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(57) ABSTRACT

A defect pattern grouping method 1s disclosed. The defect
pattern grouping method comprises obtaining a first polygon
that represents a first defect from an 1mage of a sample,
comparing the first polygon with a set of one or more
representative polygons of a defect-pattern collection, and
grouping the first polygon with any one or more represen-
tative polygons i1dentified based on the comparison.
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DEFECT PATTERN GROUPING METHOD
AND SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application 1s based upon and claims priority
to U.S. Provisional Application No. 62/447,581, filed Jan.
18, 2017, and entitled “GDS Pattern Grouping,” and to U.S.
Provisional Application No. 62/616,420, filed Jan. 11, 2018,
and entitled “Defect Pattern Grouping Method,” and the
disclosures of both applications are incorporated herein by
reference 1n their entireties.

TECHNICAL FIELD

[0002] The embodiments provided herein disclose a dis-
playing method, and more particularly, a displaying method
for defect reviewing in semiconductor fabrication operation
process.

BACKGROUND

[0003] In various steps of a semiconductor manufacturing
process, pattern defects can appear on a water, a chip, and/or
a mask during the fabrication process, which can reduce the
yield to a great degree. To meet the demand of high
throughput and high vyield of the manufacturing process,
operators need to review a water, a chip, and/or a mask
through a graphical user interface (GUI) displaying various
patterns of objects under observation in display part of
foundry equipment, and identify pattern defects at the ear-
liest stage as possible.

[0004] Unfortunately, identifying pattern defects can take
a substantial amount of an operator’s time, thereby hurting
throughput. To solve this problem, automatic defect classi-
fication system may be adopted to group 1dentified defects
into various defect types for operators’ review to expedite
the defect 1dentification process.

SUMMARY

[0005] In some embodiments of the disclosure, a defect
pattern grouping method 1s provided. The method comprises
obtaining a first polygon that represents a first defect from an
image of a sample, comparing the first polygon with a set of
representative polygons of a defect-pattern collection, and
grouping the first polygon with any one or more represen-
tative polygons 1dentified based on the comparison.

[0006] In some embodiments of the disclosure, the defect
pattern grouping method has the set of representative poly-
gons of a defect-pattern collection 1s obtained from polygon
patterns of the set of representative polygons of a defect-
pattern collection. In some other embodiments of the dis-
closure, the defect pattern grouping method has the set of
representative polygons of a defect-pattern collection 1s
obtained from topological characteristic of the polygon
patterns of the set of representative polygons of a defect-
pattern collection.

[0007] In some embodiments of the disclosure, a non-
transitory computer readable medium 1s disclosed. The
computer readable medium stores a set of instructions that 1s
executable by one or more processors of a defect classifi-
cation server to cause the server to perform a method. The
method comprises obtaining a first polygon that represents a
first defect from an 1mage of a sample, comparing the first
polygon with a set of representative polygons of a defect-
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pattern collection, and grouping the first polygon with any
one or more representative polygons identified based on the
comparison.

BRIEF DESCRIPTION OF FIGURES

[0008] FIG. 1 1s a schematic diagram 1llustrating an exem-
plary electron beam inspection (EBI) system, consistent
with embodiments of the present disclosure.

[0009] FIG. 2 1s a schematic diagram 1llustrating an exem-
plary electron beam tool that can be a part of the exemplary
clectron beam inspection of FIG. 1, consistent with embodi-
ments of the present disclosure.

[0010] FIG. 3 1s a block diagram 1illustrating an exemplary
defect review system, consistent with embodiments of the
present disclosure.

[0011] FIG. 4 1s a chart 1llustrating an exemplary user
interface to compare defects for defects grouping in a defect
review system, consistent with embodiments of the present
disclosure.

[0012] FIG. S 1s a schematic diagram 1llustrating an exem-
plary display interface for defect grouping for review of
operators, consistent with embodiments of the present dis-
closure.

[0013] FIG. 6 1s a chart illustrating an exemplary polygon
pattern grouping process, consistent with embodiments of
the present disclosure.

[0014] FIG. 7 1s a schematic diagram illustrating multiple
exemplary polygons sharing a same structure to be classified
into a same group, consistent with embodiments of the
present disclosure.

[0015] FIG. 8 1s a chart illustrating an exemplary topo-
logical pattern grouping process, consistent with embodi-
ments of the present disclosure.

[0016] FIG. 9 1s a schematic diagram illustrating two
exemplary polygons and an overlapping image for deter-
mining similarity, consistent with embodiments of the pres-
ent disclosure.

[0017] FIG. 10 1s a flowchart illustrating an exemplary
area-based similarity central polygon grouping process, con-
sistent with embodiments of the present disclosure.

[0018] FIG. 11 1s a schematic diagram illustrating two
exemplary polygons sharing a same structure but different
neighboring pattern information, consistent with embodi-
ments of the present disclosure.

[0019] FIG. 12 1s a schematic diagram illustrating two
exemplary polygons sharing a same structure but different
neighboring pattern information to be classified into differ-
ent groups after second-step grouping, consistent with
embodiments of the present disclosure.

[0020] FIG. 13 15 a block diagram of an exemplary com-
puter system on which embodiments described herein can be
implemented.

DETAILED DESCRIPTION

[0021] Reference will now be made 1n detail to exemplary
embodiments, examples of which are illustrated in the
accompanying drawings. The following description refers to
the accompanying drawings in which the same numbers in
different drawings represent the same or similar elements
unless otherwise represented. The implementations set forth
in the following description of exemplary embodiments do
not represent all implementations consistent with the inven-
tion. Instead, they are merely examples of apparatuses and
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methods consistent with aspects related to the mnvention as
recited 1n the appended claims.

[0022] To facilitate and speed up the defect pattern 1den-
tifying process, during the defect review process, defects on
semiconductor wafers are automatically identified and clas-
sified 1nto various defect types. While the defect classifica-
tion can be performed automatically, user’s intervention 1s
always required to confirm that defects identified are cor-
rectly sorted and grouped. Therefore, the disclosed embodi-
ments provide a way to efliciently i1dentify defects for
display to operators, thereby improving the efliciency of the
defect identification process and the throughput of the
manufacturing process.

[0023] The embodiments described herein provide a
method to classity defects identified on an 1mage of a water
based on their graphical information. Traditional defect
classification methods normally utilize grayscale image
information, which may lead to wrong classification for
some particular defect types, for instance, large pattern
broken, pattern missing, etc. On the contrary, these scenarios
seldom appear 1n graphic-based classification methods as the
graphical layout information 1s intact.

