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EXTRA TALL TARGET METROLOGY

TECHNICAL FIELD
[0001] The prasent disclosure relates generally to metrology and, more particularly, to
alignment of melrology systems.

BACKGROUND

[0002] In wafer manufacturing, metrology is the field of measurements and may include

overlay metrology, critical dimension metrology. and the like.

[0003] in the manufacturs of wafers, with an increasing number of layers andior
increasing individual laver height {e.g., 3D NAND, dis-to-wafer (D2W), wafer-to-wafer
(W2W), and the like) comes an ingreasing height range between layers andfor features
of interest. Traditional metrology systems may not have the focal plane adjustment
distanceg needed o image mulliple layers and/or features at increasingly higher
distances from each other while keeping within alignment tolerances of the imaging
system. Further, a metrology system may nged to be close o a farget feature but may
not have the speed andfor height adjustment range needed to move out of the way when
moving (o the next, significantly taller target festure.

[0004] Overiay control is the contral of the patiermn-to-pattern alignment of multiple layers
necessary. image-based overlay metrology may typically include determining relative
overlgy emror {(6.g., misalignment error) between two or more layers of inlerest on a
sample {(e.g., wafer) based on relative imaged positions of features of an overlay target
in the different lavers of interest.

[0005] Therefore, it may be desirable {o have systems and methods to address the above
shartfalls.
SUMMARY

[O008] A metrology system for tall metrology is disclosed in accordance with one or maore
Hustrative embodiments of the present disclosure. In one illustrative embodiment, the
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system includes an objective lens. In another illustrative embodiment, the system includes
one or more detectors. In another ilustrative embodiment, the system includes an
objactive positioning stage structurally coupled to the objective lens and configured fo
adjust a focal plane of at least one of the one or mors detsctors via movement along an
optical axis, the metralogy system including the optical axis. In another illustrative
embodiment, the system includes one or mors proximity sensors configured o measure
lateral positions of a stage element as the objective positioning stage moves along the
optical axis. In ancther ilustrative embodiment, the melrology system is configured to
capture images of two or more focal planes via movement of the objective positioning
stage to two or more objective locations along the optical axis, each focal plane of the two
or more focal planes at an axial position along the optical axis of the metrology system
and orthogonal to the optical axis. In another illustrative embodiment, at least two of the
twa or more focal planes are separated by an axial focal distance aparnt that is greater
than a depth of fisld provided by the objective lens. In another Mustrative embodiment,
the metrology system is configured to determing a metrology measursiment asscciated
with a target on a sample using the images and lateral positions of the stage element
when the objeclive positioning stage is at the two or more objective locations when
implamenting a metrology recips, the fargst including features on the two or more focal

planes according o the metrology recipe.

[00QT] A metrology system for tall metrology with air bearings is disclosed in accordance
with one or more ilustrative embodiments of the present disclosure. In one llustrative
embodiment, the system includes a coarse stage of an objective positioning stage, the
coarse stage structurally supported radially about the optical axis by one or more air
bearings configured to allow for a longitudinal movement of the coarse stage along the
optical axis, and constrain a lateral translation and a tilt of the coarse stage relative to the
pphical axis when adjusting a focal plane of one or more detectors.

[0008] A mathod for tall overlay metrology is disclosed i accordance with ane or more
flusirative embodiments of the present disclosure. In one Hlustrative embodiment, the
method includes receiving lateral positions of a stage element of a metrology system
obtained from one or more proximity sensors, the lateral positions measured relative fo
an optical axis. in another Hlustrative embodimeant, the metrology systam is configured to
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adjust a focal position of at least one of one or more detectors of the metrology system,
where the metrology system is configured to capture images of two or more focal planes
via movement of an objective positioning stage to two or more objective locations along
the oplical axis, gach focal plane of the two or more focal planss at an axial position along
the optical axis of the metrology system and orthogonal to the optical axis, where at least
two of the two or more focal planes are separated by an axial focal distance apart that is
greater than a depth of fisld provided by an objective lens. I another Hlustrative
embodiment, the method includes receiving the images of the two of more focal planes
via movement of the objeclive positioning stage to the two or more objective locations
along the optical axis. In another illustrative embodiment, the method includes
delermining @ metrology measurement associated with a target on a sample using the
irmages and lateral positions of the stage elemant when the objective positioning stage is
at the two or more objective locations, the target including features on the twa or more
focal planes.

[0009] it is to be understond that both the foregoing general description and the following
detalled descrption are exemplary and explanatory only and arge nolt necessarily
rastrictive of the invention as claimed. The accompanying drawings, which are
incorporated in and constitute a pari of the spacification, illustrate esmbodiments of the
invention and together with the general description, serve to explain the principles of the

invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The numercus sdvantages of the diaclosure may be better understoed by those
skilled in the art by reference 1o the accompanying figures,

FIG. 1A illustrates a disgrammatic representation of a metrology system, in accordance
with one or mare smbodiments of the present disclosurs.

FIG. 1B ilustrates a diagrammatic representation of a metrology system, in accordance
with oneg ar more embodiments of the present disclosure.

FiG, 10 Hlustrates a diagrammatic representation of a metrology system with two or
mue detectors, in accordance with one or more embodiments of the present

disclosura.
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FIG. 2A lllustrates a diagrammatic representation of an imaging system in a first
position, in accordance with one or more embodiments of the present disclosure.

FiG. 2B illustrates a diagrammatic representation of the imaging system in a second
misaligned position, in accordancs with ons or more embodiments of the present
disclosure.

FiG. 2C usirates a diagrammatic representation of the imaging system in a third
position which is at least partially corrected by a fine adjustment stags, in
accordance with one or more embuodiments of the present disclosure.

FiG. 3A illustrates a diagrammatic representation of an imaging system in a first
position, in accordance with one or more embodimsents of the present disclosure.

FiG. 38 lHlustrates a diagrammatic representation of the imaging sysitem in a second
misaligned position, in accordance with one or more embodimants of the present
disclosure.

FIG. 3C lllustrates a diagrammatic representation of the imaging system in a third
position which is af least partially corrected by a coarse adjustment sfage, in
accordance with one or more embodiments of the present disclosure.

FIG. 4 illustrates a flowchart of a method for overlay metrology, in accordance with one
or more embodimeants of the present disclosure.

DETAILED DESCRIPTION

[6011] The present disclosure has been particularly shown and desaoribed with respect to
certain embodiments and specific features thereof. The embodiments set forth herein are
takent to be illustrative rather than fimiting. i should he readily apparent to those of
ordinary skill in the art that various changes and modifications in form and detail may be
made withowt departing from the spirit and scope of the disclosure. Referance will now
be made in detail to the subject matter disclosed, which is illustrated in the atcompanying
drawings.

[6012] Referring generally to FIGS. 1 through 4, systems and methods for tall metrology
are disclosed, in accordance with one or more embodimants of the present disclosure.
Embodiments of the present disclosure are directed o providing a melrology system
capable of tall metralogy. Tall metrology may include any type of metrology (e.g., critical
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dimension {CD) metrology, overlay metrology generally, scatterometry overlay metrology
{SCOL), difiraction based overlay (DBO), and/or the like) known in the art such as, but
not limited to, single wafer, DIW, W2W, and/or the like with tall features and/or features
at a relatively far (g.g., more than 15 microns) focal distance from each other. it should
be noted that some embodiments of the present disclosure allow for tall metrology by
virtue of one or a combination of the following: an increased focal plane adjustment
distance capability, increased focal plane axial position change speed, alignment sensors
{e.g., proximily sensos), stage element adjustment stages, andior more accurate
alignment structure {e.g., thin flexure arms andfor air bearings). in at least some
embodiments, benefits of one or a combination of the above may include: more accurate
overday enor (a.g., misregistration measwrement betwesn features in different layers of a
sample), more accurate critical dimensions {e.g., location and/or size of a feature} in a
CD metrology system, faster movement of focal planes, more accurate alignment of
optical elements of a metrology system, larger range of focal plane adjustment distance,
and the liks.

[0013] Some embodiments of the present disclosurs are dirscted o a metrology system
with one or more proximity sensors for measuring one or more lateral positions of a stage
glement of the metrology system 1o at least determine/gensrate a misatignment of the
stage slement. For example, the one or more proximity sensors may allow for one or
more lateral measwemenis 0 be determined that can be used v measure a
misalignment {e.q., lateral shift andfor tilt) of a stage slement.

[0014] For example, generally, some embodiments of the present disclosure are directed
to a metrology system having an objeclive lens, one or more delectors, an objective
positioning stage, and one or more proximity sensors. For instance, the objective
positioning stage may be structurally coupled to the objective lens {or include the
objective lens) and be configured o adjust a focal plane of al least one of the one ormore
detectors via movement along an optical axis of the melrology system. In another
instance, the metrology system may be configured to capture images of two or mare focal
planes via movement of the objective positioning stage {e.g., when adjusting a focal
plane} to two or more objective locations along the optical axis, gach focal plane of the
two or more focal planes at an axial position alonyg the optical awis of the metrology system
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and orthogonal to the optical axis. For instance, at least two of the two or more focal
planes may be separated by an axial focal distance apart that is greater than a depth of
field provided by the objective lens {g.g., not all features located at all focal planes may
be imaged in focus al the same fime) In anothsr instance, or continuing the above
instance, the melrology system {e.g., an overlay melrology system, a crtical dimension
{CDY metrology system, or the like) may be configured to detsrmine a metralogy
measurament {e.g., overlay error, critical dimension, and the like) associaled with a target
{e.g., overlay farget, critical dimension target, and the like} on a sample using the images
and {ateral positions of the stage element when the objective positioning stage is at the
two or more objective locations (a.g., correspanding o two or more focal planes) when
implementing 8 metrology recipe, and the targst may include features (a.g., overlay largst
features, or any other feature to be measured} on the two or more focal planes according
to the metrology recipe.

