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SAMPLE POSITIONING SYSTEM AND METHOD
TECHNICAL FIELD

[0001] The present invention generally relates to characterization systems, and, more

particularly, to a sample positioning system and method for characterization systems.
BACKGROUND

[eoo2]  As the demand for ever-shrinking semiconductor devices increases, so {oo does
the demand for accurate and efficient characterization tools. Characterization tools
typically generate characterization data associated with a sample by measuring. or
otherwise inspecting dedicated targets distributed across the sample. Some tools may be
designed to inspect a target while the target is static within a field of view. Such tools may
thus inspect mulliple targets across a sample using a move-acquire-measure {MAM)
mode operation. During the move step, the sample is translated to place 3 target of
interest within a measurement field of view. During the acquire step, information about
the target’s focus position is acquired and a corrective motion is made {o bring the target
into focus. During the measure siep, @ measurement is taken while the sample is static,
and the sample is then translated {o place an additional target of interest in the
measurement field of view. Other characterization tools may be designed to inspect a
target while the sample is in motion (e.g., 8 scanning mode of operation). However, these
characterization tools may provide inefficient characterization of targets distributed across

the sample.

fooo3} Therefore, it would be desirable to provide a system and method that cure the
shortfalls of the previous approaches identified above.

SUMMARY

fooo4] A sample positioning system is disclosed, in accordance with one or more
embodiments of the present disclosure. In one embodiment, the system includes an

imaging detector. in another embodiment, the system includes a controller
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communicatively coupled to the imaging detector and a sample stage, the controlier
including one ormore processors configured {o execute program instructions causing the
one or more processors to: receive a current position of a field of view of the imaging
detector on a sample mounted to the sample stage; receive a target position of the sample
for imaging with the imaging detector; receive locations of one or more reference features
along a path between the current position and the target position; direct the sample stage
to translate the sample along the path; direct the imaging detector to capture one or more
images of the one or more reference features along the path; determine positioning errors
of the sample stage along the path based on the one or more images of the one or more
reference features; and adjust at least one of a velocity of the sample stage or the path
to the target location based on the positioning errors during translation, wherein a
positioning accuracy of the sample stage at the target position is based on a resolution of

the imaging detector.

[eoos] A characterization system is disclosed, in accordance with one or more
embodiments of the present disclosure. In one embodiment, the system includes an
imaging detector. In another embodiment, the system includes & sample stage for
securing a sample. In another embodiment, the system includes a controller
communicatively coupled to the imaging detector and the sample stage, the controller
including one or more processors configured to execute program instructions causing the
one of more processors to: receive a current position of a field of view of the imaging
detector on the sample mounted to the sample stage; receive a target position of the
sample for imaging with the imaging detector; receive locations of one or more reference
features along a path between the current position and the target position; direct the
sample stage to translate the sample along the path; direct the imaging detector to
capture one or more images of the one or more reference features along the path;
determine positioning errors of the sample stage along the path based on the one or more
images of the one or more reference features; and adjust at least one of a velocity of the
sample stage or the path o the target location based on the positioning errors during
translation, wherein a positioning accuracy of the sample stage at the target position is

based on a resolution of the imaging detector.
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{o006] A sample positioning method is disclosed, in accordance with one or more
embodimenis of the present disclosure. in one embodiment, the method includes
receiving a current position of a field of view of an.imaging detector on a sample mounted
to a sample stage. in another embodiment, the method includes receiving a target
position of the sample for imaging with the imaging detector. In another embodiment, the
method includes receiving locations of one or more reference features along a path
between the current position and the target position. in another embodiment, the method
includes directing the sample stage to translate the sample along the path. In another
embodiment, the method includes directing the imaging detector to capture one or more
images of the one or more reference features along the path. In another embadiment, the
method includes determining positioning errors of the sample stage along the path based
on the one or more images of the one or more reference features. In another embodiment,
the method includes adjusting at least one of a velocity of the sample stage or the path
to the target location based on the positioning errors during translation, wherein a
positioning accuracy of the sample stage at the target position is based on a resolution of

the imaging detector.

[ooo7} Itis to be understood that both the foregoing general description and the following
detfailed description are exemplary and explanatory only and are not necessarily
restrictive of the invention as claimed. The accompanying drawings, which are
incorporated in and constitute a part of the specification, illustrate embodiments of the
invention and together with the general description, serve to explain the principles of the

invention.
BRIEF DESCRIPTION OF THE DRAWINGS

focosy] The numerous advantages of the disclosure may be betier understood by those

skilled in the art by reference to the accompanying figures in which:

FIG. 1A illustrates a simplified block diagram of a sampie positioning system, in
accordance with one or more embodiments of the present disclosure.
FiG. 1B illustrates a simplified block diagram of a sample positioning system, in

accordance with one or more embodiments of the present disclosure.

3



WO 2022/071971 PCT/US2020/056733

FIG. 1C illustrates a simplified block diagram of a sample positioning system, in
accordance with one or more embodiments of the present disclosure.

FIG. 2 illustrates a simplified schematic flow diagram of a sample positioning method, in
accordance with one or more embodiments of the present disclosure.

FIG. 3 illustrates the relationship between smearing amplitude and stage movement, in
accordance with one or more embodiments of the present disclosure.

FIG. 4 illustrates a simplified schematic view of a characterization system including the
sample positioning system, in accordance with one or more embodiments of the
present disclosure.

FiG. 5 illustrates a flowchart depicting a sample positioning method, in accordance with

one or more embodiments of the present disclosure.
DETAILED DESCRIPTION

{00091 The present disclosure has been particularly shown and described with respect to
ceriain embodiments and specific features thereof. The embodiments set forth herein are
taken to be Hlustrative rather than limiting. it should be readily apparent to those of
ordinary skill in the art that various changes and maodifications in form and detail may be
made without departing from the spirit and scope of the disclosure. Reference will now
be made in detail to the subject matter disclosed, which is iflustrated in the accompanying

drawings.

[o010] Some characterization tools may be designed to inspect a target while the target
is static within a field of view. A static mode may consist of transiating the sample until a
target is placed within a measurement field of view, waiting for the position of the sample
to settle, performing a measurement {(e.g., generating an image, or the like), transiating
the sample o place a new farget within the measurement field of view, and repeating the
process. This is time consuming because the location correction requires time for stage
settling, image acquisition, image processing and stage location correction. Further, the
final position is based on a single image acquired for navigation correction, which is

subject to substantial error due to miscalculation statistics.
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{0011} Referring generally to FIGS. 1A-4, a sample positioning system and method is

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

[6012] Embodiments of the present disclosure are directed to a sample positioning
system and method using a sample as a large-scale encoder to teach the system the
route to a target. For example, ons or more images of the sample may be used as closed
joop feedback to adjust one or more correctables of the sample positioning system based
on positioning errors of the sample stage. For instance, the velocity of the sample stage
andfor the path to a target location may be adjusted based on the positioning errors of
the sample stage while the sample stage is on-route {e.g., while the sample stage is
moving)}. it is noted herein that shifting the encoder from the stage to the sample allows
navigation accuracy to be based on the resolution of the imaging detector of the sample
positioning system, rather than depending on external calibrations of the stage. This
results in higher final accuracy of positioning. The sample positioning system allows for
faster navigation processing and does not require realtime overhead for image

acquisition or stage movement corrections.

