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(57) ABSTRACT

A cell-to-cell comparison method for inspecting a defect in
a subject in which unit cells that may be expressed by a
two-dimensional (2D) vector are periodically arranged
according to an embodiment of the present invention
includes: obtaining an image of the subject including an
array of the unit cells; generating a tile that is a set of pixels
corresponding to the same position in a plurality of unit cells
within the array in the image; determining a gray level of
each of a plurality of pixels within the tile; and determining
whether the plurality of pixels within the tile are defective on
the basis of the determined gray level of each of the plurality
of pixels.
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CELL-TO-CELL COMPARISON METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a 35 U.S.C. § 371 national phase
of PCT International Application No. PCT/KR2022/003844,
filed Mar. 18, 2022, which claims the benefit of priority
under 35 U.S.C. § 119 to Korean Patent Application No.
10-2021-0048890, filed Apr. 15, 2021, the contents of which
are incorporated herein by reference in its entirety.

TECHNICAL FIELD

[0002] The present invention relates to a cell-to-cell com-
parison method, and more particularly, to a method for
inspecting a defect in a subject in which unit cells that may
be expressed by a two-dimensional vector are periodically
arranged.

BACKGROUND

[0003] The statements in this section merely provide back-
ground information related to the present disclosure and may
not constitute prior art.

[0004] In general, a semiconductor device is manufactured
by repeatedly performing unit processes such as film for-
mation, etching, and metal wiring to form a fine pattern
having electrical characteristics on a semiconductor sub-
strate.

[0005] As such a semiconductor device is highly inte-
grated and processes are performed at a high speed, defects
are thoroughly inspected in a manufacturing stage. This is
because a partial defect in a fine pattern is directly related to
a defect in a semiconductor device.

[0006] The defect in the semiconductor device is detected
by a difference between a gray level of a defect detection
target area and a gray level of an adjacent equivalent area of
the defect detection target area after creating a gray level in
a wafer. That is, defect inspection is performed by compar-
ing gray levels of two areas.

[0007] In the case of a defect inspection method through
such comparison, there is a problem in that noise such as
pattern discoloration or pattern lightening, which does not
affect a semiconductor yield, is also detected during defect
detection. As a result, it is necessary to estimate noise in the
defect detection target area in order to calculate a signal-to-
noise ratio (SNR) that distinguishes a gray level according
to defect and a gray level due to noise.

[0008] However, noise estimation may not be accurate,
which may adversely affect the reliability of defect detection
results. Therefore, it is required to develop a more reliable
comparison method in defect inspection of a semiconductor
device through comparison.

SUMMARY

[0009] The present invention provides a cell-to-cell com-
parison method for comparing an inspection area of an
inspection target unit cell with corresponding areas of a
plurality of unit cells at the same position in order to inspect
a defect in a subject in which unit cells are periodically
arranged.

[0010] A cell-to-cell comparison method for inspecting a
defect in a subject in which unit cells that may be expressed
by a two-dimensional (2D) vector are periodically arranged
according to an embodiment of the present invention may
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include obtaining an image of the subject including an array
of the unit cells; generating a tile that is a set of pixels
corresponding to the same position in a plurality of unit cells
within the array in the image; determining a gray level of
each of a plurality of pixels within the tile; and determining
whether the plurality of pixels within the tile are defective on
the basis of the determined gray level of each of the plurality
of pixels.

[0011] The determining of whether the plurality of pixels
within the tile are defective may include comparing a degree
at which a gray level of a pixel for which it is to be
determined whether it is currently defective among the
plurality of pixels within the tile deviates (disperses) from an
average of gray levels of pixels other than the pixel for
which it is to be determined whether it is currently defective
among the plurality of pixels within the tile with a specified
threshold value.

[0012] The determining whether the plurality of pixels
within the tile are defective may use a gray level of a pixel
for which it is to be determined whether it is currently
defective among the plurality of pixels within the tile, and an
average and standard deviation of gray levels of pixels other
than the pixel for which it is to be determined whether it is
currently defective among the plurality of pixels within the
tile.

