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A MULTIPLE WORKING DISTANCE HEIGHT SENSOR USING MULTIPLE
WAVELENGTHS

CROSS-REFERENCE TO RELATED APPLICATION
{0001] The present application claims the benefit under 35 US.C. § 118(e) of U.S,
Provisional Application Serial Number 8§2/702,821, filed July 24, 2018, entitted MULTIPLE
WORKING DISTANCE HEIGHT SENSOR USING DISPERSION AND MULTIPLE
WAVELENGTHS, naming Donald Petibone as inventor, which is incorporated herein by
references in the entirety.

TECHNICAL FIELD
fooot] The present invention generally relates {o specimen characterization, and, more
particularly, to a systermn and method for mulliple working distance heighis during

characterization processes.

BACKGROUND
{00021 Specimen characlerization systems, such as optical and electron beam review
and inspection systems, often include working distance systems configured to maintain
the height of the specimen at a specified working distance relative to one or more
components of the particular characterization system. In particular, electron beam
systems which cover a wide range of elecron beam operating parameters require that
the system operate at muitiple working distances from the electron beam objeclive.
Howsyer, traditional working distance systems are not capable of maintaining a specimen
at multiple working distances. Accordingly, in characterization processes which reguire
the specimen to be maintained at multiple warking distances at various steps of the
process, traditional working distance systems are unable 10 generate feedback loops
required to continuously and efficiently mainiain the specimen at the muitiple working
distances. Therefore, it would be desirable {0 provide a system and method which cure

oneg or more shortfalls of the previous approaches identified above.
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SUMMARY
[oo03] A system is disclosed, in accordance with one or more embodiments of the present
disclosure. in one embodiment, the system includes a stage assembly configured to
receive a specimen. In another embodiment, stage assembly may be configured (o
maintain a height of the specimen at a first working distance height during a first
characterization mode and an additional working distance height during an additional
characterization mode. The system may further include one or more illumination sources
configured o generate an ilumination beam. In another embodiment, the system includes
an itlumination arm including a first set of one or more optical elements configured to
direct a porlion of the illumination beam including dlumination of a first wavelength to the
specimen during the first characierization mode, and direct a portion of the ilumination
beam including dlumination of an additional wavelength o the specimen during the
additional characterization mode. The system may further include g detector assembly
configured to receive illumination emanated from the specimen. in another embodiment,
the system includes a coniroller communicatively coupled to the detecior assembly,
wherein the controller is configured {o determine a specimen height value based on the

flumination received by the detector assembly.

{0004] A specimen characterizaion system is disclosed, in accordance with one or more
embodiments of the present disclosure. In one embodimeant, the system includes a
scanning electron microscopy sub-system configured o carry out one or more
characterization processes on a specimen, In ancther embodiment, the system includes
a stage assembly configured to receive the specimen, the stage assembly configured to
maintain a height of the specimen at a first working distance height during a first
characterization mode and an additional working distance height during an additional
characterization mode. in ancther embodiment, the system includes one or more
#Hlumination sources configured {0 generate an illumination beam. In another embodiment,
the system includes an illumination arm including a first set of one or more optical
elements configured to direct a portion of the dlumination beam {0 the specimen during
the first characlerization mode, and direct a portion of the illumination beam io the

specimen during the additional characterization mode. In ancther embodiment, the
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system includes a detector assembly configured 1o receive iflumination emanated from
the specimen. in another embodiment, the system includes a controller communicatively
coupled to the detector assembly, the controller configured o determine a specimen
height value hased on the illumination received by the detecior assembly.

[ooos] A method is disclosed, in accordance with one or more embodimentis of the
present disclosure. in one embodiment, the method includes: maintaining a specimen
disposed on a stage assembly at a first working distance; directing #lumination of a first
wavelength to the specimen at the first working distance; detecting illumination emanating
from the specimen at the first working distance with a detector assembly; determining a
first deviation value from the first working distance based on the detected llumination;
generating one or more control signals configured o adjust the height of the specimen to
the first working distance o correct for the first determined deviation value; actuating the
stage assembly to maintain the specimen at an additional working distance; directing
flumination of an additional wavelength to the specimen at the addiional working
distance; detecting illumination emanating from the specimen at the additional working
with the detector assembly, determining an additional deviation value from the additional
working distance based on the detected illumination; and generating one or more controf
signais configured to adjust the height of the specimen to the additional working distance

to correct for the additional determined deviation value.

{0006} it is 10 be understood that both the foregoing general description and the following
detalled description are exemplary and explanatory only and are nol necessarily
restrictive of the invention as claimed. The accompanying drawings, which are
incorporated in and constitute a part of the specification, illustrate embodiments of the
invention and together with the general description, serve {o explain the principles of the
invention.

BRIEF DESCRIPTION OF THE DRAWINGS
[0007] The numerous advantages of the disclosure may be better understood by those

skilled in the art by reference {0 the accompanying figures in which:
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fooosl FIG. 1 illustrates a specimen characterization system with a single-height Z-
height sensor {ZHS}.

foooe] FIG. 2A ilustrates a specimen characterization system with a mulli-height Z-
height sensor (ZHS), in accordance with one or more embodiments of the present

disclosure.

[0010] FIG. 2B ilustrates a specimen characterization system with a multi-height ZHS,
in accordance with one or more embodiments of the present disclosurs.

foo11] FIG. 3A illustrates a portion of a method for maintaining a specimen at multiple
working distance heights, in accordance with one or more embodiments of the present

disclosure.

foo1z] FIG. 3B ilustrates a portion of a method for maintaining a specimen at multiple
working distance heights, in accordance with one or more embodiments of the present

disclosure.

DETAILED DESCRIPTION
{0013} The present disclosure has been particularly shown and described with respect to
certain embodiments and specific features thereof. The embodiments set forth herein are
faken to be dlustrative rather than limiting. i should be readily apparent fo those of
ordinary skill in the art that various changes and modificgtions in form and detail may be

made without departing from the spirit and scope of the disclosurs.

[o014] Reference will now be made in detail to the subject matler disclosed, which is
ilustrated in the accompanying drawings.

[o015] Specimen characterization systems, such as oplical and electron beam review
and inspaction systems, often include working distance systems configured {o maintain

the height of the specimen at a specified working distance relative {0 one or more
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components of the particular characterization system. However, traditional working
distance systems are not capabile of maintaining a specimen at mulliple working distances
if the working distance range exceeds the limited control range of traditional Z-height
sensors {(£HS). Accordingly, in characterization processes which require the specimen to
be maintained at multiple working distances, traditional working distance systems are
unabie to generate feedback loops required to continuously and efficiently maintain the

specimen at the multiple working distances.

