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SYSTEM AND METHOD FOR ENHANCING DATA PROCESSING THROUGHPUT
USING LESS EFFECTIVE PIXEL WHILE MAINTAINING WAFER WARP COVERAGE

CROSS-REFERENCE TO RELATED APPLICATION
[oo04] The present application claims the benefit under 35 U.S.C. § 119{e) of U.S.
Provisional Application Serial Number 62/880,341, filed July 30, 2019, entitled METHODS
OF ENHANCING DATA PROCESSING THROUGHPUT USING LESS EFFECTIVE
PIZEL WHILE MAINTAINING WAFER WARP COVERAGE, naming Helen Liu as

inventor, which is incorporated herein by reference in the entirety.

TECHNICAL FIELD
{00021 The present invention generally relates to the field of metrology, and, more
particularly, to a system and method measuring characteristics of samples using

improved interferometric techniques.

BACKGROUND
[0003] Metrology methods based on interferometry have been used in the art of
semiconductor fabrication in order to measure certain characteristics samples, including
surface height and surface slope. For example, sample flatness/topography
measurements (e.g., surface height measurements) may be measured using dual Fizeau
interferometers which measure opposing sides of the sample surface topography
simultaneously. The dynamic range (e.g., maximum measurable slope) of the sample
warp is limited by the number and size of pixels within a pixelized sensor/detector
assembly, as well as the optical resolution and transfer function of the system. in
particular, sensor pixel size is an important characteristic to resolve dense fringes from
sample areas with high surface slope. To achieve larger single-shot sample measurement
coverage on high-warp samples, the sensor pixels must become smaller. However,
smaller sensor pixel sizes result in significant increases in computational costs, as larger
numbers of sensor pixels must be processed. As a result, assuming a constant
computational power, the throughput of the interferometer system decreases with
decreasing sensor pixel size. Therefore, it would be desirable to provide a system and

method that cure the shorifalls of the previous approaches identified above.
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SUMMARY
[0004] An inspection system is disclosed. In one embodiment, the inspection system
includes an interferometer sub-system configured fo acquire an interferogram of a
sample. The inspection system may further include a controller communicatively coupled
to the interferometer sub-system, the controller including one or more processors
configured o execute a set of program instructions stored in a memory, the set of program
instructions configured to cause the one or more processors to: receive the interferogram
from the interferometer sub-system; generate a phase map of the sample based on the
received interferogram, wherein the phase map includes a plurality of pixels; select a sub-
set of pixels of the plurality of pixels of the phase map o be used for phase unwrapping
procedures, perform ong or more phase unwrapping procedures on the sub-set of pixels
of the phase map fo generate an unwrapped phase map; and generate a surface height

map of the sample based on the unwrapped phase map.

focos] An inspection system is disclosed. In one embodiment, the inspection system
includes a controller including one or more processors configured to execute a set of
program instructions stored in a memory, the set of program instructions configured to
cause the one or more processors to: receive an interferogram of a sample; generate a
phase map of the sample based on the received interferogram, wherein the phase map
includes a plurality of pixels; select a sub-set of pixels of the plurality of pixels of the phase
map to be used for phase unwrapping procedures; perform one or more phase
unwrapping procedures on the sub-set of pixels of the phase map fo generate an
unwrapped phase map; and generate a surface height map of the sample based on the

unwrapped phase map.

[ooos] A method is disclosed. In one embodiment, the method includes: receiving an
interferogram from an interferometer sub-system; generating a phase map of the sample
based on the received interferogram, wherein the phase map includes a plurality of pixels;
selecting a sub-set of pixels of the plurality of pixels of the phase map to be used for

phase unwrapping,; performing one or more phase unwrapping procedures on the sub-
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set of pixels of the phase map {o generate an unwrapped phase map; and generating a

surface height map of the sample based on the unwrapped phase map.

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

invention.

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

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

fooosy FIG. 1 illustrates a simplified block diagram of an inspection system, in

accordance with one or more embodiments of the present disciosure.

[0oo10] FIG. 2 illustrates a simplified block diagram of an interferometer sub-system of
an inspection system, in accordance with one or more embodiments of the present

disclosure.

foo11] FIG. 3 iHlustrates phase maps and surface height maps generated by an
inspection system, in accordance with one or more embodiments of the present

disclosure.

[0012] FIG. 4A illustrates a first surface height map generated based on a first sub-set
of pixels of a phase map, in accordance with one or more embodiments of the present

disclosurs.

[0013] FIG. 4B illustrates a second surface height map generated based on a second
sub-set of pixels of the phase map, in accordance with one or more embodiments of the

present disclosure.
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[0014] FIG. 5 illustrates a method for generating surface height maps of a sample using
an inspection sub-system, in accordance with one or more embodiments of the present

disclosure.

DETAILED DESCRIPTION
[0015] The present disclosure has been particularly shown and described with respect to
certain embodiments and specific features thereof. The embodimentis set forth herein are
taken to be illustrative rather than limiting. it should be readily apparent to those of
ordinary skift in the art that various changes and madifications in form and detail may be

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

[0018] Reference will now be made in detail to the subject matier disclosed, which is

ilfustrated in the accompanying drawings.

foc17]  In the context of interferometry, sensor pixel size is an important characteristic to
resolve dense fringes. from sample areas with high surface slope, along with optical
resolution and transfer function of the system. To achieve larger single-shot sample
measurement coverage on high-warp samples, the sensor pixels must become smaller.
However, smaller sensor pixel sizes result in significant increases in computational costs,
as larger numbers of sensor pixels must be processed. As a result, assuming a constant
computational power, the throughput of the interferometer system decreases with

decreasing sensor pixel size.

fo018] Accordingly, embodiments of the present disclosure are directed to a system and
method which cure one or more shortfalls of the previous approaches identified above.
Embodiments of the present disclosure are directed to an inspection system configured
for improved data processing and phase unwrapping of interferograms. in particular,
embodiments of the present disclosure are directed to an inspection system configured
to generate a phase map based on interferometer of a sample, and generate a surface
height map of the sample based on only a sub-set of pixels of the phase map. In particular,

embodiments of the present disclosure are directed to an inspection system configured
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ta perform the most computationally expensive phase unwrapping operations anly on a
sub-set of pixels of a phase map. By processing only a sub-set of pixels of the total
number of pixels of a phase map, embodiments of the present disclosure may be able to
improve data processing for interferometer systems, and increase semiconductor

inspection throughput.

[0019] Referring generally to FIGS. 1-5, a system and method for interferometry is

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

[oo20] FIG. 1 illustrates a simplified block diagram of an inspection system, in
accordance with one or more embodiments of the present disclosure. The inspection
system 100 may include, but is not limited to, one or more interferometer sub-systems
102 configured to perform one or more metrology and/or characterization processes on

a sample 103.

