In particular, the intensity measured at the photodetectors 114 is the product of all
the fields associated with the three pitches Ps, Py, and Pp,:

+27i(xg—GPg+vt)
Pg

. . 5 2
rami{xg—GPp{+vt) | . +2ni{xg—GPpy+vt) | .
iy 12ml{xg-GPpyv) )+1<D2 AT O D2 ) L iy

Iy = |Apge "+ Ap,e Pp1 + Ap,, € Pp2 )

where Ap, 4p, , and 4,,, correspond to strengths of the diffraction orders associated

with pitches P, Py and Py,, respectively. Further, GP represents grating position (e.g.,

along a scan).

[0047] Focusing only on the temporally-varying signal for the +1 diffraction lobes, one can

write:

PR o o e e

P e R e

P o s | "

[0048] Since the terms have different frequencies, these signals can be separated such
that the phase differences of each of the components may be measured {e.g., by the
controller 122). In the phase differences, a constant-phase contribution from the sample
106 may be eliminated such that the phase contribution comes from an initial pitch
position (e.g., initial GP and associated initial phase of the illumination beam 110 from a

starting location of a scan). The overlay may then be determined as:

V=i 6p;  GP;
Sij Fo- R T B,

P—i—Pj)+(xO+vt)(P—L—Pi]) 3
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. PpiPsPp, Ps—=Ppay Ps=Ppi} _ Pp2Ppy Ps—=Pp> Ps—Ppq
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[0049] Itis recognized herein that the determination of overlay depicted by equations (1)-
(4) is similar to the approach for determining overlay using triple grating targets as
described in U.S. Patent Application No. 17/119,536 filed on December 11, 2020, which
is incorporated herein by reference in its entirety. However, as described previously
herein, measurement of an overlay target 102 with a single-pitch grating 304 and a
double-pitch grating 306 as disclosed herein avoids unwanted edge effects and scattering
associated with the triple grating design such that the systems and methods disclosed
herein may provide overlay measurements with higher sensitivity than the triple grating

approach.

[00s0] Referring now to FIGS. 4A-4B, FIGS. 4A-4B illustrate a second non-limiting
embodiment of an overlay target 102 suitable for single-cell scanning scatterometry
overlay measurements in which a cell 302 includes two single-pitch gratings with different

pitches.

[0051] FIG. 4Ais a top view of a cell 302 of an overlay target 102 with a first grating 402
having a first pitch (P1) and a second grating 404 having a second pitch (P2) different
than the first pitch printed in non-overlapping areas within the cell 302 (e.g., side by side),
in accordance with one or more embodiments of the present disclosure. In @ manner
similar to the design illustrated in FIG. 3D, first grating 402 and the second grating 404
may be fabricated on a common layer or different layers of the sample 106. Further,
although not shown, the first grating 402 and the second grating 404 may be fabricated
on different layers of the sample 106 in an overlapping area to form a grating-over-grating
structure (e.g., similar fo the design illustrated in FIG. 3F). Further, in both configurations,
the iltumination beam 110 may be simultaneously incident on both the single-pitch grating
304 and the double-pitch grating 306.

[0052] FIG. 4B is a conceptual view of a collection pupil plane 116 of the overlay

metrology tool 104 including diffraction from a single-pitch grating 304 and a double-pitch
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grating 306 as illustrated in FIG. 4A, in accordance with one or more embodiments of the

present disclosure.

[0053] In some embodiments, the pilches associated with the cell 302 (e.g., the pitch P,
of the first grating 402 and the pitch P, of the second grating 404) are selected and/or
various parameters in the metrology recipe (e.g., the wavelength of the illumination beam
110, or the like) are selected such that first-order diffraction lobes from the first grating
402 overlap with portions of both first and second order difiraction lobes from the second
grating 404.

[0054] For example, FIG. 4B depicts the +1 order diffraction lobe from the first grating 402
(Dp,,+1) overlapping with a portion of the +1 order diffraction lobe from the second grating
404 (Dp, .} in a first overlap region 406 and also overlapping with a portion of the +2
order diffraction lobe from the second grating 404 (D, ) in a second overlap region 408.
Similarly, FIG. 4B depicts the -1 order diffraction lobe from the first grating 402 (Dp, ;)
overlapping with a portion of the -1 order diffraction lobe from the second grating 404
(Dp,—1) in a third overlap region 410 and also overlapping with a portion of the -2 order
diffraction lobe from the second grating 404 (Dp, _,) in a fourth overlap region 412. FIG.

