
WO 2009/026358PCT/US2008/073706 TITLE: COMPUTER-IMPLEMENTED METHODS
FOR DETERMINING IF ACTUAL DEFECTS ARE POTENTIALLY SYSTEMATIC DEFECTS
OR POTENTIALLY RANDOM DEFECTS 5BACKGROUND OF THE INVENTION 1.Field of
the Invention The present invention generally relates to
computer-implemented methods for 1()determining if actual defects are
potentially systematic defects or potentially random defects. Certain
embodiments relate to determining if actual defects are potentially
systematic defects or potentially random defects by comparing actual
defects grouped by design to randomly generated defects grouped by
design 152.Description of the Related Art       The following
description and examples are not admitted to be prior art by virtue
of their inclusion in this section. An integrated circuit (IC) design
may be developed using a method or system such 20as electronic design
automation (EDA), computer aided design (CAD), and other IC design
software. Such methods and systems may also be used to generate a
circuit pattern database from the IC design. The circuit pattern
database includes data representing a plurality of layouts for
various layers of the IC. Data in the circuit pattern database may,
therefore, be used to determine layouts for a plurality of reticles.
A layout of a reticle 25 generally includes polygons that define
features in a pattern on the reticle. Each reticle is used to
fabricate one of the various layers of the IC. The layers of the IC
may include, for example, a junction pattern in a semiconductor
substrate, a gate dielectric pattern, a gate electrode pattern, a
contact pattern in an interlevel dielectric, and an interconnect
pattern on a metallization layer. 30Fabricating semiconductor devices
such as logic and memory devices typically includes processing a
substrate such as a semiconductor wafer using a large number of 



WO 2009/026358PCT/US2008/073706 semiconductor fabrication processes
to form various features and multiple levels of the semiconductor
devices. For example, lithography is a semiconductor fabrication
process that involves transferring a pattern from a reticle to a
resist arranged on a semiconductor wafer, Additional examples of
semiconductor fabrication processes include, but are not 5limited to,
chemical-mechanical polishing (CMP), etch, deposition, and ion
implantation. Multiple semiconductor devices may be fabricated in an
arrangement on a single semiconductor wafer and then separated into
individual semiconductor devices.       Inspection processes are used
at various steps during a semiconductor manufacturing process to
detect defects on wafers to promote higher yield in the
10manufacturing process 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
defects can cause the devices to fail. For instance, as the
dimensions of semiconductor devices 15decrease, detection of defects
of decreasing size has become necessary since even relatively small
defects may cause unwanted aberrations in the semiconductor devices.
As design rules shrink, however, semiconductor manufacturing
processes may be operating closer to the limitations on the
performance capability of the processes. In addition, smaller defects
can have an impact on the electrical parameters of the device as
20the design rules shrink, which drives more sensitive inspections.
Therefore, as design rules shrink, the population of potentially
yield relevant defects detected by inspection grows dramatically. As
a result, more and more defects may be detected on the wafers, and
correcting the processes to eliminate all of the defects may be
difficult and expensive. As such, determining which of the defects
actually have an effect on the electrical 25parameters of the devices
and the yield may allow process control methods to be focused 



on those defects while largely ignoring others. Furthermore, at
smaller design rules, process induced failures may, in some cases,
tend to be systematic. That is, process induced failures tend to fail
at predetermined design patterns often repeated many times within the
design. In addition, although defects are generally related to
process and 30design interaction, process induced failures are
defects that are created from the artifacts  WO
2009/026358PCT/US2008/073706 of process variation not necessarily due
to weak design and process variations. Systematic defects are
structurally repeating defects that still may be distributed at
random locations spatially. Elimination of systematic, electrically
relevant defects is important because eliminating such defects can
have a significant overall impact on yield. 5One currently used
method for separating systematic and random defects uses repeater
analysis. Another method for separating systematic and random defects
relies upon a user-defined horizontal cut-line (or threshold) applied
to a Parcto chart illustrating defects grouped by similarity between
design clips. Groups that include a number of defects higher than
this cut-line are defined to be potential systematic defects
although, in general, systematic defects are not identified based on
defect count alone. In particular, review of potential systematic
defects is generally performed. However, such methods have a number
of disadvantages. For example, such previously used methods require
user intervention and judgment to determine the threshold. In
addition, random defect groups are known to often have higher defect
counts than defect counts of systematic 15defect groups. As such,
these previously used methods may produce incorrect results by
identifying groups of random defects as potential systematic defects.
In addition, the Pareto chart cut-line based methods may not be
effective for determining which defect bins include potentially
systematic defects since, if it is assumed that all defects on a
given wafer are random defects (i.e., a 0% systematic assumption),
then the defect counts 20shown in a Pareto chart illustrating the
results of design based grouping may report only the relative area of
different circuit structures on the wafer.       Accordingly, it may
be advantageous to develop computer-implemented methods for
determining if defects are potentially systematic defects or
potentially random defects, which can be performed without user
intervention and judgment and have higher 25accuracy than currently
used methods for differentiating between potentially systematic
defects and potentially random defects. 



30  WO 2009/026358PCT/US2008/073706 SUMMARY OF THE INVENTION
The following description of various embodiments of
computer-implemented methods is not to be construed in any way as
limiting the subject matter of the appended claims. One embodiment
relates to a computer-implemented method for determining if actual
defects are potentially systematic defects or potentially random
defects. The method includes comparing a number of actual defects in
a group to a number of randomly generated defects in a group. The
actual defects are detected on a wafer. A 10portion of a design on
the wafer proximate a location of each of the actual defects in the
group and each of the randomly generated defects in the group is
substantially the same. The method also includes determining if the
actual defects in the group are potentially systematic defects or
potentially random defects based on results of the comparing step. In
one embodiment, the comparing step includes comparing a Pareto chart
Isgenerated for the actual defects to a Pareto chart generated for
the randomly generated defects. In another embodiment, the comparing
step includes determining a ratio of the number of the actual defects
in the group to the number of the randomly generated defects in the
group. In one embodiment, the portion of the design corresponds to a
design clip. In 70 another embodiment, the method is performed
separately for different groups of actual defects detected on the
wafer. In one such embodiment, a portion of the design on the wafer
proximate a location of each of the actual defects in each of the
different groups is substantially the same. In another embodiment,
the method is performed separately for all groups of actual defects
detected on the wafer. In one such embodiment, a portion of 25the
design on the wafer proximate a location of each of the actual
defects in each of all of the groups is substantially the same. 



In one embodiment, the method is perfoilued without user
intervention. In some embodiments, the actual defects are detected by
inspection of a layer on the wafer, and the randomly generated
defects are generated once for an inspection recipe for the layer
30on the wafer and used for performing the method for defects
detected on the layer of multiple wafers using the inspection recipe.
WO 2009/026358PCT/US2008/073706       In one embodiment, the
determining step includes determining that the actual defects in the
group are potentially systematic defects if the number of the actual
defects in the group is greater than the number of the randomly
generated defects in the group and determining that the actual
defects in the group are potentially random defects if the 5number of
the actual defects in the group is not greater than the number of the
randomly generated defects in the group.       In another embodiment,
the determining step includes determining that the actual defects in
the group are potentially systematic defects if the number of the
actual defects in the group is statistically greater than the number
of the randomly generated defects in the group and determining that
the actual defects in the group are potentially random defects if the
number of the actual defects in the group is not statistically
greater than the number of the randomly generated defects in the
group.       In one embodiment, prior to the comparing step, the
method includes normalizing the number of the randomly generated
defects in the group to the number of the actual 15defects in the
group based on total number of the actual defects detected on the
wafer and total number of the randomly generated defects.       In
another embodiment, the method includes comparing the number of the
actual defects in the group to a number of different randomly
generated defects in a different group. A portion of the design
proximate the location of each of the actual defects in the /c)group
and a location of each of the different randomly generated defects in
the different group is substantially the same, The randomly generated
defects and the different randomly generated defects are separately
generated. In some such embodiments, the determining step includes
determining if the actual defects in the group are potentially
systematic defects or potentially random defects based on the results
of comparing the 