[0016] Accordingly, embodiments of the present disclosure are directed at curing one ar
more of the shortialls of the previous approaches identified above. Embodiments of the
present disclosure are directed to a Z-height sensor {ZHS) configured to mainiain a
specimen at multiple working distance heights. More particularly, embodiments of the
present disclosure are directed o the use of optical dispersion in order to direct a plurality

of wavelengths to a specimen maintained at a plurality of working distances.

[oo17] FIG. 1 dlusirates a specimen characterization system 100 with a single-haight Z-
height sensor (ZHS) 102, The single-height ZHS 102 shown and described n FIG. 1 18
rapresentative of a traditional ZHS system configured to maintain a sample at a single
working distance. In this regard, # is contemplated herein that a brief description of a
traditional system may provide a baseline against which advaniages of the present
disclosure may be compared.

foo1a] The charactsrization system 100 may include a single-height ZHS 102 and a
characterization sub-systermn. The characterization sub-system may include any optical or
charged parlicle system known in the art configured to camry out one or more
characterization processes {e.g., inspection processes, review processes, and the like).
For example, the system 100 may include a scanning electron microscopy (SEM) sub-
system 104 configured to carry out one or more characterization processes/functions on

a specimen 108.

[0019] The single-height ZHS 102 may include an illumination source 106, an
#Humination arm 103, a collection arm 105, and a detector assembly 112. The illumination
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source 108 is configured to generate an dlumination beam 101 and direct the dlumination
beam 101 to the specimen 108 disposed on a stage assembiy 110 via the illumination
arm 103. The illumination arm 103 may include one or more optical elements configured
to direct the Hlumination beam 101 {o the specimen 108, For example, as shown in FIG.
1, the lHlumination arm 103 may include one or more mirrors 114 and one or more lenses
115. Similarly, the collection arm 105 of the single-height ZHS 102 may include one or
more optical elements configured to coliect illumination 107 emanating from the surface
of the specimen 108 and direct the collected dlumination 107 to the detector assembly
112. For exampie, as shown in FIG. 1, the collection arm 105 may include a first mirror
116, one or more lenseas 117, and a second mirror 118.

108 at a particular working distance (WD) during the one or more characterization
processes. More pariicularly, the traditional single-height ZHS 102 is configured to direct
the llumination beam 101 fo the specimen 108 maintainad at the working distance (WD)
The illumination arm 103 is then configured to direct the dlumination beam 101 to the
center of a field of view (FOV) of the characterization sub-system (e.g., SEM sub-system
104). The illumination beam 101 may then reflact, refract, or otherwise emanate from the

spacimen 108 as Hlumination 107,

fon21]  The collection arm 105 is configured coliect the lumination 107 emanating from
the specimen 108 and direct the dHlumination 107 to the detector assembly 112, The
detector assembly 112 may then be configured to determine a height of the specimen
108 based on the relative positioning of a spot of the dlumination 107 on the detfecior
assembly 112. in this regard, changes in the working distance of the specimen 108 would
resull in changes of the spot position of the illumination 107 on the detector assembly
112. For example, slight changes in the working distance of the specimen 108 would
result in slight spot position shifts on the detector assembly 112. The single-height ZHS
102 may then be configured 1o identify a deviation from the determined specimen 108
height from the intended working distance (WD}, and provide a fesdback loop o correct
for the deviation and maintain the specimen 108 at the warking distance (WD) via servo
control. in this regard, the single-height ZHS 102 is intended 1o maintain the specimen

6
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108 under inspectionfreview at a defined WD such that the distance from one or more
components of the characterization sub-system {e.g., SEM sub-system 104) is tightly
controlled. in optical characterization systams, the single-height ZHS 102 depicted in FIG.
1 may sometimes be referred 10 as an “autofocus system.”

fooz2l iIn the context of charged-particle characterization systems {e.g., SEM sub-
system 104), fine focus of the charged-particle characterization system {e.g., SEM sub-
system 104} may be achieved electronically by either changing the specimen bias voltage
or the main lens current. However, there are several limitations to adjusting focus
glectronically within an SEM sub-system 104, often rendering them incompatible with a
traditional single-height ZHS 102

{00231 In particular, adjusting focus electronically either by adjusting specimen bias
voltage or main lens current also result in deviations in electron beam landing energy. In
this regard, limitations on how much focus shift may be accommuodated with electronic
adjustments {(as opposed {o physical specimen 108 height adjustimenis) are limited due
to maximum magnetic focusing lens currents which may not be exceeded. Accordingly,
aven in charged-particle characterization systems {(e.g., SEM sub-gystem 104) which may
be capable of adjusting focus electronically, there is often a need 1o operate the system
100 at multiple working distances in order o provide for larger focus deviations not
achisvable with slectronic adjustments alone.

foo24] Currently, the single-height ZHS 102 depicted in FIG. 1 may be configured to
enable multiple working distances only in what may be referred as a “periscope move.”
Similar to a submarine periscope, the single-height ZHS 102 may actuate the stage
assembly 110 at the pre-defined working distance (WD) to the desired xy-position {e.q.,
lateral position). Subsequently, the single-height ZHS 102 may acluate the stage
assembly 110 in the z-direction {e.g., vertical direction) 1o the desired adjusted working
distance (WD,4;), and “freeze” the height of the stage assembly 210/specimen 208 at the

adjusted working distance (WD)

)
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foo2s] While maintaining the specimen 108 at the adjusted working distance (WD),
the detector agsembly 112 is not configured/calibrated to receive/detect illumination 107
emanating from the specimen 108. Therefore, at the Wii,,;, the single-height ZHS 102 is
unable to provide a feedback loop in order to adjust the working distance of the specimen
108, and thereby “freezes” the specimen 108 at the WD,4;. Accordingly, the single-height
ZHS 102 is unable to provide continual working distance and focus adjusiment of the
specimen 108 via sarvo contrad at working distances other than the pre-defined working
distance (WD, ). In this regard, characterization processes carried out at adjusted working
distances (WD,,;} may suffer from decreased resolution, particularly when an adjusted

working distance (WD) must be maintained for a prolonged amount of time.

[0026] In addition to the lack of continual servo control via a feedback loop at adjusted
working distances (WD,,;), the "periscope move” of the single-height ZHS 102 results in
decreased throughput, and is therefore undesirable. For example, the exira z-direction
actuation required in a “periscope move” may result in a throughput reduction of
approximately 5-10%. Furthermore, in characterization processes which regquire many
working distance adjustments, this throughput decrease may be on the order of a factor
of two to three.

