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TITLE: COMPUTER-IMPLEMENTED METHODS, COMPUTER-READABLE
MEDIA, AND SYSTEMS FOR CLASSIFYING DEFECTS DETECTEDIN A
MEMORY DEVICE AREA ON A WAFER

PRIORITY CLAIM

This application claims priority to U.S. Provisional Application No. 61/137,274
entitled “Location Based Defect Classification on Memory Block,” filed July 28, 2008,

which 1s incorporated by reference as if fully set forth heren.

BACKGROUND OF THE INVENTION

i. Field of the Invention

The present invention generally relates to computer-implemented methods,
computer-readable media, and systems for classifying defects detected in a memory
device area on a wafer. Certain embodiments relate to classifying defects detected in a
memory device area on a wafer based on positions of the defects within the different
types of blocks in the memory device area in which the defects are located.

2. Description of the Related Art

The following description and exaraples are not admttted to be prior art by virtue
of theitr inclusion in this section,

Memory devices such as DRAM and Flash mewory include repeating blocks
{e.g., memory cell block, sense/amplifier block, wordline driver block, conjunction, and
others). More than about 80% of memory devices can be occupied by a memory cell
block. The memory cell block includes repeating structures. For example, the memory
cell block may include 2 F ~ § F repetitive structures having the same pattern
background.

Currently used methods for classitying defects include using the design
background or defect attributes to classity the defects. One such method for classifying
defects is design based binning (DBB). Examples of BDBRB are described 1o commonly
owned U.S. Patent Application Serial No. 11/561,659 by Zafar et al., published as U.8.
Patent Application Publication No. 2007/0288219 on December 13, 2007, which was
filed on November 26, 2006, and which is incorporated by reference as if fully set forth

herein, DBB, in general, can be described as pattern based binning that may use
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graphical data stream (GDS}) clips. For example, DBB may inchude extracting design
clips corresponding to locations of defects detected on a wafer, comparing the clips
against themselves, and binning the defects into groups such that the clips for the defects
in cach of the groups are substantially the same. Therefore, defects having the same
5 pattern background are classified into the same bin. DBB may also include generating
results such as a pareto chart showing the number of defects 1n cach of the pattern based
groups. In addition, DBEB cau involve using design and inspection information to
wdentify and classily potential systematic pattern problems.
However, memory blocks have repeating structures, which means that the design
19 background provides little or no differentiation for defects as design rules continue to
shrink. In particular, since defects in memory device arcas will in general have the same
pattern background, DBB does not provide differentiation among different defects
because different detects will have the same pattern background and will thereby be
binned mnto the same group. In this manner, for memory devices, it 1s not helpfisl to use
15 the design background for defect classification. Therefore, although DBB methods and
systems have proven to be extremely aseful 1n a number of applications, DBB is difficalt
to use for memory devices. In particular, DBB will have substantially limited use for
DRAM and Flash memory devices.
Accordingly, it would be advantageous to develop more effective methods and

26 systems for classifying defects detected in a memory device area on a wafer.

SUMMARY OF THE INVENTION

The following description of various embodiments of computer-tmplemented

methods, coraputer-readable media, and systers 1s not to be coustroed in any way as

N
W

timiting the subject matter of the appended claims.

{Une embodiment relates to a computer-implemented method for classifying
defects detected on a memory device area on a wafer. The method includes using a
computer system to perform the following steps. The steps of the method include
determining positions of inspection data acquired for the memory device area by an
30 inspection system. The memory device arca includes different types of blocks. The

inspection data includes data for detects detected in the memory device area. The steps
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of the method also include determining positions of the defects with respect to a
predetermined location within the blocks in which the defects are located based on the
positions of the mspection data. In addition, the steps of the method include classifying
the defects based on the positions of the defects within the blocks.

Each of the steps of the computer-imaplemented method described above may be
turther performed as described herein. In addition, the computer-implemented method
described above may juclude any other step(s) of any other method(s) described herein.
Furthermore, the computer-implemented method described above may be performed by
any of the systems described herein.

Another embodiment relates to a computer-readable medium storing program
instructions executable on a computer system for performing a computer-implemented
method for classifying defects detected in 2 memory device arca on a wafer. The
computer-implemented method includes the steps of the corputer-implemented method
described above,

The computer-readable medium described above may be further configured
according to any of the embodiment{s) described herein. Each of the steps of the
computer-implemented method executable by the program instructions may be further
performed as described herein. In addition, the computer-implemented method
executable by the program instructions may include any other step(s) of any other
method(s) described herein.

An additional erubodiment relates to a system configured to classity defects
detected in a momory device arca on a water, The systern includes an inspection
subsysiern configured to acquire inspection data for the memory device area formed on
the wafer. The memory device area includes different types of blocks. The mnspection
data inchades data for defects detected in the memory device area. The system also
inchades a computer subsystem configured to determine positions of the inspection data,
determine positions of the defects with respect to a predetermined location within the
blocks in which the defects are located based on the positions of the inspection data, and
classify the defects based on the positions of the defects within the blocks,

The embodiment of the system described above may be turther configured

according to any of the embodiment{s) described herein. In addition, the embodiment of
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the system described above may be configured to perform any step{s} of any method

embodiment{s} described herein.