[0013] As used throughout the present disclosure, the term "sample” generally refers to a
substrate formed of a semiconductor or non-semiconductor material (e.g., a wafer, or the
fike). For example, a semiconductor or non-semiconductor material may include, but is
not limited to, monocrystalline silican, gallium arsenide, and indium phosphide. A sample
may include one or more layers. For example, such layers may include, but are not limited
to, a resist (including a photoresist), a dielectric material, & conductive material, and
a semiconductive material. Many different types of such layers are known in the art, and
the term sample as used herein is intended to encompass a sample on which all types of
such layers may be formed. One or more layers formed on a sample may be patterned
or unpatterned. For example, a sample may include a plurality of dies, each having
repeatable patterned features. Formation and processing of such layers of material may
ultimately result in completed devices. Many different types of devices may be formed on
a sample, and the term sample as used herein is intended to encompass a sample on

which any type of device known in the art is being fabricated. Further, for the purposes of
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the present disclosure, the term sample and wafer should be interpreted as

inferchangeable.

[0o14] FIG. 1A illustrates a simplified block diagram of a sample positioning system 100,

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

[6015] In one embodiment, the sample positioning system 100 includes an imaging
detector 102 configured to capture one or more images of a sample mounted on a sample
stage 104. For example, the imaging detector 102 may be configured to capture the one
or more images of the sample at a target location when the sample is stationary. By way
of ancther example, the imaging detector 102 may be configured to capture the one or
more images of the sample at a target location when the sample is in motion (e.g., while

the sample is on-route).

foo16] In another embodiment, the imaging detector 102 includes a fast camera
configured to capture one or more images of the sample. For example, the imaging
detector 102 may include a fast frame rate camera 102. By way of another example, the

imaging detector 102 may include a fast differential camera 102.

{60171 In another embodiment, the sample positioning system 100 includes a lighting sub-
system. The lighting sub-system may include an illumination source and illumination
optics. The illumination source of the lighting sub-system may include any illumination
source known in the art suitable for generating an illumination beam that will interact with
the sample 112. For exampie, the lighting sub-system may be configured {o allow a select
amount of light in for image acquisition. In one instance, the exposure time of the imaging
detector 102 may be less than 2 milliseconds (ms). In another instance, the exposure
time of the imaging detector 102 may be less than 1 ms. In a further instance, the
exposure time of the imaging detector 102 may be less than 0.05 ms. in this regard, the
select amount of light (e.g., the exposure time of the imaging detector 102) may resutt in

high quality images and allow for quantitative image processing.

[0018] In another embodiment, the sample positioning system 100 includes a sample

stage 104 configured {o transiate a sample 112 mounted on the sample stage 104 in the
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x- andfor y- direction. It is noted herein that the sample stage 104 may be configured to
translate the sample 112 mounted on the sample stage 104 in the x- and/or y-direction at
a select velocity. For example, the sample stage 104 may be configured to translate the
sample 112 mounted to the sample stage 104 at a velocity greater than 500 micromsters
per second (pmy/s). By way of another example, the sample stage 104 may be configured
to translate the sample 112 mounted to the sample stage 104 at a velocity greater than
900 pm/s.

[6019] In some embodiments, the sample stage 104 is configured to fransiate the sample
112 mounted on the sample stage 104 in a first direction {e.g., in the x- or y-direction)
before transiating the sample 112 mounted on the sample stage 104 in a second direction
{e.g., in the x- or y-direction), wherein the second direction is different than the first
direction. For example, the sample stage 104 may translate the sample 112 mounted on
the sample stage 104 in the x-direction a select amount before translating the sample 112
mounted on the sample stage 104 in the y-direction. By way of another example, the
sample stage 104 may translate the sample 112 mounted on the sample stage 104 in the
y-direction a select amount before transiating the sample 112 mounted on the sample
stage 104 in the x-direction. The movement in the x-direction may be a shorter distance
than the movement in the y-direction, and vice versa, such that the sample positioning

system is configured to finish the shorter movement first.

foo20] In another embodiment, the sample 112 mounted on the sample stage 104 may
include one or more reference features. For example, the one or more reference features
may include one or more sets of periodic features oriented with a periodicity along a path

of the sample 112.

fec21l In one embodiment, the sample positioning system 100 includes one or more
controllers 106 including one or more processors 108 and memory 110. For example, the
one or more processors 108 may be configured to execute a set of program instructions
maintained in a memory device 110 (memory 110). The one or more processors 108 of
the one or more confroliers 106 may include any processing element known in the art. In

this sense, the one or mare processors 108 may include any microprocessor-type device

~J
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configured 1o execute algorithms. and/or instructions. Further, the memory device 110
may include any storage medium known in the art suitable for storing program instructions
executable by the associated one or more processors 108. For example, the memory
device 110 may include a non-transitory memory medium. As an additional example, the
memory device 110 may include, but is not limited to, a read-only memeory, a random
access memary, a magnetic or optical memory device {e.g., disk), a magnetic tape, a

solid state drive and the like.

{60227 In anocther embodiment, the one or more controllers 106 are configured to generate
one or more processed images of the sample. For example, the ane or more controllers
106 may include an image processing controller 106a configured to generate the one or

more processed images of the sample.

{00231 In another embodiment, the imaging detector 102 is configured to communicatively
couple o the image processing controlier 106a. For example, as shown in FIG. 1B, the
imaging detector 102 may be configured to couple to an on-board image processing
controller 106a. For instance, the on-board image processing conirolier 106a may be
integrated into the imaging detector 102. By way of another example, as shown in FIG.
1€, the imaging detector 102 may be configured to couple to an off-board image
processing controller 106a. For instance, the off-board image processing controller 106a
may be external to the imaging detector 102. In this regard, the imaging detector 102 may
be configured to couple to an off-board image processing controller 106a with low latency,
such that the off-board image processing controlier 106a may be configured to process a
high volume of images. it is noted herein that the off-board image processing controlier

106a may be configured to perform various functions beyond image processing.

focz4) In one embodiment, the one or more controllers 106 are configured to correct a
position of the sample stage 104. For example, the one or more controliers 106 may
include a sample positioning controller 106b configured to correct a position of the sample
stage 104.

