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PRIORITY
[0001] The present application claims the benefit under 35 U.S.C. § 119(e) of
United States Provisional Application Serial Number 61/479,002, filed April 26,
2011, which is incorporated herein by reference.
FIELD OF THE INVENTION

[0002] The present invention is directed generally toward inspection in

semiconductor processing, and more particularly to cell-to-cell inspection
processes.
BACKGROUND OF THE INVENTION

[0003] Inspection and metrology technologies are conventionally used in

semiconductor fabrication facilities for material monitoring, disposition, yield
prediction, and yield management. Wafers are inspected at various stages of
production using both in-line and off-line processes. Cell-to-cell inspection is a
mode wherein locally repeating structures are compared to each other, and any
noted difference is declared to be a defect. Cell-to-cell inspection is used in both
wafer and reticle inspection. This modality has advantages in that the reference
data is very closely spaced to the test region so that the inspection tool does not
need to be particularly stable to successfully employ this approach.

[0004] Recent changes in lithographic approaches make cell-to-cell
inspection more problematic. Model-based Optical-Proximity-Correction (OPC) for
optical masks and Flare Correction for extreme ultraviolet (EUV) masks can lead to
very subtle differences in the design of nearly repeating patterns. These changes
may include, for example, a very small jog in a long straight line with no apparent
purpose. Existing methods of determining whether a region is sufficiently
repeating for the application of a cell-to-cell detector uses the images themselves.
This means that a subtle design difference between cells can easily be declared to
be a defect rather than an intentional design feature. It is this false defect
mechanism that can limit the sensitivity and applicability of the cell-to-cell defect
detectors.

[0005] Consequently, it would be advantageous if an apparatus existed that

is suitable for identifying cells in a reticle appropriate for cell-to-cell inspection.
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SUMMARY OF THE INVENTION

[0006] Accordingly, the present invention is directed to a novel method and

apparatus for identifying cells in a reticle appropriate for cell-to-cell inspection.
[0007] One embodiment of the present invention is a method for
determining which cells in a reticle are suitable for cell-to-cell inspection by
analyzing a semiconductor design database directly. The method may include
producing a region map indicating which cells are valid for cell-to-cell inspection.
[0008] Another embodiment of the present invention is a cell-to-cell
inspection apparatus that performs an analysis of a semiconductor design database
to determine valid cell-to-cell inspection candidates.
[0009] Another embodiment of the present invention is a cell-to-cell
inspection apparatus that performs an analysis of a region map indicating valid
cell-to-cell inspection candidates. The region map is produced based on an
analysis of a semiconductor design database.
[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
restrictive of the invention claimed. The accompanying drawings, which are
incorporated in and constitute a part of the specification, illustrate an
embodiment of the invention and together with the general description, serve to
explain the principles.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The numerous objects and advantages of the present invention may

be better understood by those skilled in the art by reference to the accompanying
figures in which:
FIG. 1 shows a block diagram of a reticle;
FIG. 2 shows a block diagram of a system suitable for performing cell-to-cell
inspection of a reticle;
FIG. 3 shows a flowchart for a method for determining regions in a reticle
appropriate for cell-to-cell inspection; and
FIG. 4 shows a flowchart of a method for using a region map to conduct cell-

to-cell inspections of a reticle.
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DETAILED DESCRIPTION OF THE INVENTION

[0012] Reference will now be made in detail to the subject matter disclosed,

which is illustrated in the accompanying drawings. The scope of the invention is
limited only by the claims; numerous alternatives, modifications and equivalents
are encompassed. For the purpose of clarity, technical material that is known in
the technical fields related to the embodiments has not been described in detail to
avoid unnecessarily obscuring the description.

[0013] Referring to FIG. 1, a block diagram representation of a reticle 100 is
shown. During lithographic fabrication, one or more reticles 100 are used to
construct electronic components onto a semiconductor wafer through methods
known in the art. The electronic components may be organized into groups called
cells 102, 104, 106. Some cells may comprise identical components in identical
orientations such that a properly alighed comparison of two such cells, for example
a first cell 102 and a second cell 104, would reveal a defect in either the first cell
102 or the second cell 104.