BRIEF DESCRIPTION OF THE DRAWINGS

5 Further advantages of the present invention will become apparent to those skalled
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 1s a schematic diagram illustrating one example of posttions of defects
determined with respect to a predetermined location within a block of 2 memory device
i0 area in which the defects are located:

Fig. 2 is a schematic diagram tllustrating one example of stacking inspection data
for multiple blocks in a memory device arca having the same type;

Fig. 3 1s a schematic diagram tlustrating one example of separation of defects
into bins by stacking nspection data as shown in Fig. 2;

15 Fig. 4 is a histogram lustrating one example of separation of defects into bins

based on results of stacking 1uspection data as shown i Fig. 2;

Figs. 5-6 are schematic diagrams illustrating examples of dividing one or more
blocks in a memory device area into multiple regions within the one or more blocks to
separate difforent types of defects into different bins based on the multiple regions in

26 which the positions of the defects are located;

Fig. 7 1s g histogram illustrating one example of results of determining a ratio of
the numbers of defects detected 1n at least two different types of blocks in a merory
device area and classifying the defects in the at least two different types of blocks based

on the ratio;

25 Fig. 8 1s a plot illustrating one example of monttoring a ratio of the numbers of
defects detected in at least two different types of blocks in a memory device area;
Fig. 9 is a block diagram illustrating one embodiment of a computer-readable
medium storing program instructions cxecutable on a computer system for performing a
computer-implemented method for classifying defocts detected in a memory device area
30 on a wafer; and



WO 2010/014609 PCT/US2009/051961

Fig. 10 is a block diagram tllustrating one embodiment of a system configured to
classify defects detected in a memory device area on a wafer.

While the invention is susceptible to various modifications and alternative forms,
specific embodiments thereof are shown by way of example in the drawings and herein

5 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 ou the contrary, the intention 1s to cover all
modifications, equivalents and alternatives {alling within the spurit and scope of the

present invention as defined by the appended claims.

DETAILED BESCRIPTION OF THE PREFERRED EMBODIMENTS

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
eraphasize characteristics of the clemcents, It 1s also noted that the figures are not drawn

15 to the same scale, Elements shown in more than once figure that may be similarly
configured have been indicated using the same reference numerals,

One embodiment relates to a computer-implemented method for classifyving
defects detected in a memory device area on a wafer. For example, the method may be
used to classify defects detected on memory blocks in DRAM, Flash memory, and

20 SRAM areas in logic devices., As described further herein, the embodiments described
herein will provide significant yield improvement, especially for memory manufacturers
suffering from defects on memory blocks.

The method includes using a computer system to perform the following steps,
The computer system may be configured as described further herein. The steps of the

method 1nclude determining positions of mspection data acquired for the mewory device

N
W

area by an inspection systeny. In one embodiment, determining the positions of the
inspection data includes determining the positions of the inspection data in design data
space. Determining the positions of the inspection data in design data space may be
performed as described in commonly owned U8, Patent Application Serial No.

3¢ 11/561,735 by Kulkarni et al. filed on November 20, 2006, published as 1.5, Patent

Application Publication No. 2007/0156379 on July 5, 2007, which 15 incorporated by
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reference as if fully set forth herein. For example, determining the positions of the
inspection data in design data space may include aligning a portion of the inspection data
to design data for the memory device area being formed on the wafer thereby
determining the positions of the mmspection data in design data space. The design data
may include any design data or design data proxies described in the above-referenced
patent application by Kulkarni ot al,

The memory device area inclades different types of blocks. For exaraple, as
shown i Fig. 1, 11 a typical DRAM memory unit, a raemory device area may inclhude
different types of blocks including a cell block, a sub wordline driver (SWD) block, a

sense/amplifier (S/A) block, and a conjunction block. The different types of blocks may

poy

be different in that they include different repeating structures {or repeating structures that
have at least one different characteristic) and have different electrical functions.

The inspection data includes data for defects detected in the memory device area.
The inspection data may include any suitable inspection data that can be acquired for the
memory device area by an mspection system. The inspection system may be a bright
field (BF) inspection system, a dark field (DF) inspection syster, or a BF and DF
inspection system. The inspection systen may acquire the inspection data by scanning
light over the wafer, detecting light reflected and/or scattered from the wafer, and
generating the inspection data in response to the detected light. The inspection system
may detect defects in the memory device arca in any suitable manner.

The method also inchudes determining positions of the defects with respectio a
predetermined location within the blocks in which the defects are located based on the
positions of the mspection data. In other words, the positions of the defects in cach
different block are determined with respect to the predetermined location within each
different block. For example, the posttions of the defects in the memory cell block are
determined with respect to a predetermined location in the memory cell block, the
positions of the defects in the SWD block are determined with respect to a predetermined
location in the SWD block, ete. In one embodiment, the predetermined location includes
a center or a corner of the blocks. The corner of the block may be a lower left corner of
the block. For example, as shown in Fig. 1, three defects (Defect 1, Detect 2, and Defect

3} roay be detected in the cell block of the memory device area. Therefore, the positions
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of the defects may be determined with respect to center 10 of the cell block or lower left
corner 12 of the cell block. In addition, the positions of the defects are relative positions
with respect to the center or the lower left corner of the cell block as illustrated in Fig. 1
by the dashed lines between the center of each defect and the center and lower left corner
of the cell block.