[0025] In another embodiment, the sample stage 104 is configured to communicatively
couple to the sample positioning controller 106b. For example, as shown in FIG. 1B, the

8
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sample stage 104 may be configured to couple to a sample positioning controller 106b
on-board the sample stage 104. For instance, the sample positioning controller 106b may
be integrated into the sample stage 104. By way of another example, as shown in FIG.
1C, the sample stage 104 may be configured to communicatively couple to a sample
positioning controller 106b off-board the sample stage 104. For instance, the sample
positioning controller 106b may be external to the sample stage 104. In this regard, the
off-board sample positioning controlier 106b may be designated only for sample
positioning correction purposes. In another regard, the off-board sample positioning
controlier 106b may be used for at least sample positioning correction purposes, as well

as for other purposes of the sample positioning system.

{0026] In one embodiment, the image processing controller 106a is configured to
communicatively couple to the sample positioning controlier 106b. In another
embodiment, the sample positioning controller 108b is configured to communicatively
couple o the image processing controller 106a. For example, the image processing
controller 106a and the sample positioning controller 106b may be synchronized. For
instance, the image processing controller 106a may be configured to receive ong or more
inputs simuftaneously. In this regard, the image processing controiler 106a may be
configured to receive an image of the sample 112 captured by the imaging detector 102
and a sample stage location (xo, yo) from the sample positioning controller 106b. The
image processing controlier 106a may then be configured to determine the actual location
of the sample stage (Xactua), Yactual) @and generate one or more vector correction signals {(dx,
dy) to send to the sample positioning controlier 106b to adjust the location of the sample

stage 104 while in movement.

[eo271 In some embodiments, the one or more controllers 106 include a master controlier
106¢c configured to couple to the image processing controller 106a and the sample
positioning controller 106b. -For example, the master controlier 106¢ may be configured
to generate one or more control signals configured to cause the image processing
controller 106a to perform image processing (or capture images) in response to one or
more received signals from the sample positioning controlier 106b. By way of another

example, the master controller 106¢ may be configured to generate one or more control
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signals configured o cause the sample paositioning controller 106b to perfarm stage
position correction in response to received signals from the image processing controller
106a. In this regard, the master controlier 106¢ may be configured fo receive an image of
the sample 112 captured by the imaging detector 102 from the image processing
controller 106a and a sample stage location (xu, yo) from the sample positioning controlier
106b. The image processing controlier 106a may then be configured to determine the
actual location of the sample stage (Xsctua, Yactwal} @and generate one or more vector
correction signals (dx, dy) to send to the master controller 106¢c. The master controller
106c may then send the generated control signals to the sample positioning controller

106b to adjust the location of the sample stage 104 while in movement.

foo28) In one embodiment, the one or more controllers 106 are configured to receive a
current position of a field of view of the imaging detector 102 on the sample mounted to
the sample stage 104. For example, the image processing conirolier 106a may be
configured 1o receive a current position of a field of view of the imaging detector 102 on

the sample mounted to the sample stage 104.

f00291 In another embodiment, the one or more controllers 106 are configured to receive
a target position of the sample mounted on the sample stage 104. For example, the target
position-may be determined prior to measurement (e.g., prior {o runtime), such that the
system 100 may be configured to learn (during the training process) how the targets on

route appear before actual measurements are performed.

foo30] in another embodiment, the one or more controllers 106 are configured fo receive
jocations of one or more reference features along a path between a current position and
the target position. For example, the sample 112 may include one or more reference
features {e.g., markings) on a surface of the sample 112. For instance, the one or more
reference features of the sample 112 may be used as physical encoders to determine the
location of the sample stage 104 during processing. It is noted herein that the one or more

reference features may be set during the characterization recipe train.

{0031} In another embodiment, the one or more controllers 106 are configured fo direct

the imaging detector 102 to capture images of the one or more reference features along
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the path. For example, the image processing controller 106a may be configured to direct
the imaging detector 102 fo capture images of the one or more reference features along
the path.

feo32] In anocther embodiment, the one or more controllers 106 are configured to direct
the sample stage 104 {o translate the sample 112 along the path. For example, the
sample positioning controlier 106b may be configured to direct the sample stage 104 to

translate the sample 112 mounted to the sample stage 104 along the path.

[0033] In another embodiment, the one or more controllers 106 are configured to
determine one or more positioning errors of the sample stage 104 along the path based
on the one or more images of the one or more reference features along the path. For
example, the one or more controllers 106 may be configured to calcuiate the difference
between the target position of the sample stage 104 and the actual position of the sample
stage 104 to determine the one or more positioning srrors of the sample stage 104. In
one instance, the image processing controller 106a may be configured fo compare one
or more images of the one or more reference features captured along the path {o calculate
the difference between the target position and the actual position of the sample stage
104. In another instance, a master controlier 106¢c may be configured to receive the one
or more processed images from the image processing controlier 106a such that the
master controller 106¢c may be configured to compare one or more images of the one or
more reference features captured along the path to calculate the difference between the
target position-and the actual position of the sample stage 104. it is noted herein that the
one or more controllers 106 of the sample positioning. system 100 may be configured to
calculate the difference before the sample stage 104 reaches the final target stage

position.

[0034] In another embodiment, the one or more controliers 106 are configured to adjust
one or more correctables of the sample positioning system 100. For example, the one or
more controllers 106 may be configured to receive the positioning errors of the sample
stage 104. In one instance, the sample positioning controller 106b may be configured to

receive the positioning errors from at least one of the image processing controller 106a
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or the master controller 106¢ and adjust a velocity of the sample stage 104 based on the
received positioning errors. In another instance, the sample positioning controller 106b
may be configured to receive the positioning errors from at least one of the image
processing controller 106a or the master controlier 106¢ and adjust the path to the target

focation based on the received positioning errors.

{00351 Although FIGS. 1A-1C depict specific controller configurations, it is noted herein
FIGS. 1A-1C are provided merely for lllustrative purposes and that the sample positioning
system 100 may include various controller configurations without departing from the
scaope of the present disclosure. For example, the sample positioning system 100 may
include an imaging detector 102 with an internal image processing controller 106a and a
sample stage 104 with an off-board sample positioning controlier 106b. in this regard, the
internal image processing controller 106a may be configured {o directly communicatively
couple to the off-board sample positioning controller 106b. In another regard, the internal
image processing controlier 106a may couple to a master controiller 106¢ that is

configured to couple to the off-board sample positioning controlier 106b.

foo36} By way of another example, the sample positioning system 100 may include an
imaging detector 102 with an internal image processing coniroller 106a and a sample
stage 104 with an internal sample positioning controller 106b. In this regard, the internal
image processing cantroller 106a may be configured to directly communicatively couple
to the internal sample positioning controller 106b. In another regard, the internal image
processing confroller 106a may couple to a master controller 106¢ that is configured to

couple to the internal sample positioning controller 106b.

