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METHOD OF EXAMINING SPECIMENS AND
SYSTEM THEREOF

RELATED APPLICATION

[0001] This application is a continuation of U.S. patent
application Ser. No. 16/782,005, filed Feb. 4, 2020, the
entire content of which is hereby incorporated by reference.

TECHNICAL FIELD

[0002] The presently disclosed subject matter relates, in
general, to the field of examination of a specimen, and more
specifically, to methods and systems for defect detection of
a specimen.

BACKGROUND

[0003] Current demands for high density and perfor-
mance, associated with ultra large scale integration of fab-
ricated devices, require submicron features, increased tran-
sistor and circuit speeds, and improved reliability. Such
demands require formation of device features with high
precision and uniformity, which, in turn, necessitate careful
monitoring of the fabrication process, including automated
examination of the devices while they are still in the form of
semiconductor wafers. It is noted that the fabrication process
can include pre-manufacture, manufacture and/or post-
manufacture operations.

[0004] The term “specimen” used in this specification
should be expansively construed to cover any kind of wafer,
masks, and other structures, combinations and/or parts
thereof used for manufacturing semiconductor integrated
circuits, magnetic heads, flat panel displays, and other
semiconductor-fabricated articles.

[0005] The term “examination” used in this specification
should be expansively construed to cover any kind of
metrology-related operations as well as operations related to
detection and/or classification of defects in a specimen
during its fabrication. Examination is carried out by using
non-destructive examination tools during or after manufac-
ture of the specimen to be examined. By way of non-limiting
example, the examination process can include runtime scan-
ning (in a single or in multiple scans), sampling, reviewing,
measuring, classifying and/or other operations provided
with regard to the specimen or parts thereof using the same
or different examination tools. Likewise, at least some
examination can be carried out prior to manufacture of the
specimen to be examined, and can include, for example,
generating an examination recipe(s), training respective
classifiers or other machine learning-related tools and/or
other setup operations. It is noted that, unless specifically
stated otherwise, the term “examination” or its derivatives
used in this specification, is not limited with respect to
resolution or to the size of an inspection area. A variety of
non-destructive examination tools includes, by way of non-
limiting example, scanning electron microscopes, atomic
force microscopes, optical inspection tools, etc.

[0006] By way of non-limiting example, run-time exami-
nation can employ a two-phase procedure, e.g. inspection of
a specimen followed by review of sampled locations of
potential defects. During the first phase, the surface of a
specimen is inspected at high-speed and relatively low-
resolution. In the first phase, a defect map is produced to
show locations on the specimen suspected of having high
probability of a defect. During the second phase, at least
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some of such suspected locations are more thoroughly
analyzed with relatively high resolution. In some cases both
phases can be implemented by the same inspection tool, and,
in some other cases, these two phases are implemented by
different inspection tools.

[0007] Examination processes are used at various steps
during semiconductor fabrication to detect and classify
defects on specimens. Examination generally involves gen-
erating some output (e.g., images, signals, etc.) for a wafer
by directing light or electrons to the wafer, and detecting the
light or electrons from the watfer. Once the output has been
generated, defect detection is typically performed by apply-
ing a defect detection method and/or algorithm to the output.
Most often, the goal of examination is to provide high
sensitivity to defects of interest, while suppressing detection
of nuisance and noise on the wafer.

GENERAL DESCRIPTION

[0008] In accordance with certain aspects of the presently
disclosed subject matter, there is provided a system to
examine a specimen, the system comprising: a processing
and memory circuitry (PMC) comprising a processor opera-
tively coupled to a memory, the PMC configured to: obtain
a plurality of defects of interest (DOIs) and a plurality of
false alarms (FAs), from a review subset selected from a
group of potential defects received from an inspection tool,
wherein each potential defect is associated with a plurality
of attribute values defining a location of the potential defect
in an attribute space; generate a representative subset of the
group of potential defects, the representative subset com-
prising potential defects selected in accordance with a
distribution of the group of potential defects within the
attribute space, and indicate the potential defects in the
representative subset as FA; and upon training a classifier
using data informative of the attribute values of the DOIs,
the potential defects of the representative subset, and respec-
tive indications thereof as DOIs or FAs, apply the classifier
to at least some of the potential defects to obtain an
estimation of a number of expected DOIs in the specimen.
[0009] In addition to the above features, the method
according to this aspect of the presently disclosed subject
matter can comprise one or more of features (i) to (x) listed
below, in any desired combination or permutation which is
technically possible:

[0010] (i) Within the examination system, the PMC can be
configured to select the representative subset as a coreset of
the group of potential defects.

[0011] (ii)) Within the examination system, the PMC can
be configured to select the coreset of the group of potential
defects using a K means parallel algorithm.

[0012] (iii)) Within the examination system, the represen-
tative subset can be generated so as to have no overlap with
the DOIs.

