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(57) ABSTRACT

Systems and methods for detecting defects on a wafer are
provided. One method includes determining locations of all
instances of a weak geometry in a design for a wafer. The
locations include random, aperiodic locations. The weak
geometry includes one or more features that are more prone to
defects than other features in the design. The method also
includes scanning the wafer with a wafer inspection system to
thereby generate output for the wafer with one or more detec-
tors of the wafer inspection system. In addition, the method
includes detecting detects in at least one instance of the weak
geometry based on the output generated at two or more
instances of the weak geometry in a single die on the wafer.
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METHODS AND SYSTEMS FOR DETECTING
REPEATING DEFECTS ON
SEMICONDUCTOR WAFERS USING DESIGN
DATA

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention generally relates to systems
and methods for detecting defects on a wafer.

[0003] 2. Description of the Related Art

[0004] The following description and examples are not
admitted to be prior art by virtue of their inclusion in this
section.

[0005] Inspection processes are used at various steps dur-
ing a semiconductor manufacturing process to detect defects
on wafers to promote higher yield in the manufacturing pro-
cess and thus higher profits. Inspection has always been an
important part of fabricating semiconductor devices such as
ICs. However, as the dimensions of semiconductor devices
decrease, inspection becomes even more important to the
successful manufacture of acceptable semiconductor devices
because smaller detects can cause the devices to fail.

[0006] Some current inspection methods use standard
images such as standard die images to detect defects on
wafers. For example, a standard die image (also commonly
referred to as a “golden die”) be compared to a test die image
acquired for a wafer being inspected and the results of the
comparison may be input to a defect detection algorithm or
method to determine if any defects are present in the test die.
Such golden die images are commonly used for inspection of
logic regions of dies since the logic regions of dies often do
not include periodically repeating features that can be com-
pared to one another for defect detection.

[0007] A disadvantage of using a standard die image for
inspection is that, if the standard die image was acquired from
a wafer other than the one being inspected, wafer-to-wafer
noise can be relatively high and can interfere with defect
detection or decrease the accuracy of defect detection. In
addition, if the standard die image is acquired using the same
wafer that is being inspected, die-to-die noise can also inter-
fere with, or decrease the accuracy of defect detection. Fur-
thermore, if the standard die image is generated using design
data for the wafer, the standard die image may not adequately
represent noise sources on the wafer thereby having the same
disadvantages described above.

[0008] Accordingly, it would be advantageous to develop
systems and methods for detecting defects on a wafer that do
not have one or more of the disadvantages described above.

SUMMARY OF THE INVENTION

[0009] The following description of various embodiments
is notto be construed in any way as limiting the subject matter
of the appended claims.

[0010] One embodiment relates to a method for detecting
defects on a wafer. The method includes determining loca-
tions of all instances of a weak geometry in a design for a
wafer. The locations include random, aperiodic locations.
The weak geometry includes one or more features that are
more prone to detects than other features in the design. The
method also includes scanning the wafer with a wafer inspec-
tion system to thereby generate output for the wafer with one
or more detectors of the wafer inspection system. In addition,
the method includes detecting defects in at least one instance
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of'the weak geometry based on the output generated at two or
more instances of the weak geometry in a single die on the
wafer. The determining and detecting steps are performed
with one or more computer systems.

[0011] Each of the steps of the method may be further
performed as described herein, in addition, the method may
include any other step(s) of any other method(s) described
herein. Furthermore, the method may be performed by any of
the systems described herein.

[0012] Another embodiment relates to a non-transitory
computer-readable medium storing program instructions
executable on a computer system for performing a computer-
implemented method for detecting defects on a wafer. The
computer-implemented method includes the steps of the
method described above. The computer-readable medium
may be further configured as described herein. The steps of
the computer-implemented method may be performed as
described further herein. In addition, the computer-imple-
mented method for which the program instructions are
executable may include any other step(s) of any other method
(s) described herein.

[0013] An additional embodiment relates to a system con-
figured to detect defects on a water. The system includes an
inspection subsystem configured to scan a water to thereby
generate output for the wafer with one or more detectors of
the inspection subsystem. The system also includes one or
more computer subsystems configured for performing the
determining and detecting steps of the method described
above. The system may be further configured as described
herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] Further advantages of the present invention will
become apparent to those skilled in the art with the benefit of
the following detailed description of the preferred embodi-
ments and upon reference to the accompanying drawings in
which:

[0015] FIG. 1 is a schematic diagram illustrating a plan
view of one embodiment of a pattern of interest (POI) in a
design for a layer on a wafer and a micro care area (MCA)
within the POI,

[0016] FIG. 2 is a schematic diagram illustrating a plan
view of one embodiment of different POIs in a design for a
layer on a wafer and locations ofthe different POIs in a die for
the wafer;

[0017] FIGS. 3 and 4 are flow charts illustrating embodi-
ments of a method for detecting defects on a wafer;

[0018] FIG. 5 is a block diagram illustrating one embodi-
ment of a non-transitory computer-readable medium storing
program instructions for causing a computer system to per-
form a computer-implemented method described herein; and
[0019] FIG. 6 is a schematic diagram illustrating a side
view of an embodiment of a system configured to detect
defects on a wafer.