{00371 By way of another example, the sample positioning system 100 may include an
imaging detector 102 with an off-board image processing controller 106a and a sample
stage 104 with an off-board sample positioning controller. in this regard, the off-board
image processing controller 106a may be configured {o directly communicatively couple
to the off-board sample positioning controller 106b. In.another regard, the off-board image
processing controller 106a may couple to a master controller 106¢ that is configured to

couple to the off-board sample positioning controlier 106b.
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{0038} By way of another example, the sample positioning system 100 may include an
imaging detector 102 with an off-board image processing controller 106a and a sampie
stage 104 with an off-board sample positioning controlier. in this regard, the off-board
image processing controller 106a may be configured to directly communicatively couple
to the off-board sample positioning controller 106b. In another regard, the off-board image
processing controller 106a may couple to a master controller 106¢ that is configured to
couple to the off-board sample positioning controller 106b. By way of another example,
the sample positioning system 100 may include a controller 106 configured to perform

image processing and sample positioning correction.

foo39] FIG. 2 illustrates a simplified schematic flow diagram of a sample positioning

method 200, in accordance with one or mare embodiments of the present disclosure.

o401 In one embodiment, the sample positioning system 100 is configured to determine
a smearing kernel (step 202). For example, the system 100 may be configured to
determine a smearing kernel as a function of movement parameters {e.g., velocity,
acceleration, jerk, and the like} in the x- and y-direction and the optical configuration. In
another embodiment, the sample positioning system 100 is configured to perform
convolution ‘between the smearing kernel and the one or more images captured by the

imaging detector 102 (in step 210).

foc41] In another embodiment, the sample positioning system 100 is configured to find
unique intermediate targets (step 204). For example, the unique intermediate targets
{e.g., reference feature) may be found during the training process (e.g., prior fo runtime).
using one or more uniqueness metrics. it is noted herein that the one or more unigque
targets {reference features) may be found using any uniqueness metric known in the art
suitable for determining how many features there are in an image including, but not fimited

to, high pass filter, blob detection, and the like.

[o042) it is noted herein that steps 202 and 204 may be performed offline and during

training {e.g., prior to run time).
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{0043} In another embodiment, the sample positioning system 100 is configured to load
the smearing kernel determined in step 202 into the imaging detector’s system-on-chip
(SoC) (step 206). In another embodiment, the sample positioning system 100 is
configured to load the unique intermediate targets determined in step 204 into the imaging
detector's SoC (step 208). The smearing kernel and/or the unique intermediate targets
{reference features) may be loaded into the SoC either as a piece of software or in
hardware (e.g., a field-programmabile gate array (FPGA), or the like).

[0044] In another embodiment, the sample positioning system 100 is configured to direct
the imaging detector 102 to capture one or more images of the one or more reference
features (step 210). For example, the one or more controllers 106 may be configured to
generate one or more controls signals to direct the imaging detector 102 o capture one

or more images.

{00451 In some embodiment, the sample positioning system 100 is configured {o generate
one or more processed images of the images captured in step 210 (step 212). For
example, the one or more controllers 106 may be configured to perform image
enhancement and image registration. For instance, the one or more controllers 106 may
be configured to apply an anti-smearing filter to the one or more images to generate the

one or more processed images.

[o046] FIG. 3 illustrates the relationship between smearing amplifude and stage
movement, in accordance with one or more embodiments of the present disclosure. In
particular, FIG. 3 illustrates that an increase in the velocity of the stage leads to an
increase in smearing amplitude. &t is noted herein that a smearing amplitude above a
select threshold may adversely impact image processing and may make it difficult for the
sample positioning system {o accurately determine positioning errors of the sample stage.
As such, the sample positioning system 100 may be configured to adjust one or more
correctables of the system 100 to provide a smearing length below the select threshold.
The smearing length may be determined using Equation 1, which is shown and described

as:;
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Dipix] = %’ = ‘S—l Eqn. 1

{00471 where t is the integration time of the imaging detector {miliseconds), v is the
velocity of the sample stage in one direction (p/s), s is the pixel size (i), and d is the

distance covered by the sample stage during the integration time £ ().

[oo48} In one embodiment, the one or more controllers 106 of the system 100 may be
configured to adjust at least one of a velocity of the sample stage (v) or an integration
time of the imaging detector (f) to provide a smearing length below a select threshold. For
sxample, the at least one of the velocity of the sample stage or the integration time of the
imaging detect may be adjusted such that the smearing length is ten pixels. By way of
another example, the at least one of the velocity of the sample stage or the integration
time of the imaging detect may be adjusted such that the smearing length is nine pixels.
By way of a further example, the at least one of the velocily of the sample stage or the
integration time of the imaging detect may be adjusted such that the smearing length is
five pixels. By way of a further example, the at least one of the velocity of the sample
stage or the integration time of the imaging detect may be adjusted such that the smearing
fength is fifteen pixels. By way of a further example, the at least one of the velocity of the
sample stage or the integration time of the imaging detect may be adjusted such that the

smearing length is 100 pixels.

[o049] In some embodiments, the select threshold may be a selected fraction of g period

of the one or more sets of periodic features along the path.

foos0] In another embodiment, the sample positioning system 100 is configured to
determine positioning errors of the sample stage 104 (step 214). For example, the one or
more controllers 106 may be configured to determine one or more positioning errors of
the sample stage 104. For instance, the one or more controllers 106 may be configured
to calculate the difference between the target position of the sample stage 104 and the
actual position of the sample stage 104 to determine the one or more positioning errors

of the sample stage 104.
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{0051} In some embodiments, the sample positioning system 100 is configured to
determine one or more positioning errors of the sample stage 104 based on the one or
more processed images generated in step 212. For example, after the anti-smearing filter
has been applied to the one or more images of the one or more reference features, the
one or more controllers 106 may be configured to calculate the difference between the
target position and actual position of the sample stage 104 based on the processed

images.

{66521 In another embodiment, the sample positioning system 100 is configured to
adjust one ar more correctables {(e.g., dx, dy) of the system 100 based on the one or more
positioning errors {steps 216}. For example, the one or more controliers 106 may be
configured to adjust the velocity of the sample stage 104 based on the pasitioning errors.
By way of another example, the one or more controllers 106 may be configured to adjust

the path of the sample stage 104 based on the positioning errors.

foes3l  In another embodiment, the sample positioning system 100 is configured to
adjust a target position based on the positioning errors during translation {step 218). Ina
non-fimiting example, if the initial target is set at xa, v, and the system 100 {e.g., the image
processing controller 106a) receives a correction vector {e.g., da,dys) then the stage
target will be adjusted to {w+ dxi,yot+dyt}). Continuing the with the non-limiting example,
after the next image calculation is determined {g.g., dxz, dy2), the target will be adjusted

to {xo+dxi+dxz, yordyi1+dy2}, and so on.

foos4] In another embodiment, the positioning accuracy of the sample stage at the target

positioning is based on a resolution of the imaging detector.

