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SYSTEM AND METHOD FOR ELECTRONIC DIE INKING
AFTER AUTOMATIC VISUAL DEFECT INSPECTION

[0001] This relates generally to defect inspection of semiconductor wafers, and more
particularly to a system and method for electronic die inking after automatic visual defect
inspection.

BACKGROUND

[0002] The fabrication of semiconductor integrated circuits (ICs) is an extremely complex
process that involves several hundred or more operations. ICs are fabricated by selectively
implanting impurities into and applying conductive and insulation layers onto a semiconductor
substrate. Semiconductor ICs (die) are not manufactured individually but rather as an assembly
that can range to several hundred or more dies on a wafer, which is then diced up to produce the
individual die.

[0003] Because of various defects that can occur during the fabrication of a wafer, a significant
number of dies have to be discarded for one reason or another. Defects are typically caused by
foreign particles, minute scratches, and other imperfections introduced during photoresist,
photomask, and diffusion operations to which the wafer is subjected. Two primary methods of
detecting defects are employed: Automatic Visual Inspection (AVI), which can be employed at
multiple steps in the manufacturing process, and electrical probe testing of a finished die.

[0004] At a log point for outgoing quality control inspection in an example manufacturing
process, wafers are inspected and large defects, e.g., above a designated size, are recorded.
Inspections are also performed after designated manufacturing steps and are typically designed
to look for much smaller defects. Many AVI tools are not capable of performing automated
electronic die inking of defective dies based on the inspection, resulting in manual processes to
collect the inspection data and provide inspection results to programs able to perform the die
inking, typically the testware for probe testing. Further complicating the problem, as die sizes
continue to shrink, existing AVI tools are not always capable of performing examination on a
die-to-die basis, leading to additional manual processing to identify individual dies within the

wafer. The lack of automatic die inking processes after visual inspection also leads to tedious
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and inconsistent execution of manual guardbanding. Guardbanding is the process of marking as
defective those dies that surround specific known defects but are not visibly affected by the
defect. Some devices require guardbanding on as many as three via levels. Manual multi-level
guardbanding processes are time intensive and prone to variation and error.

SUMMARY

[0005] Described examples include a method of providing a semiconductor device and
program instructions to perform the method. After specific layers of a wafer are formed, the
layer is examined by an AVI tool. The AVI system then provides a wafer defect map. The
wafer defect map identifies the locations of detected defects on the wafer in relationship to the
boundaries of each region examined by the AVI tool. When processing of the wafer is
completed, the described method receives all defect maps for a specific wafer and accumulates
the detected defects into a cumulative wafer defect map. The method can determine whether the
AVI system is capable of providing the detail level necessary to provide marking of individual
dies. When the AVI tool is not capable of this level of detail, the method utilizes stored small
die information to generate a die defect map that indicates where defects exist within each die on
the wafer. A defective die map is also produced that indicates individual defective die. The
defective die map can be translated into a format used by a probe testing program and provided
to the probe tester. After being received by the probe tester, the defective die map can be
merged with a map created by probe testing or used alone. All die marked as defective in the
defective die map are physically marked for scrapping before separating the wafer into
individual dies.

[0006] In one aspect, an embodiment of a method of providing a semiconductor device is
described. The method includes receiving a wafer defect map comprising comparison regions
and visual defect locations for a wafer; determining a format of the comparison regions, the
format being chosen from a group comprising die-to-die, partial-shot-to-partial-shot and
full-shot-to-full-shot; if the comparison format is not die-to-die, receiving mapping information
that provides die locations within the comparison regions; and providing wafer layout map that
identifies die locations within the wafer.

[0007] In another example, a non-transitory computer-readable medium has a sequence of
program instructions which, when executed by a processor, perform a method of providing a

semiconductor device. The method performed by the program instructions includes receiving a
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wafer defect map comprising comparison regions and visual defect locations for a wafer;
determining a format of the comparison regions, the format being chosen from a group
comprising die-to-die, partial-shot-to-partial-shot and full-shot-to-full-shot; if the comparison
format is not die-to-die, receiving mapping information that provides die locations within the
comparison regions;, and providing a wafer layout map that identifies die locations within the
wafer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1 depicts an example wafer defect map produced by an AVI system.

[0009] FIG. 2 depicts a method of manually providing input to an automated die inking
process.