95number of the actual defects in the group to the number of the
randomly generated defects in the group and the number of the
different randomly generated defects in the group.        Each of the
steps of the method described above may be further performed as
described herein. In addition, each of the embodiments of the method
described above may include any other step(s) of any other method(s)
described herein. Furthermore, each  WO 2009/026358PCT/US2008/073706
of the embodiments of the method described above may be performed by
any of the systems described herein.       Another embodiment relates
to a computer-implemented method for creating a set of groups of
randomly generated defects for use in determining if groups of actual
defects 5are potentially systematic defects or potentially random
defects. The method includes randomly generating a set of defects at
different locations across an area corresponding to an inspected area
of at least a portion of a wafer. The method also includes binning
the set of randomly generated defects into groups such that a portion
of a design on the wafer proximate locations of the randomly
generated defects in each of the groups is 10substantially the same.
In addition, the method includes determining a number of the randomly
generated defects in each of the groups. The numbers of the randomly
generated defects in the groups can be compared to numbers of actual
defects in corresponding groups to determine if the actual defects in
the corresponding groups are potentially systematic defects or
potentially random defects. 15In one embodiment, the method is
performed more than once to determine additional numbers for a
different set of randomly generated defects. In one such embodiment,
the numbers and the additional numbers can be compared to the numbers
of the actual defects in the corresponding groups to determine if the
actual defects in the corresponding groups are potentially systematic
defects or potentially random defects. In 20another such embodiment,
the method includes using the additional numbers to validate the
randomly generating step. In one embodiment, randomly generating the
set of defects includes randomly 



generating the set of defects using stochastic simulation. In another
embodiment, randomly generating the set of defects includes randomly
generating the defects at 25locations arranged in a grid across the
area. In an additional embodiment, randomly generating the set of
defects includes randomly generating the defects at locations having
a substantially uniform distribution across the area. In a further
embodiment, randomly generating the set of defects is performed such
that a frequency of the randomly generated defects in each of the
groups is approximately equal to a frequency of the portion of the
WO 2009/026358PCT/US2008/073706 design proximate the locations of the
randomly generated defects in each of the groups across the area.
In one embodiment, the inspected area of at least the portion of the
wafer is approximately equal to an inspected area of a die on the
wafer. In another embodiment, 5the method includes generating a
Pareto chart for the set of randomly generated defects. In one such
embodiment, the numbers of the randomly generated defects can be
compared to the numbers of the actual defects in the corresponding
groups by comparing the Pareto chart for the set of the randomly
generated defects to a Pareto chart for the actual defects. 10Each of
the steps of the method described above may be further performed as
described herein. In addition, each of the embodiments of the method
described above may include any other step(s) of any other method(s)
described herein, Furthermore, each of the embodiments of the method
described above may be performed by any of the systems described
herein. 15An additional embodiment relates to a computer-implemented
method for creating a normalized set of groups of randomly generated
defects for use in determining if corresponding groups of actual
defects are potentially systematic defects or potentially random
defects. The method includes determining a total number of all actual
defects detected on a layer of a wafer, The method also includes
normalizing numbers of 20randomly generated defects in groups to
numbers of the actual defects in corresponding 



groups based on the total number of all of the actual defects
detected on the wafer. A portion of a design on the wafer proximate
locations of the randomly generated defects in each of the groups is
substantially the same. The normalized numbers of the randomly
generated defects in the groups can be compared to numbers of the
actual defects in the 25corresponding groups to determine if the
corresponding groups of the actual defects are potentially systematic
defects or potentially random defects. Each of the steps of the
method described above may be further performed as described herein.
In addition, the embodiment of the method described above may include
any other step(s) of any other method(s) described herein.
Furthermore, the  WO 2009/026358PCT/US2008/073706 embodiment of the
method described above may be performed by any of the systems
described herein. BRIEF DESCRIPTION OF THE DRAWINGS 5       Further
advantages of the present invention may become apparent to those
skilled in the art with the benefit of the following detailed
description of the preferred embodiments and upon reference to the
accompanying drawings in which; Fig. 1 is a die map illustrating one
example of die stacking results showing actual 10defects detected on
a wafer;       Fig. 2 is a die map illustrating one example of
results of one embodiment of randomly generating a set of defects at
different locations across an area corresponding to an inspected area
of at least a portion of a wafer;              Fig. 3 is a Pareto
chart, configured and generated according to embodiments 15described
herein, for a set of randomly generated defects;       Fig, 4 is a
Pareto chart, configured and generated according to embodiments
described herein, for actual defects detected on a wafer; 



Fig. 5 is a Pareto chart, configured and generated according to
embodiments described herein, showing results of comparing a Pareto
chart generated for actual defects 20to a Pareto chart generated for
randomly generated defects;       Fig. 6 is a Pareto chart,
configured and generated according to embodiments described herein,
showing results of comparing a Pareto chart generated for actual
defects to two Pareto charts generated for two different sets of
randomly generated defects; and Fig. 7 is a schematic diagram
illustrating a side view of one embodiment of a 25 computer-readable
medium that includes program instructions executable on a computer
system for performing one or more embodiments of one or more
computer-implemented methods described herein and one embodiment of a
system configured to perform one or more computer-implemented methods
described herein.               While the invention is susceptible to
various modifications and alternative forms, 30specific embodiments
thereof are shown by way of example in the drawings and may  WO
2009/026358PCT/US2008/073706 herein be 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 5present
invention as defined by the appended claims. DETAILED DESCRIPTION OF
THE PREFERRED EMBODIMENTS          As used herein, the term "actual
defects" refers to actual defects detected on a 10wafer. Therefore,
the term 'actual defects" does not refer to actual defects that may
be present on a wafer but have not been detected on the wafer.
As used herein, the term "wafer" generally refers to substrates
formed of a semiconductor or non-semiconductor material. Examples of
such a semiconductor or non-semiconductor material include, but are
not limited to, monocrystalline silicon, 15gallium arsenide, and
indium phosphide. Such substrates may be commonly found and/or 



processed in semiconductor fabrication facilities.       A wafer may
include one or more layers formed upon a substrate. For example, such
layers may include, but are not limited to, a resist, a dielectric
material, a conductive material, and a semiconduetive material. Many
different types of such layers are known 20in the art, and the term
wafer as used herein is intended to encompass a wafer including all
types of such layers. One or more layers formed on a wafer may be
patterned or unpatterned. For example, a wafer may include a
plurality of dies, each having repeatable patterned features.
Formation and processing of such layers of material may ultimately
result in  25 completed devices. Many different types of devices such
as integrated circuits (ICs) may be formed on a wafer, and the term
wafer as used herein is intended to encompass a wafer on which any
type of device known in the art is being fabricated.       Although
embodiments are described herein with respect to wafers, it is to be
understood that the embodiments may be used for another specimen such
as a reticle, 30which may also be commonly referred to as a mask or a
photomask. Many different types  WO 2009/026358PCT/US2008/073706 of
reticles are known in the art, and the terms "reticle," "mask," and
"photomask" as used herein are intended to encompass all types of
reticles known in the art. 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
5emphasize 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. 



In general, the embodiments described herein relate to
differentiating between potentially systematic defects and
potentially random defects. "Potentially systematic 10defects" are
defined herein as actual defects in a group of defects (or a bin)
that is likely to contain systematic defects as opposed to random
defects (although whether or not the group contains systematic
defects may be confirmed or determined more definitely using one or
more other methods (e.g., defect review)). "Potentially random
defects" are defined herein as actual defects in a group (or a bin)
that is likely to contain random 15defects as opposed to systematic
defects (although whether or not the group contains random defects
may be confirmed or determined in a more definite manner using one or
more other methods (e.g., defect review)).       One embodiment
relates to a computer-implemented method for creating a set of groups
of randomly generated defects for use in determining if groups of
actual defects 20are potentially systematic defects or potentially
random defects. The actual defects are defects detected on a wafer.
In particular, the actual defects may be detected on a patterned
wafer such that the defects can be grouped based on design as
described further herein. The set of groups of randomly generated
defects may be used to determine if groups of actual defects are
potentially systematic defects or potentially random defects as
25described further herein. In particular, the set of groups of
randomly generated defects may be used in embodiments of methods for
determining if actual defects are potentially systematic defects or
potentially random defects described further herein.       The method
includes randomly generating a set of defects at different locations
across an area corresponding to an inspected area of at least a
portion of a wafer. For 30example, the set of defects may be randomly
generated on the design representing the  WO
2009/026358PCT/US2008/073706 inspected portion of the wafer (i.e. the
inspected area of a die x number of die inspected). In this manner,
the randomly generated defects may be generated with substantially
the same defect density as the detected defects. In one embodiment,
randomly generating the set of defects includes randomly generating
the set of defects using stochastic simulation 