[0055] It is noted herein that steps, 210, 212, and 214 may form a closed loop feedback
220. In this regard, the closed loop feedback may be used to calculate the positioning
errors of the sample stage 104 while the sample is moving and before movement ends.
The difference between the current position and the target position may be calculated
before movement ends. Further, it is noted herein that steps 206-216 may be performed

during real-time measurement {(e.g., runtime).
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oose] FliG. 4 illustrates a simplified schematic view of a characterization system 400, in
accordance with one or more embodiments of the present disclosure. It is noted herein
that the characterization system 400 may include, but is not limited to, an inspeaction
system or a metrology system. For the purposes of the present disclosure, it is noted
herein that the characterization system 400 may be referred to as a characterization tool.
Likewise, a metrology system may be referred to as a metrology tool, and an inspection
system may be referred to as an inspection tool. The characterization system 400 may
include any inspection system known in the art including, but not limited to, an opticai-
based inspection teol, a charged particle-based inspection tool, review {ool, and the like.
The characterization system 400 may include any metrology system known in the art
inciuding, but not limited 1o, an imaging-based metrology system, a scatterometry-based

metrology system, and the like.

[0057] In one embodiment, the characterization system 400 includes the sample
positioning system 100. The sample positioning system 100 may include, but is not limited
to, an imaging detector 102, a sample stage 104 configured fo mount a sample 112, and
one or more controllers 106 communicatively coupled to the imaging detector 102 and
the sample stage 104. For example, the sample positioning system 100 of the
characterization system 400 may be configured to use the sample 112 as a large-scale
encoder for closed loop feedback of the sample stage 104 of the characterization system

using images captured from the imaging detector 102.

{0058} In another embodiment, the imaging detector 102 is configured to capture one or
more images of the sample 112 mounted on the sample stage 104. For example, the
imaging detector 102 may be configured to capture the one or more images of the sample
at a target location when the sample is stationary. By way of another example, the imaging
detector 102 may be configured to capture the one or more images of the sample at a

target location when the sample is in motion (e.g., while the sample is on-route).

{00591 In another embodiment, the imaging detector 102 includes a fast camera

configured to capture one or more images of the sample. For example, the imaging
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detector 102 may include a fast frame rate camera 102. By way of another example, the

imaging detector 102 may include a fast differential camera 102.

[0060] In another embodiment, the sample stage 104 configured to translate the sample
112 mounted on the sample stage 104 in the x- and/or y- direction. It is noted herein that
the sample stage 104 may be configured to translate the sample 112 mounted on the
sample stage 104 in the x- and/or y-direction at a select velocity. For example, the sample
stage 104 may be configured to translate the sample 112 mounted to the sample stage
104 at a velocity greater than 500 micrometers per second (um/s). By way of ancther
sxample, the sample stage 104 may be configured to translate the sample 112 mounted

to the sample stage 104 at a velocity greater than 800 um/s.

foo6i] In one embodiment, the characterization system 400 includes an ilumination
source 402 configured to generate an illumination beam 401. The illumination source 402
may include any illumingtion source known in the art suitable for generating an
fllumination beam 401. For example, the illumination source 402 may emit near infrared
(NIR) radiation, visible radiation, ultraviolet (UV) radiation, near UV (NUV), deep UV
{DUV) radiation, vacuum UV (VUV} radiation, and the like. For instance, the illumination
source 402 may include one or more lasers. In another instance, the illumination source
402 may include a broadband iflumination source. In some embodiments, the illumination
source 402 includes the same illumination soutce of the lighting sub-system of the sample

positioning system 100.

fooe2] In some embodiments, the characterization system 400 includes a light sub-
system for image acquisition. For example, the light sub-system may be configured to
allow a select amount of light in for image acquisition. in one instance, the exposure time
of the imaging detector 102 may be less than 2 milliseconds {ms). in another instance,
the exposure time of the imaging detector 102 may be less than 1 ms. In a further
instance, the exposure time of the imaging detector 102 may be less than0.05ms. In a
further instance, the exposure time of the imaging detector 102 may be less than 10.0
ms. In a further instance, the exposure time of the imaging detector 102 may be less than

5.0 ms. In this regard, the select amount of light (e.g., the exposure time of the imaging
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detector 102} may result in high quality images and allow for quantitative image

processing.

[0063] In another embodiment, the characterization system 400 includes an illumination
arm 407 configured to direct dlumination from the illumination source 402 to the sample
112. The illumination arm 407 may include any number and type of optical components
known in the art. In one embodiment, the illumination arm 407 includes one or more
optical elements 403. In this regard, lumination arm 407 may be configured fo focus
illumination from the lumination source 402 onto the surface of the sample 112. It is
noted herein that the one or more optical elements 403 may include any optical element
known in the art including, but not limited to, an objective lens 405, one or mirrors, one or

more {enses, one or more polarizers, one or more beam splitters, or the like.

{00641 In another embodiment, a collection arm 409 is configured to collect illumination
420 reflected, scattered, diffracted, andfor emitted from the sample 112. In another
embodiment, the collection arm 409 may direct and/or focus the illumination from the
sample 112 to a detector assembly 404. It is noted herein that the detector assembly 404
may include detector assembly 404 known in the art. The sensor may include, but is not
fimited to, charge-coupled device (CCD detector), a complementary metal oxide
semiconductor (CMQOS) detector, a time-delay integration (TDIl) detector, a
photomuitiplier tube (PMT), an avalanche photodiode (APD), a line sensor, an electron-

bombarded line sensor, or the like.

fooe5] In some embodiments, the detector 404 includes imaging detector 102 of the

sample positioning system 100.

0066} In another embodiment, the collection arm 409 may further include any number of
coliection optical components 426 to direct and/or modify illumination collected by the
objective lens 416 including, but not limited to one or more collection pathway lenses 424,
one or more filters, one or more polarizers, or one or more beam blocks. Additionally, the
coliection arm 409 may include field stops to control the spatial extent of the sample
imaged onto the detector 404 or aperture stops to control the angular extent of illumination

from the sample used to generate an image on the detector 404. In another embodiment,
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the collection arm 409 includes an aperture stop located in a plane conjugate fo the back
focal plane of an optical element the objective lens 416 to provide telecentric imaging of

the sample.

foce71 In another embodiment, the characterization system 400 includes a beamsplitter
428 oriented such that the objective lens 416 may simultaneously direct the illumination

beam 401 to the sample 112 and collect radiation emanating from the sample 112.