[0014] However, a reticle 100 may also contain cells 102, 104, 106 that are
very similar but not identical. A semiconductor fabrication process may require
certain cells 102, 104, 106 in a reticle 100, for example a third cell 106, to be
slightly different as compared to other cells, for example the first cell 102 and the
second cell 104, even though all three cells 102, 104, 106 may contain
substantially the same components in substantially the same orientation.
Processes such as optical proximity correction may alter the design of certain cells
to correct for potential irregularities in the fabrication process. A comparison of
the first cell 102 and the third cell 106 may indicate a defect even if both cells
102, 106 were fabricated properly according to the intended design (false defects).
[0015] When using real inspection images in autocorrelation analysis to
determine the similarity (repeatability) of cells, noise in the images may
fundamentally limit the fidelity of the autocorrelation. The system must therefore
define some threshold level for repeatability. The system may accept imperfectly
repeating patterns thereby leading to false defects, or reject repeating patterns
containing a defect, thereby leading to lower sensitivity because the cell-to-cell
detector is disabled. These factors are currently the dominant source of false
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defects in cell-to-cell inspections and limit the sensitivity of the inspection
process. The present invention may be employed to remove the possibility of such
false defects.
[0016] Referring to FIG. 2, an apparatus for producing a region map of a
reticle 100, and for performing cell-to-cell inspections of a reticle 100 is shown.
The apparatus may include a processor 204, memory 206 connected to the
processor 204 and a semiconductor design database 208 connected to the
processor 204. The processor 204 may analyze the semiconductor design database
208 to identify cells intended by design to have identical structure, which are
therefore appropriate for cell-to-cell inspection. The processor 204 may then
produce a region map indicating cells identified from the semiconductor design
database 208 that are appropriate for cell-to-cell comparison. The processor 204
may also identify reference points from the semiconductor designh database 208
and include those reference points in the region map so that the region map may
be properly aligned with an actual fabricated reticle 100.
[0017] Using the semiconductor design database 208, the processor 204 may
analyze the repeatability of semiconductor structures using processes such as
autocorrelation analysis. Peaks in the autocorrelation may indicate repeating
patterns of various fidelity and size. With a rendered semiconductor design
database 208, there is no measurement noise at all. The fidelity of the rendering
is limited by the accuracy of the calculations in the rendering, driven by precision
of the numbers and potentially by the rendering pixel size. This allows the
processor 204 to set a threshold for choosing whether to apply cell-to-cell
inspection that is well below the inspection sensitivity. Furthermore, since the
calculations are performed on the semiconductor design database 208, the
presence of an actual defect may not taint the result. By this method, the
processor 204 may produce a region map of appropriate cell-to-cell inspection
regions of a reticle 100. The region map may be stored in a memory for use by an
inspection device.
[0018] The apparatus of FIG. 2 may further include an imaging device 202
for imaging a reticle 100. The reticle 100 may be produced according to the
semiconductor design database 208. The processor 204 may read a region map
4
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stored in memory 206; the region map indicating regions of the reticle 100 suitable
for cell-to-cell inspection. The processor 204 may then image the reticle 100 using
the imaging device 202. The processor 204 may then orient the region map and
the image of the reticle 100 based on corresponding reference points. The
processor 204 may then perform cell-to-cell inspection on regions of the reticle
100 identified by the region map as appropriate for cell-to-cell inspection.

[0019] The processor 204 may further perform some appropriate inspection
process on regions indentified by the region map as inappropriate for cell-to-cell
inspection because those regions would be likely to produce false defects.

[0020] The present invention incorporates both rendering and analyzing a
semiconductor design database 208 to produce a region map, and applying the
region map to a reticle 100 image. One skilled in the art may appreciate that the
processes for producing the region map may be performed separate in time and
space from the processes for applying the region map.