[0013] (iv) Within the examination system, the PMC can
be configured to obtain the plurality of DOIs and the
plurality of FAs as follows: select the review subset of
potential defects from the group of potential defects; for
each given potential defect from the review subset of
potential defects: obtain an indication whether a given
potential defect is a defect of interest or a false alarm, the
indication being based on a received review tool image of
the given defect; and respectively assign the given potential
defect to the plurality of DOIs or the plurality of FAs.
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[0014] (v) Within the examination system, the PMC can
be configured to select the review subset of potential defects,
obtain the indication, and assign the given potential defect as
follows: cluster the group of potential defects to obtain a
plurality of clusters; sample an initial group of potential
defects from each of the plurality of clusters, in accordance
with scores of the potential defects obtained using one or
more utility functions; receive review results of the potential
defects in the initial group of potential defects, and associate
a label with each defect indicating whether each defect
therein is a defect of interest or a false alarm; determine
whether a predetermined review budget is exhausted; and if
not, update the scores of remaining potential defects based
on the review results, and repeat sampling, receiving the
review results and associating.

[0015] (vi) Within the examination system, the group of
potential defects can be a cluster of potential defects, and the
classifier is trained and applied for the potential defects in
the cluster.

[0016] (vii) Within the examination system, the number of
expected DOIs can be verified for validating the classifier.
[0017] (viii) Within the examination system, the PMC can
be further configured to estimate False alarm rate (FAR)
using the number of expected DOIs.

[0018] (ix) Within the examination system, the estimation
of' a number of expected defects of interest in the specimen
can be used to determine a budget of potential defects to be
reviewed by a review tool when examining an additional
specimen of a same type as the specimen.

[0019] (x) Within the examination system, the PMC can
be a part of the inspection tool, or part of a review tool, or
part of a combined inspection and review tool that is
operated at different modes, or separate from the inspection
tool and from the review tool.

[0020] In accordance with other aspects of the presently
disclosed subject matter, there is provided a method of
examining a specimen, comprising: obtaining a plurality of
defects of interest (DOIs) and a plurality of false alarms
(FAs), from a review subset selected from a group of
potential defects received from an inspection tool, wherein
each potential defect is associated with a plurality of attri-
bute values defining a location of the potential defect in an
attribute space; generating a representative subset of the
group of potential defects, the representative subset com-
prising potential defects selected in accordance with a
distribution of the group of potential defects within the
attribute space, and indicating the potential defects in the
representative subset as FA; and upon training a classifier
using data informative of the attribute values of the DOIs,
the potential defects of the representative subset, and respec-
tive indications thereof as DOIs or FAs, applying the clas-
sifier to at least some of the potential defects to obtain an
estimation of a number of expected DOIs in the specimen.
[0021] This aspect of the disclosed subject matter can
comprise one or more of features (i) to (x) listed above with
respect to the system, mutatis mutandis, in any desired
combination or permutation which is technically possible.

[0022] In accordance with other aspects of the presently
disclosed subject matter, there is provided a non-transitory
computer readable medium comprising instructions that,
when executed by a computer, cause the computer to per-
form a method of examination of a specimen, the method
comprising: obtaining a plurality of defects of interest
(DOls) and a plurality of false alarms (FAs), from a review
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subset selected from a group of potential defects received
from an inspection tool, wherein each potential defect is
associated with a plurality of attribute values defining a
location of the potential defect in an attribute space; gener-
ating a representative subset of the group of potential
defects, the representative subset comprising potential
defects selected in accordance with a distribution of the
group of potential defects within the attribute space, and
indicate the potential defects in the representative subset as
FA; and upon training a classifier using data informative of
the attribute values of the DOIs, the potential defects of the
representative subset, and respective indications thereof as
DOIs or FAs, applying the classifier to at least some of the
potential defects to obtain an estimation of a number of
expected DOIs in the specimen.

[0023] This aspect of the disclosed subject matter can
comprise one or more of features (i) to (x) listed above with
respect to the system, mutatis mutandis, in any desired
combination or permutation which is technically possible.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] In order to understand the invention and to see how
it can be carried out in practice, embodiments will be
described, by way of non-limiting examples, with reference
to the accompanying drawings, in which:

[0025] FIG. 1 illustrates a block diagram of an examina-
tion system, in accordance with certain embodiments of the
presently disclosed subject matter;

[0026] FIG. 2 illustrates an exemplary flowchart of exam-
ining a specimen, in accordance with certain embodiments
of the presently disclosed subject matter;

[0027] FIG. 3A illustrates an exemplary flowchart of
selecting, reviewing and assigning labels to potential
defects, in accordance with certain embodiments of the
presently disclosed subject matter;

[0028] FIG. 3B illustrates an exemplary flowchart of
defect classification per cluster, in accordance with certain
embodiments of the presently disclosed subject matter; and
[0029] FIG. 4A and FIG. 4B show exemplary methods for
estimating a false alarm rate of the potential defects within
a cluster, in accordance with certain embodiments of the
presently disclosed subject matter.

DETAILED DESCRIPTION

[0030] In the following detailed description, numerous
specific details are set forth in order to provide a thorough
understanding of the invention. However, it will be under-
stood by those skilled in the art that the presently disclosed
subject matter may be practiced without these specific
details. In other instances, well-known methods, procedures,
components and circuits have not been described in detail so
as not to obscure the presently disclosed subject matter.