In one embodiment, determining the positions of the defects includes determining
the positions of the defects with respect to the predetermined location in design data
space. For example, as described above, the method may include determining the design
data space positions of the inspection data. Therefore, determining the positions of the
inspection data in design data space may involve determining the positions of the
inspection data corresponding to the defects as well as the predetermined locations in
design data space. In this manner, the positions of the defects with respect to the
predetermined location can be determuined 1o design data space. As such, the coordinates
of the positions of the defects with respect to the predetermined location can come from
the design data that corresponds to the wnspection defect location. For example, as
described above, the positions of the defects are determuned relative to the predeterrmned
location {e.g., inspection die corner} within the blocks in which the defects are located.
Therefore, to get the defect coordinates relative to the predetermined location {(e.g., the
center or lower left corner) of the block, the design data can be used that will have all of
the layout information.

In one embodiment, determining the posttions of the inspection data inchudes
determining the positions of the mspection data in inspection data space, and determining
the positions of the defects includes determining the positions of the defects with respect
to the predetermined location wn the inspection data space. For example, using design
space can be the best way to get accurate defect coordinates and to be combined with
design based binning (DBB). However, there are two alternative ways to get defect
coordinates that could be used to classify the defects as described further herein. One
alternative to get the defect coordinates is to use design data (e.g., graphical data stream
(GDS)) to generate nspection care arca groups {(which may be conrmonly referred to as
“GDStoCA”). GDStoCA can be used to define different types of blocks, and the

mspection system can report the defect coordinates with respect to the predetermmined
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location. Anocther way to get the defect coordinates is to use manually drawn inspection
care arcas and 10 group the care areas into different types of blocks. The inspection
system can then report the defect coordinates with respect to the predetermined location.
Therefore, the coordinates of the positions of the defects with respect to the
predetermined location can come from a.) the design data that corresponds to the
inspection defect location, design data space; b.) the mspection defect location based on
wmspection care areas drawn by design data (e.g., GDStoCA), mspection data space; or ¢.)
the fuspection defect location based ou inspection care areas drawn and grouped
manually, inspection data space. Examples of methods and systems that can be used for
determining the inspection defect location based on the inspection care areas drawn by
GDStoCA are illustrated in commonly owned U.S. Patent Nos, 6,529,621 to Glasser et
al., 6,748,103 to Glasser ¢t al,, and 6,886,153 to Bovis, which are incorporated by
reference as if fully set forth herein.

In one embodiment, the method includes reporting X, v addresses of the different
types of blocks within the mernory device area and the positions of the defects within the
blocks. In one such embodiment, the positions of the defects within the blocks include x,
y locations with respect to the predetermined location within the blocks. For example,
the data that can be reported by the methods deseribed herein include memory block x, v
address and defect x, v location with respect to the lower left corner or the center of cach
block.

The method further inchudes classifying the defects based on the positions of the
defects within the blocks. Therefore, the method includes location-based defect
classification in memory block. As described above, the predetermined location may
wchade a center or a corner (e.¢., the lower lefi coruer) of the blocks, Therefore,
classifving the defects may include classifving the defects based on the relative location
of the defects to the lower left corner or the center of the block. In other words,
classifying the defects may include binning the defects based on the relative location to
the lower left comner or the center of the block. Classifying the defects may be further
performed as described herein,

In one embodiment, classitying the defects mncludes classifving the defects based

on the positions of the defects within the blocks and the types of the blocks i which the
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defects are located. For example, classifying the defects may include classifying the
defects by block {2.g., memory cell, S/A, SWD, etc.}. In particular, different types of
blocks such as cell block, 8/A block, SWD block, conjunction block, etc. can be found in
the inspection data, which allows binning (and sampling) of defect by block type. In this
manner, defocts i different types of blocks can be included in differcnt bins, and
different types of defects in cach of the different types of blocks may also be included in
different bins (or different sub-bins).

In another embodiment, classifying the defects includes determining if the defects
are systematic defects. Determining if the defects are systematic defects may be
performed in various manners as described further herein.

in some embodiments, classifying the defects includes stacking the inspection
data for multiple blocks having the same type to separate the defects into systematic
defect bins or random defect bins, For example, classifying the detects may include
stacking the cell area to wdentify systematic detects. In addition, different types of blocks
within the roemory device area may be separately stacked. For example, §/A, SWD, and
conjunction blocks may be stacked separately from the memory cell blocks. In one such
example, as shown in Fig. 2, inspection data 14, which includes inspection data for
defects 16, for multiple blocks 18 having the same type may be stacked. Such stacking
may be performed for the cell block area. Although four multiple blocks are shown in
Fig. 2, the inspection data for any number of multiple blocks can be stacked.