[0010] FIG. 3 depicts a method of providing automated die inking after AVI according to an
embodiment.

[0011] FIGS. 4A-4C depict the comparison regions that can be utilized to produce a die defect
map according to an embodiment.

[0012] FIG. 5A depicts a wafer layout map using full shot comparison regions.

[0013] FIG. 5B depicts one shot of a wafer layout map that can be utilized to produce a die
defect map according to an embodiment.

[0014] FIG. 6A depicts a wafer defect map produced by an AVI system using full shot
comparison regions.

[0015] FIG. 6B depicts one shot of the wafer defect map of FIG. 6A that has been combined
with a wafer layout map that provides small die details to produce a wafer defect map according
to an embodiment.

[0016] FIG. 6C depicts one shot of a wafer defect map produced according to an embodiment.
[0017] FIG. 7 depicts a cumulative wafer defect map that combines the wafer defect map of
FIG. 6A with wafer defect maps of other layers.

[0018] FIGS. 8A-81 depict a number of defects that have been manually guardbanded.

[0019] FIG. 9 depicts a defective die map on which three of the five defects have been
automatically guardbanded.

[0020] FIGS. 10A-10C depict portions of a method of producing a semiconductor device
according to an embodiment.

DETAILED DESCRIPTION OF EXAMPLE EMBODIMENTS
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[0021] In the drawings, like references indicate similar elements. When a particular feature,
structure or characteristic is described in connection with an embodiment, it may be effected in
connection with other embodiments, irrespective of whether explicitly described. In this
description, the term "couple" or "couples" means either an indirect or direct electrical
connection, unless qualified as in "communicably coupled" (which may include wireless
connections). Thus, if a first device couples to a second device, that connection may be through
a direct electrical connection, or through an indirect electrical connection via other devices and
connections.

[0022] FIG. 1 shows an example wafer defect map 100 created by an AVI system. In one
embodiment, wafer defect map 100 is derived from a KLA Results File (KLARF), although
other file types can also be used. Rather than being a photograph of the wafer, which can
include large amounts of information and take up similarly large amounts of storage, wafer
defect map 100 includes a diagram of wafer 102 with specific subdivisions 104 indicated and the
location of defects also indicated by defect indicators 106. In the specific example shown,
comparison region 104A includes two defect indicators 106, while wafer 102 includes fifteen
defect indicators 106 in total. Wafer defect map 100 can be produced during a final inspection
of a wafer before dicing into individual die or can be produced at multiple points during
processing of the wafer to detect defects at different levels within the manufactured dies.
Because a wafer defect map takes up much less space than a corresponding actual image of the
wafer, this format is useful in situations to maintain multiple images of defects from different
processing steps over the lifetime of the wafer.

[0023] As a wafer is examined by an AVI system, regions of the wafer are compared to a
“golden” image to determine whether defects exist in the region. The subdivisions 104 within
wafer 102 are comparison regions, i.e., the regions that are compared to the golden image. In
some instances, the comparison region can be a single die and the comparison is considered to be
a die-to-die comparison. However, below a given die size, which can be dependent on the
specific inspection system utilized, the inspection system can lack the ability to perform die-to-
die comparisons, mandating that alternative methods be utilized.

[0024] In the embodiment shown in wafer defect map 100, the comparison region is a “shot”.
When a photolithographic image is applied to a wafer, such as to pattern a layer, the

photolithographic image is applied multiple times as the reticle is stepped across the wafer; each
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application of the reticle is called a shot. The definition of the photolithographic shots utilized in
a specific process can be provided to the AVI tool and utilized to create the map shown. Each
shot can include a large number of die. When defects are found within a shot, the AVI system
may only be capable of indicating the shot that contains one or more defects, but be unable to
indicate the specific die containing the defect(s). Faced with this situation, a manufacturer must
then perform additional procedures to ensure that only defective dies are marked for scrapping.
[0025] FIG. 2 depicts the flow 200 of a method of providing input to an automated die inking
process after AVI; method 200 relies on manual intermediate steps to transfer information from
the AVI system to the automated die inking process. In flow 200, AVI tool 202 performs
automatic visual inspection on a wafer on which one or more integrated devices are being
manufactured. Tools to perform AVI provide outputs that indicate defects found during the
inspection process, i.e., a wafer defect map. In one embodiment, a wafer defect map provided by
AVI tool 202 is a KLARF, although alternative wafer defect maps can also be utilized. The
wafer defect map, which may contain data similar to the wafer defect map shown in FIG. 1, is
provided by the AVI tool 200 to a server 204 that is designed to receive and process the wafer
defect maps. In the embodiment shown, server 204 runs Klarity™ software, sold by
KLA-Tencor Inc., although other software systems able to provide wafer defect maps can also be
utilized. AVI server 204 receives wafer defect maps and can perform processing on the wafer
defect maps, and store and retrieve wafer defect maps in AVI database 206. The defect data
stored in AVI database 206 can include multiple wafer defect maps for a single wafer, each of
which can be produced at different stages of processing.