[oo21] In one embodiment, the inspection system 100 may include a dual interferometer
system (e.g., dual Fizeau interferometer) configured to perform measurements on
diametrically opposite sides of the sample 103. For example, inspection system 100 may
inciude a first interferometer sub-system 102a configured to generate a first ilumination
beam 101a in order to perform one or more measurements on a first surface of the sample
103, and a second interferometer sub-system 102b configured to generate a second
illumination beam 101b in order {o perform one or more measurements on a second
surface of the sample 103 opposite the first surface. In another embodiment, the first and
second interferometer sub-systems 102a, 102b are configuredio perform measurements
on opposite sides of the sample 103 simultaneously. The first interferometer sub-system
102a and the second interferometer sub-system 102b may be identical, but they need not
be identical in all embodiments.

[00221 The sample 103 may include any sample known in the art including, but not
fimited o, a wafer, a semiconductor wafer, a relicle, a mask, and the like. In one
embodiment, the sample 103 may be disposed on/within a holding mechanism. For

example, inspection system 100 may include a holding mechanism (not shown)
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configured to hold the sample 103 vertically (or substantially vertically), horizontally {or

substantially horizontally), and the like.

fo023] FIG. 2 llustrates a simplified block diagram of an interferometer sub-system 102a
of an inspection system, in accordance with one or more embodiments of the present
disclosure. In this regard, the interferometer sub-system 102a depicted in FIG. 2

illustrates a single instance of the interferometer sub-system 102 depicted in FIG. 1.

[0024] In one embodiment, the interferometer sub-system 102a may include, but is not
limited to, an illumination source 104 configured o generate an ilumination beam 101, a
beam splitter 106, a wave plate 108, a reference flat 114, a detector assembly 120
including one or more sensors 119, and a controller 122 including one or more processors
124 and a memory 126. The one or more processors 124 of the controller 122 may be
configured to execute a set of program instructions stored in memory 126, the set of
program instructions configured o cause the one or more processors {o carry out various
steps and processes of the present disclosure. In another embodiment, the interferometer
sub-system 102a may include one or more components mounted on a translation stage

{(e.g., a chuck, or the like) to selectively include or remove the associated components.

[0025]1 it is contemplated herein that the interferometer sub-system 102a may include
any interferometer sub-system known in the art including, but not limited to, a Fizeau
interferometer sub-system 102a, a shearing interferometer sub-system 102a, and the like.
In this regard, the interferometer sub-system 102a iliustrated in FIG. 2 may be configured
to perform surface height measurements and/or surface slope measurements. The use
of Fizeau interferometry for wafer characterization is generally described in U.S. Patent
No. 6,847,458, filed on March 20, 2003; U.S. Patent No. 8,949,057, filed on October 27,
2011 and U.8. Patent No. 9,121,684 filed on Jan. 15, 2013, which are incorporated
herein in their entirety.

feo2s] The illumination source 104 may be configured to generate an illumination beam
101 of a selected wavelength. The illumination source 104 may include any illumination

source known in the art including, but not limited to, a fiber laser, a fiber-coupled light
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source, a fiber-coupled semiconductor laser, and the like For example, the illumination
source 104 may include, but is not limited to, any source capable of emitling flumination

in the range of approximately 300 nm to 1500 nm.

{00271 In one embodiment, the polarizing beam splitter 106 may provide a linearly
polarized portion of the illumination beam 101 to the wave plate 108 {e.g., half-wave plate
108} which may be rotated {o rotate the polarization of the illumination beam 101 to any
selected angle. The half-wave piate 108 may be configured to receive the illumination
beam 101 polarized in a first direction, and convert the linear polarization to a circular
polarization. In oneé embodiment, the illumination beam 101 is directed {o the reference
flat 114 (e.g., partially reflective reference flat 114) disposed proximate to the sample 103.
In some embodiments, the beam splitter 106 and the half-wave plate 108 are configured
to direct the illumination beam 101 {o the reference flat 114 and sample 103 at a

substantially normal incidence angle.

foo28] In one embodiment, the Hllumination beam 101 may be spiit by the reference flat
114 such that at least a portion of the illumination beam 101 reflects off a surface of the
reference flat 114 (reference beam), and at least a portion of the illumination beam 101
is directed through the reference flat 114 so that it reflects off the surface of the sample
103 (sample beam). The reference beam and the sample beam may be subsequently
recombined (e.g., recombined at the reference flat 114) and then directed to the one or
more sensors 119 of the detector assembiy 120. it is noted herein that the handedness
of a circularly polarized beam switches (e.g. from left circular polarization to right circular
polarization) upon reflection at a surface. Thus, the quarter-wave plate 108 may convert
the circular polarization of the sample beam reflected from the sample 103 to a linear

polarization oriented orthogonai to the first direction.

[0029] Subsequently, the detector assembly 120 (e.g., sensors 119 of the detector
assembly 120) may capture one or more interference patterns between the reference
beam and the sample beam (i.e. interferograms). in this regard, the modulated intensity
of the interferogram is associated with variations of the optical path of the sample beam.

it is noted herein that variations of the optical path may be attributable to variations in
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height of the sample 103 (e.g. dus to the presence of a pattern) or variations in the
refractive index along the path of the sample beam. Accordingly, the interference patterns

(interferograms) may be indicative of the topology of the sample 103.

foo3o] Multiple interferograms may be generated by the system 100 to determine the
relative height of one or more locations on a sample 103. In this regard, the inspection
system 100 may operate as a phase-shifting interferomster. it is noted herein that the
multiple interferograms may be generated by any method known in the art. In one
embodiment, multiple interferograms may be generated by the detector assembly 120
while translating a reference flat 114 in a direction normal to the sample 103. in another
embodiment, multiple interferograms may be captured by a detector assembly 120 while
a frequency of the illumination beam 101 generated by the illumination source 102 is

swept across a range of frequencies.

feo31] Inone embodiment, the interferometer sub-system 102a may further include one
or more optical elements 112. The one or more optical elements 112 may include, but are
not limited to, collimators, lenses, prisms, and the like. For instance, the one or more
optical elements 112 may include, but is not imited to, an aspherical collimating lens. The
one or more optical elements 112 may be configured to modify one or more
characteristics of the illumination beam 101 including, but not limited to, a diameter of the
ilflumination beam 101. In one embodiment, one or more optical elements 112 collimate
a diverging illumination beam 101. In another embodiment, one or more optlical elements
112 may be configured to direct and/or focus illumination propagated toward the detector

assembly 120 such that interference fringes are overlaid on an image of the sampie 103.

[oo32] It is noted herein that various configurations and components of the inspection
system 100 as described above and illustrated in FIGS. 1-2 are provided merely for
illustration, and should not be interpreted as limiting. |t is anticipated that a number of
equivalent or additional optical configurations may be utilized within the scope of the
present disclosure. In this regard, the inspection system 100 may include any number of

additional and/or alternative optical elements without departing from the spirit and scope
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of the present disclosure including, but not limited to, circularly symmetric lenses,

cylindrical lenses, beam shapers, mirrors, waveplates, polarizers, or filters and the like.