[0015] Further in regards 10 the above axample, embodiments may be directed to
metrology systems with imaging system{s}, and one or more detectors configurad to
capture images through an objective lens at two or more focal positions along an optical
axis of the imaging system, where the one or more proximity sensors measure one or
more lateral posilions of a stage element {e.g., coarse stage, fine stage, and the like} of
the metrology system. For instance, in a nonlimiting example, the one or more proximity
SENSOrs may measure one or more lateral positions of a coarse stage and the one or
more lateral positions may be used o at least partially correct an inaccuracy in a
determined metrology measurement of a sample caused by at least one of a measured
coarse stage lateral shift or a measured coarse stage tilt. in another example, the one or
more proximity sensors may measure one or more lateral positions of a fine stage and
the ong or more lateral positions may be used to at {east partially prevent an inaccuracy
in @ melrology measurement by mechanically compensating for a misalignment in the
measured one or more lateral positions before measuremsnt images are captured. Al
least some benefits of at least some of the embodiments include a faster focal height
adjustment, more accurate alignment during focal height adjustment, andfor larger range
of focal height adjustments {(e.g., which may be made possible by more accurate stage
glement alignment). For instance, at least some embodiments allow for at least partially
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correcting for(e.g., mathematically) {or preventing/compensating) optical s
misalignment of one or more elements {e.g., stage elements} of an imaging system by,
but not limited to, mathematically adjusting a calculsted/determined metrology
measuremernt baged on a8 measured shift of a stage elsment, or mechanically adjusting
{e.g., directing the imaging system to adjust) a mechanical component to at least partially
correct for (e.g., compensate for} a measured shift of a stage element {e.¢., coarse stage,
fine stage, and the like). Note that “stage slement” is not limited to only terms using the
word “stage” and may include any stage element of the metrelogy system, such as the

objective lens (e.g., objective lens subsystem), frame, or the like.

[0018] Additional embodiments are directad fo metrology systems with imaging systems
with thin flexure arms supporting a stage element of the imaging system. For exampls,
some embodiments of the present disclosure are directed to a metrology system including
an imaging system having two or maore thin flexure arms supporting a fine stage. The thin
flexure arms may he configured to allow for a longitudinal movement of the fine stage
along an oplical axis, and constrain 2 lateral transiation and a tilt of the fine stage relative
to the optical axis when adjusting the focal position of a dstector. Al least some of the
benefits include fast, accurate {i.&, reduced misalignment relative to the optical axis}, and
a larger range of height adjustment (e.g., focal plane adjustment distance). Fuither, a
misalignment of the fine stage may be repeatable. in an optional configuration, one or
more proximity sensors are used {0 measure one or more lateral positions of a stage
element at different focal positions associated with a movement of the fine stage. Further,
a calibration of a repeatable misalignment error {g.g., lateral shift and/ar {ilt) of the fine
stage may be determined. Further slill, the calibration may be used to corect, at least
partially, a metrology measurement. For example, the calibration may be used to
mathematically comrect for the metrology measurement andior mechanically correct for
the metrology measurement {e.9., using a fine adjustment stage).

[0017] Fuwrther embodiments are directed o metrolagy systems with an imaging system
with one or more beanngs supporting a stage slement of the imaging system. For
example, soms embodiments of the present disclosure are directed to a metrology
system including an imaging system having ong or more air bearings supporting a coarse
stage. The air bearings may be configured to allow for a longitudinal moverment of the
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coarse stage along an optical axis, and constrain a lateral shift and a tilt of the coarse
stage relative to the optical axis when adjusting the focal plane axial position of a detector
{e.g., moving the coarsa stage). In some embodiments, at least some of the benefils
include fast, accurate {i.e. reduced misalignment relative to an optical axis}, and a larger

range of height adjustment {e.g., focus position height adjustment).

[0018] Additional embodiments are directed fo metrology systems with imaging systems
having two or more detectors (e.g., cameras) and at least ong of thin flexure arms, air
bearings, and/or two or more proximity sensors. For example, some embodiments of the
present disclosure are directed to a metrology system including an imaging system having
two or more deteciors, where the imaging system includes one or more proximity sensors
and at lgast one of 1) two or more thin flexure arms or 2} one or more air bearings

supporting a stage element {8.9., a fine stage, and/or a coarse stage).

[£3019] it should be noted that a determined {g.g., calculated, generated, and the lka)
metrology measurement may itself be inaccurate for a variety of reasons. For example, a
metrology measurement may be inaccurate due to, but not limited to, a lack of resolution
and/or focus of the imaging tool or a shift of one or more components {e.g., stage
elements) of the imaging system out of alignment {e.g., a shift over time; and/or a shift
caused by an operation {e.g., change in axial position of a stage slemeant) of the imaging
system). For instance, an error {e.9., inacouracy) in a metrology measurement may he a
combination of errors caused by, but not limited to, a shift caused by adjusting a axial
position of a stage slement {e.g., fine stage, coarss stage, and the like), a shift due to
flexibility (e.q., non-stiffness) in an element of an imaging system (e.q., a frame, or stiff
plate), a shift dug to an unconsirained tolgrance gap belweaen two of more imaging system
glements (.9., gap hetweean a coarse siage and bearings supporting the coarse stage),
a tool-induced shift {TI8), a shift caused by environment andfor metrology system
vibrations {g.g., jitter), and the like. These arors in melrology measurement may affedt
measurament efficiency/accuracy of the metrology process and therefors the
manufacturing andfor inspection process of a sample. These errors may also fimit the
maximun focal plane adjustmant distance (measured between features) of a metrology
system because increasing the maximum focal plane adjustmert distance {e.q., without
the benefil of this disclosure) may cause the metrology system to have an unacceplable
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alignment error causing an unacceptable inaccuracy in the metrology measurement {e.g.,

being out of specification requirements of tolerance}.

[0020] it should be noted that a focal plane refers to the plane or volume that is in focus
by an imaging system {&.g., imaging system 104). For example, an imaging system may,
via a positioning stage (e.g., objective positioning stage), allow for a range of focal planes
spanning a maximum focal plane adjustment distance of the imaging system. At least
some embodiments of the presemt disclosure allow for an imaging system 104 with
increased maximum focal plane adiustment distance and which is adjiustable within
required alignment folerances. For example, in some embodiments, the present
disclosure allows for a metrology system 100 with 2 maximum focal plane adjustment
distance of at lsast 1000 microns (e.g., by enabling the measure of misregistration
helween layers located one above the other at g distance of at least 1000 microns in
sverlay metrology) and operating within tolerance limits of 3 nanometers of lateral shift

and 3 micro-radians of ilt,

[0021] Further, the required maximum focal plane adjustment distance {e.9., which may
be measured normal o a wafer surface (e.g., the wafer surface facing the imaging
system), andfor parallel to an idsalidesigned-for optical axis) between different focal
planes of different features may be ever-increasing due {o reasons including, but not
limited to, increasing total number of layers per sample, and higher individual layer
heights (e.g., 3D NAND, Thin Film Head{TFH)). In this regard, a stage element may need
to travel a distance corresponding to a maximum focal plane adiustment distance {e.g.,
measured between focal planes of the metrology system and/for features of the sample)
andfor an axigl adiustment distance (&.9., distance that the stage ¢lemant moves along
the oplical axis) that is larger than a traditional system is capable of. An inability of being
able fo fravel such a corresponding distance may include, but is not limited to, detriments
of inadvertenily contacting a tall target feature when traversing the sample, and not being
able 1o accurately image both talt (high) and short (ow) target features sfficiently andior
at all {e.g., dusto lack of focal adjustment range).

[0022] Accordingly, embodimants of the present disclosure are directed {o a system and
method which cure one or more of the shartfalls of previous approaches.
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[0023] FIG. 1A illustrates a diagrammatic representation of a metrelogy system, in
accordance with one or mors embodiments of the present disclosure. For example, the
metrology system 100 may determine metrology measuremant between two or more
layers of g sample 102 based on images of one or more fealures of the sample 102

according o a metrology recips.

[0024] in one embediment, the metrology system 100 includes an imaging system 104
configured o caplure one of more imagss of the sample 102 and a confroller 106 to
determine metrology measurement of two or more layers of the sample 102 based on
images from the imaging system 104 according {o a metrology recipe. Further, metrology
system 100 may include a sample stage 108 for positioning the sample 102 within a field
of view {e.g., the area below the objective lens} of the imaging system 104 for the
delermination of metrology measurement. The sample stage 108 may include any
system suitable for positioning the sample 102 within the metrology system 100, For
example, the sample stage 108 may include any combination of linear translation stages,
rotational stages, tip/ilt stages or the like.

[0025] in at least one embodiment, the meftrology system 100 may include ons or mare
rmaging systems 104, In another embodiment, the metrology system 100 may include,
but is not limited to, a controller 106, including one or more processors 110 and a memaory
112, and a sample stage 108. The imaging system 104 may include any imaging system
104. in one embodiment, the controller 106 is communicatively coupled to an imaging
system 104 (2.g., the imaging system 104 shown in Fig. 1B and described in more detail
below). In this regard, the one or more processars 110 of the controller 106 may be
configured o generale ong or more control signals configured {o adjust one or more
characteristics of the imaging system 104 according 1o 8 metrology recipe.

[00286] FIG. 1B dlustrates a diagrammatic representation of & metrology system, in
accordance with one or more embodiments of the present disclosurs.

[0027] in one embodiment, the metrology system 100 includes an lumination source 114
to generate an illumination beam 118, an ilumination pathway 118 {which may be ong or
rrore dlumination optics) to direct the iflumination beam 116 {e.g., 2! least a portion of
light of the dlumination beam) to the sample 102 mounted on the sample stage 108, a

10



WO 2023/196133 PCT/US2023/016476

collection pathway 142 to direct radialion emanating from the sample 102 to a detector
assembly 122. For example, the detector assembly 122 may include one or more
detectors suitable for capturing an image of the sample 102, The optical axis of the
imaging system may be spiit info multiple optical axes for each delscior or be separate

optical axes,

[0028] The dlumination beam 116 may include one or mare sslected wavelengths of light
including, but not limited o, vacuum ultraviclet radiation (VUV}, deep ultraviolet radiation
{(DUV), ultraviolet {UV) radiation, visible radiation, SWIR, or infrared {IR) radiation. The
lumination source 114 may further generate an illumination beam 116 including any
range of selected wavelengths. In another embodiment, the illumination source 114 may
include a spectraliy-tunable #lumination source to generate an lumination beam 1186
having a tunable spectrum.  The Hlumination source 114 may further produce an
flumination beam 118 having any temporal profile. For example, the illumination sotrce
114 may produce g continuous iflumination beam 116, a pulsed Hlumination beam 118,
or a modulated illumination beam 116. Additionatly, the l{umination beam 116 may be
delivered from the ilumination source 114 via free-space propagation or guided light (s.q.

an optical fibar, a light pipe, or the like}.