4B also illustrates 0-order diffraction (Do) (e.g., specular reflection).

[0055] It is contemplated herein that scanning the overlay target 102 with respect to the
illumination beam 110 (or vice versa) along the measurement direction 310 will result in
time-varying interference signals at the overlap regions 406-412 that are indicative of
overlay errors between the first and second lithographic exposures associated with the
first grating 402 and the second grating 404. Accordingly, in some embodiments, the
overlay metrology tool 104 includes photodetectors 114 in the collection pupil plane 116
at the areas of overlap. For example, FIG. 4B illustrates a first photodetector 114a
capturing the first and second overlap regions 406,408 and a second photodetector 114b
capturing the third and fourth overlap regions 410,412 it is contemplated herein that the
overlay between the lithographic exposures forming the first grating 402 and the second
grating 404 may be derived in a similar fashion as depicted in equations (1)-(4) for the
design of the overlay target 102 depicted in FIGS. 3A-3F.
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[0056] Further, in a manner similar to that described in FIG. 3F, it is noted herein that the
active area of the photodetectors 114 (e.g., as depicted by the dashed circles in FIG. 4B)
may generally be any suitable size sufficient to capture the associated time-varying
signals. For example, the active area of the photodetectors 114 may be larger than the
associated overlap regions. In this configuration, the photodetectors 114 may capture
additional signals beyond the relevant time-varying signals such as, but not limited to,
constant signals. However, such signals may be filtered out or otherwise ignored using

any technique known in the art.

[0057] Referring now generaily to FIGS. 3A-4B, it is noted that FIGS. 3A-4B describe
various non-limiting designs of a particular cell 302 associated with a particular
measurement direction 310. However, it is to be understood that an overlay target 102
may include any number of cells 302 along any number of different measurement
directions which may have any orientations with respect to a direction of motion of the
sample 106 (e.g., a stage scan direction provided by the translation stage 118) or a
direction of motion of the illumination beam 110 (e.g., a beam scan direction provided by
the beam-scanning sub-system 120). For example, it is contemplated herein that any of
the arrangements of cells 302 and associated measurement configurations (e.g., stage
scan directions or beam scan directions) provided in U.S. Patent Application No.
17/178,089 filed on February 17, 2021 or U.S. Patent Application No. 17,708,958 filed on
March 30, 2022, both of which are incorporated herein by reference in their entireties,

may be extended to the cell designs disclosed herein.

[0058] Referring again to FIG. 1A, additional components of the overlay metrology tool
104 are described in greater detail in accordance with one or more embodiments of the

present disclosure.

[0059] The photodetectors 114 may generally include any type of optical detector known
in the art suitable for capturing interference signals generated as the sample 106 is
translated by the translation stage 118 and/or as one or more illumination beams 110 are

scanned by the beam-scanning sub-system 120. For example, the photodetectors 114
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may include, but are not limited to, fast photodiodes, photomultipliers, or avalanche

photodiodes.

[0060] In a general sense, the bandwidth or response time of the photodetectors 114
should be sufficient to resolve the temporal frequency of the interference fringes, which
is related to the pitches of the constituent grating structures and the scanning speed along
the measurement direction 310. For example, in the case of a scan speed along the
measurement direction 310 of 10 centimeters per second and a target pitch of 1
micrometer, the interference signals will oscillate at a rate on the order of 100 kHz. In
some embodiments, the photodetectors 114 include photodetectors having a bandwidth
of at least 1 GHz. However, it is to be understood that this value is not a requirement.
Rather, the bandwidth of the photodetectors 114, the translation speed along the
measurement direction, and the pitch of the Moiré structures may be selected together to

provide a desired sampling rate of the interference signal.

[0061] In some embodiments, the overlay metrology system 100 includes a controller 122
communicatively coupled to the overlay metrology tool 104. The controller 122 may
include one or more processors 124 and a memory device 126, or memory. For example,
the one or more processors 124 may be configured to execute a set of program

instructions maintained in the memory device 126.