[0033] As noted previously herein, the inspection system 100 may include a controller
122 communicatively coupled to the detector assembly 120. In embodiments, the one or
more processors 124 of the controlier 122 may be configured to execute a set of program
instructions stored in memory 126, the set of program instructions configured to cause
the one or more processors to carry out various steps and processes of the present
disclosure. For example, the one or more processors 124 of the controller 122 may be
configured {o: receive one or more acquired interferograms from the interferometer sub-
system 102; generate a phase map of the sample 103 based on the received
interferogram, wherein the phase map includes a plurality of pixels; select a sub-set of
pixels of the pluratlity of pixels of the phase map to be used for phase unwrapping
procedures; perform one or more phase unwrapping procedures on the sub-set of pixels
of the phase map o generate an unwrapped phase map; and generate a surface height
map of the sample 103 based on the unwrapped phase map. Each of these

steps/functions will be addressed in tum.

[0034] In one embodiment, the controller 122 is configured to receive one or more
interferograms of a sample 103. For example, the controller 122 may be configured to
receive one or more phase-shifted interferometers from the detector assembly 120 of the
interferometer sub-system 102a. In the context of dual Fizeau interferometers (as shown
in FIG. 1), the controller 122 may be configured to receive a first interferogram of a first
surface of the sample 103 from a first interferometer sub-system 102a, and a second
interferogram of a second surface of the sample 103 from a second interferometer sub-
system 102a. In some embodiments, an intensity map of a received interfercgram may
correspond to a modulated representation of a surface of the sample 103. The controller

122 may be configured to store the received interferograms in memory 126.

[0035] It is noted herein that the controlier 122 may be configured to receive one or more

interferometers from any source known in the art. Accordingly, the controller 122 may be
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configured to receive interferometers from sources other than the inspection sub-system
102 including, but not limited to, memory 126, an external storage device, a network, and
the like.

foo3s] In another embodiment, the controller 122 is configured to generate one or more
phase maps of the sample 103 based on the one or more received interferograms. For
example, upon receiving a single interferometer of a single surface of the sample 103,
the controller 122 may be configured o generate a phase map of the surface of the
sample 103 based on the received interferometer. The controller 122 may be configured

to store the one or more generated phase maps in memory 126.

[o037] it is noted herein that phase maps generated by the controlier 122 based on
received interferograms may include a plurality of pixels. For example, a phase map
generated by the controller 122 may include a plurality of pixels arranged inan m x n
array. The number of pixels and/or the arrangement of the pixels within a generated phase
map may be dependent upon, at least in part, the number of pixels of the detectar
assembly 120. In particular, the number/farrangement of pixels in generated
interferometers and/or phase maps may be dependent upon the number of pixels of the
one or more sensors 115 of the detector assembly 120. The number of pixels within an
interferometer and/or phase map may be direcly proportional to the number of pixels
within the one or more sensors 119. For instance, increasing the number of pixels of the
sensors 119/detector assembly 120 may result in phase maps with increased numbers
of pixels, whereas decreasing the number of pixels of the sensors 119/detector assembly

120 may result in phase maps with decreased numbers of pixels.

[60381 The number of pixels within the detector assembly 120/sensors 119 may be
dependent upon the level of resolution and/ar throughput desired for the inspection
system 100. Smaller pixel sizes may be able to achieve higher interferogram fringe
resolution, which thereby results in higher resolution sample surface maps. However,
when pixel size is decreased, higher numbers of pixels within the sensors 119 are

required to characterize the same surface area of the sample 103. In other words, smaller

108
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pixels require higher numbers of pixels for the same sample 103 warp coverage. This

may be further understood with reference to FIG. 3.

[0039] FIG. 3 illustrates phase maps 113a, 113b and surface height maps 1153, 115b
generated by an inspection system 100, in accordance with one or more embodiments of

the present disclosure.

food40] In FIG. 3, phase maps 111a, 111b (e.g., raw sensor 119 data) based on
interferograms are shown on the ieft-hand side, and surface height maps 115a, 115b
generated based on the phase maps. 111a, 111b are shown on the right-hand side. As
noted previously hergin, varying numbers and/or arrangements of pixels within sensors
119 of the detector assembly 120 may result in varying numbers and/or arrangements of
pixels 113a-113n within the phase maps 111a, 111b and surface height maps 1153,
115b. For example, the first phase map 111a including four separate pixels 113a-113d
may be generated based on interferometers collected from a detector assembly 120
including sensors 119 with a relatively fow number of pixels. By way of another example,
the second phase map 111b including a plurality of pixels 113a-113n may be generated
based on interferometers collected from a detector assembly 120 including sensors 119

with a larger number of pixels.

{00411 Comparing the first phase map 111a with the second phase map 111b, it may be
appreciated that the second phase map 111b includes a larger number of pixels, wherein
the pixels 113a-113n of the second phase map 111b are smalier than the pixels 113a-
113d of the first phase map 111a. The larger number and smaller sized pixels 113a-113n
of the second phase map 111b may result in a higher resolution {e.g., higher
interferogram fringe resolution) as compared to the first phase map 111a. Accordingly,
the second surface height map 115b based on the second phase map 111b may exhibit
a higher pixel count and a higher resolution as compared to the first surface height map

115a based on the first phase map 111a.

[0042] However, decreasing the pixel size and increasing the pixel count o achieve

higher resolution phase maps and surface height maps requires increasing data

i
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processing complexity and processing power. In particular, the data processing
requirements to generate the second surface height map 115b from the second phase
map 11ib may be much greater and more complex than the data processing
requirements {o generate the first surface height map 115b from the first phase map 111a.
The increased data processing complexity {e.g., more complex data processing
algorithms) and required processing power is attributable to the increased number of
pixels 113. For example, in order to generate the surface height map 115b, the processors
124 of the controlier 122 must process four times as many pixels 113a-113n as compared
to the first surface height map 115a. Assuming constant processing power capabilities,

increased data processing complexity results in decreased throughput.

{00431 Accordingly, embodiments of the present disclosure are directed to a system
configured to execute data processing algorithms configured to generate surface height
maps based on only a portion of the total pixels 113 of a phase map 111. By avoiding the
need to process each and every pixel simultaneously (at least for the most expensive
operations of phase unwrapping), embodiments of the present disclosure may enable
improved interferogram fringe resolution achieved through higher pixel counts while
maintaining the same sample 103 warp coverage. In particular, the system of the present
disclosure may utilize improved data processing algorithms in order to achieve high

resolution surface height maps 115 while maintaining high throughput.