[0020] While the invention is susceptible to various modi-
fications and alternative forms, specific embodiments thereof
are shown by way of example in the drawings and are herein
described in detail. The drawings may not be to scale. It
should be understood, however, that the drawings and
detailed description thereto are not intended to limit the
invention to the particular form disclosed, but on the contrary,
the intention is to cover all modifications, equivalents and
alternatives falling within the spirit and scope of the present
invention as defined by the appended claims.
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DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0021] Turning now to the drawings, it is noted that the
figures are not drawn to scale. In particular, the scale of some
of'the elements of the figures is greatly exaggerated to empha-
size characteristics of the elements. It is also noted that the
figures are not drawn to the same scale. Elements shown in
more than one figure that may be similarly configured have
been indicated using the same reference numerals. Unless
otherwise noted herein, any of the elements described and
shown may include any suitable commercially available ele-
ments.

[0022] The embodiments described herein relate to meth-
ods for detecting defects on a wafer. The methods may be
used for detecting defects at certain “weak locations,” also
called “hot spots,” in the design layout of a semiconductor
chip at a particular layer of the chip. These are locations at
which relatively small changes in the manufacturing process
can lead to defects in patterning. An example is the lithogra-
phy step where focus and exposure have to be relatively well
controlled since relatively small changes in the focus or expo-
sure can cause several instances of these structures on the die
to fail. Failures can be “hard” failures, i.e. all or a substantial
majority of the structures may fail, or “soft” failures, i.e. a
relatively small fraction of the structures may fail.

[0023] Defect detection in most inspection systems is per-
formed by comparing a given location in one die to the cor-
responding locations in its adjacent dies. In the case of peri-
odic structures (such as arrays), one can compare a location in
the die with a location some integral number of (array) cells
away from the test location. The advantage of comparing
cell-to-cell versus die-to-die is that there can be other noise
sources between dies that reduce the sensitivity with which
defects can be detected. For example, changes to the film
thickness between one die and the next or slight changes in
the focus plane of the inspector from die-to-die introduces
noise that limits sensitivity. Noise in cell-to-cell comparisons
is less because the distance between cells is much less than
between dies.

[0024] It turns out that even in random logic areas, at the
relatively small feature scales involved in today’s designs,
geometries repeat in thousands of locations within a die,
though not at a fixed periodicity in x and y. These instances of
identical geometries (within, say, a window of 100 nmx100
nm) may occur at numerous random locations within a die. If
the design layout is available, given one example of a weak
geometry, one can determine the locations of all instances of
that geometry in a die. For example, the methods described
herein include determining locations of all instances of a
weak geometry in a design for a wafer. In this manner, the
design may be utilized to get all hot spot locations on the
wafer. The locations include random, aperiodic locations, and
the weak geometry includes one or more features that are
more prone to defects than other features in the design.
[0025] Given these locations, the detection algorithm can
compare the corresponding image (pixels) at these locations
in order to find the outliers, i.e., potential defects. For
example, the methods described herein include scanning the
wafer with a wafer inspection system to thereby generate
output for the wafer with one or more detectors of the wafer
inspection system and detecting defects in at least one
instance of the weak geometry based on the output generated
at two or more instances of the weak geometry in a single die
on the wafer. This is the central concept behind the embodi-
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ments described herein. The determining and detecting steps
are performed with one or more computer systems, which
may be configured as described further herein.

[0026] Theterm “design” asused herein generally refers to
the physical design (layout) of an IC and data derived from the
physical design through complex simulation or simple geo-
metric and Boolean operations. The design may be stored in
a data structure such as a GDS file, any other standard
machine-readable file, any other suitable file known in the art,
and a design database. A GDSH file is one of a class of files
used for the representation of design layout data. Other
examples of such files include GL.1 and OASIS files. The
design used in the embodiments described herein may be
stored in any of this entire class of files irrespective of data
structure configuration, storage format, or storage mecha-
nism.

[0027] Three possible methods are described below though
other variations of these approaches can be developed. The
three methods include a patch to standard reference patch
(also referred to herein as a “golden patch”) method; a patch
to golden patch and standard reference defect (also referred to
herein as a “golden defect”) method; and an aggregate patch
outlier detection method.