[0013] The determining of whether the plurality of pixels
within the tile are defective may include obtaining the
average and the standard deviation of gray levels of pixels
other than the pixel for which it is to be determined whether
it is currently defective among the plurality of pixels within
the tile.

[0014] The determining of whether the plurality of pixels
within the tile are defective may further include calculating
an absolute value of a difference between the gray level of
the pixel for which it is to be determined whether it is
currently defective among the plurality of pixels within the
tile and the average.

[0015] The determining of whether the plurality of pixels
within the tile are defective may further include dividing the
absolute value by the standard deviation.

[0016] The determining of whether the plurality of pixels
within the tile are defective may further include comparing
a value obtained by dividing the absolute value by the
standard deviation with a specified threshold value.

[0017] The cell-to-cell comparison method may further
include displaying a defect result of determining whether the
plurality of pixels within the tile are defective.

[0018] In the determining of the gray level of each of the
plurality of pixels within the tile, the determined gray level
may include noise.

[0019] The cell-to-cell comparison method according to
the present invention compares an inspection area of an
inspection target unit cell with corresponding areas of a
plurality of unit cells at the same position in a one-to-many
correspondence, thereby improving the reliability of defect
inspection of a subject.

[0020] In addition, the cell-to-cell comparison method
according to the present invention compares an inspection
area of an inspection target unit cell with statistical values of
corresponding areas of a plurality of unit cells at the same
position, and thus an additional operation of estimating
noise in determining a defect in a subject is omitted.
[0021] The effects obtainable in the present invention are
not limited to the effects mentioned above, and other effects
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not mentioned will be clearly understood by those skilled in
the art from the description below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] FIG. 1 is an example of a subject that is a defect
inspection target through a cell-to-cell comparison method
according to an embodiment of the present invention.
[0023] FIG. 2 is a flowchart of a cell-to-cell comparison
method according to an embodiment of the present inven-
tion.

[0024] FIG. 3 is a diagram explaining a principle of
generating a tile in a cell-to-cell comparison method accord-
ing to an embodiment of the present invention.

[0025] FIG. 4 is a flowchart of a method for determining
a defect in a cell-to-cell comparison method according to an
embodiment of the present invention.

[0026] FIG. 5 is a schematic configuration diagram of a
defect detection system performing a cell-to-cell compari-
son method according to an embodiment of the present
invention.

[0027] The drawings described herein are for illustration
purposes only and are not intended to limit the scope of the
present disclosure in any way.

DETAILED DESCRIPTION

[0028] Terms such as “unit”, “device”, and “system”
described throughout this specification refer to a unit that
processes an operation in which one or more functions are
combined, which may be implemented in hardware, soft-
ware, or a combination of hardware and software.

[0029] Terms such as “unit”, “device”, and “system” as
used this specification may be treated as equivalent to a
computer-related entity, that is, hardware, a combination of
hardware and software, software, or software in execution.
In addition, an application program executed in the present
invention may be configured in units of “unit”, and may be
recorded in one physical memory in readable, writable, and
erasable form, or may be recorded in a distributed manner
between two or more memories or recording media.
[0030] The terms used in this specification are terms
defined in consideration of the functions of the present
invention, which may vary according to the intention or
practice of a user or operator. Therefore, definitions of these
terms should be made based on the description throughout
this specification.

[0031] In addition, the embodiments disclosed below do
not limit the scope of the present invention, but are merely
examples of the components presented in the claims of the
present invention, and embodiments included in the techni-
cal spirit throughout the specification of the present inven-
tion and including components that may be replaced as
equivalents in the components of the claims may be included
in the scope of the present invention.

[0032] Inthe embodiments disclosed below, terms such as
“first”, “second”, “one side”, and “other side” are used to
distinguish one component from another component, and the
component is not limited by the above terms.

[0033] Hereinafter, embodiments of the present invention
will be described in detail with reference to the accompa-
nying drawings. In describing the present invention, detailed
descriptions of known technologies that may obscure the
gist of the present invention will be omitted.
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[0034] FIG. 1 is an example of a subject that is a defect
inspection target through a cell-to-cell comparison method
according to an embodiment of the present invention.
[0035] Referring to FIG. 1, a subject 100 that is the defect
inspection target through the cell-to-cell comparison method
according to an embodiment of the present invention has a
structure in which unit cells 110 that may be expressed by a
two-dimensional (2D) vector 120 are periodically arranged.
As shown, the subject 100 may have a structure in which the
unit cells 110 engraved with the same fine pattern are
arranged in a matrix form on a wafer. Examples of the
subject 100 include a semiconductor wafer, an image sensor,
and a display panel.