In this manner, detects that have substantially the same position within the
multiple blocks can be wdentified and binned into one group. For example, as shown in
Fig. 3, results of stacking the mspection data (¢.g., a stacked cell) may include different
bins {e.g., Bin 1, Bin 2, Bin 3, and Bin 4}, Each of the bins corresponds to defects
detected at different positions within the multiple blocks 18, and each of the bins may
inchade multiple defects detected at substantially the same position within the multiple
blocks. In this manner, each of the bins includes only defects detected at substantially
the same position within the nultiple blocks. In addition, results of stacking of the
inspection data that may be generated by the method embodiments described herein may
include a histogram or parcto chart, as shown in Fig. 4. As shown in Fig. 4, the

histogram may iflustraie the different bins {e.g., Bin I, Bin 2, and Bin 3} wto which the
o ., . 3
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defects were grouped as well as the frequency with which defects were grouped into each
bin. As such, the histogram tlustrates the frequency with which defects were detected at
substantially the same position in multiple blocks having the same type. Defects that are
detected at substantially the same position at relatively high frequencies arc most likely
systematic defects, while defects that are detected at substantially the same position at
relatively low frequencies are most likely random defects. As such, as a result of
stacking the mspection data for multiple blocks having the same type, the defects will
effectively be separated nto systematic defect bius and random defect bins, In this
manner, defects that are most likely systematic defects can be identified.

in one such embodiment, the method also inchides sampling the defects from the
bins for defect review. For example, by stacking the memory block, random defects can
be separated from systematic defects and then the defects can be sampled from the bins
for defect review {e.g., scanning electron microscopy (SEM) review)} when the inspection
is completed. In one such example, defects trom the systematic defect bins may be
sampled more heavily for defect review since these defects may be of most interest to the
memory device manufacturer, In another example, defects cau be sampled from the
systematic defect bins as well as the random defect bins such that both systematic defects
and random defects are reviewed. In this manner, the emvbodiments described herein can
improve the sampling strategy (including integrated defect organizer (iDO) sampling}
used for defect review, thereby providing significant value to memory device
manufacturers. 1DO is further described in the above-referenced patent application by
Kulkarni et al.

In another embodiment, classifyiog the defects includes dividing one of the
blocks into multiple regions within the block to separate differeut types of defects 1to
different bins based on the multiple regions in which the positions of the defects are
focated. In this manmner, classifying the defects may inchude binning by region. For
example, a memory cell block can be divided into 2, 3, 4, or any number of regions to
scparate systematic defects or clusters {neighborhood defects) from random defects, In
one such cxample, as shown mn Fig. 5, the cell block of the memory device area may be
divided mio three regions (R1, R2, and R3). Some or all of the different types of blocks

m the memory device area may be divided into any number of regions having any

10
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configuration that may or may not cover the eutire area of the different types of blocks.
Dividing one of the blocks into nmultiple regions within the block may be a sub-step of
stacking inspection data as described above due to the stage accuracy limit of the
inspection system. A boundary arca may be set around a location to group defects into
one bin. In this manner, defects that are located in the same region within a block m the
memory device area can be grouped nto the same bin. Resulis of such binning may
wechade a histogram such as that shown in Fig. 4, except that unlike the histograrg that
may be generated by stacking inspection data, a histograrg that is generated for results of
binning by region may include different bins that correspond to different regions (e.g.,
Bin 1 may correspond to R1, Bin 2 may correspond to R2, ete.}.

in another example of the above-described embodiment, different types of blocks
within the memory device area (e.g., the celi block and the S/A block) can be divided
into regions to separate defects by region. For example, as shown in Fig, 6, the cell block
can be divided into three regions, which correspond to Bin 1, Bin 2, and Bin 3, and the
S/A block can be divided 1uto two regions, which correspond to Bin 4 and Bin 5. As
shown in Fig, 6, some of the regions are located tn a central arca of the different types of
blocks while other regions are located proximate to edges of the different types of blocks
and surrounding the central area. In particular, as shown in Fig. 6, the region
corresponding to Bin 1 s located in the centermost area of the cell block, the region
corresponding to Bin 3 s located inn a contral area of the cell block surrounding the region
corresponding to Bin |, while the region corresponding to Bin 2 15 located proximate to
the edges of the cell block surrounding the region corresponding to Bin 3. In addition,
the region corresponding to Bin 4 1s located 10 a ceniral area of the S/A block, while the
region corresponding to Bin 5 is located proximate to the edges of the S/A block and
surrounding the region corresponding to Bin 4.

in this manner, defects that are located in a central area of the different types of
blocks and defects that are located near edges of the different types of blocks can be
scparated into different bins. Therefore, some of the bins may be systematic defect bins
while other bins may be random defect bins, For example, systematic defects such as
polymer-induced bridges, shorts, small contacts, and lithography-related defects may

tend to occur along the edge of the memory cell block or S/A cell block. In this manner,

11
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defects in bins corresponding to a region near the edges of one type of block may be
identified as systematic defects at the edge and separated from random defects grouped
into other bins. Results of such binning by region may include a histogram such as that
described above, except that the number of bins shown in the histogram may correspond
to the number of regions nto which the different types of blocks are divided.