[0027] Accordingly, embodiments of the present disclosure are directed at curing one or
more of the shortfalls of the single-height ZHS 102 identified above. Embodiments of the
present disclosure are directed to 3 multi-height ZHS configured {0 maintain a specimen
at multiple working distance heights. More pardicularly, smbodiments of the present
disclosure are divected 1o the use of optlical dispersion in order to direct a plurality of

wavelengths to a specimen 108 maintained at a plurality of working distances.

fooz2s} FIG. 2A ilustrates a specimen characterization system 200 with a mulli-height
ZHS 202 in 3 first characterization mode, in accordance with one or more embodiments
of the present disclosure. FIG. 28 illustrates a specimen characterization system 200 with
a multi-height ZHS 202 in an additional characterization mode, in accordance with one or
more embodiments of the present disclosure.
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{0029] The system 200 may include, but is not limited to, a multi-height ZHS 202, a
characterization sub-system {e.g., SEM sub-system 204}, a controller 224, and one or
more actyators 230, The controller 224 may include one or more processors 226 and a
memory 228, wherein the one or more processors 226 are configured to generate contro

signals configured to carry out the various steps of the present disclosure.

{00301 in one embodiment, the characterization sub-system may include any optical or
charged particle system known in the art configured {0 camry out one or more
characterization processes {e.g., inspection processes, review processes, and the like).
For example, the system 200 may include a scanning electron microscopy {SEM) subx-
system 204 configured to camry out one or more characterization processes/funclions on
a specimen 208.

[0031] The muiti-height ZHS 202 may include an flumination source 206, an llumination
arm 203, a collection arm 205, and ong or more detector assemblies 212, In one
embodiment, Hlumination source 206 is configured {0 generale an flumination beam 201
and direct the ifflumination beam 201 to the specimen 208 disposed on a stage assembly
210 via the illumination arm 203. The illumination souwrce 206 may include any Hllumination
source known in the art configured o generate one or more illumination beams 201
ncluding, but not imited to, a broadband Hlumination source {e.g., discharge lamp), a
narrow band flumination source {e.g., a laser source}, a light emitting diode (LED)
Humination source, and the like. By way of another example, the multi-height ZH8 202
may include a plurality of llumination sources 208, It is contemplated herein that the one
or more dlumination sources 206 may be configured to generate an illumination beam

201 with illumination including a plurality of wavelengths.

{00321 Specimen 208 may include any specimen known in the art including, but not
fimited o, a wafer, a reticle, a pholomask, and the like. In one embodiment, spacimen
208 is disposed on a stage assembly 210 o facilitate movement of specimen 208. In
another embodiment, the stage assembly 210 is an acluatable stage. For example, the

stage assembly 210 may be communicatively coupled t0 one or more actuators 230
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configured to selectably actuatefiranslate the specimen 208 along one or more linear
directions {&.g., x-direction, y-diraction, andfor z-direction). By way of another example,
the one or more actuators 230 may be configured to selectably rotate the stage assembly
210 and specimen 208 along a rotational direction.

{0033] In one embodiment, the muiti-height ZHS 202 may be configured {o maintain the
spacimen 208 at a plurality of working distances, wherein a working distance defines a
distance hetween the specimen 208 and a point of reference of the SEM sub-system 204
{e.g., electron beam source, objective lens, and the like). In this regard, stage assembly
210 may be configured {o maintain the specimen 208 at a first working distance and at
least one additional working distance. It is noted herein that the plurality of working
distances may be measured from any point of reference including, but not limited fo, a
baseline stage assembly 210 height, a component of the SEM sub-system 204 (e.q.,

electron beam source, ohjective lens, and the like}, and the like.

foo34] Comparing FIG. 2A and FIG. 28, & may be seen that the stage assembly 210
may be configured o maintain the specimen 208 at mulliple working distances. For
example, the stage assembly 210 may be configured to maintain the specimen 208 at a
first working distance (WD, ) (shown in FIG. 2A), and a second working distance (WD,)
{shown in FIG. 2B), wherein the second working distance (WD, ) is different from the first
working distance (WD) It is contemplated herein that multi-height ZHS 202 may be
configured to maintain the specimen at any number of working distances (e.g., WD,-
WD, ) In this regard, the second working distance (WD, may generally be regarded as
referring to at least one additional working distance (WD)

{00351 In one embodiment, the siage assembly may be configured fo maintain the
specimen 208 at varying working distances depending on the applicable characterization
mode. For example, a characterization process may include multiple characterization
modes corresponding to multiple steps of the characterization process. During each step
{e.g., each characterization mode}, the specimen 208 may be required to be maintained
at varying heighis. In this regard, the stage assembly 210 may be configured o maintain
the specimen 208 at varying heights depending on the applicable characterization mode.

iLh
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For instance, the stage assembly 210 maintain a height of the specimen 208 at a first
working distance (WD,) during a first characterization mode {shown in FIG. 2A)}, and may
be further configured to mainiain the specimen 208 at a second working distance (Wh,)
during a second characterization mode (shown in FIG. 2B). The features of the various
characterization modes, {e.g., associated working distances, corresponding stage
assembly 210 heights, associated illumination wavelengths, steps of a charactenzation
process carried out during the characterization mode, and the like)} may be stored in

memaory 228,

fooas]  The lumination anm 203 may include one or more optical slements configured
to direct the illumination beam 201 o the specimen 208. The one or more optical elements
of the iflumination arm 203 may include any optical elements known in the art. For
example, as shown in FIG. 2A, the Hllumination arm 203 may include one or more mirrors
244 and one or more lenses 215. By way of ancther example, the #lumination arm 203
may include one or more dispersive optical elements configured to induce optical
dispersion of the ilumination beam 201 depending on the wavelength of illumination
within the illumination beam 201. As used hersin, the term “dispersive optical element”
may be used 1o refer {o an optical elemeant which exhibits a varying optical index of
refraction depending on the wavelength of the llumination beam 201. In this regard, the
flumination arm 203 may include one or more optical elements configured fo direct the
flumination beam 201 to the sample at varying incidence angles 211 based upon the
iflumination within the ilumination beam 201. For instance, as shown in FIG. 24, the

flumination arm 203 may include, but is not limited {0, one or more prisms 220,

{0037] The incidence angie 211 may be defined as the angle of incidence between the
filumination beam 201 path and the surface of the specimen 208, as shown in FIG. 2A. |t
is further contemplated herein that the incidence angle 211 may be dependent on the
amount of deflection induced by the illumination arm 203 {e.g., prism 220). For example,
in some embodimeants, the prism 220 may induce a deflaction of approximately 80.5° {o
achieve a first incidence angle 211. By way of another example, the prism 220 may induce
a deflection of approximately 2° v achiave a second incidence angle 211 different from

the first incidence angle 211, Further, the incidence angle 211 may vary depending on

i
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the wavelength of illumination within the illumination beam 201, ltis contemplated hersin
that various characteristics of the prism 220 may be selected/adjusted in order to obtain
desired incidence angles 211. Characteristics of the prism 220 which may be
selected/adjusted may include, but are not limited 1o, the material of the prism 220, the

angle of the prism 220 facets, and the like.

foo3s] While the illumination arm 203 s shown and described as including one or more
prisms 220, this is not o be regarded as a limitation of the present disclosure, unless
noted otherwise herein. In this regard, the Hlumination arm 203 may additionally and/or
alternatively include any other oplical element configured fo induce wavelength-
dependent optical dispersion including, but not limited to, lenses, diffraction gratings,

mirrared gratings, and the like.

fo039l In one smbodiment, the dlumination arm 203 is configured to direct varying
wavelengths of the Hlumination beam 201 {0 the specimen 208 such that specific
wavelengths are directed {o the specimen 208 maintained al varying working distances.
For example, the prism 220 may be configured to induce varying degrees of deflection
within the Hlumination beam 201 depending on the wavelength of illumination within the
fHiumination beam 201, and may thereby be configured to deflect Hlumination of varving
wavelengths to the specimen 208 maintained at varying working distances. in this regard,
the dlumination arm 203 {(8.g., prism 220) may be configured to induce wavelength-
dependent oplical dispersion.