[0068] In anocther embodiment, the one or more controllers 106 includes one or more
processors 108 and memory 110. For example, the one or more processors 108 may be
configured to execute a set of program instructions maintained in a memory device 110
{memory 110). The one or more processors 108 of the one or mare controliers 106 may
include any processing etement known in the art. In this sense, the one or more
processors 108 may include any microprocessor-type device configured to execute
algorithms and/or instructions. Further, the memory device 110 may include any storage
medium known in the art suitable for storing program instructions execuiable by the
associated one or more processors 108. For example, the memory device 110 may
include a non-transitory memory medium. As an additional example, the memory device
110 may include, but is not limited to, a read-only memory, a random access memory, a
magnetic or optical memory device {(e.g., disk), a magnetic tape, a solid state drive and
the like.

[0089] In one embodiment, the one or more controllers 106 are configured to receive a
current position of a field of view of the imaging detector 102 on the sample mounted to
the sample stage 104. In another embodiment, the one or more controllers 106 are
configured to receive locations of one or more reference features along a path between
a current positionn and the target position. in ancther embodiment, the one or more
controllers 106 are configured to direct the imaging detector 102 to capture images of the
one or more reference features along the path. In another embodiment, the one or more
controliers 106 are configured to direct the sample stage 104 to translate the sample 112
along the path. In another embodiment, the one or more controllers 106 are configured

to determine one or more positioning errors of the sample stage 104 along the path based
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on the one or more images of the one or more reference features along the path. In
another embaodiment, the one or more controllers 106 are configured to adjust one or

more correctables of the sample positioning system 100.

feo7e] In another embodiment, the one or more controllers 106 are configured to receive
data including, but not limited fo, characterization data associated with the sample 112
from the detector 404.

{oo74] The one or more processors 108 of one or more controllers 106 may include any
processor or processing element known in the art. For the purposes of the present
disclosure, the term “processor” or “processing element” may be broadly defined to
encompass any device having one or more processing or logic elements {e.g., one or
more micro-processor devices, one or more application specific integrated circuit (ASIC)
devices, one or more field programmable gate arrays (FPGASs), or one or more digital
signal processors (DSPs)). In this sense, the one or more processors 132 may include
any device configured to execuie algorithms andfor instructions (e.g., program
instructions stored in memory). In one embediment, the one or more processors 132 may
be embodied as a deskiop computer, mainframe computer system, workstation, image
computer, parallel processor, networked computer, or any other computer system
configured to execute a program configured to operate or operate in conjunction with the

system 100 or system 400, as described throughout the present disclosure

[0072] Moreover, different subsystems of the system 100, 400, may include a processor
or logic elements suitable for carrying out at least a portion of the steps described in the
present disclosure. Therefore, the above description should not be interpreted as a
fimitation on the embodiments of the present disclosure but merely as an illustration.
Further, the steps described throughout the present disclosure may be carried out by a
singie controller 106 or, alternatively, multiple controllers. Additionally, the controller 106
may include one or more controllers housed in a common housing or within multiple
housings. In this way, any controller or combination of controllers may be separately

packaged as a moduie suitable for integration into metrology system 100. Further, the
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controlier 106 may analyze data received from the detector 102, 404 and feed the data
to additional components within the system 100, 400 or external to the system 100, 400.

[06073] The memory medium 110 may include any storage medium known in the art
suitable for storing program instructions executable by the associated one or more
processors 108. For example, the memory medium 110 may include a non-transitory
memory medium. By way of another example, the memory medium 110 may include, but
is not limited to, a read-only memory (ROM), a random-access memory (RAM), a
magnetic or optical memory device {(e.g., disk), a magnetic tape, a solid-state drive and
the like. 1t is further noted that memory medium 110 may be housed in a common
controller housing with the one or more processors 108. In one embodiment, the memory
medium 110 may be located remotely with respect to the physical location of the one or
more processors 108 and controller 106. For instance, the one or more processors 108
of controller 106 may access a remote mamory (e.g., server), accessible through a

network (e.g., internet, intranet and the like}.

foo74] In ancther embodiment, the one or more controllers 106 are communicatively
couptled to one or more elements of the system 100, 400. In this regard, the one or more
controliers 106 may transmit and/or receive data from any component of the system 100,
400. Further, the one or more controllers 106 may direct or otherwise control any
component of the system 100, 400 by generating one or more drive signals for the
associated components. For exampie, the one or more controllers 106 may be
communicatively coupled to the detector 102, 404 fo receive one or more images from
the detector 102, 404.

{00751 FIG. 5 Hllustrates a flowchart depicting a method 500 for sample positioning, in
accordance with one or more embodiments of the present disclosure. it is noted herein
that the steps of method 500 may be implemented all or in part by system 100. it is further
recognized, however, that the method 500 is not limited to the system 100 in that
additional or alternative system-level embodiments may carry out all or part of the steps
of method 500.
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{0076} In one embodiment, the sample positioning method 500 includes a step 502 of
receiving a current position of a field of view of an imaging detector on a sample mounted
to a sample stage. For example, the one or more controllers 108 (e.g., the image
processing controller 106a) may be configured fo receive a current position of the field of
view the imaging detector 102 on the sample mounted to the sample stage 104. As
previously discussed herein, the system 100 may include any fast camera known in the
art. Forexample, the system 100 may include a fast frame rate camera. By way of another

example, the system 100 may include a fast differential camera.

{00771 In another embodiment, the sample positioning method 500 includes a step 504 of

receiving a target position of the sample for imaging with the imaging detector.

{0078} In another embodiment, the sample positioning method 500 includes a step 506 of
receiving locations of one or more reference features along a path between the current
position and the target position. For example, the sample 112 may include one or more
reference features {(e.g., markings) on a surface of the sample 112. For instance, the one
or more reference features of the sample 112 may be used as physical encaders to

determine the location of the stage during processing.

foo791 In another embodiment, the sample positioning method 500 includes a step 508 of
directing the sample stage to franslate the sample along the path. For example, the one
or more controflers 106 {e.g., the sample positioning controller 106b) communicatively
coupled to the sample stage 104 may be configured to generate one or more control
signals configured to cause the sampie stage 104 to translate the sample 112 mounted
on the stage 104 a select amount in the x- and/or y-direction. For instance, the one or
more controllers 106 {e.g., the sample positioning controlier 106b) may be configured to
generate the one or more conirol signals configured to cause the sample stage o
translate the sample 112 in response to one or more control signals received from the

imaging detector 102 {e.g., the image processing controlier 106a).

feos0] In another embodiment, the sample positioning method 500 includes a step 510 of
directing the imaging detector 102 to capture images of the one or more reference

features along the path. For example, the one or more controliers 106 communicatively
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coupled to the imaging detector 102 may be canfigured to generate one or more control
signals to direct the imaging detector 102 to capture one or more images. In one instance,
the image processing controller 106a may be configured {o generate one or more control
signals to direct the imaging detector 102 {o caplure one or more images. In another
instance, the master controller 108c. may be configured to generate one or more control

signals to direct the imaging detector 102 to capture one or more images.

feos1} In another embodiment, the sample positioning method 500 includes a step 512 of
determining positioning errors of the sample stage along the path based on the images
of the one or more reference features. For example, the image processing controller 106a
coupted to the imaging detector 102 may be configured {o apply an anti-smearing filter to
the images of the one or more features {o generate one or more processed images. In
this regard, the image processing controller 106a may be configured fo determine
positioning errors of the sample stage along the path based on the one or more processed

images generated by the image processing controlier 106a.