[0062] The one or more processors 124 of the controller 122 may generally 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 124 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 124
may be embodied as a deskiop computer, mainframe computer system, workstation,
image computer, parallel processor, netwarked computer, or any other computer system
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configured to 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
illustration. Further, the steps described throughout the present disclosure may be carried
out by a single controller or, alternatively, multiple controllers. Additionally, the controller
122 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 metrology overlay metrology system
100. Further, the controller 122 may analyze or otherwise process data received from
the photodetectors 114 and feed the data to additional components within the overlay

metrology system 100 or external to the overlay metrology system 100.

[0063] Further, the memory device 126 may include any storage medium known in the art
suitable for storing program instructions executable by the associated one or more
processors 124. For example, the memory device 126 may include a non-transitory
memory medium. As an additional example, the memory device 126 may include, but is
not limited to, a read-only memory, a random-access memory, a magnetic or optical
memory device (e.g., disk), a magnetic tape, a solid-state drive and the like. It is further
noted that memory device 126 may be housed in a common controller housing with the

one or more processors 124.

[0064] In this regard, the controller 122 may execute any of various processing steps
associated with overlay metrology. For example, the controller 122 may be configured to
generate control signals to direct or otherwise control the overlay metrology tool 104, or
any components thereof. For instance, the controller 122 may be configured to direct the
translation stage 118 to translate the sample 106 along one or more measurement paths,
or swaths, to scan one or more overlay targets through a measurement field of view of
the overlay metrology tool 104 and/or direct the beam-scanning sub-system 120 to

position or scan one or more illumination beams 110 on the sample 106. By way of
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another example, the controller 122 may be configured to receive signals corresponding
to the time-varying interference signals from the photodetectors 114. By way of another
example, the controller 122 may generate correctables for one or more additional
fabrication tools as feedback and/or feed-forward control of the one or more additional

fabrication tools based on overlay measurements from the overlay metrology tool 104.

[0065] In another embodiment, the controller 122 captures the interference signals
detected by the photodetectors 114. The controller 122 may generally capture data such
as, but not limited to, the magnitudes or the phases of the time-varying interference
signals using any technique known in the art such as, but not limited to, one or more
phase-locked loops. Further, the controller 122 may capture the interference signals, or
any data associated with the interference signals, using any combination of hardware

(e.g., circuitry) or software techniques.

[0066] In some embodiments, the controller 122 determines an overlay measurement
between layers of the overlay target 102 along the measurement direction based on the
comparison of the interference signals. For example, the controller 122 may compare the
magnitudes and/or phases of the interference signals to generate an overlay
measurement. For instance, U.S. Patent No. 10,824,079 issued on November 3, 2020
generally describes the electric field of diffracted orders in a collection pupil and further
provides specific relationships between overlay and measured intensity in the pupil plane,
which is incorporated herein by reference in its entirety generally describes the electric
field of diffracted orders in a collection pupil and further provides specific relationships
between overlay and measured intensity in the pupil plane. it is contemplated herein that
the systems and methods disclosed herein may extend the teachings of U.S. Patent No.
10,824,079 to time-varying interference signals captured by photodetectors placed in
overlap regions as disclosed herein. In particular, it is contemplated herein that overlay
on a sample may be proportional to asymmetries such as, but not limited to, a relative
phase shift between the two time-varying interference signals. In another instance, the
relative intensities of the diffraction orders in the pupil plane may be extracted from the

time-varying interference signals. In this way, any overlay algorithm based on relative

o8]
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intensity differences of diffraction orders known in the art may be applied {o generate an

overlay measurement.

[0067] Further, the controller 122 may calibrate or otherwise modify the overiay
measurement based on known, assumed, or measured features of the sample that may
also impact the time-varying interference signals such as, but not limited to, sidewall

angles or other sample asymmetries.

[0068] Referring again to FIG. 1B, various components of the overlay metrology tool 104
are described in greater detail in accordance with one or more embodiments of the

present disclosure.