[0021] Therefore, in an alternative embodiment, the apparatus may include
a processor 204, memory 206 connected to the processor 204 and an imaging
device 202 connected to the processor 204. The processor 204 may read a region
map stored in memory 206; the region map indicating regions of a reticle 100
suitable for cell-to-cell inspection. The processor 204 may then image the reticle
100 using the imaging device 202. The processor 204 may then orient the region
map and the image of the reticle 100 based on corresponding reference points.
The processor 204 may then perform cell-to-cell inspection on regions of the
reticle 100 identified by the region map as appropriate for cell-to-cell inspection.
The processor 204 does not need to be connected to a semiconductor design
database 208 at the time of inspection.

[0022] One skilled in the art may appreciate that while the forgoing
discussion focused on reticle 100 inspection, all of the same principles, processes
and structures may be equally applicable to cell-to-cell inspection of
semiconductor wafers.

[0023] Referring to FIG. 3, a flowchart for inspecting a reticle is shown. A
processor may read 300 a semiconductor design database. The processor may then
render 302 the semiconductor design database in high fidelity. In this embodiment
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high fidelity refers the noise level of the resulting image as compared to images
generally produced by inspection hardware at the time of inspection.
[0024] Alternatively, instead of examining the rendered semiconductor
design database images in high fidelity, the processor may use a particular
characteristic of repeating patterns. In a semiconductor designh database there
may be a “hierarchy” which indicates patterns that are exactly repeating in the
semiconductor design database. The pattern may only be described in detail one
time, and then there may be an indication of all the places where the pattern is
located. Hierarchy is used as a means of compressing the semiconductor design
database data. A process can analyze a semiconductor design database for the
hierarchy that is employed to determine those regions that are truly repeating.
[0025] Where a processor renders the semiconductor design database, the
processor may then perform 304 an autocorrelation analysis to determine regions
of the semiconductor design database that are truly repeating and discard 306 cell-
to-cell matching regions based on a threshold of the autocorrelation analysis. In
some embodiments, such as when the processor is not currently conducting an
inspection, the processor may output 308 a region map of valid cell-to-cell
inspection regions. Alternatively, where the processor is currently performing an
inspection, the processor may directly utilize the identified regions to perform
cell-to-cell inspection without producing a region map, or producing the region
map as a transitory data structure.
[0026] Referring to FIG. 4, a flowchart for utilizing a region map in an
inspection process is shown. Where an inspection apparatus is not connected to a
semiconductor design database, a processor in the inspection apparatus may read
400 a region map identifying regions in a reticle appropriate for cell-to-cell
inspection. The processor may then orient 402 the region map to an image of a
reticle based on reference points common to the region map and reticle. The
processor may then enable cell-to-cell inspection of the regions of the reticle
identified as appropriate for cell-to-cell inspection in the region map. For those
regions not identified as appropriate for cell-to-cell inspection in the region map,
or specifically identified as inappropriate for cell-to-cell inspection, the processor
may perform 406 an alternative method of defect detection known in the art.
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[0027] It is believed that the present invention 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 the form, construction, and arrangement of
the components thereof without departing from the scope and spirit of the
invention or without sacrificing all of its material advantages. The form herein
before described being merely an explanatory embodiment thereof, it is the

intention of the following claims to encompass and include such changes.
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CLAIMS
What is claimed is:
Claim 1. A inspection apparatus comprising:
a processor;
memory connected to the processor;
an imaging device connected to the processor, configured for cell-to-cell
inspection of at least one of a reticle or a semiconductor wafer; and
computer executable program code configured to execute on the processor,
wherein the computer executable program code is configured to perform
cell-to-cell inspection of regions of the reticle or semiconductor wafer
identified as appropriate for cell-to-cell inspection based on a
semiconductor design database.

