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METROLOGY TARGET FOR SCANNING METROLOGY

CROSS-REFERENCE TO RELATED APPLICATION

[0004] The present application claims the benefit under 35 U8.C. § 118{e} of US.
Provisional Application Serial Number 82/867,142, filed June 26, 2019, entitled Scan
Qverlay (OVL) Target, naming Andy Hill, Amnon Manassen, Gilad Laredo, Yeel Feler,
Mark Ghinovker, and Viadimir Levinski as inventors, which is incorporated herein by

reference in the entirety.

TECHNICAL FIELD

fooozy  The present discloswre relgtes genersily to overlay metrology and, more

particulady, 1o targets suitable for scanning overlay metrology systems.

BACKGROUND

foousy]  Metrology systems typically provide on-product metrology by analyzing dedicated
metrology targets where characteristics of fabricated pattern elements are indicative of
one or more metrology metrics of interest.  Shrinking design rules and more demanding
specifications for on-product metrology such as, but not limited to, on-product averlay
{(OPQO)Y metrology are driving increased sampling requirements at multiple levels of
semiconductor manufacturing processes. This increased sampling may furthar enable
highsr complexity in overfay models and more accurate corractables for lithography
systems in response o matrology data. However, increasing sampling requirements may
negatively impact metrology throughput. It is therefore desirable to provide systems and
methods for high-throughput metrology.
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SUMMARY

{0004 A metrology system is disclosed in accordance with one or more illustrative
embodiments of the present disclosure. In ong lustrative embodiment, the system
includes g controfler coupled o a scanning metrology tool, where the scanning metrology
tool images a sample in motion along a scan direction. In ancther Hlustrative embodiment,
the controller receives an image of a metrology target on the sample from the scanning
metrology tool. in ancther illustrative embaodiment, the metrology target comprises a first
measuwrement group including one or more cells distributed along a transverse direction
on the sample, where the fransverse direction on the sample is orthogonal o the scan
direction. In another llusirative embodiment, the metrology target further comprises a
second measurement group including a one or more cells distributed along the transverse
direction on the sample, where the second measurement group s separaled from the first
measurament group- along the scan direction.  In ancther lustrative embodiment, the
controfler generates at least a first metrology measurement based on at least one of the
first set of cells in the first metrology group.  In another Hlustrative embodiment, the
controller generates at least a second metrology measurement based on at least one of
the first set of cells in the second metrology group.

f0o005] A metrology system is disclosed in accordance with one or more illustrative
emboediments of the present disclosure. In one illustrative embodiment, the system
includes g scanning metrology tool to image a sample in motion along a scan direction.
in another illustrative embodiment, the system includes a condrolfler coupled to the
scanning metrology tool. In another illustrative embodiment, the controller receives an
image of a metrology target on the sample from the scanning metrology tool. in anocther
ilusirative embodiment, the metrology target comprises a first measurement group
including one or more cells distributed along a transverse direction on the sample, where
the transverse diraction on the sample is orthogonal to the scan direction. In another
fHlustrative embodiment, the metrology targst further comprises a second measurement
group including a one or more celis distributed along the transverse direction on the
sample, where the second measurement group is separated from the first measuremant
group along the scan direction. In another lustrative embodiment, the controller
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generates at least a first metrology measurement based on at least one of the first set of
cefls in the first metrology group. In another illustrative embodiment, the controller
generates at least a second metrology measurement based on at least one of the first set

of cells in the second metrology group.

[poos] A metrology target is disclosed in accordance with one of more Hlustrative
embodimeants of the present disclosure. In one iliuslrative embodiment, the targst
includes a first measwement group including one or more cells distributed along a
fransverse direction on a sample, where the transverse direction on the sample is
orthogonal to the scan direction. in another illustrative embadiment, the one or more celis
in the first measwement group may be measured simullaneously by a scanning
metrology tool and may further provide at least a first metrology measurement when
measured with the scanning metrology tool. In ancther Hlustrative embodiment, the target
includes a second measurement group including one or more cells distributed along the
transverse direction on the sample, where the second measurement group separated
from the first measurement group along the scan direction. In another Hlustrative
embodimeant, the one or more cells in the second measurement group may be measured
simultanesously by the scanning metrology fool and may further provide at least a second

matrology measurament whan measured with the scanning metrology tool.

foon7y  Histo be undersicod 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 {o explain the principles of the
invention.

fogos]  The numerous advantages of the disclosure may be betlier understood by those
skilled in the art by reference o the accompanying figures in which:
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. 118 a block diagram illustrating a scanning metrology system, in accordance with

one or mora embodiments of the present disclosure.

2 is a fop view of a static metrology target suitable for static mode metrology
measurements in which a sample is stationary during a measurement, in
accordance with one or more embodiments of the present disclosure.

3 is a conceptual view of a scanning metrology target, in accordance with one or
more embuodiments of the present disclosure.

4A is a top view of the scanning metrology target having two measurement groups
for overiay metrology along orthogonal directions, where cells within each of the
wo measurement groups display rotation symimetry, in accordance with one or
more ambodiments of the present disclosure.

4B is a top view of the scanning metlrology target having two measurement groups
for overlay metrology along orthogonal directions, where cells within sach of the
two measurement groups display rotation symmetry, in accordance with one or
more embodiments of the present disclosure.

4C is a top view of the scanning metrology target having muiltiple identical cells in
accordance with one or more embaodiments of the present disclosure.

. 4D is g top view of the scanning metrology target having two measurement groups,

where cells within each of the two measurement groups display reflection
symmaetry, in aecordance with ong or more embodiments of the pregent disclosure,

§ is a top view of the scanning metrology target having two cell groups with three
cells each for overlay metrology along orthogonal directions, in accordance with
one or more embodiments of the present disclosure.

DETAILED DESCRIPTION

{00091 Reference will now be made in detail to the subject matter disclosed, which is

Hlustrated in the accompanying drawings. The present disclosure has been particularly

shown and described with respect to certain embodiments and specific features thersof.

The embodiments sst forth herein are taken to be illustrative rather than limiting. If should

be readily apparent fo those of ordinary skill in the art that various changes and
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modifications in form and detail may be made without departing from the spirit and scope
of the disclosure.

foo18] Embodiments of the present disclosure are directed to systems and methads for
scanning-based metrology in which a metrology target is characterized by a metrology

tool while being transiated through a focal volume of the metrology tool.

foe11]  Mebrology targsts may typically include well-defined printed slements designed
to provide an accurate representation of one or more printing characteristics. In this
regard, measured characteristics of printed slements of a metrology target {e.g., by a
metrology tool) may be representative of printed device elements associated with a
device being fabricated. Further, metrology targets are typically characterized has having
one or more measurement cells, where each cell includes printed slements in one or
more layers on the sample. A metrology measurement may then be based on any
combination of measurements of the size, orientation, or location {(e.g., pattemn

placement) of printed elements in a single cell or betwaen multiple cells.

[00421  Forexample, one or more celis of an overlay metrology target may include printed
glements on two or more sample layers amranged such that the relative positions of
elements of each layer may be indicative of offset errors {e.g. patliern placement errors
{PPE)) in a particular layer or overlay errors associated with registration errors between
sample fayers. By way of ancther example, process-sensitive metrology targets may
include printed elements on a single sample layer, where one or more characteristics of
the printed elements {e.g., width or critical dimension (CD), sidewall angle, position, or
the like) are indicative of one or more process metrics such as, but not limited to, the dose
of illumination during a lithography step or a focal position of the sample in a lithography
tool during a lithography step.

{00131 A metrology system may inspect a metrology target using a varisty of techniques.
For example, a mefrology system may inspect a metrology target using a move-and-
measure {MAM) mode of operation in which the sample is translated io place a metrology
target of inferest within a measurement field of view, a measurement is {aken while the

sample is static, and the sample is then translated to place an additional metrology target
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of interest in the measurement field of view. By way of another example, a metrology
system may inspect a metrology target while the sample is in motion {e.g., a scanning
made of operation). For instance, a scanning metrology {ool may continuously analyze a
sample as it is scanned along a scan direction through a measwement field. Further, a
scanning metrology tool may efficiently inspect multiple neighboring targets distributed
along the scan direction in a single scan, which sliminate time-consuming settling-time
requirements associated with MAM tools. Scamning metrology tools are described
generaily in U.S. Patent Application No. 15/761,830, filed on March 21, 2018, which is
incorporated herein by reference in s entirsty.

{0014} Embodiments of the present disclosure are directed fo metrology targets suitable
for inspection using a scanning mode of operation, It is recognized herein that scanning
metrology tools have different sources of error than MAM meltrology fools due {o the
different operational modes. In particular, while MAM maetrology tools may capture an
image of one or more cells in a single frame, scanning metrology tools typically generate
an image line by line as the sample is scanned. Thus, stanning metrology fools may be
sensitive to time-varying errors such as, but not limited to vibration or jitter ervors that

impact different portions of the image to different extents.

[og181  Accordingly, scanning metrology targets designed in accordance with the present
disclosure {as well as sysiems for measuring such largets) include one or more
measurement groups, where a measurement group includes one or more cells designed
for a common metrology measurement distributed along a direction orthogonal to the
scan direction. of the sample. In this regard, cells within each measurement group are
inspected simultaneously to mitigate the impact of time-varying errors during a
measurement. For example, measurement errors such as scan velocity or scan position
errors are common for all cells in each measurement group, which may facilitate

consistent and accurate measurements of cells within the measuwemaent group.

foo18]  Further, scanning metrology targets designed in accordance with the present
disclosure may include any number of measurement groups distributed along the scan

direction. Although time-varying errors may impact cells in one measurement group
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differently than cells in a different measurement group, these errors may have minimal
impact on metrology measurements since metrology measurements typically {though not

exclusively) involve cells within a single measurement group.

{00171 A measurement group may include any combination of one or more cells
designed to generate any number of metrology measurements. For example, in the
context of overlay metrology, a scanning metrology target may include a first
measurement group with cells suitable for overlay measurements in a first direction {e.g.,
an X-direction) and a second measurement group with cells suitable for overlay
meaasurements in an orthogonal sscond direction {e.g., a Y-direction). By way of another
example, a scanning mefrology target may include cells suitable for overlay

measurements in both the first and second directions in a common measurement group.

foo18]  Additional embodimants of the present disclosure are directed fo a scanning
metrology tool suitable for analyzing scanning metrology targets desaribed herein. For
example, a scanning metrology tool may continuously analyze a scanning metrology
target as it is moved refative b a measurement field, receive metrology signals associated
with each of the cell groups, and generate metrology data from the metrology signals.
Further, the scanning metrology tool may apply a common measurement algorithm to
cells within each cell group to generate metrology data from the corresponding metrology

signais.

[0019] Additional embodiments of the present disclosure are directed to one or more
pattern masks suitable for generating scanning metrology targets. For example, a pattern
mask may include pattern elements suitable for being imaged in a lithography system
onto a sampile for the fabrication of a scanning metrology target. In particular, a pattern
mask may include pattern slements in one or more cells of one or more cell groups
associated with a particular layer {o be fabricated ona sample. Further, multiple pattern
masks may include pattern elements for fabrication on multiple sample lavers to fabricate

a multilayer scanning metrology targst (8.g., a8 scanning overlay target, or the like).

joozoy  Referring now to FIGS. 1A through 4, sysiems and methods for metrology with
scanning metrology targets are described in greater detail.
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fos24y  FIG. 1 is a block diagram lustrating a scanning metrology system 100, in
accordance with one or more embodiments of the present disclosure. The scanning
metrology system 100 may include various components to analyze a sample 102, or a
portion thereof, as the sampie 102 is scannad relative 10 a8 measwrement field. For
example, the scanning metrology system 100 may be configured to analyze a scanning
metrology target on the sample 102, which will be described in greater detail below, as
the sample 102 is scanned.

{0022] in one embodiment, the scanning metrology system 100 includes an illumination
source 104 configured 1o generate an dlumination beam 108 In another embodiment,
the scanning metrology system 100 includes ary dlumination pathway 108 including one
or more components o direct the #lumination beam 106 to the sample 102, In ancther
embodiment, the scanning metrology system 100 includes a collection pathway 110
including one or more components to collect sample radiation 112. In ancther
embodiment, the scanning metrology system 100 includes a detector 114 configured fo
capture at least a portion of the sample radiation 112 from the collection pathway 110. In
another embodiment, the scanning metrology system 100 includes a scanning sub-
system (2.g.. one or more ranslation stages, beam scanners, or the like) configured to
adjust the sample 102 and/or the Hlumination beam 106 prior, during, andfor after a

measurement.

foe23  In another embodiment, the scanning metrology system 100 includes a controller
116. in another embodiment, the controlier 116 includes one or more processors 118, In
another embodirment, the one or mors procassors 118 are configured to execute a set of
program instructions maintained in a memory medium 120, or memory. Further, the
controfler 116 may include one or more modules containing ong O more program
instructions stored in the memory medium 120 executable by the processors 118. The
processors 118 of a controller 118 may include any processing element known in the ar.
in this sense, the processors 118 may include any microprocessor-type device configured
to execute algorithms andfor instructions. In one embodimeant, the processors 118 may
consist of a deskiop computer, mainframe computer system, worksiation, image
computer, parallel processor, or any other computer system (e.g., networked computer)

8
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configured {o execute a program configured fo operate the scanning metrology system
100, as described throughout the present disclosure. {tis further recognized that the term
“processor’ may be broadly defined to encompass any device having one or more
processing elements, which execute program instructions from a non-transitory memory
medium 120

{0024}  The memory medium 120 may include any storage medium known in the art
suitable for storing program instructions executable by the associated processors 118.
For example, the memory medium 120 may include a non-transitory memory medium.
As an additional example, the mamory medium 120 may include, but is not limited to, a
read-only memory, & random-access memory, a magnetic or oplical memory device {8.9.,
disk), a magnetic tape, a solid state drive and the like. 1 is further noted that memory
medium 120 may be housed in & common controller housing with the processors 118, in
one embodiment, the memory medium 120 may be located remotely with respect to the
physical location of the processors 118 and controller 116, For instance, the processors
118 of controlier 116 may access a remote memory {e.g., server), accessible through a
network {g.g., internet, infranet and the like). Therefore, the above description should not

be interpreted as a fimitation op the present invention but meraly an Hlustration.

{og2s1  The controller 1168 may be communicatively coupled with any components of the
scanning metrology system 100, In one embodiment, the controller 1186 receives data
from one or more components of the scanning matrology system 100, For example, the
controller 116 may receive metrology signals from the detector 114 (e.g., one or more
images, or the like) associated with & scanning mefrology target. 1n another embodiment,
the controller 118 performs one or more processing steps of the present disclosure. By
way of another example, the controller 118 may receive position feedback from the
sample stage 134 indicative of position, velocity, or other relevant parameter. in another
embodiment, the controller 116 analyzes or otherwise processes the metrology signals
from the deteclior 114. For example, the controller 116 may generate metrology data
based on the metrology signals from the scanning metrology target such as, but not
limited to, overlay data, focal position of the sample 102 during one or more lithography
steps, or Hlumination dose dunng one or more lithography steps. In ancther embodiment,
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the controller 118 may generate one or more conifrol signals to dirsct or otherwise control
components of the scanning metrology system 100, The controller 116 may generate
control signals for any component of the scanning metrology system 100 including, but
not limited {o, the detector 114, the sample stage 134, the illumination source 104, or any

components of the llumination pathway 108 or collection pathway 110.

fooze}]  Further, the scanning metrology system 100 may operate as any type of
metrology system known in the ard. In one embodiment, the scanning metrology system
100 is an imaging metrology system in which metrology data may be generated based on
ong or more images of the sample 102, In another embodiment, the scanning metrology
system 100 is a scatterometry metrology system in which metrology data is based on one
or more pupl images associated with diffraction and/or scattering of the Hlumination beam
106 by the sample 102,

00271 Referring still to FIG. 1, various components of the scanning metrology system

100 will be described in greater detail.

foozs]  The illumination source 104 may include any type of light source knowrn in the
art. Further, the dlumination source 104 may have any selected spectral content.