[0028] The dlumination source 114 may include any type of illumination source suitable
for providing an flumination beam 118, In ons embodiment, the Humination scurce 114
is @ laser source. For example, the illumination source 114 may include, but is not limited
to, one or more narrowband laser sources, a broadband laser source, a supsrcontinuum
laser source, a white light laser source, or the like. In this regard, the illumination source
114 may provide an dlumination beam 116 having high coherence {e.g., high spatial
coherence andior temporal coherence). in another embodiment, the llumination souwrce
114 includes a lasersustained plasma (L8P} source. For exampls, the lumination
source 114 may include, but s not limited to, a LSP famp, a LSP bulb, or a LSP chamber
suitable for containing ong or more elements that, when excited by a lasersource into a
plasma state, may emit broadband dlumination. In another embodiment, the lumination
source 114 includes a lamp sowce. For example, the lumination source 114 may

include, but is not limited to, an arc lamp, a discharge lamp, an electrode-less lamp, or

11
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the like. In this regard, the illumination source 114 may provide an illumination beam 116

having low coherance (8.g., low spatial coherence and/or temporal coheranoe).

[0030] In ancther embodiment, the illumination source 114 directs the lllumination beam
116 to a sample 102 via the ilumination pathway 118. For example, tha illumination
pathway 118 may include an objective fens 124 to focus the ithumination beam 116 onto
the sample 102. The lumination pathway 118 may include ons or more ilumination
optics including one or more ilumination pathway lenses 136 andior fllumination
condiioning components 128 suitable for modifying andfor conditioning the Hlumination
beam 116. For example, the one or more illurnination conditioning componenis 128 may
include, but are not limited o, one or more polarizers, one or more filters, one or more
beam sphiters, one or morg diffusers, one or more homogenizers, one or more apadizers,
of one or more beam shapers. By way of ancther example, the lumination pathway 118
may includs aperture stops to contral the angle of ifumination on the sample 102 andfor

field stops o control the spatial extent of Hlumination on the sample 102,

[0031] in another embodiment, the collection pathway 142 (which may be one or more
collection oplics} may include any numbser of slage elements o collecl radiation
emanating from the sample (e.¢., in response to the illumination beam 118) and direct the
collected radiation {e.g., collection beam 120} {o the detector assembly 122, in one
embodimeant, the collection pathway 142 includes a beamsplitter 134 oriented such that
the objactive lens 124 may simultaneously direct the illumination beam 116 to the sample
102 and collect radiation from the sample 102. The collection pathway 142 may include
one or more collection pathway lenses 136, and/or conditioning collection components
138 suitable for modifying and/or conditioning the radiation from the sample 102 such as,
but not limited {o, one or more filters, one or more polarizers, or one or more beam blocks.,
Additionally, the collection pathway 142 may include apsrture stops to cantrol the angudar
aextent of radiation collected from the sample 102 and/or field stops 1o control the spatial
gxtent of an image of the sample 102, In another embadiment, the collection pathway
142 includes a stop. For example, the stop may include a collection apertura stop located
in a plane conjugate {o the back focal plane of the objective lens 124 andior a8 tube lens
{not shown) to provide image-space telecentricity when imaging the sample 102. By way
of ancther example, the stop may include a collection figld stop located at a plane

12
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conjugate to the sample 102 to control the spatial exttent of the image on the detector
assembly 122, Further, the collection pathway 142 may include any number of
ilumination pathway lenses 128 that facilitate placement of the stop and the collection
field stop at conveniant locations.

[0032] The detentor assembly 122 may include any number of detectors suitable for
capturing radiation emanating from the sample 102. For example, the detector assembly
122 may include one or more imaging delectors suitable for generating images at
selected focal positions. For instance, an imaging detector may include, but is not limited
to, a charge-coupled device (GCD), a complementary metal-oxide-semiconductor
{CMOS) device, a time delay imaging {TD) detector, one or more photomultiplier fubes
{PMT), one or more avalanche photediodes (APD), or the tike. In anather embodiment,
the detector assembly 122 may include a spectroscopic detector suilable for identifving
wavelangths of radiation emanating from the sampls 102, In another embodiment, the
detector assembly 122 may include a short wave infrared (SWIR) detector. For examyle,
the detector assembly 122 {e.g., detector) is a SWIR with quantum dot technology. In
anothar example, the detector assembly 122 {s.q., detector} is a SWIR focal plane array
(FPA).

[8033] The one or more illumination oplics may be configured ta direct ilumination {e.g.,
fflumination beam 118} from an illumination source 114 to a sample 102 through the
objective lens 124 when implementing a metrology recipe, where the sample 102 in
accordance with the metrology recipe may include onse or mare first target features and
one or more second target features, where the one or mare first target features and the
ong of maore second target featres may be separated by a focal plane adjustment
distance which is measured hebween target features and which may be greater than a
depth of figld of the Hlumination provided by the objective lens 124,

[0034] Referdng now o FIGS. 24 through 3C, a meirology system that at least partially
corrects for misalignment of stage elements, prevents misalignment of stage elements,
andior allows for tall metrology is generally described. Note that the components shown
in FIG. 2A compared to FI3. 3A are for lllustrative purposes only and, for example, an
embodiment may include some or all components from both FiG. 2A and FIG. 3A. For

13
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instance, at least one embodiment the metrology system includes both a fine adjustment
stage 226 and a coarse adjustment stage 228, and anothar embodiment includes neither

but does include the proximity sensors 222,

[0038] FIGS. 2A through 2B Hlustrate a diagrammatic representation of an imaging
gsystern 104 in & first position {FIG. 2A) and in a second, lower (misaligned) position {(FIG.
2B). FIG. 20 is the imaging system 104 in a similar lower position as FIG. 28, except that
the misalignment (lateral shift and tilt) of the objective lens 218 is mechanically-carrected
by a fine adjustiment stage 226. If should be noted that misalignment shown in FIGS. 2A
through 3C is exaggerated for lustrative purposes and the imaging system 104 may still
be able to properly image {e.g., in focus and in the field of view} overlay targets 202 in

the sscond positions shown in FIGS. 2B and 3B.

[00386] Note that the positions of the imaging system 104 in FIGS. 3A through 3C are
similar to those of FIGS. 2A through 20, except that in FIGS. 3A through 3C the
misalignment of the objective lens 218 is mechanically-corrected by a coarse adjustment
stage 228 (shown near the frame 204 and coarse stage 208) rather than a fine adjustment
stage 236 {shown near the objective lens 218 in FIGS. 2A through 2C).

[0037] FIG. 2A illustrates a disgrammatic representation of an imaging system 104 in a
first position {e.g., first focal position/configuration), in accordance with one or more
gmbodiments of the present disclosurs,

[0038] The metrology system 100 may include an imaging system 104 and sample stage
108. The mefrology system 100 may include an objective lens 218, one or more detectors,

an objective positioning stage, andior one or more proximity sensors 222

[0039] For example, the imaging system 104 may include: an objective lens 218; one or
mare detectors configured 1o capture images through the objective lens 218 at two or
mare focal positions along an optical axis 210 of the imaging system 104, a detector of
the one or more detectars; one or mare ilumination optics configured to direct ilurnination
from an Hlumination sowree to a sample 102 through the objsctive lens 218 when
implementing a metrology recipe, where the sample 102 in accordance with the metrology
recipe may include one oy more first target features 202a and one or mare second target
features 202b, where the one or more first target features 202a and the one or more
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second target features 202b may be separaled by a focal plane adjustment distance
which may be is greater than a depth of field of the objective lens 218; a coarse stage
208 structuraily coupled o a fine stage 212; the fine stage 212 structurally coupled to the
objective lens 218; and ons or more proximity sensors 222 configured to measure g lateragl
position of a stage element, where the stage element is at least one of the fine stage 212

or the coarse stage 208.

[0040] In at least one ambodiment, the imaging system 104 may be configured to allow
for a maximum focal plane adjustment distance. The maximum focal plane adjustmant
distance may be one of, or a combination of, at least a maximum coarse adjustment or a
maximum fine adjustment. For example, the maximum height difference between farget
festures that the metrology system may be capable of capturing in focus may be limited
hy 8 combinagtion of a coarse adjustment {e.q., coarse focal plane adjustment distance)
providad by a coarse stage 208 and a fine adjustmant {e.g., fine focal plane adjustment

distance) provided by a fine stage 212.

[0041] In one embodiment, a sample 104 including one or more layers and one or more
target features 202 (8.g., the one or more first target features 202a and the one or more
second target features 202b) may be capable of being imaged by the imaging system
104. For example, a target may include one or more first-layer features 202a on a first
layer of the sample 102 and one or more second-layer features 202b on a second layer
of the sample 102 in this regard, the metrology measurement (ie.,
misregistration/misalignment) between the first layer and the second layer may be
determined based on the relative positions of the first-layer features 202a and the second-
layer features 202h. For example, a target may include features 202 on two or move focal
planes of the metrology system 100 according to the metrology recipe. For instance, @
first focal plang may align with first-layer features 202a.

[0042] In some smbodiments, the imaging system 104 may include a frame 204. For
sxample, the frame 204 may siructurally support one or more coarse stage support

slements 208 {e.g., bearings 208).

[0043] For example, the one or more coarse stage support elaments 206 may be ons or
more bearings 206, which may be one or more air bearings 206, roller bearings 2086, or
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the like. In this regard, air bearings 206 may provide support {e.g., structural} at a tight
tolerance to the coarse stage 208. in one sxample, the one or more bearings 208 {e.g,,
air baarings) may be operationally coupled to the coarse stage 208. For sxample, the one
or more baarings 206 (2.g., air bearings) may constrain a coarse stage 208 along an
optical axis 210 {e.g., allowing longitudinal movement along the optical axis 210 and
constraining lateral movemant and tilt of the coarse stage 208 relative 1o the optical axis
210). In another example, the alignment of the fine stage 212 may depend on the
alignment of the coarse stage 208 when the fine stage 212 is structurally supported by
the coarse stage 208. For instance, the one or more bearings 206 may structurally support
a fine stage 212 by virtue of supporting a coarse stage 208 which structurally supports
the fine stage 212 and the alignment tolerance of the fine stage 212 may be a function of
the alignment tolerance of the coarsa stage 208. In this regard, the one or more bearings
206 may structurally support the coarse stage 208 1o move up and down in the vertical Z
direction, while the error in the X and Y directions are squal or smaller than +/- 2.5
nanometers.

[0044] it is to be understond that the fargets may compriss one or more target features
202 {s.g., according to the metrology recipe). it is {o be understood that an overlay target
may generally be formed from any number of cells and that any particular cell may include
a grating-over-grating feature with a periodicity along any direction. For example, the
sample 102 may inchude an overlay targst formed from one or more cells, each cail
including & grating-over-grating structure formad from grating structures on two layers of
the sample 102 according o a metrology recipe (as shown in FIG. 2A). For examplde, a
target may comprise a higher target feature 202a and a lower target feature 202b.
Howsaver, it is to be understood that a terget of a sample 102 is not limited by the
descriptions and figures herein. For example, a target may include targst features 202 on
any number of layers of the sample 102 {8.g.. 3 lavers. 4, layers, 150 layers, or the like).
By way of another example, target features 202 may bs orientsd in any selected pattemn
suitable for image-based wmelrology measurements {eg., overlay metrology
measuremants). By way of another example, overlay targsts may include, but are not
fimited to, a box-in-box {BiB) pattern, a circle-in-circle pattemn, a grating-over-grating
patiern, a grating beside grating pattemn, non-pericdic patterns, 1-D targsts, advanced
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imaging metrology (AIM) overlay targets, TAIM overlay targets, AIMid overlay targets, and
any other overlay target.