[0069] In some embodiments, the illumination sub-system 108 includes an illumination
source 136 configured to generate at least one illumination beam 110. The illumination
from the illumination source 136 may include one or more selected wavelengths of light
including, but not limited to, ultraviolet (UV) radiation, visible radiation, or infrared (IR)

radiation.

[0070] The illumination source 136 may include any type of illumination source suitable
for providing at least one iflumination beam 110. In some embodiments, the illumination
source 136 is a laser source. For example, the illumination source 136 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
ilflumination source 136 may provide an illumination beam 110 having high coherence
(e.g., high spatial coherence and/or temporal coherence). In some embodiments, the
iftlumination source 136 includes a laser-sustained plasma (LSP) source. For example,
the illumination source 136 may include, but is not limited to, an LSP lamp, an LSP bulb,
or an LSP chamber suitable for containing one or more elements that, when excited by a

laser source into a plasma state, may emit broadband ilumination.

[06071] In some embodiments, the illumination sub-system 108 includes one or more
optical components suitable for modifying and/or conditioning the illumination beam 110

as well as directing the illumination beam 110 to the sample 106. For example, the
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illumination sub-system 108 may include one or more illumination lenses 138 (e.g., to
collimate the illumination beam 110, to relay an illumination pupil plane 128 and/or an
illumination field plane 140, or the like). in some embodiments, the illumination sub-
system 108 includes one or more illumination control optics 142 to shape or otherwise
control the illumination beam 110. For example, the illumination control optics 142 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, translatable mirrors, scanning mirrors, or the like).

[0072] In some embodiments, the overlay metrology tool 104 includes an objective lens
144 to focus the illumination beam 110 onto the sample 106 (e.g., an overlay target with

overlay target elements located on two or more layers of the sample 106).

[0073] In some embodiments, the illumination sub-system 108 iluminates the sample 106
with two or more illumination beams 110. Further, the two or more illumination beams
110 may be, but are not required to be, incident on different portions of the sample 106
(e.g., different cells of an overlay target) within a measurement field of view (e.g., a field
of view of the objective lens 144). It is contemplated herein that the two or more
ilfumination beams 110 may be generated using a variety of techniques. In some
embodiments, the illumination sub-system 108 includes two or more apertures at an
illumination field plane 140. In some embodiments, the illumination sub-system 108
includes one or more beamspilitters to split illumination from the illumination source 136
into the two or more illumination beams 110. In some embodiments, at least one
illumination source 136 generates two or more illumination beams 110 direclly. In a
general sense, each illumination beam 110 may be considered to be a part of a different
illumination channel regardless of the technique in which the various illumination beams

110 are generated.

[0074] In some embodiments, the collection sub-system 112 includes at least two
photodetectors 114 (e.g., photodetectors 114a,b) located at a collection pupil plane 116
configured to capture light from the sample 106 (e.g., collected light 148), where the
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collected light 146 includes overlap regions providing time-varying interference signals
during a scan {(e.g., overlap regions 318,320 illustrated in FIG. 3F, overlap regions 406-
412 illustrated in FIG. 4B, or the like). The collection sub-system 112 may include one or
more optical elements suitable for modifying and/or conditioning the collected light 146
from the sample 106. In some embodiments, the collection sub-system 112 includes one
or more collection lenses 148 (e.g., to collimate the illumination beam 110, to relay pupil
and/or field planes, or the like), which may include, but are not required to include, the
objective lens 144. In some embodiments, the collection sub-system 112 includes one
or more collection control optics 150 to shape or otherwise control the collected light 146.
For example, the collection control optics 150 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,

translatable mirrors, scanning mirrors, or the like).

[0075] In some embodiments, the ilumination sub-system 108 and the collection sub-
system 112 may utilize the objective lens 144. For example, FIG. 1B illustrates a
beamsplitter 152 used to couple an illumination beam 110 to the objective lens 144 for
illumination of the sample 106 and also couple collected light 146 from the objective lens
144 to the photodetectors 114.