[0036] The subject 100 is mainly a semiconductor device,
and is inspected whether the subject 100 is defective during
a manufacturing process or prior to shipment. The subject
100 includes a fine pattern formed on a substrate or a wafer
through various processes such as doping, thermal oxida-
tion, deposition, etching, and exposure. Since the subject
100 has the characteristic in which the same fine patterns are
repeatedly arranged, by comparing a unit cell in which the
same fine patterns are bundled into one unit and a unit cell
adjacent thereto, an abnormality or a defect of the fine
pattern in the subject 100 is detected.

[0037] Inthe present invention, one unit cell in the subject
100 and several other unit cells in the subject 100 excluding
one unit cell are compared in detecting an abnormality or a
defect of the fine pattern in the subject 100.

[0038] As shown, the subject 100 includes the unit cells
110 having the same fine pattern, and the unit cells 110 are
periodically arranged on a plane. The unit cell 110 is
represented by a 2D vector having a position value with
respect to a first axis and a second axis perpendicular to the
first axis. The first axis and the second axis are on the same
plane.

[0039] FIG. 2 is a flowchart of a cell-to-cell comparison
method according to an embodiment of the present inven-
tion. FIG. 3 is a diagram explaining a principle of generating
a tile in a cell-to-cell comparison method according to an
embodiment of the present invention.

[0040] Referring to FIG. 2, the cell-to-cell comparison
method of the present invention is for inspecting a defect in
a subject in which unit cells that are expressed by a 2D
vector are periodically arranged, and includes a step of
obtaining an image of the subject (S100), a step of gener-
ating a tile (S200), a step of determining a gray level of a
plurality of pixels within the tile (S300), a step of determin-
ing whether the plurality of pixels within the tile are defec-
tive (S400), and a step of displaying a determined result
(8500).

[0041] According to the present invention, semiconductor
device manufacturing equipment proceeds a wafer accord-
ing to a process and a camera of a defect inspection system
photographs the wafer, and processing of a photographing
result or the steps of the present invention is automatically
performed through hardware provided in the defect inspec-
tion system for image processing or a processor executing an
embedded program. In addition, the results obtained in each
step of the present invention are automatically stored and
used for the next step. Even if not separately mentioned
below, it is necessary to understand the description in
consideration of these matters.

[0042] In step S100, the image of the subject 100 is
obtained. In an embodiment, the image of the subject 100
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may be obtained through an imaging device of a defect
inspection system to be described below. The image of the
subject obtained in step S100 may be an actual image that is
externally expressed as shown in FIG. 3 but may be a set of
image data including position information of each of the
pixels and brightness information of the pixel when the
pixels which a basic unit of an image form a 2D matrix.
[0043] Referring to FIG. 3, the image of the subject 100
reflects the subject including a structure in which the unit
cells 110 which may be expressed by the 2D vector 120 are
periodically arranged, that is, an array of unit cells and also
reflects a defect in the subject.

[0044] In step S200, the tile, which is a set of pixels
corresponding to the same position of a plurality of unit cells
in the array of unit cells in the image obtained in step S100,
is generated. Generating a tile means a classification opera-
tion of forming a bundle of pixels corresponding to the same
coordinate point of a 2D vector of each unit cell in order to
compare unit cells with each other for defect detection.
Here, each of the pixels corresponding to the same coordi-
nate point of the 2D vector of each unit cell included in the
image of the subject is an element constituting the tile, and
at the same time is a basic unit of cell-to-cell comparison.
[0045] Inan embodiment, the number of tiles generated in
step S200 is equal to the number of pixels constituting an
image of one unit cell. However, the number of tiles may
exceed or fall short of the number of pixels constituting an
image of one unit cell as needed.