[0024] In graphic-based classification, each defect has 1its
own graphic patch, which can assist with defect classifica-
tions. Fach graphic patch can be a set of one or more
polygons. Graphic patches can be grouped based on a
determined similarity between two graphic patches. For
example, similarity can be measured by taking on values
between 0 and 1, with O representing completely different
patches while 1 represents the patches being 1dentical.

[0025] Reference 1s now made to FIG. 1, which 1s a
schematic diagram illustrating an exemplary electron beam
inspection (EBI) system, consistent with embodiments of
the present disclosure. FIG. 1 illustrates an exemplary
electron beam inspection (EBI) system 100 consistent with
embodiments of the present disclosure. As shown in FIG. 1,
EBI system 100 includes a main chamber 101, a load/lock

chamber 102, an electron beam tool 104, and an equipment
front end module (EFEM) 106. Electron beam tool 104 is

located within main chamber 101. EFEM 106 includes a first
loading port 106a and a second loading port 1066. EFEM
106 may include additional loading port(s). First loading
port 106a and second loading port 1065 receive waler
cassettes that contain watfers (e.g., semiconductor waters or
walers made of other material(s)) or samples to be inspected
(waters and samples are collectively referred to as “waters”
hereafter). One or more robot arms (not shown) in EFEM
106 transport the wafers to load/lock chamber 102. Load/
lock chamber 102 1s connected to a load/lock vacuum pump
system (not shown) which removes gas molecules 1n load/
lock chamber 102 to reach a first pressure below the atmo-
spheric pressure. After reaching the first pressure, one or
more robot arms (not shown) transport the water from
load/lock chamber 102 to main chamber 101. Main chamber
101 1s connected to a main chamber vacuum pump system
(not shown) which removes gas molecules 1n main chamber
101 to reach a second pressure below the first pressure. After
reaching the second pressure, the wafer 1s subject to 1spec-
tion by electron beam tool 104.

[0026] Reference 1s now made to FIG. 2, which 1s a

schematic diagram illustrating an exemplary electron beam
tool that can be a part of the exemplary electron beam
inspection of FIG. 1, consistent with embodiments of the
present disclosure. FIG. 2 illustrates exemplary components
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of electron beam tool 104, consistent with embodiments of
the present disclosure. As shown 1n FIG. 2, electron beam
tool 104 includes a motorized stage 200, and a wafer holder
202 supported by motorized stage 200 to hold a water 203
to be inspected. Electron beam tool 104 further includes an
objective lens assembly 204, electron detector 206 (which
includes electron sensor surfaces 206a and 2065), an objec-
tive aperture 208, a condenser lens 210, a beam limit
aperture 212, a gun aperture 214, an anode 216, and a
cathode 218. Objective lens assembly 204, 1n one embodi-
ment, can include a modified swing objective retarding
immersion lens (SORIL), which includes a pole piece 204a,
a control electrode 2045, a detlector 204¢, and an exciting
coil 2044. Electron beam tool 104 may additionally include
an energy dispersive X-ray spectrometer (EDS) detector (not
shown) to characterize the materials on the wafer.

[0027] A primary electron beam 220 1s emitted from
cathode 218 by applying a voltage between anode 216 and
cathode 218. Primary electron beam 220 passes through gun
aperture 214 and beam limait aperture 212, both of which can
determine the size of electron beam entering condenser lens
210, which resides below beam limit aperture 212. Con-
denser lens 210 focuses primary electron beam 220 before
the beam enters objective aperture 208 to set the size of the
clectron beam belfore entering objective lens assembly 204.
Deflector 204¢ deflects primary electron beam 220 to facili-
tate beam scanning on the wafer. For example, 1n a scanning
process, deflector 204¢ can be controlled to deflect primary
clectron beam 220 sequentially onto different locations of
top surface of water 203 at different time points, to provide
data for image reconstruction for different parts of wafer
203. Moreover, deflector 204¢ can also be controlled to
deflect primary electron beam 220 onto different sides of
waler 203 at a particular location, at different time points, to
provide data for stereo 1mage reconstruction of the water
structure at that location. Further, in some embodiments,
anode 216 and cathode 218 can be configured to generate
multiple primary electron beams 220, and electron beam
tool 104 can include a plurality of deflectors 204c¢ to project
the multiple primary electron beams 220 to different parts/
sides of the wafer at the same time, to provide data for image
reconstruction for different parts of water 203.

[0028] Exciting coil 2044 and pole piece 204a generate a
magnetic field that begins at one end of pole piece 204a and
terminates at the other end of pole piece 204a. A part of
water 203 being scanned by primary electron beam 220 can
be immersed in the magnetic field and can be electrically
charged, which, in turn, creates an electric field. The electric
field reduces the energy of impinging primary electron beam
220 near the surface of the water before 1t collides with the
waler. Control electrode 2045, being electrically isolated
from pole piece 204a, controls an electric field on the wafer
to prevent micro-arching of the wafer and to ensure proper
beam focus.

[0029] A secondary electron beam 222 can be emitted
from the part of water 203 upon receiving primary electron
beam 220. Secondary electron beam 222 can form a beam
spot (e.g., one of beam spots 240a and 2405) on sensor
surtaces 206a and 2065 of electron detector 206. Electron
detector 206 can generate a signal (e.g., a voltage, a current,
etc.) that represents an intensity of the beam spot, and
provide the signal to a processing system (not shown in FIG.
2). The intensity of secondary electron beam 222, and the
resultant beam spot, can vary according to the external
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and/or internal structure of water 203. Moreover, as dis-
cussed above, primary electron beam 220 can be projected
onto different locations of the top surface of the walfer,
and/or different sides of the wafer at a particular location, to
generate secondary electron beams 222 (and the resultant
beam spot) of different intensities. Therefore, by mapping
the intensities of the beam spots with the locations of water
203, the processing system can reconstruct an image that
reflects the internal and/or external structures of water 203.

[0030] Reference 1s now made to FIG. 3, which 1s a block
diagram 1illustrating an exemplary defect review system,
consistent with embodiments of the present disclosure. Once
a waler 1mage 1s acquired, the wafer image may be trans-
mitted to a computer system where the system can identify
defects on the wafer image, and classity the defects into
categories according to the type of the defects. Detfect
information 1s further displayed in a display part of a
human-machine interaction interface and operators’ feed-
back can be collected through an input device of the human-
machine 1nteraction interface.