[0076] The overlay metrology tool 104 may include one or more collection channels 154.
For example, as illustrated in FIG. 1B, the overlay metrology tool 104 may include one or
more beamsplitters 156 arranged to split the collected light 146 into the collection
channels 154. Further, FIG. 1B illustrates a configuration with two collection channels
154. It is contemplated herein that the photodetectors 114 may be distributed in any
desired distribution between one or more collection channels 154. In some embodiments,
each collection channel 154 includes a single photodetector 114 (e.g., photodetector
114a or photodetector 114b). In this way, each photodetector 114 may be placed at any
location in the collection pupil plane 116 regardless of its physical size or any associated
components. In some embodiments, multiple photodetectors 114 are located in at least

one collection channel 154. In this configuration, multiple collection channels 154 may
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facilitate simultaneous measurements of different cells 302 (e.g., associated with different

measurement directions).

[0077] In some embodiments, the collection sub-system 112 includes two or more
photodetectors 114. in this way, the photodetectors 114 may be distributed as desired.
For example, as illustrated in FIG. 1B, the overlay metrology tool 104 may include one or
more beamsplitters 158 arranged to split the collected light 146 into the collection
channels 154. Further, the beamsplitters 158 may be polarizing beamsplitters, non-
polarizing beamsplitters, or a combination thereof. It is to be understood, however, that
the illustration of two collection channels 154 in FIG. 1B is provided solely for illustrative
purposes and should not be interpreted as limiting. For example, the collection sub-
system 112 may include a single collection channel 154 or multiple collection channels
154.

[0078] In some embodiments, multiple collection channels 154 are configured to collect
fight from multiple illumination beams 110 on the sample 106. For example, in the case
that an overlay target 102 has two or more cells 302 distributed in a direction different
than a scan direction, the overlay metrology tool 104 may simultaneously iluminate the
different cells 302 with different illumination beams 110 and simultaneously capture
interference signals associated with each illumination beam 110. Additionally, in some
embodiments, multiple illumination beams 110 directed to the sample 106 may have
different polarizations. In this way, the diffraction orders associated with each of the
illumination beams 110 may be separated. For example, polarizing beamsplitters 158
may efficiently separate the diffraction orders associated with the different illumination
beams 110. By way of another example, polarizers may be used in one or more collection

channels 154 to isolate desired diffraction orders for measurement.

[0079] In some embodiments, the overlay metrology tool 104 includes a beam-scanning
sub-system 120 to position, scan, or modulate positions of one or more illumination

beams 110 on the sample 106 during measurement.

[0080] The beam-scanning sub-system 120 may include any type or combination of

elements suitable for scanning positions of one or more illumination beams 110. {n some
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embodiments, the beam-scanning sub-system 120 includes one or more deflectors
suitable for modifying a direction of an illumination beam 110. For example, a deflector
may include, but is not limited to, a rotatable mirror (e.g., a mirror with adjustable tip and/or
tilt). Further, the rotatable mirror may be actuated using any technique known in the art.
For example, the deflector may include, but is not limited to, a galvanometer, a piezo-
electric mirror, or a micro-electro-mechanical system (MEMS) device. By way of another
example, the beam-scanning sub-system 120 may include an electro-optic modulator, an

acousto-optic modulator, or the like.

[0081] The deflectors may further be positioned at any suitable location in the overlay
metrology tool 104. In some embodiments, one or more deflectors are placed at one or
more pupil planes common to both the illumination sub-system 108 and the collection
sub-system 112. In this regard, the beam-scanning sub-system 120 may be a pupil-plane
beam scanner and the associated deflectors may meodify the positions of one or more
illumination beams 110 on the sample 106 without impacting positions of diffraction orders
in the collection pupil plane 116. Further, a distribution of one or more illumination beams
110 in an illumination field plane 140 may further be stable as the beam-scanning sub-
system 120 modifies positions of the one or more illumination beams 110 on the sample
106. Pupil-plane beam scanning is described generally in U.S. Patent Application No.

17/142,783 filed on January 6, 2021, which is incorporated by reference in its entirety.

[0082] Referring now to FIG. 5, FIG. 5 is a flow diagram illustrating steps performed in a
method 500 for single-cell scanning 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.