[0031] Unless specifically stated otherwise, as apparent
from the following discussions, it is appreciated that
throughout the specification discussions utilizing terms such
as “obtaining”, “generating”, “receiving”, “training”,
“applying”, “determining”, “selecting”, “assigning”, “clus-
tering”, “sampling”, “associating”, “updating”, “repeating”,
“validating”, “estimating”, or the like, refer to the action(s)
and/or process(es) of a computer that manipulate and/or
transform data into other data, said data represented as
physical, such as electronic, quantities and/or said data

representing the physical objects. The term “computer”



US 2022/0291138 Al

should be expansively construed to cover any kind of
hardware-based electronic device with data processing capa-
bilities including, by way of non-limiting example, the
examination system and respective parts thereof disclosed in
the present application.

[0032] The terms ‘“non-transitory memory” and “non-
transitory storage medium” used herein should be expan-
sively construed to cover any volatile or non-volatile com-
puter memory suitable to the presently disclosed subject
matter.

[0033] The term “defect” used in this specification should
be expansively construed to cover any kind of abnormality
or undesirable feature formed on or within a specimen.
[0034] The term “design data” used in the specification
should be expansively construed to cover any data indicative
of hierarchical physical design (layout) of a specimen.
Design data can be provided by a respective designer and/or
can be derived from the physical design (e.g. through
complex simulation, simple geometric and Boolean opera-
tions, etc.). Design data can be provided in different formats
as, by way of non-limiting examples, GDSII format, OASIS
format, etc. Design data can be presented in vector format,
grayscale intensity image format, or otherwise.

[0035] The term “sampling” used herein should be expan-
sively construed to cover any selecting of one or more
specimen locations from a collection of specimen locations
obtained from an inspection tool or from any other source,
for example received from a user, extracted from design
data, reported by previous processes, received from external
sources, or others. The sampled specimen locations may be
selected from amongst the collection of specimen locations,
to be reviewed by a review tool. As detailed below, each
location can be described as a collection of attribute values,
thus the collection of locations spans an attribute space.
Sampling may be broadly construed as selecting a set of
locations that represent the spanned attribute space.

[0036] It is appreciated that, unless specifically stated
otherwise, certain features of the presently disclosed subject
matter, which are described in the context of separate
embodiments, can also be provided in combination in a
single embodiment. Conversely, various features of the
presently disclosed subject matter, which are described in
the context of a single embodiment, can also be provided
separately or in any suitable sub-combination. In the fol-
lowing detailed description, numerous specific details are set
forth in order to provide a thorough understanding of the
methods and apparatus.

[0037] Bearing this in mind, attention is drawn to FIG. 1
illustrating a generalized block diagram of an examination
system in accordance with certain embodiments of the
presently disclosed subject matter. Examination system 100
illustrated in FIG. 1 can be used for examination of a
specimen (e.g. of a wafer and/or parts thereof) as a part of
specimen fabrication. Examination can be part of the speci-
men fabrication, and can be carried out during manufactur-
ing the specimen, or afterwards. The examination system
can comprise a variety of examination tools, for example,
one or more inspection tools 101 configured to capture
inspection images (captured typically at relatively high-
speed and/or low-resolution, e.g., by an optical inspection
system, low-resolution SEM, etc.) and output potential
defects, e.g., locations at which a defect may be found, and
one or more review tools 102 configured to capture review
images of at least some of the potential defects detected by
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inspection tools 101 typically, at relatively low-speed and/or
high-resolution, e.g. by a scanning electron microscope
(SEM) or Atomic Force Microscopy (AFM).

[0038] As mentioned above, images of a desired location
on a specimen can be captured at different resolutions. In
some embodiments, images of the same location (with the
same or different resolutions) can comprise several images
registered therebetween.

[0039] A specimen can be examined by inspection tool
101. The resulting images and/or derivatives can be pro-
cessed (optionally together with other data as, for example,
design data and/or defect classification data) to select poten-
tial defects for review, to assess the number of defects,
and/or to characterize the defects in the specimen.

[0040] Illustrated examination system 100 comprises a
computer-based automated defect classification tool 103.
Defect classification tool 103 can be operatively connected
to one or more inspection tools 101 and/or one or more
review tools 102. Optionally, defect classification tool 103
can be a standalone tool, or fully or partly integrated with or
hosted by one or more inspection tools 101 or review tools
102. Defect classification tool 103 can be further operatively
connected to design server 110 and/or data repository 109.

[0041] By way of non-limiting example, defect classifi-
cation tool 103 can be usable for different purposes. For
example, for automatically classifying potential defects pro-
vided by inspection examination tool 101 into a plurality of
classes, and in particular into defects of interest (DOIs) and
false alarms (FAs); filtering FAs from DOIs, identifying
specific DOIs, assessing the number of DOIs in a specimen
or their characteristics, selecting some of the potential
defects provided by inspection tool 101 for review by review
tool 102, establishing Pareto in order to identify excursions
in statistical process control (SPC), and/or others.

[0042] Defects can be represented as a collection of attri-
butes, wherein each defect is associated with a value for one
or more of the attributes. Some attributes can be numeric and
may be assigned any value from a finite or infinite range;
other attributes may be assigned discrete numeric or non-
numeric values. Thus, each defect represents a point in the
attribute space spawned by the possible attribute values. A
metric may be defined for determining the distance between
two defects in the attribute space, based on their attribute
values.

[0043] Defect classification tool 103 may be configured to
receive, via input interface 105, input data. The input data
can include image data (and/or derivatives thereof and/or
metadata associated therewith) produced by the inspection
tool 101 and/or review tool 102 and/or data stored in design
data server 110 and/or one or more data repositories. In some
embodiments, the input data can include one or more
runtime images.

[0044] Defect classification tool 103 comprises a proces-
sor and memory circuitry (PMC) 104 operatively connected
to a hardware-based input interface 105 and to a hardware-
based output interface 106. PMC 104 can be a part of
inspection tool 101, a part of review tool 102, or a part of a
combined tool combining inspection tool 101 and review
tool 102 operated at different modes.

[0045] PMC 104 is configured to provide processing nec-
essary for operating the defect classification tool 103 as
further detailed below, and comprises a processor and a
memory (not shown separately within PMC). The operation
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of defect classification tool 103 and PMC 104 is further
detailed with reference to FIGS. 2-4 below.

[0046] PMC 104 can be configured to execute several
functional modules in accordance with computer-readable
instructions implemented on a non-transitory computer-
readable storage medium. Such functional modules are
referred to hereinafter as comprised in PMC 104. PMC 104
can comprise defect classification unit 115, configured to
assess the number and characteristics of DOIs within the
specimen, select some of the defects provided by inspection
system tool 101 to be reviewed by review tool 102, identity
excursions in statistical process control (SPC), or the like.
[0047] Defect classification unit 115 can comprise clus-
tering engine 114 configured to receive a collection of points
in an attribute space and cluster them into two or more
clusters, such that the distance between a first point and
another point in the same cluster is smaller than the distance
between the first point and a third point assigned to another
cluster. Thus, clustering engine 114 may be used for clus-
tering a plurality of potential defects, in accordance with one
or more metrics defined for the attribute space.

[0048] Defect classification unit 115 can comprise repre-
sentative subset generation engine 116 configured to select
defects from a given group of defects. Representative subset
generation engine 116 can select defects in accordance with
the distribution of the given group of defects in the attribute
space.

[0049] Defect classification unit 115 can comprise training
set obtaining engine 118, for gathering a training set for
training a classifier. The training set can comprise potential
defects provided by inspection examination tool 101 that
have been reviewed by review tool 102 and labeled as a DOI
or a FA in accordance with the review results. Additionally,
the training set can comprise a subset of the potential defects
provided by inspection examination tool 101, as selected, for
example, by representative subset generation engine 116,
and labeled as FAs, as detailed below.

[0050] Defect classification unit 115 can comprise training
engine 120 configured to train one or more engines such as
classification engine 121 upon a training set including the
corresponding labels, as obtained by training set obtaining
engine 118. Training engine 120 is thus capable of receiving
a training set comprising defects and labels thereof, and
determining separation planes and probability distribution
planes to be used by a classifier. The separation planes form
sub-spaces within the attribute space, such that all defects in
the same sub-space are associated with the same class, for
example one or more FA classes or one or more DOI classes.
The better the training set represents the potential defect
population, the better is the classification, since the planes as
determined upon the training set are applicable to the
potential defect population. It will be appreciated that the
disclosure is equally applicable for any type of classifier, for
example classical classifiers, deep neural networks, or oth-
ers.

[0051] Defect classification unit 115 can comprise classi-
fication engine 121, as trained by training engine 120 and
can be used for classifying the potential defects provided by
inspection examination tool 101. In some embodiments,
classification engine 121 may be used for classifying only
defects that have not been reviewed by review tool 102.
Classification engine 121 is capable of automatically clas-
sifying defects, for example in accordance with the separa-
tion planes as determined during training. Classification

Sep. 15, 2022

engine 121 can be configured to define, for each given
defect, a confidence level indicative of probability that the
defect belongs to a certain class, and to assign the given
defect to the certain class if the confidence level meets a
respective confidence threshold.

[0052] Classification engine 121 may also use the classi-
fication results for any purpose, for example assessing the
number of DOIs in the potential defects provided by inspec-
tion examination tool 101 without reviewing all of them
since this is impractical, obtaining classification thereof,
selecting defects to be reviewed by review tool 102, or the
like.

[0053] Illustrated examination system 100 can comprise
data repository 109, which can store, for example, data
related to the specimen, to inspection results of the speci-
men, or the like.

[0054] Illustrated examination system 100 can comprise
storage system 107 for storing data related to the examina-
tion of the specimen, such as detected DOIs, detected FAs,
additional potential defects, thresholds, or the like.

[0055] Illustrated examination system 100 can comprise
design server 110, comprising design data of the specimen,
such as Computer Aided Design (CAD) data.

[0056] Illustrated examination system 100 can comprise
GUI 108 for receiving input from a user, such as the number
of potential defects to be reviewed, and providing output to
the user, such as the estimated number in DOIs in the
specimen, their characteristics, or the like. GUI 108 can be
further configured to enable user-specified inputs related to
operating system 100. Operation of system 100, PMC 104
and the functional modules therein will be further detailed
with reference to FIGS. 2-4 below.

[0057] Those skilled in the art will readily appreciate that
the teachings of the presently disclosed subject matter are
not bound by the system illustrated in FIG. 1; equivalent
and/or modified functionality can be consolidated or divided
in another manner and can be implemented in any appro-
priate combination of software with firmware and hardware.
[0058] It is noted that the examination system illustrated in
FIG. 1 can be implemented in a distributed computing
environment, in which the aforementioned functional mod-
ules shown in FIG. 1 can be distributed over several local
and/or remote devices, and can be linked through a com-
munication network. It is further noted that in other embodi-
ments at least some of the examination tools 101 and/or 102,
data repository 109, storage system 107 and/or GUI 108 can
be external to examination system 100 and operate in data
communication with defect classification tool 103. Defect
classification tool 103 can be implemented as a stand-alone
computer(s) to be used in conjunction with one or more
examination tools. Optionally, defect classification tool 103
can operate on pre-acquired inspection data 121' stored in
data repository 109 and/or storage system 107. Alternatively
or additionally, the respective functions of defect classifi-
cation tool 103 can, at least partly, be integrated with one or
more examination tools, process control tools, recipe gen-
eration tools, systems for automatic defects review and/or
classification, and/or other systems related to examination.
[0059] Reference is now made to FIG. 2, showing a
flowchart of a method of examining a specimen, in accor-
dance with certain embodiments of the presently disclosed
subject matter.

[0060] PMC 104 can obtain (200) a plurality of potential
defects, for example from inspection examination tool 101,
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from data repository 109, or from any other source. In a
typical wafer the order of magnitude of the number of
potential defects may be between tens of thousands and
millions, thus although it is highly important to detect DOIs,
it is impractical to review each and every potential defect in
order to determine whether it is a DOI, a FA, or a nuisance.
Therefore, a small fraction of the potential defects, for
example between a few dozens and a few thousand defects,
may be reviewed, and conclusions may be drawn from the
review results.

[0061] PMC 104 can thus obtain (204) a plurality of DOIs
and FAs. The DOIs and FAs can be used as part of a training
set for training a classifier for obtaining further information
on the specimen.

[0062] Specifically, for obtaining DOIs and FAs, PMC 104
can select (206) a subset of the potential defects to be
reviewed, for example by review tool 102, obtain (208) DOI
or FA indication for each reviewed potential defect, and
assign (210) each reviewed defect to the DOIs or to the FAs,
depending on the received indication.

[0063] Selection step (206), obtaining indications step
(208) and assigning step (210) are further detailed in asso-
ciation with FIG. 3A below in accordance with certain
embodiments of the presently disclosed subject matter.

[0064] Representative subset generation engine 116 can
generate (212) a representative subset of the potential
defects, in accordance with the distribution of the potential
defects within the attribute space. Thus, an objective of the
selection can be to obtain a subset that represents the dense
areas of potential defects, but also potential defects from
sparser areas, although in smaller numbers. The representa-
tive subset may be selected not to include any of the
reviewed potential defects.

[0065] The subset may be selected in a variety of ways.
One such way is random sampling. However, in order to
closely represent the potential defect population, a signifi-
cant number of the potential defects need to be selected, for
example 20%.

[0066] By making a smart selection, that takes into
account the distribution of the population, a much smaller
number of potential defects may be sufficient. Such a
smartly selected subset is referred to herein as a coreset, and
one exemplified method for selecting the coreset is the K
means parallel algorithm. In general, the K means parallel
algorithm operates as follows: randomly selecting a first
defect, then selecting a second defect that is farthest from the
first, selecting a third defect that is farthest form the first and
the second defects, and so on. The representative set may be
selected such that it contains no overlap with the reviewed
defects.

[0067] Due to the characteristics and nature of optical
scanning, a significant majority of the potential defects as
provided by inspection examination tool 101, for example
over 95%, are FAs. Therefore, the defects of the represen-
tative subset are also considered as such, and therefore
marked as FAs, although they have not been reviewed. It
will be appreciated that even if some of the defects of the
representative set are actually DOIs rather than FAs, such
mistakes will not have any significant effect on the training
that follows.

[0068] Training set obtaining engine 118 can collect the
representative subset (such as the coreset) generated on step
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212 which is defined to consist of FAs, the DOIs obtained at
step 204 and optionally the FAs obtained at step 204, thereby
obtaining a training set.

[0069] Training engine 120 can then train (216) a classi-
fication engine 121, also referred to as classifier, using the
training set comprised at least of the review results, i.e., the
DOIs as determined by review tool 102, and the represen-
tative subset selected on step f comprising potential defects
all defined as FAs. In some embodiments, the FAs as
determined by review tool 102 may also be used for training.
[0070] Upon training classification engine 121, the trained
classification engine 121 can then be applied (220) to the
potential defects, to obtain DOI and FA estimations. In some
embodiments, classification engine 121 can be applied only
to potential defects that have not been reviewed. However,
classification engine 121 can be applied to the whole popu-
lation of potential defects including also potential defects
that have been reviewed and it is thus known whether they
are a DOI or a FA, in order to evaluate the accuracy of
classification engine 121. In some embodiments, estimations
can be provided for the potential defects within each area
separated by the separation planes.

[0071] The results of applying classification engine 121
can be utilized (224) in a variety of ways, for example
groups of potential defects associated with one or more DOI
classes of FA classes may be determined. The classification
results can also enable a user to conduct meaningful statis-
tical process control (SCP), obtain a probability for each
potential defect to be a DO, estimate of the number of DOIs
vs. the number of FAs in the potential defects, or the like.
The results of the classifier may also be used for determining
the number of reviews to be performed, i.c., the review
budget, when examining further specimens of the type of the
specimen being examined. By way of another example, the
false alarm rate (FAR) may be estimated. The FAR calcu-
lation is detailed in association with FIG. 4A and FIG. 4B
below.

[0072] In some embodiments, validation (228) of the
classification results can be performed, e.g., by a customer,
such as the manufacturer of the specimen. By way of
example, the DOls as classified by the classifier, or part
thereof, can be reviewed by the customer for verifying
whether or not they are classified correctly, thereby evalu-
ating the accuracy of the classifier trained on step 216 above.
[0073] According to certain embodiments, the above
described defect classification process with reference to
FIG. 2 can be implemented cluster-wise, as will be detailed
further with reference to FIG. 3B.

[0074] Reference is now made to FIG. 3A, showing a
detailed flow chart of selection step (206), obtaining indi-
cations step (208) and assigning step (210), in accordance
with certain embodiments of the presently disclosed subject
matter.

[0075] Clustering engine 114 can cluster (300) the poten-
tial defects as received from inspection tool 101. The
potential defects can be clustered into two or more clusters
in the attribute space, wherein the distance between first and
second potential defects assigned to the same cluster is
lower than the distance between the first or second potential
defects and other potential defects assigned to other clusters.
The distance between two potential defects is determined
based on a metric, which can depend on the attributes and
their types. Clustering can be automatic, manual, or a
combination thereof, wherein automatic clustering may be
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subject to human intervention. For example, a user may
provide initial clusters, discover that a cluster should be split
into two or more clusters, since it contains potential defects
that are inherently different. A user may also discover two
separate clusters that should be unified. A user may change
the attributes extracted from the inspection of the specimen,
and/or the metric applied for calculating the distance
between potential defects, however such changes will gen-
erally be used for future specimen examinations.

[0076] Initial subset generation engine 116 may sample
(304) a subset of potential defects from each cluster.
[0077] Sampling step (304) may be performed in an
iterative approach. For example, a first batch of samples can
be selected from all the clusters using one or more utility
functions, each utility function assigning a score to each
potential defect, and the scores may be combined, for
example using a weighted combination.

[0078] In some embodiments, the utility functions may
include at least one unsupervised utility function and at least
one supervised utility function. All utility functions may
perform calculations involving the attribute values of the
potential defect. As detailed below, sampling step (304) may
be performed iteratively. On the first iteration, when no data
is available, only unsupervised utility functions may be
used, while subsequent iterations may also involve super-
vised utility functions, which provide further information on
the cluster.

[0079] The sampled defects may then be imaged, for
example using review tool 102. PMC 104 may receive (308)
the review results and associate a label of DOI or FA with
each reviewed potential defect.

[0080] The selected potential defects may be reviewed and
PMC 104 may receive (308) the review results and associate
with each reviewed potential defect a label of DOI or FA.
[0081] PMC 104 can then update (312) the application of
the utility functions based on the review results. By way of
example, the reviewed results can be used to recalculate the
score for each remaining potential defect (based on the
supervised and unsupervised functions) and an updated
score for each potential defect can be obtained. In one
example, the re-calculation of the score may relate to a
distance between the remaining potential defects and the
reviewed DOIs. In some cases, on the second iteration, a
weight may be given to the supervised utility functions, and
on further iterations the weights of the supervised utility
functions may be increased.

[0082] PMC 104 can then determine (316) whether the
predetermined review budget, e.g. the number of reviews
allotted for the whole population of potential defects, has
been reached. If not, execution may return to sampling step
(304) for sampling additional batches of potential defects,
based on the updated scores. If the review budget is
exhausted, the flow as described in FIG. 3A has completed
and the process returns to FIG. 2 and continues with step
212, as described above.

[0083] It will be appreciated that although the steps are
presented sequentially for each cluster before moving on to
the next cluster, this is not necessary, and execution can be
started for a second cluster when a first cluster is still in
progress. However, such an arrangement necessitates moni-
toring of the total number of executed reviews, rather than
the number performed for each cluster.

[0084] It will also be appreciated that the sample, review
and label assignment method may be directly applied to the
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whole potential defects population rather than to respective
clusters. In such an embodiment, clustering step (300) and
further cluster determination step (320) may be omitted, and
the iterative sampling process as described in steps 304, 308,
312 and 316 can be applied to the whole potential defect
population.

[0085] Reference is now made to FIG. 3B, showing a
detailed flowchart of defect classification per cluster, in
accordance with certain embodiments of the presently dis-
closed subject matter.

[0086] Steps 300, 304, 308, and 312 are described above
with reference to FIG. 3A, and are thus not repeated here.
Once the review results are received (step 308) and the
utility function application is updated (step 312), PMC 104
can determine (318) whether a predetermined number of
DOIs are received for any given cluster. If there is a given
cluster for which a predetermined number of DOIs are
received, training engine 120 can receive, for the given
cluster, the reviewed potential defects together with the DOI
and FA labels, and train (324) a corresponding classifier for
the given cluster.

[0087] In some embodiments, further potential defects
may be selected for the training set from the given cluster,
for example a coreset. The further potential defects selected
may be assumed to be false alarms, as detailed in the step of
generating the representative subset (212) above. In such
cases, the classifier can be trained (324) using the received
DOIs and FAs, as well as the coreset indicated as FAs.
[0088] The trained classifier may be applied (328) to the
non-reviewed potential defects of the given cluster (or
alternatively to the whole population in the cluster). Fol-
lowing the classification, the results per cluster can be
utilized in a similar manner as described above with refer-
ence to step 224.

[0089] PMC 104 may determine (328) whether a prede-
termined review budget for the whole population of poten-
tial defects is exhausted, and if so, the process has been
completed. If not, the given cluster (for which the classifier
is trained) can be excluded (332) from the population, giving
rise to the remaining clusters, which will be further sampled
in accordance with step 304.

[0090] It will be appreciated that the method of FIG. 3B
may be repeated for some or all of the clusters until the
review budget is exhausted.

[0091] It will also be appreciated that the training classifier
and applying the classifier to potential defects in the cluster
as described with reference to steps 324 and 328 can be
performed for a given cluster immediately once the condi-
tion in 318 is fulfilled, or, alternatively, these steps can be
performed for all clusters once the review budget is
exhausted and the method of FIG. 3B is completed.
[0092] Reference is now made to FIG. 4A and FIG. 4B,
showing exemplary methods for estimating the FAR of the
potential defects within a cluster as one possible way of
utilizing the results of applying classifier to the potential
defects (step 224), in accordance with certain embodiments
of the presently disclosed subject matter.

[0093] Reference is now made to FIG. 4A, wherein step
404 displays one estimation method, being the Bayesian
method which may include:

[0094] On step 408, the density of DOIs and FAs within
the cluster may be calculated. In some embodiments, the
density may be calculated using the Kernel Density Estima-
tion (KDE).
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[0095] On step 412, the log likelihood of each potential
defect to be a DOI (or a FA) may be calculated; and
[0096] On step 416, the following actions may be per-
formed for each value in the log-likelihood range (e.g. a
working point):

[0097] Calculating the False Alarm Rate (FAR) based
on the number of DOIs and FAs available for the
cluster;

[0098] Identifying the samples that comply with this
value and adding them to the projected subset; and

[0099] Estimating the FAR confidence level.

[0100] Reference is now made to FIG. 4B, wherein step
420 displays a second estimation method, being the 2-Class
Support Vector Machine (SVM) method, which may
include:

[0101] On step 424, the log-likelihood may be calculated
based on the number of DOIs and unknown potential defect
populations.

[0102] On step 428 the following actions may be per-
formed for each value in the log-likelihood range (e.g. a
working point):

[0103] Calculating the FAR based on the number of
DOIs and FAs;

[0104] Identifying the unknown potential defects that
comply with the value and adding them to the selected
subset; and

[0105] Estimating the FAR confidence level.

[0106] The estimated FAR provides an indication of the
probability of defects in the particular cluster to be false
alarms.

[0107] It is to be understood that the invention is not
limited in its application to the details set forth in the
description contained herein or illustrated in the drawings.
The invention is capable of other embodiments and of being
practiced and carried out in various ways. Hence, it is to be
understood that the phraseology and terminology employed
herein are for the purpose of description and should not be
regarded as limiting. As such, those skilled in the art will
appreciate that the conception upon which this disclosure is
based may readily be utilized as a basis for designing other
structures, methods, and systems for carrying out the several
purposes of the presently disclosed subject matter.

[0108] It will also be understood that the system according
to the invention may be, at least partly, implemented on a
suitably programmed computer. Likewise, the invention
contemplates a computer program being readable by a
computer for executing the method of the invention. The
invention further contemplates a non-transitory computer-
readable memory tangibly embodying a program of instruc-
tions executable by the computer for executing the method
of the invention.

[0109] Those skilled in the art will readily appreciate that
various modifications and changes can be applied to the
embodiments of the invention as hereinbefore described.

1. A computerized system of examining a semiconductor

specimen, the system comprising a processing and memory
circuitry (PMC) configured to:

obtain a plurality of defects of interest (DOIs) and a
plurality of false alarms (FAs) from a review subset
reviewed by a review tool, the review subset selected
from a group of potential defects received from an
inspection tool, wherein each potential defect is asso-
ciated with a plurality of attribute values defining a
location of the potential defect in an attribute space;
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generate a representative subset of the group of potential
defects, the representative subset comprising potential
defects selected in accordance with a distribution of the
group of potential defects within the attribute space,
and indicate the potential defects in the representative
subset as FAs; and

training a classifier using data informative of the attribute

values of the plurality of DOIs, the potential defects of
the representative subset, and respective indications
thereof as DOIs or FAs, wherein the trained classifier is
to be applied to at least some of the group of potential
defects to obtain an estimation of a number of expected
DOIs in the semiconductor specimen.

2. The computerized system according to claim 1,
wherein the representative subset comprises a relatively
smaller number of potential defects selected from the group
of potential defects so as to sufficiently represent both dense
areas and sparse areas of the distribution of the group of
potential defects in the attribute space.

3. The computerized system according to claim 2,
wherein the representative subset is selected such that it does
not overlap with potential defects from the review set.

4. The computerized system according to claim 2,
wherein the representative subset is selected as a coreset of
the group of potential defects.

5. The computerized system according to claim 4,
wherein the coreset is selected as a small set of potential
defects that approximates shape of the distribution of the
group of potential defects in the attribute space.

6. The computerized system according to claim 4,
wherein the coreset is selected using a K means parallel
algorithm.

7. The computerized system according to claim 4,
wherein the coreset is selected using a K means parallel
algorithm by:

randomly selecting a first potential defect;

selecting a second potential defect that is farthest from the

selected first potential defect;
selecting a next potential defect that is farthest form the
selected first and second potential defects; and

repeating the selecting a next potential defect that is
farthest form the selected potential defects until the
coreset of potential defects is obtained.

8. The computerized system according to claim 1,
wherein the data used to train the classifier further comprises
data informative of the attribute values of the plurality of
FAs, and indications thereof as FAs.

9. The computerized system according to claim 1,
wherein the PMC is configured to obtain the plurality of
DOIs and the plurality of FAs by:

selecting the review subset of potential defects from the

group of potential defects; and

for each given potential defect from the review subset of

potential defects:

obtaining an indication whether a given potential defect
is a DOI or a FA, the indication being based on an
image of the given potential defect acquired by the
review tool; and

respectively assigning the given potential defect to the
plurality of DOIs or the plurality of FAs.

10. The computerized system according to claim 1,
wherein the PMC is configured to obtain the plurality of
DOIs and the plurality of FAs by:
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clustering the group of potential defects to obtain a

plurality of clusters;

sampling an initial group of potential defects from each of

the plurality of clusters, in accordance with scores of
the potential defects obtained using one or more utility
functions;

receiving review results of the potential defects in the

initial group of potential defects, and associating a label
with each potential defect indicating whether the poten-
tial is a DOI or a FA;

determining whether a predetermined review budget of

the review subset is exhausted; and

in response to the predetermined review budget not being

exhausted, updating the scores of remaining potential
defects based on the review results, and repeating said
sampling, said receiving the review results and said
associating until the predetermined review budget is
exhausted, giving rise to the plurality of DOIs and the
plurality of FAs.

11. The computerized system according to claim 1,
wherein the group of potential defects are a cluster of
potential defects from a plurality of clusters of potential
defects in the attribute space, and the classifier is trained and
applied for the potential defects in the cluster.

12. The computerized system according to claim 1,
wherein the at least some of the group of potential defects
are one of: potential defects in the group that have not been
reviewed by the review tool, potential defects within each
area separated by separation planes as determined during the
training, or whole population of the group of potential
defects.

13. The computerized system according to claim 1,
wherein the PMC is further configured to estimate False
alarm rate (FAR) using the number of expected DOIs.

14. The computerized system according to claim 1,
wherein the estimation of a number of expected DOIs is
usable to determine a budget of potential defects to be
reviewed by the review tool when examining an additional
specimen of a same type as the specimen.

15. A computerized method of examining a semiconduc-
tor specimen, the method performed by a processing and
memory circuitry (PMC) and comprising:

obtaining a plurality of defects of interest (DOIs) and a

plurality of false alarms (FAs) from a review subset
reviewed by a review tool, the review subset selected
from a group of potential defects received from an
inspection tool, wherein each potential defect is asso-
ciated with a plurality of attribute values defining a
location of the potential defect in an attribute space;
generating a representative subset of the group of poten-
tial defects, the representative subset comprising poten-
tial defects selected in accordance with a distribution of
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the group of potential defects within the attribute space,
and indicating the potential defects in the representative
subset as FAs; and
training a classifier using data informative of the attribute
values of the plurality of DOIs, the potential defects of
the representative subset, and respective indications
thereof as DOIs or FAs, wherein the trained classifier is
to be applied to at least some of the group of potential
defects to obtain an estimation of a number of expected
DOIs in the semiconductor specimen.
16. The computerized method according to claim 15,
wherein the representative subset comprises a relatively
smaller number of potential defects selected from the group
of potential defects so as to sufficiently represent both dense
areas and sparse areas of the distribution of the group of
potential defects in the attribute space.
17. The computerized method according to claim 16,
wherein the representative subset is selected such that it does
not overlap with potential defects from the review set.
18. The computerized method according to claim 16,
wherein the representative subset is selected as a coreset of
the group of potential defects.
19. The computerized method according to claim 18,
wherein the coreset is selected as a small set of potential
defects that approximates shape of the distribution of the
group of potential defects in the attribute space.
20. A non-transitory computer readable storage medium
tangibly embodying a program of instructions that, when
executed by a computer, cause the computer to perform
operations for examining a semiconductor specimen, the
operations comprising:
obtaining a plurality of defects of interest (DOIls) and a
plurality of false alarms (FAs) from a review subset
reviewed by a review tool, the review subset selected
from a group of potential defects received from an
inspection tool, wherein each potential defect is asso-
ciated with a plurality of attribute values defining a
location of the potential defect in an attribute space;

generating a representative subset of the group of poten-
tial defects, the representative subset comprising poten-
tial defects selected in accordance with a distribution of
the group of potential defects within the attribute space,
and indicating the potential defects in the representative
subset as FAs; and

training a classifier using data informative of the attribute

values of the plurality of DOIs, the potential defects of
the representative subset, and respective indications
thereof as DOIs or FAs, wherein the trained classifier is
to be applied to at least some of the group of potential
defects to obtain an estimation of a number of expected
DOIs in the semiconductor specimen.
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