[0028] Inthe patch to golden patch method, we assume that
the location in the design where the weak geometry (hot spot)
exists is given. In one embodiment, the weak geometry is
specified in a window at a point in design coordinate space,
and a width d a height of the window are less than or equal to
100 nm. For example, the weak geometry is specified in the
form of a window of a certain width and height located at a
certain point in the design coordinate space. A typical win-
dow size might be 100 nm by 100 nm. We call this window a
micro care area (MCA). Prior to inspection, the design data-
base for this device/layer is searched for all instances of this
MCA. In this manner, instances of the window in the design
constitute at least some MCAs for inspection of the wafer.
There may be thousands of such instances.

[0029] In an embodiment, the method includes creating a
larger window around the window, and features in the larger
window are used as a pattern of interest (POI) for inspection
of the wafer. For example, for each such instance, we take a
larger window around it (e.g., a 400 nm by 400 nm window).
In this manner, given the locations of the hot spots (MCAs),
bigger design clips around each location can be acquired, and
this larger window is called the POI. In one such embodiment
shown in FIG. 1, POI 100 is a window in a design for a layer
of a wafer that includes features 102, 104, 106, and 108. The
weak geometry in the POI may include the portions of fea-
tures 102 and 104 in window 110. This window size may be
equal or roughly equal to those described herein and the
window may be used as an MCA for the inspection of that
layer of the wafer.

[0030] The POl provides the local context around the MCA
and is used to align the standard reference patch to the corre-
sponding patch in the test die during inspection. For example,
in one embodiment, the method includes determining design
context for the weak geometry based on the features in the
larger window. The design context may include any informa-
tion related to the design such as criticality of the features in
the weak geometry, electrical function of the features in the
weak geometry, and the like. In another embodiment, detect-
ing the defects includes aligning the features in the larger
window to patch images in the output. Aligning the features in
the larger window to patch images may be performed in any
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suitable manner (e.g., using a suitable pattern matching
method and/or algorithm). The POI images can be created
and saved in the wafer inspection recipe. In this manner,
during an inspection run, we can find POIs with pixel accu-
racy and get MCA images.

[0031] In one embodiment, the method includes grouping
all instances of the POI that are substantially the same into
one bin and all other instances of POIs into one or more other
bins. In this manner, all the POIs are divided into bins
(groups) where each group includes identical patterns (geom-
etries). There may be several such groups. For example, the
design clips acquired around the locations of the hot spots
(MCAs) on the wafer can be analyzed for similarity. Similar
clips can be binned together, and POl locations and MCA-to-
POI vectors can be calculated.

[0032] Inone such example, as shown in FIG. 2, a die may
include different POIs 200, 202, and 204 that include differ-
ent or the same MCAs 206, 208, and 210, respectively. For
example, surroundings of identical MCAs may be different in
different parts of the die, so the POIs may be different for the
same weak geometry. Any POIs 200 in the die may be binned
into one group, e.g., Group 1, any POIs 202 in the die may be
binned into another group, e.g., Group 2 that is different and
separate from Group 1, and any POIs 204 in the die may be
binned into a further group, e.g., Group 3 that is different and
separate from both Groups 1 and 2.

[0033] Die 212 may include any number of each of the
POIs. For example, die 212 may include 3 instances of POI
200 indicated in the die by the diamond shape under POI 200,
4 instances of POI 202 indicated in the die by the circle shape
under POI 202, and 3 instances of POI 204 indicated in the die
by the triangle shape under POI 204. Of course, the die may
include any number of any of these POIs depending on the
design for the layer of the wafer. In addition, as shown in die
212, the locations of the POIs within the die may be random
and aperiodic in both x and y directions within the die. All
POIs within a group would be identical to each other and
different from POIs in another group. For instance, the POls
in Group 1 would all be identical to each other and different
from the POIs in Groups 2 and 3, the POIs in Group 2 would
all be identical to each other and different from the POIs in
Groups 1 and 3, and the POIs in Group 3 would all be identical
to each other and different from the POIs in Groups 1 and 2.
[0034] The standard reference patch may be a golden patch
image created during the setup of the wafer inspection recipe.
In one embodiment, the method includes generating a stan-
dard reference patch for the POI by acquiring an image of at
least one instance of the POI with the wafer inspection sys-
tem. For example, during the setup step for an inspection
recipe for a device/layer, the inspection system may scan a die
(or several dies) and construct a standard reference patch
(golden patch) for each such group. This can be done in
several ways. One could just use one instance of the image at
a certain location (known from the design analysis step
above). In addition, during the recipe setup, a user may pro-
vide a defect free area on the wafer.