[0031] Referring to FIG. 3, defect review system 300
includes a wafer inspection system 310, an Automatic
Defect Classification (ADC) server 320, a knowledge rec-
ommendation server 330 electrically coupled to ADC server
320, and a human-machine interaction interface 340 elec-
trically couple to ADC server 320. Wafer inspection system
310 can be electron beam inspection (EBI) system 100
described with respect to FIG. 1. It 1s appreciated that ADC
server 320, knowledge recommendation server 330, and
human-machine interaction interface 340 can be part of
and/or remote from EBI system 100.

[0032] Water inspection system 310 can be any inspection
system that can generate an inspection image of a water. The
wafer can be a semiconductor water substrate, or a semi-
conductor waler substrate having one or more epi-layers
and/or process films. Water inspection system 310 can be
any currently available or developing wafer inspection sys-
tem. The embodiments of the present disclosure does not
limit the specific type for watler inspection system 310 as
long as it can generate a waler 1mage having a resolution
high enough to observe key features on the watfer (e.g., less

than 20 nm), consistent with contemporary semiconductor
foundry technologies.

[0033] ADC server 320 has a communication interface
322 that 1s electrically coupled to the watfer inspection
system 310 to receive the water image. ADC server 320 also
includes a processor 324 that 1s configured to analyze the
waler 1mage, and detect and classily wafer defects that
appear on the wafer image by using a defect knowledge file.
The defect knowledge file can be manually provided to ADC
server 320 by an operator. Alternatively, the defect knowl-
edge file can be automatically provided to ADC server 320
by knowledge recommendation server 330, which will be
described 1n detail below.

[0034] Knowledge recommendation server 330 1s electri-
cally coupled to ADC server 320. Knowledge recommen-
dation server 330 includes a processor 332 and a storage
device 334. Processor 332 1s configured to build a plurality
of defect knowledge files, and store the plurality of defect
knowledge files 1n storage device 334.

[0035] The plurality of defect knowledge files contains
information related to various types of defects generated
during various stages of a wafer manufacturing process. The
various stages of a waler manufacturing process may

Oct. 31, 2019

include, but 1s not limited to, a lithography process, an
etching process, a chemical mechanical polishing (CMP)
process, and an interconnection forming process. Defects
generated 1n the lithographic process may include, but are
not limited to, photoresist (RP) residue detfects due to PR
deterioration or impurity, peeling defects, bridge defects,
bubble defects, and dummy pattern missing defects due to
pattern shift. Defects generated 1n an etching process may
include, but are not limited to, etching residue defects,
over-etching, defects and open circuit defect. Defects gen-
erated 1n a CMP process may include, but are not limited to,
slurry residue defects, dishing defects, and erosion defects
due to variance in polishing rates, and scratched due to
polishing. Defects generated in an interconnection forming
process may 1include, but are not limited to, broken line
defects, void detects, extrusion defects, and bridge defects.

[0036] Processor 332 1s configured to build the plurality of
defect knowledge files based on a plurality of defect patch
images. The plurality of defect patch images can be gener-
ated by a wafer mspection tool, such as electron beam tool
104 1illustrated in FIG. 2. A defect patch 1image 1s a small
image (e.g., 34x34 pixels) of a portion of the wafer that
contains a defect. The defect patch image 1s usually centered
on the defect, and includes neighboring pixels of the defect.

[0037] Human-machine mteraction interface 340 1s elec-
trically couple to ADC server 320. Human-machine inter-
action interface 340 includes at least a display 342 and an
input device 344. Human-machine interaction interface 340
1s built to exchange defect and defect classification infor-
mation between defect review system 300 and operators.

[0038] Once a knowledge file 1s chosen, processor 324 of
ADC server 320 processes waler images sent from 1nspec-
tion system 310 and identifies defects generated 1n various
semiconductor manufacturing processes. Identified defects
are sent to a display 342 of a human-machine interaction
interface 340 for displaying defect information to operators
for review and confirmation. If any discrepancies or mis-
takes of classification of defects are observed by an operator,
an mput device 344 can be used to provide feedback defect
information to ADC server 320 through human-machine
interaction interface 340.

[0039] Iti1s appreciated that display 342 can be any type of
a computer output surface and projecting mechanism that
shows text and graphic images, including but not limited to,
cathode ray tube (CRT), liqud crystal display (LCD), light-
emitting diode (LED), gas plasma, a touch screen, or other
image projection technologies, for displaying information to
a computer user. It 1s also appreciated that input device 344
can be any type of a computer hardware equipment used to
provide data and control signals from an operator to defect
review system 300. Input device 344 may include, but 1s not
limited to, a keyboard, a mouse, a scanner, a digital camera,
a joystick, a trackball, cursor direction keys, a touchscreen
monitor, or audio/video commanders, etc., for communicat-
ing direction information and command selections to pro-
cessor and/or for controlling cursor movement on display.
The input device typically has two degrees of freedom 1n
two axes, a first axis (for example, x) and a second axis (for
example, v), that allows the device to specily positions 1n a
plane.

[0040] Reference 1s now made to FIG. 4, which 1s a chart
illustrating an exemplary user interface to compare defects
for defects grouping 1n a defect review system, consistent
with embodiments of the present disclosure. Comparison of
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defects for the purpose of defect classification 1s executed 1n
a defect review system. As an example, user interface 400
can be shown 1n display 342 of defect review system 300
and may display multiple defects (three defects as shown 1n
FIG. 4) with each defect placed between a reference defect
image at the left (Refl) and a reference defect patch at the
right (Ref2). Basically, a die-to-die defect comparison can
be conducted by placing and displaying defect images this
way.

[0041] The defect 1images shown 1n the middle column
(under the Detect column) are based on a scanning electron
microscopy (SEM) image. The SEM 1mage can be captured
by an EBI system and obtained by a defect review system.
On top of the SEM image are lines outlining multiple
polygons representing the image. These lineate polygons
constitute a graphic patch of the defect shown in the SEM
image. Because each defect has its own graphic patch, the
graphic patch can be used to identify and classity defects.

[0042] The die image shown under the Refl column and
left of the defect image under 1inspection can be an 1image of
the same type of defect that 1s stored in the defect review
system for the purpose of defect comparison and classifica-
tion. This die image could be a die image from a previously
identified detfect showing typical geometrical characteristics
of a defect of 1ts kind. The displaying of empirical die image
(under column Refl) and die image under inspection (under
column Detect) side by side can make the process of defect
reviewing easier and faster. This comparison i1s considered to
be a die-to-die comparison.

[0043] The lineate drawing shown under column Ref2 and
to the right of the defect image under inspection can be a
defect graphic patch image that 1s stored in the defect review
system for the purpose of defect comparison and classifica-
tion. This graphic patch image can be one or more polygons.
And the patch image shown under column Ref2 1s consid-
ered to be lineate 1mage that best represents geometrical
characteristics of a defect of its kind. The displaying of the
graphic patch image and die image under inspection side by
side can make the process of defect review easier and faster.
The comparison 1s considered to be a die-to-database com-
parison.