In one embodiment, classifying the defects mncludes wdentifying defects located in
regions of the blocks that are prone o nuisance defects as nuisance defects and
clirminating the defects identified as the nuisance defects frow results of inspection of the
wafer. [n this manner, inspection systen senstiivity can be increased by separating out
nuisance on special areas such as edges of the memory block. Regions of the blocks that
are prone to nuisance defects and special areas of the different types of blocks can be
determined in any suitable manner. In addition, identifyving defects located in regions of
the blocks that arc prone to nuisance defects as nuisance defects can be performed using
region-based binning as described above {c.g., 1n which a region 1s defined as a region of
a block that 1s prone to nuisance defects). The defects identified as nuisance defects can
be elirminated frovo the inspection results tn any suitable wanner,

In some embodiments, classifving the defects includes determining a ratio of the
numbers of the defects detected in at least two of the different types of blocks and
classifying the defects in the at least two of the different types of blocks based on the
ratio. In this manner, classification may be performed by defect ratio. The defect ratios
that may be determined for classification may nclude, for exarple, cell/(SA + SWD +
conjunction}, cell/SA, cell/SWD, ctc. Resulis of such classification may inchude a
histogram such as that shown in Fig. 7. For example, as shown o Fig. 7, the frequency
with which defects are detected for cach of the differcot ratios {cell/(SA + SWD +
conjunction}, cell/SA, and cell/SWD) are shown in the histogram. Since random defects
may be located relatively evenly throughout all of the different types of blocks while the
numbers of systematic defects detected in the different types of blocks may vary
dramatically, the ratios of the numbers of defects detected in at least two of the different
types of blocks may etfectively normalize for randorn defects while indicating which
type of block or block exhubited systematic defects. For example, a relatively high ratio

of defects detected m one type of block compared to one or more other types of blocks

12
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may be used to classify the defects detected in that one type of block as potentially
systematic defects. [n contrast, a relatively low ratio of defects detected in one type of
block compared to one or more other types of blocks may be used to classify the defects
detected in that one type of block as probable random defects.

In one embodiment, the method includes monitoring a ratio of the numbers of the
detects detected in at least two of the ditferent types of blocks. For example, the method
may include monitoring any of the ratios described above. 1 a ratio shows an
abnorruality, that abnormality will indicate that systervatic defects ocourred versus
random defects, which can be located everywhere regardiess of biock. In one such
example, since different types of blocks such as those described herein can be found in
the inspection data, the ratio of cell block defects versus other block defects can be
monitored and an abnormality in that ratio will indicate a systematic defect occurrence.
In addition, one of the ratios described above such as cell/{SA + SWD + conjunction) can
be plotied as shown in Fig. 8 as a function of time or wafer. A control limit for the ratio
can also be shown in the plot, as shown i Fig. 8, such that a user can visually wdentify
when the ratio goes above the conirol imit. A ratio above the control Hit can ndicate
that a systematic defect causing mechanism is occurring, which could indicate to the user
that there is a problem with the process and/or a process and design interaction issue. In
this manner, the method may include monitoring region-based defect ratio, which could
reduce the false excursion rate. For example, if the user cares about the defects in one
type of block in the memory device arca {¢.g., a cell block), an excursion caused by &
detect count increase in another type of block could be false. Therefore, by monitoring a
defect ratio such as those described above (possibly at the same tirae as monitoring other
things such as the total defect count), this false excursion rate could be reduced.

in a further embodiment, the method includes correlating the positions of the
defects within the blocks with a bit map. The embodiments described herein provide
better bit map correlation, which can speed up the learning cycle in the research and
development stage. For example, the embodiments described herein provide improved
coordinate accuracy for the determined positions of the defects and specific mformation
for defect coordinates thereby providing better bit map correlation to the inspection

results. Improved bit map correlation will provide iraproved yield correlation, both of
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which provide significant value to memory device manufacturers. Correlating the
positions of the defects within the blocks with a bit map may be performed in any
suitable manner. Table 1 included below illustrates one example of results that may be

produced by such correlating.

Table 1
Bit Map location Inspection location
Block Coordinate in Block Coordinate n
Block Block
Faiture 1 (R, ) (X, Y) (R, C) (X, Y)
Failure 2 (R, ) (X, Y} (R, C) (X, Y)

In another embodiment, classifying the defects mcludes corrclating the positions
of the defects within the blocks with 4 bit map and determining tvpes of the defects based
on results of the correlating step. For exaraple, defects in the meraory cell block may
become tow, column, and single or double bit failure type defects ima bit map. In
addition, defects in the S/A block may become block fail, speed fail, etc. type defectsina
bit map. In this manner, the types of the defects detected on the memory device area can
be determined based on the types of failures that the defects will cause.

in some embodiments, classifying the defects includes correlating the positions of
the defects within the blocks with a bit map, determining types of the defects based on
results of the correlating step, and climinating onc or more of the types of the defects
from results of inspection of the wafer. For example, by correlating the positions of the
defects with a bit map, false defects, trivial defects, optical noise, ete. can be ehiminated
from the inspection results. In one such example, if some bins include false defects ata
certain location in a block due to color variation, those bins can be sorted out of the
inspection results. In the same manner, bins corresponding to trivial defects, optical
noise, etc. can be filtered from the inspection results. Eliminating such defects may
increase the clarity of the inspection results, In this manner, by identifving false and

trivial defects, the sensitivity of the inspection process can be maximized and the
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inspection sensifivities for each block type can be optimized, both of which provide
significant value to memory device manutacturers.