5(e.g., simulation that is nondeterministic in some manner, as
opposed to being deterministic). For example, the randomly generated
defects may be simulated using any appropriate stochastic simulation
method, system, algorithm, technique, etc. (e.g., Monte Carlo
simulation). In this manner, the set of randomly generated defects
may include truly randomly generated defects. 10In another
embodiment, randomly generating the set of defects includes randomly
generating the defects at locations arranged in a grid across the
area. For example, the defects may be oriented in a regular grid
across the area. In an additional embodiment, randomly generating the
set of defects includes randomly generating the defects at locations
having a substantially uniform distribution across the area.
(Randomly 15generated defects oriented in a regular grid may also
have a substantially uniform distribution across the area.) In some
such embodiments, randomly generating the set of defects may include
removing actual defects detected by inspection of a layer on a wafer
from inspection results and replacing the actual defects with
randomly generated defects so that the randomly generated defects are
substantially uniformly distributed across the 20area. The inspection
results may include any appropriate inspection results such as a
KLARF, and the randomly generated set of defects may be stored in a
different file (e.g., a different KLARF) in a similar file format.
Therefore, the generated file may essentially be a snapshot of what
results for random defects on the layer of the wafer should look
like. 25One example of inspection results generated by inspection of
a layer on a wafer that may be used to randomly generate the set of
defects is shown in Fig. 1. In particular, Fig. 1 shows die map 10 of
die stacking results generated by inspecting a 65 nm polysilicon
layer of a wafer. In particular, die map 10 shows locations of actual
defects 12 detected in multiple dies on the polysilicon layer
overlaid with one another by die 30stacking. Die stacking results may
be generated in any suitable manner. The KLARF for  WO
2009/026358PCT/US2008/073706 die map 10 includes 10,000 defects. The
KLARF for die map 10 was used to generate another KLARF for randomly
generated defects by removing the actual defects detected by the
inspection from die map 10 and replacing the actual defects with
randomly generated defects so that the randomly generated defects are
substantially uniformly 



5 distributed across the area. In particular, die map 10 was used to
generate die map 14 shown in Fig. 2 that shows locations of randomly
generated defects 16 across the area. Randomly generated defects 16
include 10,000 defects arranged in a 100 defect x 100 defect grid (or
two-dimensional array) across the area of the die on the layer of the
wafer. The defects in both KLARFs can be binned based on design as
described further 10herein, and the numbers of actual and randomly
generated defects in corresponding groups can be compared as
described further herein to determine if each group of actual defects
includes potentially systematic defects or potentially random
defects. In this manner, the results of design based grouping for
actual defects and randomly generated defects may be compared on a
group by group basis to determine if groups of actual 15defects
include potentially systematic defects or potentially random defects.
In a further embodiment, randomly generating the set of defects is
performed such that a frequency of the randomly generated defects in
each of the groups is approximately equal to a frequency of the
portion of the design proximate the locations of the randomly
generated defects in each of the groups across the area. For example,
the defects may be 20randomly generated such that the randomly
generated defects have a frequency that is approximately equal to the
expected frequency of random defects for certain structures within
the design. Although random defectivity can vary, widely from wafer
to wafer, the more frequently certain structures appear in the design
the more random defects will in general be detected in the
structures. In this manner, for portions of the design that 25appear
across the wafer at a higher frequency, more defects may be randomly
generded thereby better approximating the number of random defects
that may be detected on a wafer in different portions of the design.
As such, randomly generated defects may exhibit substantially the
same distribution across a wafer as the distribution of design clips
across the wafer thereby better approximating the distribution of
random defects that 30may actually be detected on the wafer.  WO
2009/026358PCT/US2008/073706 



In some embodiments, the inspected area of at least the portion of
the wafer is approximately equal to an inspected area of a die on the
wafer. In this manner, the randomly generated defects do not have to
be generated at different locations across an area corresponding to
the inspected area of the entire wafer. Instead, the randomly
5generated defects may be generated for only a portion of the entire
inspected area of the wafer (e.g., an inspected area of a die on the
wafer), and the numbers of the randomly generated defects in each of
the groups may be normalized as described further herein based on the
total number of actual defects detected across the entire inspected
area of the wafer, the portion of the entire inspected area for which
the randomly generated defects 10were generated, and the entire
inspected area of the wafer. In addition, instead of randomly
generating defects across the wafer, the set of defects may be
randomly generated across an inspected area of a die (which is
equivalent to simulating across the wafer and then stacking the
defects). Furthermore, the randomly generated defect counts can be
normalized to match the detected defect count as described further
herein. 15'The method also includes binning the set of randomly
generated defects into groups such that a portion of a design on the
wafer proximate locations of the randomly generated defects in each
of the groups is substantially the same. In this manner, each of the
groups of the randomly generated defects corresponds to a different
portion of the design, and the randomly generated defects in each of
the groups are located proximate 20substantially the same portion of
the design. As such, the randomly generated defects may be separated
into groups based on design (e.g., design clip). Binning the set of
randomly generated defects into the groups based on design may be
performed as described in commonly owned U.S. Patent Application
Serial Nos. 11/561,735 by Kulkarni et al. published as U.S. Patent
Application Publication No. 2007/0156379 on 25July 5, 2007 and
11/561,659 Zafar et al. published as U.S. Patent Application
Publication No. 2007/0288219 on December 13, 2007, both of which were
filed on November 20, 2006, and both of which are incorporated by
reference as if fully set forth herein. The embodiments described
herein may include any step(s) of any method(s) described in these
patent applications.  WO 20091026358PCT/US2008/073706       The
method further includes determining a number of the randomly
generated defects in each of the groups. The numbers of the randomly
generated defects in the groups can be compared to numbers of actual
defects in corresponding groups to determine if the actual defects in
the corresponding groups are potentially systematic 



5defects or potentially random defects. The numbers (e.g., the defect
counts) of the randomly generated defects in the groups can be
determined in any suitable manner. The numbers of the randomly
generated defects in the groups can be compared to the numbers of the
actual defects in the corresponding groups according to any of the
embodiments described herein. In addition, determining if the actual
defects in the groups are 10potentially systematic defects or
potentially random defects may be performed based on results of the
comparison according to any of the embodiments described herein.
In one embodiment, the method includes generating a Pareto chart for
the set of randomly generated defects. This "random Pareto chart" can
be constructed using any of the randomly generated defects described
herein (e.g., truly randomly generated defects or 15defects that are
oriented in a regular grid across the area). For example, the set of
randomly generated defects may be binned into different groups based
on design (e.g., design clip) as described further herein, and a
Pareto chart may be generated for the set of randomly generated
defects using results of the binning. As such, all of the defects in
any one of the groups will be located proximate to the same (or
substantially the same)  20 portion of the design. Therefore, the
Pareto chart for the randomly generated defects will show the numbers
of defects binned into different groups, each of which corresponds to
a different portion of the design.       One embodiment of such a
Pareto chart is shown in Fig. 3. In particular, as shown in Fig. 3, a
Pareto chart generated for a set of randomly generated defects shows
the GDS 25pattern group ID along the x axis and the defect count
along the y axis. As such, the Pareto chart graphically illustrates
the number of defects binned into each of the different groups, each
of which corresponds to a different portion of the GDS pattern. In
this manner, the numbers of the randomly generated defects and the
numbers of the actual defects in corresponding groups can be compared
as described further herein by 30comparing the Pareto chart for the
set of the randomly generated defects to a Pareto chart  WO
2009/026358PCT/US2008/073706 for the actual defects. In particular,
using the Pareto charts, numbers of randomly generated defects and
actual defects in groups that have the same GDS pattern group ID, and
therefore are corresponding groups, may be compared. 