[0044] Reference 1s now made to FIG. 5, which 1s a
schematic diagram 1llustrating an exemplary display inter-
face for defect grouping for review of operators, consistent
with embodiments of the present disclosure. Three die
images ol one defect are shown 1n a line side by side. Image
(a) 1s an SEM 1mage of one or more defects of a sample
under inspection with graphic patch aligned on top of it,
image (b) 1s a graphic patch image of the one or more defects
of the same types of defect as the SEM 1mage, and image (¢)
1s a defect central polygon image obtained from the graphic
pattern data.

[0045] As mentioned, graphic patch can be viewed as a set
of polygons, one of the most important polygons out of the
set of polygons 1s a central polygon 500 because it 1s the
center of the pattern of the one or more defects. In some
scenarios, the central polygons are of a greater concern.
Therefore, a classification purely based on the central poly-
gon can be made first. It 1s appreciated that neighboring
polygons around the central polygon may also be important.
In some embodiments, when neighboring polygons are of
vital importance, the neighboring graphical information 1s
taken 1nto consideration as well, and a second stage group-
ing 1s to be done.
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[0046] There are more than one way to mathematically
quantily the similarity between graphic patches for an
accurate defect classification. In the following embodiments
of the disclosure, polygon pattern grouping, topological
pattern grouping, central polygon grouping, and second-step
grouping are disclosed in detail.

[0047] Reference 1s now made to FIG. 6, which 1s a chart
illustrating an exemplary polygon pattern grouping process,
consistent with embodiments of the present disclosure.
[0048] In polygon pattern grouping process, a polygon
associated with a defect 1s used to do the defect classifica-
tion. The polygon associated with a defect can be a central
polygon of the defect. The polygon associated with the
defect 1s to be compared with a set of representative poly-
gons of a defect-pattern collection 1n the process. And a
similarity between the polygon and the set of representative
polygons 1s obtained for the purpose of defect classification.
With a polygon pattern grouping set, a unique polygon
search within the entire graphic area or a user-defined
scanning area can be done to identily defects with at least a
similar graphic pattern.

[0049] At step 610, graphic pattern data of an area under
inspection 1s received. Thereafter, a search of defects with
polygon patterns 1s conducted at step 620. Through the
search, a polygon pattern with graphical information asso-
ciated with a defect 1s identified. The polygon pattern can
provide a general 1dea about the pattern included i the
graphical information associated with a defect. At step 630,
the 1dentified polygon pattern associated with a defect 1s
compared with a set of representative polygons of a defect-
pattern collection. The collection of defect patterns repre-
sented by multiple representative polygons can be stored in
a storage device electrically connected with defect classifi-
cation server 320 or a storage/memory part of defect clas-
sification server 320. The multiple representative polygons
of defect-pattern collection can be collected 1n precedent
defect classification processes.

[0050] Classification of defects into a group of defects can
be determined based on similarity between the identified
polygon pattern and the representative polygons of defect-
pattern collection. If the 1dentified polygon pattern 1s similar
to any one of the set of representative polygons, which
means the identified polygon shows similar graphical infor-
mation with the representative polygon, the defect repre-
sented by the i1dentified polygon pattern 1s classified into a
same group of defects represented by the representative
polygon at step 650. Or 1f the 1dentified polygon pattern 1s
not similar to any one of the set of representative polygons,
at step 660, the identified polygon pattern associated with
the defect under 1nspection 1s set to be the representative
polygon of the defect of 1ts kind and 1s different from the
representative polygons 1t was compared to at step 630.

[0051] Reference 1s now made to FIG. 7, which 1s a
schematic diagram illustrating multiple exemplary polygons
sharing a same structure to be classified 1into a same group,
consistent with embodiments of the present disclosure.

[0052] In some embodiments, determining a graphic pat-
tern based on defects with central polygons can be overly
strict, if only polygon patterns have similar shape and size
with the set of representative polygons of a defect-pattern
collection are classified 1nto a same group. In these embodi-
ments, defect patterns’ internal topological structure i1s of
concern as well. Further, 1n some other embodiments, only
shape, but not size, of a defect matters. It 1s appreciated that
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internal topological structure can include a number of sides,
a direction of the sides, direction of topology, skeleton, etc.
Number of sides and direction of sides can be considered to
be critical internal topological structure parameters. Size of
a pattern can include dimensions of polygon, length, width,
depth/growth, etc. However, the setting of internal topologi-
cal structure parameters and whether size 1s of concern can
be determined by users of a defect review system. Param-
eters listed here are for explanation purposes only and are
neither limiting nor exclusive. FIG. 7 shows such a scenario
that all polygons have similar structure, e.g., three sides and
two right angles, although each one of the polygons has a
different size and difterent dimensions of sides, or the alike.
In some embodiments, these polygons can be certainly
classified mnto a single group of defects, while 1n other
embodiments they can be classified into different groups of
defects.

[0053] Reterence 1s now made to FIG. 8, which 1s a chart
illustrating an exemplary graphic topological pattern group-
ing process, consistent with embodiments of the present
disclosure. FIG. 8 shows a graphic topological pattern
grouping process that shares a few similar steps to the
process of a graphic pattern grouping.

[0054] At step 810, graphic information of an area under
inspection 1s received. Thereafter, a search of defects with
polygon patterns 1s conducted at step 820. Through the
search, a polygon pattern with graphical information asso-
ciated with a defect 1s identified. At step 830, a topology
analysis 1s then conducted. Topological characteristic of the
identified polygon pattern i1s obtained. The topological char-
acteristic of the polygon pattern can provide a general 1dea
about the structure of the pattern included in the graphical
information associated with a defect. The obtained topologi-
cal characteristic of the 1dentified polygon pattern associated
with a defect 1s then compared with a set of topological
group representatives of a defect-pattern collection at step
840. The collection of defect patterns represented by mul-
tiple topological group representatives can be stored in a
storage device communicatively connected with defect clas-
sification server 320 or a storage/memory part of defect
classification server 320. The multiple topological group
representatives of defect-pattern collections can be collected
in precedent defect classification processes.