[0045] Referring now to the metrology system 100 generally, in embodiments the imaging
system 104 is configured o image waler o wafer (W2W) bonded samples and the sample
102, in accordance with the metrology recipe, is a W2W bonded sample 102,

[0048] in other ambodiments the imaging system 104 is configured o image die tb wafer
{D2W} bonded samples and the sample 102, in accordance with the metrology recipe, is
a D2W bonded sample 102.

[0647] By way of another example, an overlay target 202 {e.g., BiB pattern, AIM targets,
and the fike} may include D2W overlay targets wheres the XY position of a die feature 202
in & higher layer is overlapping (e.9., equal {concentric)) with the XY position of a wafer
feature 202 in a lower layer. In such an sxample, the required focal plane adjustment
distance between the higher larget feature 202a and the lower target feature 202b may
be on the order of hundreds of micyons (e.g., at least 200 microns).

[0048] By way of another example, an overlay target 202 {e.g., BiB pattern, AIM targets,
and the fike) may include D2W overlay targets where the XY position of a die feature 202
inn a higher layer is not egual {non-overlapping, side-by-side, and the like) with the XY
position of a wafer feature 202 in a lower layer. In such an example, the required focal
plane adjustment distance between the higher target feature 202a and the lower target
feature 202H may be on the order of hundreds of microns (2.g., at least 200 microns).

[0048] By way of another example, an overlay farget 202 {e.g., with overlapping features
of different lavers) may include WaW targets. In such an example for hybrid bonding of
the wafers, the required focal plane adjustiment distance between the higher target feature
202a and the lower target feature 202b may typically be low {e.g., a few microns).
However, it is contemplated hersin that the present disclogure may, in some
embodimants, enable tall mefrology of a W2W sample when the W2W sample is
configured to be made with additional lithography steps or with additional thraugh silicon
via (TSV) steps such that the required focal plang adjustment distance between features
202 is larger than in a typical hybrid banded W2W sample. For instance, a method step
or system 100 may be configured to generate a metrology measurement on a Wa2W
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sample 102 with at least one of additional lithography steps or additional TSV steps such
that the sample requires tall metrology (e.9., at least 20 microns vertical adjustment),

according to a mstrology recipe.

[0050] The coarse stage 208 may be driven by a coarse stage drive 214. The coarse
glage drive 214 may be any drive that provides a maximum coarse adjustrient {8.q.,
distance measured between focal planes) of {or associated with) the coarse stage 208.
For exampie, the coarse sfage drive 214 may be a linear motor. In another example, the
coarse stage dive 214 may be a combination of rotary motor that tums a drive screw that
drives, either directly or indirectly, the coarse stage 208 through a range of coarse stage
axial adjustment distances {measured as a distance that the coarse stage moves along
the optical axis). The coarse stage drive 214 may be configured to provide a largs range
of coarse stage axial adjustment distances to the coarse stage 208 that correspond to a
large maximum coarse adjustment {e.g., distance betwsen focal planes) {e.g., larger than
a maximum fine adjustment). For example, the coarse stage drive 214 may provide (e.g.,
provide at least) 50 microns, 500 microns, 2000 microns (2 millimetars), or the like of
maximum coarse adjustment relative to a normal surface of the sample 102 andfor a
direction parallel to the optical axis 210. i should be noted that a combination of the air
bearings 206 and the large maximum coarse adjustment of a coarse stage drive 214 may
allow for a relatively accurate {e.g., reduced misaligrument of a fiald of view) meatrology
system 100 capable of tall metrology. In some embaodiments, the addition of one or more
proximity sensors allows for at least one of even more accurate and/or even taller
metrology, described in more detail throughaout this disclosure.

[0051] In snother embodiment, a stage slement {e.g., the fine stage 212 andlor an
ohjective lens 218, or other stage element) may be supported by two or more thin flexure
arms 216. For example, the thin flexure arms 216 may be configured {o allow for a fine
movement of the fine stage 212 along the optical axis 210, and constrain a lateral
transiation and a tilt of the fine stage relative o the oplical axis 210. For instance, such a
fine movement may be a movement of the objective positioning stags {o two or more
ohjective locations along the optical axis and may provide for an adjustment {8.g,
changing focal plane height 1o focus an image of a feature 202 of the sample 102) of two
or more focal planes of the one or more detectors of the imaging system 104.
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[0052] it should be noted that, in some embodiments, each focal plane of the two or more
focal planes may be defined as being at an axial position along the oplical axis of the
mefrology system and orthogonal o the optlical axis. For example, the focal plane may
further be defined as the plane io be imagsd in focus by one or more detsctors positioned
to capturs images al an image plane conjugate to the focal plane. For instance, an
objsctive positioning stage may be used to adjust an axial position of an objective lens
such that the focal plane is moved while the conjugate image plane of the ong or more
detectors may, in some smboadimenis, nat move. in this regard, the coarse stage drive
214 and/or a fine stage drive 220 of the objact positioning stage may be configred to
move a stage element (e.g., the fine stage 212, the coarse stage 208, or the like)
longitudinally along the optical axis 210 to adjust an axial position of a focal plane of the
one or more detectors.

[0053] Continuing the above example, or, alternatively, in another example, the thin
flexure arms 216 may be fisxible and be positioned in a pattern that constrains {8.g.,
within & few {e.g., three or five) nanomasters or microradians) a stage slement {s.g., fine
stage 212) from being misaligned relative {0 the optical axis 210 (or a field of view). For
instance, the thin flexure arms 216 may be in a paralielogram configuration as shown in
FIG. 24, with at least two thin flexure arms 216 on each side of the optical axis supporting
the stage element. In this regard, the two or more thin flexure arms 216 may include &
first subset of two or more thin flexure arms on a first side of the fine stage, and a second
subset of two or more thin flexure arms on a second side of the fine stage, wherein the

second side is opposite the first side relative o the optical axis 210.

[0054] Continuing the above example, or, alternatively, it ancther example, the thin
flexure arms 216 may allow for a maximum fine adjiustment (measured between focal
planas) of (or associated with) a stage elemeant of 20 microns or more. For instance, the
thin flexure arms 216 may allow for a maximum fine adjustment of at least {or up o) 50
microns. In another instance, the thin flexurs arms 216 may allow for maximum fine
adjustment of 100 microns, or higher. Benefils of the thin flexure arms 218, in at least
some embodiments, include one or more of a relatively large maximum fine adjustiment,
tight alignment tolerances (.., latera] shift and tilt), relatively fast adjustment using a drive
{a.g.. fine stage drive 220 such as a piezoelectric device {(PZT) drive), and repeatable
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misalignment error that may be calibrated for. For example, an alignment error of the
coarse stage 208 may not be repeatable (e.g.. random), compared to the alignment error
of the fine stags {(8.g., due to repeatability/pradictability of thin flexure arms). For instance,
the fine stage may follow a prediciable misalignment path/profile during movement, which
may be measured by the one or more proximity sensors, and which may be storad in
memory and used in the future (e.g., without measuring the misalignment) {o predict the
misalignment of the fine stage and correct for {or prevent mechanically) an inaccuracy in
a mefrology measurgment. For example, a misalignment of five nanometsrs in an X-
direction may be predicted using a calibrated fine stage when the fine stage is at an-axial
posifion of 10 microns. For instance, this misalignment may be corrected for
mathematically or machanically as described in more detail throughout this disclosure. In
another instance, the fine stage drive 220 may be a piszoelacinic device (PZT) configured
to produce motion of the fine stage when an electiic voltage is applied to the PZT, where
the PZT may be operationally coupled and structurally coupled to the fine stage.

[0055] it should be noted that “correct the overlay eror®, *correct the metrology
measurement”, and ke terminology (e.g., “at least partially” correct the metralogy
measurement) may mean fo “correct for an errorfinaccuracy in the metrology
measurement” (e.g., because the metrology measurement may be an estimale of a real-
world megsuremeant of misalignment of two or more target features 202 {or location or
size of one or more larget features 202), which is limited in accuracy by the alignment
and accuracy of the imaging system 104). Therefore, "correct the metrology
measurement” and like terminology does not necessarily mean to physically correct a
misregistration/flaw of the layers of the sample 102 (i.e., physically reworking the sample
102). Rather, “correct the metralogy measurement” and the like may mean to correct an
inaccuracy in the metrology measurement {e.g., valuefterm). However, it should be noled,
in an optional configuration/step, a corrected metrology measurement could be used to
physically correct for (i.a,, rework} a flaw {e.g., overlay error} in the sample 102 or to
prevent future flaws, thereby increasing yield and/or efficiency in the manufacturing

process,

[00586] in one embodimant, the metrology system 100 may be configured {o receive one
or maxee fivst measurement images of the one or more first target features 202 (e.g., higher
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target feature 202a) on the sample captured by the detector at an initial detector focal
position of the two or more focal positions. For example, the metrology system 100 may
include a controlier 1086 including one or mare processors 110 configured o executs
program instructions causing the one or more processors 110 to execute the metrology
recipe by receiving one or more first measurement images of the one or more first target
faatures 202a on the sample 102 captured by the detector at an initial detector focal
position (e.g., as shown in FIG. 24 and FIG. 3A) of the two or more focal positions. The
initial detector focal position may be the focal position shown in FIG. 2A {or FIG 3A), and
may be the focal position that allows for a focused image of the higher target feature 202a
as shown in FIG. 2A (or FIG. 3A).

[0057] Continuing the above example, the metrology system 100 may be configured to
measure the lsteral shift and/or the {ilt of a stage slement {e.g., coarse stage 208, fine
stage 212, and the like) beforg and/or after adjusting a focal position of a stage element.
For example, the controller 108 may further be configured {0 execute program instructions
causing the one or more processors 110 o execute the metrology recipe by
measuringfreceiving one or more first lateral positions of the stage element relative fo the
optical axis of the imaging system using the one or more proximily sensors when the
stage element is in the initial detector focal position. The measured lateral shift and/or tit
of the stage element may be used to at least parfially correct {or prevent) an inaccuracy

in a metrology measurement {e.g., mathematically and/or mechanically).

