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SCALING METRIC FOR QUANTIFYING METROLOGY SENSITIVITY TO PROCESS
VARIATION

CROSS-REFERENCE TO RELATED APPLICATION

[0001] The present application claims the benefit under 35 U.S.C. § 118(e) of U.S.
Provisional Application Serial No. 62/797,557, filed January 28, 2019, entitled SCALING
METRIC SMETRIC FOR QUANTIFYING METROLOGY CONFIGURATION'S
SENSITIVITY TO PROCESS VARIATION, naming Tal Marciano, Noa Armon, and Dana

Klein as inventors, which is incorporated herein by reference in the entirety.

TECHNICAL FIELD

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

particularly, to evaluating robustness of overlay metrology {0 process variations.

BACKGROUND

[o003] Overlay metrology systems typically measure the alignment of multiple tayers of
a sample by characterizing an overlay target having target features located on sample
fayers of interest. Further, the overlay alignment of the mulliple layers is typically
determined by aggregating overiay measurements of multiple overlay targets at various
focations across the sample. However, the accuracy and/or repeatability of an overlay
measurement of an overlay target may be sensitive to variations of process parameters
during fabrication of the overlay target and/or measurement parameters used to inspect
a fabricated overlay target. For example, process parameter variations {(e.g., associated
with layer deposition, pattern exposure, etching, or the like) may lead to deviations of a
fabricated overlay target from an intended design (e.g., asymmeiries in sidewall angles,
or the like) that may introduce error into an overlay measurement. By way of another

example, the accuracy of an overlay measurement of a given fabricated overlay target
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may vary based on exact values of measurement parameters associated with an overlay
metrology tool {e.g., wavelength, polarization, or the like). Accordingly, it may be
desirable to provide systems or methods for evaluating the robustness of overlay target

designs.

SUMMARY

[ooo4] An overlay metrology system is disclosed in accordance with one or more
ilustrative embodiments of the present disclosure. In one illustrative embodiment, the
system includes a conirolier {o be communicatively coupled with an overlay metrology
tool. In another illustrative embodiment, the controller receives, from the overlay
metrology tool, overlay measurements on two or more sets of overlay targets on a sample
with a plurality of values of a measurement parameter for configuring the overlay
metrology tool, where a particular set of overlay targets includes overlay targets having
one of two or more overlay target designs. In another illustrative embodiment, the
controlier determines scaling metric values for at least some of the overlay targets in the
two or more sets of overlay targets, where the scaling metric for a particular overlay target
is based on a standard deviation of the overlay measurements of the corresponding set
of overlay targets. In another illustrative embodiment, the controller determines a
variability of the scaling metric values for each of the two or more sets of overlay targets.
In another ilustrative embodiment, the controller selects, as an output overlay target
design, one of the two or more overlay target designs having a smallest scaling metric
variability, wherein the output overiay target design is provided to one or more fabrication
tools to fabricate an overlay target based on the oulput overlay target design on a test

sample for measurement with the overlay metrology tool.

fooos] An overlay metrology system is disclosed in accordance with one or more
illustrative embodiments of the present disclosure. In one iflustrative embodiment, the
system includes a controlier to be communicatively coupled with an overlay metrology
tool. In another illustrative embodiment, the controller receives, from the overlay
metrology tool configured with two or more hardware configurations, overlay

measurements on a set of overlay targets distributed across a sample with a plurality of
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values of a measurement parameter for configuring the overlay metrology tool. In another
illustrative embodiment, the controller determines scaling metric values for the set of
overlay targets based on the overlay measurements with the two or more hardware
configurations, where the scaling metric for a particular overlay target in the set of overiay
target measured with a particular hardware configuration of the two or more hardware
configurations is based on a standard deviation of the overlay measurements associated
with the particular hardware configuration. In another illustrative embodiment, the
controller determines a variability of the scaling metric values associated with each of the
two or more hardware configurations. In another illustrative embodiment, the controller
selects, as an output hardware configuration of the overlay metrology tool, one of the two
or more hardware configurations having a smallest scaling metric variability, where the
output hardware configuration is provided to the overlay metrology tool for measurement

of one or more additional instances of the overlay target.

fooos] An overlay metrology system is disclosed in accordance with one or more
illustrative embodiments of the present disclosure. In one illustrative embodiment, the
system includes a controlier to be communicatively coupled with an overlay metrology
tool. In another illustrative embodiment, the controller receives a set of sile-specific
scaling factors to correct overlay inaccuracy at a set of overlay locations. In another
illustrative embodiment, the site-specific scaling factors are generated based on overlay
measurements of a set of reference overlay targets distributed at the set of overlay
focations with a plurality of values of a measurement parameter, where the set of
reference overlay targets have a common target design, and where the set of reference
overlay targets include a known spatial distribution of fabrication errors. In another
illustrative embodiment, the site-specific scaling factors are based on a standard deviation
of the overlay measurements. In another illustrative embodiment, the controller receives,
at least one test overlay measurement from at least one overlay target having the
common target design located on at least one location in the set of overlay locations on
a test sample. In another illustrative embodiment, the controiler corrects at least one fest

overlay measurement with the corresponding site-specific scaling factor.



WO 2020/159737 PCT/US2020/014308

[o007] A method is disclosed in accordance with one or more illustrative embodiments
of the present disclosure. In one illustrative embodiment, the method includes measuring,
on a set of overlay targets distributed across a reference sample, overlay with a plurality
of values of a measurement parameter for configuring an overlay metrology tool. In
another illustrative embodiment, the set of overlay targets have a common target design
and include a known spatial distribution of fabrication errors. In another illustrative
embodiment, the method includes determining scaling metric values for the plurality of
overlay targets based on the overlay measurements, where the scaling metric for a
particular overlay target of the plurality of overlay targets is based on a standard deviation
of the overlay measurements. In another illustrative embodiment, the method includes
identifying a metrology recipe including a value of the measurement parameter providing
an insensitivity to the fabrication errors within a selected tolerance based on a correlation
between the scaling metric values and the measurement parameter. In another
lustrative embodiment, the method includes measuring overlay on at least one overlay
target having the common target design on a test sample with the identified metrology

recipe.

[ooo8] ltis 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 constifute 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

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

skilied in the art by reference to the accompanying figures.

FiG. 1A is a conceptual view illustrating an overlay metrology system, in accordance with

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

1C is a conceptual view illustrating the overlay metrology tool, in accordance with
one or more embodiments of the present disclosure.

2 is a plot of the contrast precision and inaccuracy as a function of wavelength for a
target with asymmetric sidewall angles induced by process variations, in
accordance with one or more embodiments of the present disclosure.

3A is a plot illustrating the impact of the strength of sidewall asymmetry on the
overlay inaccuracy, in accordance with one or more embodiments of the present
disclosure.

3B is a plot illustrating the impact of the sign of sidewall asymmetry on the overlay
fnaccuracy, in accordance with one or more embodiments of the present
disclosure.

4Ais a plot of locations of overlay targets distributed across a sample, in accordance
with one or more embodiments of the present disclosure.

4B is a plot of measured overlay as a function of wavelength for the overlay targeis
depicted in FIG. 4A, in accordance with one or more embodiments of the present
disclosure.

5A is a schematic representation of a distribution of process-variation-induced
asymmetry on features of an overlay target, in accordance with one or more
embodiments of the present disclosure.

5B is a simulated representation of overlay targets distributed across the sample
depicted in FIG. 5A, where the shading of each overlay target represents the value
of the S-metric, in accordance with one or more embodiments of the present
disclosure.

6 is a flow diagram #llustrating steps performed in a method for selecting an overlay
target design, in accordance with one or more embodiments of the present
disclosure.