Claim 2. The apparatus of Claim 1, wherein the computer executable program
code is further configured to prohibit cell-to-cell inspection of regions of the
reticle or semiconductor wafer identified as inappropriate for cell-to-cell
inspection based on the semiconductor design database.

Claim 3. The apparatus of Claim 1, wherein the computer executable program
code is further configured to perform an inspection process other than cell-to-
cell inspection on regions of the reticle or semiconductor wafer identified as
inappropriate for cell-to-cell inspection based on the semiconductor design
database.

Claim 4. The apparatus of Claim 1, wherein the computer executable program
code is further configured to analyze the semiconductor design database to
identify regions of the reticle or semiconductor wafer appropriate for cell-to-
cell inspection.

Claim 5. The apparatus of Claim 4, wherein analyzing the semiconductor design
database comprises at least at least one of autocorrelation analysis or hierarchy
analysis.

Claim 6. The apparatus of Claim 1, wherein:

the memory is configured to store a region map of the reticle or
semiconductor wafer;
the region map is configured to identify regions of the reticle or
8
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semiconductor wafer appropriate for cell-to-cell inspection;
the computer executable program code is further configured:
to read the region map; and
orient the region map to one or more references on the reticle or
semiconductor wafer.

Claim 7. The apparatus of Claim 6, wherein the computer executable program
code is further configured to prohibit cell-to-cell inspection of regions of the
reticle or semiconductor wafer identified in the region map as inappropriate for
cell-to-cell inspection.

Claim 8. The apparatus of Claim 1, wherein the computer executable program
code is further configured to perform an inspection process other than cell-to-
cell inspection on regions of the reticle or semiconductor wafer identified in

the region map as inappropriate for cell-to-cell inspection.



WO 2012/148854 PCT/US2012/034681

Claim 9. A computer apparatus comprising:

a processor;

memory connected to the processor, configured to store a region map of a
reticle or semiconductor wafer; and

computer executable program code,

wherein the computer executable program code is configured to:
read a semiconductor design database; and
produce a region map of valid cell-to-cell inspection regions.

Claim 10. The apparatus of Claim 9, wherein the computer executable program
code is further configured to render the semiconductor design database.

Claim 11. The apparatus of Claim 10, wherein the computer executable program
code is further configured to perform an autocorrelation analysis.

Claim 12. The apparatus of Claim 11, wherein the computer executable program
code is further configured to discard cell-cell matching regions based on an
autocorrelation threshold.

Claim 13. The apparatus of Claim 9, further comprising a semiconductor imaging
device connected to the processor, configured for cell-to-cell inspection of the
reticle or semiconductor wafer.

Claim 14. The apparatus of Claim 13, wherein the computer executable program
code is further configured to orient the region map to one or more references
on the reticle or semiconductor wafer.

Claim 15. The apparatus of Claim 14, wherein the computer executable program
code is further configured to prohibit cell-to-cell inspection of regions of the
reticle or semiconductor wafer identified in the region map as invalid for cell-
to-cell inspection.

Claim 16. The apparatus of Claim 14, wherein the computer executable program
code is further configured to perform an inspection process other than cell-to-
cell inspection on regions of the reticle or semiconductor wafer identified in
the region map as invalid for cell-to-cell inspection.

Claim 17. A method of inspection comprising:

analyzing a semiconductor designh database to identify regions appropriate
for cell-to-cell inspection; and
10



WO 2012/148854 PCT/US2012/034681

produce a region map of regions appropriate for cell-to-cell inspection.
Claim 18. The method of Claim 17, wherein analyzing the semiconductor design
database further comprises one of an autocorrelation analysis or a hierarchy
analysis.
Claim 19. The method of Claim 17, further comprising:
orienting the region map to one of a reticle or a semiconductor wafer; and
enabling cell-to-cell inspection for regions identified in the region map as
appropriate for cell-to-cell inspection.
Claim 20. The method of Claim 17, further comprising performing an inspection
other than cell-to-cell inspection on regions identified in the region map as

inappropriate for cell-to-cell inspection.
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