[o082] In one embodiment, the anti-smearing filter is generated based on images of one

or more test features at one or more stage velocities prior to runtime.

{o083] In another embodiment, the sample positioning method 500 includes a step 514 of
adjusting one or more correctables of the sample positioning system 100. For example,
the one or more controllers 106 may be configured to adjust at least one of a velocity of
the sample stage or the path to the target location based on the determined positioning

errors during translation of step 512.

foo84] Al 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 memory may
include any memory described herein or any other suitable storage medium known in the
art. After the results have been stored, the results can be accessed in the memory and
used by any of the method or system embodiments described herein, formatted for
display to a user, used by another software module, method, or system, and the like.

Furthermore, the results may be stored “permanently,” “semi-permanently,” temporarily,”
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or for some period of time. For example, the memory may be random access memory

{RAM), and the resuits may not necessarily persist indefinitely in the memory.

[o085] i is further contemplated that each of the embodiments of the method described
above may include any other step(s} of any other method(s) described herein. In addition,
each of the embodiments of the method described above may be performed by any of

the systems described herein.

[ooss] One skilled in the art will recognize that the herein described components
operations, devices, objects, and the discussion accompanying them are used as
examples for the sake of conceptual clarity and that various configuration modifications
are contempiated. Consequently, as used herein, the specific exemplars set forth and the
accompanying discussion are intended to be representative of their more general classes.
in general, use of any specific exemplar is intended to be representative of its class, and
the non-inclusion.of specific components, operations, devices, and objects should not be

taken as limiting.

o« nu » @

[0087} Asused herein, directional terms such as “top,” “bottom,” “over,” “under,

upper,”
fower,” “down,” and “downward” are intended to provide relative positions for

3

“upward,
purposes of description, and are not intended to designate an absolute frame of
reference. Various modifications to the described embodiments will be apparent to those
with skill in the ant, and the general principles defined herein may be applied to other

embodiments

[o088] With respect to the use of substantially any plural and/or singular ferms herein,
those ‘having skifl in the art can translate from the plural {o the singular and/or from the
singular to the plural as is appropriate to the context and/or application. The various

singular/plural permutations are not expressly set forth herein for sake of clarity.

[0083] The herein described subject matter sometimes illustrates different components
contained within, or connected with, other components. It is to be understood that such
depicted architectures are merely exemplary, and that in fact many other architectures

can be implemented which achieve the same functionality. In a conceptual sense, any
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arrangement of components {0 achieve the same functionality is effectively "associated"
such that the desired functionality is achieved. Hence, any two components herein
combined to achieve a particular functionality can be seen as "associated with” each other
such that the desired functionality is achieved, irrespective of architectures or intermedial
components. Likewise, any two components so associated can also be viewed as being
*connected,” or "coupled,” to each other to achieve the desired functionality, and any two
components capable of being so associated can also be viewed as being "couplable " to
each other to achieve the desired functionality. Specific examples of couplable include
but are not limited 1o physically mateable and/or physically inferacting components and/or
wirelessly interactable and/or wirelessly interacting components and/or logically

interacting and/or logically interactable components.

foc90} Furthermors, it is to be understood that the invention is defined by the appended
claims. It will be understood by those within the art that, in general, terms used herein,
and especially in the appended claims (e.qg., 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 “includes but is not limited to,” and the like). It will be
further understood by those within the art that if a specific number of an introduced claim
recitation is intended, 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 "at least one” and "one or morg" to introduce claim recitations. However, the use
of such phrases should not be construed to imply that the introduction of a claim recitation
by the indefinite articles "a" or "an” limits any particular claim containing such introduced
claim recitation to inventions containing only one such recitation, even when the same
claim includes the introductory phrases "one or more” or "at least one” and indefinite
articles such as "a" or "an” (e.g., “8” and/or “an” should typically be interpreted to mean
“at least one” or “one or more”); the same holds {rue for the use of definite articles used
to introduce claim recitations. In addition, even if a specific number of an infroduced claim
recitation is explicitly recited, those skilled in the art will recognize that such recitation

should typically be interpreted 1o mean at least the recited number {e.g., the bare
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recitation of "two recitations,” without other modifiers, typically means at least two
recitations, or two or more recitations). Furthermore, in those instances where a
convention analogous o “at least one of A, B, and C, and the like” is used, in general
such a construction is infended in the sense one having skill in the art would understand
the convention (e.g., © a system having at least one of A, B, and C" would include but not
be limited to systems that have A alone, B alone, C alone, A and B together, A and C
together, B and C together, and/or A, B, and C together, and the like). In those instances
where a convention analogous to “at least one of A, B, or C, and the like” is used, in
general such a construction is intended in the sense one having skill in the art would
understand the convention (e.g., “ a system having at least one of A, B, or C" would
inciude but not ‘be limited o systems that have A alone, B alone, C alone, A and B
together, A and C fogether, B and C together, and/or A, B, and C together, and the like).
it will be further undersiood by those within the art that virtually any disjunctive word
and/or phrase presenting fwo or more alternative terms, whether 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 {o include the possibilities of “A” or*B” or "Aand B.”

[0091] It is believed that the present disclosure and many of its attendant advantages
will ‘be understood by the foregoing description, and it will be apparent that various
changes may be made in the form, construction and arrangement of the components
without departing from the disclosed subject matter or without sacrificing all of its material
advantages. The form described is merely explanatory, and it is the intention of the
following claims fo encompass and include such changes. Furthermore, it is to be

understood that the invention is defined by the appended claims.
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CLAIMS
What is claimed:

1. A sample positioning system, comprising:
an imaging detector; and
a controller communicatively coupled fo the imaging detector and a sample stage,
wherein the controller includes one or more processors configured to execute program
instructions causing the one or more processors to:
receive a current position of a field of view of the imaging detector on
a samptle mounted {o the sample stage;
receive a target position of the sample for imaging with the imaging
detector;
receive locations of one or more reference features along a path
between the current position and the farget position;
direct the sample stage to translate the sample along the path;
direct the imaging detector to capture one or more images of the one
or more reference features along the path;
determine positioning errors of the sample stage slong the path
based on the one or more images of the one or more reference features;
and
adjust at least one of a velocity of the sample stage orthe path to the
target location based on the positioning errors during translation, wherein a
positioning accuracy of the sample stage at the target position is based on

a resolution of the imaging detecior.