{oo40] Forexample, the dlumination arm 203 may be configured to direct the #lumination
beam 201 such that lumination of a first wavelength is directed {o the specimen 208
maintained at the first working distance (WD,) during a first characterization mode.
Similarly, the iflumination arm 203 may be configured to direct illumination of a second
wavelength different from the first wavelength fo the specimen 208 maintained at the
second working distance (WD,) during a second characterization mode. R s
contemplated herein that deflecting/refracting the Hlumination beam 201 depending upon
the wavelengths of the illumination beam 201 may allow for the multi-height ZHS 202 to
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maintain optical alignment and provide for active working distance contral across a

plurality of working distances.

[0041] As noted previously herein, the illumination arm 203 may be configured {o direct
the dlumination beam 201 to the specimen 208 at varying incidence angles 211. In
particular, the illumination arm 203 may be configured o induce wavelength-dependent
optical dispersion such that dlumination of varying wavelengths is directed to the

specimen 208 at varving working distances at varying incidence angles.

{00421 For example, referring to FIG. 2A, the stage assembly 210 may be configured to
maintain the specimen 208 at a first working distance (WD, ) during a first characterization
made. Throughout the first characterization mode, the filumination source 208 may be
configured to generate an illumination beam 2071 including Hlumination of a first
wavelength. The fllumination arm 203 may then be configured to induce a deflection of
the tlumination beam 201 such that the #lumination beam is directed {0 the specimen 208

maintained at the first working distance (WD,) via a first incidence angle 211 (#,).

[oo43] Comparatively, referring fo FIG. 2B, the stage assembly 210 may be configured
to maintain the specimen 208 at a second working distance (WD,) during a second
characterization mode. Throughout the second characterization mode, the illumination
source 208 may be configured to generate an lumination beam 201 including itlumination
of a second wavelength different from the first wavelength. The illumination arm 203 may
then be configured to induce a deflection of the ilumination beam 201, wherein the
iHumination arm 203 induces a differing deflection of the illumination beam 201 as
compared to the previous example due to the varying wavelengths of the ilumination
beam 201. Accordingly, the H#lumination beam 201 is directed 1o the specimen 208
maintained at the second working distance (WD,) via a second incidence angle 211 {8:),
wherein the second incidence angle 211 is different from the first incidence angle 211

{e.g., 8, # 8;)

[0044] in another embodiment, the collection arm 205 of the multi-height ZHS 202 may
include ane or more optical elements configured to collect Hlumination 207 emanating

13
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{e.g., reflected, refracted, and the like) from the surface of the specimen 208 and direct
the collected illumination 207 to the detecior assembly 212. The one or more optical
elements of the collection arm 205 may include any optical elements known in the art.
For example, as shown in FIG. 2A, the collection arm 205 may include a mirror 216, one
or more lenses 217, and a mirror 218. By way of another example, the collection arm 205

may include one or more prisms 222,

foo4s]  inancther embodiment, the multi-height ZHS 202 includes a detector assembly
212 configured to collect and detect Hlumination 207 emanated fram the surface of the
specimen 208. The detector assembiy 212 may include any detecior assembly known in
the art. For example, the detector assembly 212 may include, but is not limited to, a
charge coupled device (CCD) detector, a complementary metal-oxide semiconductor
(CMOS) detector, a time-delay integration (TD1) detector, a bicell photodiode detector, a

positioning sensing device (PSD), and the like.

fooss] In another embodiment, the detector assembly 212 is communicatively coupled
to the controller 224, In one embodiment, the controller 224 andfor detector assembly
112 may then be configured o determine a height of the specimen 208 based on the
relative positioning of the illumination 207 on the detector assembly 212, In this regard,
changes in the working distance of the specimen 208 would result in changes of the spot
position of the dlumination 207 on the detector assembly 212. For example, slight
changes in the working distance of the specimen 208 would result in slight spot position
shifts on the detector assambly 212

[0047]1 In one embodimeant, the controlier 224 includes one or more processors 226 and
a memory 228, wherein the one or more processors 226 are configured to execute a set
of program instructions stored in memory 228, wherein the set of program instructions
are configured 1o cause the one or more processors 226 to carry out various steps of the
present disclosure. For example, the one or morg processors 226 of the controller 224
may be configured to execute a set of program instructions stored in memory 228,
wherein the program instructions are configured {0 cause the ong or More processors

226 to: generate one or more control signals configured o cause the ilumination source
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206 of the multi-height ZHS 202 to direct an illumination beam 201 to a specimen 208;
determine a specimen 208 height value based on ilumination 207 received by the
detector assembly 212; determine a deviation value from a specified working distance
height (e.q., WD, WD,, WD, ), generate one or more control signals configured to cause
the one or more actuators 230 1o adjust a height of the stage assembly 210 1o correct for
the identified deviation value; generate one or more control signals configured to cause
the one or more actuators 230 {0 adjust a height of the stage assembly 210 fo a pre-
defined a stage assembly 210 height corresponding o a pre-defined working distance
{e.g., WD, WD,, WD, ). and generate one or more conirol signals configured fo cause a
characterization system (e.g., SEM sub-system 204) to camry out one of more
characterization processes on the specimen 208. Each of these steps/functions will be

addressed in tum.

[0048] In one embodimant, the contraller 224 is configured to generate one or more
control signals configured to cause the one or more actuators 230 {0 selectably
actuateftransiate the specimen 208 o a first working distance. For example, during a first
characterization mode Hlustrated in FIG. 24, the specimen 208 may be intended {o be
maintained at the first working distance (WD), which is stored in memory 228, In this
example, the actuators 230 may be configured to actuate the stage assembly 210 {o a
first stage assembly height which maintains a swface of the specimen 208 at the first
working distance (WD, ). The first stage assembly height corresponding to the first working
distance (WD) may also be stored in memory 228.