Multiple runs of randomly generating the set of defects may be
performed to 5provide for a more statistically significant
approximation of the total random distribution from a limited sample.
For example, in one embodiment, the method is performed more than
once to determine additional numbers for a different set of randomly
generated defects. The method may be performed more than once such
that different sets of randomly generated defects may be separately
randomly generated. Each of the different 10sets of the randomly
generated defects may be randomly generated in the same or different
manners (e.g., according to any of the embodiments described herein).
The additional numbers for the different set of the randomly
generated defects may be determined according to any of the
embodiments described herein. The numbers and the additional numbers
can be compared to the numbers of the actual defects in the
15corresponding groups to determine if the actual defects in the
corresponding groups are potentially systematic defects or
potentially random defects. The numbers for the different sets of the
randomly generated defects in the groups can be compared to the
numbers of the actual defects in the corresponding groups according
to any of the embodiments described herein. In addition, determining
if the actual defects in the 20corresponding groups are potentially
systematic defects or potentially random defects may be performed
based on the comparison to the numbers for the different sets of
randomly generated defects according to any of the embodiments
described herein. In some such embodiments, the method may include
statistically combining results from multiple sets of randomly
generated defects to determine the confidence interval for the
25count of each bin. This confidence interval can be used to assign a
probability that a given bin is potentially systematic or could be
used to set a threshold (e.g., bin as potentially systematic if count
is greater than 90% confidence interval would indicate). In this
manner, the randomly generating step may be statistically repeated to
improve the confidence that the randomly generated population
represents the actual population.  WO 2009/026358PCT/US2008/073706 



In another embodiment, the method is performed more than once to
determine additional numbers for a different set of randomly
generated defects, and the method includes using the additional
numbers to validate the randomly generating step (in which the first
set of randomly generated defects was generated). For example, the
set of 5randomly generated defects (and the random Pareto chart) can
be generated multiple times to validate the stability of the
randomization process. In particular, the method may be performed
more than once such that different sets of randomly generated defects
are separately randomly generated. In this embodiment, each of the
different sets of the randomly generated defects is preferably
randomly generated in the same manner (e.g., 10according to any of
the embodiments described herein). The additional numbers for the
different set of the randomly generated defects may be determined
according to any of the embodiments described herein. Validating the
randomly generating step may include comparing the numbers for the
different sets of randomly generated defects. The numbers for the
different sets of the randomly generated defects in the groups can be
15compared on a group by group basis according to any of the
embodiments described herein. In addition, validating the randomly
generating step may include determining if the numbers for the
different sets of randomly generated defects are similar enough to be
considered statistically the same. Determining if the numbers are
similar enough to be considered statistically the same may be
performed in any appropriate manner. 20The embodiments of the method
described above may include any other step(s) of any other method(s)
described herein. In addition, the embodiments of the method
described above may be performed by any of the systems described
herein.       Another embodiment relates to a computer-implemented
method for creating a normalized set of groups of randomly generated
defects for use in determining if corresponding groups of actual
defects are potentially systematic defects or potentially random
defects. The method includes determining a total number of all actual
defects detected on a layer of a wafer, The actual defects included
in the total number preferably do not include nuisance defects. In
particular, nuisance defects are preferably removed from inspection
results in any suitable manner prior to determining the total number.
The 30actual defects may include defects detected on a layer of a
patterned wafer. In addition,  WO 2009/026358PCT/US2008/073706 



the method may or may not include detecting the actual defects on the
layer of the wafer as described further herein. Furthermore, the
method may or may not include removing the nuisance defects from the
inspection results (e.g., if the wafer is inspected by another
method, that method may include removing the nuisance defects from
the inspection 5results and therefore the nuisance defects would not
have to be removed from the inspection results by the methods
described herein). Determining the total number of all of the actual
defects detected on the layer may be performed in any suitable
manner. The method also includes normalizing numbers of randomly
generated defects in groups to numbers of the actual defects in
corresponding groups based on the total 10number of all of the actual
defects detected on the wafer. A portion of a design on the wafer
proximate locations of the randomly generated defects in each of the
groups is substantially the same. Therefore, the randomly generated
defects are grouped by design (e.g., by design clip), and the number
of the randomly generated defects in each of the groups may be
normalized based on total number of actual defects detected on the
wafer. 15Normalizing the number of the randomly generated defects in
each of the groups may be performed in any suitable manner (e.g.,
multiplying the number of randomly generated defects in each group by
some factor so that the total number of randomly generated defects in
all of the groups is approximately equal to the total number of
actual defects detected on the wafer). 20The total number of actual
defects detected on the wafer may vary across wafers dramatically
(e.g., due to variations in one or more processes used to fabricate
the wafers and/or due to variations in the wafers themselves). As
such, normalizing the number of the randomly generated defects in
each of the groups may increase the accuracy with which potentially
systematic defects can be differentiated from potentially random
defects 75as described further herein. In addition, normalizing the
number of the randomly generated defects in each of the groups based
on the total number of actual defects detected on any given wafer
increases the utility of the set of randomly generated defects (e.g.,
one set of randomly generated defects can be used for multiple wafers
with relatively high accuracy regardless of the actual defectivity of
different wafers). In 30addition, normalizing the number of randomly
generated defects in each of the groups to 



WO 2009/026358PCT/US2008/073706 defect density allows data to be
compared from inspection recipe to inspection recipe for the same
device. Such normalizing may be particularly advantageous for
monitoring.       The normalized numbers of the randomly generated
defects in the groups can be compared to numbers of the actual
defects in the corresponding groups to determine if the
5corresponding groups of the actual defects are potentially
systematic defects or potentially random defects. The normalized
numbers of the randomly generated defects in the groups can be
compared to the numbers of the actual defects in the corresponding
groups according to any embodiments described herein. The results of
such comparisons may be used to determine if the corresponding groups
of the actual defects are potentially tosystematic defects or
potentially random defects according to any embodiments described
herein. The embodiment of the method described above may include any
other step(s) of any other method(s) described herein. In addition,
the embodiment of the method described above may be performed by any
of the systems described herein. 15An additional embodiment relates
to a computer-implemented method for determining if actual defects
are potentially systematic defects or potentially random defects. The
actual defects are detected on a wafer. In particular, the actual
defects may be detected on a patterned wafer such that the actual
defects may be grouped based on design as described further herein.
The methods described herein may or may not include 20detecting the
actual defects on the wafer. For example, the methods described
herein may include inspecting the wafer using any suitable inspection
method, system, and/or technique (e.g., by scanning the wafer with
light, detecting light scattered from the wafer during the scanning,
and detecting defects on the wafer using output responsive to the
detected light). Alternatively, the methods described herein may
include acquiring 25inspection results from another system (e.g., an
inspection system), another method (e.g., 



a method performed to detect defects on the wafer), a storage medium
(e.g., a fab database), etc.            A portion of a design on the
wafer proximate a location of each of the actual defects in a group
and each of the randomly generated defects in a corresponding group
is 30substantially the same. In particular, the actual defects and
the randomly generated  WO 2009/026358PCT/US2008/073706 defects may
be binned into groups as described further herein based on a portion
of a design proximate to the location of each of the defects. In this
manner, the portion of the design proximate the locations of defects
in a group may be substantially the same. In addition, different
groups of actual defects correspond to different portions of the
design, 5and different groups of randomly generated defects
correspond to different portions of the design.       In one
embodiment, the portion of the design corresponds to a design clip.
The term 'clip" as used herein refers to a relatively small portion
of the design layout. For example, the term "clip" can be generally
defined as the area in a design around a defect  o and can be thought
of as the neighborhood of the defect. In addition, polygons define
the pattern within the clip, but the polygons can partially extend
beyond the clip. Therefore, each of the groups may correspond to a
different portion of the design, and the different portions of the
design may include different structures in the design. As such, the
actual defects may be separated into groups based on design clip, and
the randomly generated 15defects may be separated into groups based
on design clip. In this manner, the numbers of the actual and
randomly generated defects separated into groups corresponding to the
same design clip may be compared as described further herein. In a
similar manner, the actual and randomly generated defects may be
separated into groups based on design using patch images of the
defects. The patch images may be acquired in any suitable 20manner
and may include any suitable such images. The actual and randomly
generated defects may be separated into groups based on design (and
design clip and/or patch images) as described in the above-referenced
patent applications by Kulkarni et al. and Zafar et al., which are
incorporated by reference as if fully set forth herein. In some
embodiments, prior to the comparing step described further herein,
the 25method includes normalizing the number of the randomly
generated defects in the group 