[0026] When processing of a given wafer is completed, one or more wafer defect maps are
retrieved by AVI server 204 and sent to a manual process 208 to copy the wafer defect maps and
to provide manual guardbanding where necessary. Manual process 208 collects all maps for a
given wafer and can provide a cumulative wafer defect map from all maps for the given wafer
that include defects. During manual process 208, data that defines how die are arranged on the
wafer can be provided to mask layer creation 210 as part of a recipe for managing specific wafer
types. With at least some AVI systems, limits as to the die size must be maintained to utilize the
AVI system. Mask layer creation 210 is a process of example embodiments, which uses the
information provided by manual process 208 to create a wafer layout map that is described in

more detail hereinbelow. This wafer layout map defines the boundaries of each die and can be
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provided to AVI Server 204.

[0027] Given a wafer defect map with cumulative defect data, which may include
guardbanding, and an associated a wafer layout map, mask layer creation 210 creates a defective
die map that indicates each die that either contains a defect or has been designated as part of a
guardband. This defective die map is sent to conversion process 212. Conversion process 212
provides conversion from a coordinate format utilized by the AVI system to a coordinate format
utilized by a test probe system that can provide automatic die inking. In one embodiment, the
wafer defect map is converted to a Pre-Process Output (.PPO) format. The converted PPO file is
then sent to testware loader 214, which can perform probe testing in preparation for automatic
die inking. Also, copies of any files created by manual process 208 and mask layer creation 210
can be sent to AVI server 204 for storage in AVI database 206. After testware loader 214
receives the PPO file, testware loader 214 may perform probe testing on the wafers and create a
PPO file containing probing errors. Any files created by probe testing are then combined with a
corresponding file received from conversion program 212 and stored in a testware database 216.
Files concerning a batch of wafers will then move with the batch of wafers during any additional
processing and used to provide ink marking on defective dies so that these dies can be removed
from the stream of dies that will be shipped to customers.

[0028] In response to the issues identified with regard to manual processing of wafer defect
maps in order to provide automatic inking of defective die identified by AVI, an automated
process is shown in FIG. 3 according to an embodiment. Process flow 300 automates most or all
of the process, and further adds capabilities to utilize small dies that are beyond the capabilities
of the AVI system to inspect individually. In process flow 300, AVI tool 302 creates wafer
defect maps that identify the location of defects on individual wafers. The wafer defect maps are
sent to AVI server 304 for processing and storage in AVI database 306. In one embodiment,
AVI tool 302 is an automated visual inspection tool manufactured by Applied Materials and
produces a wafer defect map, AVI server 304 utilizes Klarity™ software. In alternative
embodiments, other AVI systems can be utilized that can produce wafer defect maps and that
still further systems can be utilized that produce and manage other types of files that provide the
location of defects on a wafer.

[0029] Recipe creation 308 is a new module in the described process. A recipe as used in this