[0058] Continuing the above example, the metrology system 100 may be configured to
measure ane ar more first lateral positions of a stage element (e.g., coarse stage 208) of
the imaging system 104 using oneg or More proximity sensors 222 when the stage slement
is in the initial detecior focal position. For example, the one or more first lateral positions
may includs (or be derived from) proximily sensor gap 224a measuremenis shown in FiG.
2A. For example, the controlier 108 may further be configured to execule program
instructions causing the one or morea processars 110 {o exacute the metralogy recipe by:
receiving one or more first lateral positions of the stage slement relative to the optical axis
210 of the imaging system 104 using the one or more proximity sensors 222 when the

stage element is in the initial detector focal position.

21



WO 2023/196133 PCT/US2023/016476

[0059] Continuing the above example, the metrology system 100 may be configured to
adjust a focal position of at least one of the one or more deteciors by moving the stage
element an axial adjustment distance from the initial detector focal position to a secondary
detector focal position. For example, note how at least the coarse stage 208 1s lower in
FIG. 2B, FIG. 2C, FIG. 3B, FIG. 3C than it is in FIG. 2A and FIG. 3A. A lower pasition
may carrespond o a2 lower focal plane position of a detector for captuning (8.4, in focus)
ong or more targst features 202 (e.g., lower target feature 202b of FIG. 2B or FIG. 3B)
according to a mefrology recipe. For sxample, the controller 108 may further be
configured to execute program instructions causing the one or more processors 110 to
execute the metrology recipe by: adjusting a focal position of at least one of the ane or
more deteciors by moving the stage element an axial adjustment distance along the
optical axis 210 from the initial detector focal position {o a secondary detector focal
position.

[06060] Continuing the above example, the metrology system 100 may be configured {o
measure one of more second lateral positions of the stage element using the one or maore
proximity sensors 222 when the stage elemaent is in the secondary detector focal position.
For example, the one or more second lateral positions may include {or be derived from)
proximity sensor gap 224b measwements of FIG. 2B or FIG. 3B. Note that proximity
sensor gap 224a s smaller than proximity sensor gap 224b. The difference betwesn one
or more proximity sensor gap 2243 and one or more proximity sensor gap 224b may be
used to determine a lateral shift and/or il of a stage element (e.g., a coarse stage 208)
of imaging system 104. For example, the confroller 106 may further be configursd to
execute program instructions causing the one or more processors 110 to execute the
metrology recipe by receiving one or more second lateral positions of the stage element
relative to the optical axis using the one or more proximily sensors when the stage
slement is in the secondary detector focal position.

[0081] Continuing the above example, the metrology system 100 may be configured to
recsive one or more sscond measwremant imagss of ong or mors second {arget fealwres
202 (e.g., lower target feature 202b) on the sample 102 caplured at the secondary
detector focal position. For example, the conirofier 106 may further be configured to
axecute program instructions causing the one or more processors 118 to executs the
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metrology recipe by: receiving one or more second measurement images of one or more
sacond target features 202 {e.g.. lower target features 2020) on the sample 102 captured

by at least one of the one or more detectors at the secondary detector focal position.

[0062] Continuing the above example, the metrology system 100 may be configured to
determine at least one of. a measured stage element lateral shiff of the stage element
based on at least the one or more first lateral positions and the one gr more second lateral
posifions; of a measurad stage element tilf of the stage element based on at least the one
or more first lateral positions and the one or more second lateral positions. For example,
the controller 106 may further be configured to execute program instructions causing the
one or more pracessors 110 o execute the metrology recipe by determining at feast one
of. a measured stage element lateral shift of the stage element based on at lsast the one
or more first lateral positions and the one or more second lateral positions; or a measured
stage element tilt of the stage element bassd on at lsast the one or more first lateral
positions and the one or more second lateral positions. For example, the delermining may
be based on a known configuration of the imaging system 104 such that accurate lateral
shift and/or filt determinations may be made based on one or more iateral position

measurements 224 using the one or more proximity sensors.

[0063] Continuing the above example, the metrology system 100 may be configured to
determine a metrology measurement belween two or mors layers of the sample 102
based on the one or more first measurement images and the one or more second
measuwremesnt images according o a metrology recipe. For exampie, a first feature (8.9,
grating) of a target 202 of a first measurement image captured at the initial detector focal
position in a first layer of the sample 102 may be compared by a procsssor 110 o a
second grating of a second measurement image captured in a second layer of the sample
102 {(e.g., at a different, secondary fotal posttion) to determine the metrology
measurement between an ideal, designed-for alignment of the two layers and the
measurad misalignment of the two layers. As noted throughout this disclosure, the
metrology measuremsnt may itsell be inaccurate due 1o, for example, but not limited 1o,
inaccuracies in the alignment of stage elements of the imaging system 104. Forexample,
the controller 108 may further be configurad to execute program instructions causing the
one or mora procassors 110 to executes the metralogy recipea by: determining 8 metrology
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measurement between two or more layers of the sample 102 based on the one or more

first measurement images and the one or more second measuremsent images.

[0064] Optionally, the metrology system 100 may be configured to correct, at least
partially, the metrology measurement using at ieast one of the measured stage element
lataral shift or the measured stage element tilt. For example, an inaccuracy in the
metrology measurement may be at least partially corrected mathematically or {prevented)
mechanically. For instance, by receiving the lateral shift of 8 stage element (e.g., coarse
stage) during a change in focal position, the shift and/or tilt of the stage slement may be
determined and used to mathematically adjustfupdalefcorrect the metrology
measuremant o compensate for inaccuracies of the metrology measurement caused by
the shift and/or tilt of the stage element. In this regard, an updated metrology
measurament may be determined in accordance with the metrology recipe. In another
instance, the lateral shift andior ilt may be at least partially prevented (or corracted for
{e.g., compensated for)) mechanically by a fine adjustment stage 228 (as shown in FIG.
2A) andfor a coarse adjustmeant stage 2238 (as shown in FIG. 3A). The fine adjustment
stage 226 andlor the coarse adjusiment stage 228 may be capable of adjusting the
angledtiit and/or lateral position of a stage element to at least partially compensate for
misalignments of sfage elements {e.g., misalignment due to a change in focal position of
a stage elernent andfor jittar over time). it shaould be noted that the mechanical adjustment
described above may be performed before the one or more second measuremant images
are captured such that the determined metrology measurement is already corrected for
(prevented) and may not need to be mathematically adjusted/updated/corrected. It should
also be noted in some embodiments a combination of mathematically and mechanically
correcting for misalignment may be performed by a combination of an adjusiment stage
{e.g., fine adjustment stage), and ong or more proximity sensors. For example, the one
or more proximity sensors may adjust for an initial proximity sensor gap 224a but by the
time the adjustment stage mechanically adjusts an element to at least partially correct for
the measurad proximity sensor gap 224a, jitter occurring over time may have added
additional misalignment o the system. Using measured additional proximity sensor gap
measuraments (e.g., proximity sensor gap 224c of FIG. 2C) measured at or naar the time
new (e.g., second) measuremant images are received, the metrology measurement
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associated with those new measurement images may be further corrected for

mathematically.

[0085] it should be noted that FIGS, 2A through 3C are for lusirative purposes only and
the position of the proximity sensors 322 may be in any number of locations configured
to measure & lateral position of a stage element. For example, the proximity sensors 222
may be located within or adjacent to the frame 204 such that they may measure a position
of, for example, the coarse stage 208. In another example, the proximity sensors 222 may
be located in a position to measure the lateral position of the fine stage 212, such as
within or adjacent o the coarse stage 208, The proximity sensors 222 may be struciurally
coupled to any element that provides for measuring a lateral position of a stage element.
For example, the proximity sensors 222 may be strusturally coupled to the frame, the
coarse stage, of any other slement of the metrology system 100, The proximity sensors
222 may bs positioned so as fo measure more than one direction of misalignmant of a

stage element (e.g., both a lateral X and Y direction of a stage element).

[0066] Referring now to FIGS 2A though 2C, a metrology system that at least partially
corrects for andfor prevents misalignment of stage slements is generally described in
ragards to the fine adjustment stage 228.

[0087] it should be noted that, in some embodiments, the objective positioning stage is
any element of the metrology systent that is configured for positioning of the objective
fens or an element closely related, structurally, thereto. For example, the objective
positioning stage may include at lsast one of a fine stage or a coarse stage. In another
example, the objsctive positioning stage may include atleast one of a fine stage, a cogrse
stage, a fine stage drive, a coarse siage drive, a fine adjusimant stage, a coarse

adjustment stage, 8 frame, air bearings, or thin flexure arms.

[0068] it should be noted that the fine adjustment stage 226 is shown disposed between
the objective lens 218 and the fine stags 212, but may be located in any number of places
that allow for adjustment/movement of, ultimately, the objective lens 218 or other stage
glement affecting focus. For example, the fine adjustmemt stage 2286 may be
located/disposed batwean the fine stage drive 220 and the fine stage 212, For instance,
such a location (not shown) may allow for the fine adiustment slage 226 o correct for a
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calibrated fine stage misalignment by mechanically moving the fine stage to adjust for a
iateral shift and/or tilt. In this regard, the objective lens 218 may move together with the

fine stage 212 and likewise be mechanically aligned.

[0068] FIG. 2A lllustrates a diagrammatic representation of an imaging svstem in a first
position, in accordance with one or more embodiments of the present disclosure, FIG. 2B
flustrates a diagrammatic representation of the imaging system in a second misaligned
position, in accordance with oneg or more embodiments of the present disclosure, FIG. 20
ilustrates a diagrammatic represantation of the imaging system in a third position which
is at least partially corrected by a fine adjustment stage, in accordance with one or more

embodimeants of the present disclosure.

[0070] For example, as describad above, @ measured lateral shift (e.g., measured stage
slement lateral shift) and/or measured it {e.g., measwed stage element ity may be
determined and used to determine how much to adjust/move a stage slement {which may
be a different stage element than the one measured or the same} {e.9., the coarse stage
208 and/or the objective lens 218) to atleast partially prevent {or correct for} the measured
jateral shift andior measured filt. in this regard, a measured lateral shift of 20 nanometers
in a positive radial X-direction may be corrected for by moving the objective lens in a
negative radial X-direction 20 nanometers. For example, a metrology measurement may
be theoretically perfectly sccurate i all misalignments are measured and fully
mechanically corrected by an adjustment stage (&.g., the fine adjustment stage 226)
before one orf more measurament images are taken. The adjustiment stages may perform
the adjusting through any means of mavement which may be included (e.g., actuatars,

motors, PZTs, and the fike).