[0055] At step 850, a similarity rate between the topologi-
cal characteristic(s) of the i1dentified polygon pattern asso-
ciated with a defect and the set of topological group repre-
sentatives 1s calculated. Users of the defect review system
can define a similarity threshold value before the process. If
the calculated similarity rate 1s decided to be greater than the
preset similarity threshold at step 850, the 1dentified defect
can be classified 1into a same group of defects represented by
the topological group representative at step 860. Or 1t the
calculated similarity rate 1s decided not to be greater than the
preset similarity threshold at step 870, the topological char-
acteristic of the second defect 1s set as the topological group
representative of the defect of its kind, which 1s different
from the topological group representatives it was compared
to at step 840.

[0056] Reference 1s now made to FIG. 9, which 1s a
schematic diagram illustrating two exemplary polygons and
an overlapping image for determining similarity, consistent
with embodiments of the present disclosure.

[0057] For some embodiments, the graphic grouping
method can result 1n too many groups since the grouping
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method can be very strict. On the other hand, graphic
topological grouping may lead to fewer groups because the
grouping method 1s overly loose as 1t considers pattern shape
only without consideration of size and dimension. In some
scenarios, to balance these two methods, an area-based
grouping method can be adopted.

[0058] To quantify the similarity between two graphic
patches using the area-based grouping method disclosed in
the following embodiments 1s explained with exemplary
polygons P1 and P2 shown in FIG. 9. First, P1 and P2 are
grouped 1nto a same topological group because of their close
internal topological structure. Note that although P1 and P2
have very close 1nternal topological structures, they do not
have exactly similar internal topological structures, for
example, same number of sides, 1dentical direction of sides,
etc. Again, the setting of internal topological structures to be
classified into one group 1s determined by users of the defect
review system.

[0059] Second, an alignment between polygons P1 and P2
with maximum overlapped area 1s obtained by shifting one
of the polygons back and forth, rotating, flipping, or any
other possible geometrical movements, or a combination
thereol if necessary. The step of aligning stops when the
overlapped area between the two polygons reaches 1ts maxi-
mum value. Similarity can be defined to be the ratio of the
overlapped area over a union area, which 1s the total area
occupied by the two polygons when they are maximally
aligned. An area-based similarity rate can be any value from
0 to 1. The cutofl line between similarity and dissimilarity,
1.e., the similarity threshold, 1s determined by users of the
defect review system and could be any value from 0 to 1 as
well, e.g., 0.7. As an example, any two polygons having an
area-based similarity ratio greater than or equal to 0.7 can be
classified to be 1n a same group.

[0060] Reference 1s now made to FIG. 10, which 1s a
flowchart 1llustrating an exemplary area-based similarity
central polygon grouping process, consistent with embodi-
ments of the present disclosure. At step 1010, a first defect
1s defined as defect classification group 1 and the graphic
data of the first defect 1s set to be the representative graphical
information. When a second detfect image 1s received by the
defect review system, similarity of the second defect is
compared to the representative graphical information of the
first defect at step 1020. Moreover, similarity value of the
second defect against the representative graphical informa-
tion 1s calculated and at step 1030, the similarnty rate 1s
determined whether to be greater than a user-defined simi-
larity threshold. If the similarity value of the second defect
against the representative graphical information 1s greater
than the similarity threshold, the second defect 1s classified
to be 1n the same group as the first defect and the process
ends at step 1050.

[0061] If the similarity value of the second defect against
the representative graphical information 1s equal to or less
than the similarity threshold, the second defect 1s defined as
a defect classification group 2 and the graphic data of the
second defect 1s set to be the representative graphic data of
the group at step 1040. Group 2 1s created i the DGS
database. The area-based similarity central polygon group-
ing process can be repeated until all defects identified 1n the
area under mspection run out. It 1s appreciated that in some
embodiments, when the similarity value of the second defect
against the representative graphical information 1s equal to
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the similarity threshold, the second defect can be assigned to
the same group as the first defect.

[0062] Retference 1s now made to FIG. 11, which 1s a
schematic diagram 1llustrating two exemplary polygons
1110 of FIGS. 11(a) and 1120 of FIG. 11(5) sharing a same
structure but different neighboring pattern information, con-
sistent with embodiments of the present disclosure. Graphic
pattern grouping methods disclosed 1n the foregoing
embodiments are central polygon based. That 1s, the central
polygon can be 1dentified based on whether the polygon 1s
centered within a portion of an image of the water, or 1s
selected by an operator to be the polygon that 1s focused on.
It appreciated that an indicator (such as indicators 1130 and
1140) can provide a center point of the portion of the image.

[0063] It 1s possible that two central polygons (such as
polygons 1110 and 1120) belonging to the same group of
defects can have different neighboring pattern information
because they are classified into the same group only based

on their central polygons. For instance, central polygons
1110 and 1120 of the defect image-graphic patch of FIG.

11(a) and the right defect image-graphic patch of FIG. 11(5)
in are classified to the same group of defects, despite the
differing defect patterns surrounding the central polygons. In
these scenarios, however, neighboring polygons can be
taken 1nto consideration by a second-step grouping.

[0064] Reterence 1s now made to FIG. 12, which 1s also a
schematic diagram 1illustrating two exemplary polygons
1110 and 1120 sharing a same structure but having different
neighboring pattern information. In embodiments using a
second-step grouping, polygons 1110 and 1120 are classified
into different groups based on their different neighboring
pattern information.

[0065] After the central-polygon grouping process com-
pletes, for each graphic patch of the two 1images, the original
center indicators 1130 and 1140 can remain the same, while
a defined window (such as window 1210 of FIG. 12(a) and
window 1220 of FIG. 12(d)) 1s generated to determine the
neighboring polygons to use for comparing during the
second-step grouping. It 1s appreciated that the second-step
window can also have a second-step center indicator (such
as indicators 1230 and 1240) centered over the central

polygon.

[0066] All polygons or polygon segments within a defined
window can be used to do the second-step grouping. For
example, 1n the second-step grouping, the polygons and
polygon segments within window 1210 are compared with
the polygons and polygon segments within window 1220.
The second-step grouping process 1s the same as the central
polygon grouping process (except applied to the neighboring
polygons and polygon segments), which 1s not repeated
here. As a result of the second-step grouping process, the
two defect patches are put into two different groups instead
of one group after the central polygon grouping process.
Accordingly, defect patches that are classified into a same
group can have better correlation after second-step grouping
process, which can save a substantial amount of processing
time and determination by the defect review system.

[0067] Reference 1s now made to FIG. 13, which 1s a block
diagram of an exemplary computer system on which
embodiments described herein can be implemented. At least
one of the knowledge recommendation server and the defect
classification server described above can be implemented
with computer system 800.
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[0068] Computer system 800 includes a bus 802 or other
communication mechanism for communicating information,
and one or more hardware processors 804 (denoted as
processor 804 for purposes of simplicity; e.g., processor 332
of knowledge recommendation server 330 or processor 324
of detect classification server 320 of FIG. 3) coupled with
bus 802 for processing information. Hardware processor 804
can be, for example, one or more miCroprocessors.