7A is a plot of S-metrics for overlay targets having a first overlay targst design
distributed across a sample having process variations, in accordance with one or

more embodiments of the present disclosure.
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FIG. 7B is a plot of S-metrics for overlay targets having a second overlay target design
distributed across a sample having process variations, in accordance with one or
more embodiments of the present disclosure.

FIG. 8 is a flow diagram illustrating steps performed in a method for selecting a hardware
configuration of an overlay metrology tool, in accordance with one or more
embodiments of the present disclosure.

FiG. 9 is a flow diagram illustrating steps performed in a method for generating site-
specific scaling factors to correct for site-specific overlay inaccuracies, in
accordance with one or more embodiments of the present disclosure.

FIG. 10 is a flow diagram illustrating steps performed in a method for identifying a
metrology recipe that is robust fo process variations, in accordance with one or

more embodiments of the present disclosure.

DETAILED DESCRIPTION

foo10] 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. H 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.

[o011] Embodimenis of the present disclosure are directed to evaluation of the
robustness of overlay target designs and/or recipes for determining overlay based on a

selected overlay target design.

[0012] It is recognized herein that a semiconductor device may be formed as muitiple
printed layers of patierned material on a substrate. Each printed layer may be fabricated
through a series of process steps such as, but not limited {o, one or more material
deposition steps, one or more lithography steps, or one or more efching steps. Further,

each printed layer must typically be fabricated within selected tolerances to properly
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construct the final device. For example, the relative placement of printed elements in
each layer {e.g., the overlay) must be well characterized and controiled with respect {o
previously fabricated layers. Accordingly, metrology targets may be fabricated on one or
more printed layers to enable efficient characterization of the overlay of the layers.
Deviations of overlay target features on a printed layer may thus be representative of
deviations of printed characteristics of printed device features on that layer. Further,
overlay measured at one fabrication step {e.g., after the fabrication of one or more sample
layers) may be used to generate correctables for precisely aligning a process tool (e.q.,
a lithography tool, or the like} for the fabrication of an additional sample laver in a

subsequent fabrication step.

{00131 Overlay metrology is typically performed by fabricating one or more overlay
targets across a sample, where each overiay target includes features in sample layers of
interest, which are fabricated at the same time as features associated with a device or
component being fabricated. In this regard, overiay errors measured at a location of an
overlay target may be representative of overlay errors of device features. Accordingly,
overlay measurements may be used to monitor and/or control any number of fabrication
tools to maintain production of devices according to specified tolerances. For example,
overlay measurements of a current layer with respect to a previous layer on one sample
may be utilized as feed-back data to monitor and/or mitigate deviations of the fabrication
of the current layer on additional samples within a lot. By way of another example, overlay
measurements of a current layer with respect to a previous layer on one sample may be
utilized as feed-forward data to fabricate a subsequent layer on the same sample in a

way that takes into account the existing layer alignments.

[0014] Overlay targets typically include features specifically designed to be sensitive to
overlay errors between sample layers of interest. An overlay measurement may then be
carried out by characterizing the overlay target using an overiay metrology tool and
applying an algorithm to determine overlay errors on the sample based on the output of

the metrology tool.

~J
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{00151 Overlay metrology tools may utilize a variety of techniques fo determine the
overlay of sample layers. For example, image-based overlay metrology tools may
dluminate an overlay target {e.g., an advanced imaging metrology (AIM) target, a box-in-
box metrology target, or the like) and capture an overlay signal including an image of
overlay target features located on different sample layers. Accordingly, overlay may be
determined by measuring the relative positions of the overlay target features. By way of
another example, scatterometry-based overly metrology tools may illuminate an overiay
target (e.g., a grating-over-grating metrology target, or the like) and capture an overlay
signal including an angular distribution of radiation emanating from the overlay target
associated with diffraction, scattering, and/or reflection of the illumination beam.
Accordingly, overlay may be determined based on models of the interaction of an

ilumination beam with the overlay target.

[oo18] Regardless of the overlay measurement technique, an overlay metrology tool is
typically configurable according to a recipe including a set of measurement parameters
utilized to generate an overlay signal. For example, a recipe of an overlay metrology tool
may include, but is not limited to, an ilumination wavelength, a detected wavelength of
radiation emanating from the sample, a spot size of illumination on the sample, an angle
of incident illumination, a polarization of incident illumination, a position of a beam of
incident illumination on an overlay target, a position of an overlay farget in the focal
volume of the overlay metrology tool, or the like. Accordingly, an overlay recipe may
include a set of measurement parameters for generating an overlay signal suitable for

determining overlay of two or more sample layers.

[0017] The accuracy and/or the repeatability of an overlay measurement may depend
on the overiay recipe as well as a wide range of factors associated with the particular
geomelry of the overlay target such as, but not imited fo, thicknesses of sample layers,
the sizes of overlay target features, the density or pitch of overlay target features, or the
composition of sample layers. Further, the particular geometry of overlay targets may
vary across the sample in both predictable and unpredictable manners. For example, the
thicknesses of fabricated layers may vary across the sample in a known distribution {(e.g.,

a thickness may be expected to be slightly larger in the center of a sample than along an
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edge) or may vary according to random fluctuations associated with defects or random
variations of processing steps. Accordingly, a particular overlay recipe may not provide
the same accuracy and/or repeatability when applied to all overlay targets of a sample,

even if process variations are within selected fabrication tolerances.

[oo18] An overlay measurement using a given algorithm is typically performed under an
assumption that the overlay target includes perfectly symmetric features developed on
perfectly uniform sample layers formed from perfectly uniform materials. However,
process variations associated with fabrication of an overlay target may introduce
deviations of a fabricated overlay target from designed characteristics (e.g., sidewall
asymmetries, or the like). For example, process variations may include variations in the
deposition of film layers, the exposure of patterns on film layers, etching the exposed
patterns on the film layers, and the like. In this regard, any impact of deviations of a
fabricated overlay target from designed characteristics on the measured signal may be
improperly attributed to overlay error and may thus manifest as inaccuracies in the overlay

measurement.

[oo19] Further, it may be the case that, for a given overlay target and a given overlay
algorithm, different metrology recipes (e.g., different configurations of the overlay
metrology tool) may exhibit different sensitivity fo process errors. Put another way, it may
be possible to identify particular measurement recipes (e.g., particular values of
waveiength, polarization, or the like used by an overlay metrology ool {o characterize an
overlay target) that are relatively robust to process variations associated with fabrication
of a particular overiay target. in this regard, robust and accurate overlay measurements

may be achieved.
[o020] Inaccuracy associated with overiay metrology may be generally described as:
Overlaymeasurea = € + 6N M

where € is the physical overlay error {e.g., an alignment error of one sample layer to

another). Further, the inaccuracy may be defined as a function of a measurement

9
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parameter (e.g., associated with a measurement recipe). For example, overlay

inaccuracy may be generally described as a function of wavelength:
Overlaymeasurea(d) = € + &N(A) (2)

[0021] In one embodiment, an overlay target is evaluated using a scaling metric (S-
metric) that is sensitive o deviations of a fabricated overlay target from design
characteristics induced by process variations. In this regard, the S-metric may be used
to evaluate the robustness of a metrology recipe applied to a particular target. For
example, the S-metric may be generated based on overlay measurements of a target

under different measurement parameters (e.g., different metrology recipes).

{00221 It is contemplated herein that the S-metric may be used in various ways o
facilitate robust overlay metrology. In one embodiment, the S-metric may facilitate the
selection of various aspects of a metrology recipe (e.g., wavelength, polarization, or the
like) to provide robust measurements on a particular overlay target, even in the presence
of process variations across the sample. For example, a robust measurement recipe may
be characterized as one that provides 6N — 0 {e.g., see Eq. (1)) for a range of likely

process variations.