[0035] Alternatively, in another embodiment, the method
includes generating a standard reference patch for the POI
from multiple image patches acquired by the wafer inspection
system corresponding to different locations in a die where the
POI exists. In this manner, one can construct an “average”
image or a “median” image by taking the pixel-wise average
(or median) over a collection of image patches corresponding
to different locations in the die where a given POI exists. For
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example, the golden patch image may be constructed as a
median of 8 die images. In one embodiment, generating the
standard reference patch image from the multiple image
patches includes aligning the multiple image patches to each
other with sub-pixel accuracy and processing the aligned
multiple image patches together. For example, when comput-
ing an average or median patch image, it is necessary to align
to sub-pixel accuracy the patches that are being averaged (or
whose median value is being computed). The standard refer-
ence patch (golden patch) for each POI type (group) is stored
in the inspection recipe for use during inspection. For
example, in one embodiment, the steps of scanning the wafer
and detecting the defects described further herein are per-
formed with a wafer inspection recipe, and the method
includes storing a standard reference patch image for the POI
and any other POIs different than the POl in the wafer inspec-
tion recipe.

[0036] In one embodiment, detecting the defects includes
aligning a standard reference patch image for the POI to the
output generated by the wafer inspection system to determine
the output corresponding to the POI and applying one or more
defect detection algorithms to only a portion of the output
corresponding to the PO, and the portion of the output cor-
responds to only the weak geometry in the POI. For example,
during inspection, as each swath is processed, the corre-
sponding POI locations in the die would be accessed (call this
the test patch), and the particular standard reference patch
(stored in the recipe) for that location would be aligned to the
test patch. After alignment and sub-pixel interpolation, a
comparison of the two patches would be performed. Any of
several methods can be employed for performing this image
comparison in order to flag potential defective pixels in the
test image. Note that only the pixels within the MCA are
examined for potential defects. The larger POI is used only
for alignment purposes and potentially for measuring the
noise level in order to set the detection threshold. This thresh-
old is applied to the gray level difference image obtained by
subtracting the test patch pixel value from the standard refer-
ence patch pixel value at each location in the POI. In addition,
during an inspection run, the golden patch may be compared
with every test die image, and detection may be performed in
any suitable way using a single detection algorithm or any
other detection algorithm. In other words, once the images are
compared with the golden patch, defect detection may pro-
ceed as usual with any currently used defect detection algo-
rithm(s) or method(s). In this manner, the embodiments
described herein are not limited to the types of defect detec-
tion that can be used.

[0037] FIG. 3 shows various embodiments of a processing
flow during inspection. In particular, as shown in FIG. 3, GDS
300 may be used to determine hot spot locations 302, which
may be performed as described further herein. Wafer 306 may
then be scanned using a wafer inspection system as described
herein. Patch images in the output generated by the wafer
inspection system may then be compared to golden patch 304,
which can be acquired or generated according to any of the
embodiments described herein. Fuzzy logic defect detection
algorithm 310 may then be applied to the results of the patch
to golden patch comparison. Based on the output of the fuzzy
logic defect detection algorithm, the defects can be classified
as shown in step 312.

[0038] The patch to golden patch and golden defect method
is identical to the method described above (patch to golden
patch) except that in this case an example of a defect image in



US 2015/0012900 A1

the hot spot area is also provided. For example, in one
embodiment, the method includes generating a standard ref-
erence patch image for the POI and a standard defect image
for the weak geometry in the POI The image is assumed to be
from a wafer of the same device/layer and scanned on the
same type of inspection tool and with the same imaging
conditions as used for inspection of subsequent wafers of that
device at that layer. For example, in one embodiment, the
standard defect image is acquired by scanning an additional
wafer of the same design and layer as the wafer with the wafer
inspection system and the same imaging conditions used for
scanning the wafer. A priori knowledge about how the defect
looks or where it is located can be used to find defects and
clean (non-defect) locations without using some form of
image comparison.

[0039] FIG. 3 shows an embodiment of the processing flow
during this inspection. This method may include all of the
steps of FIG. 3 described above. Note that, in this case, each
test patch is compared with not only the corresponding
golden patch but also the example of the defect (called a
golden defect). In other words, in one embodiment, detecting
the defects includes comparing the output generated for one
instance of the weak geometry with the standard reference
patch image and comparing the output generated for the one
instance of the weak geometry with the standard defect
image. For example, as shown in FIG. 3, the method in this
embodiment includes comparing output generated for wafer
306 by the wafer inspection system with both golden patch
304 and golden defect 308, which may be acquired or gener-
ated according to any of the embodiments described herein.
In this embodiment of the method, fuzzy logic defect detec-
tion algorithm 310 may be applied to the results of both the
comparison of the output to the golden patch and the com-
parison of the output to the golden defect. The test image can
be compared with both the golden patch and the golden defect
images and a measure of similarity can be computed.

