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AIR SCATTERING STANDARD FOR LIGHT SCATTERING
BASED OPTICAL INSTRUMENTS AND TOOLS

{00011 The present invention generally relales to optical instruments and tools, and

more particularly, 1o a standard for light scatiering.

BACKGROUND

foonzy  System caltbration and alignment are necessary for optical systems {o function
properly. Optical systems often utilize a scallering standard to calibrate tools, monitor
tool stability and health, and assist in optical alignment. Current scattering standards
such as speciralon tiles and silicon wafer standards introduce a possible source of
contamination, require an additional alignment step, increase cost, and degrade over

time due to exposure o electromagnstic radiation and the environment,

{00031 As such, it would be advantageous to provide a system and method that provides
improved system calibration that cures the shorifalls identified above.

SUMMARY

{0004] An nspection system for use with an air scatfering standard is disclosed, in
accordance with one or more illustrative embodiments of the present disclosure. In one
embodiment, the inspection system includes one or more illumination sources
configured to generate a beam of ilumination. In another embaodiment, the ingpection
system includes one orf more ilumination oplics configured to focus the beam of
ilumination into a8 volume of air contained within a chamber of an inspection chamber.
in another embodiment, the inspection system includes one or more collection optics
configured to collect a portion of Hlumination scattered from the volume of air. In
another embodiment, the inspection system include a detector configured fo receive the

collected portion of dlumination from the one or more collection oplics.  In another
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embodiment, the inspection system includes a controller that includes one or more
processors communicatively coupled to the detector. In another embodiment, the one
or more processors are configured fo execute a set of program instructions stored in
memory. In another embodiment, the set of program instructions are configured {o
cause the one or more processors o receive one or more signals from the detector
indicative of an intensity of the lumination scattered from the volume of air. In another
embodiment, the set of program instructions are configured to cause the one or more
processors to determing a state of the beam of ilumination at one or more times based
on a comparison betwesn the intensity of the illumination scattered from the volume of
air and a predetermined ntensity standard.

{00051 A method of utllizing an air scattering standard is disclosed, in accordance with
one or more flustrative embodiment of the present disclosure. In one embodiment, the
maethod includes generating a beam of illumination. {n another embodiment, the method
includes focusing the beam of Hlumination into a volume of air contained within a
chamber of an inspection chamber. In another embodiment, the method includes
collecting a portion of illumination scattered from the volume of air.  In another
embodiment, the method includes detecting, with a detector, the collected portion of
iflumination from the one or more collection optics.  In another embodiment, the method
includes determining a state of the beam of illumination, such as beam intensity andfor
polarization, at one or more times based on a comparison between the intensity of the
iflumination scaltered from the volume of air and 3 predstermined intensity standard.

{0006} it is 0 be undersiood that both the foregoing general description and the
following detailed description are exemplary and explanatory only and are not
necessarily restrictive of the invention as claimed. The accompanying drawings, which
are incorporated in and constitule a part of the specification, llustrate embodiments of
the invention and together with the general description, serve o explain the principles of

the invention.
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BRIEF DESCRIPTION OF THE DRAWINGS

00071 The numerous advantages of the disclosure may be better understood by those

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

FIG. 1 dlustrates a block diagram of an inspection system, in accordance with ong or
more embodiments of the present disclosure,

FiG. 2 illustrates a diagram of air scaltering intensity, in accordance with one or more

embodiments of the present disclosure.

FIG. 3A Hllustrates root mean square noise of a sensor, in accordance with one or more

ambodiments of the present disclosure.

FIG. 3B illustrates air scattering with incident P-polarized light, in accordance with one
or more embodiments of the present disclosure.

FIG. 3C Hlustrates air scattering with incident S-polanized light, in accordance with one

or more embadiments of the present disclosure.

FIG. 4A illustrates an example of air scattering to measure polarization, in accordance
with one or mare embodiments of the present disclosure.

FIG. 48 illustrates an example of air scatftering to measure polanzations, in accordance

with one or more embodiments of the present disclosure.

FIG. 5 is a flow diagram iflustrating steps performed in a method for determining a siate
of a beam of illumination in an mspection sysiem, in accordance with onse
embodiment of the present disclosure.

FIG. 6 is a flow diagram illustrating steps performed in a method for determining

intensity of a beam of ilumination in an inspection system, in accordance with

one embodiment of the present disclosure.
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FIG. 7 is a flow diagram i#lustrating steps performed in a methoed for determining
potarization of a beam of illumination in an inspection system, in accordance with
one embodiment of the present disclosure.

DETAILED DESCRIPTION OF THE INVENTION

[o008] Reference will now be made in defall t© the subject matter disclosed, which is
ilustrated in the accompanying drawings.

[oooa} Referring generally to FIGS. 1 through 5, a system and method utilizing an air
scattering standard to monitor and measure scattering, in accordance with the present
disclosure.

foot0] Embodiments of the present disclosure ulllize air scaitering as a scattering
standard for optical systems and tools. Embodiments of the present disclosure are
directed o meagsuring intensity and/or polarization of a beam of Humination based on
scattering of the beam from a volume of air. Embodiments of the present disclosure
may be used to align, calibrate, andior monitor an optical system.  For example,
filumination scattered from a volume of air contained in an inspection chamber may be
collected. Further, the scattered ilumination that is collected may be compared 1o an air
scattering standard {e.g., scattering data obtained with known beam characteristics).
Further, based on this comparison, ong orf more states {e.g., intensity or polarization) of
the beam may be determined at an instance of time or monitored across a segment of
time. it is noled herein that an air standard does not require an inserfable physical

object be mounted in the system.

foot1] FIG. 1 illustrates a conceplual block diagram view of an inspection system 100,
in accordance with one or more embodiments of the present disclosure. The inspection
system 100 may include one or more illumination sources 102, one or more iflumination
optics 108, one or more collection optics 118, and a detector 120,
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f001z} The inspection system 100 may be configured in any inspection configuration
known in the art of sample inspection. For example, the inspection system 100 may be,
but is not required 1o be, configured as a darkfield inspection tool.