{06231 In anocther embodiment, the S-metric is evaluated for muitiple instances of an
overlay target located at different locations across the sample. in this regard, the S-metric
may facilitate tuning of the metrology recipe based on the target location. For example,
the S-metric may be evaluated for multiple instances of an overlay target across a sample
with known spatially-varying process variations to evaluate the robusiness of the overlay
measurement. Further, robustness may be evaluated using any metric. For example, it
may be the case that the overlay inaccuracy is small (e.g., §N — 0) over a range of
process variations such that the overlay measurements are free of systematic errors and
are further insensitive to process variations in this range. By way of another exampie, il
may be the case that the overlay inaccuracy does not approach zero, but is relatively
stable over a range of process variations (e.g., var(SN) — 0). iIn this regard, the overlay

measurement may be relatively robust, yet may suffer from systematic errors. In either

10
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case, the S-metric may facilitate the selection of a metrology recipe within selected design

criteria.

[0024] In another embodiment, the S-metric may be evaluated for multiple overiay
targets having different designs and/or different overlay measurement algorithms to
evaluate the relative robusiness of the targets and/or algorithms under consideration. In
this regard, the S-metric may facilitate selection of a robust overlay target and/or

measurement algorithm.

f6025] For the purposes of the present disclosure, an overlay signal associated with an
overlay metrology tool may be considered o be an output of the overlay metrology ool
having sufficient information to determine an averlay including relative positions of overlay
target features on two or more sample layers {e.g., through analysis using one or more
processors, or the like). For example, an overlay signal may include, but is not required
to include, one or more datasets, one or more images, one or more detector readings, or
the like.

[o028] As used throughout the present disclosure, the term "sample” generally refers to
a substrate formed of a semiconductor or non-semiconductor material {e.g., a wafer, or
the like). For example, a semiconductor or non-semiconductor material may include, but
is not limited to, monocrystalline silicon, gallium arsenide, and indium phosphide. A
sample may include one or more layers. For example, such layers may include, but are
not limited to, a resist, a dielectric material, a conductive maternial, and a semiconductive
material. Many different types of such layers are known in the art, and the term sample
as used herein is intended to encompass a sample on which all types of such layers may
be formed. One or more layers formed on a sample may be patterned or unpatterned.
For example, a sampie may include a plurality of dies, each having repeatable patterned
features. Formation and processing of such layers of material may ultimately result in
completed devices. Many different types of devices may be formed on a sample, and the
term sample as used herein is intended to encompass a sample on which any type of
device known in the art is being fabricated. Further, for the purposes of the present

disclosure, the term sample and wafer should be interpreted as interchangeable. In

11
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addition, for the purposes of the present disclosure, the terms patterning device, mask

and reticle should be interpreted as interchangeable.

[0027]1 FIG. 1A is a conceptual view illustrating an overlay metrology system 100, in

accordance with one or more embodiments of the present disclosure.

[0028] In one embodiment, the overlay metrology system 100 includes an overiay
metrology tool 102 to acquire overlay signals from overlay targets based on any number
of overlay recipes. For example, the overlay metrology ool 102 may direct ilumination
to a sample 104 and may further collect radiation emanating from the sample 104 to
generate an overlay signal suitable for the determination of overiay of two or more sample
tayers. The overlay metrology tool 102 may be any type of overlay metrology {ool known
in the art suitable for generating overlay signals suitable for determining overlay
associated with overlay targets on a sample 104. The overlay metrology tool 102 may
operate in an imaging mode or a non-imaging mode. For example, in an imaging mode,
individual overlay target elements may be resolvable within the illuminated spot on the
sample (e.g., as part of a bright-field image, a dark-field image, a phase-contrast image,
or the like). By way of another example, the overlay metrology tool 102 may operate as
a scatterometry-based overlay metrology tool in which radiation from the sample is
analyzed at a pupil plane to characterize the angular distribution of radiation from the
sample 104 (e.g., associated with scattering and/or diffraction of radiation by the sample
104).

foo2e] Further, the overlay tool may be configurable to generate overlay signals based
on any number of recipes defining measurement parameters for the acquiring an overlay
signal suitable for determining overlay of an overlay target. For example, a recipe of an
overlay metrology tool may include, but is not imited to, an dllumination wavelength, a
detected wavelength of radiation emanating from the sample, a spot size of illumination
on the sample, an angle of incident llumination, a polarization of incident illumination, a
position of a beam of incident illumination on an overlay target, a position of an overlay

target in the focal volume of the overlay metrology tool, or the like.

12
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[0030] In another embodiment, the overlay metrology system 100 includes a controller
106 communicatively coupled {o the overlay metrology tool 102. The controlier 106 may
be configured to direct the overlay metrology tool 102 to generate overlay signals based
on one or more selected recipes. The controller 106 may be further configured to receive
data including, but not limited to, overlay signals from the overlay metrology tool 102.
Additionally, the controller 106 may be configured to determine overlay associated with

an overlay target based on the acqguired overlay signals.

[0031] In anocther embodiment, the controller 106 includes one or more processors 108.
For example, the one or more processors 108 may be configured {o execute a set of
program instructions maintained in a memory device 110, or memory. The one or more
processors 108 of a controlier 106 may include any processing element known in the art.
In this sense, the one or more processors 108 may include any microprocessor-type
device configured to execute algorithms and/or instructions. Further, the memory device
110 may include any storage medium known in the art suitable for storing program
instructions executable by the associated one or more processors 108. For example, the
memory device 110 may include a non-transitory memory medium. As an additional
example, the memory device 110 may include, but is not limited {o, 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 memaory device 110 may be

housed in a common controlier housing with the one or more processors 108.

[0032] FIG. 1B is a conceptual view illustrating the overlay metrology tool 102, in
accordance with one or more embodiments of the present disclosure. In one
embodiment, the overlay metrology tcol 102 includes an illumination source 112
configured to generate an illumination beam 114. The illumination beam 114 may include
one or more selected wavelengths of light including, but not {imited to, ultraviolet (UV)

radiation, visible radiation, or infrared (IR) radiation.

[0033] The illumination source 112 may include any type of illumination source suitable
for providing an illumination beam 114. in one embodiment, the illumination source 112

is a laser source. For example, the dliumination source 112 may include, but is not limited

13
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to, one or more narrowband laser sources, a broadband laser source, a supercontinuum
{aser source, a white light laser source, or the like. In this regard, the ilumination source
112 may provide an illumination beam 114 having high coherence {e.g., high spatial
coherence and/or temporal coherence). In another embodiment, the ilumination source
112 includes a laser-sustained plasma (LSP) source. For example, the illumination
source 112 may include, but is not fimited 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 another embodiment, the iliumination
source 112 includes a lamp source. For example, the illumination source 112 may
include, but is not limited to, an arc lamp, a discharge lamp, an electrode-less lamp, or
the like. Inthis regard, the illumination source 112 may provide an illumination beam 114

having low coherence (e.g., low spatial coherence and/or temporal coherence).

[0034] In another embodiment, the overlay metrology system 100 includes a wavelength
selection device 116 to control the spectrum of the illumination beam 114 for illumination
of the sample 104. For example, the wavelength selection device 116 may include a
tunable filter suitable for providing an ilumination beam 114 with a selected spectrum
(e.g., center wavelength, bandwidth, spectral profile, or the like). By way of anocther
example, the wavelength selection device 116 may adjust one or more control settings of
a tunable ilumination source 112 to directly control the spectrum of the illumination beam
114. Further, the controller 106 may be communicatively coupled {o the illumination
source 112 and/or the wavelength selection device 116 to adjust one or more aspects of

the spectrum of the illumination beam 114.

[0035] In another embodiment, the overlay metrology tool 102 directs the illumination
beam 114 to the sample 104 via an illumination pathway 118. The illumination pathway
118 may include one or more optical components suitable for modifying and/or
conditioning the illumination beam 114 as well as directing the illumination beam 114 to
the sample 104. For example, the dlumination pathway 118 may include, but is not
required to include, one or more lenses 120 (e.g., to collimate the illumination beam 114,
to relay pupil and/or field planes, or the like), one or more polarizers 122 fo adjust the

polarization of the illumination beam 114, one or more filters, one or more beam splitters,

14



WO 2020/159737 PCT/US2020/014308

one or more diffusers, one or more homogenizers, one or more apodizers, ane or more
beam shapers, or one or more mirrors {(e.g., static mirrors, fransiatable mirrors, scanning
mirrors, or the like). in another embodiment, the overlay metrology tool 102 includes an
objective lens 124 {o focus the illumination beam 114 onto the sample 104 (e.g., an
overlay target with overlay target elements located on two or more layers of the sample
104). In another embodiment, the sample 104 is disposed on a sample stage 126 suitable
for securing the sample 104 and further configured to position the sample 104 with respect

to the illumination beam 114.

[0036] In another embodiment, the overlay metrology toal 102 includes one or more
detectors 128 configured to capture radiation emanating from the sample 104 (e.g., an
overlay target on the sample 104) (e.g., sample radiation 130) through a collection
pathway 132 and generate one or more overlay signals indicative of overlay of two or
more layers of the sample 104. The collection pathway 132 may include multiple optical
elements to direct and/or modify illumination collected by the objective lens 124 including,
but not limited {o one or more lenses 134, one or more filters, one or more polarizers, one
or more beam blocks, or one or more beamsplitters. For example, a detector 128 may
receive an image of the sample 104 provided by elements in the collection pathway 132
{e.g., the objective lens 124, the one or more lenses 134, or the like). By way of another
example, a detector 128 may receive radiation reflected or scattered (e.g., via specular
reflection, diffuse reflection, and the like) from the sample 104. By way of another
example, a detector 128 may receive radiation generated by the sample (eg.,
fluminescence associated with absorption of the illumination beam 114, and the like). By
way of another example, a detector 128 may receive one or more diffracted orders of
radiation from the sample 104 (e.g., 0-order diffraction, £1 order diffraction, 2 order
diffraction, and the like).

{00371 The illumination pathway 118 and the collection pathway 132 of the overlay
metrology tool 102 may be oriented in a wide range of configurations suitable for
dluminating the sample 104 with the illumination beam 114 and collecting radiation
emanating from the sample 104 in response {o the incident illumination beam 114. For

example, as illustrated in FIG. 1B, the overlay metrology tool 102 may include a
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beamsplitter 136 oriented such that the objective lens 124 may simultaneously direct the
illumination beam 114 to the sampie 104 and collect radiation emanating from the sample
104. By way of another example, the illumination pathway 118 and the collection pathway

132 may contain non-overlapping optical paths.

[oo38] FIG. 1C is a conceptual view illustrating an overlay metrology tool 102, in
accordance with one or more embodiments of the present disclosure. In one
embodiment, the illumination pathway 118 and the collection pathway 132 contain
separate elements. For example, the illumination pathway 118 may utilize a first focusing
element 138 to focus the illumination beam 114 onto the sampie 104 and the collection
pathway 132 may utilize a second focusing element 140 {o collect radiation from the
sample 104. In this regard, the numerical apertures of the first focusing element 138 and
the second focusing element 140 may be different. In another embodiment, one or more
optical components may be mounted {o a rotatable arm (not shown) pivoting around the
sample 104 such that the angle of incidence of the illumination beam 114 on the sample

104 may be controlled by the position of the rotatable arm.

[0039] As described previously herein, the overlay metrology tool 102 may be
configurable to generate overlay signals associated with overlay targets on the sample
104 using any number of overlay recipes (e.g., sets of measurement parameters).
Further, the overlay metrology tool 102 may provide rapid tuning of the measurement
parameters such that mulliple overlay signals based on different recipes may be rapidly
acquired. For example, the controller 106 of the overlay metrology system 100 may be
communicatively coupled with one or more adjustable components of the overlay
metrology tool 102 to configure the adjustable components in accordance with an overlay

recipe.

[0040] An overlay recipe may include one or more aspects of the spectrum of the
ilumination beam 114 incident on the sample such as, but not limited to the wavelength
{(e.g., the central wavelength), the bandwidth, and the spectral profile of the illumination
beam 114 as measurement parameters. For example, the controller 106 may be

communicatively coupled fo the illumination source 112 and/or the wavelength selection
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device 116 to adjust the spectrum of the illumination beam 114 in accordance with an

overlay recipe.

[60411 In one embodiment, the wavelength selection device 116 includes one or more
position-tunable spectral filters in which spectral characteristics of an incident ilumination
beam 114 (e.g., a center wavelength, a bandwidth, a spectral transmissivity value or the
fike) may be rapidly tuned by madifying the position of the illumination beam 114 on the
filter. Further, position-tunable spectral filters may include any type of spectral filter such
as, but not limited to, a low-pass filter, a high-pass filter, a band-pass filter, or a band-

reject filter.

[0042] For example, a position-tunable spectral filter may include one or more thin films
operating as an edge filter with a position-tunable cutoff wavelength. In this regard, the
cutoff wavelength may be tuned by modifying the position of the illumination beam 114
on the filter. For instance, a low-pass edge filter may pass (e.g., via transmission or
reflection) wavelengths below the cutoff wavelength, whereas a high-pass edge filter may
pass wavelengths above the cutoff wavelength. Further, a band-pass filter may be

formed from a low-pass edge filter combined with a high-pass edge filter.

[0043] Referring now to FIGS. 2 through 10, a scaling metric (S-metric) for evaluating
the sensitivity of an overlay metrology target to process variations is described in greater

detail.

[6044] As described previously herein, process variations during the fabrication of an
overlay metrology target (and the associated device features) may result in deviations of
a fabricated overlay target from design characteristics. For example, process variations
in a film deposition step may result in variations in characteristics of a sample layer such
as, but not limited to, thickness, homogeneity, or refractive index. By way of another
example, variations in an exposure step may include deviations of an exposed pattern of
elements from a designed patitern. By way of another example, variations in an eiching
step may result in deviations of fabricated features from the exposed patiern such as, but

not limited to, side-wall angle asymmetry.
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{00451 The impacts of process variations on overlay targets may generally be divided
into two categories: asymmetric varigtions and symmetric variations. Asymmetric
variations are characterized by an asymmetry in one or more elements of an overlay
target or of the overlay target as a whole. Examples of asymmetric process variations
include, but are not limited to, asymmetric sidewall angles, deformations of grating
structures, or target noise. In contrast, symmetric variations include symmetric physical
deviations of a fabricated overlay target from design characteristics and may include, but
are not limited to, variations of the optical properties or thickness of one or more sample

layers.

foo4s] It is contemplated herein that regions of low measurability (e.g., regions of low
contrast in imaging-based overlay or regions of low sensitivity in scatterometry-based
overlay) may suffer from a strong amplification of overlay inaccuracy, including inaccuracy
induced by process variations. However, different types of inaccuracy may have different
impacts. For example, asymmetric variations in an overlay target may lead fo
amplification of the inaccuracy error, while symmetric variations in an overlay target may

change the recipe performance and/or robustness of the recipe.

[00471 It is further contemplated herein that the sensitivity of an overlay measurement
algorithm to deviations of an overiay target induced by process variations may depend on
the precise values of measurement parameters of an overlay metrology toal (e.g., the
overlay metrology system 100) such as, but not limited to, a wavelength or polarization of

ilumination of the overlay target.

foo48] FIG. 2is a plot 200 of the contrast precision 202 and inaccuracy 204 as a function
of wavelength for a target with asymmetric sidewali angles induced by process variations,
in accordance with one or more embodiments of the present disclosure. As illustrated in
FIG. 2, in a region of poor contrast precision, peaking here at 500 nm, there exists a
concurrent amplification of the inaccuracy. In contrast, the impact of sidewall angle
inaccuracy is low at 400 nm and 600 nm. Accordingly, the overlay measurement is
relatively insensitive to the process variations at 400 nm and 600 nm and is therefore

robust at these wavelengths.
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[0049] Additionally, the strength and the sign of a process-variation-induced asymmetry
of an overlay target, or element thereof, may have different impacts on the overlay
inaccuracy. FIG. 3A is a plot 300 illustrating the impact of the strength of sidewall
asymmetry on the overiay inaccuracy, in accordance with one or more embodiments of
the present disclosure. In FIG. 3A, two structures with different amounts of asymmetry
are considered: Asym1 302 and AsymZ2 304, where Asym2 304 has a stronger asymmetry
of sidewall angles. As illustrated in plot 300, an increase in the strength of the sidewall
angle asymmetry results in an increase of the overlay inaccuracy in a region of jow
contrast precision (here at 500 nm). FIG. 3B is a plot 306 illustrating the impact of the
sign of sidewall asymmetry on the overlay inaccuracy, in accordance with one or more
embodiments of the present disclosure. In FIG. 3B, two structures with different amounts
of asymmetry are considered: Asym1 308 and Asym2 310, where Asym1 308 and Asym?2
310 have opposite signs of the sidewall angle asymmetry. As illustrated in plot 306, a flip
in the sign of the asymmetry results in a flip of the inaccuracy behavior around the region

of low contrast precision (here at 500 nm), but no change in strength.

[oo50] Referring now to FIGS. 4A and 4B, the spatial distribution of process variations
and their associated impact on overlay inaccuracy across a sample is described in greater
detail. Since process variations are generally the result of mechanical and/or optical
effects, different process variations typically have defined signatures associated with a
spatial distribution of the sign andfor magnitude of induced asymmetries on overlay
targets across a sample. For example, the effect of etch on a sample {e.g., a wafer)
usually contains a radial signature due to the electron beam, which results in increasing
side wall angle asymmetry {e.g., in fabricated grating structures) from the center of the
wafer to the periphery of the sample. Based on FIGS. 3A and 3B, this may lead to better
accuracy in the center of a sample and increasing inaccuracy toward the sample
periphery. By way of another exampie, the effect of variations in film deposition typically
also results in a radial thickness variation of the thin film, which may induce a similar

inaccuracy signature across the sample.

[oos1] FIG. 4A is a plot 400 of locations of overlay targets distributed across a sample,

in accordance with one or more embodiments of the present disclosure. FIG. 4B is a plot
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402 of measured overlay as a function of wavelength for the overlay targets depicted in
FiG. 4A, in accordance with one or more embodiments of the present disclosure. In FIGS.
4A and 4B, overlay targets near the center of the sample, shown as relatively light shades,
exhibit relatively low resonance around 720 nm, whereas overlay targets near the
periphery of the sample, shown as relatively dark shades, exhibit relatively high
resonance around 720 nm. In this regard, the overlay algorithm has a relatively high 6N
{see Equations (1) and (2) above). Further, there exists a sign inversion between the
overlay measurements on the top and bottom of the sample (based on the Field Y values
in FIG. 4A), which indicates a sign flipping of the physical geometrical asymmetry within

the overlay target as a result of process variations.

[0052] Further, FIGS. 4A and 4B illustrate that the overlay algorithm is relatively
insensitive {o the process variations at wavelengths in the range of approximately 400-
500 nm, which is indicated by the high stability of the overlay measurement signature in
this wavelength region. Accordingly, overlay measurements in this wavelength region
may generally be more accurate across the sample. For wavelengths in the range of
approximately 500-600nm, the overlay measurements tend 1o scale with the strength of
the asymmetry, which indicates a higher sensitivity {o process variation and therefore

greater inaccuracy for measurements in this wavelength region.

{00531 Referring now to FIGS. 5A and 5B, a scaling metric (S-metric) for evaluating the

robustness of an overlay target and/or algorithm are described in greater detail.

[0054] It is contemplated herein that a metric may be developed that evaluates the
robustness (or alternatively the sensitivilty) of an overlay measurement of a particular
overlay target using a particular overlay algorithm. In one embodiment, an S-metric as
disclosed herein evaluates any variations of overlay measurements of g particular overlay
target using a particular overiay algorithm in the presence of process variations as a
function of measurement parameters {e.g., parameters of a metrology recipe) such as,
but not limited to, wavelength or polarization. in this regard, a sensitivity to process
variations may manifest as variability of the measured overlay (or overlay inaccuracy) as

illustrated in FIGS. 2-5B. For example, FIGS. 2-3B above illustrate that a single overiay
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measurement in the presence of a process-variation-induced deviation of an overlay
target is insufficient to distinguish the impact of the process variation on the overlay
measurement. However, evaluating the overlay measurement (or the overlay inaccuracy)
across a range of measurement parameters {e.g., wavelength in the case of FIGS. 2-3B)
may allow the impact of the process variation on the overlay measurement {o be

determined.

[6055] In one embodiment, the S-metric is calculated as:

I

Smetric = X - Jz;&l wi(ovl; — (ovl))? (3)
with
{ovl) = T, wiovl; 4)

where N is the number of measurements using a different measurement parameter {(e.g.,
wavelength, polarization, or the like), { is the measurement parameter index, ovl; is the
value of an overlay measurement for a given measurement parameter, {ovl) is a
weighted average of the N overlay measurements, and w is a weight for each
measurement. Further, y may take the value of £+1 and may correspond {o a sign of a
resonance {e.g., a sign of an asymmetry}. For example, the sign of y may be determined
by taking the sign of the difference between an overlay measurement at or near a

resonance and an overlay measurement far from the resonance.

[0056] In a general sense, the S-metric is based on a weighted standard deviation of the
overlay measurements across a range of values of a measurement parameter. In this
regard, the S-metric may provide a measure of the variability of the overlay

measurements across the range of measurement parameters.

foos7] It is contemplated herein that the formuiation of the S-metric in Eguations (3) and
(4) provides substantial flexibility for implementation. For example, the absolute value of
the S-metric may be of particular interest in applications where the particular sign of the

S-metric {e.g., the value of y) may be disregarded. By way of another example, the
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overlay variability over the different measurements may be evaluated using different

methods (e.g., the standard deviation weighted or not, integral, and the like).

fo058] In one embodiment, the weights w are determined based on a selected quality
metric associated with the overlay measurements such as, but not limited fo, contrast
{e.g., in image-based overiay), sensitivity {e.g., in scatterometry-based overlay). In this
regard, the impact of noise may be mitigated. In another embodiment, the weights w are

all set to be equal {e.g., 1) to provide an unweighted metrnic.

[ooss] FIG. 5A is a schematic representation of a distribution of process-variation-
induced asymmetry on features of an overlay target, in accordance with one or more
embodiments of the present disclosure. In FIG. 5A, features of overlay targets 502 near
the center of a sample 504 may have relatively little to no asymmetry. However, features
of overlay targets 502 exhibit increasingly strong sidewall angle asymmetry of one sign in
positions progressing towards the upper right portion of the sample (in the orientation of
FIG. 5A) and increasingly strong sidewall angle asymmetry of an opposite sign in
positions progressing towards the lower left portion of the sample. FIG. 5B is a simulated
representation of overlay targets 502 distributed across the sample 504 depicted in FIG.
5A, where the shading of each overlay target 502 represents the value of the S-metric, in

accordance with one or more embodiments of the present disclosure.

[0060] As illustrated in FIG. 5B, the S-metric of overlay targets distributed across a
sample 504 in the presence of process variations (here, sidewall angle asymmetry) allows
for an evaluation of the sensitivity of the overlay landscape (an overlay algorithm applied

to an overlay target over a range of measurement recipe parameters).

[o061] Referring now to FIGS. 6 through 10, the S-metric may be applied in numerous

ways to facilitate accurate and robust overlay metrology.

[ooe2] FlG. 6 is a flow diagram iliustrating steps performed in a method 600 for selecting
an overlay target design, in accordance with one or more embodiments of the present
disclosure. For example, an overlay target design may be selected out of a series of

candidate target designs based on S-metric calculations to provide robust overiay
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metrology. 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 fo method 600. i is further noted, however, that the method 600 is not limited

to the architecture of the overlay metrology system 100.

[0063] In one embodiment, the method 600 includes a step 602 of performing overlay
measurements on two or more sets of overlay targets on a sample with a plurality of
values of a measurement parameter of the overlay metrology tool, where a particular set
of overlay targets includes overlay targets having one of two or more overlay target
designs. For example, the different target designs may have different sizes, orientations,
and/or distributions of features. Further, the target designs may be suitable for imaging-

based overlay measurements or scatterometry-based overlay measurements.

[0064] The measurement parameters of the overlay metrology tool may include any
parameter associated with a metrology recipe such as, but not limited to, an illumination
wavelength, a detected wavelength of radiation emanating from the sample, a spot size
of illumination on the sample, an angle of incident illumination, a polarization of incident
ilumination, a position of a beam of incident Humination on an overlay target, or a position

of an overiay target in the focal volume of the overlay metrology tool.

[oo65] In another embodiment, the method 600 includes a step 604 of determining
scaling metric values for at least some of the overiay targets in the two or more sets of
overlay targets, where the scaling metric for a particular overlay target is based on a
standard deviation of the overlay measurements of the corresponding set of overlay
targets. In one embodiment, the scaling metric corresponds to the S-metric in Equations
(3) and {(4). In this regard, the scaling metric may correspond to a weighted standard
deviation of the overlay measurements, where the weights are determined based on any
guality metric known in the art such as, but notlimited to, contrast or sensitivity. In another
embodiment, the scaling metric corresponds to an unweighted standard deviation of the

overlay measurements.

fooes] In another embodiment, the method 600 includes a step 606 of determining a

variability of the scaling metric values for each of the two or more sets of overlay targets.
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in this regard, the S-metric variability associated with each of the two or more overlay
target designs may be evaluated. The variability may include any statistical measure of
variability known in the art including, but not limited to, standard deviation, variance, or
the like.

[oo67] In another embodiment, the method 600 includes a step 608 of selecting, as an
output overlay target design, one of the two or more overlay target designs having a
smallest scaling metric variability. in another embodiment, the method 600 includes a
step 610 of measuring overlay of a test sample including one or more overlay targets with
the output overlay target design. In this regard, the output averlay farget design selected
by method 600 may be implemented in a production line for the fabrication of one or more

devices.

[0068] FIGS. 7A and 7B iliustrate selection of an overlay target design based on S-metric
variability. FIG. 7A is a plot 702 of S-metrics for overlay targets having a first overiay
target design distributed across a sample having process variations, in accordance with
one or more embodiments of the present disclosure. FIG. 7B is a plot 704 of S-metrics
for overlay targets having a second overlay {arget design distributed across a sample
having process variations, in accordance with one or more embodiments of the present
disclosure. Based on FIGS. 7A and 7B, the first overlay target design has a smaller S-
metric vanability (e.g., a8 smallest 3o, or the like) as a function of wavelength. In this
regard, the first overlay target design may provide relatively more robust overlay

measurements.

[oos9] It is further contemplated herein that S-metric variability may be utilized to
evaluate and/or select a metrology recipe {e.g., a hardware configuration of the overiay

metrotogy tool).

[oo70] FIG. 8 is a flow diagram illustrating steps performed in a method 800 for selecting
a hardware configuration of an overlay metrology tool, in accordance with one or more
embodiments of the present disclosure. For example, an overlay target design may be
selected out of a series of candidate target designs based on S-metric calculations to

provide robust overlay metrology. Applicant notes that the embodiments and enabling
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technologies described previously herein in the context of the overlay metrology system
100 should be interpreted o extend to method 800. 1t is further noted, however, that the

method 800 is not limited to the architecture of the overlay metrology system 100.

[0071] In one embadiment, the method 800 includes a step 802 of performing, with an
overlay metrology tool configured with two or more hardware configurations, overlay
measurements on a set of overlay targets distributed across a sample with a plurality of

measurement parameters of the overlay metrology tool.

foo72] The measurement parameters of the overlay meftrology tool may include any
parameter associated with a metrology recipe such as, but not limited to, an iflumination
wavelength, a detected wavelength of radiation emanating from the sample, a spot size
of illumination on the sample, an angle of incident illumination, a polarization of incident
ilumination, a position of a beam of incident tlumination on an overlay target, or a position
of an overlay target in the focal volume of the overlay metrology tool. Further, the different
hardware configurations may include any configurations associated with a metrology
recipe. In this regard, the method 800 may facilitate selection of one or more parameters

of the meitrology recipe to be robust {0 process variations.

{00731 In another embodiment, the method 800 includes a step 804 of determining
scaling metric values for the set of overlay targets based on the overlay measurements
with the two or more hardware configurations, where the scaling metric for a particular
overlay target in the set of overlay target measured with a particular hardware
configuration of the two or more hardware configurations is based on a standard deviation
of the overlay measurements associated with the particular hardware configuration. in
one embodiment, the scaling metric corresponds to the S-metric in Equations {3) and (4).
in this regard, the scaling metric may correspond to a weighted standard deviation of the
overlay measurements, where the weights are determined based on any quality metric
known in the art such as, but not limited to, contrast or sensitivity. In another
embodiments, the scaling metric corresponds to an unweighted standard deviation of the

overlay measurements.
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[0074] In another embodiment, the method 800 includes a step 806 of determining a
variability of the scaling metric values associated with each of the two or more hardware
configurations. In this regard, the S-metric variability associated with each of the two or
more overlay target designs may be evaluated. The variability may include any statistical
measure of variability known in the art including, but not limited to, standard deviation,

variance, or the like.

foo75] In another embodiment, the method 800 includes a step 808 of selecting, as an
output hardware configuration of the overlay metrology tool, one of the two or more
hardware configurations having a smallest scaling metric variability. in another
embodiment, the method 800 includes a step 810 of measuring overlay of an additional
instance of the overlay target using the overlay metrology tool with the output hardware

configuration.

foo7s] In some embodiments, the evaluation of S-metrics for overlay targets across a
sample may be used to develop site-specific scaling factors to correct a per-site overlay

inaccuracy.

[po771 FIG. 9 is a flow diagram illustrating steps performed in a method 900 for
generating site-specific scaling factors to correct for site-specific overlay inaccuracies, in
accordance with one or more embodiments of the present disclosure. For example, an
overlay target design may be selected out of a series of candidate target designs based
on S-metric calculations to provide robust overlay metrology. 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 method 800. It is further
noted, however, that the method 900 is not limited to the architecture of the overlay

metrotogy system 100.

[o078] In one embodiment, the method 800 includes a step 902 of measuring, on a set
of overlay targets distributed across a reference sample, overlay with a plurality of values
of a measurement parameter, where the set of overlay {argets have a common target
design, and where the plurality of overlay targets include a known spatial distribution of
fabrication errors. In another embodiment, the method 900 includes a step 804 of
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determining scaling metric values for the plurality of overlay targets based on the overlay
measurements, where the scaling metric for a particular overlay target of the plurality of
overlay targets is based on a standard deviation of the overlay measurements. In another
embodiment, the method 900 includes a step 906 of measuring overlay on at least one
overlay target having the common target design on a test sample. In another
embodiment, the method 300 includes a step 908 of generating site-specific scaling factor
to correct overlay inaccuracy at the locations of overiay targets in the set of overlay targets

based on the scaling metric value of each corresponding overlay target.

[00798] In some embodiments, the scaling metric may be utilized to optimize a metrology
recipe to provide overlay measurements that are robust 1o process variations. FiG. 10 is
a flow diagram illustrating steps performed in a method 1000 for identifying a metrology
recipe that is robust {o process variations, in accordance with one or more embodiments
of the present disclosure. For example, an overlay target design may be selected out of
a series of candidate target designs based on S-metric calculations to provide robust
overlay metrology. Applicant notes that the embodiments and enabling technologies
described previously herein in the context of the overlay metrology system 100 should be
inferpreted to extend to method 1000. It is further noted, however, that the method 1000
is not limited to the architecture of the overlay metrology system 100.

[oo8o] In one embodiment, the method 1000 includes a step 1002 of measuring, on a
set of overlay targets disiributed across a reference sample, overlay with a plurality of
values of a measurement parameter for configuring an overlay metrology tool, where the
set of overlay tfargets have a common target design, and where the plurality of overlay
targets include a known spatial distribution of fabrication errors. In another embodiment,
the method 1000 includes a step 1004 of determining scaling metric values for the plurality
of overlay targets based on the overlay measurements, where the scaling metric for a
particular overlay target of the piurality of overlay targets is based on a standard deviation
of the overlay measurements. In another embodiment, the method 1000 includes a step
1006 of identifying a metrology recipe including a value of the measurement parameter
providing an insensitivity to the fabrication errors within a selected tolerance based on a

correlation between the scaling metric values and the measurement parameter. For
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example, an accurate measurement parameter (e.g., an accurate recipe} may be
identified based on calculating: min{S(sites) — ovl;). In another embodiment, the method
1000 includes a step 1008 of measuring overlay on at least one overlay target having the

common target design on a test sample with the identified metrology recipe.

[0081] The herein described subject matter sometimes illustrates different components
contained within, or connected with, other components. It is o 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 conceptlual sense, any
arrangement of componentis 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” {o each other to achieve the desired functionality, and any two
components capable of being so associated can alse 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 inferacting components and/or logically

interactable and/or logically interacting components.

[o082] 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 mvention is defined by the appended claims.
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CLAIMS

What is claimed:

1. An overiay metrology system comprising:

a controller configured to be communicatively coupled with an averlay metrology
tool, the controller including one or more processors configured to execuie program
instructions causing the one or more processors to:

receive, from the overlay metrology tool, overlay measurements on two or

more seis of overlay fargets on a sample with a plurality of values of a

measurement parameter for configuring the overlay metrology tool, wherein a

particutar set of overlay targets includes overlay targets having one of two or more

overlay target designs;

determine scaling metric values for at least some of the overlay argets in
the two or more sets of overlay targets, wherein the scaling metric for a particular
overlay target is based on a standard deviation of the overlay measurements of
the corresponding set of overlay targets;

determine a variability of the scaling metric values for each of the two or
more sets of overlay targets; and

select, as an output overlay target design, one of the twa or more overlay
target designs having a smallest scaling metric variability, wherein the output
overlay target design is provided to one or more fabrication tools to fabricate an
overlay target based on the ouiput overlay target design on a test sampie for

measurement with the overlay metrology tool.

2. The system of claim 1, wherein the scaling metric is based on a weighted standard

deviation of the overlay measurements.

3. The system of claim 2, wherein weights of the weighted standard deviation of the
overlay measurements are based on at least one of contrast or sensitivity of a

measurement signal generated by the overlay metrology tool.
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4. The system of claim 1, wherein the scaling metric ( Sperric } 1S Spmetric = X °

/ N owi{ovl; — {ovI))?, with {ovl) = TN, wiovl;, where N is a number of the overlay

4\j

measurements, i is a measurement parameter index, ovl; is a value of the overlay
measurement for a measurement parameter index, {ovl} is a weighted average of the ¥
overlay measurements, w is a weight for each of the N overlay measurements, and y is
gither +1 or -1 and corresponds to a sign of an asymmetlry of an overlay target in the two

or more sets of overiay targets.

5. The system of claim 1, wherein the measurement parameter comprises:

a wavelength of illumination in the overlay metrology tool.

6. The system of claim 1, wherein the measurement parameter comprises:

a polarization of iflumination in the overlay metrology tool.

7. The system of claim 1, wherein the overlay metrology tool comprises:

an image-based overiay metrology tool.

8. The system of claim 1, wherein the overlay metrology tool comprises:

a scatterometry-based overlay metrology tool.

9. An overiay metrology system comprising:

a controller configured fo be communicatively coupled with an overlay metrology
tool, the controller including one or more processors configured to execute program
instructions causing the one or more processors {o:

receive, from the overiay metrology tool configured with two or more
hardware configurations, overlay measurements on a set of overlay targets
distributed across a sample with a plurality of values of a measurement parameter

for configuring the overlay metrology tool;

36



WO 2020/159737 PCT/US2020/014308

determine scaling metric values for the set of overlay targets based on the
overlay measurements with the two or more hardware configurations, wherein the
scaling metric for a particular overlay target in the set of overlay target measured
with a particular hardware configuration of the two or more hardware configurations
is based on a standard deviation of the overlay measurements associated with the
particular hardware configuration;

determine a variability of the scaling metric values associated with each of
the two or more hardware configurations; and

select, as an output hardware configuration of the overlay metrology tool,
one of the two or more hardware configurations having a smallest scaling metric
variability, wherein the output hardware configuration is provided to the overiay
metrology tool for measurement of one or more additional instances of the overlay

farget.

10. The system of claim 9, wherein the scaling metric is based on a weighted standard

deviation of the overlay measurements,
11. The system of claim 10, wherein weights of the weighted standard deviation of the

overlay measurements are based on at least one of contrast or sensitivity of a

measurement signal generated by the overlay metrology tool.

12. The system of claim 9, wherein the scaling metric { Spetric ) 18 Smetric = X

!
\;Z?Li w;(ovl; — {ovl))?, with (ovl) = TX, w,ovl;, where N is a number of the overlay

measurements, { is a measurement parameter index, ovi; is a value of the overlay
measurement for a measurement parameter index, {ovl) is a weighted average of the N
overlay measurements, w is a weight for each of the N overlay measurements, and y is
either +1 or -1 and corresponds to a sign of an asymmetry of an overlay target in the set

of overlay targets.
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13. The system of claim 9, wherein the measurement parameter comprises:

a wavelength of illumination in the overlay metrology tool.

14. The system of claim 9, wherein the measurement parameter comprises:

a polarization of iflumination in the overlay metrology tool.

15. The system of claim 9, wherein the overlay metrology tool comprises:

an image-based overiay metrology tool.

16. The system of claim 9, wherein the overlay metrology tool comprises:

a scatterometry-based overiay metrology tool.

17. An overlay metrology system comprising:

a controller configured o be communicatively coupled with an overlay metrology
tool, the controller including one or more processors configured to execute program
instructions causing the one or more processors {o:

receive a set of site-specific scaling factors to correct overiay inaccuracy at

a set of overlay locations, wherein the site-specific scaling factors are generated

based on overlay measurements of a set of reference overlay targets distributed

at the set of overlay locations with a plurality of values of a measurement
parameter, wherein the set of reference overlay targets have a common tfarget
design, wherein the set of reference overlay largets include a known spatial
distribution of fabrication errors, wherein the site-specific scaling factors are based
on a standard deviation of the overiay measurements;

receive, at least one test overlay measurement from at least one overlay
target having the common target design located on at least one location in the set
of overlay locations on a test sample; and

correct at least one test overlay measurement with the carresponding site-

specific scaling factor.

32



WO 2020/159737 PCT/US2020/014308

18. The system of claim 17, wherein at least some of the site-specific scaling factors are

based on a weighted standard deviation of the overlay measurements.
19. The system of claim 18, wherein weights of the weighted standard deviation of the
overlay measurements are based on at least one of contrast or sensitivity of a

measurement signal generated by the overlay metrology tool.

20. The system of claim 17, wherein the scaling metric (S,cmic ) 18 Smerric = X °

— _ .
[N wi(ovi; — {ovl)?, with {ovl) = T, w;ovl;, where N is a number of the overlay

\f
measurements, { is a measurement parameter index, ovl; is a value of the overlay

measurement for a measurement parameter index, (ovl) is a weighted average of the N
overlay measurements, w is a weight for each of the N overlay measurements, and y is
either +1 or -1 and corresponds to a sign of an asymmetry of an overlay target in the set

of reference overlay targets.

21. The system of claim 17, wherein the measurement parameter comprises:

a wavelength of illumination in the overlay metrology tool.

22. The system of claim 17, wherein the measurement parameter comprises:

a polarization of illumination in the overlay metrology tool.

23. The system of claim 17, wherein the overlay metrology tool comprises:

an image-based overlay metrology fool.

24. The system of claim 17, wherein the overlay metrology tool comprises:

a scatterometry-based overlay metrology tool.

25. A method comprising:
measuring, on a set of overlay targets distributed across a reference sample,

overlay with a plurality of values of a measurement parameter for configuring an overlay
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metrology tool, wherein overlay targets in the set of overlay targets have a common target
design, wherein the set of overlay targets have a known spatial distribution of fabrication
errors;

determining scaling metric values for the plurality of overlay targets based on the
overlay measurements, wherein the scaling metric for a particular overlay target of the
set of overlay targets is based on a standard deviation of the overlay measurements;

identifying a metrology recipe including a value of the measurement parameter
providing an insensitivity to the fabrication errors within a selected tolerance based on a
correlation between the scaling metric values and the measurement parameter; and

measuring overlay on at least one overlay target having the common target design

on a test sample with the identified metrology recipe.
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PERFORMING OVERLAY MEASUREMENTS ON TWO
OR MORE SETS OF OVERLAY TARGETS ON A SAMPLE
WITH A PLURALITY OF VALUES OF A MEASUREMENT

PARAMETER OF THE OVERLAY METROLOGY TOOL,

WHERE A PARTICULAR SET OF OVERLAY TARGETS
INCLUDES OVERLAY TARGETS HAVING ONE OF TWO

OR MORE TARGET DESIGNS

DETERMINING SCALING METRIC VALUES FOR AT
LEAST SOME OF THE OVERLAY TARGETS IN THE
TWO OR MORE SETS OF OVERLAY TARGETS, WHERE
THE SCALING METRIC FOR A PARTICULAR OVERLAY
TARGET IS BASED ON A STANDARD DEVIATION OF
THE OVERLAY MEASUREMENTS OF THE
CORRESPONDING SET OF OVERLAY TARGETS

DETERMINING A VARIABILITY OF THE SCALING
METRIC VALUES FOR EACH OF THE TWO OR MORE
SETS OF OVERLAY TARGETS

SELECTING, AS AN OUTPUT OVERLAY TARGET

DESIGN, ONE OF THE TWO OR MORE OVERLAY

TARGET DESIGNS HAVING A SMALLEST SCALING
METRIC VARIABILITY

MEASURING OVERLAY OF ATEST SAMPLE
INCLUDING ONE OR MORE OVERLAY TARGETS WITH
THE OUTPUT OVERLAY TARGET DESIGN

FIG.6
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PERFORMING, WITH AN OVERLAY METROLOGY
TOOL CONFIGURED WITH TWO OR MORE HARD-
802~ WARE CONFIGURATIONS, OVERLAY MEASUREMENTS
ON A SET OF OVERLAY TARGETS DISTRIBUTED

ACROSS ASAMPLE WITH A PLURALITY OF
MEASUREMENT PARAMETERS OF THE OVERLAY
METROLOGY TOOL

DETERMINING SCALING METRIC VALUES FOR THE
SET OF OVERLAY TARGETS BASED ON THE OVERLAY
804 MEASUREMENTS WITH THE TWO OR MORE HARD-

TN WARE CONFIGURATIONS, WHERE THE SCALING
METRIC IS BASED ON A STANDARD DEVIATION OF
THE OVERLAY MEASUREMENTS ASSOCIATED WITH

THE PARTICULAR HARDWARE CONFIGURATION

DETERMINING A VARIABILITY OF THE S5CALING
METRIC VALUES ASSOCIATED WITH EACH OF THE
TWO OR MORE HARDWARE CONFIGURATIONS

SELECTING, AS AN QUTPUT HARDWARE
208 CONFIGURATION OF THE OVERLAY METROLOGY
TN TOOL, ONE OF THE TWO OR MORE HARDWARE
CONFIGURATIONS HAVING A SMALLEST SCALING
METRIC VARIABILITY

810 MEASURING OVERLAY OF AN ADDITIONAL INSTANCE
"N OF THE OVERLAY TARGET USING THE OVERLAY
METROLOGY TOOL WITH THE OUTPUT HARDWARE
CONFIGURATION

FIG.8
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MEASURING, ON ASET OF OVERLAY TARGETS

DISTRIBUTED ACROSS A REFERENCE SAMPLE,

OVERLAY WITH A PLURALITY OF VALUES OF A
MEASUREMENT PARAMETER

DETERMINING SCALING METRIC VALUES FOR THE
PLURALITY OF OVERLAY TARGETS BASED ON THE
OVERLAY MEASUREMENTS, WHERE THE SCALING
METRIC FOR A PARTICULAR OVERLAY TARGET OF
THE PLURALITY OF OVERLAY TARGETS IS BASED ON
A STANDARD DEVIATION OF THE OVERLAY
MEASUREMENTS

MEASURING OVERLAY ON AT LEAST ONE OVERLAY
TARGET HAVING THE COMMON TARGET DESIGN
ON ATEST SAMPLE

GENERATING SITE-SPECIFIC SCALING FACTOR TO
CORRECT OVERLAY INACCURACY AT THE
LOCATIONS OF OVERLAY TARGETS IN THE SET OF
OVERLAY TARGETS BASED ON THE SCALING METRIC
VALUE OF EACH CORRESPONDING OVERLAY TARGET

FIG.9
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MEASURING, ON ASET OF OVERLAY TARGETS
DISTRIBUTED ACROSS A REFERENCE SAMPLE,
OVERLAY WITH A PLURALITY OF VALUES OF A
MEASUREMENT PARAMETER FOR CONFIGURING
AN OVERLAY METROLOGY TOOL

DETERMINING SCALING METRIC VALUES FOR THE
PLURALITY OF OVERLAY TARGETS BASED ON THE
OVERLAY MEASUREMENTS, WHERE THE SCALING
METRIC FOR A PARTICULAR OVERLAY TARGET OF
THE PLURALITY OF OVERLAY TARGETS IS BASED ON
A STANDARD DEVIATION OF THE OVERLAY
MEASUREMENTS

1 Gﬂém\\

IDENTIFYING AMETROLOGY RECIPE INCLUDING A
VALUE OF THE MEASUREMENT PARAMETER
PROVIDING AN INSENSITIVITY TO THE FABRICATION
ERRORS WITHIN A SELECTED TOLERANCE BASED ON
A CORRELATION BETWEEN THE SCALING METRIC
VALUES AND THE MEASUREMENT PARAMETER

1 008-\\

MEASURING OVERLAY ON AT LEAST ONE OVERLAY
TARGET HAVING THE COMMON TARGET DESIGN ON
ATEST SAMPLE WITH THE IDENTIFIED
METROLOGY RECIPE

FIG.10
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