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TITLE: BETECTING BEFECTS ON A WAFER

PRIORITY CLAIM

This application clatms priority to U.S. Provisional Application No. 61/152,477
entitled “Methods and Systerns for Detecting Defects on a Wafer,” filed February 13,

2009, which 1s incorporated by reference as if fully set forth herein,

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention generally relates to detecting defects on a wafer. Certain
embodiments relate to assigning individual output in raw output for a wafer generated by

an inspection syster to different segments.

2. Diescription of the Related Ari

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

Wafer inspection, using either optical or electron beam technologies, is an
irmportant technigue for debugging semiconductor manufacturing processes, monitoring
process variations, and improving production yield in the semiconductor industry. With
the ever decreasing scale of modern integrated circutts (ICs) as well as the increasing
complexity of the manufacturing process, mspection becomes more and more ditficult.

In cach processing step performued on a semiconductor wafer, the same circuit
pattern is printed i cach die on the wafer. Most wafer juspection sysierus take advantage
of this fact and use a relatively simiple die-to-die comparison to detect defects on the
wafer. However, the printed circuit in each die may inchide many areas of patterned
features that repeat in the X or y direction such as the areas of DRAM, SRAM, or
FLASH. This type of area i1s commonly referred to as an array area {the rest of the areas
are called random or logic arcas). To achicve betier sensitivity, advanced inspection
systems cmploy different strategics for inspecting the array areas and the random or logic

areas.
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To set up a wafer inspection process for array inspection, many currently used
inspection systems require users to manually set up regions of interest (ROl and apply
the same set of parameters for defect detection in the same ROL. However, this method
of set up is disadvantageous for a number of reasons. For example, as design rules
shrink, region definition can be much more complicated and much smaller in arca. With
the hmutations on stage accuracy and resolution of the inspection system, manual sct up
of ROI will becorue iropossible eventually, On the other hand, if the distance between
page breaks 1s larger than Fourier filtering can perform, the page break will not be
suppressed in the array region.

in another method, inteunsity is used as a feature of segmentation to group similar
intensity pixels together. Then, the same set of parameters are applied for the same group
of pixels {intensity-based). However, this method also has a number of disadvantages.
For example, an intensity-based segmentation algorithim can be used when 4 geometry
feature scatters uniformly. Often, however, this i1s not encugh. Theretore, other
property-based segmentation is needed.

Accordingly, it would be advantageous to develop methods and systems for
detecting defects on a wafer that can achieve better detection of defects by utilizing the
knowledge that defects of interest and nuisance/noise reside i different segments

geometrically.

SUMMARY OF THE INVENTION

The following description of various embodiments is not to be construed in any
way as limtting the subject matter of the appended claims,

Une embodiment relates to a computer-implemented method for detecting defects
on a wafer. The computer-implemented method inchudes acquiring raw output for a
wafer generated by an inspection system. The computer-implemented method also
includes identifying one or more characteristics of the raw output that correspond to one
or more geometrical characteristics of patterned features formed on the wafer. In
addition, the computer-implemented method includes assigning individual output in the
raw output to different segments based on the identified one or more characteristics of the

raw output such that the one or more geometrical charactenistics of the patterned features
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that correspond to sach of the different segments are different. Furthermore, the
computer-implemented method inchides separately assigning one or more defect
detection parameters to the different segments. The computer-implemented method also
includes applying the assigned one or more defect detection parameters to the individual
output assigned to the different segments to thercby detect defects on the wafer,

Each of the steps of the computer-iraplemented method described above may be
performed as described further herein, The computer-implemented method described
above may include any other step(s) of any other method(s) described herein, The
computer-implemented method described above may be performed using any of the
systems described herein,

Another embodiment relates to a computer-readable medium that includes
program instructions executable on a computer system for performing a method for
detecting detects on a wafer. The method inchudes the steps of the computer-
iruplemented method described above. The computer-readable medium may be further
configured as described herein. The steps of the wethod may be performed as describe
further herein. In addition, the method for which the program mstructions are executable
may inchude any other step(s} of any other method(s} described herein.

An additional embodiment relates to a systenm configured to detect defects on a
wafer. The system includes an inspection subsystem configured to generate raw output
for a wafer by scanning the wafer. The system also includes a computer subsystem
contigured to acquire the raw output. The computer subsystem s also configured to
wdentify one or more characteristics of the raw output that correspond to one or more
geometrical characteristics of patierned features formed on the wafer, In addition, the
computer subsysier is configured to assign individual output iu the raw output to
different segments based on the identified one or more characteristics of the raw ountput
such that the one or more geometrical characteristics of the patterned features that
correspond to cach of the different segments are different. The computer subsystem is
further configured to separately assign one or more defect detection parameters to the
different segments. Furthermore, the computer subsystem is configured to apply the

assigned one or more defect detection parameters o the individual output assigned to the
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different segments to thereby detect defects on the wafer. The system may be further

configured as described herein.

BRIEF DESCRIPTION OF THE DRAWINGS

(V3

Other objects and advantages of the nvention will become apparent upon reading
the following detailed description and upon reference to the accompanying drawings in
which:

Fig. 1 1s a block diagram illustrating one embodiment of a computer-readable
medium that inclhades program instructions executable on a computer system for
10 performing one or more of the method embodiments described herein; and

Fig. 2 is a schematic diagram illustrating a side view of one embodiment of'a
system configured to detect defects on a wafer.