[0083] In some embodiments, the method 500 includes a step 502 of illuminating an
overlay target with a single cell per measurement direction, where the single cell includes

features with two or more pitches.
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[0084] In some embodiments, the method 500 includes a step 504 of collecting time-
varying interference signals from two photodetectors, where each of the photodetectors
captures signal associated with three diffraction orders from the two or more pitches. For
example, the overlay target may include a double-pitch grating characterized by two
pitches on a first layer and single-pitch grating on a second layer. In this configuration, a
first photodetector may capture +1 order diffraction from each of the three constituent
pitches, while a second photodetector may capture -1 diffraction from each of the three
constituent pitches. By way of another example, the overlay target may include single-
pitch gratings with different pitches. In this configuration, a first photodetector may capture
+1 order and +2 order diffraction from one of the single-pitch gratings and +1 diffraction
from the other single-pitch grating, while a second photodetector may capture -1 order
and -2 order diffraction from one of the single-pitch gratings and -1 diffraction from the

other single-pitch grating.

[0085] In some embodiments, the method 500 includes a step 506 of determining an
overlay error associated with the overlay target based on time-varying interference
signals captured by the two photodeteciors. For example, an overlay error along a
direction of periodicity of the constituent grating structures may be determined based on
any combination of intensity or phase information in the time-varying interference signals

generated during a scan.

[oo86] It is contemplated herein that the method 500 may be applied to a wide variety of
overlay target designs suitable for 1D or 2D metrology measurements. In some
embodiments, the method 500 includes simultaneously scanning multiple illumination
beams and collecting the associated overlapping diffraction orders for parallel
measurements. In some embodiments, the method 500 includes scanning one or more
iftumination beams along a beam-scan direction different than the stage-scan direction to
provide a diagonal or triangle-wave path across the sample. in this regard, an overlay
target with muttiple cells suitable for determining overlay along different (e.g., orthogonal
measurement may be efficiently interrogated by a common illumination beam in a

measurement swath.
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[0087] The herein described subject matter sometimes illustrates different components
contained within, or connected with, other components. |t 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 also 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.

[0088] liis 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.
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CLAIMS

What is claimed:

1. An overlay metrology system comprising:

an illumination source;

an illumination sub-system including one or more illumination optics to iluminate
an overlay target on a sample with illumination from the illumination source as the sample
is in motion with respect to the illumination from the illumination source in accordance
with a measurement recipe, wherein the overlay target includes one or more cells in
accordance with the measurement recipe, wherein at least some of the one or more cells
comprise:

a double grating including a first series of features distributed along
a measurement direction with a first pitch and a second pitch in an
overlapping region; and

a single grating including a second series of features distributed
along the measurement direction with the first pitch;

a collection sub-system including one or more collection optics to direct positive
and negative first-order diffraction of the illumination by both the double grating and the
single gratings associated with the first and second pitches to one or more detectors
located in a pupil plane in accordance with the measurement recipe, wherein the one or
more detectors generate time-varying interference signals associated with the positive
and negative first-order diffraction of the illumination by both the double grating and the
single gratings; and

a controller communicatively coupled to the one or more detectors, the controller
including one or more processors to execute program instructions causing the one or
more processors to determine an overlay measurement between the double grating and

the single grating based on the time-varying interference signals.

2. The overlay metrology system of claim 1, wherein the double grating and the single

grating overlap on the sample.
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3. The overlay metrology system of claim 1, wherein the double grating and the single

grating are located in adjacent non-overlapping regions of the sample.

4. The overlay metrology system of claim 1, wherein the double grating and the single

grating are located in different layers of the sample.

5. The overlay metrology system of claim 1, wherein the double grating and the single

grating are located in a common layer of the sample.

6. The overlay metrology system of claim 1, wherein the positive first-order diffraction
associated with the first and second pitches overlap in a first overlap region at the pupil
plane, wherein the negative first-order diffraction associated with the first and second
pitches overlap in a second overlap region at the pupil plane, wherein determine the
overlay measurement between the first and second layers of the sample based on the
positive and negative first-order diffraction of the illumination by the double grating and
the single grating associated with the first and second pitches comprises:

determine an overlay measurement between the first and second layers of the
sample based on time-varying interference signals generated by the one or more

detectors at the first and second overlap regions.