[0069] Computer system 800 also includes a main
memory 806, such as a random access memory (RAM) or
other dynamic storage device, coupled to bus 802 for storing
information and instructions to be executed by processor
804. Main memory 806 also can be used for storing tem-
porary variables or other intermediate information during
execution of instructions to be executed by processor 804.
Such 1nstructions, after being stored 1n non-transitory stor-
age media accessible to processor 804, render computer
system 800 into a special-purpose machine that 1s custom-
1zed to perform the operations specified 1n the instructions.

[0070] Computer system 800 further includes a read only
memory (ROM) 808 or other static storage device coupled
to bus 802 for storing static information and 1nstructions for
processor 804. A storage device 810 (e.g., storage device
334 of knowledge recommendation server 330 of FIG. 3),
such as a magnetic disk, optical disk, or USB thumb dnive
(Flash drive), etc., 1s provided and coupled to bus 802 for
storing information and instructions.

[0071] Computer system 800 can be coupled via bus 802
to a display 812. An input device 814, including alphanu-
meric and other keys, 1s coupled to bus 802 for communi-
cating information and command selections to processor
804. Another type of user input device 1s cursor control 816.

[0072] Computing system 800 can include a user interface
module to implement a graphical user intertace (GUI) that
can be stored 1n a mass storage device as executable soft-
ware codes that are executed by the one or more computing
devices. This and other modules can include, by way of
example, components, such as software components, object-
oriented software components, class components and task
components, processes, functions, fields, procedures, sub-
routines, segments of program code, drivers, firmware,
microcode, circuitry, data, databases, data structures, tables,
arrays, and variables. The modules may include, {for
example, one or more components of system 300 1llustrated

in FIG. 3.

[0073] Computer system 800 can implement the tech-
niques described herein using customized hard-wired logic,
one or more ASICs or FPGAs, firmware and/or program
logic which 1n combination with the computer system causes
or programs computer system 800 to be a special-purpose
machine. According to some embodiments, the operations,
functionalities, and techniques and other features described
herein are performed by computer system 800 1n response to
processor 804 executing one or more sequences of one or
more 1nstructions contained in main memory 806. Such
instructions can be read into main memory 806 from another
storage medium, such as storage device 810. Execution of
the sequences of instructions contained 1n main memory 806
causes processor 804 to perform the method steps (e.g., the
processes of FIG. 6, FIG. 8, and/or FIG. 10) described
herein. In alternative embodiments, hard-wired circuitry can
be used 1n place of or 1n combination with software nstruc-
tions.
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[0074] The term “non-transitory media” as used herein
refers to any non-transitory media storing data and/or
instructions that cause a machine to operate 1 a specific
fashion. Such non-transitory media can comprise non-vola-
tile media and/or volatile media. Non-volatile media can
include, for example, optical or magnetic disks, such as
storage device 810. Volatile media can include dynamic
memory, such as main memory 806. Non-transitory media
include, for example, a floppy disk, a flexible disk, hard disk,
solid state drive, magnetic tape, or any other magnetic data
storage medium, a CD-ROM, any other optical data storage
medium, any physical medium with patterns of holes, a
RAM, a PROM, and FPROM, a FLASH-EPROM,
NVRAM, flash memory, register, cache, any other memory
chip or cartridge, and networked versions of the same.

[0075] Non-transitory media 1s distinct from, but can be
used 1n conjunction with, transmission media. Transmission
media can participate in transferring information between
storage media. For example, transmission media can include
coaxial cables, copper wire and fiber optics, including the
wires that comprise bus 802. Transmission media can also
take the form of acoustic or light waves, such as those
generated during radio-wave and infra-red data communi-
cations.

[0076] Various forms of media can be involved 1n carrying
one or more sequences of one or more instructions to
processor 804 for execution. For example, the instructions
can 1itially be carried on a magnetic disk or solid state drive
of a remote computer. The remote computer can load the
instructions into 1ts dynamic memory and send the instruc-
tions over a telephone line using a modem. A modem local
to computer system 800 can receive the data on the tele-
phone line and use an infra-red transmitter to convert the
data to an infra-red signal. An infra-red detector can receive
the data carried in the infra-red signal and appropnate
circuitry can place the data on bus 802. Bus 802 carries the
data to main memory 806, from which processor 804
retrieves and executes the instructions. The instructions
received by main memory 806 can optionally be stored on
storage device 810 either before or after execution by
processor 804.

[0077] Computer system 800 can also include a commu-
nication interface 818 coupled to bus 802. Communication
interface 818 (e.g., communication interface 322 of defect
classification server 320 of FIG. 3 or any communication
interface (not shown) of knowledge recommendation server
330) can provide a two-way data communication coupling to
a network link 820 that can be connected to a local network
822. For example, communication interface 818 can be an
integrated services digital network (ISDN) card, cable
modem, satellite modem, or a modem to provide a data
communication connection to a corresponding type of tele-
phone line. As another example, communication interface
818 can be a local area network (LAN) card to provide a data
communication connection to a compatible LAN. Wireless
links can also be implemented. In any such implementation,
communication interface 818 can send and receive electri-
cal, electromagnetic or optical signals that carry digital data
streams representing various types of information.

[0078] Network link 820 can typically provide data com-
munication through one or more networks to other data
devices. For example, network link 820 can provide a
connection through local network 822 to a host computer
824 or to data equipment operated by an Internet Service
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Provider (ISP) 826. ISP 826 in turn can provide data
communication services through the world wide packet data
communication network now commonly referred to as the
“Internet” 828. Local network 822 and Internet 828 both use
clectrical, electromagnetic or optical signals that carry digi-
tal data streams. The signals through the various networks
and the signals on network link 820 and through commu-
nication interface 818, which carry the digital data to and
from computer system 800, can be example forms of trans-
mission media.

[0079] Computer system 800 can send messages and
receive data, including program code, through the network
(s), network link 820 and communication interface 818. In
the Internet example, a server 830 can transmit a requested
code for an application program through Internet 828, ISP
826, local network 822 and communication interface 818.

[0080] The received code can be executed by processor
804 as 1t 1s rece1ved, and/or stored 1n storage device 810, or
other non-volatile storage for later execution. In some
embodiments, server 830 can provide information for being
displayed on a display.