{00491 In another embodiment, the controfler 224 is configured to generate one or more
controt signals configured {o cause the dlumination source 206 of the mulli-height ZHS
202 to direct an #lumination beam 201 {o a specimen 208. In one embodiment, the
controfler 224 may be configured to cause the illumination source 206 o generate an
iHurnination beam 201 including dlumination of a specified wavelength which corresponds
to the working distance of the specimen 208. For example, the flumination arm 203 may
be configured o deflect lumination of a first wavelength to the first working distance

(WD, ) during a first characterization mode. The first wavelength may be stored in memory
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228 such that the controller 224 is configured to cause the lumination source 206 fo
generate iflumination of the first wavelength while the specimen 208 is maintained at the

first working distance (W1, ) during the first characterization mode.

[oose] Subsequently, the iflumination arm 203 may be configured to direct the
iflumination beam 201 including #lumination of the first wavelength fo the specimen 208
maintained at the first working distance (WD,). Additionally, the collection arm 205 may
be configured to collect ilumination 207 emanated from the surface of the specimen 208

and direct Hlurmination 207 to the detector assembly 212.

(00511 in another ambodiment, the controller 224 is configured {o determine a specimen
208 height value based on dlumination received/detected by the detector assembly 212.
For example, as noted previously herein, the confrofler 224 may be configured o
determine a specimen 208 hseight value {e.g., height of the specimen 208} based on the
position of a spot of the flumination 207 on the detector assembly 212. Data/information
associated with determining a specimen 208 height value as a function of the Hlumination

207 spot position on the detector assembly 212 may be stored in memory 228,

[0052] Inanother embodiment, the controlier 224 is configurad 1o determine a deviation
valug from a specified working distance height {e.g., WDy, Wh,, WD,). For example,
during the first characterization mode, the specimen 208 is intended {o be maintained at
the first working distance (WD,). In this regard, the controfler 224 may determine a
deviation value from the first working distance (WD, ) by determining the absolide value
of the difference between the determined specimen 208 height value and the first working
distance (WD,) (e.g., Deviation Value = {{(Specimen Height Valueg) — WD{{). By way of
another example, during & second characterization mode where the specimen 208 is
intended to be maintained at the second working distance {(W,), the deviation value may

be defined as Deviation Value = {Specimen Height Value) — WD, ).

[0053] In another embodiment, the controller 224 is configured to generate one of more
control signals configured 1o cause the one or more actuators 230 to adjust a height of

the stage assembly 210 to correct for the dentified dewiation value. For example, upon
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be configurad to cause the actuators 230 to adjust a height of the stage assembly 210 {0
the first stage assembly height corresponding to the first working distance (WD) {(e.g.,
the first stage assembly 210 height which maintains the specimen 208 at the first working
distance (WD,)). As noted previcusly herein, this feedback loop configured to correct for
deviations from the intended working distance may allow the muiti-height ZHS 202 to
efficiently maintain accurate working distances throughout the entirety of a

characterization process,

{00541  In another smbodiment, the controller 224 may be configured 1o generate one or
maore conirol signals configured fo cause the one or more actuators 230 to adjust a height
of the stage assembly 210 to an additional pre-defined stage assembly 210 height
corresponding o an additional pre-defined working distance {e.g., WD,, WD,,} different
from the first working distance (WD,). For example, after maintaining the specimen 208
at the first working distance (WD) throughout the first characterization mode, the
controller 224 may be configured to adjust the height of the specimen 208 {o a second

working distance (WD, ) for the duration of a second characterization mode.

{00551 In one embodiment, the controlier 224 may be further configured to generate one
or more control signals configured to cause a characterization system {e.g., SEM sub-
system 204} to carry out one or more characterization processes on the specimen 208,
For example, referring to the examples above, the controller 224 may be communicatively
coupled to the SEM sub-system 204 and configured to cause the SEM sub-system 204
to carry out one or more characterization processes during the first characterization mode

andfor second characterization mode.

foossl Htis contemplated herein that the multi-height ZHS 202 of the present disclosure
may allow for continual working distance monitoring and contral at a plurality of working
distances. This may enable more accurate and efficient characterization processes by
facilitating focus on the specimen, thereby leading to improved image quality.
Furthermore, by sliminating the need o “freeze” the stage assembly 210 during &
periscope move, as is required with the single-height ZHS 102, the multi-height ZHS 202
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of the present disclosure may prevent the need fo freeze the slage assembly

210/specimen 208, thereby improving both image quality and throughput.

[o057] While embodiments of the present disclosure are shown and described in the
context of wavelength-dependent aptical dispersion o direct the illumination beam 201 to
the specimen 208 at varying working distances, # is contemplated herein that additional
and/or alternative methods may be used. For example, in an allernative embodiment fo
the one or more prisms 220 configured to enable optical dispersion, the system 200 may
alternatively use actuatable mirrors and encoders in order to achieve the necessary
flumination beam 201 deflections/diéfractions. For instance, system 200 may altematively
use an actuatable mirror instead of the prism 220 in order to achieve the varying degrees
of beam deflection required {o direct the illumination beam 201 to the specimen 208 at
varying working distances. Accordingly, in additional and/or alternative embodiments, the
beam deflechon/diffraction shown and described herein may be achieved by means other
than wavslength-dependent optical dispersion. However, it is further noted herein that the
mutlti-height ZHS 202 based on wavelength-dependent optical dispersion may provide a
number of advantages over alternative approaches, as the multi-height ZHS 202 shown
and described does not require moving components and may not be required 1o be

housed in a high-voltage vacuum environment.

fooss] # is noted hersin that the one or more components of system 100 may be
communicatively coupled to the various other components of system 100 in any manner
known in the art. For example, the one or more processors 226 may be communicatively
coupled {o gach other and other components via a wireline or wireless connection {e.g.,
copper wire, fiber oplic cable, RF coupling, IR coupling, WiFi, WiMax, Bluetooth, 3G, 4G,
4G LTE, 8G, and the like).

{0059] In one embodiment, the one or more processors 226 may include any one or
maore processing elements known in the arl. In this sense, the one or more processors
226 may include any microprocessor-type device configured o execute software

algorithims and/or instructions. In one embodiment, the one or more processors 228 may
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consist of a deskiop computer, mainframe computer systemn, workstation, image
computer, parallel processor, or other computer system {(e.g., networked computer)
configured o executa a program configured to operata the system 100, as dascribed
throughout the present disclosure. it should be recognized that the steps described
throughout the presant disclosure may be carried out by a single computer system or,
altermatively, multiple computer systems. Furthermore, it should be recognized that the
steps described throughout the present disclosure may be carried out on any one or more
of the one or more processors 226. In general, the ferm “processor” may be broadly
defined o encompass any device having one or more processing elements, which
gxecute program instructions from meamory 228. Moreover, different subsystems of the
system 100 {e.g., mulli-height ZHS 202, SEM sub-system 204, actuators 230, and the
fike) may include processor or logic elements suitable for carrying out at least a portion
of the steps described throughout the present disclosure. Therefore, the above
description should not be interpreted as a limitation on the present disclosure but merely

an illustration.