[o044] Accordingly, in another embodiment, the controlier 122 is configured o select a
sub-set of pixels of the plurality of pixels 113a-113n of the phase map 111 to be used for
phase unwrapping procedures. This may be further understood with reference to FIG. 4A.

[0045] FIG. 4A illustrates a first surface height map 115a generated based on g first sub-
set of pixels 117a of a phase map 111, in accordance with ong or more embodiments of

the present disclosure.

foc4s] As shown in FIG. 4A, the controller 122 may generate the phase map 111
including a plurality of pixels 113a-113p. The phase map 111 may be stored in memory

126. Subsequently, the controller 122 may be configured to select a first sub-set of pixels

12
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117a which will be used for phase unwrapping procedures and operations. For example,
as shown in FIG. 4A, the controller 122 may select a first sub-set of pixels 117a of the
plurality of pixels 113a-113p, wherein the first sub-set of pixels 117a includes pixels 113a,
113¢, 113e, 113g, 113§, 113k, 113m, and 1130.

[0047] The sub-set(s) of pixels (e.g., first sub-set of pixels 117a) may be selected
according to any technique, algorithm, or equation known in the art. For example, as
shown in FIG. 4A, the controller 122 may be configured to select the first-sub set of pixels
117a by selecting every other pixel 113 of the plurality of pixels 113a-113p of the phase
map 111. In this example, every other pixel 113 of the plurality of pixels 113a-113n of the
phase map 111 would be included within the sub-set of pixels 117a. By way of another
example, the controller 122 may be configured to select the first-sub set of pixels 117a
by selecting one pixel 113 of every N pixels 113 to be included within the sub-set of pixels
117a., wherein N is greater than two. For instance, the controlier 122 may be configured
to select every third pixel 113, every fourth pixel 113, and the like. By way of another
example, a user may be able to manually select a sub-set of pixels 117 by inputting one
or more conirol commands to a user input device of the user interface 128, wherein the

one or more input commands are indicative of a sub-set of pixels 117.

[0048] By way of another example, the controller 122 may be configured to select the
sub-set of pixels 117 randomly, in a defined pattern, in an adaptive fashion based on data
quality, and the like. By way of another example, the controller 122 may be configured to
select the sub-set of pixels 117 by selecting a plurality of pixels 113 within a selected
fegion (e.g., guadrant) of the phase map 111. It is noted herein that the first sub-set of
pixeis 117a is provided solely for example, and is not to be regarded as limiting, unless

noted otherwise herein.

foo49] In another embodiment, after selecting a first sub-set of pixels 1173, the controller
122 may perform one or more phase unwrapping procedures on the sub-set of pixels
117a of the phase map 111 to generate a first unwrapped phase map 113a. Phase
unwrapping procedures and/or phase retrieval algorithms may be performed on the first

sub-set of pixels 117a in order fo correct phase discontinuities associated with the

13



WO 2021/021838 PCT/US2020/043924

wrapped phase map 111, and fo extract phase and amplitude data from the wrapped
phase map 111. The one or more phase unwrapping procedures may include any
unwrapping procedure/operation known in the art for unwrapping wrapped phase maps
111 including, but not limited to, a minimum norm procedure, a path following procedure,
a Fiynn minimum discontinuity procedure, a quality guided phase unwrapping procedure,
a phase unwrapping via max flows (PUMA) procedure, and the like. Program instructions
for the one or more phase unwrapping procedures may be stored in memory 126. The
controller 122 may be configured to store the first unwrapped phase map 113a in memory
1286.

foos0] Different types of phase unwrapping procedures exhibit varying computational
costs. Additionally, different stages (e.g., different operations) of a phase unwrapping
procedure may exhibit varying computational costs. In this regard, and in order to further
enhance efficiency and throughput, some embodiments of the present disclosure are
directed to a mulli-resolution phase unwrapping approach. Under a multi-resolution phase
unwrapping approach, phase unwrapping procedures for the most computationally
expensive sleps/procedures of a phase unwrapping process (e.g., sequential/global
unwrapping operations) may be performed only on a sub-set of pixels 117a of a phase
map 111. Subsequently, phase unwrapping procedures for less computationally
expensive operations {e.g., local unwrapping operations) may be performed in order {o
restore the details of the full map. it is contemplated herein that the various phase
unwrapping procedures of a multi-resolution phase unwrapping approach may be

performed in series {e.g., sequentially) and/or in parallel (e.g., simuitaneously).

[0051] It is noted herein that conventional phase unwrapping procedures require the
phase change between adjacent pixels 113 to be less than pi {z). Accordingly, phase
changes between adjacent pixels 113 which are greater than = may result in the failure
of conventional phase unwrapping procedures. Comparatively, by selecting only one pixel
113 out of every N pixels 113 to be included within the first sub-set of pixels 1173, the
phase unwrapping procedures may be more likely to fail. Performing phase unwrapping
procedures on every 1 of N pixels 113 of the phase map 111 effectively requires the

phase change between adjacent pixels 113 of the phase map 111 to be less than n/N.

14
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In this regard, performing phase unwrapping procedures using only a sub-set of pixels
117 of the plurality of pixels 113a-113n of a phase map 111 may result in more stringent

phase unwrapping requirements.

Accordingly, in order to maintain these more stringent phase unwrapping requirements,
the phase unwrapping procedures of the present disclose may assume a certain
smoothness and/or homogeneity of the sample 103. In some embodiments, the /N
phase change limitation between adjacent pixels 113 may be achieved by unwrapping
back surface slope of the sample 103 rather than the back surface, and by unwrapping
pseudo sample 103 thickness rather than front surface. Additionally, data from metrology
use cases may allow valid assumptions to be made regarding sample 103 characteristics,
thereby enabling phase unwrapping on a converted map representing thickness, slope,

etc. in order to avoid the /N phase change limitation.

[0052] In another embodiment, the contfroller 122 may be configured to generate a
surface height map 115a of the sample 103 based on the unwrapped phase map 113a.
The controlier 122 may be configured to utilize any algorithm, equation, or mathematical
technique known in the art in order to generate the surface height map 115a based on
the unwrapped phase map 113a. In some embodiments, the surface height map 115a
may be proportional {o the unwrapped phase map 113a. In additional and/or alternative
embodiments, if a particular use case does not require restoration of the full pixel map,
the surface height map 115a may exhibit an effective pixel size of N * fSensorPixelSize.
in this regard, less pixels may be used to establish final metrology melric, such as global
wafer warp, site NT mean, and the like. The controller 122 may be configured to store the

first unwrapped phase map 113a in memory 126.