to the number of the actual defects in the group based on total
number of the actual defects detected on the wafer and total number
of the randomly generated defects. For example, the comparisons
described further herein may be performed after a random Pare chart
has been normalized to a Pareto chart generated for the actual
defects to 30account for differences in total defect count between
the randomly generated defects and  WO 2009/026358PCT/US2008/073706
the actual defects. The number of the randomly generated defects in
the group may be normalized to the number of the actual defects in a
corresponding group according to any of the embodiments described
herein. The method includes comparing a number of actual defects in a
group to a number 5of randomly generated defects in a group. In this
manner, the method may include comparing an actual defect sample to a
random defect sample. In addition, the number of actual defects in
one group is compared to the number of randomly generated defects in
a corresponding group. In particular, groups of actual defects and
randomly generated defects that correspond to one another may include
groups that include defects located 10proximate to the same (or
substantially the same) portion of the design. In this manner, the
number of actual defects located proximate to one portion of the
design can be compared to the number of randomly generated defects
located proximate to the same (or substantially the same) portion of
the design. As such, the numbers of actual defects and randomly
generated defects may be compared on a group basis and therefore a
design 15basis. Comparing the numbers of the actual defects and the
randomly generated defects in corresponding groups may be performed
on a group basis according to any of the embodiments described
herein.       In one embodiment, the comparing step includes
comparing a Pareto chart generated for the actual defects to a Pareto
chart generated for the randomly generated 20defects. In this manner,
the comparing step may include comparing a distribution of randomly
generated defects across pattern group to a distribution of actual
defects across pattern group. In particular, the method may include
comparing the design clip Pareto chart generated for the actual
detected defects (actual Pareto chart) to a design clip Pareto chart
generated for randomly generated defects (random Pareto chart). 25One
example of a Pareto chart generated according to embodiments
described 



herein for actual defects is shown in Fig. 4. In particular, as shown
in Fig. 4, the Pareto chart generated for the actual defects shows
the GDS pattern group ID along the x axis and the defect count along
the y axis. As such, the Pareto chart graphically illustrates the
number of actual defects binned into each of the different groups,
each of which 30corresponds to a different portion of the GDS
pattern. Therefore, the Pareto chart  WO 2009/026358PCT/US2008/073706
illustrates the results of design based grouping performed for actual
defects detected on a wafer.       In this manner, the numbers of the
actual defects in groups can be compared to the numbers of the
randomly generated defects in corresponding groups as described
further 5herein by comparing the Pareto chart for the actual defects
to a Pareto chart for the randomly generated defects. For example,
corresponding groups of actual defects and randomly generated defects
may be groups that have the same GDS pattern group ID. Therefore,
groups of actual defects and randomly generated defects having the
same GDS pattern group ID may be compared to each other to determine
if any of the groups of toactual defects are potentially systematic
defects.       Fig. 5 illustrates one embodiment of results of
comparison of a Pareto chart generated for actual defects to a Pareto
chart generated for randomly generated defects. In particular, as
shown in Fig. 5, the Pareto chart generated for a comparison of
numbers of actual defects and randomly generated defects in
corresponding groups shows the GDS 15pattern group ID along the x
axis and the defect count for both the actual defects and the
randomly generated defects along the y axis. As such, the Pareto
chart shown in Fig. 5 graphically illustrates the numbers of actual
defects and randomly generated defects binned into the different
groups, each of which corresponds to a different portion of the GDS
pattern. 20In this manner, the Pareto chart shown in Fig. 5 shows how
the numbers of the actual defects in different groups compare to the
numbers of the randomly generated defects in corresponding groups. In
this manner, the results of the comparison illustrated by the Pareto
chart shown in Fig. 5 can be used to determine if groups of actual
defects 



are potentially systematic defects or potentially random defects as
described further 25herein. In particular, the actual defects binned
into groups 2, 3, 4, and 10 may be determined to be potentially
systematic defects based on the comparison results shown in the
Pareto chart of Fig. 5 while the actual defects binned into groups 0,
5, 7, and 9 may be determined to be potentially random defects based
on the comparison results shown in the Pareto chart of Fig. 5.  WO
2009/026358PCT/US2008/073706       In another embodiment, the
comparing step includes determining a ratio of the number of the
actual defects in the group to the number of the randomly generated
defects in the group. The ratio of the number of the actual defects
in the group to the number of the randomly generated defects in the
group may be determined in any suitable manner. 5In addition, the
ratio may be a relative ratio, which may also be determined in any
suitable manner. In this manner, the ratio of the number of actual
defects to the number of randomly generated defects in groups
corresponding to the same (or substantially the same) portion of the
design may be determined, which provides a measure of the differences
between the numbers of actual defects and randomly generated defects
lo corresponding to the same (or substantially the same) portion of
the design. Therefore, the ratio can be used to determine if groups
of actual defects are potentially systematic defects or potentially
random defects as described further herein. The method also includes
determining if the actual defects in the group are potentially
systematic defects or potentially random defects based on results of
the 15comparing step. For example, if there is a significant
difference between the number of actual defects in a group and the
number of randomly generated defects in a corresponding group, the
actual defects in the group may be determined to be potentially
systematic defects. A significant difference may be defined
statistically (e.g., a significant difference may be a statistically
significant difference). For example, almost 20all corresponding
groups of actual and randomly generated defects may include different
numbers of actual defects and randomly generated defects (e.g., due
to natural variability in the processes performed on the wafers
and/or due to natural variations in the wafers themselves).
Therefore, the method may include determining if differences between
numbers of actual defects and randomly generated defects in
corresponding groups are 



25statistically significant differences, which may be performed in
any suitable manner.       In another example, the ratio of the
number of the actual defects in the group to the number of the
randomly generated defects in the group, which may be determined as
described above, may be used to determine if the actual defects in
the group are likely to be systematic defects. For example, if the
ratio of the number of the actual defects in the 30group to the
number of the randomly generated defects in the group is 1 or
statistically  WO 2009/026358PCT/US2008/073706 close to 1, the actual
defects in the group may be determined to be potentially random
defects. However, if the ratio of the number of the actual defects in
the group to the number of the randomly generated defects in the
group is statistically greater than 1, the actual defects in the
group may be determined to be potentially systematic defects since 5
systematic defect groups may be defect groups that have a relatively
high ratio of actual defect count to randomly generated defect count.
Determining if the ratio is statistically greater than 1 may be
performed in any suitable manner. The number of the randomly
generated defects in the group that is used to determine the ratio
may be the normalized number of randomly generated defects in the
10group since the randomly generated defects may be generated on a
die basis while the number of the actual defects in the group will be
wafer-based (e.g., based on the number of the actual defects detected
across the wafer) or inspection plan-based (e.g., based on the area
inspected on the wafer). Therefore, normalization may account for the
different areas across which the randomly generated defects are
generated and the actual defects 15are detected thereby increasing
the accuracy of the determination of whether the actual defects are
likely to be systematic defects.       Normalization may be performed
as described further herein. Obviously, if the number of randomly
generated defects in the group that is used to determine the ratio is
the normalized number, such normalization would be performed before
determining the 20ratio. Such normalization may also be performed
before any other comparisons described 



herein. As described further herein, normalization may be performed
because the total number of defects may be different. For example, a
ratio of 1 (or any fixed number from run to run) may be used to
identify potentially systematic defects unless the randomly generated
defects and the actual defects have roughly the same number. In one
such 25example, a population of randomly generated defects may be
generated to have substantially the same count as a population of
actual defects or a predetermined population of randomly generated
defects may be normalized to the actual defects. Another way of
looking at this is that the bins are normalized based on the total
population counts for each of the populations so that we can compare
them to each other.  WO 2009/026358PCT/US2008/073706       In one
embodiment, the determining step includes determining that the actual
defects in the group are potentially systematic defects if the number
of the actual defects in the group is greater than the number of the
randomly generated defects in the group and determining that the
actual defects in the group are potentially random defects if the
5number of the actual defects in the group is not greater than the
number of the randomly generated defects in the group. For example,
if the occurrence of a design clip group in an actual Pareto chart is
significantly higher than the corresponding design clip group in the
random Pareto chart, the design clip group of actual defects may be
binned as potentially systematic. The numbers that are compared in
such a determination may toinclude absolute defect count or relative
defect count. Potentially systematic defects may he identified in
such a manner since systematic defects tend to occur more frequently
than defects caused by chance alone. Therefore, if the number of
actual defects in any group is significantly greater than the number
of randomly generated defects in a corresponding group, then the
actual defects in that group are likely systematic defects and can be
15determined as such by the embodiments described herein. In
addition, such embodiments may include matching (or normalizing) the
defects densities in both groups, which may be performed as described
further herein. Such matching or normalizing may be advantageous
since if there are two groups, group a and group b, and the number of
defects in group b is low (e.g., due to lower capture rate), then the
number of defects in 