[oosn] The memory 228 may include any storage medium known in the art suitable for
storing program instructions executable by the associated one or more processors 226
and the data associated with the various characterization modes. For example, the
memory 228 may include a non-transitory memory medium. For instance, the memory
228 may include, but is not limited fo, a read-only memory {ROM), a random-access
memory {RAM), a magnetic or optical memory device {e.g., disk), a magnetic tape, a
sclid-state drive and the like. It is further noted that memory 228 may be housed in a
common controller housing with the one or more processors 226. In an alfernative
embodiment, the memory 228 may be located remotely with respect to the physical
iocation of the processors 226, controller 224, and the like. In another embodiment, the
memory 228 maintains program instructions for causing the one or more processors 226

to carry out the various steps described through the present disclosure.

{0081l In one embodiment, a user inlerface may be communicatively coupled fo the

controlter 224. In one embodiment, the user interface may include, but is not limited to,
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embodiment, the user interface includes a display used {o display data of the system 100
to a user. The display of the user interface may include any display known in the arl. For
example, the display may include, but is not limited 1o, a8 liquid crysial display (LCD), an
organic light-emitting diocde {OLED} based display, or a CRT display. Those skilled in the
art should recognize that any display device capable of integration with a user interface
is suitable for implementation in the present disclosure. In another embodiment, a user
may thput selections andfor instructions responsive {o data displayed to the user via the
user inferface. In this regard, the user interface may be configured to receive one or more
input commands from a user, wherein the one or more input commands are configured
to modify/adjust one or more characteristics of the multi-height ZHS 202, SEM sub-
system 204, controfler 224, actuators 230, and the like. For instance, a user may input
ong or more control commands, via the user interface, 1o adjust a characlerization mode,
a characterization process of the SEM sub-system 204, a working distance of the

specimen 208, and the like.

foos2] FIGS. 3A-3B Hlustrate a method for maintaining a specimen at mulliple working
distance heights, in accordance with one or more embodiments of the present disclosure.
if is noted herein that the steps of method 300 may be implemented all or in part by system
200. It is further recognized, however, that the method 300 is not imited {o the system
200 in that additional or alternative system-level embodiments may carmry out all or part of
the steps of method 300.

{0063] in a step 302, a specimen disposed on a8 stage assembly is maintained at a first
working distance height. For example, as shown in FIG. 2A, a specimen 208 disposed on
a stage assembly 210 may be mamntained at a first working distance (W) during a first

characterization mode.
[0064] Inastep 304, flummation of a first wavelength is directed o the specimen at the

first working distance (WD, ). For example, the controlfler 224 may cause the ilumination
source 2006 {o generate an ilumination beam 201 including #lumination of a first

0
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wavelength during the first characlerization mode {e.g., while the specimen 208 is
maintained at the first working distance (Wi,)). The ilumination arm 203 of the multi-
height ZHS 202 may then be configured to direct the flumination of the first wavsiength

to the specimen 208 maintained at the first working distance (WD, ).

[o0s65] In a step 308, #lumination emanating from the specimen maintained at the first
working distance {WD,) is detected with a detector assembly. For example, as shown in
FIG. 2A, a collection arm 205 may be configured fo collect llumination 207 emanating
from the specimen 208 and direct the illumination 207 10 a detector assembly 212.

[ooss] In a step 308, a first devistion value from the first working distance is determined
based on the detected #lumination. For example, the controlier 224 may be configured to
determine a deviation value from the first working distance (WD;) based on the
iifumination 207 detecled by the detector assembly 212.

[o0e7] In a step 310, one or more control signals are generaled, wherein the one or
more controd signals are configured to adjust the height of the specimen {o the first
working distance (WD,). The height of the specimen 208 may be adjusted lo correct for
the determined first deviation value. For example, the controller 224 may be configured
to provide a feedback loop including one or more control signals configured to adjust the
stage assembly 210 to a first stage assembly height configured o maintain the specimen
208 at the first working distance (WD),

[o0s8] In another embodiment, the controfler 224 may be configured to cause a
characterization system {e.g., SEM sub-system 204) to camry out one or more
characterization processes and/or characterization steps while the specimen 208 is
maintained at the first working distance (WD, ) during the first characterization mode. The
one or more characterization processes/steps may include any specimen
characterization processes/steps known in the art including, buf not limited to, inspection,
review, and the like.

[0069] In a step 312, the stage assembly is actuated to maintain the specimen at an

additional working distance. For example, as shown in FIG. 2B, at the start of a second
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characterization mode, the controller 224 may be configured to generate one or more
control signals configured o cause the one or more actuators 230 1o actuate the stage
assembly 210 in order {o actuate the spacimen 208 from the first working distance (WD)

to a second working distance (WD) different from the first working distance.

[oo70] In a step 314, illumination of an addition wavelength is directed to the specimen
at the additional working distance. For example, the controller 224 may cause the
flumination source 206 {o generate an tlumination beam 201 including Hlumination of a
second wavelength (different from the first wavelength} during a second characterization
mode {(e.g., while the specimen 208 is maintained at the second working distance {(WD)).
The iHlumination arm 203 of the multi-height ZHS 202 may then be configured to direct
the illumination of the second wavelength to the specimen 208 maintained at the second
working distance (Wi,).

[0071] In a step 318, dlumination emanating from the specimen maintained at the
additional working distance is detected with the detector assembly. For example, as
shown in FIG. 2B, a collection arm 205 may be configured to collect dlumination 207
emanating from the specimen 208 and direct the illumination 207 o a detector assembly
212.

{00721 in astep 318, an additional deviation value from the additional working distance
is determined based on the detected illumination. For example, the controlier 224 may be
configured o determing a deviation value from the second working distance (WD, ) based

on the flumination 207 detected by the detector assembly 212.

{00731 In a step 320, one or more control signals are generated, wherein the one or
mare control signals are configured te adjust the height of the specimen to the additional
working distance. The height of the specimen 208 may be adjusted to correct for the
determined additional deviation value. Forexample, the controller 224 may be configured
to provide a feadback loop including one or more control signals configured to adjust the
stage assembly 210 to a second stage assembly height configured to maintain the

specimen 208 at the second working distance (WH,).

=
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{0074] In another embodiment, the conbroller 224 may be configured fo cause a
characterization system {e.g., SEM sub-system 204) to carry out one or more
characierization processes and/or characterization steps while the specimen 208 is
maintained at the second working distance (WD, ) during the first characterization mode.
The one or more characlerization processes/steps may include any specimen
characterization processes/steps known in the art including, but not imited to, inspection,
review, and the like.