in another ermbodiment, the method includes determining one or more problems
with one or more processes used to form the memory device arca on the wafer based on
results of classifying the defects. For example, the parameters reported by the inspection
system used to perform the rocthod can be collected and mounttored for statistical process
control (SPC}) applications. In addition, as described above, classifying the defects way
wmechade rapidly biuniug large defect quantities according to whether the defects fall on
the edge or the interior of a block. Results of such binning can be used to dentify
specific process problems {(e.g., lithography-related process problems), thereby providing
value to memory device manufacturers. Furthermore, as described above, the defects
may be classified based on the types of blocks in which the defects are located. In this
manner, the defect classification results may mndicate which types of blocks the defects
are located in. That information as well as the positions of the different types of blocks
within the roemory device area cau be used to identify defects that {all on blocks located
at the edge of the dic or reticle shot. That information can be used to identify
lithographic problems of a lithography scanner and polymer-induced defects of dry
ctching systems thereby providing value to memory device manufacturers.

in a further embodiment, the method includes determining one or more
parameters of one or more processes 1o be performed on the memory device area based
on the positions of the defects. For example, the coordinates of the positions of the
detects determined as described herein may be used to drive additional processes
performed on the memory device area such as critical dimeusion scanning electron
microscopy (CBSEM) review and fatlure analysis (FA) diagnosis,

In one embodiment, the method inclhades determining one or more parameters of
one of more processes to be performed on the memory device area based on distribution
of the defects on the memory device area and the positions of the defects. For example,
the correct places for CD measurement can be sclected using the defect distribution on
the memory block of the inspection map and the x, y coordinates that are reported by the

embodiments described herein,
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In another embodiment, the method includes altering one or more parameters of 8
process used by the inspection system to generate the inspection data based on results of
classifying the defects such that at least two of the different types of blocks in the
memory device area are inspected with different sensitivities. In this manner, the
inspection sensiiivities can be optimized for each block type, which can provide
significant value to memory device manufacturers. For example, since portions of the
wmspection data that correspond to different types of blocks can be identified using the
methods described herein (by determining the positions of inspection data acquired for
the memory device area in design or inspection data space), different sensitivities (e.g.,
different thresholds) can be used to detect defects in different types of blocks.
Appropriate sensitivities for detecting defects in different types of blocks can be
determined using results of the method embodiments described herein (e.g., by using
defect classification results and nspection data corresponding to different types of
defects, the inspection sensitivities for different types of blocks can be set such that
certain types of defects are detected while other types of defects are not} or n any other
manner.

In one embodiment, the method is performed by the inspection system during an
inspection process performed by the inspection system for the wafer on which the
memory device area s formed. In this manner, the method may be performed on-tool.
As such, the embodiments described herein provide the benefit of an on-tool solution for
classifying defects detected 1n a memory device arca of a wafer. In addition, the
embodiments described herein provide a complementary solution to DBB tor memory
custoruers, so the embodiments descnibed herein can share the following on-tool benefits
of DBB. For exaruple, the embodiments described herein provide a new technology to
bin defects detected in a memory device area of a wafer better. Similar to iDO and
integrated antomatic defect classification (1IADC), on-tool binuning is more efficient than
off-tool binning. With on-tool binning, users could discover and monitor systematic
defects immediately after wafer inspection is compicted. In addition, with improved
coordinate accuracy from the extended platform (XP}) package that 1s commercially
avatlable from KLA-Tencor, Milpitas, California for BF mspection systoms, which s a

hardware update kit to improve coordinate accuracy, on-tool could output “near to
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perfect” design coordinate information for every defect. These coordinates could
advantageously be used to drive CDSEM review and FA diagnosis. Furthermore, as soon
as the inspection 18 finished, the resulis {(e.g., one or more KLARF s} with all bin
information can be output to a network for subsequent actions. In this manner, there will
be no additional waiting time for results, Moreover, an algorithm contigured to perform
the methods described herein can be integrated into the iDO application on the fly on
mspection systems {such as BF tools, for example, the 28xx tools that are cormmercially
available from KLA-Tencor}, and the combined outcome will be obiained when an
inspection is finshed.

Fach of the embodiments of the method described above may include any other
step(s) of any method(s) described herein. In addition, each of the embodiments of the
method described above may be performed by any system embodiments described herein.

Any of the methods described herein may include storing results of one or more
steps of one or more methods described herein in a storage medium. The results may
mclude any of the results described herein. The results way be stored in any manne
known in the art. Tu addition, the storage voedium may imclude any storage medium
described herein or any other suitable storage medium known in the art. After the results
have been stored, the results can be accessed in the storage medium and used by any of
the method or system embodiments described herein or any other method or systen.
Furthermore, the results may be stored “permanently,” “semi-permanently,” temporarily,
or for somme period of time. For example, the storage medium may be random access
memory (RAM), and the resulis may not necessarily persist indefinitely in the storage
medium. In addition, the results of any of the step(s) of any of the method(s) described
herein can be stored using systems and methods such as those described in commonly
owned U.S. Patent Application Serial No. 12/234,201 by Bhaskar et al. filed September
19, 2008, which published on March 26, 2009 as U.S. Patent Application Publication No.
2009/0080759, and which is incorporated by reference as if fully set forth herein.