[eo131 The one or more Hlumination sources 102 may include any illumination source
known in the art of sample inspection. in one embodiment, the one or more fllumination
sources 102 are configured to generate one or more beams of ilumination 104.  For
example, the one or more Hlumination sources 102 may be configured to generate
infrared, visible, andfor ultraviolet radiation. in one embodiment, the one or more
flumination sources 102 include a narrow band light source. For example, the ons or
more Hlumination sources 102 may include, but are not limited to, a laser source. In
another embodiment, the one or more ilumination sources 102 include a broadband
light source. For example, the one or more illumination sources 102 include, but are not
fimited o, a discharge lamp or a laser-sustained plasma {LSP) light source.

{0014} The one or more ifflumination optics 108 may include any optical element known
in the art of sample inspection used to focus, direct, filler, or otharwise condition light
from the one or more illumination sources 102. For example, the one or more
lumination optics 106 may include, but are not limited to, any combination of the
following: one or lenses, one or more mirrors, one or more filters, one or more
polarizers, one or more prisms, one or more diffractive elements, one or more beam

splitters, and the like.

{o015] In another embodiment, the one or more Hlumination sowces 102 and
lumination optlics 106 are configured to produce P-polarized dlumination andfor
S-polarized #Hlumination.  In another embodiment, lumination 104 is directed to a
volume of air 108. The volume of air 108 may be contained within 8 chamber of the

nspection chamber 110,

[0016] In another embodiment, the inspection system 100 includes a siage 112
configured to supporl and secure one or more samples 114, In another embodiment,

the inspection system 100 may be configured such that the sample stege 112 is
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arranged such that detector 120 collects dlumination scattered from a volume of air 108

jocated above the sample stage 112,

{00171 The one or more collection optics 118 may include any optical element known in
the art of dlumination collection used to collect, focus, and direct #lumination. For
gxampile, the one or more collection optics 118 may include, but are not limited o, any
combination of the following: one or more lenses, or one or more mirrors, and the like.
For instance, the collection optics 112 may include an objective. In one embodiment,
the one or more collection optics 118 are configured to collect air scattered iflumination
116. For example, the collection optics 118 may be configurad to collect air scattered
flumination 116 of infrared, visible, and/or ultraviolet radiation. In another embodiment,
the collection optics 118 direct dlumination to the detector 120, For example, an
objective may direct iflumination to the detector 120.

{00181 The detector 120 may include any detecior known in the art of iflumination
detection used o detect, sense, record, or amplify illumination. For example, the
detector may include, but is not limited o, a charge coupled device {CCD) detector, a

photomuttiplier tube (PMT) detector, and the like.

{00181 The inspection system 100 may include a controller 122 that includes one or
more processors 126, and memory 128, In one embodiment, the controller 122
includes one or more processors 126 communicatively coupled {o the detector 120 and
memory 128. The one or more processors 128 may be configured to execute a set of

program instructions 130 maintained in memory 128,

f0020] The one or more processors 126 of controller 122 may be programmed fo canry
out one or more steps of an alignment or calibration procedure as described below.
The embodiments of inspection system 100 illustrated in FIG. 1 may be further
configured as described herein. in addition, inspection system 100 may be configurad
to perform any other step(s) of any of the method embodiment(s) described herein.

{00211 The one or more processars 126 may receive from the detector 120 one or more
signails indicative of a stafe of the iflumination beam 104 scattered from the volume of
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air 108, For example, the one or more processars 126 may recaive one or more signals
indicative of an intensity and/or polarization of the ilumination scattered from the
volume of air 108. The one or more processors 126 may also compare the intensily
andfor polarization of scaltered iHlumination 116 to a predetermined intensity andfor
polarization standard. In one embodiment, data of scattered illumination 116 may be
stored in memory 126 and utilized as a scatlering standard. In another embodiment,
the one or more processors 126 determine g state of a beam of Hlumination 104 at one
or more times based on a comparison between the intensity and/or polarization of the
Hlumination scafiered from the volume of air 108 and a predetermined intensity andfor
polarization standard.

{00221 The memory 128 may include a set of program instructions 130 to perform
analysis of data received by the confroller 122 from the detector 120, For example,
memory 128 may include a set of program instructions 130 fo compare dala generated
by the deteclor {0 a scattering standard.

{00231 The set of program instructions 130 may cause the ong or more processors 126
to determine an intensity and/or polarization of the beam of Hlumination at one or more
selected times. For example, the set of program instructions 130 may cause the one or
more processors 126 o monitor an intensity and/or polanzation of the beam of
flumination 104 at one or more timas.

[co24] in one embodiment, an air scattering standard includes data oblained from
Hlumination scattered from a beam of Hflumination having known characteristics. For
example, a scattering standard may include data of detected scattered dlumination from
a heam of lumination 104 having known intensity characteristics. By way of another
example, a scattering standard may include data of delected scallered iHlumination from

a beam of ilumination 104 having known polanzation characteristics.

o251 In one embodiment, n response 1o a defermination of at least one of intensity ar
polarization of an ilumination beam 104, the one or more ilumination sources 102, the
one or more lumination optics 106, and/or the one or more of the collection optics 108

are adjusted. For example, a user may adjust the power of the one or more llumination
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sources 102 based on the determined state of the beam of illumination 104. By way of
another example, the one or more processors 126 may adjust the power of the one or
more Humination sources 102 based on the determined siate of the besam of
flumination. By way of another example, the one or more illumination sources 102, the
one or more dlumination oplics 106, and/or the one or more collection optics 108 may
be aligned by a user or the one or more processors 126 based on the determined stale

of the beam of lumination 104.