20group a will always be high enough to make it potentially
systematic even though it may be potentially random.       In another
embodiment, the determining step includes determining that the actual
defects in the group are potentially systematic defects if the number
of the actual defects in the group is statistically greater than the
number of the randomly generated defects in 25the group and
determining that the actual defects in the group are potentially
random defects if the number of the actual defects in the group is
not statistically greater than the number of the randomly generated
defects in the group. In this manner, the method may include
statistically differentiating between potentially random and
potentially systematic defects. As such, the methods may include
statistically identifying marginalities in 30patterns in a design on
a wafer. In particular, the method may include using statistical  WO
2009/026358PCT/U52008/073706 marginalities to identify potentially
systematic defect bins by comparing them to a random distribution of
defects. For example, the method may include performing a statistical
test of the results of the comparison to determine if there is a
significant difference between the actual defects in a group and the
randomly generated defects in a  5 corresponding group. If there is a
significant difference, then the actual defects in the group may be
determined to be potentially systematic defects. The numbers that are
compared in such a determination may include absolute defect count or
relative defect count. In one embodiment, the method is performed
separately for different groups of 10actual defects detected on the
wafer, and a portion of the design on the wafer proximate a location
of each of the actual defects in each of the different groups is
substantially the same. For example, the actual and random Pareto
charts may be compared as described further herein, and since the
actual and random Pareto charts include defects separated into design
based groups (e.g., design clip groups), the actual defects in each
of the 15groups can be separately binned as likely including
systematic defects or random defects 



by comparing the Pareto charts. The likely systematic design clip
groups may be identified using results of comparison of the Pareto
charts as described further herein.       In another embodiment, the
method is performed separately for all groups of actual defects
detected on the wafer, and a portion of the design on the wafer
proximate a 20location of each of the actual defects in each of all
of the groups is substantially the same. In this manner, the method
can determine if potentially systematic defects occur anywhere on the
Pareto chart generated for the actual defects. In addition, the
method can substantially accurately identify potentially systematic
defects that occur anywhere on the actual Pareto chart. For example,
a Pareto chart may include thousands of different 25groups of defects
binned based on design, but the embodiments described herein can
easily, quickly, and substantially accurately determine if each of
the thousands of different groups likely includes systematic or
random defects. In this manner, the method does not need to know
where in the Pareto chart (or which groups in the Pareto chart) to
look for potentially systematic defects since all groups can be
tested. 30The method may also be performed separately for different
regions on the wafer.  WO 2009/026358PCT/US2008/073706       In a
further embodiment, the method includes comparing the number of the
actual defects in the group to a number of different randomly
generated defects in a different group. A portion of the design
proximate the location of each of the actual defects in the group and
a location of each of the different randomly generated defects in the
different 5group is substantially the same. The randomly generated
defects and the different randomly generated defects are separately
generated. In one such embodiment, the determining step includes
determining if the actual defects in the group are potentially
systematic defects or potentially random defects based on the results
of comparing the number of the actual defects in the group to the
number of the randomly generated defects toin the group and the
number of the different randomly generated defects in the group.
In this manner, the method may include comparing one group of actual
defects to multiple groups of separately randomly generated defects
to determine if the group of actual defects includes potentially
systematic defects or potentially random defects. Such comparisons
may be performed according to any of the embodiments described
herein. 



ISFor example, such comparisons may be performed using Pareto charts.
One embodiment of a Pareto chart that shows results of comparing a
Pareto chart generated for actual defects to two Pareto charts
generated for two different sets of randomly generated defects is
shovm in Fig. 6. In particular, as shown in Fig. 6, the Parcto chart
generated for a comparison of numbers of actual defects and two
different sets of separately randomly 70generated defects shows the
GDS pattern group ID along the x axis and the defect count for the
actual defects and the different sets of the randomly generated
defects along the y axis. As such, the Pareto chart graphically
illustrates the number of actual defects and separately randomly
generated defects binned into the different groups, each of which
corresponds to a different portion of the GDS pattern. In this
manner, the Pareto chart 25shown in Fig. 6 shows how the numbers of
the actual defects in different groups compare to the numbers of the
separately randomly generated defects in the corresponding groups.
The results of the comparison illustrated by the Pareto chart shown
in Fig. 6 can, therefore, be used to determine if groups of actual
defects are potentially systematic defects or potentially random
defects as described further herein. In particular, the actual
30defects binned into groups 2, 3, 4, and 10 may be determined to be
potentially systematic  WO 2009/026358PCT/US2008/073706 defects based
on the comparison results shown in the Pareto chart of Fig. 6 while
the actual defects binned into groups 0, 5, 7, and 9 may be
determined to be potentially random defects based on the comparison
results shown in the Pareto chart of Fig. 6. Groups in the Pareto
charts of Figs. 5 and 6 that have the same ID correspond to the same
portion of the design. Therefore, the results shown in Fig. 6 confirm
the results shown in Fig. 5 thereby confirming the validity of using
one set of randomly generated defects for discriminating between
potentially systematic and potentially random defects detected on a
wafer. In addition, although the numbers of the actual defects in
different groups may be compared to numbers of different sets of
randomly generated defects in corresponding 10groups as described
above, the data for the different sets of randomly generated defects
may be combined and then compared to the numbers of the actual
defects in the different groups to improve the statistics.       In
some embodiments, the actual defects are detected by inspection of a
layer on the wafer, and the randomly generated defects are generated
(and grouped) once for an 



isinspection recipe for the layer on the wafer (since different
inspection recipes may inspect different areas on the wafer) and used
for performing the method for defects detected on the layer of
multiple wafers using the inspection recipe. For example, a random
Pareto chart can be generated once for a recipe and stored and used
for a comparison each time that an inspection is performed for the
layer of any wafer using the inspection recipe. The 20comparison that
is performed each time that an inspection is performed for the layer
of any wafer may be performed according to any embodiments described
herein (e.g., including steps such as normalization of the randomly
generated defects). In this manner, the method may be implemented
each time a wafer is inspected using the inspection recipe and an
actual defect design clip Pareto chart is generated. The random
Pareto chart 25may be generated as described herein and used as
described herein. In another embodiment, the method is performed
without user intervention. Since no user intervention is required,
the method may be automated. In this manner, the method may be
performed automatically. As such, the method provides an automated
method for determining whether a given collection of defects grouped
by design (e.g., 30design clip) is potentially systematic or
potentially random in nature.  WO 2009/026358PCT/US2008/073706
The embodiments described herein may be used in a number of different
manners. For example, systematic discovery and monitoring using
design based binning is not very good at distinguishing between bins
that are potentially systematic and bins that are potentially random
when defect count is used. One proposed method includes using
5simulated random defect design based grouping (DBG) bin distribution
to determine which bins are potentially systematic. This method
assumes constant capture rates between bins, which may be a
substantially limiting assumption. Therefore, better ways to
prioritize bins and determine cut-lines are desirable. Ideally, such
methods are not sensitive to capture rate differences across bins.
10The embodiments described herein, however, may be used for
systematic 



discovery. In one such example, the bins determined to include
potentially systematic defects may be prioritized from most likely to
be systematic to least likely to be systematic. For example, the DBG
groups can be prioritized by the ratio described further herein. In
one such example, the Pareto chart can be re-charted based on ratio
v. 15count. The higher the ratio, the more likely a group could be
potentially systematic. The bins may then be reviewed in order of
priority (from most likely to include systematic defects to least
likely to include systematic defects).       In another example, the
embodiments described herein may be used for monitoring. In
particular, the embodiments described herein may be used for
monitoring 20potentially systematic defects separately from
potentially random defects. If the systematic count overall or within
at least one bin gets too high, results can be used to hold the lot
for engineering analysis (e.g., systematic discovery use case).
In another example, the methods described herein can be used in a
design based classification (DBC) use case, DBC may be performed as
described in the patent 25applications by Kulkami et al. and Zafar et
al., which are incorporated by reference above. For example, a wafer
lot with a substantial number of random defects will increase the
count in DBC bins, especially those bins with relatively high area
across the wafer. Since it is unlikely that the defect counts of all
DBC bins will increase proportionally except due to a random
component, the total defect population may be 30examined to determine
a best fit for random defects. Then, based on pattern of interest  WO
2009/026358PCT/US2008/073706 (P01) size, the defect density bin may
be determined and compared with this random defect density. The DBC
bin count can then be corrected based on random distribution.
In addition, if a P01 or a set of POI is known not to have systematic
defects, the defects detected in the P01 or set of POI can be used as
a surrogate or proxy to measure 5the random defect density. The
random density may then be subtracted from the DBC 