7. The overlay metrology system of claim 1, wherein the double grating is fabricated in a
single exposure step.

8. An overlay target comprising:
one or more cells on a sample, wherein at least some of the one or more cells
comprise:
a double grating including a first series of features distributed along a
measurement direction with a first pitch and a second pitch in an overlapping

region; and
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a single grating on a second layer of the sample including a second series
of features distributed along the measurement direction with the first pitch, wherein
the first and second pitches are selected such that positive first-order diffraction
from the first and second pitches overlap in a first overlap angular region and
negative first-order diffraction from the first and second pitches overlap in a second
overlap angular region for at least one operational wavelength, wherein time-
varying interference signals in the first and second overlap regions generated as
the overlay target is scanned relative to an illumination beam are indicative of

overlay between the double grating and the single grating.

9. The overlay target of claim 8, wherein the double grating is fabricated in a single

exposure step.

10. The overlay target of claim 8, wherein the first layer is fabricated prior to the second

layer.

11. The overlay target of claim 8, wherein the first layer is fabricated subsequent to the

second layer.

12. The overlay target of claim 8, wherein the double grating and the single grating are

located in different layers of the sample.

13. The overlay target of claim 8, wherein the double grating and the single grating are

located in a common layer of the sample.

14. An overlay metrology system comprising:

an ilumination source;

an illumination sub-system including one or more illumination optics to illuminate
an overlay target on a sample with illumination from the illumination source as the sample
is in motion with respect to the illumination from the illumination source in accordance

with a measurement recipe, wherein the overlay target includes one or more cells in
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accordance with the measurement recipe, wherein at least some of the one or more cells
comprise:
a first grating on a first layer of the sample including a first series of
features distributed along a measurement direction with a first pitch; and
a second grating on a second layer of the sample including a second
series of features distributed along the measurement direction with a
second pitch different than the first pitch; and
a collection sub-system including cone or more collection optics to direct
measurement diffraction orders to one or more detectors at a pupil plane in accordance
with the measurement recipe, wherein the measurement diffraction orders comprise:
positive and negative first-order diffraction of the illumination by the first
grating;
positive and negative first-order diffraction and second-order diffraction of
the illumination by the second grating; and
a controller communicatively coupled to the one or more detectors, the
controller including one or more processors {o execute program instructions
causing the one or more processors to determine an overlay measurement
between the first and second layers of the sample based on the measurement

diffraction orders.

15. The overlay metrology system of claim 14, wherein the positive first-order diffraction
from the first grating overlaps with the positive first and second order diffraction from the
second grating in a first set of overlap regions, wherein the negative first-order diffraction
from the first grating overlaps with the negative first and second order diffraction from the
second grating in a second set of overlap regions, wherein determine the overlay
measurement between the first and second layers of the sample based on the
measurement diffraction orders comprises:

determine the overlay measurement between the first and second layers of the
sample based on time-varying interference signals generated by the one or more
detectors at the first and second sets of overlap regions as the sample is in motion in

accordance with the measurement recipe.
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16. The overlay metrology system of claim 14, wherein the double grating and the single

grating overlap on the sample.

17. The overlay metrology system of claim 14, wherein the double grating and the single

grating are located in adjacent non-overlapping regions of the sample.

18. The overlay metrology system of claim 14, wherein the first layer is fabricated prior to

the second layer.

19. The overlay metrology system of claim 14, wherein the first layer is fabricated

subsequent to the second layer.

20. An overlay target comprising:
one or more cells on a sample, wherein at least some of the one or more cells
comprise:
a first grating on a first layer of the sample including a first series of features
distributed along a measurement direction with a first pitch; and
a second grating on a second layer of the sample including a second series
of features distributed along the measurement direction with a second piich
different than the first pitch, wherein the first and second pitches are selected such
that positive first-order diffraction from the first grating overlaps with positive first
and second order diffraction from the second grating in a first set of overlap
regions, wherein the negative first-order diffraction from the first grating overlaps
with negative first and second order diffraction from the second grating in a second
set of overlap regions, wherein time-varying interference signals in the first and
second sets of overlap regions are indicative of overlay between the first and

second layers of the sample.

21. The overlay target of claim 20, wherein the first layer is fabricated prior to the second

fayer.
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22. The overlay target of claim 20, wherein the first layer is fabricated subsequent to the

second layer.
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