While the invention is susceptible to various modifications and alternative forms,

specific embodiments thercof are shown by way of example in the drawings and will

15 herein be described in detail. It should be understood, however, that the drawings and
detailed description thereto are not intended to Hmit the wveuntion to the particular form
disclosed, but on the contrary, the intention is to cover all modifications, equivaients and
alternatives falling within the spinit and scope of the present invention as defined by the
appended claims.

26

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Although embodiments arc described herein with respect to waters, it is to be
undersiood that the embodiments may be used for detecting defects on another specimen
such as a reticle, which may also be commonly referred to as a mask or a photomask.

EM 1Y

25 Many different types 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 i the
art,

One embodiment relates to a computer-implemented method for detecting defects
on a wafter. The computer-implemented method inchudes acquiring raw output for a
30 waler generated by an inspection systern. Acquiring the raw output for the wafer may be

performed using the fnspection systern, For cxample, acquiring the raw ouiput may
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include using the mspection system to scan light over the wafer and to generate raw
output responsive to light scattered and/or reflected from the wafer detected by the
inspection system during scanning. In this manner, acquiring the raw output may inchude
scanning the wafer. However, acquiring the raw output does not necessarily include
scanning the wafer. For example, acquiring the raw output may include acquiring the
raw output from a storage modium in which the raw output has been stored (c.g., by the
wmspection system), Acquiring the raw ouiput from the storage medivn may be
performed in any suitable manner, and the storage medium froro which the output is
acquired may include any of the storage media described herein. In any case, the method
inchades raw output (e.g., raw data) collection.

in one embodiment, the raw output is responsive to light scattered from the wafer.
In particular, the raw output may be responsive to light scattered from the wafer and
detected by the inspection system. Alternatively, the raw output may be responsive to
lLight reflected from the wafer and detected by the inspection system. The raw output
may inchude any suitable raw output and may vary depending on the configuration of the
mspection system. For example, the raw output may include signals, data, image data,
ete. In addition, the raw output may be generally defined as output for at least a portion
{c.g., multiple pixels) of the entire output generated for the wafer by the inspection
system. Furthermore, the raw output may include all of the raw output generated for the
entire wafer by the inspection system, all of the raw output generated for the entire
portion of the water that 1s scanned by the inspection system, all of the raw output
generated for the wafer by one chanuel of the inspection system, ote., rogardless of
whether the raw output corresponds to defects oun the wafer.

fn contrast, individaal output may be geunerally defined as output for an individual
pixel of the entire output generated for the wafer by the inspection systen. Therefore,
the raw output may include multiple individual output. In other words, the individual
output may be output separately generated for difforent locations on the wafer. For
example, the individual output may include individual, discrete output generated for
different locations on the wafer, In particular, the different locations may correspond o
different “mspection points” on the wafer. In other words, the different locations may

correspond to locations on the wafer for which output 18 separately geuerated by the
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inspection system. In this manner, the different locations may correspond to cach
location on the wafer at which a “measurement™ is performed by the tnspection system.
As such, the different locations may vary depending on the configuration of the
inspection system {¢.g., the manner in which the inspection system generates output for
the wafery. The individual output includes individual output that does and does not
correspond to defects on the wafer.

The wmspection system may be configured as described herein. For exaruple, the
mspection system way be configured for dark field (DF) inspection of the wafer. In this
manner, the inspection system may include a DY inspection systern. The DF mspection
system may be configured as described further herein. In another example, the inspection
system may be configured for bright field (BF) inspection of the wafer. In this manner,
the inspection system may include a BF inspection system:. The BF inspection system
may have any suitable configuration known in the art. The inspection system may also
be configured for BF and DF inspection. Furthermore, the inspection system may be
configured as a scanning electron microscopy (SEM} inspection and review system, and
such an wnspection system may have any suttable configaration known in the art. In
addition, the inspection systemy may be configured for inspection of patterned wafers and
possibly also unpatterned waters.

The computer-implemented method also includes identifying one or more
characteristics of the raw output that correspond to one or more geometrical
characteristics of patterned features formed on the wafer. In one crabodiment, the
wdentified one or more characteristics of the raw output include projections along lines
within the raw output. A projection can be generally defined as a group, cluster, or
sumynation of ndividual ocutput that has some patiern within the raw output. For
example, projections along horizontal and vertical lines of the raw output can be
gathered. In this manner, X and y projections within the raw output can be identified that
define or correspond to one or more geometrical characteristics of the patterned features.

As such, identifying the one or more characteristics of the raw output may include
performing two-dimensional (2D} projection of the raw output, However, the one or
more characteristics of the raw output that correspond to the one or more geometrical

characteristics of patterned features formed on the wafler ray include any other
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characteristic(s} of the raw cutput. Identifying the one or more characteristics of the raw
output as described above may be performed in any suitable manner using any suitable
method and/or algorithm.

in one embodiment, the one or more geometrical characteristics of the patterned

(V3

teatures mclude edges, shape, texture, a mathernatical calculation that defines geometry
of the patierned features, or some combination thereol, For example, characteristics that
can be used {or geometric-based segmentation, which may be performed as described
further herein, include edges, shape, texture, any roathematical calcnlation/transtormation
that defines the geometry, or some combination thereof., Although all patterned features
10 formed on a wafer may have some roughness and therefore some “texture,” texture is
different than roughness in that roughness is generally used to refer to and describe

roughness just on the periphery of patterned features while texture generally refers to the

[¢]

overall texture {e.g., as designed or not) of patterned features, One example of a
mathematical calculation/transformation that can be used to define the geometry of the

patterned features is a Fourier filtering algorithm, which can be used to describe a