{00751 One skilled in the art will recognize that the herein described components (a.g.,
operations), devices, objects, and the discussion accompanying them are used as
examples for the sake of conceptual clarity and that various configuration modifications
are contemplated. Consequently, as used herein, the specific exemplars set forth and the
accompanying discussion are intended to be reprasentative of their more general classes.
in general, use of any specific exemplar is intended 1o be representative of its class, and
the non-inclusion of specific components {e.g., operations), devices, and objects should

not be taken as limiting.

foove] Those having skill in the art will appreciate that therg are various vehicles by
which processes and/or systems andfor other fechnologies described hersin can be
effacted (e.g., hardware, software, and/or firmware), and that the preferred vehicle will
vary with the context in which the processes and/or systems and/or other technologies
are deployed. For example, if an implementer delermines that speed and accuyracy are
paramount, the implementer may opt for a mainly hardware andior firmware vehicle;
altermatively, if flexibility 1s paramount, the implementer may opt for 8 mainly software
implemeniation; or, vet again alternatively, the implementer may opt for some
combination of hardware, software, andfor firmware. Hence, there are several possible
vehicles by which the processes and/or devices andfor other technologies described
herein may be effected, none of which is inherently superior to 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 concems {e.g., speed, flexibility, or predictability) of the implementer, any
of which may vary.
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{00771 The previous description is presented {o enable one of ordinary skill in the art o
make and use the invention as provided in the context of a particular application and its

requirements. As used herein, directional terms such as “top,” “bottom,” “over,” “under”

LLEE 14 LLIE 11

“upper,” "upward,” “lower,” “down,” and “downward” are intended to provide relative
positions for 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 art, and the general pninciples defined herein may be applied to
other embodiments. Therefore, the present invention is not intended {o be limited {o the
particular embodiments shown and described, but is 1o be accorded the widest scope

consistent with the principles and novel features herein disclosed.

[0078] With respect to the use of substantially any plural and/or singular terms herein,
those having skill in the art can transiate from the plural {o the singular andior from the
singular 1o the plural as is appropriate {0 the context andifor application. The various
singuiar/plural permutations are not expressly set forth herein for sake of clarity.

{00791 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 manmner known in the art. The memory may
include any memuory described herein or any other suitable storage medium known in the
art. After the resulis have been stored, the resulls can be accessed in the memory and
used by any of the method or system embodiments described herein, formatted for
display t0 a user, used by anocther software module, method, or system, and the like.
Furthermore, the resulis may be stored “permanently,” “semi-permanently” temporarily,”
or for some period of time. For example, the memory may be random access memory
{RAM), and the results may not necessarily persist indefinitely in the memory.

[oasn] 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,
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each of the embodiments of the method described above may be performed by any of

the systems described herein.

{o081] The herein described subject matier sometimes illustrates different componenis
contained within, or connected with, other components. it is to be understood that such
depicted architectures are merely exempiary, and that in fact many other architectures
can be implemented which achieve the same functionality. In a conceptual sense, any
arrangement of components to achieve the same functionality is effectively "associated”
such that the desired funclionality is achieved. Hence, any two componenis herein
combined {0 achigve 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 componenis so associated can also be viewed as being
"connected,” or "coupled,” {o each cther {0 achieve the desired functionality, and any two
components capable of being so associated can also be viewed as being "couplable,” to
each other {o achieve the desired functionality. Specific examples of couplable include
but are not limited to physically mateable and/or physically interacting components andior
wirelessly interactable andfor wirslessly interacting components andior logically

interacting and/or logically interactable components.

foog2l Furthermore, itis fo be understood that the invention is defined by the appended
claims. it wall be understood by those within the art that, in general, terms used herein,
and especially in the appended claims {e.g., bodies of the appended claims) are generally
intended as "open” terms {e.g., the term “including” should be interpreted as “including
but not limited 10,” the term “having” should be interpreted as “having at least,” the ferm
“includes” should be interpreted as “includes but is not limited {07 and the like). it will be
further understood by those within the art that if a specific number of an introduced claim
recitation 18 intended, such an intent will be explicitly recited in the daim, and in the
absence of such recifation no such intent is present. For example, as an ad fo
understanding, the following appended claims may contain usage of the intreductory
phrases "at least one” and "one or more” to introduce claim recitations. However, the use

of such phrases should not be construed o imply that the introduction of a claim recitation



WO 2020/046488 PCT/US2019/042307

claim recitation 1o inventions confaining only one such recitation, even when the same
claim includes the introductory phrasas "one or morg” or "at keast one” and indefinite
articles such as "a8" or "an” {e.g., “@” and/or “an” should fypically be interpreted fo mean
“at least one” or “one or more™}; the same holds true for the use of definite articles used
to introduce claim recitations. In addition, even if a specific number of an introduced claim
recitation is explicitly recited, those skilled in the art will recognize that such recitation
should typically be interpreted fo mean at least the recited number {e.g., the bare
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 to “at least one of A, B, and 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., “ 8 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, Aand C
together, B and C together, and/or A, B, and C together, and the like}. In those instances
where a convention analogous {0 “atl feast ong 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 C7 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 togsther, andior A, B, and © together, and the like).
it will be further understond by those within the art that virtually any disjunctive word
andfor phrase presenting two or more alternative terms, whether in the description,
claims, or drawings, should be understood {o 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 {0 include the possibilities of "A" or ‘B or “Aand B”

foog3] i 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 matenal

advantages. The form described is merely explanatory, and it is the intention of the
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following claims to encompass and include such changes. Furthermore, it is {0 be

understood that the invention is defined by the appended claims.
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CLAIMS

What is claimed:

1. A sysiem, comprising:

a stage assembly configured fo recelve a spscimen, the stage assembly
configured to maintain a height of the specimen at a first working distance height during
a first characterization mode and an additional working distance height during an
additional charactenization mode;

one or more illumination sources configured {o generate an lumination beam;

an filumination arm including a first set of ona or more optical elements configured
to direct a portion of the llumination beam including Hlumination of a first wavelength to
the specimen during the first characterization mode, and direct a portion of the illumination
beam including dlumination of an additional wavelength to the specimen during the
additional characterization mode;

a detector assembly configured {o receive illumination emanated from the
specimen; and

a controller communicatively coupled to the delector assembly, the conirolier
configured o determine a specimen height value based on the lllumination received by

the detector assembly.

2. The system of Claim 1, further comprising one or more actuators configured to adjust
a height of the stage assembly.

3. The system of Claim 2, wherein the controfler is further configured to:

determine a deviation value from at least one of the first working distance height
or the additional working distance height based on the Hlumination received by the
detector assembly; and

generate one or morae control signals configured 1o cause the one or more
actuators to adjust a height of the stage assembly to correct for the determined deviation

value.

b
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4. The system of Claim 2, wherein the controller is further configured fo generale one or
more control signals configured to cause the one or more actuators to adjust a height of
the stage assembly {o at least one of a first stage assembly height corresponding to the
first working distance height and an additional stage assembly height corresponding to

the additional working distance height.