[0071] it should be noted that the fine adjustment stage 226 may be operationally and/or
structurally coupled o the fine stage 212 andfor the objective lens 218 {g.g., structurally
between the fine stage 212 and the objective lens 218). As shown {8.g., FIG 2C), the fine
adjustment slage 228 may be configured to adjust a tilt and/or lateral shift of the objective
lens 218 relative 1o the optlical axis 210,

[0072] In some embodiments, similar to the fine adiustment stage 226, the coarse
adjustment stage 228 may likewise be used fo adjust the lateral shift andior tilt of the
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frame 204 and/or coarse stage 208 o al least partially correct for a lateral shift and/or tilt
of a slage slement. For example, referring now to FIGS 3A though 30, a metrology
system 100 that at least partially corrects for and/or prevents misalignment of stage
slaments is generally described in regards to the coarse adjustment stage 228,

[0073] FIG. 3A illustrates a diagrammatic raprasentation of an imaging system in a first
position, in accordance with one or more embodiments of the present disclosure. FI3. 3B
flustrates a diagrammatic representation of the imaging system in a second nisaligned
position, in accordance with one or more embodimeants of the present disclosure, FIG. 3C
lustrates a diagrammatic representation of the imtaging system in a third position which
is at least partially comrected by a coarse adjustiment stage 228, in accordance with one

or more embodiments of the present disclosure.

[0074] For instance, as described above, a measured lateral shift and/or measured tilt
may be determined and used to determine how much fo adiustfmove a stage slemsnt
{e.g., frame 204; coarse stage 208} to at least partially prevent (or correct for) the
measured lateral shiff andfor measured tilt of a stage element. In this regard, FIG. 3C
may be an ilustration of a diagrammatic representation of an imaging system 104 after
an adjustment of a lateral position (e.g.. o compensate for a lateral shift) and a tilt {(e.g.,
to compensate for a tilt) of a stage element (e.g., the frame 204, the coarse stage 208, or
the like).

[0075] it should be noted that the “correct, at least partially” steps/operations and the like
throughout this disclosure through mechanical adjustment stages (e.g., coarse
adjustment stage 228 and/or fine adjustment stage 226} may ocour before the “measure
ons or more” images (e.g., secondary images) steps/operations and the like, such that,
alignment of, e.g., second measurement images are already at least partially corrected
far (e.g., the misalignment of stage elemants is corrected for) before the “metralogy
measurement” steps/operations and the like are determinsd; thus, an inaccuracy of the
“metrology measurement” may be already "at least partially correctfed]” {e.g., prevented),

without necessatily a need for another “correct” step/operation.

[0076] In some embodiments, the imaging system 104 may include ong or more detectors
for imaging one or more target features 202 according to a metrology recipe. For example,
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the one or more proximity sensors may be configured to measure lateral posifions of a
stage element as the objective positioning stage moves along the optical axis andior a
focal plane axial position is adjusted. For example, a detector may be the detector
assembly 122 of FIG. 2B. In ancther example, a dstactor may includs one or more pixel
sensors {e.g., 2D sensar, camera, focal plane array (FPA), or the like). One or more of
the stage elements desaribed herein {e.q., any elemesnt of the imaging system 104) may
be configured to be usead to delermine an axial position of a focal plane of the one or rmore
detectors of the imaging system 104, i should be noted that the axial position of sample
102 within the imaging system 104 may be controlied using any conibination of elements.
Far example, the axial position of the sample 102 may be adjusted via the sample stage
108 {e.q., according o a metfrology recipe). By way of another example, the focal position
of the sample 102 may be controlled by adjusting a paosttion of one or more elements of
the collection pathway 142 (see FIG. 1B) such as, but not limited 1o, the objeciive lens
124 {which may be objective lens 218 of FIG. 2B).

[0077] it should be noted that each detacior of the one or more detectors may have a
separate, maximum focal plane adjustment distance. For example, higher target featurs
202a may require a detactor imaging at a higher focal plane and lower target feature 202b
may require a deteclor {€.q., the same detector or a different detector) imaging at a lower
focal position in order {o image each farget feature 202 in focus. The differencs batween
the higher focal plane and the lower focal plane may be a maximum focal plane
adjustment distance, which may be measured {e.g., vertically) relative to target features
(i.e., rather than the distance the stage/optical elemesnt moved). For example, the stage
glemant may move an axial distance that is larger or smaller than the focal plane
adjustment distance between the two focal planes. In one example, sach detector may
bs configured to capture images through an objective lens 218 at two or more focal planes
along an optical axis 210 of the imaging system 104, wherein the focal plane of one
detector may be different than the focal plane of another detsctor,

[0078] it should be noted that the objective lens 218 throughout this disclosure may mean

an cbjective lens subsystem including one or more stage/optical alements (e.g., lensss).
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[0079] FIG. 1C illustrates a diagrammatic reprasentation of a metrology system with two
or morg detectors, in accordance with one or more embodiments of the present

disclosure.

[0080] In some embodiments, the one or mare detectors are two or more detectors 122
For example, the imaging system 104 may include at least two detectors 122, such as a
first detecior 122 and a second detector 122, as shown in FIG. 1C. For example, one or
more heam splitters 134 may be used o split the collsction pathway 142 info two or more
channels with at least one detector 122 in each channel, as shown in FIG. 1C. For
gxample, the metrology system 100 may be a dual detector (e.9., dual camera) system,
where the first detector 122 may capture images of a first target feature 202a in a first
focal plans and, without moving the first focal plane, the second foral plans of the second
delector 122 may be adjusted o capture images of a second target feature 202h. In this
regard, a dual detector imaging system 104 may allow for sfficientffast/simultaneous
image capture of many larget features {&.g., tall fargets) when combined with at least
somae of the benefits of this disclosure. For example, air bearings 208, proximity sensors
222, andior adjustment stages (e.g., coarge adjustment stage 228) combined with two
detectors may allow for fast, efficient, and/or accurate determination of metrology
measurement of tall {argets (e.g., height difference of at lsast 20, 50, 100, 500, 1000, or
2000 microng). For instance, at least one of a arger maximum focal plane adjustment
distance or a more accurate metrology measurement may be achieved by such a
combination.

[0081] In one embodiment, the metrology system with two or more detectors is configured
to determing a ngw metrology measurement based on ong or more new first images and
one or more new second images. For axample, the new melrology measurement may be
combined with a meirology measurement {e.g., first metrology measurament] to ablain a
more accurate metrology measurement.

[0082] in another embodiment, the metrology system with two or more detectors is
canfigured o determing an average ovarall metlrology measurement based on the new
metrology measurement and the metrology measurament, such that the average overall
metrology measurement has an improved signal to nuise ratio compared to the metrology
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measurement. For example, a dual detector mefrology system may be configured to
obtain the metrology measurement mulliple times and average the metrology
measuraments o obtain a single metrology measurement {e.g., average overall
metrology measurement) with an improved signal 1o noise ratio.

[0D83] In one example, the controller 106 is further configured to execule program
instructions causing the one or more processors to execute the metrology recipe by also:
determining a new metrology measursment based on one or more new first measurement
images and one or more new second measurement images (8.g., using the
operations/configurations/steps described above 1o cobhiain & metrology measursment),
and determining an average overall metrology measuremaent based on the new metralogy
measuremant and the metrology measurement, such that the average overall metrology
measurement has an improved signal 1o noise ratic compared fo the mstrology
measurament. For instance, a dual camera metrology system 100 may allow for efficiently
capturing measurement images of various target features in various layers of a sample
by virtua of a detector that stays at or near a focal height corresponding to lower target
faatures 202a and a second detector that stays at or near a focal height corresponding to
higher target features 202b, such that the time and distance a detecior must move is
reduced. Further, multiple metrology measwrements may be determined and averaged
such that the signal to noise ratio {SNR) of the average metrology measuremant is
improved {e.g., higher). Benefits include being able to efficiently petform tall metralogy
vig a larger andfor faster focal range adjustment.

[0084] Referring again to FIG. 1A, itis noted herein that the ane or more components of
the metrology system 100 may bs communicatively coupled o the various other
components of the metrology system 100 in any manner kaown in the art.

[0085] In another embodiment, the determining the metrology measurement associated
with the target on the sample 102 using the images and the lateral positions comprises:
determining the metrology measurement based on a relative jocation of the features 202
on the two of more focal planes using the images; and correcting the metrology
measuremant by compensating for lateral shifts of the objective positioning stage
between the two or more objective locations.
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[0088] in ancther embodiment, the objective positioning stage is further configured to
adjust at least one of a lateral position or a it of the objective lens 218, wherein
determining the metrology measurement associated with the farget on the sample 102
using the images and the lateral positions comprises: adjusting at lsast one of the lateral
position or the tilt of the objective lens 218 using the objective positioning stage based on
the lateral positions of the objective positioning stage to align fislds of view of the images
captured at the two or more objective locations within a selected tolerance prior to
capturing the images,; and determining the metrology measurement based on relative

location of the features 202 on the two or more focal planes using the images.

[0087] in another embodiment, the controller 106 includes one or more processors 110
configured to execute program instructions maintained on @ memory medium 112, Inthis
regard, the one or more processors 110 of controller 106 may execute any of the various
process steps described throughout the pragent disclosure. Further, the controller 106
may be communicatively coupled {0 any componant of the metrology system 100. For
example, the controller 106 may he communicatively coupled ta the imaging system 104
to receive images from the imaging system 104 andior conirol the adjustable components
of the imaging system 104 {o align the sample 102 within selected alignment tolerances.
Further, the controlier 106 may determing a metrology measurement associated with two
or more layers of the sample 102 based on measurement images received from the

imaging system 104,

[0088] Referring now fo the metrology system 100 in the context of overlay metrology. In
some embodiments, as may be applied to the various embodiments and examples of this
disclosure, the metrology systemt is an overlay metrology system, the metrology
measurement is an overlay error, the target is an overlay target, and the fealures are
ovarlay features, according to 2 meirology recipe. For example, the features 202a and
features 202b in FIGS. 2A through 3C may be overlay target Teatures 202 {8.g.. in a
grating over grating overlay melrology recipa).

[0088] In ons embodiment, the matrology system 100 is a 3D overlay metrology system
100 configured to scan {capture images, receive detection signals) as a focal plane axial
position of one or more detectors is adjusted in a Z direction along the optical axis. For
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example, a 3D overlay error {misregistration in the X, Y, and Z direction) s
generated/determined based on received multiple detection signals slong multiple focal
planes. Further, as described in relation {o a metrology measurement throughout this
disclosure, the inaccuracy of 3D overlay arror may be at least partially corrected for {or

pravented} mathematically and/or mechanically.