[0046] Referring to FIG. 3, a tile 130, which is a bundle of
pixels corresponding to the same coordinate point of the 2D
vector of the plurality of unit cells in the image of the
subject, is enlarged and shown. In the illustrated embodi-
ment, one tile 130 includes 20 pixels respectively separated
from 20 unit cells.

[0047] In step S300, the gray level of each of the plurality
of pixels within the tile 130 generated in step S200 is
determined. That is, the plurality of pixels within the tile 130
have position information and brightness information of the
image of the subject, and the gray level is determined by the
brightness information.

[0048] At this time, an analog image signal in which an
intensity of light reflected or scattered at the corresponding
position of the subject is converted into a current appears,
and the analog image signal is again converted into a digital
image signal by an ADC, so that the gray level, which is the
brightness information of the plurality of pixels, is formed.
[0049] In addition, since the size of a 2D vector of a unit
cell is not necessarily an integer multiple of a pixel, when
determining the gray level of each of the plurality of pixels
within the tile, the gray level may be calculated by interpo-
lation of adjacent pixels.

[0050] All of the plurality of pixels included in one tile
130 are expected to include the same image information of
the same position of the unit cell in the subject. Therefore,
it is expected that the gray level of each of the plurality of
pixels included in one tile 130 is equal. However, each of
gray levels of the plurality of pixels included in one tile 130
is not determined only by the surface shape of the subject at
the corresponding position, but has different values due to a
defect occurring in the subject, a difference in the amount of
exposure light at the time of photographing, noise generated
while being converted into an electrical signal, discoloration
unrelated to a semiconductor yield, or noise caused by a
grain.
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[0051] In step S400, it is determined whether the plurality
of pixels within the tile are defective based on the gray level
of each of the plurality of pixels within the tile determined
in step S300.

[0052] The gray level of the pixel corresponding to the
defective area will be significantly different from the gray
level of other pixels within the tile. Based on this, in step
S400, by comparing a degree to which a gray level of a pixel
to be determined whether to be currently defective among
the plurality of pixels within the tile is dispersed from the
average of gray levels of pixels other than the pixel to be
determined for whether to be currently defective among the
plurality of pixels within the tile with a specified threshold
value, it is determined whether the pixel for which it is to be
determined whether it is currently defective is defective.
[0053] More specifically, in step S400, the gray level of
the pixel for which it is to be determined whether it is
currently defective among the plurality of pixels within the
tile, and the average and standard deviation of gray levels of
pixels other than the pixel for which it is to be determined
whether it is currently defective among the plurality of
pixels within the tile are used. Thus, in determining whether
one unit cell is defective, one unit cell and a plurality of unit
cells having the same surface shape as the one unit cell may
be compared with each other, thereby improving the reli-
ability of defect detection. In addition, in determining
whether one unit cell is defective, by using the standard
deviation of gray levels of pixels other than the pixel to be
determined for whether to be currently defective, an opera-
tion of estimating noise for removing an increase in the gray
level in which the noise is reflected may be omitted.
[0054] FIG. 4 is a flowchart of a method for determining
a defect in a cell-to-cell comparison method according to an
embodiment of the present invention.

[0055] Referring to FIG. 4, in the cell-to-cell comparison
method according to an embodiment of the present inven-
tion, step S400 of determining whether the plurality of pixels
within the tile are defective includes step S410 of obtaining
the average and standard deviation of gray levels of pixels
other than the pixel for which it is to be determined whether
it is currently defective, step S420 of calculating an absolute
value of a difference between the average and the gray level
of the pixel for which it is to be determined whether it is
currently defective, step S430 of dividing the calculated
absolute value by the standard deviation, and step S440 of
comparing a value obtained by dividing the absolute value
by the standard deviation with a specified threshold value.
[0056] In step S410, the average and standard deviation of
gray levels of pixels other than the pixel for which it is to be
determined whether it is currently defective among the
plurality of pixels within the tile are obtained.