L

relationship between geowetry and light scattering. For example, a Fourier filtering
algorithm can be used to predict projections in the raw output that will correspond to one
or more geometrical characteristics of the patterned features.
in one embodiment, identifying the one or more characteristics of the raw output

26 1is performed based on how a design layout of the patterned features will affect the one or
more characteristics of the raw output. For example, a characteristic that can be used for
scgmentation, which can be performed as described herein, 18 the design layout. In
particular, the design layout can be used to identity one or wore geometrical
characteristics of patierned features in the design layout. One or wore characteristics

25 {e.g., projections} of the raw output that will correspond to the one or more identified
geometrical characteristics can then be determined (e.g., empirically, theoretically, etc.}.
In this manner, one or more expected characteristics of the raw output that will
correspond to one or more geometrical characteristics of the patterned features can be
determined. Thosc one or more cxpected characteristics can then be compared to one or

30 more characteristics of the raw output in any suitable manner to identity the one or more

characteristics of the raw output that correspond to one or more geometrical
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characteristics of the patterned features. The design layout used in this step may be
acquired in any suitable manner and may have any suitable format.

in another embodiment, identifying the one or more characteristics of the raw
output is performed while acquiring the raw output is being performed. In this manner,
wdentifying the one or more characteristics of the raw output may be performed on-the-fly
as the wafer 18 being scanued by the inspection system. For example, identitying the one
or more characteristics of the raw ouiput can be performed using refereuce raw output for
the wafer that will be compared to the raw output to detect defects on the waler and that
is acquired for the wafer in the same scan as the raw ountput. The reference raw output
may include any of the references described herein. As such, other steps described herein
{e.g., scgmentation) that are performed using the one or more identified characteristics of
the raw output may also be performed on-the-fly during acquisition of the raw output for
the water,

The computer-implemented method also includes assigning mdividual output in
the raw output to different segments based on the 1dentified one or more characteristics of
the raw output such that the one or more georetrical characteristics of the patterned
features that correspond to each of the different segments are different. In this manner,
the embodiments described herein are configured for geometry-based segmentation.
More specifically, the embodiments described herein utilize how the geometrical
characteristic(s} (e.g., shape) of wafer patterns will affect the raw output and separate the
patterns that affect the raw output differently into different segments. In other words, the
embodiments described herein utilize how the geometrical characteristie(s) {e¢.g., shape)
of patterns on the wafer will affect the raw output o separate individual output in the raw
output into different segruents. For instance, patterned features that have one or more
different geometrical characteristics may have different effects on light scattered from the
wafer and thereby may have different effects on the raw output generated for the wafer.
Those patterned features can be effectively separated into different segments by the
embodiments described herein,  Assigning the individual output in the raw output to
different segments as described herein can be performed in any suitable manner using

anty suttable method and/or algorithm.
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“Segments” can be generally defined as different portions of an entire range of
possible values for the individual output. The segments may be defined based on values
for different characteristics of the individual output depending on the defect detection

algorithm that uses the segments. For instance, in the multiple die auto-thresholding

(V3

(MDAT} algorithm, the value for the characteristic of the individual output that is used to
define the segments may include median intensity value. In one such illustrative and
von-limiting example, if the entive range of median inteusity values is from 0 10 255, a
first segment may 1octade median 1ntensity values from 0 to 100 and a second segment
may include median intensity values from 101 to 255, In this manner, the first segment
10 corresponds to darker areas in the raw output, and the second segment corresponds to
brighter areas in the raw output. In some instances, the segments can be defined using
one wafer, and for wafers having similar geometry as that one wafer, the predefined
segments can be used,

In one embodiment, identifying the one or more characteristics of the raw output

and assigning the mdividual output to the different segments is performed antomatically

L

without user 1nput. For example, the emabodirnents described herein can utilize the
geometrical characteristic(s} (¢.g., shape} of patterns on the wafer and projection to
automatically separate the individual output in the raw output into different segments. In
this manner, unlike methods that include manually setting up regions of interest (RO1)

26 and applying the same set of parameters for defect detection in the same ROL, as design
rules shrink and as the different arcas on the wafer to be segmented get smaller,
scgmentation will not become more complicated using the embodiments deseribed
herein. In addition, unlike manual methods, automatically dentifying the one or more
characteristics of the raw output and assigning the individual output to the different

25 segments without user input is not affected by inspection system stage accuracy and
resolution limitations. Therefore, using the embodiments described herein for
scgmentation, the inspection system stage accuracy and resolution limitations will not
make segmentation impossible.

In another embodiment, assigning the individual output to the differcut segments
30 1s performed without regard to design data associated with the patterned features. For

example, although the design layout may be used as described above to determine one or
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more expected characteristics of the raw output that will correspond to one or more
geometrical characteristics of the patterned features, segmentation is not performed based
on the design data itself. In other words, segmentation is based on how the one or more
geometrical characteristics of the patterned features will affect the raw output, but is not
based on the one or more geometrical characteristics of the patierned features themselves,
In this manner, unlike other methods and systerns that segruent raw output based on the
design data associated with patterned features, performing segmentation based ou how
the one ot more geometrical characteristics of the patterned features will affect the raw
output may result in patterned features associated with different design data, different
clectrical functions, different electrical characteristics, different criticalities to the
performance of the device being formed using the patterned features, etc. being assigned
to the same scgment if those patterned features will affect the raw output in the same
manner. For example, performing segmeuntation based on how the geometrical
characteristic(s) will affect charactenistic(s) (¢.g., intensity} of the raw output instead of
the geometry itself may result in patierned features that produce significant noise in the
raw output being assigued to the same segment regardless of the desigu data associate
with those pattern features and other patterned features that produce negligible noise in
the raw output being assigned to a different segment again regardless of the design data
associated with those other patterned features. In this manner, high noise patterned
features can be segmented together, and low noise patterned features can be segmented
together.

In an additional embodiment, assigning the individual output to the difforent
segments is performed without regard to intensity of the individual output. In other
words, aithough the segmeutation s performed based on the one or more dentified
characteristics of the raw output, which may be identified based on intensity of multiple
individual output in the raw output, the segmentation is not performed based on intensity
of the individual output itself. For example, projections along lines within the raw output
may include individual output that have a variety and possibly dramatically different
intensities, Nevertheless, all of that individual output may correspound to the same one or
more geometrical characteristics of patierned foatures such as page breaks. As such, all

of the individual output that corresponds to the same one or more geometrical

10
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characteristics of the patterned features can be assigned to the same segment even though
uniike methods for performing segmentation based on the intensity of individual pixels,
the segmentation performed by the embodiments described hercin will not be affected by
non-uniform scattering from the patterned features.

In some embodiments, assigning the individual output to the different segments
wmechades analyzing the identified one or more characteristics of the raw output and
applying thresholds to the individual output. For example, as described above,
projections along horizontal and vertical lines in the raw output can be gathered. The
projections can then be analyzed, and thresholds can be set to separate the individual
output in the raw output into different arcas of interest {segments). Analyzing the
identified one or more characteristics of the raw output and applying thresholds to the
individual output may reduce the number of mdividual output corresponding to boundary
regions from being inappropriately assigned to the segments.

In one embodiment, the one or more geometrical charactenstics that correspond
to oue of the different segments include one or more georuetrical charactenistics of page
breaks, and the one or more geometrical characteristics that correspond to another of the
different segments inchude one or more geometrical characteristics of array areas. Page
breaks are generally defined in the art as regions of a die separating substantially
continuous regions of physical memory. Each of the continuous regions of physical
memory may be commonly referred to as a page frame. Performing segmentation as
desecribed herein, one or more characteristics of the raw output (c.g., the x and/ory
projections) that define the geometry for page breaks o array regions can be identified
and used to assign wndividual output corresponding to the page breaks to one segment and
to assign individual output corresponding to array regions to a different segment.

in another embodiment, the one or more characteristics of the raw output that
correspond to the one or more geometrical characteristics of some of the patterned
features cannot be suppressed by Fourier filtering. For example, unlike some methods
for segmentation, cven if the distance between page breaks is larger than Fourier filtering
can perform, the page break can be suppressed in the array region. In one such cxample,

for some mspection systems, if the width of a page break is about 3 pm and the spacing

11
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between page breaks is about 5 wm, Fourier filtering becomes impractical if not
impossible while manual set up of ROI also becomes impractical if not impossible.
Therefore, the signal (noise} produced in the raw output by the page breaks may not be
suppressed and can thereby reduce the defect detection sensitivity that can be achieved
using the raw output. However, using the embodiments described herein, the individual
output that corresponds to the page breaks can be wdentified {e.g., based on projections
within the raw output), and the individoal output that corresponds to the page breaks can
be assigned to one segment while other individual output can be assigned to other
segments such that as deseribed further herein different sensitivities can be used to detect
defects in different segments.

The computer-implemented method further includes separately assigning one or
more defect detection parameters to the different segments. One or more defect detection
parameters can be separately assigned to all of the different segments. Therefore, some
of the individual output may not be ignored when i comes to defect detection, Instead,
defects can be detected using the individual output assigned to all of the different
segments. In other words, defects can be detected using all segments of the raw cutput.
In this manner, different segments can be treated differently with different inspection
recipes. The different inspection recipes may be different in the defect detection
algorithms that are assigned to the different segments. Alternatively, the different
inspection recipes may be different in one or more parameters of the same defect
detection algorithm that are assigned to the differcut segments. The defect detection
algorithims that are assigned to the ditferent segments or one or more parameters of which
are assigned to the different segmeuts may iuclade any suitable defect detection
algorithms. For example, the defect detection algorithm may be a segmented auto-
thresholding (SAT) algorithm or a MDAT algorithm. Such defect detection algorithms
may be particularly suitable for BF inspection. However, the defect detection algorithm
may be a defect detection algorithm that is suttable for DF inspection. For example, the
defect detection algorithm may be a FAST algorithm or an HLAT algorithm.

The different inspection recipes may also be different in one or more optical
parameters of the inspection systern that are used to acquire the raw output for the wafer.

For example, in a multi-pass wnspection, different passes may be performed with

12
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different values for at least one optical parameter {(e.g., polarnization, wavelength, angle of
illumination, angle of collection, etc.) of the inspection system, and raw output generated
in the different passes may be used to detect defects in different regions of the wafer in
which patterned features having one or more different geometrical characteristics are
tormed, In this manncr, regions of the wafer that include patterned features having one
or more different geometrical characteristics can be mspected using raw output generated
n different passes of a multi-pass inspection performed using one or more different
optical parameters,

In one embodiment, the one or more defect detection parameters inclhude a
threshold to be applied to a difference between the individual output and a reference. In
this manner, different thresholds can be applied to the difference between the individual
output and the reference depending on the segment to which the individual output has
been assigned. For example, a reference (such as an &-bit reference irmage) may be
subtracted from the individual output in the raw output {such as an 8-bit test image)
regardless of the segment to which the individual output has been assigned. The
reference may include any suitable reference such as individual output corresponding to a
die on the wafer that is different than the die in which the individnal output, from which
the reference s being subtracted, has been generated, a cell on the wafer that is different
than the cell in which the individual output, from which the reference is being subtracted,
has been generated, ete. Any mdividual output having a difference above the assigned
threshold may be identitied as a defect. In this manner, defects can be detected with
ditferent thresholds depending on the segment to which the individual output has been
assigned.

In another embodiment, separately assigning the one or more defect detection
parameters to the different segments is performed such that defects are detected using the
individual output assigned to the different segments with different sensitivities.
Therefore, the embodiments described herein can achicve better detection of defects by
utilizing the knowledge that defects of interest {DO1) and nuisance/notse reside in
different segments geometrically. For example, different geometrics can exhibit different
types of defects. In one such example, in an array pattern region, the raw output may

mclude alternating line-like patterns of relatively bright individual output and relatively

13
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dark imndividual output. In some such instances, DOI may be located in portions of the
raw output that include the relatively bright individual output while muisance defects may
be located in portions of the raw output that include the relatively dark individual output.

In this manner, with scgmentation using characteristic(s) that define the geometry (e.g.,
the x or v projection for page break in the array region), the sensitivity of a detection
algorithm can be sct up difterently tor better sensitivity in the array arca and less
nuisance from the page break. Therefore, the embodiments described herein
advantageously allow an automatic way of separating different geometric patterns of the
wafer into different segments. This segmentation makes it possible for these arcas to be
treated differently and better sensitivity can be achieved. Differsut geometries also
scatter light differently. In this manner, some geometries may cause the raw cutput to be
relatively noisy while other geometries may cause the raw output to be relatively quiet.
However, using only intensity of the mmdividual output for segmentation, mdividual
output corresponding to relatively noisy and relatively quiet regions in the raw output can
be grouped together (e.g., due to poorly defined boundaries). In contrast, in the
erubodiments described heretn, for defects that are locaied in areas of the wafer that have
one or more geometrical characteristics that correspond to less noise in the raw output,
higher sensitivity can be achieved. In addition, for narrow band inspection systems,
defects can often be buried in noise since patterns also scatter a significant amount of
light. However, the embodiments described herein make it possible to detect those
detects that are detuned by noise from nearby patterns,

The computer-implemented method further includes applying the assigned one or
more defect detection parameters to the individual output assigned to the different
segments to thereby detect defects on the wafer. As described above, different segments
can be treated differently with different inspection recipes. In this manner, applying the
assigned one or more defect detection parameters to the individual output may include
inspecting segments with different recipes to thereby detect defects on the wafer. For
example, the segment to which the individual output has been assigned can be used to
determine the threshold that 18 to be applied to the differcnce between the individual
output and the reference. After determining the segment to which the individual output

has been assigned and assigning the oue or more defect detection parameters to the
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different segments, the assigned one or more defect detection parameters can be applied
to the individual output assigned to the different segments as would normally be
performed.

in one embodiment, acquiring the raw output is performed in one pass of a multi-
pass inspection of the water, and the computer-implemented method 1s not performed for
raw output acquired in another pass of the nulti-pass fnspection. In this manner,
segmentation as described heretn may be performed for only one pass of a multi-pass
wmspection. Raw ouiput acquired 1o other passes can be used for other purposes. For
example, multi-pass inspection may serve the segmentation purpose with one pass having
the optinum signal to defects and another pass providing the geometry-based
scgmentation. In particular, different passes of the multi-pass inspection may be
performed with one or more different defect detection parameters and/or one or more
different optical paramcters such that the raw output and/or the defect detection results
are dufferent for different passes. In one such example, one optical mode used in one
pass of the multi-pass juspection may allow segmentation while another optical mode of
the inspection system used n another pass of the multi-pass inspection may provide the
highest sensitivity to DOL

In another embodiment, additional defects are detected using the raw output
acguired in the other pass, and the method includes combining the defects and the
additional defects to generate mspection results for the wafer. For example, as described
above, one pass of a mulii-pass inspection may be used for segmentation while another
pass of the multi-pass inspection may be used to detect DOT with optimum signal.
Therefore, different passes of the multi-pass inspection may detect different types of
defects. In this manner, the results of the different passes of the multi~-pass wnspection
can be combined to generate the overall inspection results for the wafer. The resuits of
the defects detected using the raw output acquired in different passes may be combined
after defect detection using the raw output generated in all of the different passes has
been performed. Alternatively, the defect detection results generated using the raw
output acquired 1 different passes may be combined on-the-fly or while some of the raw

output 18 still being acquired.
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In an additional embodiment, the method includes applying one or more
predetermined defect detection parameters to the raw output to detect additional defects
on the wafer and combining the defects and the additional defects to generate inspection

csults for the wafer. For example, a reference (such as an 8-bit reference image} may be
subtracted from the individual output in the raw output (such as an 8-bit test image)
regardless of the segruent to which the individual output has been assigned. The
veference may wnchade any suitable reference such as those described above. In addition,
the same reference can be used for detecting defects by applying the assigned one or
more defect detection parameters to the individual output and by applying one or more
predetermined defect detection parameters to the raw output. The result of the
subtraction may be an absolute difference. A predetermined, direct difference threshold
may then be applied to the absolute difference, and any individual output having an
absolute difterence above the threshold may be wdentified as & defect. In addition, the
same predetermmed, direct difference threshold may be applied to the absolute difference
regardless of the segment to which the individual output has been assigned. Defects
detected in this manner may then be corabined with defects detected by applying the
assigned one or more defect detection parameters to the individual output to generate the
final inspection results for the wafer. For example, a defective mask may be separately
generated for all defects detected in any manner. Region “grow” may be performed from
both difference images, and a final mask for all defects may be generated.

Detecting defects in different manners as described above may provide defect
redetection, which may be advantageous for a number of reasons. For example,
automatic 2D projection and geometry-based segmentation provide robust defect
redetection and ease of use for defect redetection. In addition, the segruentation
described herein provides a dynamic way of mapping defect and reference images. For
example, if the segment is noisy, the difference can be detuned. In contrast, if the
scgment is cleaner, the difference can be enlarged. In addition, double detection as
described above lowers the possibility of false alarms from either detection method.

The method may also include storing resulis of any of the step(s) of the method
a storage medium, The results may mclude any of the results described herein and may

be stored in any manner known in the art, For example, the segments to which the
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individual output is assigned and/or the one or more defect detection parameters assigned
to the different segments may be used to generate a data structure such as a look up table
that is stored on a storage medium coupled to the inspection systemn. The storage
medium may include any suitable storage medium known in the art. After the results
have becn stored, the results can be accessed in the storage mediurm and used as
deseribed herein, formatted for display to a user, used by another software module,
method, or systew, ete. Furthermore, the results may be stored “permanently,” “seum-
permanently,” temporarily, or for some period of time. For example, the storage mediom
may be random access memory (RAM), and the results may not necessarily persist
indefinitely in the storage medium. Storing the results may also be performed as
described in commonly owned U.S. Patent Application Serial No. 12/234,201 by Bhaskar
et al. filed September 19, 2008, which published as U.S. Patent Application Publication
No. 2009/0080759 on March 26, 2009, and which 18 incorporated by reference as if fully
sct forth herein.

Turning now to the drawings, it is noted that the figures are not drawn to scale. In
particular, the scale of sorue of the elements of the figures is greatly exaggerated to
emphasize characteristics of the elements. It ts 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.

Anocther embodiment relates to a computer-readable medium that includes
program instructions executable on a computer system for performuing a method (1e., a
computer-implemented method) for detecting defects on a wafer. One such embodiment
is shown in Fig. 1. For exaruple, as shown in Fig. 1, computer-readable medium 10
wmechades program nstructions 12 executable ou computer system 14 {or performing the
method for detecting defects on a wafer described above. The computer-implemented
method for which the program instructions are executable may inchude any other step(s}
of any other method(s} described herein.

Program instructions 12 implementing methods such as those described herein
may be stored on computer-readable medium 10, The computer-readable medium may
be a storage medium such as a read-only memory, a RAM, a magnetic or optical disk, or

a magnetic tape or any other suitable computer-readable mediurn known in the art.
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The program instructions may be implemented in any of varicus ways, including
procedure-based techniques, component-based technigues, and/or object-oriented
techniques, among others. For example, the program instructions may be implemented using
Matlab, Visual Basic, ActiveX controls, C, C++ objects, C#, JavaBeans, Microsoft
Foundation Classes (“MFC”), or other technologies or methodologices, as destred.

Computer system 14 may take various forms, including a personal computer
system, mamframe computer system, workstation, system computer, inage compuier,
programable image computer, parallel processor, or any other device known 1o the art.
in general, the termy “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 detect defects ona
wafer. One embodiment of such a system is shown in Fig. 2. As shown in Fig. 2, system
16 includes inspection subsystern 18 and computer subsystern 20, The nspection
subsystem s contigured to gencrate raw output for a waler by scanning the wafer. For
example, as shown in Fig. 2, the inspection subsysters includes light source 22 suchasa
laser. Light source 22 is configured to direct light to polarizing component 24, In
addition, the inspection subsystem may inchude more than one polarizing component {(not
shown}, each of which may be posttioned independently in the path of the light from the
light source. Each of the polarizing components may be configured to alter the
polarization of the light from the light source in a different manner. The inspection
subsystern may be configured to move the polarizing components into and out of the path
of the light from the light source n any suitable manner depending on which polarization
setting 18 selected for illumination of the watfer during a scan. The polarization setting
used for the llumination of the wafer during a scan may include p-polarized (P), s-
polarized (5}, or circularly polarized (C}.

Light exiting polarizing component 24 is directed to wafer 26 at an oblique angle
of incidence, which may include any suitable oblique angle of incidence. The inspection
subsystem may also inchade one or more optical components (not shown) that are
configured to direct light from light source 22 to polarizing coruponent 24 or from
polarizing component 24 to wafer 26. The optical components may include any suitable

optical componeunts known m the art such as, but not liratted to, a reflective optical
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component. In addition, the light source, the polarizing component, and/or the one or
more optical components may be configured to direct the light to the wafer at one or
more angles of incidence {e.2., an oblique angle of incidence and/or a substantially
normal angle of incidence). The mspection subsystem may be configured to perform the
scanning by scanning the light over the water in any suttable manner,

Light scattered from wafer 26 may be collecied and detected by multiple channels
of the wmspection subsystem during scanning. For example, hight scattered from water 26
at angles relatively close to normal may be collected by lens 28, Lens 28 may mnclude a
refractive optical element as shown in Fig. 2. In addition, lens 28 may include one or
more refractive optical elements and/or one or more reflective optical elements. Light
collected by lens 28 may be directed to polarizing component 30, which may inciude any
suitable polarizing component known in the art. In addition, the inspection subsystem
may include more than one polarizing component (not shown}, cach of which may be
positioned independently in the path of the light collected by the lens. Each of the
polarizing components ruay be configured to alter the polarization of the light coliected
by the leus o a different manner. The inspection subsysiera may be configured to move
the polarizing components into and out of the path of the light collected by the lens in
any suitable manner depending on which polarization setting is selected for detection of
the light collected by lens 28 during scanning. The polarization setting used for the
detection of the light collected by lens 28 during scanning may include any of the
polarization settings described herein (e.g., P, S, and unpolarized (N}),

Light exiting polarizing component 30 1s directed to detector 32, Detector 32
may include any suitable detector known 1o the art such as a charge coupled device
(CCD) or another type of imagiog detector. Detector 32 is configured to generate raw
output that is responsive to the scattered hight collected by lens 28 and transmitted by
polarizing component 30 if positioned in the path of the collected scattered hight.
Therefore, lens 28, polarizing component 30 if positioned in the path of the light
collected by lens 28, and detector 32 form one channel of the inspection subsystem. This
channel of the mmspection subsystem may include any other suitable optical coruponents

{not shown} known in the art such as a Fourier filtering component,
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Light scattered from wafer 26 at different angles may be collected by lens 34.
Lens 34 may be configured as described above. Light collected by lens 34 may be
directed to polarizing component 36, which may inchude any suttable polarizing
component known in the art. In addition, the inspection subsystem may include more
than one polarizing componcent (not shown), cach of which may be positioned
independently 1 the path of the light collected by the lens. Hach of the polarizing
compounents may be configured to alter the polarization of the light collected by the lens
n a different manner. The imspection subsystem may be configured to maove the
polarizing components into and out of the path of the light collected by the lens in any
suitable manner depending on which polarization setting is selected for detection of the
light collected by lens 34 during scanning. The polarization setting used for detection of
the light collected by lens 34 during scanning may include P, §, or N.

Light exiting polarizing component 36 1s directed to detector 38, which may be
configured as described above. Detector 38 18 also configured to generate raw output that
is responsive 1o the collected scattered light that passes through polarizing component 36
if positioned in the path of the scattered hght. Therefore, lens 34, polanzing component
36 if positioned in the path of the light collected by lens 34, and detector 38 may form
another channel of the inspection subsystem. This channel may also include any other
optical components {(not shown} described above. In some embodiments, lens 34 may be
configured to collect light scattered from the wafer at polar angles from about 20 degrees
to about 70 degrees. In addition, lens 34 may be configured as a retlective optical
component {not shown) that 1s configured fo collect light scatiered trom the water at
azirauthal angles of about 360 degrees.

The wmspection subsystem shown in Fig. 2 may also include one or more other
channpels (not shown). For example, the inspection subsystem may include an additional
channpel, which may include any of the optical components described herein such as a
lens, one or more polarizing components, and a detector, configured as a side channel.
The lens, the one or more polarizing components, and the detector may be further
configured as described herein. In one such example, the side channel may be configured
to collect and detect light that 1s scatiered out of the plane of incidence (¢.g., the side

channel may include a lens, which is centered in a plane that is substantially

o
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perpendicular to the plane of incidence, and a detector configured to detect light collected
by the lens).

if inspection of the wafer includes more than one pass, the values of any optical
parameter(s} of the mspection subsystem may be altered in any suitable manner if
necessary between passes. For example, to change the illumination polarization states
between passes, polarizing component 24 may be removed and/or replaced as described
herein with a different polarizing coraponent. In another example, to change dluroination
angles between passes, the position of the light source and/or any other optical
components {e.g., polarizing component 24} used to direct the light to the wafer may be
altered between passes in any suitable manner.

Computer subsystem 20 18 configured to acquire the raw output generated by the
inspection subsystem. For example, raw output generated by the detectors during
scanning may be provided to computer subsystem 20. In particular, the computer
subsystem may be coupled to each of the detectors (e.g., by one or more transmission
media shown by the dashed lines in Fig. 2, which may include any sutiable transmission
media known in the art) such that the computer sabsystern may receive the raw output
generated by the detectors. The computer subsystem may be coupled to cach of the
detectors in any suitable manner. The raw output generated by the detectors during
scanning of the wafer may include any of the raw output described herein,

The computer subsystem is configured to identify one or more characteristics of
the raw output that correspond to one or more geometrical characteristics of patterned
teatures formed on the wafer according to any of the ecmbodiments described herein. The
one of more characteristics of the raw cutput may inchade any such characteristics
described herein. The one or more geometrical characteristics may also include any such
characteristics described herein. The patterned features may include any of the patterned
features described herein.

{n addition, the computer subsystem is configured to assign individual output in
the raw output to different segments based on the identified one or more characteristics of
the raw output such that the one or more geometrical characteristics of the patterned
features that correspond to each of the different segments are different. The computer

subsystem may be configured to assign the tadividual output to the different segments
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according to any of the embodiments described herein. The individual output may
include any of the individual output deseribed herein. The different segments may be
configured as described herein. The identitied one or more characteristics of the raw
output may include any such characteristics described herein.

The computer subsystem 1s further configured to separately assign one or more
detect detection pararcters to the different segrments according to any of the
embodiments described herein. The one or more defect detection parameters may
nchude any of the defect detection parameters described herein. The computer
subsyster 18 also configured to apply the assigned one or more defect detection
parameters to the individual output assigned to the different segments to thereby detect
defects on the wafer, which may be performed according to any of the embodiments
described herein. The assigned one or more defect detection parameters may include any
such parameters described herein.