5. The system of Claim 1, wherein directing a portion of the ilumination beam including
lumination of a first wavelength 1o the specimen during the first characterization mode
comprises:

directing the illumination of the first wavelength to the specimen via a first incidence
angte during the first characterization mode.

8. The system of Claim 5§, wherein directing a portion of the illumination beam including
lumination of an additional wavelength during the additional characterization mode
COMprises.

directing the #Hlumination of the additional wavelength o the specimen via an
additional incidence angle different from the first incidence angle during the additional

characterization mode.

7. The system of Claim 1, wherein the first set of one or more optical slements comprises
a prism.

8. The system of Claim 1, further comprising a collection arm including a second set of
one of mare optical elements configured to collect illumination emanating from the
specimen and direct the collected ilumination to the detector assembly.

9. The system of Claim 1, wherein the one or more illumination sources comprises at
jeast one of a broadband ilumination source, a iaser Hlumination source, and a light

emitting dicde (LED)} illumination source.
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10. The system of Claim 1, wherein the controller is communicatively coupled to a
scanning electron microscopy sub-system, wherein the controller is further configured {o
generate one or more conirol signals configured to cause the scanning electron
microscopy sub-system fo carry out one or more characterization processes on the

spacimen.

11. A specimen characterization system, comprising:

a scanning electron microscopy sub-system configured to carry ouf one or more
characterization processes on a specimen;

a stage assembly configured to receive the specimen, the stage assembly
configured to maintain a height of the specimen at a first working distance height during
a first characterization mode and an additional working distance height during an
additional characterization mode;

orne or more iflumination sources configurad to generate an dlumination beam;

an iltlumination arm including a first set of one or more optical elements configured
ta direct a portion of the illumination beam to the specimen during the first characterization
mode, and direct a portion of the illumination beam o the specimen during the additional
characterization mode;

a deteclor assembly configured to receive Hlumination emanated from the
specimen; and

a controfler communicatively coupled to the detector assembly, the controller
configured o determine a specimen height value based on the #lumination received by

the detactor assembly.

12. The system of Claim 11, wherein the controfier is further configured o

delermine a deviation vaiue from at Isast one of the first working distance height
or the additional working distance height based on the #luminalion received by the
detector assembly; and

generate one or more controf signals configured {0 cause one or more actuators

to adjust a height of the stage assembly to correct for the identified deviation value.
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13. The system of Claim 11, wherein the controller is further configured to generate one
or more control signals configured to cause one or more actuators to adjust a height of
the stage assembly {o at least one of a first stage assembly height corresponding to the
first working distance height and an additional stage assembly height corresponding to

the additional working distance height.

14. The system of Claim 11, wherein directing a portion of the illumination beam {o the
specimen during the first characterization mode comprises:

directing ilumination of a first wavelength to the specimen via a first incidence
angle during the first characterization mods.

specimen during the additional characterization mode comprises:
directing iflumination of an additional wavelength to the specimen via an addttional

angle different from the first angle during the additional characterization mode.

16. The system of Claim 11, wherein the first set of one or more optical elements comprise

at least one of an actualable mirror and a prism.

17. The system of Claim 11, further comprising a collection arm including a second set of
one of more optical elements configured to collect ilumination emanating from the
specimen and direct the collected illumination to the detecior assembly.

18. The system of Claim 11, wherain the one or more illumination sources comprise at
least one of a broadband iHlumination source, a laser llumination source, and a light
emitting diode {(LED} dlumination source.

19. The system of Claim 11, wherein the conifroller is communicatively coupled fo a

scanning electron microscopy sub-system, wherein the controller is further configured fo

generate one or more conirol signals configured fo cause the scanning electron
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microscopy sub-system to carry out one or more characterization processes on the

specimen.

20. A method, comprising:

maintaining a specimen disposed on a stage assembly at a first working distance;

directing lumination of a first wavelength o the specimen at the first working
distance:

detecting illumination emanating from the specimen at the first working distance
with a detector assembly;

determining a first deviation value from the first working distance based on the
detected iHlumination;

generating one or more control signals configured fo adjust the height of the
specimen o the first working distance to correct for the first determined deviation value;

actuating the stage assembly to mamntain the specimen at an additional working
distance;

directing ilumination of an additional wavelength to the specimen at the additional
working distance;

detecting flumination emanating from the specimen at the additional working with
the detector assembly,;

determining an additional deviation value from the additional working distance
based on the detected ilumination; and

generating one or more control signals configured to adjust the height of the
specimen to the additional working distance to correct for the additional determined

deviation value.
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302—] MAINTAINING A SPECIMEN DISPOSED ON A STAGE
ASSEMBLY AT A FIRST WORKING DISTANCE HEIGHT

304~ DIRECTING ILLUMINATION OF AFIRST
WAVELENGTH TO THE SPECIMEN AT THE FIRST
WORKING DISTANCE

306 DETECTING ILLUMINATION EMANATING FROM THE
SPECIMEN AT THE FIRST WORKING DISTANCE WITH
A DETECTOR ASSEMBLY

308 DETERMINING A FIRST DEVIATION VALUE FROM THE
FIRST WORKING DISTANCE BASED ON THE DETECT-
ED ILLUMINATION

GENERATING ONE OR MORE CONTROL SIGNALS
310 CONFIGURED TO ADJUST THE HEIGHT OF THE
SPECIMEN TO THE FIRST WORKING DISTANCE TO
CORRECT FOR THE FIRST DETERMINED
DEVIATION VALUE

FIG.3A
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312~ ACTUATING THE STAGE ASSEMBLY TO
MAINTAIN THE SPECIMEN AT AN ADDITIONAL
WORKING DISTANCE

34— DIRECTING ILLUMINATION OF AN ADDITIONAL
WAVELENGTH TO THE SPECIMEN AT THE
ADDITIONAL WORKING DISTANCE

316 DETECTING ILLUMINATION EMANATING FROM THE
SPECIMEN AT THE ADDITIONAL WORKING DISTANCE
WITH THE DETECTOR ASSEMBLY

318~ DETERMINING AN ADDITIONAL DEVIATION VALUE
FROM THE ADDITIONAL WORKING DISTANCE BASED
ON THE DETECTED ILLUMINATION

GENERATING ONE OR MORE CONTROL SIGNALS
320~ CONFIGURED TO ADJUST THE HEIGHT OF THE
SPECIMEN TO THE ADDITIONAL WORKING DISTANCE
TO CORRECT FOR THE ADDITIONAL DETERMINED
DEVIATION VALUE

FIG.3B
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