bins and used to prioritize the DBO bins.       In some such
examples, separating potentially systematic defect bins from
potentially random defect bins may include setup to determine the
equivalent area per most common DBG bins. Determining the equivalent
area per most common DBG bins 10may include, at the time of recipe
creation, dropping defects randomly in the inspected area to a
predefined defect density, performing DBG, and for each bin,
filtering out relatively low count bins (if there is a systematic
signal on these patterns they will be easy to spot) and determining
the equivalent area for that bin based on the count and the
predefined defect density. For example, equivalent area for bin 1,
EA', may be 15determined as (Bin 1 count)/(defect density). The
equivalent area information and "seed" clips may be stored with the
recipe.       Setup may also include selecting a DBC bin for
monitoring random defects. For example, a pattern or patterns of
interest unlikely to have any systematic defects (e.g., blank clip or
simple patterns) may be selected. These DBC bins can be used to
monitor 20random defects. The effective area of the pattern may be
detcrminLd from simulated data. For example, the area of the pattern
plus a border to cover extending bounding box (EBB) may be
determined. A design example may be marked for random monitoring, and
the effective area (EA,) may be stored with DBC design examples.
Separating potentially systematic defect bins from potentially random
defect bins may also include using DBC to estimate the random defect
density during WPP. For example, using DEC to estimate the random
defect density may include estimating the random defect density from
the inspection defect count for this bin and the area. If there is a
random defect excursion, it will be detected by the monitor. The
monitor count may be used to estimate random defect density, DR =
(Inspection Bin, Count)/EA,), In 30addition, multiple monitors may be
averaged.  WO 2009/026358PCT/US2008/073706       Separating
potentially systematic defect bins from potentially random defect
bins may also include correcting DBC bin count. For example, if there
is a random defect excursion, it will be detected by the monitor. As
such, the monitor count may be used to determine the random defect
density. For each DBC bin, the count may be converted to a 



5defect density based on the POI area plus EBB (e.g., DD" = (Bin"
Count)/(EA,)). For each DBC bin, the estimated random defect density
may be subtracted to estimate the true systematic count (e.g., Bin,
Count) sys = (DDti - DDr)*(EAn)) for monitoring. Systematic bin
counts greater than about 0 are potentially systematic. The higher
the systematic bin count, the more likely the bin has a systematic
issue. 10Separating potentially systematic defect bins from
potentially random defect bins may further include correcting DBG bin
count. For example, for each DBG bin, the count may be converted to
defect density using the equivalent area {e.g., DD" = (Bin,
Count)/(EA,)). The estimated random defect density (area based on the
EBB) may then be subtracted. The result is presumably systematic
defect count (e.g., (Bin, Count) sys = 15(Dll, - DDr)*(EA")).
Systematic bin counts greater than about Gate potential systematic.
The higher the systematic bin count, the more likely the bin has a
systematic issue.       One significant advantage of such methods is
that by using the DBC monitor, the capture rate of the random defect
distribution can also be monitored and assuming it is truly random on
the monitor, we can accurately subtract out these random defects. In
particular, random defect correction is based on the measured random
defect capture rate. It is much better to assume that the random
defect capture rate is constant than the capture rate is constant
between groups. The capture rate may still vary by pattern density.
Since groups have different pattern densities on average, there still
may be some inherent error, It might be possible to compensate if DBC
bins spanning various pattern densities were 75monitored and bins
were corrected with an interpolated DID,. Furthermore, auto-
systematic threshold is advantageously dynamic based on the random
monitor count.        In one embodiment, the results of the method
(e.g., binned potentially systematic defects) may be used for
analysis. The analysis may include any suitable analysis (e.g.,
analysis of the process and/or wafer).  WO
2009/026358PCT/US2008/073706       All of the methods described
herein may include storing results of one or more steps of the method
embodiments in a 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 5storage 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. For example, after a method
described above creates a set of groups of randomly generated
defects, the method may include storing information about  Jo the set
of the groups of the randomly generated defects in a storage medium.
In addition, results or output of the embodiments described herein
may be stored and accessed by an inspection system such that the
inspection system can use the results (e.g., a Pareto chart for a set
of randomly generated defects) to discriminate between potentially
systematic and potentially random defects detected on a layer of a
wafer. Furthermore, the results 15may be stored "permanently,"
"semi-permanently," temporarily, or for some period of time. For
example, the storage medium may be random access memory (RAM), and
the results may not necessarily persist indefinitely in the storage
medium.       Each of the embodiments of the method described above
may include any other step(s) of any other method(s) described
herein, In addition, each of the embodiments of 70the method
described above may be performed by any of the systems described
herein. The embodiments described herein provide a number of
advantages over other methods for determining if defects are
potentially systematic defects or potentially random defects. For
example, identifying potentially systematic and potentially random
defects using the embodiments described herein can be performed
without user 25intervention and judgment. In particular, no user
intervention is required so the entire process can advantageously be
automated (although the user may review the defects identified as
potentially systematic and potentially random to determine which
defects are actually systematic and,'or random defects). In addition,
the embodiments described herein have higher accuracy than currently
used methods for differentiating between 30potentially systematic
defects and potentially random defects. Furthermore, the methods  WO
2009/026358PCT/US2008/073706 can more accurately determine if
potentially systematic defects occur anywhere on an actual defect
Pareto chart. Therefore, the embodiments described herein can provide
accuracy and automation for the identification of potentially
systematic defects. Another embodiment relates to a computer-readable
medium that includes 5program instructions executable on a computer
system for perfonning one or more 



computer-implemented methods described herein. One embodiment of such
a computer-readable medium is shown in Fig. 7. In particular,
computer-readable medium 18 includes program instructions 20
executable on computer system 22 for performing one or more of the
computer-implemented methods described herein. In addition, the
iocomputer-implemented method executable on the computer system by
the program instructions may include any step(s) of any method(s)
described herein.       Program instructions 20 implementing methods
such as those described herein may be transmitted over or stored on
computer-readable medium 18. The computer- readable medium may be a
transmission medium such as a wire, cable, or wireless 15
transmission link The computer-readable medium may also be a storage
medium such as a read-only memory, a random access memory, a magnetic
or optical disk, or a magnetic tape. Computer system 22 may take
various forms, including a personal computer system, mainframe
computer system, workstation, image computer, parallel processor, or
any other device known in the art. In general, the term "computer
system" may be broadly defined to encompass any device having one or
more processors, which executes instructions from a memory medium.
An additional embodiment relates to a system configured to perform
one or more of the embodiments described herein. The system may
include an inspection system 25configured to detect actual defects on
a wafer. One embodiment of such a system is shown in Fig. 7. For
example, as shown in Fig. 7, the system includes inspection system
24. Inspection system 24 is configured to detect actual defects on
wafer 26.       In one embodiment, inspection system 24 includes
light source 28. Light source 28 may include any appropriate light
source known in the art. Light source 28 may be 30configured to
direct light to beam splitter 30, Beam splitter 30 may be configured
to  WO 2009/026358PCT/US2008/073706 



direct light from light source 28 to wafer 26 at a substantially
normal angle of incidence. Beam splitter 30 may include any
appropriate optical component known in the art.       Light reflected
from wafer 26 may pass through beam splitter 30 to detector 32.
Detector 32 may include any appropriate detector known in the art.
Output generated by 5detector 32 may be used to detect actual defects
on wafer 26. For example, computer system 34 may be configured to
detect actual defects on wafer 26 using output generated by the
detector. The computer system may use any method and/or algorithm
known in the art to detect actual defects on the wafer. The computer
system may be coupled to the detector in any suitable manner (e.g.,
by one or more transmission media indicated by the 10dotted line
shown in Fig. 7, which may include any suitable transmission media
known in the art) such that the computer system can receive the
output generated by the detector. Furthermore, if the inspection
system includes more than one detector (not shown), the computer
system may be coupled to each detector as described above. Computer
system 34 may be further configured as described herein. During
inspection, wafer 26 may be 15disposed on stage 36. Stage 36 may
include any appropriate mechanical and/or robotic assembly known in
the art. The inspection system shown in Fig. 7 may also include any
other suitable components (not shown) known in the art. As shown in
Fig. 7, the inspection system is configured to detect light
specularly reflected from the wafer. In this manner, the inspection
system shown in Fig. 7 is 20configured as a BF inspection system.
However, the inspection system may be replaced by an inspection
system configured as a dark field (DF) inspection system, an edge
contrast (EC) inspection system, an aperture mode inspection system,
or any other optical inspection system known in the art. In addition,
the inspection system may be configured to perform one or more
inspection modes. For example, the inspection system shown in 25Fig.
7 may be configured to perform DF inspection by altering an angle of
incidence at which the light is directed to the wafer and/or an angle
at which light is collected from the wafer. In another example, the
inspection system shown in Fig. 7 may be configured such that one or
more optical components (not shown) such as apertures may be
positioned in the illumination path and the collection path such that
the inspection system 30can perform EC mode inspection and/or an
aperture mode of inspection. 