{oo26] in one embodiment, one or more of the one or more Hlumination sources 102, the
ong or more dlumination optics 106, or the collection optics 118 are adjusted unkl a
difference between the collected scattered illumination {0 a scattering standard is within
a selected threshold. For instance, the one or more processors 128 may adjust
iteratively or simultaneously the power and/or alignment of the one or more Hlumination
sources 102, and/or the alignment of the one or more illumination oplics 106, andfor
collection optics 108 until of the difference between collected scattered Hlumination to a

scattering standard is within a selected threshold.

foo271 The controller 122 may be configured 1o receive and/or acquire data or
information from other systems {e.g., intensity from a detector, optical element
orientation from ilflumination and/or collection optlics) by a fransmission medium that
may include wireline andior wireless portions.  In another embodiment, the controller
122 may be configured to fransmit data or information {e.g., the oulput of one or more
processes disclosed herein) to one or more systems or sub-gsystems {e.g., lumination
optics or collection optics) by a transmission medium that may include wirgline and/or
wirgless portions. in this manner, the transmission medium may serve as a data link
betweaen the controller 122 and other subsystems of inspeaction system 100. Moreover,
the confrofler 122 may send data {0 external systems via g transmission medium {e.g.,

network connection).

foo28] The detector 120 and controller 122 may be communicatively coupled in any
suitable manner (8.q., by one or more wireline or wireless transmission media indicated

by the line shown in FIG. 1) such that the controller 122 receives information from the



WO 2020/171991 PCT/US2020/017415

detector 120, In one embodiment, the detector 120 fransmils ong or more images 124
or intensity data to the controfler 122, In another embodiment, one or more images 124
are stored in memory 128,

{00291 The one or more processars 126 of controller 122 may include any one or more
processing elements known in the art. In this sense, the one or more processors 126
may nclude any microprocessor device configured o execute algorithms andfor
mstructions. In one embodiment, the one or more processors 126 consist of a deskiop
computer, mainframe compuler system, workstation, image computer, parallel
processor, of other computer system {e.g., netwaorked computer) configurad 1o execute
a program configured o operale all or part of the inspaction system 100, as described
throughout the present disclosure. I should be recognized that the steps described
throughout the present disclosure may be carried out by a single computer system or,
alternatively, mulliple computer systems. In general, the term "processor may be
broadly defined {o encompass any device having one or more processing elements,
which execute program instructions from a non-trangitory memory medium {e.g.,
memory 128). Therefore, the above description should not be interpreted as a limilation

on the present invention but merely an illustration.

foo30] The memory media of memory 128 may include any storage medium known in
the art suitable for storing program instructions executable by the associated one or
more processors 126. For example, memory 128 may include a non-fransitory memaory
medium. For instance, memory 128 may include, but is not limiled o, a read-only
memaoty, a random access memory, 8 magnetic or optical memaory device {(8.4., disk), a
magnetic tape, a solid state drive and the like. In another embodiment, it is noted
herein that memory 128 is configured 1o store one or mare resulls from inspection
system 100 and/or the output of the various steps described herein. |t is further noted
that memory 128 may be housed in a common controller housing with the one or more
processors 126, In an alternative embodiment, the memory 128 may be located
remotely with respect to the physical location of the processors 126 and controller 122.
For instance, the one or more processors 126 of controller 122 may access a remote
memory {e.q., server), accessible through a network {e.g., internet, intranet and the
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fike). In another embodiment, the memory 128 stores the program instructions 130 for
causing the one or more processors 126 to camry out the various steps described
through the present disclosure.

{00311 it is notad that for purposes of simplicity the inspection system 100 has been
depicted in a simplified block diagram. This depiction, including the components and
geometrical configuration, 1s not imiting and is provided for dlustrafive purposes only. it
is recognized hersin that the inspection system 100 may include any number of optical
elements {(e.g., lenses, mirrors, filters beam splitter and the like), energy sources {(e.q.,
flumination sowce} and detectors {s8.g., #Hlumination delector} to camy ol the
comparison of an Hlumination beam state to an air scatter standard.

[op3z) FIG. 2 llustrates a diagram of air scattering intensity 200, in accordance with one
or more embodiments of the present disclosure. More specifically, air scatiering
intensity 200 illustrates a diagram of air scaltering intensity of a single scalterer by a
single wavelength of polarized electromagnetic radiation. {t is noted herein that FIG. 2
iflustrates air scatiering intensity 200 of radiation polarized in the E diraction that is
traveling in the Z direction. In one embodiment, air scaltering by a single wavelength
and polarization of radiation is described by:

T 32m%e i

(#n?f’nw{@) (sin8)*
I = F

where air scallering infensily is calculated as a function of r, the distance from the
scatierer, and the angle & ithe azimuthal angle starling from the E axis. i is noted
herein that g, is the permeability of free space, py 18 the maximum dipole moment, @ 18
the frequency of radiation, @is the altitudinal angle, and r is the radial distance from the

dipole center.

fo033] FiG. 3A illustrates root mean square (RMS) noise 310 of a SurfScand® sensor, in
accordance with one or more embodiments of the present disclosure. More specifically,
FIG. 3A illustrates RMS noise 310 for air scattering as measured on a SwiScan®
inspection tool for P and S incident polarizations. it is noted therein that the portion of

io
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iHumination that includes an eleciric field parallel to the plane of incidence is P-polarized
iffumination. It is further noted herein that the portion of Hlumination that includes an
slectric field perpendicular to the plane of incident is S-polarized dlumination.

{0034] FIG. 3B ilustrates air scattering 320 with incident P-polarized light, in accordance
with one or more embodiments of the present disclosure. More specifically, FIG. 3B
iflustrates P-incident air scattered 320 as measured on a SurfScan® inspection tool

from P and S incident polarizations.