Another embodiment relates to a computer-readable medium storing program
instructions exccutable on a computer system for performing a computer-implemented
method for classifying defects detected in a memory device area on a wafer. One such

erabodiruent is tusirated in Fig. 9. In particular, as shown in Fig. 9, computer-readable
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medium 20 includes program instractions 22 executable on computer system 24, The
computer-implemented method for which the program instructions are executable is the
computer-implemented method described above. For example, the computer-
implemented method inclndes using the computer system to perform the following steps.
The mecthod includes determining positions of inspection data acquired for the memory
device ared by an mspection system. The memory device arca inchudes differcut types of
blocks. The juspection data includes data for defects detected in the vaemory device area,
The rocthod also 1ncludes determining positions of the defects with respectto a
predetermined location within the blocks in which the defects are [ocated based on the
positions of the inspection data. In addition, the method includes classifying the defects
based on the positions of the defects within the blocks. Each of the steps of the method
described above may be performed as described further herein. The computer-
irplemented method may include any other step(s) of any other embodimenti(s)
described herein.

Program iostractions 22 implementing methods such as those described herein
may be stored on computer-readable medium 20, The computer-readable medium may
be a storage medium such as a read-only memory, a randon access memory, a magnetic
or optical disk, or a magnetic tape. In addition, the computer-readable medium may
include any other suitable computer-readable medium known in the art.

Computer system 24 may take various forms, including a personal computer
system, mamfirame 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 encorapass any device having one or more processors, which executes
mstructions from a memory medium. The computer system may be 1octaded 1o an
inspection system. The inspection system may be configured as described herein.

An additional embodiment relates to a system configured to classify defects
detected in @ memory device area on a wafer. One embodiment of such a system is
shown in Fig. 10. Asshown in Fig. 10, the system includes inspection subsystem 26
configured to acquire nspection data for the memory device area formed on the water,
Inspection subsystem 26 may inchude any suttable inspection subsystem such as those

included in commercially available inspection systems (e.g., the 28xx series tocls, which
o >
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are commercially available from KLA-Tencor). In addition, the inspection subsystem
may be an inspection subsystem configured for BF inspection of a wafer and/or DF
inspection of a wafer. The inspection subsystem may also be configured to acquire the
inspection data by scanning light over the memory device area and detecting light
retlected and/or scattered from the memory device arca. Furthermore, the inspoction
subsystern may be configured for patterned wafer inspection. Moreover, an existing
mspection system mway be modified (e.g., a computer subsystem of the inspection system
may be modified) such that the existing inspection systemn, including its spection
subsystem, can be configured and used as a system described herein. In addition, the
inspection subsystem may be configured to perform any step(s) of any method(s)
described herein. As described further above, the memory device arca includes different
types of blocks, and the inspection data includes data for defects detected in the memory
device area.

As shown in Fig. 10, the system also includes computer subsystem 28, The
computer subsystem 1s configured to determine positions of the inspection data. The
computer subsystem is also configared to deterrone postiions of the defects with respect
to a predetermined location within the blocks in which the defects are located based on
the positions of the inspection data. In addition, the computer subsystem is configured to
classify the defects based on the positions of the defects within the blocks. The computer
subsystem may be configured to determine the positions of the inspection data, to
determine the positions of the defocts, and to classify the defects as described further
herein. Furthermore, the computer subsysiem may be configured to perform any step(s)
of any method(s) described herein. The computer subsystem way be further configured
as described above with respect to computer system 24 shown n Fig. 9. The
embodiment of the system described above may be further configured as described
herein,

Further modifications and alternative embodiments of various aspocts of the
invention will be apparent to those skilled i the art in view of this description. For
exarple, computer-implemented methods, computer-readablc media, and systoms for
classifving defects detected in a mernory device area of a wafer are provided.

Accordingly, this description s to be construed as illustrative only and is for the purpose
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of teaching those skilled in the art the general manner of carrving out the invention. Itis
to be understood that the forms of the tnvention shown and deseribed 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 1 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 deseribed 1o the following claims.
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WHAT IS CLAIMED I5:

i A computer-implemented method for classifying defects detected 1n a memory
device area on a wafer, comprising:
5 using a computer system to perform the following steps:
deterruining positions of mspection data acquired tor the memory device arca by
an wmspection system, wherein the memory device area comprises different
types of blocks, and wherein the tnspection data coraprises data for defects
detected in the memory device area;
1 determining positions of the defects with respect to a predetermined location
within the blocks in which the defects are located based on the positions
of the inspection data; and

classifying the defects based on the positions of the defects within the blocks.

15 2. The method of claim 1, wherein the predetermined location comprises a center or
a corner of the blocks,

3. The method of claim 1, further comprising reporting x, y addresses of the
different types of biocks within the memory device area and the positions of the defects

26 within the blocks, wherein the positions of the defects within the blocks comprise x, v

locations with respect to the predetermined location within the blocks.

4. The method of claim 1, wherewn said classifying comprises classifying the defects

based on the positions of the defects withiu the blocks and the types of the blocks 1u

25 which the defects are located.
5. The method of claim 1, wherein said classifying comprises determining if the
defects are systematic defects.

30 &, The method of claim 1, wherein said classifving comprises stacking the

mspection data for multiple blocks having the same type to separate the defects mto
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systematic defect bins or random defect bins, and wherein the method further comprises

sampling the defects from the bins for defect review.