2. The sample positioning system of Claim 1, wherein the imaging detector includes a

fast frame rate camera.

3. The sample positioning system of Claim 1, wherein the imaging detector includes a

fast differential camera.
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4. The sample positioning system of Claim 1, wherein the imaging dstector captures the

one or more images of the sample at the target location when the sample is stationary.

5. The sample positioning system of Claim 1, wherein the imaging detector captures the

one or more images of the sample at the target location when the sample is in motion.

6. The sample positioning system of Claim 1, wherein a controller of the one or more

controllers is integrated into the imaging detector.

7. The sample positioning system of Claim 1, wherein a controller of the one or more

controllers is external {o the imaging detector.

8. The sample positioning system of Claim 1, wherein determine positioning errors of the
sample stage along the path based on the one or more images of the one or more
reference features comprises:

apply an anti-smearing filler to the one or more images of the one or more
reference features to generate one or more processed imagss; and

determine positioning errors of the sample stage along the path based on the one

or more processed images.

9. The sample positioning system of Claim 8, wherein the anti-smearing filter is generated
based on one or more images of one or more test features at one or more stage velocities

prior {o runtime.

10. The sample positioning system of Claim 1, wherein at least one of a velocity of the
sample stage or an integration time of the imaging detector during runtime is adjusted to

provide a smearing length below a selected threshold.

11. The sample positioning system of Claim 10, wherein the selected threshold
comprises:

ten pixels.
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12. The sample positioning system of Claim 10, wherein the selected threshold
comprises:

nine pixels.

13. The sample positioning system of Claim 10, wherein the one or more reference
features comprise:
one or more sets of periodic features oriented with a periodicity along the path,
wherein the selected threshold comprises:
a selected fraction of a period of the one or more sets of periodic features

along the path.

14. The sample positioning system of Claim 1, wherein adjust at least one of a velocity of
the sample stage or the path to the target location based on the positioning errors during
translation comprises:

adjust the target position based on the positioning errors during translation.

15. The sample positioning system of Claim 1, wherein an exposure time of the imaging

detector is less than 2 milliseconds.

16. The sample positioning system of Claim 1, wherein an exposure time of the imaging

detector is less than 1 milliseconds.

17. The sample positioning system of Claim 1, wherein an exposure time of the imaging

detector is less than .05 milliseconds.

18. The sample positioning system of Claim 1, wherein a velocity of the sample stage is

greater than 500 micrometers per second.

19. The sample positioning system of Claim 1, wherein a velocity of the sample stage is

greater than 900 micrometers per second.
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20. A characterization system, comprising:
an imaging detector;
a sample stage for securing a sample; and
a controller communicatively coupled to the imaging detector and the sample
stage, wherein the controller includes one or more processors configured to execute
program instructions causing the one or more processors to:
receive a current position of a field of view of the imaging detector on
the sample mounted to the sample stage;
receive a target position of the sampie for imaging with the imaging
detector;
receive locations of one or more reference features along a path
between the current position and the target position;
direct the sample stage to translate the sample along the path;
direct the imaging detector to capture one or more images of the one
or more reference features along the path;
determine positioning errors of the sample stage along the path
based on the one or more images of the one or more reference features;
and
adjust at least one of a velocity of the sample stage or the path to the
target location based on the positioning errors during translation, wherein a
positioning accuracy of the sample stage at the target position is based on
a resolution of the imaging detector, wherein the imaging detector captures

an image of the sample at the target location.

21. The characterization system of Claim 20, wherein the imaging detector captures the

image of the sample at the target location when the sample is stationary.

22. The characterization system of Claim 20, wherein the imaging detector captures the

image of the sample at the target location when the sample is in motion.
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23. The characterization system of Claim 20, wherein the imaging detector includes a fast

frame rate camera.

24. The characterization system of Claim 20, wherein the imaging detector includes a fast

differential camera.

25. The characterization system of Claim 20, wherein a controller of the one or more

controllers is integrated into the imaging detector.

26. The characterization system of Claim 20, a controller of the one or more controllers

is external to the imaging detector.

27. The characterization system of Claim 20, wherein determine positioning errors of the
sample stage along the path based on the one or more images of the one or more
reference features comprises:

apply an anti-smearing filler to the one or more images of the one or more
reference features to generate one or more processed imagss; and

determine positioning errors of the sample stage along the path based on the one

or more processed images.

28. The characterization system of Claim 27, wherein the anti-smearing filler is generated
based on one or more images of one or more test features at one or more stage velocities

prior {o runtime.
29. The characterization system of Claim 20, wherein at least one of a velocity of the
sample stage or an integration time of the imaging detector during runtime is adjusted to

provide a smearing length below a selected threshold.

30. The characterization system of Claim 29, wherein the selected threshold comprises:

ten pixels.
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31. The characterization system of Claim 29, wherein the selected threshold comprises:

nine pixels.

32. The characterization system of Claim 20, wherein the one or more reference features
comprise:
one or more sets of periodic features oriented with a periodicity along the path,
wherein the selected threshold comprises:
a selected fraction of a period of the one or more sets of periodic features

along the path.

33. The characterization system of Claim 20, wherein adjust at least one of a velocity of
the sample stage or the path to the target location based on the positioning errors during
translation comprises:

adjust the target position based on the positioning errors during translation.

34. A sample positioning method comprising:

receiving a current position of a field of view of an imaging detector on a sample
mounted {o a sample stage;

receiving a target position of the sample for imaging with the imaging detector;

receiving focations of one or more reference features along a path between the
current position and the target position;

directing the sample stage to transiate the sample along the path;

directing the imaging detector to capture one or more images of the one or more
reference features along the path;

determining positioning errors of the sample stage along the path based on the
one or more images of the one or more reference features; and

adjusting at least one of a velocity of the sample stage or the path {o the target
location based on the positioning errors during franslation, wherein a positioning accuracy

of the sample stage at the target position is based on a resolution of the imaging detector.
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35. The sample positioning method of Claim 34, wherein determining positioning errors
of the sample stage along the path based on the one or more images of the one or more
reference features comprises:

applying an anti-smearing filter to the one or more images of the one or more
reference features to generate one or more processed images; and

determining positioning errors of the sample stage along the path based on the

one or more processed images.

36. The sample positioning method of Claim 35, further comprising:
generating the anti-smearing filter based on one or more images of one or mare

test features at one or more stage velocities prior to runtime.

37. The sampie positioning method of Claim 34, further comprising:
adjusting at least one of a velocity of the sample stage or an integration time of the

imaging detector during runtime to provide a smearing tength below a selected threshold.

38. The sample positioning method of Claim 37, wherein the selected threshold
comprises:

nine pixels.

39. The sample positioning method of Claim 34, wherein the imaging detector includes a
fast frame rate camera.

40. The sample positioning method of Claim 34, wherein the imaging detector includes a

fast differential camera.
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