[0040] The use of a defect image provides additional infor-
mation that can be used to prevent nuisance detections (false
positives) by ensuring that the test patch bears a similarity
with the golden defect and is sufficiently different from the
golden patch (defect-free image). In this manner, in one
embodiment, detecting the defects includes determining that
a potential defect is located in the one instance of the weak
geometry if the output generated for the one instance of the
weak geometry and the standard reference patch image are
different and if the output generated for the one instance of the
weak geometry and the standard defect image are substan-
tially the same. A number of statistical classification tech-
niques can be used to implement this logic shown in FI1G. 3 as
“fuzzy logic defect detection algorithm.”

[0041] Theinterpolation distance between the golden patch
and golden die and the test image may be relatively high and
as a result the interpolation noise could be a limit to the
achievable sensitivity. However, the interpolation noise will
always be lower than the die-to-die noise. In addition, the
embodiments described herein may have somewhat higher
computation costs than currently used inspection methods,
but those computation costs can be mitigated because the
number of pixels being inspected can be reduced (e.g., to just
hot spots) compared to currently used inspection methods.
[0042] Inthe previously described methods, each test patch
is compared with a golden patch or a golden patch and golden
defect and a decision is made on whether a defect exists in the
test patch or not. In the aggregate patch outlier detection
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method, the decision on whether a test patch is defective or
not is only made by examining the aggregated properties of
all test patches (belonging to a certain POI group). For
example, in one embodiment, detecting the defects includes
determining aggregated properties for the output generated at
all instances of the weak geometry and determining if the at
least one instance of the weak geometry includes a defect
based on the aggregated properties. This aggregation can be
done at the sub-die level (e.g., the die could be split into N
regions), or at the whole die level. For example, in one
embodiment, detecting the defects includes determining
aggregated properties for the output generated in instances of
the weak geometry in only a portion of a die and determining
if the at least one instance of the weak geometry includes a
defect based on the aggregated properties.

[0043] The advantage of this method is that the decision on
what constitutes a defect is made in an “adaptive” manner,
i.e., an outlier is defined in terms of the population of the
aggregate set of patches. Thus, this method is less prone to
flagging nuisance events that can arise due to wafer-to-wafer
variations such as would be the case for the single golden
patch methods described earlier. In particular, since the
golden patch may be derived from a given wafer, the imaging
conditions could be slightly different on the test wafer and
this could result in false positives. The aggregate method
avoids such false positives because each pixel in the MCA is
compared with respect to the distribution of the correspond-
ing pixels in each of the other test patches in the sub-dies or
dies. This comparison automatically makes the golden die
pixel values irrelevant since one could just as well look at the
outliers on the tails of the individual pixel gray level histo-
grams. Note that the golden patch is still used to locate the
instances of the geometry in the die. Note also that when
computing the individual pixel histograms, the geometries
have to be aligned to sub-pixel accuracy. Thus, each test patch
should be interpolated to align to a common pixel grid. Varia-
tions in background color can be removed by applying a color
filter to the test patches and equalizing their average back-
ground before computing the pixel histograms.

[0044] FIG. 4 shows one embodiment of such a method.
For example, as shown in FIG. 4, GDS 400 may be used to
determine hot spot locations 402 as described further herein.
Based on the hot spot locations, golden patch 404 can be
acquired or generated according to any of the embodiments
described herein. Wafer 406 can be scanned by an inspection
system as described herein and output can be acquired for a
number of patches per die such as 1000 patches/die as shown
in step 408 of FIG. 4. For example, 1000 (or some other
number) of hot spot locations can be grabbed from a given
die. As shown in step 410 of FIG. 4, the method may include
aligning and color correcting each patch to a standard refer-
ence patch. Pixel (i, j) histograms 412 may then be generated.
For example, for each pixel in the hot spot area, a difference
histogram with respect to the corresponding pixel from the
standard reference patch may be computed (e.g., in an area of
5 pixels by 5 pixels). The method may then include identify-
ing outlier pixels in position (x, y) 414 based on the pixel
histograms. For example, outliers may be found using each
pixel’s histogram. In the example described above, there
would be 25 histograms. In this manner, 1000 hot spots (e.g.,
where each hot spot includes, say, 5x5 pixels) can be exam-
ined for potential outliers. The method may further include
mapping outliers to patches as shown in step 416 of FIG. 4. In
this manner, each of'the patches that corresponds to an outlier
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can be identified. The method may also include selecting as
(soft) repeaters those patches where the outliers from the
above step “cluster” spatially.

[0045] Each of the embodiments of the methods described
above may include any other step(s) of any other method(s)
described herein. Furthermore, each of the embodiments of
the methods described above may be performed by any of the
systems described herein.

[0046] All of the methods described herein may include
storing results of one or more steps of the method embodi-
ments in a computer-readable storage medium. The results
may include any of the results described herein and may be
stored in any manner known in the art. The storage medium
may include any storage medium described herein or any
other suitable storage medium known in the art. After the
results have been stored, the results can be accessed in the
storage medium and used by any of the method or system
embodiments described herein, formatted for display to a
user, used by another software module, method, or system,
etc.