context is a set of parameters that can be utilized by AVI server 304 to create and process the
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images it receives, e.g., optical and signal processing configurations. While the recipes used
previously were manually created, recipe creation 308 triggers a series of events that
substantially automate the process of creating recipes by using knowledge databases, information
regarding the wafer layout and knowledge of the specific processes being performed on the
wafer. For example, on receiving identification information for a specific wafer for which die
inking is to be performed, recipe creation 308 can trigger mask layer creation 310 to create or
retrieve an existing wafer layout map associated with the specific wafer. When dies on the wafer
are smaller than the AVI system can manage or partial shots made near the edges of the wafer
mandates the use of offsets during inspection, additional information can be received from
various sources, €.g., a small die database 318 that is provided for the purposes of die inking and
a Semiconductor Manufacturing System (SMS) 320, which is an overall flow control system for
semiconductor manufacturing at a facility and contains information regarding the wafer layout.
Offset information is sometimes necessary when partial photolithography shots have been
utilized to create devices near an edge of the wafer, where no room exists for a full shot. If the
inspection comparison region is a full shot, the devices created by a partial shot cannot be
automatically visually inspected and will be skipped. However, in this instance, offset
information must be provided to the inspection system to ensure that comparisons begin at the
appropriate locations. When offsets are necessary for a given wafer, device offset table 322
provides necessary offset information. Each of small die database 318, SMS 320 and device
offset table 322 provides the requested information both to mask layer creation 310 and to
conversion process 312 for use by these processes.

[0030] Mask layer creation 310 receives recipe information from recipe creation 308 and
creates a wafer layout map, which can be provided to AVI server 302. Using the small die data
received from small die database 318 and SMS 320, the wafer layout map provided by mask
layer creation 310 is able to provide a map that includes all dies on the wafer and places a single
“defect” indicator at the center of each die. This is true even when the AVI tool 302 is not able
to inspect each die. Mask layer creation then uses the wafer layout map to provide additional
maps for the wafer. Two maps are of interest in this description. A die defects map provides the
number and location of all defects identified in the original inspection map with respect to the
die in which the defects are located. A defective die map identifies the individual dies that

contain defects, but does not identify the number of defects within the die. This second defective
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die map will be utilized by conversion process 312 to provide a map of die to be marked for
scrapping. In one embodiment, mask layer creation 310 receives a wafer defect map for an
associated wafer from recipe creation 308 and merges the wafer defect map with the wafer
layout map to create the die defects map and the defective die map. In one embodiment, the
wafer layout map is saved using a Step ID of INKOUTMASK, while the die defects map and
defective die map are saved using a Step ID of INKDIE. In one embodiment, the die defects
map is saved with a WAFERID of 000 and the defective die map is saved with a WAFERID of
001.

[0031] With some types of defects, dies that are near a defect but do not contain any portion of
the defect may still be adversely affected in a manner that is not visible. In such instances, it
may be determined that guardbanding of the defect should be performed. When a defect is
detected that will require guardbanding, wafer defect maps with specific defect data 324 are
identified and added to a directory of guardband files 326 A wafer layout map is also provided
to the guardbanding program. Wafer defect maps and wafer layout maps that have been placed
in the directory of guardband files 326 are received at validate and format guardband files 328,
where automatic guardband regions are added around the identified defects using rules that
identify how to apply a guardband to the specific type of defect. By using the application of
rules that can be developed and refined over time, rather than relying on manual guardbanding,
the application of guardband regions becomes standardized and the variations produced by
manual guardbanding are eliminated. When a specific wafer is being converted by conversion
process 312, CRON 330 determines whether any guardband maps exist for the wafer and if one
or more guardband maps have been created, these maps are provided to conversion process 312.
Conversion process 312 incorporates the guardband regions into the defective die maps received
from recipe creation 308 before performing the conversion process. Carrier manager 332 is a
program used to track the progress of individual wafers through the manufacturing process and
can also provide information to conversion process 312.

[0032] After the defective die map for a given wafer is determined to include all defects and
guardbanding information associated with the wafer, a copy of the final defective die map is sent
back to AVI server 304 for storage in AVI database 306 and the final defective die map is
converted to a desired format, which may be a PPO format. In one embodiment, an example

PPO file follows:
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PPO_VERSION=1
PPO TYPE=XYZ
USER ID=XXXXXX
FACILITY=BBBB
LOT=1234567
WAFER 1D=X-1234567-22
DATE=06/01/2016 15:04:56
APPEND DATA=YES
TEST AREA=PARAMETRIC
PROGRAM=[TEST PROGRAM NAME)]
X=11 Y=29 DIE DISPOSITION TYPE=SURA¥F
X=12 Y=29 DIE DISPOSITION TYPE=SURA¥F
X=13 Y=29 DIE_DISPOSITION TYPE=X
X=14 Y=29 DIE_DISPOSITION TYPE=X
X=15 Y=29 DIE DISPOSITION TYPE=:¢
X=51 Y=118 DIE DISPOSITION TYPE=S{RA¥F
X=51 Y=119 DIE DISPOSITION TYPE=SURAF
X=51 Y=120 DIE DISPOSITION TYPE=SURAF
X=51 Y=121 DIE DISPOSITION TYPE=SURAF
X=51 Y=122 DIE DISPOSITION TYPE=SURAF
X=81 Y=122 DIE DISPOSITION TYPE=SCURA¥P
X=82 Y=122 DIE DISPOSITION TYPE=SCURA¥P
X=83 Y=122 DIE DISPOSITION TYPE=S{RA¥P
X=84 Y=122 DIE DISPOSITION TYPE=S{RAP
X=85 Y=122 DIE DISPOSITION TYPE=3URA}
END