WO 2009/026358PCT/US2008/073706       It is noted that Fig. 7 is
provided herein to generally illustrate one configuration of an
inspection system that may be included in the system embodiments
described herein. Obviously, the inspection system configuration
described herein may be altered to optimize the performance of the
inspection system as is normally performed when 5designing a
commercial inspection system. In addition, the systems described
herein may be implemented using an existing inspection system (e.g.,
by adding functionality described herein to an existing inspection
system) such as the Puma 9000 and 9100 series of tools that are
commercially available from KLA-Tencor, San Jose, California. For
some such systems, the methods described herein may be provided as
optional 10functionality 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 another embodiment, the optical inspection system
shown in Fig. 7 may be replaced by an electron beam inspection
system. Examples of commercially available 15electron beam inspection
systems that may be included in the system of Fig. 7 include the
eS25, eS30, and eS31 systems from KLA-Tencor.       Computer system
22 and/or computer system 34 may be configured to perform one or more
of the computer-implemented method embodiments described herein
(e.g., using inspection results generated by computer system 34). In
embodiments of the 20 system that include the inspection system,
computer system 22 may be coupled to the inspection system in any
manner known in the art. For example, computer system 22 may be
coupled to computer system 34 of inspection system 24 such that the
computer system can receive results of inspection generated by
computer system 34. In addition, computer system 22 may receive any
other output of the detector or computer system 34 25such as image
data and signals.        Computer system 22 described above may be
configured as a stand-alone system that does not form part of a
process, inspection, metrology, review, or other tool. In such an
embodiment, computer system 22 may be configured to receive and/or
acquire data or information from other systems (e.g., inspection
results from an inspection system) by a 30transmission medium that
may include "wired" and/or "wireless" portions. In this 



WO 2009/026358PCT/US2008/073706  manner, the transmission medium may
serve as a data link between the computer system and the other
system. In addition, computer system 22 may send data to another
system via the transmission medium. Such data may include, for
example, one or more parameters of the inspection system to be used
for inspection of the layer of additional 5wafers determined by the
computer system. Alternatively, computer system 22 may form part of
the inspection system. In some such embodiments, the system may
include only one of the computer systems shown in Fig. 7, which is
configured to perform defect detection and one or more of the
embodiments described herein. The embodiments of the system shown in
Fig. 7 may be further configured as 10described herein. In addition,
the system may be configured to perform any step(s) of any of the
method embodiment(s) described herein.       Further modifications
and alternative embodiments of various aspects of the invention may
be apparent to those skilled in the art in view of this description.
For example, computer-implemented methods for determining if actual
defects are potentially 15systematic defects or potentially random
defects are provided. Accordingly, this description is to be
construed as illustrative only and is 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
10illustrated 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. 



CLAIMS  1. A computer-implemented method for determining if actual
defects are potentially systematic defects or potentially random
defects, comprising:       comparing a number of actual defects in a
group to a number of randomly generated defects in a group, wherein
the actual defects are detected on a wafer, and wherein a portion of
a design on the wafer proximate a location of each of the actual
defects in the group and each of the randomly generated defects in
the group is substantially the same; and       determining if the
actual defects in the group are potentially systematic defects or
potentially random defects based on results of said comparing,
wherein said determining comprises determining that the actual
defects in the group are potentially systematic defects if the number
of the actual defects in the group is greater than the number of the
randomly generated defects in the group and determining that the
actual defects in the group are potentially random defects if the
number of the actual defects in the group is not greater than the
number of the randomly generated defects in the group, and wherein
said comparing and said determining are performed using a computer
system.  2. The method of claim 1, wherein said comparing comprises
comparing a Pareto chart generated for the actual defects to a Pareto
chart generated for the randomly generated defects.  3. The method of
claim 1, wherein said comparing comprises determining a ratio of the
number of the actual defects in the group to the number of the
randomly generated defects in the group.  4. The method of claim 1,
wherein the portion of the design corresponds to a design clip.  5.
The method of claim 1, wherein the method is performed separately for
different groups of actual defects detected on the wafer, and wherein
a portion of the design on the  wafer proximate a location of each of
the actual defects in each of the different groups is substantially
the same.  6. The method of claim 1, wherein the method is performed
separately for all groups of actual defects detected on the wafer,
and wherein a portion of the design on the wafer proximate a location
of each of the actual defects in each of said all groups is
substantially the same.  7. The method of claim 1, wherein the method
is performed without user intervention.  8. The method of claim 1,
wherein the actual defects are detected by inspection of a layer on
the wafer, and wherein the randomly generated defects are generated
once for an inspection recipe for the layer on the wafer and used for
performing the method for defects detected on the layer of multiple
wafers using the inspection recipe. 



9. The method of claim 1, wherein said determining further comprises
determining that the actual defects in the group are potentially
systematic defects if the number of the actual defects in the group
is statistically greater than the number of the randomly generated
defects in the group and determining that the actual defects in the
group are potentially random defects if the number of the actual
defects in the group is not statistically greater than the number of
the randomly generated defects in the group.  10. The method of claim
1, wherein, prior to said comparing, the method further comprises
normalizing the number of the randomly generated defects in the group
to the number of the actual defects in the group based on total
number of the actual defects detected on the wafer and total number
of the randomly generated defects.  11. The method of claim 1,
further comprising comparing the number of the actual defects in the
group to a number of different randomly generated defects in a
different group, wherein a portion of the design proximate the
location of each of the actual defects  in the group and a location
of each of the different randomly generated defects in the different
group is substantially the same, wherein the randomly generated
defects and the different randomly generated defects are separately
generated, and wherein said determining further comprises determining
if the actual defects in the group are potentially systematic defects
or potentially random defects based on the results of said comparing
the number of the actual defects in the group to the number of the
randomly generated defects in the group and the number of the
different randomly generated defects in the group.  12. A
non-transitory computer-readable medium, comprising program
instructions executable on a computer system for performing a
computer-implemented method for determining if actual defects are
potentially systematic defects or potentially random defects, wherein
the computer-implemented method comprises:       comparing a number
of actual defects in a group to a number of randomly generated
defects in a group, wherein the actual defects are detected on a.
wafer, and wherein a portion of a design on the wafer proximate a
location of each of the actual defects in the group and each of the
randomly generated detects in the group is substantially the same;
and       determining if the actual defects in the group are
potentially systematic defects or potentially random defects based on
results of said comparing, wherein said determining comprises
determining that the actual defects in the group are potentially
systematic defects if the number of the actual defects in the group
is greater than the number of the randomly generated defects in the
group and determining that the actual defects in the group are
potentially random defects if the number of the actual defects in the
group is not greater than the number of the randomly generated
defects in the group.  13. A system configured to determine if actual
defects are potentially systematic defects or potentially random
defects, comprising: an inspection system configured to detect actual
defects on a wafer; and a computer system configured to:
compare a number of the actual defects in a group to a number of
randomly generated defects in a group, wherein a portion of a design
on the wafer proximate a location of each of the actual defects in
the group and each of the randomly generated defects in the group is
substantially the same; and      determine if the actual defects in
the group are potentially systematic defects or potentially random