[0057] In step S420, the absolute value obtained by sub-
tracting the average of gray levels of pixels other than the
pixel for which it is to be determined whether it is currently
defective among the plurality of pixels within the tile
obtained in step S410 from the gray level of the pixel for
which it is to be determined whether it is currently defective
among the plurality of pixels within the tile is calculated.
This is because the pixel for which it is to be determined
whether it is currently defective is expected to have a defect
when a brightness level of the pixel for which it is to be
determined whether it is currently defective is significantly
higher or lower than a brightness level of each of a plurality
of other pixels in the same tile.
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[0058] In step S430, the absolute value calculated in step
S420 is divided by a standard deviation of gray levels of
pixels other than the pixel for which it is to be determined
whether it is currently defective among the plurality of
pixels within the tile obtained in step S410. That is, a ratio
of a degree at which the gray level of the pixel for which it
is to be determined whether it is currently defective deviates
from the average of gray levels with respect to the standard
deviation of gray levels of pixels other than the pixel for
which it is to be determined whether it is currently defective
among the plurality of pixels within the tile is obtained.
[0059] In step S440, the value obtained by dividing the
absolute value by the standard deviation in step S430 is
compared with the specified threshold value. When the value
obtained by dividing the absolute value by the standard
deviation is greater than or equal to the specified threshold
value, an area of the subject corresponding to a pixel for
which it is to be determined whether it is currently detected
is determined to be defective, and when the value obtained
by dividing the absolute value by the standard deviation is
less than the specified threshold value, the area of the subject
corresponding to the pixel for which it is to be determined
whether it is currently detected is determined to be normal.
That is, through comparison in step S440, when the degree
at which the gray level of the pixel for which it is to be
determined whether it is currently defective deviates from
the average of gray levels is large, the area of the subject
corresponding to the pixel for which it is to be determined
whether it is currently detected is determined to be defective,
and when the degree is not large, the area of the subject
corresponding to the pixel for which it is to be determined
whether it is currently detected is determined to be normal.
[0060] The specified threshold value may be previously
specified as a certain value before step S400 is performed
and stored in a storage medium, and then used for defect
determination. In addition, the specified threshold value may
be specified as a different value according to the tile.
[0061] In step S500, a result of whether the plurality of
pixels are defective determined in step S400 is displayed.
Through this step, the operator may determine whether the
subject is defective and the position of the defect.

[0062] FIG. 5 is a schematic configuration diagram of a
defect detection system performing a cell-to-cell compari-
son method according to an embodiment of the present
invention.

[0063] Referring to FIG. 5, the defect detection system
performing the cell-to-cell comparison method according to
an embodiment of the present invention includes an imaging
device, an image processing device, and a display device.
The defect detection system detects whether a subject 101 in
which unit cells expressed by a 2D vector are periodically
arranged is defective and the position of the defect, and
displays a defect result.

[0064] The imaging device includes a light source 210, a
stage 220, and a camera 230, and obtains an image of the
subject by irradiating light emitted from the light source 210
to a partial area of the subject 101 moving according to the
operation of the stage 220, collecting light reflected or
scattered from the subject, and detecting the light in a focal
plane. That is, the imaging device performs step S100
described above.

[0065] The image processing device includes an ADC
310, a data processing module 320, a determination module
330, and a storage medium 340. The ADC 310 converts an
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analog image signal obtained by converting an intensity of
light reflected or scattered by the camera 230 into a current
into a digital image signal.

[0066] The data processing module 320 receives the digi-
tal image signal and performs parts of steps S200 to S400
described above using the digital image signal.

[0067] The data processing module 320 generates a tile,
which is a set of pixels corresponding to the same position
of a plurality of unit cells in an array of unit cells in the
image obtained by the imaging device. In this case, the data
processing module 320 may later process the digital image
signal in parallel for each of a plurality of tiles.

[0068] The data processing module 320 determines a gray
level of each of a plurality of pixels in the generated tile 130.
That is, the plurality of pixels within the tile 130 have
position information and brightness information of the
image of the subject, and a gray level is determined by the
brightness information. Since the size of a 2D vector of a
unit cell is not necessarily an integer multiple of a pixel,
when the data processing module 320 determines the gray
level of each of the plurality of pixels within the tile, the gray
level may be calculated by interpolation of adjacent pixels.