{00351 FIG. 3C illustrates air scattering 330 with incident S-polarized llumination, in
accordance with one or more embodimants of the present disclosure. More specifically,
FIG. 3C ilustrates S-polarized incident air scatiered 330 as measured on a SurfScan®
inspection tool from P and § incident polarizations.

{0038} it is noted herein that air scattering 320 and 330 is measured above the RMS
noise 310 of the SurfScan® sensaor. it is further noted that the air scattering 320 and
330 measured is incident polarization sensitive. It is further noted herein that air

scattering can be utilized as a scattering standard in optical systems and tools.

{00371 FIG. 4A illustrates an example of air scattering to measure polarization, in
accordance with one or mora embodiments of the present disclosure. More specifically,
FIG. 4A illustrates an example of P-polarized lumination air scattering 410 and
S-polarized lumination air scatiering 420 to measure a polarization of Hlumination
whare in oblique mode the numerical aperture (NA) of an objective is 75°. In one
embodiment, integrating over the region collected by the objective the percentage of
total air scatter collected in P-polarized and S-polarized incident light can be calculated.
For example, the following equation may be utilized to calculate the percentage of lotal
air scatter collected in P-polarized and S-polarized incident light:

C {apee® (sin 8)°
P ﬂ (;gggzé_)( rzj resin g d0 de

i1
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it is noted herein that for the specific example illustrated in FIG. 4A the percentage of
P-polarized incident light is 32.1% and the percentage of S-polarized incident light is
41.6%.

{o038] FIG. 4B illustrates an example of air scattering to measure polarization, in
accordance with one or more embodiments of the present disclosure. More specifically,
FIG. 4B illustrates the normalized air scattering power collected by a Surfscan® SP7
objective as beam polarization rotates about the axis of travel. i is noted herein that in
FIG. 4B O degress is P-polarized incident light and 90 degrees is S-polarized incident
fight. 1tis further noted herein the air scattering pattern shown in FIG. 4B is different for
P-polarized and S-polarized incident flumination and indicates air scaltering is incident
beam polarization sensitive. It is additionally noled herein that when the amount of
P-polarized and S-polarized incident dlumination intensity captured by an objective is
different the intensity ratio of P and § incident Hlumination can be informative of the

guatity of polarization of the incident beam.

{0038} In one embodiment, inspection system 100 ulilizes a signal from scattered
flumination 116 o monitor intensity of an incident beam of illumination 104, For
example, a signal from scattered illumination 116 may be utilized as a scattering
standard to monitor an incident beam of llumination 104 of inspection system 100 over
time.  In another embodiment, a signal from scatltered Hlumination 116 is utilized for
normalization calibration of air scatfering intensity across multiple fools. It is noted
hergin a signal from scallered illumination 116 being stable and uniform is thought to

improve system monitoring and calibration.

{00401 in one embodiment, inspection system 100 utilizes a signal from scattered
iHlumination 116 o measure polarization of an incident beam of Hlumination 104, In
another embodiment, inspection system 100 utilizes a signal from scattered ilumination
116 to moniior polarization of an incident beam of Hlumination 104. For example, one or
more signals from scattered flumination 116 may be utilized {o measure polarization of

ilumination 104 and monitor polarization of illumination 104 over fime.

iz
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{0041} in one embodiment, inspection system 100 utilizes a signal from scatiered
iffumination 116 to align polarization sensitive optics and masks in the collection path.
in ancther embodiment, scattered dlumination 116 can be utilized to qualify and monitor
optical masks and polarizers. it is noted herein that air scatiering provides uniform
scaltering that is polarized. It is further noled herein any process in an optical system
that requires a scattering standard can be performed with air scattering provided air is in
the working environment of the system and the system is sufficiently sensitive to
measure air scattering intensity. i is additionally noted herein that i is thought systems
that rely on an inserted physical scaltering standard will benefil from a scattering
standard that does not introduce potential contamination and eliminales space
constrainis due 1o an insertable physical scattering standard. i is still further noted
herein that systems requiring optical calibration and/or alignment that are not feasible
due o the consiraints created by an insertable physical standard are now reslizable
utilizing an air scatter standard for alignment and/or calibration.

{00421 FIG. 5 is a flow disgram Hlustrating steps performed in a method 500 for
determining a state of a beam of ilumination i an inspection system 100, in
accordance with one embodiment of the present disclosure. it is noted herein that the
steps of method 500 may be implemented all or in part by inspection system 100, Htis
further recognized, however, that method 500 is not limited to inspection system 100 in
that additional or alternative system-evel embodiments may carry out all or part of the
steps of method 500,

[00431 In step 502, one or more llumination sources 102 provide dlumination o
generate a beam of lumination 104. In one embodiment, the beam of llumination 104
in unpolarized. In ancther embodiment, the beam of illumination 104 is polarized. For
example, the beam of illumination 104 may be one or more of linearly polarized,
elliptically polarized, circularly polanzer, or randomiy polarized. In ancther embodiment,

filumination 104 includes P-polarized illumination and S-polarized illumination.

{00441 in step 504, the beam of illumination is focused into a volume of air contained

within a chamber of an inspection chamber. In one embodiment, #lumination optics 106
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focus iflumination 104 to the volume of air 108. For example, #lumination optics 106
may be aligned and configured such that illumination 104 is directed toward and
focused into a volume of air 108. By way of another example, the llumination optics
106 may be aligned and configured such that ilumination 104 is focused into a volume

of air 108 contained within an inspection chamber 110 of a darkfield inspection tool.

{004s] in step 506, a portion of illumination scattered from the volume of air is collected.
in one embodiment, scattered itlumination 116 is collected by the collection optics 118.
For example, scattered illumination 116 is collected by an objective. In another
gmbodiment, the collection optics 118 are configured 1o direct scattered dlumination
toward a detector 120, For example, an objective may be configured to direction
scattered iflumination 1186 collected toward the detector 120.

fooes] In step 508, a collacted portion of llumination from the one or more collection
optics is detected. In one embodiment, a collected portion of scattered dlumination 118
from the volume of air 108 is detected by detector 120. For example, the detector 120
may detector scattered Hlumination 116 collected by the objsctive and directed foward
the detector 120.

{00471 In step 510, a state of a beam of Hlumination 104 is determined at one or more
times based on a comparison between the state of the dlumination scatiered from the
volume of air 108 and a predetermined scatter standard. Step 510 includes the detecior
120 acquiring one or more images 124 and transmitting the one or more images 124 to
the controller 122. The one or more images 124 generated by the detector 120 and
transmitted {o the controller 122 are compared {0 a predetermined scatter standard by
the one or maore processaors 126, In one embodiment, the one or more images 124 are
stored in memory 128 and used for later analysis. In another embodiment, one or more
results from comparison between the state of the tlumination scattered from the volume

of air 108 and a predetermined scatter standard are stored in memory 128 for later use.

{00481 In step 512, adjust one or more of the Hlumination source 102, one or more of the
ilumination oplics 108, or one or more of the collection optics 108 based on the

determined state of the beam of llumination. For example, the one or more processors
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126 may adjust one or more of the one or more illumination sources 102, #Hlumination
optics 106, or collection optics 108 based on the determined state of the beam of
flumination. By way of another example, the one or more processors 126 may adjust at
least one of a power of the one or more iflumination sources or an alignment of the one

or more lumination sources based on the determined state of the beam of ilumination.

{f0049] FIG. 8 is a flow diagram Hlustrating steps performed in a method 800 for
determining intensity of a beam of #lumination in an inspection system 100, in
accordance with one embodiment of the present disclosure. it is noted herein that the
steps of method 800 may be implemented all or in part by inspection system 100, #tis
further recognized, howsever, that method 600 is not limited to inspection system 100 in
that additional or altemative system-leval embadiments may carry out all or part of the
steps of method 600,

{00501 in step 602, one or more illumination sources 102 provide Humination o
generate a beam of lumination 104. In one embodiment, the beam of Hlumination 104
in unpolarized. In another embodiment, the beam of illumination 104 is polarized. For
example, the beam of llumination 104 may be one or more of linearly polarized,
elliptically polarized, circularly polanizer, or randomly polarized. In another embodiment,
iflumination 104 includes P-polarized illumination and S-polarized illumination.

[0051] in step 604, the beam of dlumination is focused into a volume of air conlained
within a chamber of an inspection chamber. iIn one embaodiment, dlumination optics 108
focus Humination 104 o the volume of air 108, For example, umination optics 106
may be aligned and configured such that ilumination 104 is directed toward and
focused into a volume of air 108. By way of another example, the illumination optics
108 may be sligned and configured such that iflumination 104 is focused into a volume

of air 108 contained within an inspection chamber 110 of a darkfield inspeaction tool.

{00521 in step 606, a portion of illumination scaliered from the volume of air is collected.
in one embodiment, scattered lumination 118 is collected by the collection optics 118,
For example, scattered ilumination 116 is collected by an objective. In another

embodiment, the collection oplics 118 are configured {o direct scaltered iflumination
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toward a detector 120. For example, an objective may be configured to direction

scattered iflumination 118 collected toward the detector 120

{00531 in step 608, intensity of a collected portion of lumination from the one or more
collection optics is detected. In one embodiment, an intensity of a collected portion of
scattered ilumination 116 from the volume of air 108 is detected by detector 120. For
example, the detector 120 may detector an intensity of scattered #lumination 116

collected by the objective and direcied toward the detector 120.

{00541 in step 610, an intensity of a beam of idHlumination 104 is determined at one or
more times based on a comparison between the intensity of the lflumination scattered
from the volume of air 108 and a predetermined intensity standard. Step 610 includes
the detector 120 acquiring one or more images 124 and transmitting the one or more
images 124 1o the controller 122, The one or more images 124 generated by the
detector 120 and transmitied to the controller 122 are compared {o a predetermined
intensity standard by the one or more processors 126, in one embodiment, the one or
more images 124 are stored i memory 128 and used for later analysis. In another
embodiment, one or more results from comparison between the intensity of the
lumination scattered from the volume of ar 108 and a predetermined intensity are
stored in memory 128 for later use.

[0055] in step 612, adjust one or more of the illumination source 102, one or more of the
iflumination optics 1086, or one or more of the collection optics 108 based on the
determined intensity of the beam of illumination. For exampie, the one of more
processors 126 may adjust one or more of the one or more dlumination sources 102,
ilfumination optics 1086, or collection optics 108 based on the determined intensity of the
beam of llumination. By way of another example, the one or more processors 126 may
adjust at lsast one of a power of the one or more dlumination sources or an alignment of
the one or more iumination sources based on the determined intensity of the beam of
ilumination.

joosey FIG. 7 is a flow diagram illustrating steps performed in a method 700 for

determining polarization of a beam of illumination in an inspection system 100, in
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accordance with one embadiment of the present disclosure. it is noted herein that the
steps of method 700 may be implemented all or in part by inspection system 100, ftis
further recognized, howsver, that method 700 is not imited to inspection system 100 in
that additional or alternative system-evel embodiments may carry out all or part of the
steps of method 700,

{00571 In step 702, one or more ilumination sources 102 provide iflumination fo
generate a beam of dlumination 104, in one embodiment, the beam of dlumination 104
in unpolarized. In another embodiment, the beam of illumination 104 is polarized. For
sxample, the beam of illumination 104 may be one or more of linearly polanzed,
efliptically polarized, circularly polarizer, or randomiy polarized. In another embodiment,

lumination 104 includes P-polarized Hlumination and 8 -polarized tHlumination.

{0058} in step 704, the beam of illumination is focused into a volume of air contained
within a chamber of an inspection chamber. In one embodiment, Hlumination optics 106
focus ilumination 104 to the volume of air 108. For example, lumination optics 108
may be aligned and configured such that dlumination 104 s directed foward and
focused into a volume of air 108. By way of another example, the illumination oplics
106 may be aligned and configured such that #lumination 104 s focused into a volume
of air 108 contained within an inspection chamber 110 of a darkfield inspection tool.

[0059] in step 706, a portion of ilumination scatiered from the volume of air is collected.
in one embodiment, scatterad illumination 116 is collected by the collection optics 118.
For example, scattered iflumination 116 is collected by an objective. In another
embodiment, the collection optics 118 are configured fo direct scatltered dlumination
toward a detector 120. For example, an objective may be configured {o direction

scatiered iflumination 116 collected toward the detector 120,

fooen} in step 708, polarization of a collected portion of illumination from the one or
more collection oplics is detected. In one embodiment, a polarization of a collected
portion of scattered ilumination 116 from the volume of air 108 is detected by detector

116 collected by the objective and directed toward the detector 120.
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0061} in step 710, a polarization of a beam of #lumination 104 is determined at ong or
more times based on a comparison belween the polarization of the ilumination
scattered from the volume of air 108 and a predetermined polarization standard. Step
710 includes the detector 120 acquiring one or more images 124 and ransmitling the
one or more images 124 to the controller 122. The one or more images 124 generated
by the detector 120 and fransmillted to the conlrolfler 122 are compared o a
predetermined polarization standard by the one or more processors 126, In one
embodiment, the one or more images 124 are stored in memory 128 and used for later
analysis. In another embodiment, one or more results from comparison between the
polarization of the dlumination scattered from the volume of air 108 and a predetermined

polarization are stored in memory 128 for later use.

{00621 in step 712, adjust one or more of the iflumination source 102, one or more of the
flumination optics 106, or one or more of the collection optics 108 based on the
determined polarization of the beam of illumination. For example, the one or more
processors 126 may adjust one or more of the one or more illumination sources 102,
lumination optics 106, or collection optics 108 based on the determined polarization of
the beam of flumination. By way of another example, the one or more processors 126
may adjust at least one of a power of the one or more Hlumination sowrces or an
alignment of the one or more illumination sources based on the determined polarization

of the beam of ilumination.

{00831 All of the methods describad herein may include storing results of one or more
steps of the method embodiments in a storage medium. The results may include any of
the resuits described herein and may be stored in any manmnar known in the art. The
storage medium may include any storage medium 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 storage medium and used by any of the methoed or system
embodiments described herein, formatted for display to a user, used by ancther
software module, method, or system, efc. Furthermore, the results may be stored
‘permanently,” “semi-permanently,” temporanly, or for some pericd of time. For
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example, the storage medium may be random access memory (RAM), and the resulls

may not neceassarily persist indefinitely in the storage medium.

{00841 Those having skill in the art will recognize that the state of the art has progressed
to the point where there is little distinction left between hardware and software
implementations of aspects of systems; the use of hardware or software is generally
{but not always, in that in certain contexis the choice between hardware and software
can become significant) a design choice representing cost vs. efficiency tradeofis.
Those having skill in the art will appreciate that there are various vehicles by which
processes and/or systems andfor other technologies described hersin can be effected
{e.g., hardware, software, and/or firmware)}, and that the preferred vehicle will vary with
the context in which the processes and/or systems andior cother technologies are
deployed. For example, if an implementer determines that speed and accuracy are
paramount, the implementer may opt for 8 mainly hardware andfor firmware vehicle;
alternatively, if flexibility is paramount, the implementer may opt for a mainly sofiware
implementation; or, vet again altemnatively, the implementer may opt for some
combination of hardware, software, and/or firmware. Mence, there are several possible
vehicles by which the processes andfor devices and/or other technologies described
hersin may be effected, none of which is inherently superior fo 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., speed, flexibility, or predictability) of the
implementer, any of which may vary. Those skilled in the art will recognize that optical
aspects of implementations will typically employ optically-criented hardware, software,

and or firmware.

[ooes] While particular aspects of the present subject matter described herein have
been shown and described, it will be apparent to those skilled in the art that, bassd
upon the teachings herein, changes and modifications may be made without departing
from the subject matler described herein and its broader aspects and, therefore, the
appended claims are to encompass within their scope all such changes and
modifications as are within the true spirit and scope of the subject matter described
herein.
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fooss} Furthermore, 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 {2.g., bodies of the appended claims) are
generally intended as “open” terms {e.g., the term “including” shouid be interpreted as
"ncluding but not limited 10,” the term “having” should be interpreted as “having at
feast,” the term “includes” should be interpreted as “includes but is not limited to,” etc.).
it will be further understood by those within the art that if a specific number of an
introduced claim recitation s intended, such an intent will be expheitly 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 more” {0 infroduce claim recitations.
However, the use of such phrases should not be construed to imply that the introduction
of a claim recitgtion 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 "g" or "an” {e.g., 8" and/or "an” should
typically be interpretad {o mean “at least one” or "one or more™y; the same holds true for
the use of definite articles used to introduce claim recitations. In addition, sven if 8
specific number of an introduced claim recitation is explicitly recited, those skilled in the
art will recognize that such recitation shouild typically be inferpreted {0 mean af Isast the
recited number {2.g.. the bare recitation of "two recitations," without other modifiers,
typically means at Isast two recitations, or two or more recitations).  Furthermore, in
those instances where a convention analogous to "at least one of A, B, and C, elc.” is
used, in general such a construction is intended in the sense one having skill in the ant
would understand the convention (e.g., “ a system having atleastone of A, B, and ¢
would include but not be limited {o 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, etc.). In
those instances where a convention analogous to “st leastone of A, B, or C, atc” is
used, in general such a construction is intended in the sense one having skill in the art
would understand the convention {8.g., * a system having at least one of A, B, ar ¢’

would include but not be limited {0 systems that have A alone, B alone, C alone, A and
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B together, A and C fogether, B and C together, and/or A, B, and © together, efc). It
will be further understood by those within the art that virtually any disjunctive word
and/or phrase presenting two or more altemnative terms, whether in the description,
claims, or drawings, should be understood to contemplate the possibilities of including
one of the terms, sither of the terms, or both ferms. For example, the phrase “A or B”

will be understood to include the possibilities of ‘A" or "B or "A and B.”

0067} it is believed that the present disclosure and many of s attendant advaniages
will be undersiood by the foregoing description, and it will be apparent that various
changss may be made in the form, construction and arrangement of the components
without departing from the disclosed subject matier or without sacrificing all of s
material advantages. The form described & merely explanatory, and it is the intention
of the following claims to encompass and include such changes.
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What is claimed:
1. An mapection system comprising:
ane or more dlumination sources configured 1o generate a beam of llumination;

one of more ilumination oplics configured 1o focus the beam of lumination info a
volume of air contained within a chamber of an inspection chamber;

one or more collection oplics configured to collect a portion of Hlumination

scattersd from the volume of air;

a detector, wherein the detector is configured o receive the collected portion of

ilumination from the one or more collection optics; and

a controller, the controller including one or more processors communicatively
coupled to the detector, wherein the one or more processors are configured 1o execule
a set of program instructions stored in memory, the set of program instructions
configured 10 cause the one oF MOre Procassors o:

recaetve one ar more signals from the delector indicative of an

intensity of the Hlumination scatiered from the volume of air, and
determine a state of the beam of llumination at one or mors times

based on a comparnson between the intensity of the dlumination scattered
from the volume of air and a predetermined intensity standard.

2. The system of Claim 1, wherein the determining 2 state of the beam of
Hlumination at one or more times based on a comparison between the infensity of
the dlumination scattered from the volume of air and a predetermined intensity

standard comprises:

determine an intensity of the beam of ilumination at a selected time.
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3. The system of Claim 1, wherein the determining a state of the beam of
iifumination at one or more times based on a comparison between the intensity of
the ilumination scattered from the volume of ar and a predetsrmined intensity

standard comprises:

monitor an intensity of the beam of illumination at a plurality of times.

4. The system of Claim 1, wherein the determining a stale of the beam of
flumination at one or maore times based on a comparison between the intensity of
the ilumination scattered from the volume of air and a predetermined intensity

standard comprises:

determine a polarization of the beam of #Hlumination at a selected time.

5. The system of Claim 1, wherein the determining a state of the beam of
Humination at one or more times based on a comparison between the intensity of
the dlumination scattered from the volume of air and a predetermined intensity

standard comprises:

monitor a polarization of the beam of Hlumination at a plurality of times.

6. The system of Claim 1, wherein the one or more collection oplics comprise an

objective.

7. The system of Claim 1, wherein the volume of alr is contained within an

inspection chamber of a darkfisld inspection tool.

8. The system of Claim 1, wherein the volume of air is located above a sample
stage.
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9. The system of Claim 1, wherein the detector comprises a charge coupled
device {CCD) detector.

10. The system of Claim 1, further comprising:

adjusting a state of at least one of the one or more illumination sources,
the one or more iflumination optics, or the one or more collection optics based on
the determined state of the beam of ilumination.

11. The system of Claim 1, further comprising:

adjusting at least one of a power of the one or more llumination sources
or an atignment of the one or more llumination sources based on the determined

state of the beam of illumination.

12. A method comprising:
genarating a beam of #Hlumination;

focusing the beam of illumination into a volume of air contained within a chamber
of an inspection chamber;

collecting a portion of #lumination scattered from the volume of air;

detecting, with a detector, the collected portion of #Hlumination from the one or
more collection aptics;

determining a state of the beam of illumination at ong or more times based on a
comparison between the intensity of the illumination scattered from the volume of air

and a predetermined intensily standard.

13. The method of Claim 12, wherein the determining a state of the beam of

lumination at one or more times based on a comparison between the infensity of
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the tlumination scattered from the volume of air and a predeterminad intensity
standard comprises:

determining an intensity of the beam of Hlumination al a selected time.

14. The method of Claim 12, wherein the determining a state of the beam of
lumination at ong or more times based on a comparison behween the intensity of
the illumination scattered from the volume of air and a predetermined intensily
standard comprises:

monitoring an intensity of the beam of ilurnination at a plurality of imes.

15. The method of Claim 12, wherein the delermining a stale of the beam of
Humination at one or more times based on a comparison bebtween the inlensity of
the lumination scattered from the volume of air and a predetsrmined intensity
standard comprises:

determining a polarization of the beam of llumination at a selected time.

16. The method of Claim 12, wheremn the determining 2 state of the beam of
Hlumination at one or more times based on & comparison between the intensity of
the illumination scaliersd from the volume of air and a predetermined intensity
standard comprises:

monitoring a polarization of the beam of fllumination at a plurality of times.

17. The method of Claim 12, wherein the collecting a portion of illumination

scattered from the volume of air comprises:

collecting a portion of dlumination scattered from the volume of air
comprises ulilizing an objective.
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18. The method of Claim 12, wherein the focusing the beam of illumination into a
volume of air contained within a chamber of an inspection chamber comprises:;

focusing the beam of llumination info a volume of air is contained within

an inspection chamber of a darkfield inspection tool.

19, The method of Claim 12, wherein the focusing the beanm of lumination into a

volume of air contained within a chamber of an inspection chamber comprises:

focusing the beam of Hlumination into 2 volume of air located contained
within an inspection chamber, wherein the volume of air is localed above a
sample stage.

20. The method of Claim 12, wherein the detecting, with a detector, the collectad

portion of Hlumination from the one or more collection oplics comprises:

detecting, with a charge coupled device (CCD) detector, the collscled

portion of illumination from the one or more collection gptlics.

21. The method of Claim 12, further comprising:

adjusting a state of af least one of the ohe or more umination sources,
the one or more iflumination optics, or the one or mare collection optics based on

the determined state of the beam of ilumination.

22. The method of Claim 12, further comprising:

adjusting at least one of a power of the one or more Hlumination sources
or an alignment of the one or more illumination sources based on the determined

state of the beam of itlumination.
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23. An inspection system comprising:
ane or more dlumination sources configured 1o generate a beam of llumination;

one of more flumination oplics configured 1o focus the beam of Hlumination info a
volume of air contained within a chamber of an inspection chamber;

one or more collection oplics configured to collect a portion of Hlumination

scattersd from the volume of air;

a detector, wherein the detector is configured o receive the collected portion of

ilumination from the one or more collection optics; and

a controller, the controller including one or more processors communicatively
coupled to the detector, wherein the one or more processors are configured 1o exscule
a set of program instructions stored in memory, the set of program instructions
configured 10 cause the one oF MOre Procassors o:

recaetve one ar more signals from the delector indicative of an
intensity of the Hlumination scatiered from the volume of air, and

determine an intensity of the beam of lllumination at one or morg
times based on a comparison between the infensity of the illumination
scattered from the volume of air and a predetermingd intensity standard.
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24, An inspection system comprising:
ane or more dlumination sources configured 1o generate a beam of llumination;

one of more lumination oplics configured 1o focus the beam of Hlumination into &
volume of air contained within a chamber of an inspection chamber;

one or more collection oplics configured to collect a portion of Hlumination

scattersd from the volume of air;

a detector, wherein the detector is configured o receive the collected portion of

ilumination from the one or more collection optics; and

a controller, the controller including one or more processors communicatively
coupled to the detector, wherein the one or more processors are configured 1o execule
a set of program instructions stored in memory, the set of program instructions
configured 10 cause the one oF MOre Procassors o:

recaetve one ar more signals from the delector indicative of an
intensity of the Hlumination scatiered from the volume of air; and

determine g polarization of the beam of Hlumination at one or more
times based on a comparison between the infensity of the illumination
scattered from the volume of air and a predetermingd intensity standard.
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P02 GENERATE A BEAM OF HLLUMINATION

FOCUS THE BEAM OF [LLUMINATION INTO A VOLUME

0 OF AIR CONTAINED WITHIN A CHAMBER OF AN
INSPECTION CHAMBER
506 COLLECT A PORTION OF ILLUMINATION

SCATTERED FROM THEVOLUME OF AIR

508~ DETECT THE COLLECTED PORTION OF ILLUMINATION
FROM THE ONE OR MORE COLLECTION OPTICS

DETERMINE A STATE OF THE BEAM OF ILLUMINATION AT ONE
510 OR MORE TIMES BASED ON A COMPARISION BETWEEN THE
T INTENSITY OF THE ILLUMINATION SCATTERED FROM THE
VOLUME OF AIR AND A PREDETERMINED
INTENSITY STANDARD

E ADJUST ONE OR MORE OF THE ILLUMINATION SOURCE, ONE
51 2-—--~\E OR MORE OF THE ILLUMINATION OPTICS, OR ONE OR MORE

OF THE COLLECTION OPTICS BASED ON THE DETERMINED
STATE OF THE BEAM OF [LLUMINATION
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02— GENERATE A BEAM OF HLLUMINATION

FOCUS THE BEAM OF [LLUMINATION INTO A VOLUME

604 OF AIR CONTAINED WITHIN A CHAMBER OF AN
INSPECTION CHAMBER
606 | COLLECT A PORTION OF ILLUMINATION

SCATTERED FROM THEVOLUME OF AIR

608 DETECT THE COLLECTED PORTION OF ILLUMINATION
FROM THE ONE OR MORE COLLECTION OPTICS

DETERMINE AN INTENSITY OF THE BEAM OF ILLUMINATION
610 AT ONE OR MORE TIMES BASED ON A COMPARISON
T BETWEEN THE INTENSITY OF THE ILLUMINATION SCATTERED
FROM THE VOLUME OF AIR AND A PREDETERMINED
INTENSITY STANDARD

ADJUST ONE OR MORE OF THE ILLUMINATION SCURCE, ONE
OR MORE OF THE ILLUMINATION OPTICS, OR ONE OR MORE
OF THE COLLECTION OPTICS BASED ON THE DETERMINED
INTENSITY OF THE BEAM OF ILLUMINATION
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702

GENERATE A BEAM OF HLLUMINATION

704

FOCUS THE BEAM OF [LLUMINATION INTO A VOLUME
OF AIR CONTAINED WITHIN A CHAMBER OF AN
INSPECTION CHAMBER

706 ]

COLLECT A PORTION OF ILLUMINATION
SCATTERED FROM THEVOLUME OF AIR

708

DETECT THE COLLECTED PORTION OF ILLUMINATION
FROM THE ONE OR MORE COLLECTION OPTICS

710

AIR AND A PREDETERMINED POLARIZATION STANDARD

DETERMINE A POLARIZATION OF THE BEAM OF
ILLUMINATION AT ONE OR MORE THIMES BASED ON A
COMPARISON BETWEEN THE INTENSITY OF THE
(LEUMINATION SCATTERED FROM THE VOLUME OF

JUST ONE OR MORE OF THE ILLUMINATION SCGURCE, ONE
MORE OF THE ILLUMINATION OPTICS, OR ONE OR MORE
OF THE COLLECTION OPTICS BASED ON THE DETERMINED
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POLARIZATION OF THE BEAM OF ILLUMINATION
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