7. The method of claim 1, wherein said classifying comprises dividing onc of the
blocks nto multiple regions within the block to separate different types of defocts into
ditferent bins based on the multipie regions in which the positions of the defocts are

located.,

8. The method of claim 1, wherein said classifying comprises identifying defects
focated in regions of the blocks that are prone to nuisance defects as nutsance defects and
eliminating the defects identified as the mnuisance defects from results of inspection of the

water,

9. The method of claim 1, wherein said classifying comprises deternmining a ratio of
the numbers of the defects detected n at least two of the different types of blocks and
classifying the defects in the at least two of the different types of blocks based on the

ratio,

16, The method of claim 1, further comprising monttoring a ratio of the numbers of

the defects detected in at least two of the different types of blocks.

i1, The method of claim 1, further comprising correlating the positions of the defects

within the blocks with a bit map.
12, The method of claim 1, wherein said classifying comprises correlating the
positions of the defects within the blocks with a bit map and determining types of the

defects based on results of said correlating.

13. The method of claim I, wherein said classifying comprises correlating the

positions of the defects within the blocks with a bit map, determining types of the defects
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based on results of said correlating, and eliminating one or more of the types of the

defects from results of inspection of the wafer.

14, The method of claim 1, further comprising determining one or more problems
with onc or more processes used to form the memory device area on the water based on

results of said classifying.

15, The method of claim 1, further conprising determining one or more parameters of
one or more processes to be performed on the memory device area based on the positions

of the defects.

16. The method of claim 1, further comprising determining one or more parameters of
one of Mmore processes 1o be performed on the memory device arca based on distribution

of the defects on the memory device area and the positions of the detects.

17. The method of claim 1, further comprising altering one ot more parameters of a
process used by the inspection system to generate the inspection data based on results of
said classifying such that at least two of the different types of blocks in the memory

device area are inspected with different sensitivitics.

18, The method of claim 1, wherein the method 1s performed by the 1nspection systerm
during an inspection process performed by the inspection system for the wafer on which

the raemory device area 1s formed.

19.  The method of claim 1, wherein determining the posttions of the inspection data
comprises determining the positions of the mspection data in design data space, and
wherein determining the positions of the defects comprises determining the positions of

the defects with respect to the predetermined location in the design data space.

20. The method of claim 1, wherein determining the positions of the inspection data

comprises determining the positions of the imspection data in 1nspection data space, and
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wherein determining the positions of the defects comprises determining the positions of

the defects with respect to the predetermined location in the inspection data space.

21 A computer-readable medium storing program instructions executable on a
5 computer system for performing a computer-implemented method for classifying defects

detected in a memory device arca on a wafer, wherein the computer-iraplemented method
COMPIises:
using the computer system to perform the following steps:
determining positions of inspection data acquired for the memory device area by
1 an inspection system, wherein the memory device area comprises different
types of blocks, and wherein the inspection data comprises data for defects
detected in the memory device arca;
determining positions of the defects with respect to a predetermined location
within the blocks in which the defects are located based on the positions
15 of the mspection data; and

classifying the defecis based on the positions of the defects within the blocks,

22, A system configured to classify defects detected in a memory device arca on a

wafer, comprising:

26 an inspection subsystem configured to acquire inspection data for the memory
device arca formed on the wafer, wherein the memory device arca
comprises differcut types of blocks, and wherein the mspection data
comprises data for defects detected n the mervory device area; and

a computer subsystem configured to:

determine positions of the inspection data;

25
determine positions of the defects with respect to a predetermined location
within the blocks in which the defects are located based on the
positions of the inspection data; and
classify the defects based on the positions of the defects within the blocks.
3¢

24



PCT/US2009/051961

WO 2010/014609
1/5
Memaory
Device Area \1
Defect 3
Defect 2 \ / 5
@ A g
// \\*/;/ ‘Q:
/ 7 B
/ 4 &)
// /ij/ \'EO %
Defect 1~ S
\ ///////
s/ il
ey Cell
V4
’/;/12
v
*
Sub Wordline Driver \
; \Canjunction
Fig. 1 ’
18~ [15 16\ ’/'14
e
Yo
16 + 18
4o
Va 14
16 + ¥
16 N, 187 18
o
14
+ ¥
o 18
o
Va 14
* ¥
o 18
o
Fig. 2



WO 2010/014609 PCT/US2009/051961

2/5
4Bin4 Bin3 4
/18
452
4 Bin
Fig. 3
o
&
@O
=
o
@O
L
Bin 1 Bin 2 Bin 3

Fig. 4



WO 2010/014609 PCT/US2009/051961

3/5
Memory
Device Area \
R1
R2 2
]
&=
<=
b
(2]
fen
M
V5
R3 Cell
Sub Wordline Driver \
; \{‘onj’unrtion
Fig. 5 ~OTjune
Memory - Bin 4
Deavice Area ;/
Bins
’/'
Bin 2 Bin 1
Cell
Hind
Sub Wordline Driver \

i:ig & \Conjunctioﬁ



PCT/US2009/051961

WO 2010/014609
4/5

-
[®]
[
o
&
e
L

Cell/{SA+  Celysa Cell/SWD

SWD+Con)

Fig. 7

o /\ Cordrol limit
T
e

AN\ N

Fig. 8



WO 2010/014609 PCT/US2009/051961

5/5

Computer-readable
medium
20

Program
instructions
22

\ 4

Computer system
24

Fig. 9

Inspection
subsystem
26

A

y

Computer

subsystem
28

Fig. 10



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - claims
	Page 23 - claims
	Page 24 - claims
	Page 25 - claims
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings

