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FIG.1

ments may be established, and the established correlations may be utilized to
provide pattern quality data predictions for a given wafer based on geometry
‘ measurements obtained for the give wafer. The predictions produced may be

provided to a lithography tool, which may utilize the predictions to correct
focus and/or title errors that may occur during the lithography process.
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PREDICTING AND CONTROLLING CRITICAL DIMENSION ISSUES AND
PATTERN DEFECTIVITY IN WAFERS USING INTERFEROMETRY

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] The present application claims the benefit under 35 U.S.C. § 119(e)
of U.S. Provisional Application Serial No. 62/087,194, filed December 3,
2014. Said U.S. Provisional Application Serial No. 62/087,194 is hereby

incorporated by reference in its entirety.

TECHNICAL FIELD
[0002] The disclosure generally relates to the field of semiconductor
fabrication, and particularly to prediction and control of critical dimension

and pattern defectivity during semiconductor fabrication.

BACKGROUND
[0003] Thin polished plates such as silicon wafers and the like are a very
important part of modern technology. A wafer, for instance, may refer to a
thin slice of semiconductor material used in the fabrication of integrated
circuits and other devices. Other examples of thin polished plates may
include magnetic disc substrates, gauge blocks and the like. While the
technique described here refers mainly to wafers, it is to be understood
that the technique also is applicable to other types of polished plates as
well. The term wafer and the term thin polished plate may be used

interchangeably in the present disclosure.

[0004] Wafers are typically patterned during the fabrication process.
Lithography, for example, is a semiconductor fabrication process that
involves transferring a pattern from a reticle to a resist arranged on a

semiconductor wafer. The performance of a lithography process may be
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evaluated at least partially based on the minimum feature size (i.e., critical
dimension, or CD) and/or the presence of any defective patterns (i.e.,

pattern defectivity).

[0005] It is noted that critical dimension and pattern defectivity observed in
silicon wafers are typically affected by focus errors (i.e., defocus) that may
occur during patterning in a lithography process. It is also noted that the
geometry of a wafer (i.e., wafer geometry) is a factor that may lead to
focus errors during lithography. Therein lies a need for systems and
methods to help improve critical dimension and pattern defectivity during

semiconductor fabrication by taking wafer geometry into consideration.

SUMMARY
[0006] An embodiment of the present disclosure is directed to a method.
The method may include: obtaining pattern quality data for at least one
reference wafer; generating at least one pattern quality binary map for the
at least one reference wafer; obtaining patterned wafer geometry data for
the at least one reference wafer; generating at least one patterned wafer
geometry binary map for the at least one reference wafer based on at least
one threshold; selecting a threshold among the at least one threshold, the
selected threshold providing a best matching between the at least one
patterned wafer geometry binary map and the at least one pattern quality
binary map; and providing a pattern quality data prediction for a new wafer

based on the selected threshold.

[0007] A further embodiment of the present disclosure is directed to a
system. The system may include one or more imaging device configured to
obtain pattern quality data and patterned wafer geometry data for at least
one reference wafer. The system may also include a processor in

communication with the one or more imaging device. The processor may be
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configured to: generate at least one pattern quality binary map for the at
least one reference wafer; generate at least one patterned wafer geometry
binary map for the at least one reference wafer based on at least one
threshold; select a threshold among the at least one threshold, wherein the
selected threshold provides a best matching between the at least one
patterned wafer geometry binary map and the at least one pattern quality
binary map; and provide a pattern quality data prediction for a new wafer

based on the selected threshold.

[0008] Another embodiment of the present disclosure is directed to a
method for providing critical dimension predictions. The method may
include: obtaining critical dimension measurements for a reference wafer at
a plurality of critical dimension measurement sites; generating a critical
dimension binary map for the reference wafer, wherein the a critical
dimension binary map indicates whether the critical dimension within the
plurality of critical dimension measurement sites is acceptable or
unacceptable; obtaining patterned wafer geometry measurements for the
reference wafer at a plurality of patterned wafer geometry measurement
sites; generating at least one patterned wafer geometry binary map for the
reference wafer based on at least one threshold; selecting a threshold
among the at least one threshold responsible for generating a best matching
patterned wafer geometry binary map against the critical dimension binary
map; and providing a critical dimension prediction for a new wafer based on
the selected threshold.

[0009] An additional embodiment of the present disclosure is directed to a
method for providing pattern defect predictions. The method may include:
obtaining pattern defect measurements for a reference wafer at a plurality
of pattern defect measurement sites; generating a pattern defect binary

map for the reference wafer, wherein the a pattern defect binary map
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indicates whether the pattern defect measurement within the plurality of
pattern defect measurement sites is acceptable or unacceptable; obtaining
patterned wafer geometry measurements for the reference wafer at a
plurality of patterned wafer geometry measurement sites; generating at
least one patterned wafer geometry binary map for the reference wafer
based on at least one threshold; selecting a threshold among the at least
one threshold responsible for generating a best matching patterned wafer
geometry binary map against the pattern defect binary map; and providing
a pattern defect prediction for a new wafer based on the selected
threshold.

[0010] It is to be understood that both the foregoing general description and
the following detailed description are exemplary and explanatory only and
are not necessarily restrictive of the present disclosure. The accompanying
drawings, which are incorporated in and constitute a part of the
specification, illustrate subject matter of the disclosure. Together, the
descriptions and the drawings serve to explain the principles of the

disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS
[0011] The numerous advantages of the disclosure may be better understood
by those skilled in the art by reference to the accompanying figures in
which:

FIG. 1 is a flow diagram depicting an embodiment of a method for
establishing a correlation between patterned wafer geometry
measurements and critical dimension measurements;

FIG. 2 is an illustration depicting segmentation of a wafer and a

wafer-level critical dimension binary map;
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FIG. 3 is an illustration depicting a threshold selection process for
selecting a threshold that provides a best matching wafer-level patterned
wafer geometry binary map against a wafer-level critical dimension binary
map;

FIG. 4 is a flow diagram depicting an embodiment of a method for
establishing a correlation between patterned wafer geometry
measurements and pattern defect density measurements;

FIG. 5 is an illustration depicting segmentation of a wafer and a
wafer-level defect density binary map;

FIG. 6 is a block diagram depicting a control process utilizing
patterned wafer geometry measurements based prediction; and

FIG. 7 is a block diagram depicting another control process utilizing

patterned wafer geometry measurements based prediction.

DETAILED DESCRIPTION
[0012] Reference will now be made in detail to the subject matter

disclosed, which is illustrated in the accompanying drawings.

[0013] Wafer metrology systems capable of measuring patterned wafers may
be referred to as patterned wafer geometry (PWG) measurement systems.
Interferometer wafer metrology systems, such as WaferSight metrology
systems from KLA-Tencor, are exemplary PWG measurement systems. Such
systems may use imaging devices (e.g., double-Fizeau interferometry
imaging devices) to make high resolution (e.g., 125um-500um pixel width)
surface height measurements of front and/or back surfaces of patterned
wafers. Various PWG measurements may be obtained and/or derived using
PWG measurement systems. Such PWG measurements may include wafer
frontside height, backside height, thickness variation, flatness, and all

consequent derivatives such as shape, nanotopography and the like.
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[0014] Embodiments in accordance with the present disclosure are directed
to systems and methods for predicting and controlling critical dimension
and/or pattern defectivity in patterned wafers using patterned wafer
geometry (PWG) measurements. Correlations between PWG measurements
and critical dimension measurements may be established, and the
established correlations may be utilized to predict critical dimension values
for a given wafer based on geometry measurements obtained for the give
wafer. Similarly, correlations between PWG measurements and pattern
defects may be established, and the established correlations may be
utilized to predict pattern defectivity for a given wafer based on geometry
measurements obtained for the give wafer. The predicted critical
dimension values and/or pattern defectivity may then be utilized as control
information to help improve a fabrication process (e.g., to mitigate defocus

during lithography) for the given wafer.

[0015] Referring generally to FIGS. 1-3. FIG. 1 is a flow diagram depicting
an embodiment of a method 100 for establishing a correlation between PWG
measurements and critical dimension measurements. Critical dimension
measurements may be measured for one or more reference wafers in step
102. The reference wafers may have been processed utilizing the same
process tool(s). Analyzing these reference wafers may help establishing the
correlation between PWG measurements and critical dimension
measurements, and the established correlation may be utilized to predict
critical dimension values for a subsequent wafer that is going to be

processed by the same process tool(s).

[0016] As shown in FIG. 2, a wafer 200 being measured in step 102 may be
segmented into a plurality of measurement sites 202, and a critical

dimension measurement may be obtained for each of the measurement sites
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202. It is contemplated that the critical dimension measurement for each
measurement site 202 may be obtained by taking a measurement of the
critical dimension at a single point within that measurement site 202.
Alternatively and/or additionally, multiple measurements may be taken at
multiple points within a particular measurement site 202, and a statistical
representation (e.g., an average, a minimum, or a maximum value) of the
multiple measurements taken within the particular measurement site 202
may be utilized as the critical dimension measurement for that particular

measurement site 202.

[0017] It is to be understood that the granularity of the measurement sites
202 shown in FIG. 2 is exemplary. The measurement sites 202 may be
segmented more coarsely or more finely without departing from the spirit
and scope of the present disclosure. It is also to be understood that it may
not be necessary to obtain critical dimension measurement for every
measurement site 202 defined within the wafer 200 (e.g., critical dimension
measurements may be taken for only a subset of the defined measurement
sites 202). While the particular sites where critical dimension
measurements are taken may vary, it may be beneficial to obtain critical
dimension measurements for those measurement sites 202 near the edges of

the wafer 200, where patterning issues may be prevalent.

[0018] Once the critical dimension measurements are obtained for at least a
subset of the measurement sites 202 defined within the wafer 200, a wafer-
level critical dimension map may be generated accordingly in step 104. In
some embodiments, predefined upper and lower limits may be utilized to
determine whether a measured critical dimension is acceptable (e.g.,
within the limits) or unacceptable (e.g., outside the limits). By comparing

the critical dimension measurements against the predefined upper and
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lower limits, a wafer-level critical dimension binary map (i.e., acceptable

or unacceptable) may be generated.

[0019] FIG. 2 represents an exemplary depiction of such a wafer-level
critical dimension binary map, wherein the shaded measurement sites have
been deemed unacceptable. It is to be understood, however, that such a
depiction is merely exemplary; a wafer-level critical dimension binary map
in accordance with the present disclosure may be presented in various other
manners without departing from the spirit and scope of the present
disclosure. It is also to be understood that a graphical representation of the
wafer-level critical dimension binary map is not required. That is, the
method steps described herein may utilize the information presented in
these maps without requiring the maps to be displayed. The maps depicted

herein are shown for illustrative purposes.

[0020] It is contemplated that in order to establish a correlation between
patterned wafer geometry (PWG) and critical dimension, PWG
measurements for the same set of one or more reference wafers may need
to be obtained in step 106 in addition to the critical dimension
measurements obtained in step 102. Similar to the critical dimension
measurements, the PWG measurements may also be segmented into the
plurality of measurement sites. Using wafer flatness as an example, instead
of using a single flatness value to represent the flatness of an entire wafer,
a site-specific flatness value may be obtained for each measurement site,
and a plurality of site-specific flatness values obtained from a plurality of
measurement sites may jointly form a site-based flatness map representing
the flatness of the entire wafer. It is contemplated that while the
measurement sites for critical dimension measurements may be segmented

differently than the measurement sites for PWG measurements, they may
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also be segmented in substantially similar manners without departing from

the spirit and scope of the present disclosure.

[0021] Also similar to the critical dimension measurements, the PWG
measurements obtained in step 106 may be utilized to generate a wafer-
level PWG binary map in step 108. Continue with the example above where
a site-based flatness map is obtained, a flatness threshold may be applied
to the site-based flatness map, and the measurement sites having a flatness
value below the threshold may be deemed acceptable while the
measurement sites having a flatness value equal to or greater than the

threshold may be deemed unacceptable.

[0022] It is noted that the threshold utilized to in step 108 to generate the
wafer-level PWG binary map is a variable that needs to be determined in
step 110. As shown in FIG. 3, different threshold values may be utilized to
generate different wafer-level PWG binary maps 302, 304, and 306, and the
threshold value that produced the wafer-level PWG binary map that most
closely matches with the wafer-level critical dimension binary map 200 may
be identified as the threshold that can be used to make predictions. For
illustrative purposes, threshold value 10 nm in the example depicted in FIG.
3 is capable of producing the wafer-level PWG binary map 306, which most
closely matches with the wafer-level critical dimension binary map 200, and
therefore threshold value 10 nm may be determined to be the threshold
value that produces the best matching wafer-level PWG binary map against

the wafer-level critical dimension binary map 200.

[0023] It is to be understood that while three threshold values are shown in
the example depicted in FIG. 3, the number of threshold values taken into
consideration may vary without departing from the spirit and scope of the

present disclosure. It is also to be understood that the different threshold
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values may be considered iteratively, sequentially, and/or concurrently. It
is to be understood that while the specific implementations may vary, the
objective may remain the same, which is to identify a threshold value that
produces the best matching wafer-level PWG binary map against the wafer-

level critical dimension binary map 200.

[0024] It is also noted that if multiple reference wafers are being analyzed,
PWG measurements of each reference wafer may be obtained and their
wafer-level PWG binary maps may be compared with their corresponding
wafer-level critical dimension binary maps. In such instances, a threshold
value that optimizes the matching between the wafer-level PWG binary
maps and their corresponding wafer-level critical dimension binary maps
across all reference wafers may be identified as the threshold value. In
order words, if multiple wafers are being analyzed, step 110 is configured
to determine a threshold value that produces the best overall matching for

the multiple wafers.

[0025] Once the threshold value is determined in step 110, this threshold
value may be utilized in step 112 to help predict critical dimension issues
and/or pattern defects that may be likely to occur for subsequent wafers.
For instance, by taking PWG measurements (e.g., flatness, as described in
the examples above) of a new wafer and generating a wafer-level PWG
binary map for the new wafer based on the determined threshold and the
measurements taken, the resulting map may closely resemble/predict a

critical dimension or a pattern defects map of that new wafer.

[0026] To reiterate, PWG measurements may include wafer frontside height,
backside height, thickness variation, flatness, and all consequent
derivatives such as shape, nanotopography and the like. It is to be

understood that while wafer flatness is utilized as an exemplary PWG

10
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measurement in the examples above, other PWG measurements may be
utilized by the method 100 instead of or in conjunction with wafer flatness

without departing from the spirit and scope of the present disclosure.

[0027] It is also contemplated that critical dimension is only one type of
pattern quality data that can be correlated for prediction purposes. Other
types of pattern quality data, such as pattern defects and defect densities,
may also be correlated to PWG measurements and utilized to provide
predictions. FIG. 4 is a flow diagram depicting an embodiment of a method
400 for establishing a correlation between PWG measurements and pattern

defects.

[0028] As shown in FIG. 4, one or more inspection tools may be utilized to
measure the pattern defects in step 402. For instance, bright field optical
inspection may be performed at a given layer of the wafer to obtain the
defect map along with spatial awareness of the defects. The defect map
may then be segmented into multiple measurement sites as shown in FIG. 5,
and a defect density value may be determined for at least some of the
measurement sites. It is noted that while the particular sites where defect
density values are determined may vary, it may be beneficial to determine
defect density values for those measurement sites near the edges of the

wafer, where patterning issues may be prevalent.

[0029] Similar to the process utilized to generate the wafer-level critical
dimension binary map, a wafer-level defect density binary map 500 may be
generated in step 404 based on the determined defect density values and a
predefined defect density acceptance limit. More specifically, by
comparing defect density values against the predefined defect density

acceptance limit, measurement sites that are deemed acceptable (e.g.,

11
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below the limit) and measurement sites that are deemed unacceptable

(e.g., above the limit) may be identified.

[0030] It is contemplated that the method steps 406 through 412 may be
performed in a similar manner as the method steps 106 through 112
previously described. That is, step 406 may obtain PWG measurements for
the wafer(s) whose defect density values are being determined, step 408
may generate a wafer-level PWG binary map based on the PWG
measurements obtained, step 410 may determine a threshold value that
produces the best matching wafer-level PWG binary map against the wafer-
level defect density binary map 500, and step 412 may then utilize the
threshold value to help predict pattern defects and/or defect densities that

may be likely to occur for subsequent wafers.

[0031] It is contemplated that providing the abilities to establish
correlations directly between PWG measurements and pattern quality data
(e.g., critical dimension, pattern defect measurements and the like), and
the abilities to predict such pattern quality data based on PWG
measurements, may be appreciated and may be utilized for various
performance analysis and process control purposes. For instance, FIG. 6
shows a block diagram depicting a control process that may be utilize to
improve focus (and in turn improve critical dimension and pattern
defectivity of the wafer produced) using PWG measurements based

prediction.

[0032] More specifically, as shown in FIG. 6, PWG measurements of a wafer
600 may be taken prior to undergoing a lithography process 602, and a
prediction system 608 may utilize the PWG measurements to predict critical
dimension issues, pattern defects, and/or defect densities that may be

observed on the wafer 600 if the wafer 600 undergo the lithography process

12
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602. If the prediction (e.g., in terms of a predicted critical dimension map
and/or a predicted defect densities map) result is determined (604) to be
within an acceptable tolerance level, the wafer 600 may be allowed to
proceed to the lithography process 602. Otherwise, the control process may
determine (606) whether re-processing on the wafer 600 is feasible or
possible. For example, if re-polishing the wafer 600 may help improve the
wafer flatness, which may in turn improve the predicted critical dimension
map for this wafer 600, a determination (606) may be made to re-process
this wafer 600 in order to better prepare the wafer 600 for the lithography
process 602. On the other hand, if it is determined that re-processing the
wafer 600 is not feasible and/or is unlikely to better prepare the wafer 600
for the lithography process 602, the wafer 600 may be discarded without
undergoing the lithography process 602.

[0033] FIG. 7 is a block diagram depicting another control process that may
be utilize to improve focus (and in turn improve critical dimension and
pattern defectivity of the wafer produced) using PWG measurements based
prediction. As shown in FIG. 7, PWG measurements of a wafer 700 may be
taken prior to undergoing a lithography process 702, and a prediction
system 704 may utilize the PWG measurements to predict critical dimension
issues, pattern defects, and/or defect densities that may be observed on
the wafer 700. The predictions produced in this manner may then be
provided to a lithography tool (e.g., a lithography scanner) used to carry
out the lithography process 702, and the lithography tool may utilize the
information provided by the prediction system 704 to improve computation
of focus and tilt corrections/offsets in order to correct for focus and title
errors that would otherwise be experienced by a new wafer during the

lithography process.

13
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[0034] It is noted that existing lithography scanners typically compute focus
and tilt corrections (referred to as focus correctables and tilt correctables)
for each exposure slit based on scanner leveling measurement data and
adjust the scanner stage to print pattern structures at estimated best focus
settings. However, their abilities are limited due to issues such as reduced
sampling of scanner leveling system and inaccuracies associated with
measurement of transparent films which is highly prevalent in silicon wafer
processing. These issues are exacerbated especially at the near-edge
regions of the wafer. It is therefore contemplated that providing additional
focus and tilt corrections generated based on PWG measurements,
specifically the corrections for the measurement sites that are predicted to
be unacceptable (e.g., predicted to be outside of the acceptable limits for
critical dimension, pattern defects, and/or defect densities), may improve
the overall effectiveness of the focus and tilt corrections utilized by the
lithography scanners, which may in turn improve critical dimension and

pattern defectivity of the wafers produced.

[0035] It is contemplated that various techniques may be utilized to
generate the additional focus and/or tilt correctables based on PWG
measurements. For example, flatness measurements obtained from a PWG
measurement tool may be utilized in conjunction with scanner leveling
metrology data to compute the focus and tilt corrections.  More
specifically, a flatness difference map may be computed based on the
differences between the wafer flatness data obtained from the PWG
measurement tool and the wafer flatness data obtained from the scanner.
The difference map may then be divided into exposure slits, and the focus
and tilt corrections may be calculated for each exposure slit that contains
one or more measurement sites that are predicted to be unacceptable.

Alternatively and/or additionally, the difference map may be obtained using

14
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flatness measurements of a wafer pre-opaque film coating and post-opaque
film coating. In addition, it is contemplated that focus and tilt offsets may
be calculated solely from measurements obtained from the PWG total
without using scanner leveling measurement system. It is contemplated
that other techniques may be utilized to generate the additional focus and
tilt corrections without departing from the spirit and scope of the present

disclosure.

[0036] It is contemplated that the prediction systems in accordance with the
present disclosure may include a processor configured to execute one or
more prediction methods described above. The processor may be
implemented as a dedicated processing unit, an application-specific
integrated circuit (ASIC), an integrated component of an existing hardware,
firmware or software configured to control operations of one or more
process and/or wafer geometry measurement tools, or various other types
of processing units without departing from the spirit and scope of the

present disclosure..

[0037] It is understood that the specific order or hierarchy of steps in the
methods disclosed are examples of exemplary approaches. Based upon
design preferences, it is understood that the specific order or hierarchy of
steps in the method can be rearranged while remaining within the scope
and spirit of the disclosure. The accompanying method claims present
elements of the various steps in a sample order, and are not necessarily

meant to be limited to the specific order or hierarchy presented.
[0038] It is believed that the system and method of the present disclosure

and many of its attendant advantages will be understood by the foregoing

description, and it will be apparent that various changes may be made in

15
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the form, construction and arrangement of the components without
departing from the disclosed subject matter or without sacrificing all of its

material advantages. The form described is merely explanatory.

16
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CLAIMS

What is claimed is:

1. A method, comprising:

obtaining pattern quality data for at least one reference wafer;

generating at least one pattern quality binary map for the at least
one reference wafer;

obtaining patterned wafer geometry data for the at least one
reference wafer;

generating at least one patterned wafer geometry binary map for the
at least one reference wafer based on at least one threshold;

selecting a threshold among the at least one threshold, the selected
threshold providing a best matching between the at least one patterned
wafer geometry binary map and the at least one pattern quality binary map;
and

providing a pattern quality data prediction for a new wafer based on
the selected threshold.

2. The method of claim 1, wherein said providing a pattern quality data
prediction for a new wafer based on the selected threshold further
comprises:

obtaining patterned wafer geometry data for the new wafer;

generating a patterned wafer geometry binary map for the new wafer
based on the selected threshold; and

providing a predicted pattern quality binary map for the new wafer

based on the patterned wafer geometry binary map.

17
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3. The method of claim 1, wherein the pattern quality data includes at
least one of: a critical dimension measurement and a pattern defect

measurement.

4, The method of claim 1, wherein said generating at least one pattern
quality binary map for the at least one reference wafer further comprises:
dividing the at least one reference wafer into a plurality of pattern
quality measurement sites; and
indicating whether the pattern quality data within the plurality of

pattern quality measurement sites is acceptable or unacceptable.

5. The method of claim 4, wherein said generating at least one
patterned wafer geometry binary map for the at least one reference wafer
based on at least one threshold further comprises:

dividing the at least one reference wafer into a plurality of patterned
wafer geometry measurement sites; and

indicating whether the pattern quality data within the plurality of

measurement sites is below or above the at least one threshold.

6. The method of claim 5, wherein the plurality of pattern quality
measurement sites and the plurality of patterned wafer geometry

measurement sites are substantially similar.

7. The method of claim 1, wherein the pattern quality data prediction
for the new wafer is provided prior to the new wafer undergoing a

lithography process.

8. The method of claim 7, further comprising:

18
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preventing the new wafer from entering the lithography process
when the pattern quality data prediction for the new wafer is predicted to

be unacceptable.

9. The method of claim 7, further comprising:

calculating at least one of a focus correctable and a tilt correctable
for the new wafer; and

providing the at least one of a focus correctable and a tilt
correctable to the lithography process for correction of at least one of a

focus error and a title error during the lithography process.

10. A system, the system comprising:
an imaging device configured to obtain pattern quality data and
patterned wafer geometry data for at least one reference wafer; and
a processor in communication with the imaging device, the processor
configured to:
generate at least one pattern quality binary map for the at
least one reference wafer;
generate at least one patterned wafer geometry binary map
for the at least one reference wafer based on at least one threshold;
select a threshold among the at least one threshold, wherein
the selected threshold provides a best matching between the at least
one patterned wafer geometry binary map and the at least one
pattern quality binary map; and
provide a pattern quality data prediction for a new wafer

based on the selected threshold.

11.  The system of claim 10, wherein the imaging device is further

configured obtain patterned wafer geometry data for the new wafer, and
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wherein the processor is further configured to generate a patterned wafer
geometry binary map for the new wafer based on the selected threshold
and provide a predicted pattern quality binary map for the new wafer based

on the patterned wafer geometry binary map.

12.  The system of claim 10, wherein the pattern quality data includes at
least one of: a critical dimension measurement and a pattern defect

measurement.

13.  The system of claim 10, wherein the processor generates the at least
one pattern quality binary map for the at least one reference wafer by
dividing the at least one reference wafer into a plurality of pattern quality
measurement sites and indicating whether the pattern quality data within
the plurality of pattern quality measurement sites is acceptable or

unacceptable.

14.  The system of claim 13, wherein the processor generates the at least
one patterned wafer geometry binary map for the at least one reference
wafer by dividing the at least one reference wafer into a plurality of
patterned wafer geometry measurement sites and indicating whether the
pattern quality data within the plurality of measurement sites is below or

above the at least one threshold.
15. The system of claim 14, wherein the plurality of pattern quality

measurement sites and the plurality of patterned wafer geometry

measurement sites are substantially similar.
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16.  The system of claim 10, wherein the processor provides the pattern
quality data prediction for the new wafer prior to the new wafer undergoing

a lithography process.

17.  The system of claim 16, wherein the processor is further configured
to prevent the new wafer from entering the lithography process when the
pattern quality data prediction for the new wafer is predicted to be

unacceptable.

18.  The system of claim 16, wherein the processor is further configured
to calculate at least one of a focus correctable and a tilt correctable for the
new wafer, and provide the at least one of a focus correctable and a tilt
correctable to the lithography process for correction of at least one of a

focus error and a title error during the lithography process.

19. A method, comprising:

obtaining critical dimension measurements for a reference wafer at a
plurality of critical dimension measurement sites;

generating a critical dimension binary map for the reference wafer,
wherein the a critical dimension binary map indicates whether the critical
dimension within the plurality of critical dimension measurement sites is
acceptable or unacceptable;

obtaining patterned wafer geometry measurements for the reference
wafer at a plurality of patterned wafer geometry measurement sites;

generating at least one patterned wafer geometry binary map for the
reference wafer based on at least one threshold;

selecting a threshold among the at least one threshold responsible for
generating a best matching patterned wafer geometry binary map against

the critical dimension binary map; and

21



WO 2016/089786 PCT/US2015/063032

providing a critical dimension prediction for a new wafer based on
the selected threshold.

20.  The method of claim 19, wherein said providing a critical dimension
prediction for a new wafer based on the selected threshold further
comprises:

obtaining patterned wafer geometry data for the new wafer;

generating a patterned wafer geometry binary map for the new wafer
based on the selected threshold; and

providing a predicted critical dimension binary map for the new

wafer based on the patterned wafer geometry binary map.

21. A method, comprising:

obtaining pattern defect measurements for a reference wafer at a
plurality of pattern defect measurement sites;

generating a pattern defect binary map for the reference wafer,
wherein the a pattern defect binary map indicates whether the pattern
defect measurement within the plurality of pattern defect measurement
sites is acceptable or unacceptable;

obtaining patterned wafer geometry measurements for the reference
wafer at a plurality of patterned wafer geometry measurement sites;

generating at least one patterned wafer geometry binary map for the
reference wafer based on at least one threshold;

selecting a threshold among the at least one threshold responsible for
generating a best matching patterned wafer geometry binary map against
the pattern defect binary map; and

providing a pattern defect prediction for a new wafer based on the

selected threshold.

22



WO 2016/089786 PCT/US2015/063032

22. The method of claim 21, wherein said providing a pattern defect
prediction for a new wafer based on the selected threshold further
comprises:

obtaining patterned wafer geometry data for the new wafer;

generating a patterned wafer geometry binary map for the new wafer
based on the selected threshold; and

providing a predicted pattern defect binary map for the new wafer

based on the patterned wafer geometry binary map.
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102~ MEASURE CD AND GENERATE SEGMENTED
WAFER-LEVEL MAP

104\ APPLY LIMITS TO CD AND GENERATE A BINARY MAP OF
ACCEPTABLE AND UNACCEPTABLE CD VALUES

106\ MEASURE WAFER ON PWG SYSTEM TO GENERATE
SIMILAR SEGMENTED WAFER-LEVEL MAPS FOR METRICS
SUCH AS SITE-FLATNESS, NANOTOPOGRAPHY ETC.

108\ APPLY THRESHOLD TO PWG MAP TO CREATE BINARY MAP
OF ACCEPTABLE AND UNACCEPTABLE VALUES

110\ ADJUST THE THRESHOLD ITERATIVELY SUCH THAT PWG
AND CD MAPS ARE MATCHED WELL

112\ USE THE ADJUSTED THRESHOLD ON THE PWG METRIC
TO PREDICT CD ISSUES AND PATTERN DEFECTIVITY FOR
SUBSEQUENT WAFERS

FIG.1
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402\ MEASURE PATTERN DEFECTS USING BRIGHT FIELD
OPTICAL INSPECTION TOOL AND COMPUTE DEFECT
DENSITIES WITH EACH SITE

———

404\ APPLY LIMITS TO DEFECT DENSITY AND GENERATE A
BINARY MAP OF ACCEPTABLE AND UNACCEPTABLE
DEFECT DENSITY WITHIN EACH SITE

—

406\ MEASURE WAFER ON PWG SYSTEM TO GENERATE
SIMILAR SEGMENTED WAFER-LEVEL MAPS FOR METRICS
SUCH AS SITE-FLATNESS, NANOTOPOGRAPHY ETC.

—

408\ APPLY THRESHOLD TO PWG MAP TO CREATE BINARY MAP
OF ACCEPTABLE AND UNACCEPTABLE VALUES

410\ ADJUST THE THRESHOLD ITERATIVELY SUCH THAT PWG
AND RDA DEFECT DENSITY MAPS ARE MATCHED WELL

412\ USE THE ADJUSTED THRESHOLD ON THE PWG METRIC
TO PREDICT RDA DEFECT DENSITIES FOR
SUBSEQUENT WAFERS

FIG.4



PCT/US2015/063032

WO 2016/089786

5/7

G'Old

> WUQG #% > WUQ

27

wuQg > :ALISNIA -
12343a 319vLd3dv 7 :

.
i
w\\\_\\\_\\\\.\\\\\q\\\\x\
\\\\\\ i
o

Z

(13A31 ¥34vM) dvW 103430 vay

A
Z \\\\& 7 \\.\“\

.




PCT/US2015/063032

WO 2016/089786

6/7

dVddS

¢3141SS0d
AJOM3Y SI

9°9I4

S3A

UUL

FANSVIW ([ **°S3SSID0Ud
r 43H10
809

dWd

009



PCT/US2015/063032

WO 2016/089786

717

0L
./

JADE

\. v0L

OHLM

OMd
JANSYIW

O

YIANNVOIS
01 d334

A

YANNVIS OHLIT IHL AG
d3.1vWILS3 10N 4V
1VHL 9Md WOY4 SNOILDIHHOD
IT1L ANV SN204 31NdWOD

JUL

**$3553004d
43H10

dWd

00.



INTERNATIONAL SEARCH REPORT

International application No.
PCT/US2015/063032

A. CLASSIFICATION OF SUBJECT MATTER
HO1L 21/027(2006.01)i

According to International Patent Classification (IPC) or to both national classification and [PC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
HOIL 21/027; HO1L 27/02; GOGF 17/50; GO3F 7/207, GOIN 21/956; HO1L 21/66; GO6K 9/00

Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
cKOMPASS(KIPO internal) & Keywords: binary map, geometry, defect, mapping, critical dimension, wafer

C. DOCUMENTS CONSIDERED TO BE RELEVANT

See paragraphs [0018]-[0032], claims 1, 14 and figures 2, 3.

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A JP 2011-013227 A (HITACHI HIGH-TECHNOLOGIES CORP.) 20 January 2011 1-22
See paragraphs [0015]-[0019], claim 1 and figure 1.
A JP 2004-343060 A (ASML NETHERLANDS BV) 02 December 2004 1-22
See paragraphs [0036]-[0038], claims 10-12 and figure 4.
A US 2010-0208978 A1 (TSUNEO TERASAWA et al.) 19 August 2010 1-22
See paragraphs [0079]-[0081], claim 10 and figure 1.
A US 2014-0145192 A1 (RENESAS ELECTRONICS CORPORATION) 29 May 2014 1-22
See paragraphs [0041]-[0051], claim 1 and figure 1.
A JP 2008-076377 A (HITACHI HIGH-TECHNOLOGIES CORP.) 03 April 2008 1-22

|:| Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents:

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E"  earlier application or patent but published on or after the international
filing date

"L"  document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P"  document published prior to the international filing date but later
than the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents,such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search
31 March 2016 (31.03.2016)

Date of mailing of the international search report

Name and mailing address of the [SA/KR
International Application Division
¢ Korean Intellectual Property Office
189 Cheongsa-ro, Seo-gu, Dagjeon, 35208, Republic of Korea

Facsimile No. +82-42-481-8578

31 March 2016 (31.03.2016)

Authorized officer

CHOI, Sang Won

Telephone No. +82-42-481-8291

Form PCT/ISA/210 (second sheet) (January 2015)




INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT/US2015/063032
Patent document Publication Patent family Publication
cited in search report date member(s) date
JP 2011-013227 A 20/01/2011 JP 5204172 B2 05/06/2013
JP 2004-343060 A 02/12/2004 CN 1542551 A 03/11/2004
CN 1542551 B 25/08/2010
EP 1457828 A2 15/09/2004
EP 1457828 A3 22/04/2009
JP 4018653 B2 05/12/2007
KR 10-0643226 Bl 10/11/2006
KR 10-2004-0081309 A 21/09/2004
TW 200426533 A 01/12/2004
TW 1248561 B 01/02/2006
US 2004-0239905 Al 02/12/2004
US 7012672 B2 14/03/2006
US 2010-0208978 Al 19/08/2010 JP 2010-192634 A 02/09/2010
JP 5330019 B2 30/10/2013
US 8488866 B2 16/07/2013
US 2014-0145192 Al 29/05/2014 CN 103839782 A 04/06/2014
JP 2014-107383 A 09/06/2014
TW 201437738 A 01/10/2014
US 2015-0235912 Al 20/08/2015
US 9054011 B2 09/06/2015
JP 2008-076377 A 03/04/2008 JP 5172162 B2 27/03/2013
US 2008-0055600 Al 06/03/2008
US 8077306 B2 13/12/2011

Form PCT/ISA/210 (patent family annex) (January 2015)




	Page 1 - front-page
	Page 2 - front-page
	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 - claims
	Page 20 - claims
	Page 21 - claims
	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
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - wo-search-report
	Page 34 - wo-search-report