[0069] In addition, the data processing module 320 obtains
the average and standard deviation of gray levels of pixels
other than a pixel for which it is determined whether it is
currently defective within the tile, calculates an absolute
value of a difference between the average and the gray level
of the pixel to be determined for whether to be currently
defective, and performs an operation of dividing the calcu-
lated absolute value by the standard deviation. That is, the
data processing module 320 automatically performs steps
S410 to S430 described above.

[0070] In addition, the data processing module 320 trans-
mits data generated in the image processing process to the
storage medium 340 and transmits a value obtained by
dividing the calculated absolute value by the standard devia-
tion to the determination module 330.

[0071] The determination module 330 may compare the
value received from the data processing module 320 with a
specified threshold value previously stored in the storage
medium 340 to determine whether the subject is defective
and the position of the defect. That is, when the value
received from the data processing module 320 is greater than
or equal to a specified threshold value, the determination
module 330 determines that an area of a pixel for which it
is determined whether it is currently defective is defective,
and when the value received from the data processing
module 320 is less than the specified threshold value, the
determination module 330 determines that the area of the
pixel for which it is determined whether it is currently
defective is normal.

[0072] In addition, the determination module 300 trans-
mits a result of whether a plurality of pixels of the subject
are defective to the display device 350, and the display
device displays whether the subject is defective and infor-
mation about the position of the defect. Through the display
device 350, the operator may determine whether the subject
is defective and the position of the defect.

[0073] Although the embodiments of the present invention
have been described with reference to the accompanying
drawings, those skilled in the art will understand that the
present invention may be embodied in other specific forms
without changing its technical spirit or essential features.
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Therefore, it should be understood that the embodiments
described above are illustrative in all respects and not
restrictive.

1. A cell-to-cell comparison method for inspecting a
defect in a subject in which unit cells that are expressed by
a two-dimensional (2D) vector are periodically arranged, the
cell-to-cell comparison method comprising:

obtaining an image of the subject including an array of the

unit cells;

generating a tile that is a set of pixels corresponding to a

same position in a plurality of unit cells within the array
in the image;

determining a gray level of each of a plurality of pixels

within the tile; and

determining whether the plurality of pixels within the tile

are defective on the basis of the determined gray level
of each of the plurality of pixels.

2. The cell-to-cell comparison method of claim 1, wherein
the determining of whether the plurality of pixels within the
tile are defective includes: comparing a degree at which a
gray level of a pixel for which it is to be determined whether
it is currently defective among the plurality of pixels within
the tile deviates from an average of gray levels of pixels
other than the pixel to be determined for whether to be
currently defective among the plurality of pixels within the
tile with a specified threshold value.

3. The cell-to-cell comparison method of claim 1, wherein
the determining of whether the plurality of pixels within the
tile are defective uses a gray level of a pixel for which it is
to be determined whether it is currently defective among the
plurality of pixels within the tile, and an average and
standard deviation of gray levels of pixels other than the
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pixel to be determined for whether to be currently defective
among the plurality of pixels within the tile.

4. The cell-to-cell comparison method of claim 3, wherein
the determining of whether the plurality of pixels within the
tile are defective includes: obtaining the average and the
standard deviation of gray levels of pixels other than the
pixel for which it is to be determined whether it is currently
defective among the plurality of pixels within the tile.

5. The cell-to-cell comparison method of claim 4, wherein
the determining of whether the plurality of pixels within the
tile are defective further includes: calculating an absolute
value of a difference between the gray level of the pixel for
which it is to be determined whether it is currently defective
among the plurality of pixels within the tile and the average.

6. The cell-to-cell comparison method of claim 5, wherein
the determining of whether the plurality of pixels within the
tile are defective further includes: dividing the absolute
value by the standard deviation.

7. The cell-to-cell comparison method of claim 5, wherein
the determining of whether the plurality of pixels within the
tile are defective further includes: comparing a value
obtained by dividing the absolute value by the standard
deviation with a specified threshold value.

8. The cell-to-cell comparison method of claim 1, further
comprising: displaying a defect result of determining
whether the plurality of pixels within the tile are defective.

9. The cell-to-cell comparison method of claim 1,
wherein, in the determining of the gray level of each of the
plurality of pixels within the tile, the determined gray level
includes noise.