[60531 In some embodiments, the controller 122 may be configured to determine one or
more characteristics of the sample 103 based on the surface height map 11ba.
Characteristics of the sample 103 which may be determined based on the surface height
map 115a may include, but are not limited {o, surface height measurements of the sample
103, surface slope measurements of the sample 103, and the like. in additional and/or

alternative embodiments, the controller 122 may be further configured o generate one or
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more control signals configured to selectively adjust one or more characteristics of one or
more process tools based on the one or more determined characteristics of the sampile
103. For example, upon determining one or more characteristics of the sample 103, the
controller 122 may generate one or more feed-forward and/or feedback control signals
configured to adjust one or more upstream andfor downstream process tools. Process
tools which may be adjusted may include, but are not limited to, an etching tool, a
lithography tool, a deposition tool, a polishing tool, and the like.

foo54] In some embodiments, the controller 122 may be configured to perform multiple
phase unwrapping procedures on a single phase map 111. This may be further

understood with reference to FIG. 4B.

[o055] FIG. 4B illustrates a second surface height map 115b generated based on a
second sub-set of pixels 117b of the phase map 111, in accordance with one or more
embodiments of the present disclosure. In particuiar, FIG. 4B may illustrate the same
phase map 111 illustrated in FIG. 4A.

[0056] In some embodiments, the controller 122 may be configured to select an
additional sub-set of pixeis 117 of the plurality of pixels 113a-113n of the phase map 111
to perform phase unwrapping procedures, wherein the additional sub-set of pixels 117 is
different from the first sub-set of pixels 117a. For example, as shown in FIG. 4B, the
controller 122 may select a second sub-setof pixels 117b selected for phase unwrapping
procedures. In this example, the controller 122 may select the second sub-set of pixels
117b such that the second sub-set of pixels 117b includes pixels 113b, 113d, 113f%, 113h,
113}, 1131, 113n, and 113p. As noted previously herein, the sub-set(s) of pixels (e.g.,
second sub-set of pixels 117b) may be selected according to any technigue, algorithm,
or equation known in the art. For example, as shown in FIG. 4B, the controller 122 may
be configured to select the first-sub set of pixels 117b by selecting every other pixel 113
of the plurality of pixels 113a-113p of the phase map 111.

[00571 Comparing the first sub-set of pixels 117a to the second sub-set of pixels 117b,
it may be seen that the second sub-set of pixels 117b includes each pixel 113 of the
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plurality of pixels 113a-113p of the phase map 111 which were not selected for the first
sub-set of pixels 117a. While selecting the first and second sub-sets of pixels 117a, 117b
in such a manner may allow for each pixel 113 of the phase map 111 to be unwrapped in
two “iterations” of phase unwrapping procedures, this is not to be regarded as a limitation
of the present disclosure, unless noted otherwise herein. In this regard, the second set of
pixels 117b may be selected {o include any number and/or arrangement of pixels 113. In
some embodiments, the second sub-set of pixels 117b may include one or more pixels

113 which were included within the first sub-set of pixels 117b.

[eo58] In another embodiment, after selecting the second sub-set of pixels 117b, the
controller 122 may perform one or more phase unwrapping procedures on the second
sub-set of pixels 117b of the phase map 111 to generate a second unwrapped phase
map 113b. As noted previously herein, the one or more phase unwrapping procedures
may include any unwrapping procedure/operation known in the art for unwrapping
wrapped phase maps 111 including, but not limited o, a minimum norm procedure, a path
following procedure, a Flynn minimum discontinuity procedure, a quality guided phase
unwrapping procedure, a phase unwrapping via max flows (PUMA) procedure, and the
like. Furthermore, as will be explained in further detail herein, the one or more phase
unwrapping procedures used on the second sub-set of pixels 117b may include one or
more additional and/or alternative phase unwrapping procedures utilized on the first sub-
set of pixels 117a. in particular, the one or more phase unwrapping procedures used on
the second sub-set of pixels 117b may include less computationally expensive phase
unwrapping procedures as compared to the phase unwrapping procedures utilized on the
first sub-set of pixels 117a. The controller 122 may be configured to store the second

unwrapped phase map 113b in memory 126.

fees9] In another embodiment, the controller 122 may be configured to generate a
sacond surface height map 115b of the sample 103 based on the unwrapped phase map
113b. The controlier 122 may be configured to utilize any algorithm, equation, or
mathematical technique known in the art in order to generate the second surface height

map 115b based on the second unwrapped phase map 113b, or perform inexpensive

17



WO 2021/021838 PCT/US2020/043924

ifocal phase unwrapping to restore surface information of the phase map 111. The
controller 122 may be configured o store the second unwrapped phase map 113b in
memory 126. it is noted herein that the second surface height map 115b may exhibit
slightly different characteristics than the first surface height map 115a. Variations between
the respective surface height maps 115a-115n may be attributable to differences between

the selected sub-sets of pixels 117a-117n.

fooso] It is further noted herein that the various phase unwrapping procedures
performed in the various iterations may be dependent upon a number of factors including,
but not limited to, areas of sample 103 which are of interesi, the complexity of the phase
unwrapping procedures, the computational cost of the phase unwrapping procedures,
and the like. In particular, the controller 122 may be configured o perform the most
computationally expensive phase unwrapping procedures first, then fill in the details with

less computationally expensive phase unwrapping procedures in subsequent iterations.

[oos1] Forexample, the controller 122 may be configured to perform a first set of one or
more phase unwrapping procedures on the first sub-set of pixels 117a to generate the
first surface height map 115%a. in this example, the first set of one or more phase
unwrapping procedures may include the most computationally expensive and/or complex
phase unwrapping procedures which are to be performed. Subsequently, the controlier
122 may be configured to perform a second set of one or more phase unwrapping
procedures on the first sub-set of pixels 117a and/or a second sub-set of pixels 117bin
order to generate the second surface height map 115a. In this example, the second set
of one or more phase unwrapping procedures may include less computationally
expensive phase unwrapping procedures than the first set of one or more phase

unwrapping procedures.

[oo62] In additional and/or alternative embodiments, the second set of phase
unwrapping procedures may be configured o unwrap pixels of the phase map 111 based
on the results/output of the previous set of phase unwrapping procedures. For example,
the second set of phase unwrapping procedures may be configured {o unwrap the

remaining pixels not unwrapped by the first set of phase unwrapping procedures based
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on the results from the first set of phase unwrapping procedures (e.g., based on the first
surface height map 11ba). By basing the subsequent set of phase unwrapping
procedures on the results/output of previous sets of phase unwrapping procedures, less
computationally expensive phase unwrapping procedures/algorithms may be used for the
subsequent phase unwrapping procedures. in this regard, subsequent sets of phase
unwrapping procedures may be selected based on the results/output of previous sels of
phase unwrapping procedures.

foo63] In additional and/or alternative embodiments, the conifroller 122 may be
configured to selectively adjust one or more characteristics of the first surface height map
115a based on the second unwrapped phase map 113b and/or the second surface height
map 115b. For example, the controller 122 may identify one or more characteristics
and/or differences between the second surface height map 115b and the first surface
height map 11ba, and selectively adjust one or more characteristics of the first surface
height map 115a based on the one or more identified characteristics and/or differences.
in additional andfor alternative embodiments, the controller 122 may be configured to
combine the first unwrapped phase map 113a and the second unwrapped phase map
113b to generate a “composite” surface height map 115. Similarly, in some embodiments,
the controller 122 may be configured to generate a “composite” surface height map 115

by combining the first surface height map 115a and the second surface height map 115b.

[o0s4] 1t is noted herein that the first surface height map 115a and the second surface
height map 115b may be generated sequentially (e.g., in series, one after another) and/or
in parallel {e.g., simultaneously). In particular, based on data dependency, it is possible
to compute surface height map 115a and surface height map 115b in parallel (e.g.,

simultaneously, or substantially simultaneously), and combine them together at the end.

[0065] While FIGS. 4A-4B are shown and described as carrying out only two iterations
of phase unwrapping procedures, this is not to be regarded as a limitation of the present
disclosure, unless noted otherwise herein. In this regard, the controller 122 may be
configured to select any N number of sub-sets of pixels 117 in order to carry out N

iterations of phase unwrapping procedures on a phase map 111.
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[0oo66] It is contemplated herein that performing multiple iterations of phase unwrapping
procedures utilizing sub-sets of pixels 117 may allow embodiments of the present
disclosure to maintain phase and amplitude computations for all pixels of a phase map
111, while maintaining high throughput and resolution. Subsequent iterations of phase
unwrapping procedures utilizing varying sub-sets of pixels 117 may allow the controller
to guide the completion of the rest of the pixels 113 of a phase map 111 which were not
unwrapped in previous iterations. In particular, by performing more computationally
expensive phase unwrapping procedures on a sub-set of pixels 117, less computationally
expensive phase unwrapping procedures may be done subsequently in order to improve
throughput and restore the details of the full map not unwrapped during the first set of
more computationally expensive phase unwrapping procedures. ltis further contemplated
herein that embodiments of the present disclosure may significantly improve data
processing speed, without losing any sample 103 warp coverage enabled by smaller

pixels, and without increasing data processing requirements.

{00671 It is noted herein that the one or more components of the disclosed inspection
system 100 may be communicatively coupled to the various other components of the
system in any manner known in the art. For example, the interferometer sub-system 102,
controller 122, and user interface 128 may be communicatively coupled toeach other and
other components via a wireline {e.g., copper wire, fiber optic cable, and the like) or
wireless connection (e.g., RF coupling, IR coupling, data network communication (e.g.,
WiFI, WiMax, 3G, 4G, 4G LTE, 56, Bluetooth, and the like).

[0068] In one embodiment, the one or more processors 124 may include any one or more
processing elements known in the art. In this sense, the one or more processors 124 may
include any microprocessor-type device configured to execute software algorithms and/or
instructions. In one embodiment, the one or more processors 124 may consist of a
deskiop computer, mainframe computer system, workstation, image computer, parallel
processor, or other computer system (e.g., networked computer) configured to execute a
program configured to operate the inspection system 100, as described throughout the
present disclosure. it should be recognized that the steps deseribed throughout the
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present disclosure may be carried out by a single computer system or, alternatively,
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 124. In general, the term “processor” may be broadly defined fo
encompass any device having one or more processing elements, which execute program
instructions from memory 126. Moreover, different subsystems of the inspection system
100 {e.g., llumination source 104, detector assembly 120, controller 122, user interface
128) may include processor or logic elements suitable for carrying out at least a portion
of the steps described throughout the present disciosure, Therefore, the above
description should not be interpreted as a limitation on the present disclosure but merely

an illustration.

[60891 The memory 126 may include any storage medium known in the art suitable for
storing program instructions executable by the associated one or more processors 124
and the data received/generated by the inspection system 100. For example, the memory
126 may include a non-transitory memory medium. For instance, the memory 126 may
include, but is not limited to, a read-only memory (ROM), a random-access memory
{RAM), a magnetic or optical memory device {e.g., disk), a magnetic tape, a solid-state
drive and the like. It is further noted that memory 126 may be housed in a common
controller housing with the one or more processors 124. in an alternative embodiment,
the memory 126 may be located remotely with respect to the physical location of the
processors 124 and controller 122. In another embodiment, the memory 126 maintains
program instructions for causing the one or more processors 124 to carry out the various

steps described through the present disclosure.

foo7o] In one embodiment, a user interface 128 is communicatively coupled to the
controller 122. In one embodiment, the user interface 128 may include, but is not limited
to, one or maore desktops, tablets, smartphones, smart waiches, or the like. In another
embodiment, the user interface 128 includes a display used to display data of the
inspection system 100 to a user. The display of the user interface 128 may include any

display known in the art. For example, the display may include, but is not limited fo, a
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fiquid crystal display (LCD), an organic light-emitting diode (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 128 is suitable for implementation in the present
disclosure. In another embodiment, a user may input selections and/or instructions

responsive to data displayed to the user via the user interface 128.

[0074] FIG. 5illustrates a method for generating surface height maps of a sample using
an inspection sub-system, in accordance with one or more embodiments of the present
disclosure. It is noted herein that the steps of method 500 may be implemented all or in
part by inspection system 100. It is further recognized, however, that the method 500 is
not limited o the inspection system 100 in that additional or alternative system-level

embodiments may carry out all or part of the steps of method 500.

{00721 In a step 502, an interferogram is received from an interferometer sub-system. For
example, the controller 122 may be configured fo receive one or more phase-shifted
interferometers from the detector assembly 120 of the interferometer sub-system 102a.
By way of another example, the controller 122 may be configured o receive
interferometers from sources other than the inspection sub-system 102 including, but not

fimited to, memory 126, an external storage device, a network, and the like. |

[0073] In a step 504, a phase map of the sample is generated based on the received
interferogram. In embodiments, the phase map may include a plurality of pixels. For
example, upon receiving a single interferometer of a single surface of the sample 103,
the controlier 122 may be configured fo generate a phase map of the surface of the
sample 103 based on the received interferometer. The controller 122 may be configured

to store the one or more generated phase maps in memory 126.

[0074] In a step 506, a sub-set of pixels of the plurality of pixels of the phase map are
selected fo be used for phase unwrapping. For example, as shown in FIG. 4A, the
controller 122 may select a first sub-set of pixeis 117a of the plurality of pixels 113a-113p,

wherein the first sub-set of pixels 117a includes pixels 113a, 113c, 113e, 113g, 113],
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113k, 113m, and 1130. The sub-sei(s) of pixels (e.g., first sub-set of pixels 117a) may be
selected according to any technique, algorithm, or equation known in the art. For
example, the controller 122 may be configured to select the first-sub set of pixels 117a
by selecting one pixel 113 of every N pixels 113 to be included within the sub-set of pixels
117a., wherein N is greater than two. For instance, the controller 122 may be configured

to select every third pixel 113, every fourth pixel 113, and the like.

fo075] In a step 508, one or more phase unwrapping procedures are performed on the

sub-set of pixels of the phase map to generate an unwrapped phase map.

[eo78] In a step 510, a surface height map of the sample is generated based on the
unwrapped phase map. Phase unwrapping procedures and/or phase retrieval algorithms
may be performed on the first sub-set of pixels 117a in order to correct phase
discontinuities gssociated with the wrapped phase map 111, and to extract phase and
amplitude data from the wrapped phase map 111. The one or more phase unwrapping
procedures may include any unwrapping procedure/operation known in the art for
unwrapping wrapped phase maps 111 including, but not limited to, a minimum norm
procedure, a path following procedure, a Flynn minimum discontinuity procedure, a
quality guided phase unwrapping procedure, a phase unwrapping via max flows (PUMA)

procedure, and the like.

f0077] One skilled in the art will recognize that the herein described components {e.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 hergin, the specific exemplars set forth and the
accompanying discussion are intended to be representative of their more general classes.
in general, use of any specific exemplar is intended to be representative of its class, and
the non-inclusion of specific.components (e.g., operations), devices, and objects should

not be taken as limiting.

foo78] Those having skill in the art will appreciate that there are various vehicles by

which processes andfor systems and/or other technologies described herein can be
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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 and/or other technologies
are deployed. For example, if an implementer determines that speed and accuracy are
paramount, the implementer may opt for a mainly hardware and/or firmware vehicle;
alternatively, if flexibility is paramount, the implementer may opt for a mainly software
implementation; or, yel again alternatively, the implementer may opt for some
combination of hardware, software, and/or firmware. Hence, there are several possible
vehicles by which the processes and/or devices and/or 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 concerns {e.g., speed, flexibility, or predictability) of the implementer, any

of which may vary.

{00791 The previous description is presented o enable one of ordinary skill in the art to

make and use the invention as provided in the context of a particular application and its

o L

requirements. As used herein, directional terms such as “top, under,”
‘upper,

positions for purposes of description, and are not intended to designate an absolute frame

bottom,” “over,

n o«

upward,” “lower,” “down,” and “downward’ are intended to provide relative

of reference. Various modifications to the described embodiments will be apparent to
those with skill in the art, and the general principles defined herein may be applied to
other embodiments. Therefore, the present invention is not intended {o be limited to the
particular embodiments shown and described, but is fo be accorded the widest scope

consistent with the principles and novel features herein disclosed.

[60s807] With respect o the use of substantially any plural and/or singular terms herein,
thase having skill in the art can franslate from the plural to the singular and/or from the
singular 1o the plural as is appropriate to the context and/or application. The various

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

[oog1]  All of the methods described herein may include storing resuits of ong or more

steps of the method embodiments in memory. The results may include any of the results

24



WO 2021/021838 PCT/US2020/043924

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

3w

Furthermore, the results 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 nof necessarily persist indefinitely in the memory.

[0082] It is further contemplated that each of the embaodiments of the method described
above may include any other step(s) of any other method(s) described herein. In addition,
each of the embodiments of the method described above may be performed by any of

the systems described herein.

fo083] The herein described subject matter sometimes illustrates different components
contained within, or connected with, other componenis. It is to be understood that such
depicted architectures are merely exemplary, and that in fact many other architectures
can be implemented which achieve the same functionality. In a conceptual sense, any
arrangement of components {o achieve the same functionality is effectively "associated”
such that the desired functionality is achieved. Hence, any two components herein
combined to achieve a particular functionality can be seen as "associated with" each other
such that the desired functionality is achieved, irrespective of architectures or intermedial
components. Likewise, any two components so associated can also be viewed as being
*connected,” or "coupled,” to each other to achieve the desired functionality, and any two
components capable of being so associated can also be viewed as being "couplable,” fo
gach other to achieve the desired functionality. Specific examples of cauplable include
but are not limited {o physically mateable and/or physically interacting components and/or
wirelessly interactable and/or wirelessly interacting components and/or logically

interacting and/or logically interactable components.
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{oo84] Furthermore, it is fo be understood that the invention is defined by the appended
claims. it will be understood by those within the art that, in general, terms used herein,
and especially in the appended claims (e.g., bodies of the appended claims) are generally
infended as “open” terms (e.g., the term “including” should be interpreted as “including
but not limited to,” the term “having” shouid be interpreted as “having at least,” the term
“includes” should be interpreted as “includes but is not limited to,” and the like). it will be
further understood by those within the art that if a specific number of an introduced claim
recitation is intended, such an intent will be explicitly recited in the claim, and in the
absence of such recitation no such intent is present. For example, as an aid fo
understanding, the following appended claims may contain usage of the introductory
phrases "at feast one" and "one or more™ o introduce claim recitations. However, the use
of such phrases should not be construed to imply that the introduction of a claim recitation
by the indefinite articles "a" or "an” limits any particular claim containing such introduced
claim recitation to inventions containing only one such recitation, even when the same
claim includes the introductory phrases "one or more” or "at least one” and indefinite
articles such as "a" or "an" {e.g., “a@” and/or “an” should typically be interpreted {c mean
“at least one” or “one or more”); the same holds frue 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 to 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., “ a system having at least one of A, B, and C” would include but not
be limited {0 systems that have A alone, B alone, C alone, A and B togsther, A and C
together, B and C together, and/or A, B, and C together, and the like). In those instances
where a convention analogous to “at least one of A, B, or C, and the like” is used, in
general such & construction is intended in the sense one having skill in the art would
understand the convention (e.g., © a system having at least one of A, B, or C” would

include but not be limited to systems that have A alone, B alone, C alone, A and B
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together, A and C together, B and C together, and/or A, B, and C together, and the like).
it will be further understood by those within the art that virtually any disjunctive word
and/or phrase presenting two or more alternative terms, whether in the description,
claims, or drawings, should be understood to contemplate the possibilities of including
one of the terms, either of the terms, or both terms. For example, the phrase “A or B” will
be understood to include the possibilities of “A” or “B” or “A and B.”

[0085] |t is believed that the present disclosure and many of its attendant advantages
will ‘be understood by the foregoing description, and it will be apparent that various
changes may be made in the form, construction and arrangement of the components
without departing from the disclosed subject matter or without sacrificing all of its material
advantages. The form described is merely explanatory, and it is the intention of the
following claims to encompass and include such changes. Furthermore, it is to be

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

1.

An inspection system, comprising: an interferometer sub-system configured to acquire an
interferogram of a sample; and a controller communicatively coupled to the interferometer sub-
system, the controller including one or more processors configured to execute a set of program
instructions stored in a memory, the set of program instructions configured to cause the one or
more processors to: receive the interferogram from the interferometer sub-system; generate a
phase map of the sample based on the received interferogram, wherein the phase map includes
a plurality of pixels; select a first sub-set of pixels of the plurality of pixels of the phase map to be
used for phase unwrapping procedures, wherein the selecting a first sub-set of pixels of the
plurality of pixels comprises selecting one pixel of every N pixels of the plurality of pixels to be
included in the first sub-set of pixels, wherein N is equal to or greater than two; perform a first set
of one or more phase unwrapping procedures based on the first sub-set of pixels of the phase
map to generate an unwrapped phase map; and generate a first surface height map of the
sample based on the unwrapped phase map.

The inspection system of claim 1, wherein the controller is further configured to: select an
additional sub-set of pixels of the plurality of pixels of the phase map to be used for the phase
unwrapping procedures, the additional sub-set of pixels different from the first sub-set of pixels;
perform an additional set of one or more phase unwrapping procedures on the additional sub-set
of pixels of the phase map to generate an additional unwrapped phase map; and selectively
adjust one or more characteristics of the first surface height map based on the additional
unwrapped phase map.

The inspection system of claim 2, wherein the first set of one or more phase unwrapping
procedures include one or more computationally expensive phase unwrapping procedures as
compared to the additional set of one or more phase unwrapping procedures.

The inspection system of claim 2, wherein the additional set of one or more phase unwrapping
procedures are selected based on the first surface height map.

The inspection system of claim 1, wherein the first set of one or more phase unwrapping
procedures include at least one of a minimum norm procedure, a path following procedure, a
Flynn minimum discontinuity procedure, a quality guided phase unwrapping procedure, or a
phase unwrapping via max flows (PUMA) procedure.

The inspection system of claim 1, wherein the first surface height map is proportional to the
unwrapped phase map.
The inspection system of claim 1, wherein an intensity map of the interferogram corresponds to a

modulated representation of a surface of the sample.

The inspection system of claim 1, wherein the selecting a first sub-set of pixels of the plurality of
pixels of the phase map to be used for phase unwrapping comprises: selecting every other pixel
of the plurality of pixels to be included in the first sub-set of pixels.
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10.

11.

12.

13.

14.

15.

16.

17.

The inspection system of claim 1, wherein the selecting a first sub-set of pixels of the plurality of
pixels of the phase map to be used for phase unwrapping comprises: selecting one pixel of every
N pixels of the plurality of pixels to be included in the first sub-set of pixels, wherein N is greater
than two.

The inspection system of claim 1, wherein the selecting a first sub-set of pixels of the plurality of
pixels of the phase map to be used for phase unwrapping comprises: receiving one or more input
commands from a user interface, the one or more input command indicative of a user selection of
the first sub-set of pixels.

The inspection system of claim 1, wherein the controller is further configured to: determine one or
more characteristics of the sample based on the first surface height map; and generate one or
more control signals configured to selectively adjust one or more characteristics of one or more
process tools based on the one or more determined characteristics.

An inspection system, comprising: a controller communicatively coupled to an interferometer sub-
system, the controller including one or more processors and a memory, the one or more
processors configured to execute a set of program instructions stored in memory, the set of
program instructions configured to cause the one or more processors to: receive an interferogram
of a sample; generate a phase map of the sample based on the received interferogram, wherein
the phase map includes a plurality of pixels; select a first sub-set of pixels of the plurality of pixels
of the phase map to be used for phase unwrapping procedures, wherein the selecting a first sub-
set of pixels of the plurality of pixels comprises selecting one pixel of every N pixels of the
plurality of pixels to be included in the first sub-set of pixels, wherein N is equal to or greater than
two; perform a first set of one or more phase unwrapping procedures on the first sub-set of pixels
of the phase map to generate an unwrapped phase map; and generate a first surface height map
of the sample based on the unwrapped phase map.

The inspection system of claim 12, wherein the interferogram is received from the interferometer
sub-system communicatively coupled to the controller.

The inspection system of claim 12, wherein the controller is further configured to: select an
additional sub-set of pixels of the plurality of pixels of the phase map to be used for the phase
unwrapping procedures, the additional sub-set of pixels different from the first sub-set of pixels;
perform an additional set of one or more phase unwrapping procedures on the additional sub-set
of pixels of the phase map to generate an additional unwrapped phase map; and selectively
adjust one or more characteristics of the first surface height map based on the additional
unwrapped phase map.

The inspection system of claim 14, wherein the first set of one or more phase unwrapping
procedures include one or more computationally expensive phase unwrapping procedures as

compared to the additional set of one or more phase unwrapping procedures.

The inspection system of claim 14, wherein the additional set of one or more phase unwrapping
procedures are selected based on the first surface height map.

The inspection system of claim 12, wherein the first set of one or more phase unwrapping
procedures include at least one of a minimum norm procedure, a path following procedure, a
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18.

19.

20.

21.

22.

23.

24,

Flynn minimum discontinuity procedure, a quality guided phase unwrapping procedure, or a
phase unwrapping via max flows (PUMA) procedure.

The inspection system of claim 12, wherein the first surface height map is proportional to the
unwrapped phase map.

The inspection system of claim 12, wherein an intensity map of the interferogram corresponds to
a modulated representation of a surface of the sample.

The inspection system of claim 12, wherein identifying a first sub-set of pixels of the plurality of
pixels of the phase map to be used for phase unwrapping comprises: selecting every other pixel
of the plurality of pixels to be included in the first sub-set of pixels.

The inspection system of claim 12, wherein identifying a first sub-set of pixels of the plurality of
pixels of the phase map to be used for phase unwrapping comprises: selecting one pixel of every
N pixels of the plurality of pixels to be included in the first sub-set of pixels, wherein N is greater
than two.

The inspection system of claim 12, wherein identifying a first sub-set of pixels of the plurality of
pixels of the phase map to be used for phase unwrapping comprises: receiving one or more input
commands from a user interface, the one or more input command indicative of a user selection of
the first sub-set of pixels.

The inspection system of claim 12, wherein the controller is further configured to: determine one
or more characteristics of the sample based on the first surface height map; and generate one or
more control signals configured to selectively adjust one or more characteristics of one or more
process tools based on the one or more determined characteristics.

A method, comprising: receiving an interferogram of a sample from an interferometer sub-system;
generating a phase map of the sample based on the received interferogram, wherein the phase
map includes a plurality of pixels; selecting a sub-set of pixels of the plurality of pixels of the
phase map to be used for phase unwrapping, wherein the selecting a sub-set of pixels of the
plurality of pixels comprises selecting one pixel of every N pixels of the plurality of pixels to be
included in the sub-set of pixels, wherein N is equal to or greater than two; performing one or
more phase unwrapping procedures on the sub-set of pixels of the phase map to generate an
unwrapped phase map; and generating a surface height map of the sample based on the
unwrapped phase map.
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