[0047] Another embodiment relates to a non-transitory
computer-readable medium storing program instructions
executable on a computer system for performing a computer-
implemented method for detecting defects on a wafer. One
such embodiment is shown in FIG. 5. For example, as shown
in FIG. 5, non-transitory computer-readable medium 500
stores program instructions 502 executable on computer sys-
tem 504 for performing a computer-implemented method for
detecting defects on a wafer. The computer-implemented
method may include any step(s) of any method(s) described
herein.

[0048] Program instructions 502 implementing methods
such as those described herein may be stored on non-transi-
tory computer-readable medium 500. The computer-readable
medium may be a storage medium such as a magnetic or
optical disk, a magnetic tape, or any other suitable non-tran-
sitory computer-readable medium known in the art.

[0049] The program instructions may be implemented in
any of various ways, including procedure-based techniques,
component-based techniques, and/or object-oriented tech-
niques, among others. For example, the program instructions
may be implemented using Matlab, Visual Basic, ActiveX
controls, C, C++ objects, C#, JavaBeans, Microsoft Founda-
tion Classes (“MFC”), or other technologies or methodolo-
gies, as desired.

[0050] Computer system 504 may take various forms,
including a personal computer system, mainframe computer
system, workstation, system computer, image computer, pro-
grammable image computer, parallel processor, or any other
device known in the art. In general, the term “computer sys-
tem” may be broadly defined to encompass any device having
one or more processors, which executes instructions from a
memory medium.

[0051] An additional embodiment relates to a system con-
figured to detect defects on a wafer. The system includes one
or more computer subsystems configured for determining
locations of all instances of a weak geometry in a design for
a wafer. The locations include random, aperiodic locations,
and the weak geometry includes one or more features that are
more prone to defects than other features in the design. The
computer subsystem(s) may be configured to perform this
step as described further herein.

[0052] In one embodiment, the computer subsystem(s)
described above are part of an electronic design automation
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(EDA) tool, and the inspection subsystem described further
herein is not part of the EDA tool. For example, as shown in
FIG. 6, the computer subsystem(s) described above may
include computer subsystem 600 included in EDA tool 602.
The EDA tool and the computer subsystem(s) included in
such atool may include any commercially available EDA tool
that can be configured to perform the steps described above.
Therefore, the computer subsystem(s) that determine the
locations of all instances of the weak geometry may be sepa-
rate from an inspection subsystem of an inspection tool that is
used to inspect the wafer. In other words, the design may be
processed by one system or tool to determine the locations of
the weak geometry instances that will be used by another,
different system or tool to detect defects.

[0053] The computer subsystem(s) that are used to deter-
mine the locations of the weak geometry instances also may
not be part of an EDA tool and may be included in another
system or tool or simply be configured as a stand alone com-
puter system. Furthermore, the tool or computer subsystem
that determines the weak geometry locations may be config-
ured to provide that information to the other tool by storing or
transferring information for the weak geometry locations to a
shared computer-readable storage medium such as a fab data-
base or by transmitting information for the weak geometry
locations directly to the tool that will use it, which may be
performed as described further herein.

[0054] The system also includes an inspection subsystem
configured to scan a wafer to thereby generate output for the
watfer with one or more detectors of the inspection subsystem.
One embodiment of such an inspection subsystem is shown in
FIG. 6 as inspection subsystem 604 of system 606. The
inspection subsystem is configured to scan the wafer by scan-
ning the wafer with light and detecting light from the wafer
during the scanning. For example, as shown in FIG. 6, the
inspection subsystem includes light source 608, which may
include any suitable light source known in the art.

[0055] Light from the light source may be directed to beam
splitter 610, which may be configured to direct the light from
the light source to wafer 612. The light source may be coupled
to any other suitable elements (not shown) such as one or
more condensing lenses, collimating lenses, relay lenses,
objective lenses, apertures, spectral filters, polarizing compo-
nents and the like. As shown in FIG. 6, the light may be
directed to the wafer at anormal angle of incidence. However,
the light may be directed to the wafer at any suitable angle of
incidence including near normal and oblique incidence. In
addition, the light or multiple light beams may be directed to
the wafer at more than one angle of incidence sequentially or
simultaneously. The inspection subsystem may be configured
to scan the light over the wafer in any suitable manner.
[0056] Light from wafer 612 may be collected and detected
by one or more detectors of the inspection subsystem during
scanning. For example, light reflected from wafer 612 at
angles relatively close to normal (i.e., specularly reflected
light when the incidence is normal) may pass through beam
splitter 610 to lens 614. Lens 614 may include a refractive
optical element as shown in FIG. 6. In addition, lens 614 may
include one or more refractive optical elements and/or one or
more reflective optical elements. Light collected by lens 614
may be focused to detector 616. Detector 616 may include
any suitable detector known in the art such as a charge
coupled device (CCD) or another type of imaging detector.
Detector 616 is configured to generate output that is respon-
sive to the reflected light collected by lens 614. Therefore,
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lens 614 and detector 616 form one channel of the inspection
subsystem. This channel of the inspection subsystem may
include any other suitable optical components (not shown)
known in the art. The output of the detector may include, for
example, images, image data, signals, image signals, or any
other output that can be generated by a detector suitable for
use in an inspection system.

[0057] Since the inspection subsystem shown in FIG. 6 is
configured to detect light specularly reflected from the wafer,
the inspection subsystem is configured as a bright field (BF)
inspection system. Such an inspection subsystem may, how-
ever, also be configured for other types of wafer inspection.
For example, the inspection subsystem shown in FIG. 6 may
also include one or more other channels (not shown). The
other channel(s) may include any of the optical components
described herein such as a lens and a detector, configured as a
scattered light channel. The lens and the detector may be
further configured as described herein. In this manner, the
inspection subsystem may also be configured for dark field
(DF) inspection.

[0058] The computer subsystem(s) of the system may use
output generated by detector 616 and/or any other detectors
included in the inspection subsystem to detect defects on the
wafer as described herein. For example, the system may also
include computer subsystem 618 that is coupled to the inspec-
tion subsystem. In this manner, output generated by the detec-
tor(s) of the inspection subsystem may be provided to com-
puter subsystem 618. Computer subsystem 618 is configured
to detect defects in at least one instance of the weak geometry
based on the output generated at two or more instances of the
weak geometry in a single die on the wafer. Computer sub-
system 618 may be configured to perform any other steps
described herein.

[0059] Computer subsystem 618 may also be coupled to the
other computer subsystem that is not part of the inspection
system such as computer subsystem 600, which may be
included in another tool such as the EDA tool described above
such that computer subsystem 618 can receive output gener-
ated by computer subsystem 600, which may include the
information for the weak geometry locations for the wafer
being inspected. For example, the two computer subsystems
may be effectively coupled by a shared computer-readable
storage medium such as a fab database or may be coupled by
a transmission medium such as that described above such that
information may be transmitted between the two computer
subsystems.

[0060] Itisnotedthat FIG. 6 is provided herein to generally
illustrate a configuration of an inspection subsystem that may
be included in the system embodiments described herein.
Obviously, the inspection subsystem configuration described
herein may be altered to optimize the performance of the
inspection subsystem as is normally performed when design-
ing a commercial inspection system. In addition, the systems
described herein may be implemented using an existing
inspection subsystem (e.g., by adding functionality described
herein to an existing inspection system) such as the 29xx/
28xx series of tools that are commercially available from
KLA-Tencor, Milpitas, Calif. For some such systems, the
methods described herein may be provided as optional func-
tionality of the system (e.g., in addition to other functionality
of the system). Alternatively, the system described herein
may be designed “from scratch” to provide a completely new
system. In addition, the embodiments described herein can be
implemented by moditying existing, commercially available
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software to perform one or more embodiments of the methods
described herein. For example, the embodiments described
herein may be implemented with or combined with the Nan-
oPoint product that is commercially available from KLA-
Tencor to provide NanoPoint repeater detection.
[0061] Furthermore, although the system is described
herein as being an optical or light-based inspection system,
the inspection subsystem may be configured as an electron
beam based inspection subsystem. The electron beam based
inspection subsystem may be any suitable electron beam
based inspection subsystem included in any suitable commer-
cially available electron beam inspection system.
[0062] Further modifications and alternative embodiments
of various aspects of the invention will be apparent to those
skilled in the art in view of this description. For example,
systems and methods for detecting defects on a wafer are
provided. Accordingly, this description is to be construed as
illustrative only and for the purpose of teaching those skilled
in the art the general manner of carrying out the invention, it
is to be understood that the forms of the invention shown and
described herein are to be taken as the presently preferred
embodiments. Elements and materials may be substituted for
those illustrated and described herein, parts and processes
may be reversed, and certain features of the invention may be
utilized independently, all as would be apparent to one skilled
in the art after having the benefit of this description of the
invention. Changes may be made in the elements described
herein without departing from the spirit and scope of the
invention as described in the following claims.
1. A method for detecting defects on a wafer, comprising:
determining locations of all instances of a weak geometry
in a design for a wafer, wherein the locations comprise
random, aperiodic locations, and wherein the weak
geometry comprises one or more features that are more
prone to defects than other features in the design;

scanning the wafer with a wafer inspection system to
thereby generate output for the wafer with one or more
detectors of the wafer inspection system; and

detecting defects in at least one instance of the weak geom-

etry based on the output generated at two or more
instances of the weak geometry in a single die on the
wafer, wherein said determining and said detecting are
performed with one or more computer systems.

2. The method of claim 1, wherein the weak geometry is
specified in a window at a point in design coordinate space,
and wherein a width and a height of the window are less than
or equal to 100 nm.

3. The method of claim 2, wherein instances of the window
in the design constitute at least some micro care areas for
inspection of the wafer.

4. The method of claim 2, further comprising creating a
larger window around the window, wherein features in the
larger window are used as a pattern of interest for inspection
of the wafer.

5. The method of claim 4, wherein detecting the defects
comprises aligning the features in the larger window to patch
images in the output.

6. The method of claim 4, further comprising determining
design context for the weak geometry based on the features in
the larger window.

7. The method of claim 4, further comprising grouping all
instances of the pattern of interest that are substantially the
same into one bin and all other instances of patterns of interest
into one or more other bins.
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8. The method of claim 4, further comprising generating a
standard reference patch image for the pattern of interest by
acquiring an image of at least one instance of the pattern of
interest with the wafer inspection system.

9. The method of claim 4, further comprising generating a
standard reference patch image for the pattern of interest from
multiple image patches acquired by the wafer inspection sys-
tem corresponding to different locations in a die where the
pattern of interest exists.

10. The method of claim 9, wherein generating the standard
reference patch image from the multiple image patches com-
prises aligning the multiple image patches to each other with
sub-pixel accuracy and processing the aligned multiple image
patches together.

11. The method of claim 4, wherein scanning the wafer and
detecting the defects are performed with a wafer inspection
recipe, and wherein the method further comprises storing a
standard reference patch image for the pattern of interest and
any other patterns of interest different than the pattern of
interest in the wafer inspection recipe.

12. The method of claim 4, wherein detecting the defects
comprises aligning a standard reference patch image for the
pattern of interest to the output generated by the wafer inspec-
tion system to determine the output corresponding to the
pattern of interest and applying one or more defect detection
algorithms to only a portion of the output corresponding to the
pattern of interest, and wherein the portion of the output
corresponds to only the weak geometry in the pattern of
interest.

13. The method of claim 4, further comprising generating
a standard reference patch image for the pattern of interest
and a standard defect image for the weak geometry in the
pattern of interest.

14. The method of claim 13, wherein the standard defect
image is acquired by scanning an additional wafer of the same
design and layer as the wafer with the wafer inspection sys-
tem and the same imaging conditions used for scanning the
wafer.

15. The method of claim 13, wherein detecting the defects
comprises comparing the output generated for one instance of
the weak geometry with the standard reference patch image
and comparing the output generated for the one instance of
the weak geometry with the standard defect image.

16. The method of claim 15, wherein detecting the defects
further comprises determining that a potential defect is
located in the one instance of the weak geometry if the output
generated for the one instance of the weak geometry and the
standard reference patch image are different and if the output
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generated for the one instance of the weak geometry and the
standard defect image are substantially the same.
17. The method of claim 1, wherein detecting the defects
comprises determining aggregated properties for the output
generated at said all instances of the weak geometry and
determining if the at least one instance of the weak geometry
includes a defect based on the aggregated properties.
18. The method of claim 1, wherein detecting the defects
comprises determining aggregated properties for the output
generated in instances of the weak geometry in only a portion
ofadie and determining ifthe at least one instance of the weak
geometry includes a defect based on the aggregated proper-
ties.
19. A non-transitory computer-readable medium, storing
program instructions executable on a computer system for
performing a computer-implemented method for detecting
defects on a wafer, wherein the computer-implemented
method comprises:
determining locations of all instances of a weak geometry
in a design for a wafer, wherein the locations comprise
random, aperiodic locations, and wherein the weak
geometry comprises one or more features that are more
prone to defects than other features in the design;

scanning the wafer with a wafer inspection system to
thereby generate output for the wafer with one or more
detectors of the wafer inspection system; and

detecting defects in at least one instance of the weak geom-

etry based on the output generated at two or more
instances of the weak geometry in a single die on the
wafer.

20. A system configured to detect defects on a wafer, com-
prising:

an inspection subsystem configured to scan a wafer to

thereby generate output for the wafer with one or more
detectors of the inspection subsystem; and

one or more computer subsystems configured for:

determining locations of all instances of a weak geom-
etry in a design for the wafer, wherein the locations
comprise random, aperiodic locations, and wherein
the weak geometry comprises one or more features
that are more prone to defects than other features in
the design; and

detecting defects in at least one instance of the weak
geometry based on the output generated at two or
more instances of the weak geometry in a single die on
the wafer.