[0081] According to the above disclosed embodiments, a
defect review system includes a knowledge recommenda-
tion server that can provide recommended knowledge files
to a defect classification server which can classify defects by
using the knowledge files. Compared to a typical defect
review system 1n which a user needs to visually analyze a
newly acquired waler inspection image, and spent signifi-
cant time searching for a knowledge file for use 1n defect
classification, the defect review system of the disclosed
embodiments can perform the entire defect review process
in a real-time scenario, 1.e., as soon as waler inspection
images are generated without user intervention. As a result,
the throughput of the defect review process 1s increased.

[0082] In addition, the typical defect review system relies
on users’ experience to select knowledge files for use 1n
defect classification, which may cause i1naccurate defect
classification results. In contrasts, the knowledge recom-
mendation system of the disclosed embodiments searches
for knowledge files based on defect feature parameters
exacted from defect patch image, which can generate more
accurate results.

[0083] The embodiments may further be described using
the following clauses:

1. A defect pattern grouping method comprising,

[0084] obtamning a first polygon that represents a first
defect from an 1mage of a sample;

[0085] comparing the first polygon with a set of one or
more representative polygons of a defect-pattern collection;
and

[0086] grouping the first polygon with any one or more
representative polygons i1dentified based on the comparison.

2. The defect pattern grouping method of clause 1, further
comprising:
[0087] acquiring the set of one or more representative

polygons having a polygon pattern that 1s similar to a pattern
of the first polygon.

3. The defect pattern grouping method of clause 2, further
comprising;

[0088] designating the first polygon and the acquired set of
one or more representative polygons as central polygons.

4. The defect pattern grouping method of clause 3, further
comprising;
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[0089] comparing neighboring polygon information of the
central polygons.

5. The defect pattern grouping method of clause 4, wherein
the neighboring polygon information includes topological
characteristics of one or more neighboring polygon patterns
surrounding the central polygons.

6. The defect pattern grouping method of clause 2, further
comprising:

[0090] acquiring the set of one or more representative
polygons having one or more topological characteristics that
are similar to one or more topological characteristics of the
first polygon.

7. The defect pattern grouping method of clause 2, wherein
comparing the first polygon with a set of one or more
representative polygons of a defect-pattern collection further
comprises determining a similarity between the first polygon
and the set of one or more representative polygons of a
defect-pattern collection.

8. The defect pattern grouping method of clause 7, wherein
determining the similarity between the first polygon and the
set of one or more representative polygons of a defect-
pattern collection further comprises,

[0091] aligning the polygon pattern of the first defect with
the polygon pattern of one of the set of one or more
representative polygons of a defect-pattern collection; and
[0092] determining the similarity based on the alignment.
9. The detect pattern grouping method of any one of clauses
7 and 8, further comprising,

[0093] grouping the first polygon with any one or more
acquired representative polygons, in response to the simi-
larity being greater than a preset similarity threshold.

10. The defect pattern grouping method of any one of
clauses 7 and 8, further comprising,

[0094] grouping the first polygon as a representative poly-
gon of a defect pattern, in response to the similarity not
being greater than a preset similarity threshold.

11. A non-transitory computer readable medium storing a set
ol instructions that 1s executable by one or more processors
of a defect classification server to cause the server to
perform a method comprising,

[0095] obtamning a first polygon that represents a first
defect from an 1mage of a sample;

[0096] comparing the first polygon with a set of one or
more representative polygons of a defect-pattern collection;
and

[0097] grouping the first polygon with any one or more
representative polygons i1dentified based on the comparison.

12. The non-transitory computer readable medium of clause
11, wherein the set of instructions to cause the server to
further perform:

[0098] acquiring the set of one or more representative
polygons having a polygon pattern that 1s similar to a pattern
of the first polygon.

13. The non-transitory computer readable medium of clause
12, wherein the set of instructions to cause the server to
further perform:

[0099] designating the first polygon and the acquired set of
one or more representative polygons as central polygons.

14. The non-transitory computer readable medium of clause
12, wherein the set of instructions to cause the server to
further perform:

[0100] comparing neighboring polygon information of the
central polygons.
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15. The non-transitory computer readable medium of clause
13, wherein the neighboring polygon information includes
topological characteristics of one or more neighboring poly-
gon patterns surrounding the central polygons.

16. The non-transitory computer readable medium of clause
14, wherein the set of instructions to cause the server to
further perform:

[0101] acquiring the set of one or more representative
polygons having one or more topological characteristics that
are similar to one or more topological characteristics of the
first polygon.

1’7. The non-transitory computer readable medium of clause
12, wherein comparing the first polygon with a set of one or
more representative polygons of a defect-pattern collection
further comprises determining a similarity between the first
polygon and the set of one or more representative polygons
ol a defect-pattern collection.

18. The non-transitory computer readable medium of clause
17, wherein determining the similarity between the first
polygon and the set of one or more representative polygons
ol a defect-pattern collection further comprises,

[0102] aligning the polygon pattern of the first defect with
the polygon pattern of one of the set of one or more
representative polygons of a defect-pattern collection; and
determining the similarity based on the alignment.

19. The non-transitory computer readable medium of any
one of clauses 17 and 18, the set of instructions to cause the
server to further perform:

[0103] grouping the first polygon with any one or more
acquired representative polygons, in response to the simi-
larity being greater than a preset similarity threshold.

20. The non-transitory computer readable medium of any
one of clauses 17 and 18, the set of instructions to cause the
server to further perform:

[0104] grouping the first polygon as a representative poly-
gon of a defect pattern, in response to the similarity not
being greater than a preset similarity threshold.

21. A defect pattern grouping system comprising:

[0105] a memory configured to store a set of 1nstructions;
and,
[0106] a processor configured to execute the set of 1nstruc-

tions to cause the defect pattern grouping system to:

[0107] obtain a first polygon that represents a first
defect from an 1mage of a sample;

[0108] compare the first polygon with a set of one or
more representative polygons of a defect-pattern col-
lection; and

[0109] group the first polygon with any one or more
representative polygons identified based on the com-
parison.

22. The defect pattern grouping system of clause 21, wherein
the processor 1s configured to execute the set of instructions
to further cause the defect pattern grouping system to:

[0110] acquire the set of one or more representative poly-
gons having a polygon pattern that 1s similar to a pattern of
the first polygon.

23. The defect pattern grouping system of clause 22, wherein
the processor 1s configured to execute the set of instructions
to further cause the defect pattern grouping system to:

[0111] designate the first polygon and the acquired set of
one or more representative polygons as central polygons.

24. The defect pattern grouping system of clause 23, wherein
the processor 1s configured to execute the set of instructions
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to further cause the defect pattern grouping system to:
compare neighboring polygon information of the central
polygons.