[0080] FIG. 4 illustrates a flowchart of a method 400 for overlay metrology, in accordance
with one or more embodimends of the present discloswre. it is noted herein that the steps
of method 400 may be implemented all or in part by meatrology system 100, |t is further
recognized, however, that the method 400 is not limited to the metrology system 100 in
that additional or alternative system-level embodiments may carry out all or part of the
steps of method 400,

[0021] in a step 402, lateral positions of a stage element of a melrology system 100
obtained from one or mora prodtimity sensors are received. For example, the lateral
positions may be measured relative {o an optical axis.

[0092] In a step 404, images of two or miorg focal planes are received via movement of

the objective positioning stage to the two or more objective locations along an optical axis.

[0093] in a step 406, a metrology measurement assaciated with a target on a sample is
determined using the images and lateral positions of the stage slement when the
shigchive positioning stage s at the two or more objective locations, the targetincluding
features on the two or more focal planes.

[0094] Referring now {o the metrology system 104 generally, various components are
described in more detail below.

[0095] The one or more processors 110 of a8 controller 106 may include any processing
elerment known in the art. In this sense, the one or more processors 110 may include any
microprocessar-typs device configured o sxecute algorithms and/or instructions. in one
embodiment, the one or more processors 110 may consist of a deskiop computer,
mainframe computer system, workstation, image computer, parallel processor, or any
other computer system (e.g., networked compugter) configured to execute a program
configured to operate the metrology system 100, as described throughout the present
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disclosure. It is further recognized that the term “processor” may be broadly defined to
encompass any device having one or more processing slements, which execute program
instructions from a non-transitory memory medium 112, Further, the steps described
throughout the present disclosure may be carried out by a single controller 106 or,
alternatively, multiple controllers. Additionally, the controller 106 may include one or mare
controllers housed in a common housing or within multiple housings. In this way, any
controller or combination of controliers may be separately packaged as a module suitable
for integration inlo metrology system 100, Further, the controller 106 may analyze data
received from the delector assembly 122 and feed the data to additional components
within the metrology system 10Q or external {o the metrology system 100,

[0098] The memory medium 112 may include any siorage medium known in the art
suitable for storing program instructions executable by the associgled one or more
processors 110, For exampls, the memory medium 112 may include a non-transitory
memory medium. By way of another example, the memory medium 112 may include, but
is not limited to, a read-only memory, & random access mamory, 8 magnetic or optical
memory device {g.g., disk]}, a magnetic taps, a solid state drive and the like. ltis further
noted that memory medium 112 may be housed in a8 common controller housing with the
ong or more processors 110, In one embodiment, the memory medium 112 may be
jocated remately with respect to the physical location of the one or more processors 110
and confroller 108, For instance, the one or more processors 110 of controller 106 may
access a remote memory (8.9, server), accessible through a network {e.g., internet,
intranet and the like). Therefore, the above description should not be interpreted as a

lirnitation on the present invention but merely an llustration.

[0097] One skilled in the art will recognize that the herein described components {e.q.,
operations), devices, objects, and the discussion mccompanying tham are used as
axamples for the sake of conceptual clarity and that varicus configuration modifications
are contemplated. Consequently, as used hersin, the specific exemplars set forth and the
accompanying discussion are intended o be represerntative of their more general classes.
in ganeral, use of any specific exemplar is intended o be reprasentative of its class, and
the non-inclusion of specific components {(&.g., operations), devices, and objects should
not be taken as limiting.
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[0088] Those having skill in the art will appreciate that there are various vehicles by which
processes andior systems andior other technologies described hersin can be effected
{e.g., hardwars, software, andfor firmware), and that the preferred vehicle will vary with
the context in which the processes andfor systems andfor other technologies are
deployed. For example, i an implementer determines that speed and accuracy are
paramount, the implementer may opt for a mainly hardware and/or firmware vehicle;
alternatively, if flexibility is paramount, the implementer may opt for a mainly software
implementation; or, yst again allernatively, the implementer may opt for some
combination of hardware, software, and/or firmware. Hence, there are several possibie
vehicles by which the processes and/or devices and/or other technologies described
herein may be effected, none of which is inherently superior (o the other in that any vehicle
to be utilized is a choice dependent upon the context in which the vehicle will be deployed
and the specific concerns (e.g., spead, flexibility, or predictability) of the implementsr, any
of which may vary.

[0099] The previous dascription is presented to enable one of ordinary skill in the art to
make and use the invention as provided in the context of a particular application and s
raquirements, Various modifications to the described embodiments will be apparent to
those with skill in the art, and the general principles defined herein may be applied to
other embodiments. Therefore, the present invention is not intended to be limited 1o the
particular embodiments shown and described, bt is 1 be accorded the widest scope
consistent with the principles and novel features herein disclosed.

[30100] With respect to the use of substantially any plural and/or singular terms herein,
those having skill in the art can transiate from the plural {o the singular andior from the
singular to the plural as is appropriate (o the context andfor applicstion. The various
singular/plural permutations are not expressly set furth harein for sake of clarity.

[00101] All of the methods described herein may include storing results of one or more
steps of the method embodiments in memory. The results may include any of the results
described herein and may be stored in any manner known in the art. The memary may
include any memory described herein or any other suitable storage medium known in the
att. After the results have been stored, the results can be sccessed in the memory and
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used by any of the method or system embodiments described herein, formatted for
display to g user, used by ancther software module, mathod, or system, and the like.
Furthermore, the results may be siorad "permanently,” “semi-permanently,” temporarily,”
or for some periad of fime. For example, the memory may be random access memory

{RAM}, and the results may not necessarily persist indefinitely in the memory,

[00102] it is further contemplated that sach of the embodimants of the method described
above may include any other step{s) of any other method(s} described herein. In addition,
gach of the embodiments of the method described above may be performed by any of

the systems described herein.

[00103] The herein described subject matter sometimes illustrates different components
cortained within, or connected with, other compeonents. i is to be understood that such
depicted architectures are merely exemplary, and that in fact many other architectures
can be implemented which achieve the same functionality. In a conceptual sense, any
arrangement of components to achieve the same functionality is effectively "associated”
such that the desired functionality is achieved, Hence, any two components herein
combined {0 achieve a particular functionalily can be sesn as "associated with” sach other
such that the desired functionality is achisved, irespactive of architectures or intermedial
companents. Likewise, any two componenis so associated can also be viewed as being
*connected," or "coupled,” to each other to achieve the desirad functionality, and any two
components capable of being so associated can also be viewed as being "couplable,” to
each other o achieve the desired functionality. Specific examplas of couplable include
but are not limited to physically mateable and/or physically interacting components and/ar
wirglessly interactable andfor wirglessly interacting components andfor logically
interacting and/or logically interactable components,

[00104] Furthermore, it is to be understood that the nvention s defined by the appended
claims. it will be understood by those within the art that, in general, terms used herein,
and especiaily in the appended claims (e.g., bodies of the appended claims} are generally
intended as “open” terms (e g., the term “including” should be interpreted as “including
but not limited to,” the term “having” should be interpreted as “having at least,” the term
"includes” should be interpreted as "includses but is not imited {0,” and the like). Itwill be
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further understood by those within the art that if a specific number of an introduced claim
racitation is infended, such an intent will be explicitly recited in the claim, and in the
absence of such recitation no such intent is present. For example, as an aid to
understanding, the following appended claims may contain usage of the introductory
phrases "al least one® and "one or more” {o introduce claim recitations. However, the use
of such phrases should not he construed {o imply that the introduction of a claim recitation
by the indefinite articlas "a” or "an® limits any particular claim containing such introduced
claim recitation to inventions containing only one such recitation, even when the same
claim inciudes the introductory phrases "one or more" or "at least one" and indefinite
articles such as "a" or "an" {e.g., “a” and/or “an” should typically be interpreted to mean
“at least one” or "one or more”), the same holds true for the use of definile articles usad
to infroduce claim recitations. In addition, even if a specific number of an introduced claim
recitation is explictly recited, those skilled in the art will recognize that such recitation
should typically be interpreted to mean at least the recited number {(e.g., the bare
recitation of "two recitations,” without other modifiers, typically means at least two
recilations, or two or more recitations). Furthermore, in those instances where a
convention analogous to “at least one of A, B, and ©, and the like” is used, in genersl
such g construction is intended In the sense one having skifl in the art would understand
the convention {2.g9., * a system having at least one of A, B, and C" would include but not
be limited to systemns that have A alone, B alone, C alons, A and B together, A and C
together, B and C together, and/or A, B, and C fogether, and the like). in those instances
where a convention anslogous 1o "at least one of A, B, or C, and the iike” is used, in
general such a construction is intended in the sense one having skill in the art would
understand the convention {e.g., © & system having at least ons of A, B, or C" would
include DUt not be limited o systems that have A along, B alone, C alone, A and B
together, A and © {ogether, B and C fogether, andfor A, B, and C together, and the like).
it will be further understood by those within the art that virtually any disjunctive word
and/or phrase presenting two or more alternative terms, wheather in the description,
claims, or drawings, should be understood to contemplate the possibilities of including
one of the terms, either of the terms, or both terms. For example, the phrase “A or B” will

be understood to include the possibilities of “A” or *B” or “Aand B
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[00105] it is believed that the present disclosure and many of its attendant advantages
will be undersiood by the foregoing description, and it will be apparent that various
changes may ba made in the form, construction and arrangament of the components
without departing from tha disclosed subject matter or without sacrificing all of #s matenal
advantages. The form dascribed is merely explanatory, and it is the infention of the
following claims 1o encompass and include such changes. Furthermorg, i I8 o be
understood that the invention is defined by the appended claims.
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CLAIMS

We clainy

1. A metrology system comprising:

an objsctive lens;

one or more detectors;

an objective positioning stage structurally coupled {o the objective lens and
configured 1o adjust a focal plane of at feast one of the one or more detectors via
mavement along an optical axis, the metrology system comprising the optical axis; and

one or more proximity sensors configured {0 measure fateral positions of a stage
element as the objective positioning stage moves along the optical axis,

whaerein the metrology system is configured {o capture images of two or more focal
planes via movement of the objective positioning stage to two or more objective locations
along the optical axig, each focal plane of the two or more focal planes at an axial position
along the optical axis of the metrology system and orthogonal to the optical axis,

wherein at least two of the two or more focal planes are separated by an axial focal
distance apart that is greater than a depth of field provided by the objective lens,

wherein the metrology system is configured to determine a metrology
measurement associated with a target on a sample using the images and the lateral
positions of the stage element when the objective positioning stage is at the two or more
objective locations when implementing a metrology recips, the target including features

on the two or more focal planes according to the metrology recipe.

2. The system of Claim 1, wherein determining the metrology measurement
associated with the farget on the sample using the images and the lateral positions
comprises:

determining the metrology measurament based on a relative location of the
features on the two or more focal planes using the imagss,; and

gorrecting the metrology measurament by compensating for lateral shifts of the

objsctive positioning stage hetweean the two or more objective locations.
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3. The system of Claim 1, wherein the objective positioning stage is further configured
to adjust at least one of g lateral position or a il of the objective lens, wherein determining
the metrology measurement associated with the target on the sample using the images
and the lateral positions comprises:

adjusting at least one of the lateral position or the it of the objective lens using the
objective postioning stage based on the lateral positions of the objective positioning stage
to align fields of view of the images captured at the two or more objective locations within
a selected toderance prior {o capturing the images; and

determining the metrology measurement based on a relative location of the
features on the twa or more focal planes using the images.

4 The system of Claim 3, wherein the objective positioning stage is configured o
adiust al least one of a lateral position or a tilt of the objective lens via an adjustment
stage.

& The system of Claim 4, wherein the adjustment stage is at least one of 3 fine
adjustment stage or a coarse adjustment stage,

wherein the fine adjustment stage is operationally and structurally coupled to and
configured to adjust at least one of a iateral position or a il of al least one of & fine stage
of the objective lens,

wherein the coarse adjustment stage is operationally and structurally coupled fo
and configured to adjust at least one of a lateral position or g tilf of 2 coarse stage.

8. The system of Claim 1, wherein the objective positioning stage comprises at least
ona of a fine stage or a coarse stage,
whergin the fine stage is structurally coupled 1o the objective lens, the
objective positioning stage configured 1o allow for a fine movement of the fine stage
along the optical axis corresponding to a fine adjustment of the focal plane of the
ane or more detectors,
wherein the coarse siage is structurally coupled 1o at least ope of the fine

stage or the objective lens, the objective positioning stage configurad to allow for
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a coarse movement of the coarse stage along the optical axis corresponding to a
coarse adjustment of the focal plane of the one or more detectors,

wherain & maximum focal plane adjustment distance of the obijective
positioning stage comprises ai least one of a maximum fing adjustment of the fine

stage or a maximum coarse adjustmeant of the coarse stags.

7. The system of Claim 8, wherein the objective positioning stage comprises the fine
stage, wherein the fine stage is structurally supported radially about the optical axis by
two or more thin flexure arms configured to atlow for the fine movement of the fine stage
along the optical axis, and constrain a lateral franslation and a filt of the fine stage relative

ta the optical axis when adjusting the focal plane of the one or more detectors.

8. The system of Claim 7, whersin the two or more thin flexive arms are located in a
parallelogram configuration.

9. The system of Claim 7, wherein the two or more thin flexwre arms are configured
to constrain the lateral transiation to within five nanometers of accuracy and constrain the

iilt to within three micro-radians of accuracy.

10, The system of Claim ¥, wherain the two or more thin flexure arms comprise g first
subset of two or more thin flexure arms on a first side of the fine stage, and a second
subset of two or more thin flexure arms on a second side of the fine stage, whearein the

second side is opposite the first side relative to the optical axis.
11, The sysiem of Claim 8, wherein the stage element is the fine stage such that the
ong or more proximity sensors are configurad {o measure the lateral positions of the fine

stage as the objective positioning stage moves along the optical axis.

12, The system of Claim 6, whersin the objsclive positioning stags is corfigured to

aflow for the maximum fine adjustment of the fine stage to be at least 50 microns.
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13.  The system of Claim 8, wherein the objective positioning stage comprises the fine
stage and a fine stage drive, the fine stage drive operationally coupled to the fine stage
and configured to provide for the fine movement of the fine stage along the optical axis
corresponding to the fine adjustment of the focal plans.

14.  The system of Claim 13, wharein the fine stage drive is a piszosiectric device (P£LT)
configured to produce muotion of the fine stage when an electric voltage is applied to the

PZT, wherein the PZT is structurally coupled to the fine stage.

15.  The system of Claim 6, wherein the objective positioning stage comprises the
coarse stage and a coarse stage drive operationally coupled to the coarse stage and
configured to provide for the coarse movement of the coarse stage along the optical axis
corresponding to the coarse adjustmeant of the focal plane.

16.  The system of Claim 1§, wherein the coarse stage is structurally supported radially
about the optical axis by air bearings configured to allow for the coarse movement of the
coarse stage along the oplical axis, and constrain a lateral translation and g it of the
coarse stage relative fo the optical axis when adjusiing the focal plane of the one or more

detactors.
17.  The system of Claim 15, wherein the stage element is the coarse stage such that
the one or more proximity sensors are configured to measure the lateral positions of the

coarse stage as the objective positioning stage moves along the optical axis.

18. The system of Claim 15, wherein the objective positioning stage is configured o
allow for the maximum coarse adjustment of the coarse stags to be at least 500 microns.

18.  The system of Claim 15, wherein the nbjective positioning stage is configured to
allow for the maximum coarse adjustment of the coarse stage to be at least 2000 microns.
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20.  The system of Claim 8, wherein the objective positioning stage is configured to
allow for the maximum focal plane adjusiment distance to be at least 2000 microns.

21, The system of Claim 8, wherein determining the metrology measwement
associated with the target on the sample using the images and the lateral positions
comprises.

determining a calibration of a repeatable lateral shift and/or tilt of the fine stage.

22.  The system of Claim 21, correcting the metrology measurement using at feast the
calibration.

33. The system of Claim 1, wherein, in accordance with the metrology recipe, at least
ong of two or more layers of the sample comprise one or more 30 NAND features.

24.  The system of Claim 1, wherain the metrology system is configured to imags wafer
to wafer (W2W) bonded samples and the sample, in accordance with the metrology
racipe, is a W2W bonded sample.

25.  The system of Claim 1, wherein the metrology system is configured to image die
to wafer (D2W) bonded samples and the sample, in accordance with the metrology
recipe, is a D2W bonded sample.

26.  The system of Claim 1, wherein the metrology system is configured to image using
at least ons of different fllumination polarizations, different illumination numerical
apertures, different Hlumination angles, or different illumination wavelength rangss.

27.  The system of Claim 1,
wherein the one or more deteciors comprise a first detector and a second detector,
wherein the first detector is configured to capture first dstector images at a first
focal plane and the second detecior is configured to capture second detector images at

a second focal plans.
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28.  The system of Claim 27, wherein the metrology system is further configured to:
determine a new metrology measurement hased on one or more new first
images and one or more new second imagss; and
determine an average overall metrology measurement based on the new
metrology measurement and the metrology measurement, such that the average
overall metrology measwrement has an improved signal to noise ratic compared

to the metrology measurement.

29.  The metrology system of Claim 1, wherein the meirology system is an overlay
metrology system, the metrology measurement is an overlay error, the target is an overlay
target, and the features are overlay features, according to the metrology recipe.

30. A metrology system with alr bearings comprising:

an ohjective lens;

one or more detectors;

an objective positioning stage structurally coupled o the objective lens and
configured to adjust a focal plane of at least one of the one or more detactors via
movement along an optical axis of the metrology system; and

a coarse stage of the objective positioning stage, the coarse stage structurally
supported radially about the optical axis by one or more air bearings configured to allow
for a longitudinal movement of the coarse stage along the optical axis, and constrain a
lateral translation and a tilt of the coarse stage relative to the optical axis when adjusting
the focal plane of the one or more detectors;

wherein the metrology system is configurad {o capture images of two of more focal
planes via movement of the objective positioning stage to two or more objective locations
atong the optical axis, each focal plane of the two or more focal planes at an axial position
along the optical axis of the metrology system and orthogonal to the optical axis,
wharein af least two of the two ar more focal planes are separated by an axial focal

distance apart that is greater than a depth of field provided by the objective lens,
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whergin the msirology system is configured to determine a metrology
measurament associated with g target on a sample using the images when the objective
positioning stage is at the two or more objective locations when implementing & metrology
recipe, the target including features on the fwo or more focal planes according to the

metrology recips.

31, The system of Claim 30, wherein the objactive positioning stage is configured to

aflow for a maximum coarse adjustment of the coarse stage {o be at least 500 microns.

32.  The system of Claim 30, wherein the one or more air bearings are configurad to
constrain the lateral transiation to within five nanometers of accuracy and constrain the
tilt to within five micro-radians of accuracy.

33. The system of Claim 30, wherain the obieclive positioning stage comprises a
coarse stage drive operationally coupled 1o the coarse stage and configured to provide
for the coarse movemenrd of the coarse stage along the optical axis corresponding io a
coarse adjustment of the focal plane.

34.  The system of Claim 33,

wherein the coarse stage drive comprises at least one of 3 linsar motor
aperationally coupled to the stage element, or a rotary motor and drive screw combination
opgrationally coupled to the stage element.

35, A method for overlay metrology, the method comprising:
receiving lateral positions of a stage element of a metrology system obtained from
one ar more proximity sensors, the iateral positions measured relative to an optical axis,
wherein the metrology system is configured to adjust a focal position of at least
one of one or more detectors of the metrology system, wherein the meatrology system is
configured to capture images of two or more focal planes via movement of an objective
positioning stage to two or more objective locations along the optical axis, each focal

plane of the two or more focal planes at an axial position along the optical axis of the
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metrology system and orthogonal to the optical axis, wherein at least two of the two or
more focal planes are separated by an axial focal distance apart that is greater than a
depth of field provided by an objective lans;

receiving the images of the two or more focal planes via the movement of the
ohjective positioning stage to the two or more aobjective locations along the optical axis;
and

determining a metrology measurement associated with a target on a sample using
the images and the lateral positions of the stage element when the objective positioning
stage is-at the two or more objective focations, the target including features on the two or
more focal planes.
38. The method of Claim 35, wherein the determining the metrology measurement
associated with the target on the sample comprises.

determining the metrology measurement based on a relative location of the
faatures on the two or more focal planes using the images; and

correcting the metrology measurement by compensating for iateral shifls of the
objactive positioning stage belwesn the two or more objective locations using the
recaived lateral positions.

37. The method of Claim 35, wherein the objective positioning stage i further
configured {o adiust at least one of a lateral position or a {ilt of the objective lens, wherein
the determining the metrology measurement associated with the target further comprises:

adjusting at least one of the lateral position or the tilt of the objective lens using the
objective positioning stage based on the lateral positions of the objective positioning stage
to align fields of view of the images captured at the two or more objective locations within
a selected tolerance prior 1o capluring the images; and

determining the metrclogy measurement based on a relative location of the

features on the two or more focal planes using the images.
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