The computer subsystem may be configured to perform any other step(s) of any
method embodiment(s) described herein. The coraputer subsystem, the inspection
subsystem, and the system may be further configured as described herein.

it is noted that Fig. 2 is provided herein to generally illustrate one 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 designing a cormmercial nspection systern, In addition, the systems described
herein may be implemented using an existing mspection system {(¢.g., by adding
functionality described herein to an existing inspection system) such as the Puma 90xx,
1xx, and 93xx series of tools that are commercially available from KLA-Tencor,
Miipitas, California. For some such systems, the methods described herein may be
provided as optional functionality 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 compietely new system.

Further modifications and alternative embodiments of various aspects of the
imvention will be apparent to those skilled n the art in view of this description. For

example, methods and systems for detecting defects on a wafer are provided.
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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 carrving out the invention. Itis
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 thus description of
the wvention, Changes may be made in the elements described herein without departing

from the spirit and scope of the invention as deseribed in the following claims.
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WHAT IS CLAIMED I5:

i A computer-implemented method for detecting defects on a wafer, comprising:

acquiring raw output for a wafer generated by an inspection system;

(V3

identitying one or more characteristics of the raw output that correspond to one or
more geometrical characteristics of patterned features formed on the
waler;

assigning wmdividual output in the raw output to different segments based on the
identified one or more characteristics of the raw output such that the one

10 or more geometrical characteristics of the patterned features that
correspond to each of the different segments are different;

separately assigning one or more defect detection parameters to the different
scgments; and

applying the assigned one or more defect detection parameters to the individual

output assigned to the differcut segments to thereby detect defects on the

L

wafer,

2. The method of claim 1, wherein the raw output is responsive to light scattered
from the wafer,
3, The method of claim 1, wherein the identified one or more charactenistics of the

raw output comprise projoctions along lines within the raw output.

4. The method of claim 1, wherein the one or more geometrical characteristics of the
25 patterned features comprise edges, shape, texture, a mathematical calculation that defines

geometry of the patterned features, or some combination thereofl
5. The method of claim 1, wherein said identifying is performed based on how a

design layout of the patternced features will aftect the one or more characteristics of the

30 raw output.
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6. The method of claim 1, wherein said identifving is performed while said

acquiring is being performed.

7. The method of claim 1, wherein said identifying and said assigning the individual

output are performed automatically without user input,

8. The method of claim 1, wherein said assigning the mdividual output s performed

without regard to design data associated with the patteroed features.

9. The method of claim 1, wherein said assigning the individual output is performed

without regard to intensity of the individual cutput.

10. The method of claim I, wherein said assigning the mdividual output comprises
analyzing the identified one or more characteristics of the raw output and applying

thresholds o the individual outpat,

11, The method of claim 1, wherein the one or more geometrical characteristics that
correspond to one of the different segments comprise one or more geometrical
characteristics of page breaks, and wherein the one or more geometrical characteristics
that correspond to another of the different segments comprise one or more geometrical

characteristics of array areas.

12 The method of ¢laim 1, wherein the one or more characteristics of the raw output
that correspond to the oue or more geometrical characteristics of some of the patterned

featares cannot be suppressed by Fourier filtering.
13. The method of claim |, wherein the one or more defect detection parameters

comprise a threshold to be applied to a difference between the individual cutput and a

reference,
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14, The method of claim 1, wherein said separately assigning the one or more defect
detection parameters is performed such that defects are detected using the individual

output assigned to the different segments with different sensitivities.

(V3

15, The method of claim 1, wherein said acquiring is performed in one pass of a
multi-pass mspection of the wafer, and wherein the computer-iraplemented method 1s not

performed for raw output acquired n another pass of the wulti-pass inspection.

16.  The method of claim 1, wherein said acquiring is performed in one pass ofa

10 multi-pass inspection of the wafer, wherein the computer-implemented method is not
performed for raw output acquired in another pass of the multi-pass inspection, wherein
additional defects are detected using the raw cutput acquired in the other pass, and
wherein the method further coraprises combining the defects and the additional defects to

generate inspection resulis for the wafter,

L

17. The method of claim 1, further comprising applying oue or more predeterroined
defect detection parameters to the raw output to detect additional defects on the wafer
and combining the defects and the additional defects to generate inspection results for the

wafer.

18. A compuier-readable medium, comprising progran instructions cxecutablc on a
computer system for performing a method for detecting defects on a wafer, wherein the
method corprises:
acquiring raw output for a wafer generated by au inspection systemy
25 identifying one or more characteristics of the raw output that correspond to one or
more geometrical characteristics of patterned features formed on the
wafer;
assigning individual cutput in the raw output to different segments based on the
wdentified one or more characteristics of the raw output such that the one
39 or more georneirical charactenistics of the patterned features that

correspond to each of the dilferent segruents are different;
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separately assigning one or more defect detection parameters to the different
segments; and

applying the assigned one or more defect detection parameters to the individual
output assigned to the different segments to thereby detect defects on the

waler,

(V3

19. A aystern configured to detect defects on a wafer, comprising:
an iuspection subsystem coufigured to generale raw output for a wafer by
scanning the wafer; and
10 a computer subsystem configured to:

acguire the raw output;

tdentify one or more characteristics of the raw output that correspond t©
one or more geometrical characteristics of patterned features
formed on the wafer;

assign individual output in the raw output to differcut segments based on

L

the wdentified one or more characteristics of the raw oulput such
that the one or more geometrical characteristics of the patterned
features that correspond to each of the different segments are
different;

26 scparately assign one or more defect detection parameters to the different
segments; and

apply the assigned one or more defect detection pararucters to the

individual output assigned to the different segments to thereby

detect defects on the wafer,
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