25. The defect pattern grouping system of clause 24, wherein
the neighboring polygon information includes topological
characteristics of one or more neighboring polygon patterns
surrounding the central polygons.

26. The defect pattern grouping system of clause 22, wherein
the processor 1s configured to execute the set of instructions
to further cause the defect pattern grouping system to:
[0112] acquire the set of one or more representative poly-
gons having one or more topological characteristics that are
similar to one or more topological characteristics of the first
polygon.

2'7. The defect pattern grouping system of clause 22, wherein
the comparison of the first polygon with a set of one or more
representative polygons of a defect-pattern collection further
comprises a determination of a similarity between the first
polygon and the set of one or more representative polygons
of a defect-pattern collection.

28. The defect pattern grouping system of clause 27, wherein
the determination of the similarity between the first polygon
and the set of one or more representative polygons of a
defect-pattern collection further comprises,

[0113] an alignment of the polygon pattern of the first
defect with the polygon pattern of one of the set of one or
more representative polygons of a defect-pattern collection;
and

[0114] a determination of the similarity based on the

alignment.
29. The defect pattern grouping system of any one of clauses

27 and 28, wherein the processor 1s configured to execute the
set of instructions to further cause the defect pattern group-
ing system to:

[0115] group the first polygon with any one or more

acquired representative polygons, in response to the simi-
larity being greater than a preset similarity threshold.

30. The defect pattern grouping system of any one of clauses
27 and 28, wherein the processor 1s configured to execute the
set of instructions to further cause the defect pattern group-
ing system to:

[0116] group the first polygon as a representative polygon

of a defect pattern, 1n response to the similarity not being
greater than a preset similarity threshold.

[0117] While the present invention has been described 1n
connection with various embodiments, other embodiments
of the invention will be apparent to those skilled in the art
from consideration of the specification and practice of the
invention disclosed herein. It 1s intended that the specifica-
tion and examples be considered as exemplary only, with a
true scope and spirit of the invention being indicated by the
following claims.

What 1s claimed 1s:

1. A defect pattern grouping method comprising,

obtaining a first polygon that represents a first defect from
an 1mage of a sample;

comparing the first polygon with a set of one or more
representative polygons of a defect-pattern collection;
and

grouping the first polygon with any one or more repre-
sentative polygons i1dentified based on the comparison.

2. The defect pattern grouping method of claim 1, further
comprising;
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acquiring the set of one or more representative polygons
having a polygon pattern that 1s similar to a pattern of
the first polygon.

3. The detfect pattern grouping method of claim 2, turther
comprising;

designating the first polygon and the acquired set of one

or more representative polygons as central polygons.

4. The defect pattern grouping method of claim 2, further
comprising:

comparing neighboring polygon information of the cen-

tral polygons, and/or
wherein the neighboring polygon information includes topo-
logical characteristics of one or more neighboring polygon
patterns surrounding the central polygons.

5. The defect pattern grouping method of claim 2, turther
comprising;

acquiring the set of one or more representative polygons

having one or more topological characteristics that are
similar to one or more topological characteristics of the
first polygon.

6. The defect pattern grouping method of claim 2, wherein
comparing the first polygon with a set of one or more
representative polygons of a defect-pattern collection turther
comprises determining a similarity between the first polygon
and the set of one or more representative polygons of a
defect-pattern collection.

7. The defect pattern grouping method of claim 6, wherein
determining the similarity between the first polygon and the
set of one or more representative polygons of a defect-
pattern collection further comprises,

aligning the polygon pattern of the first defect with the

polygon pattern of one of the set of one or more
representative polygons of a defect-pattern collection;
and

determining the similarity based on the alignment.

8. The defect pattern grouping method of claim 7, turther
comprising,

grouping the first polygon with any one or more acquired

representative polygons, in response to the similarity
being greater than a preset similarity threshold.

9. The defect pattern grouping method of claim 7, further
comprising,

grouping the first polygon as a representative polygon of

a defect pattern, 1n response to the similarity not being
greater than a preset similarity threshold.

10. A defect pattern grouping system comprising;

a memory configured to store a set of instructions; and,

a processor configured to execute the set of instructions to

cause the defect pattern grouping system to:

obtain a first polygon that represents a first defect from
an 1mage ol a sample;

compare the first polygon with a set of one or more
representative polygons of a defect-pattern collec-
tion; and

group the first polygon with any one or more repre-
sentative polygons identified based on the compari-
SON.

11. The defect pattern grouping system of claim 10,
wherein the processor 1s configured to execute the set of
instructions to further cause the defect pattern grouping
system to:

acquire the set of one or more representative polygons

having a polygon pattern that 1s similar to a pattern of
the first polygon, and/or
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wherein the processor 1s configured to execute the set of
instructions to further cause the defect pattern grouping
system to:

designate the first polygon and the acquired set of one or

more representative polygons as central polygons.

12. The defect pattern grouping system of claim 11,
wherein the processor 1s configured to execute the set of
instructions to further cause the defect pattern grouping
system t1o:

compare neighboring polygon information of the central

polygons, and/or
wherein the neighboring polygon information includes topo-
logical characteristics of one or more neighboring polygon
patterns surrounding the central polygons.

13. The defect pattern grouping system of claim 11,
wherein the processor 1s configured to execute the set of
istructions to further cause the defect pattern grouping
system to:

acquire the set of one or more representative polygons

having one or more topological characteristics that are
similar to one or more topological characteristics of the
first polygon.

14. The defect pattern grouping system of claim 11,
wherein the comparison of the first polygon with a set of one
or more representative polygons of a defect-pattern collec-
tion further comprises a determination of a similarity
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between the first polygon and the set of one or more
representative polygons of a defect-pattern collection, and/
or
wherein the determination of the similarity between the first
polygon and the set of one or more representative polygons
of a defect-pattern collection further comprises,
an alignment of the polygon pattern of the first defect with
the polygon pattern of one of the set of one or more
representative polygons of a defect-pattern collection;
and

a determination of the similarity based on the alignment.

15. The defect pattern grouping system of claim 14,
wherein the processor 1s configured to execute the set of
instructions to further cause the defect pattern grouping
system to:

group the first polygon with any one or more acquired
representative polygons, in response to the similarity
being greater than a preset similarity threshold, and/or

wherein the processor 1s configured to execute the set of
instructions to further cause the defect pattern grouping
system to:

group the first polygon as a representative polygon of a
defect pattern, 1n response to the similarity not being
greater than a preset similarity threshold.

x s e e s
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