[po2e1  In one embodiment, the Hlumination source 104 includes one or more coherent
sources such as, but not limited to, one or more faser sources. In this regard, the
lumination scurce 104 may produce an iflumination beam 106 having high coherence
{e.g., high spatial coherence andfor temporal coherence). For example, the fllumination
source 104 may include one or more broadband lasers such as, but not imited fo, ons or
mare supercontinuum lasers or white-light lasers. By way of anocther example, the
iilumination source 104 may include one or more narrowband lasers. By way of a further
example, the ilumination source 104 may include one or more tunable lasers o provide
an illumination beam 108 having iunable spectral intensity. Further, a coherent
lumination source 104 may be based on any type of technology or product design. For
example, the illumination source 104 may include, but are not limited to, any combination

of one or more fiber lasers, one or more dicde lasers, or one or more gas lasers.
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{08301 In another embodiment, the illumination source 104 includss one or more low-
cohearence sources o provide an ilumination beam 106 having low or partial coherence
(e.g., spatial andfor temporal coherance). For example, the illumination source 104 may
include one or more light emilling diodes (LEDs). By way of another example, the
iflumination source 104 may include a laser-sustained plasma {LSP) source such as, but
not limited to, an L8P lamp, an LSP bulb, or an L8P chamber suitable for containing one
or more elements that, when excited by a laser source info a plasma state, may emit
broadband llumination. By way of another example, the illumination source 104 may
include a famp source such as, but not limited to, an arc lamp, a discharge lamp, an
electrode-less lamp, or the like,

{00311 Further, the illumination scurce 104 may include any combination of light sources.
in ong embodiment, the illumination source 104 includes one or more supsrcontinuum
laser sources o provide broadband illumination and one or more partialhy-coherent high-
brightness LEDs to supplement gaps in the specirum of the one or more supercontinuum
laser sources.

fco321 The Hlumination source 104 may further provide light having any selected
temporal characteristics. In one embodiment, the #lumination source 104 includes one
or more continuous-wave sources 1o provide a continuous-wave illumination beam 106.
in ancther embodiment, the itlumination source 104 includes one or more pulsed sources
to provide a pulsed or otherwise modulated lumination beam 106. For example, the
ilumination source 104 may include one or more mode-locked lasers, one or more Q-
switched lasers, or the like.

{00331 In one embodiment, the lumination pathway 108 includes one or more lenses
122, In another embodiment, the llumination pathway 108 includes one or more oplical
somponents 124 suitable for modifying and/or conditioning the illumination bsam 106,
For example, the one or more optical components 124 may include, but are not limited
ta, one or more polarizers, one or more filters, one or more beam splitfers, one or more
diffusers, one or more homogenizers, one orf more apodizers, or one or more beam

shapers.
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jo34y In another embodiment, the scanning metfrology system 100 includes an
objective lens 126 fo focus the Hlumination beam 106 onto the sampile 102.

{00351 The sample radiation 112 may include any type of radiation emanating from the
sample 102 including, but not imited to, hght or particles, For example, the sample
radiation 112 may include portions of the illumination beam 106 reflected and/or scattered
by the sample 102. By way of another example, the sample radiation 112 may include
juminescence induced by absorption of the illumination beam 106 by the sampie 102. By
way of another example, the sample radiation 112 may include particles from the sample
102 in responge 1o the ilumination beam 108 such as, but not limited {o, backscattersd

electrons or secondary electrons.

[oe3s}  in one embodiment, the collection pathway 110 includes oneormoreienses 128
in another embodiment, the collection pathway 110 includes one or more optical
components 130 suitable for modifying andfor conditioning the illumination beam 106.
For example, the one or more optical components 130 may include, but are not limited
to, one or more polarizers, one of more filters, one or more beam splitters, one or more

diffusers, one or more apodizers, or one or more beam shapers.

{00371  In another embodiment, the scanning metrology system 100 includes a
beamsplitter 132. For example, as illustrated in FIG. 1, the beamsplifter 132 may be
common o both the #lumination pathway 108 and the collection pathway 110 such that
the objective lens 126 may both direct the ilumination beam 1086 to the sample 102 and
collect the sample radiation 112. In another embodiment, though not shown, the
iflumination pathway 108 and the collection pathway 110 may include separate lenses o
direct the illumination beam 108 fo the sample 102 and collect the sample radiation 112,
respectivaly.

{oo38] The detector 114 may include any optical detector known in the art suitable for
capturing sample radiation 112 received from the sample 102. in one smbodiment, the
detector 114 includes a multipixe! detector suitable for capturing one or more images. For
example, the detector 114 may include, but is not limited to, a charge-coupled device
{CCD), a complementary metal-oxide semicanductor (CMQOS) devics. The detector 114

12
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may be located at any imaging plane of the scanning metrology system 100. Forinstance,
the detector 114 may be located at a plane conjugate o the sample 102 {0 generate an
image of the sample 102. In another instance, the detector 114 may be located at a pupil

plane {or a conjugate thereof} {o generate a pupl image.

[0039]  Further, the scanning metrology system 100 may include multiple detectors 114
{e.q. associated with mulliple beam paths generated by one or more beamsplitters {o
facilitate multiple metrology measurements (e.g. multiple metrology fools) by the scanning
metrology system 100,  In another embodiment, a detector 114 may include a
spectrogcopic detector suitable for identifying wavelengths of radiation emanating from

the sample 102

[0e40]  in another embodiment, the scanning metrology system 100 includes a scanning
sub-system to scan the sample 102 with respect o the measurement field during a
metrology measurement. in one embodiment, as illustrated in FIG. 1, the scanning sub-
system includes a sample stage 134 to secure andfor position the sample 102 within a
measurement field of the scanning metrology system 100, For example, the sample
stage 134 may position and orientation of the sample 102 within a focal volume of the
objective lens 126. In another embodiment, the sample stage 134 includes one or more
adjustable stages such as, but not limited to, 8 linear transiation stage, a rotational stage,
or a tip/tilt stage. In another embodiment, though not shown, the scanning sub-system
includes one or more beam-scanning optics (e.g., rotatable mirrors, galvanometers, or
the like) to scan the illumination beam 106 with respect fo the sample 102}

foos1]  The detector 114 may be configured to generate metrology signals {(e.g., sample-
plane and/or pupil-plane images) during a scan using any technique known inthe art. In
one embaodiment, the detector 114 includes 8 2D pixed array with a capture time and/or &
refrash rate sufficient to capture one or more images during a scan within selected image
tolerances {(e.g., image blur, conirast, sharpness, or the like). In another embodiment,
the detector 114 includes a line-scan detector to continuously generate an image one line
of pixels at a time. In another embodiment, the detector 114 includes a time-delay
integration (TD1) detector. A TDI detector may generate a continuous image of the

13
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sample 102 when the motion of the sample 102 is synchronized to charge-transfer clock
signals in the TDI detector. In particular, a TDI detector acquires charge from light
exposure on columns of pixels and includes clock pulses fo transfer charge between
adjacent columns of pixels along a scan direction. When the motion of the sample 102
along the scan direction is synchronized to the charge transfer in the TD{ detector, charge
continuously accumulates during the scan. This process continues until the charge
reaches a final column of pixels and is subsequently read out of the detector. In this way,
images of the object are accumulated over a longer time frame than would be possible
with a simple line scan camera. This relatively fonger acquisition time decreases the
photon noise level in the image. Further, synchronous motion of the image and charge
prevents blurring in the recorded image.

{00421 Referring now to FIGS. 2 through 4, various metrology targets metrology target
designs are described in greater detail.

foo4sy FIG. 2is a top view of a static metrology target 202 suitable for static mode {e.q.,
frame mode) metrology measurements i which a sample 102 is siationary during a

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

foo44]  For example, the static metrology target 202 in FIG. 2 may be suitable for overlay
metrology 1o determine registration errors between fwo layers of the sample 102, In
particutar, the static metrology target 202 may include four calis 204a-d, represented here
as quadrants of the static metrology target 202. Each cell 204a-d may include first-layer
printed slements 208 located on a first layer of the sample 102 and second-fayer printed
elements 208 located on a second iayer of the sample 102.

foo4s51  Further, cell 204a and cell 204d may be configured to provide overlay
measurements along the X direction as ilustrated in FIG. 2. For instance, an overlay
measurement along the X direction may be made by directly comparing relative positions
of the first-layer printed elements 206 and the second-layer printed elements 208 within
gach cell or between cell 204a and cell 204d. In another instance, an overlay
measurement along the X direction may be made by comparing a point of rotational
symmetry {8.g., rotational symmetry, reflection symmetry, mirror symmetry, or the liks)
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between first-iayer printed elements 206 distributed across cell 204a and cell 2044 with
a point of symmetry between second-layer printed elements 208distributed across cell
204z and cell 204d. Similarly, cell 204b and cell 204¢c may be configured to provide

overlay measurements along the Y direction as illustrated in FIG. 2.

foods} 1t is recognized herein that a metrology tool configured for static measurements
{e.g., a MAM operational mode) may capture an image of the static metrology targst 202
in a single measurement field of view 210 (e.g., a single frame). Accordingly, the impact
of time-varying errors in the metrology tool on the metrology measurements may be
generaily limited to those occurring i a timeframe on the order of the exposure fime
required to generate the image of the full static metrology target 202, Further, since all
of the cells 204a-d are imaged simultanaously in & single image, any ime-varying ervors
will have a common impact on various portions of the image. In this regard, time-varying
grrors may generally not introduce differences between a portion of the image associated
with cell 204a {or cell 204b) and a portion of the image associated with cell 204d {or cell
204c).

{00477 However, it ig further recognized herein that scanning metrology system 100
configured for scanning measurements may generate an imags of the static metrology
target 202 line by line as the sample 102 is franslated through a measurement fleld.
Accordingly, time-varying efrors may introduce differences between the portion of the
image associated with cell 204a (or cell 204b) and the portion of the image associated
with cell 204d {(or call 204c) that may directly impact the overlay metrology measurement.

foo48]  Referring now to FIGS. 3 through 5, metrology targets suitable for scanning mode
measwement are described in accordance with one or more embodiments of the present
disclosure.

foo4s} FIG. 3 is a conceplual view of a scanning metrology target 302, in accordance

with one or more embodiments of the present disclosure.

{00501 In one embodiment, the scanning metrology target 302 includes multiple
measurement cells 304 distributed on the sample 102, where each cell 304 includes
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printed elements on one or more layers of the sample 102 designed to provide a selected
metrology measurement. For example, an overlay metrology measurement may ulilize
relative positions between pattern elements on two or more layers of the sample 102 fo
determine registration errors of the associated layers during fithography, where the
pattern elements are ocated in one or more cells 304 of the scanning metrology target
302. By way of ancther example, a cell 304 may include printed elements on one or more
sample fayers, where characteristics such as, bul not limited fo, the size, crifical
dimension {CD), or position are indicative of one or more process parameters during
exposure (e.g., focal position of the sampile 102, Hlumination dose, or the like).

0051l In ancther embodiment, cells 304 i the scanning metrology target 302 are
organized within one or more measurement groups 306 distributed along the scan
direction 308 {e.g., the direction in which the sample 102 is scanned dwing a
measurement). For example, each measurement group 306 may include any number of
cells 304 distributed along a transverse direction 310 orthogonal {o the scan direction 308
and the scanning metrology target 302 may include any number of measurement groups
306 along the scan direction 308,

fooszy It is recognized herein that the scanning metrology system 100 may have multiple
sources of ermor associated that may negatively impact metrology performance.  In
particular, since the scanning metrology system 100 generates a continuous image along
a scan, the impact of ime-varying errors such as, but not imited to vibration or jitter may
manifest as variations of certain portions of the continuous image with respect to other
portions {e.g., spatial variations in the continuous image). Forexample, errors associated
with tha scan direction 308 may induce lateral shifting of certain portions of a continuous
image along the fransverse direction. By way of ancther example, errors associated with
the translation speed (e.g., scan speed) along the scan direction 308 may manifest as

strefching or comprassion of portions of the continuous image.

{0053} In the context of metrology, spatial variations in the continuous image causead by
system-induced errors may negatively impact the performance of melrology algorithms

designed to exiract information about a sample from the image. For example, overlay
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metrology may messure registration efrors between sample layers based on relative
positions of imaged features on two or more layers of the sample 102. However, spatial
variations in the image may directly impact the locations of featurss in the image and may
thus directly contribute 1o a measurement error. By way of another sxample, critica
dimension metrology may measure a feature size on a sample based on a size of the
feature in an image. However, spatial variations in the image may directly impact the
imaged sizes of features at different locations along the scan direction 308 and may thus

directly contiibute fo a inconsistent measurement results along the scan direction 308.

fos4y  Accordingly, in embodiments of the present disclosure, cells 304 associsted with
a common metrology measurament may be arranged to. be located within a common
measurement group 306. In this regard, the cells 304 within each measurerment group
306 may be measured simulfaneously to mitigate impacts of time-varying errors. His
recognized herein that fime-varying errors may still impact celis 304 within sach
measurement group 306. However, only time-varying errors cccurring on a timescale on
the order of the measurement time of a measurement group 308 {e.q., approximately a
size of a largest cell 304 measured along the scan direction 308). Further, even those
errors ocourring on this timescale will similarly impact all cells 304 in the measurement
group 308,

fooss)  However, it s to be understoad that a metrology algorithm is not preciuded from
utilizing cells 304 in different measurement groups 306. it is merely contemplated herein
that increasing the size of a portion of an image along the scan direction 308 analyzed
may increase the impact of time-varying srrors.

00561 A scanning mebrology farget 302 may include any selected number of
measurement groups 306, each including any number of cells 304 suitable for any
selscted metrology measurement.  In ons embodiment, the scanning metrology target
302 may include a first measurement group 306 having one or more ceils 304 designed
ta provide overlay measurements along a first direction (e.g., an X direction} and a second
measwrement group 306 having one or more cells 304 designed o provide overlay

measurements along a second direction (g.g., an Y direction). in this regard, the cells
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304 in the first measurement group 308 associated with overlay metrology along the first
direction may be measured simulianeously to provide accurste metrology data. Similarly,
the cells 304 in the second measurement group 306 associated with overlay metrology
along the first direction may be measured simulianecusly. In another embodiment, the
scanning metrology target 302 may include one or more cells 304 in a common
measwrement group 306 designed fo provide overlay measurements along multiple
directions (e.g., X and Y directions}. In this regard, the cells 304 in the common
measurement group 306 associated with overlay metrology along the multiple directions
may be measured simultaneously. In ancther embodiment, the scanning metrology target
302 may include one or more cells 304 designed to provide CD metrology in a common
measurement group 3086 to minimize or ofherwise mitigate the impact of time-varying
errors on CD measurements for features at different locations in the scanning metrology
targst 302, In another embodiment, the scanning metrology target 302 may include one
or mora cells 304 designed to provide process metrology data {(e.g., ilumination dose,
focal position, or the like in a lithography fool) in a common measurement group 306 to
minirmize or otherwise mitigate the impact of time-varying errors on the process metrology
measurements. Accordingly, #is to be understood that the examples providing a specific
number or layout of measurement groups 306 in a scanning metrology target 302 are

provided solely as llustrations and should not be interpreted as limiting.

{057} In one embodiment, the scanning metrology target 302 includes one or more
measurement groups 308 in which various measurement groups 306 within sach
measurement group 308 provide metrology measurements (e.g., overlay, process
monitoring, or the like) associated with & common direction on the sample 102, For
example, a scanning metrology target 302 may include a first measurement group 306
may include cells 304 providing metrology measurements along a first direction and a
second measurement group 306 may include cells 304 providing metrology
measurgments along a second direction different than the first direction. The first and
second directions may be, but are not required o be, orthogonal. Further, the first and
second directions may correspond to, but are not required to correspond to, the scan

direction 308 and the fransverse direction 310.
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fooss}  Additionally, the measurement groups 306 may include cells 304 having printed
elements having any selected pattern suitable for providing a selected metrology
measurement of interest. In one embodiment, the measurement groups 306 include at
least one cell 304 having pericdic printed elements. For example, perodic printed
elemants may include multiple {e.g., three or muore) elements having a common spacing
along a selected direction. Further, the multiple elements may have, but are not required
to have, a common size.

fooss] Referring now to FIGS. 4A through 8, various configurations of a scanning
matrology target 302 are described in accordance with one or more embodiments of the
present disclosure. For example, it is contemplated herein that an overlay may be
designed to provide overlay measurements based on any measurement algorithm known
inthe art. Forinstance, an overay measurement along a measurement direction may be
generated by directly comparing the relative positions or points of symmetry {e.qg.,
rotational symmetry, reflection symmetry, or the like) of printed elements generated using
different exposure steps. Further, while the configurations of a scanning metrology target
302 illustrated in FIGS. 4A through 5 are designed for overlay metrology, it is to be
understood that a scanning metrology targst 302 configured according to the present
disclosure is not limited to overlay metrology. Accordingly, # is contemplated herein that
one of ordinary skill in the art could extend the features and principles of operation

described in the illustrated embuodiments herein to additional metrology target designs.

foosoy FIG. 4A is a top view of the scanning metrology target 302 having two
measurement groups 308a,b for overlay metralogy along orthogonal directions, where
celis 304 within each of the two measurament groups 308a.b display rotation symimetry,
in accordance with one or more esmbodiments of the prasent disclosure,

[0061] In one embodiment, the scanning metrology farget 302 includes a first
measurement group 306a including a first cell 304a and a second celf 304b distributed
along the transverse direction 310, and a second measurement group 306b including a
third cell 304c and a fourth cell 3044 distributed along the transverse direction 310. The

sacond measurement group 306h is separated from the first measurement group 308a
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along the scan direction 308. Further, cells 304a-d are depicted as having first set of
printed elemenis 402 and a second set of printed elements 404, The first set of printed
elements 402 and the second set of printed elements 404 may be printed using different
processing steps. For exampile, the first set of printed elements 402 may be fabricated
on a first layer of the sample 102 and the second set of printed slements 404 may be
fabricated on a second layer of the sample. By way of another example, the first set of
printed elements 402 and the second set of printed elements 404 may be fabricated on a

common layer of the sample 102 in different processing steps.

[o0e2]  Additionally, any of the cells 304a-d may include cells 304 having printed
elements having any selected pattern suitable for providing a selected metrology
measurement of interest.  For example, the measurement group 306a and/or the
measurement group 308k may include at least one cell 304 having periodic printed
glements. For example, periocdic printed slements may include multiple (e.g., three or
more) elements having a common spacing along a selected direction. Further, the
multiple elements may have, but are not required o have, g common size.

{00631 In one embodiment, the first cell 304a and the second cell 304b in the first
measurement group 306a are configured to provide overlay measurements along a first
direction {s.g., the X direction), while third cell 304¢ and the fourth cell 304d in the second
measurement group 306b are configurad o provide overlay measurements along a
second direction {(e.g., the Y direction). In this regard, the first cell 304a and the second
cell 304b in the first measurement group 306a may be imaged simultanecusly {o minimize
or otherwise mitigate the impact of time-varying emrors on the associated metrology
measurament along the first direction. Similarly, the third cell 304c and the fourth cell
304d in the second measurement group 306b may also be imaged simultansously o
minimize or otherwise mitigate the impact of time-varying errors on the associated

metrology measurement along the second dirsction.

foosd}  Further, the scanning metrology target 302 in FIG. 4A may be well-suited for, but
is not limited to, overlay metrology based on rotational symmetry of the cells 304. For
sxample, cell 204b may be designed to corraspond to a 180-degree rotation of cell 204a
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in the case of no overlay error such that an overlay measurement along the X direction
may be generated by comparing a point of rofational symmetry 406 of the first set of
printed elements 402 in the measurement group 306a to a point of rotational symmetry
408 of the second set of printed elements 404 in the measurement group 306a. FIG. 4A,
the Similarly, cell 204d may be designed {o correspond to a 180-degree rotation of call
204c in the case of no overlay error such that an overlay measurement along the Y
direction may be generated by comparing a point of rotational symmetry 410 of the first
set of printed elements 402 in the measurement group 306b to a point of rotational
symmetry 412 of the second set of printed elements 404 in the measurement group 306b.
In this regard, a measurement of rotationally-symmetric cells 304 may mitigate or
otherwise reduce rotation errors of the scanning metrology system 100,

{0065] I is contemplated herein that various arrangements of slements within the cells
304 of a measurement group 306 may provide a desired symmetry. FIG. 4B is a top view
of the scanning metrology target 302 having two measurement groups 306a.b for overlay
metrology siong orthogonal directions, where cells 304 within each of the two
measurement groups 306a.b display rotation symmetry, in accordance with one or more
ambodiments of the present disclosure. In particular, the cells 304c,d in measurement
group 306b of FIG. 4B are disipbuled along the Y direction {e.g., the measurement
direction) to increase the length of the measurement group 306b along the Y direction

relative to the scanning metrology target 302 in FIG. 4A.

foosel 1t is additionally contemplated herein that a scanning metrology target 302 may
be suitable for scanning in mulliple directions, which may facilitate comparisons of
measuraments taken along different directions with a comman target. For example, the
scanning metrology target 302 in FIG. 4B may be scanned along the X direction {e.g., the
scan direction 308 and the transverse direction 310 as shown in FIG. 4B may be
swapped).

foo67} It is to be understood, however, that the 180-degree rotational symmetry
ilustrated in FIGS. 4A and 4B are provided solely for llustrative purposes and should not
be interpreted as limiting. Rather, the scanning metrology target 302 {or any groups of
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cells 304 in a measurement group 308} may comrespgond {o versions of each other rotated
by any amount {e.g., 45 degrees, 90 degrees, or the like).

{0068] Further, as described previously hersin, cells 304 in a measurement group 3086

nead not have any rotational symmeiry.

{coss} in ancther embodiment, 8 measuremant group 308 includes multiple identical
cells 304, FIG. 4C is a top view of the scanning metrology target 302 having multiple
identical cells 304¢.d, in accordance with one or more embodiments of the present
disclosure. Accordingly, an overlay measurament along the Y direction may be generated
by performing overlay measurements on cell 304c and cell 304d separately {e.g., based
on relative positions and/or points of symmetry of first set of printed elements 402 and
second set of printed elementis 404 in cell 304c¢ and cell 304d, respectively, and then
averaging the separate measuraments to cancel rotation errors of the scanning metrology

system 100.

fooTay  Inanother embodiment, a measurement group 308 includes one or more pairsof
cells 304 designed to have reflection symmetry {e.g., mirror symmetry, 1-D symmelry, or
the like) along a desired measurement divection {(e.g., the X direction, the Y direction, or
the lke). FIG. 4D is a top view of the scanning metrology target 302 having two
measwrement groups 306a,b, whare cells 304 within each of the two measurement
groups 306a.b display reflection symmelry, in accordance with one or more embodiments
of the prasent disclosure. For example, the first set of printed elements 402 and second
set of prinled elements 404 in the measurement group 306a may be designed o be
symmaetric about the axis 414 such that an cverlay measurement along the X direction
may be associated with a comparison of the axis of symmelry of the first set of printed
elements 402 in the measuremesnt group 308a with the axis of symmetry of the second
set of printed elements 404 in the measurement group 308a. Similarly, the first set of
printed elements 402 and second set of printed elements 404 in the measurement group
306b may be designed fo be symmaetric about the axis 416 such that an overlay
measuwrement along the Y direction may be associated with a comparison of the axis of
symmetry of the first set of printad elemeants 402 in the measurement group 308b with the
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axis of symmelry of the second set of printed elements 404 in the measurement group
306b.

{00741 in another embadiment, a measwement group 3086 includes mulliple cells 304
providing the same melrology measurement, but having different layouts of printed
slements {e.g., the first set of printed elements 402 and the second set of printed elements
404} For example, the printed elements in the cells 304 may include variations of the
pitch between elements, segmentations of the elements, element asymmetries, or the
fike. Inthis regard, metrology signals associated with the multiple cells 304 may be used
to monitar process errors and/or pattern placemeant errors (PPE), where the variations in

the printed elements are sensitive the process errors.

o721 Inanother embodiment, a particular cell 304 may include pattern slements {e.q.,
gratings or the like) having intentionally inserted skews {e.g., offsets). In this regard,
metrology measurements of the cell 304 may be ulilized {0 provide residual minimization
by algorithms and/or flags.

{00731 tis to be undersiood, however, that the illustrations of measurement groups 308
having twa cells 304 each in FIGS. 4A through 4D are provided solely for illustrative
purposes and should not be interpreted as limiting. The measurement groups 306 of the
scanning metrology target 302 may include any number of cells 304,

fooray FIG. S is a fop view of the scanning metrology farget 302 having two
measurement groups 308 with three celfls 304 each for overday metrology along
orthogonal directions, in accordance with one or more embodiments of the presant
disclosure. For sxample, the scanning metrology target 302 may include a first
measurement group 306a having cells 304a-c and a second measurement group 306b
having cells 304d-f. Further, as illustrated in FIG. 5, the symmetnies between celis 304
may differ between the different measurement groups 306. For example, the first
meaasurement group 306a includes cells 304 with two rotational variants, while the second
measuremant group 308b includes identical cells 304,
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{0075} The herein described subject matter sometimes illustrates different components
contained within, or connected with, other components. it is to be understood that such
depicted architeciures are merely exemplary, and that in fact many other architectures
can be implemented which achieve the same funclionality. In a3 conceptual sense, any
arrangement of components {o achieve the same functlionality 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
“connacted” or "coupled” to each other to achieve the desired functionality, and any two
components capablg of being s0 associated can also be viewed as being "couplable” to
each other {6 achieve the desired functionality. Specific examples of couplable include
but are not limited o physically interactable andfor physically interacting components
and/or wirelessly interactable andfor wirelessly interacting components and/or logically

interactable and/or logically interacting components.

foorey 1t is believed that the present disclosure and many of ifs attendant advantages
will be understond by the foregoing description, and i 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
advaniages. 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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