[0033] The converted PPO file is provided to testware loader 314. Testware loader 314

performs probe testing on the wafer, if desired, and combines the output from probe testing with
the PPO file received from conversion process 312. Testware loader then stores the combined
PPO file in the testware database 316. If no probe testing is performed, only the PPO file created

by conversion process 312 is stored in the testware database 316. The PPO file for a wafer lot is
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then kept with the wafer lot as that wafer lot is sent for further processing. The PPO file is used
to perform die marking before die separation, enabling the later separation of die that will be
shipped to a customer as functioning die and those that will not be shipped as functioning die.
Finally, information from AVI tool 302, SMS 320 and testware database 316 are accumulated
and used to perform various verification processes to ensure that all data is properly managed.
[0034] FIGS. 4A-4C depict three example wafers 400A, 400B, 400C that demonstrate the
three types of comparison regions that can be utilized by AVI tool 302 when comparing the
image of a wafer to a golden image. In these examples, an area 402 illustrates a shot that is
utilized in a photolithographic process during manufacture of the wafer. In example wafer
400A, while shot 402A contains a large number of die arranged in a grid, the size of dies that are
formed is within the capabilities of AVI tool 302, so the comparison region is die-to-die.
However, in example wafers 400B and 400C, the dies have become so small that they are not
reproducible in these drawings. With these small dies, AVI 302 is unable to perform die-to-die
comparisons. On wafer 400B, the number of die in a shot 402B is not divisible into regions that
can be compared, e.g., in one example, the dies in full shot 402B are arranged in a grid that
contains 23 dies vertically by 31 dies horizontally, necessitating the use of a full shot for the
comparison region. Finally, in example water 400C, the number of dies in a shot 402C is also so
large as to be beyond the capability of AVI 302 to examine die-to-die, but the shot can be
subdivided into sub-shots that AVI 302 is able to manage. In one example, shot 402C is
arranged in a grid 21 dies vertically by 31 dies horizontally. In this example, a sub-shot is
defined as three rows that extend across the width of the shot and can be examined by AVI tool
302. Shot 402D was created using sub-shots; if this example wafer were examined using full
shots, shot 402D could not be examined and use of an offset would be required.

[0035] When the comparison region is die-to-die, AVI 302 is able to perform die-to-die
comparisons, and AVI server 304 can produce a map that shows the identified defects in
relationship to the die map. However, when a full shot or sub-shot comparison is made, AVI
server 304 is only able to mark the defect with respect to the full shot or sub-shot. In these
instances, mask layer creation 310 is able to provide an wafer layout map that indicates the
location of all dies on the associated wafer. The wafer layout map can then be utilized to create
the desired die defects map and defective die map. Each of these outputs is described in more

detail herein.
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[0036] A wafer layout map is designed to identify the boundaries of each small die within a
wafer. FIG. 5A depicts a wafer layout map 500 of a wafer 502 in which a number of comparison
regions 504 are mapped. In wafer layout map 500, each comparison region 504 is a shot. When
a full shot is utilized to perform AVI, AVI tool 302 is able only to mark the shot that contains a
defect, so a map of the boundaries of the shots as created by AVI tool 302 would look like wafer
layout map 500, with a single defect indicator 506 marking the center of each comparison
region. Clearly, such a map does not provide the level of detail necessary to perform die inking
of defective die. FIG. 5B depicts an enlarged single shot 504 in which the described process has
been performed to provide an wafer layout map that identifies the individual dies 508 within shot
504 using defect markers 506 to indicate the center of each die. When a full shot or sub-shot
comparison is made, mask layer creation 310 receives necessary information regarding the small
die and any offset from small die database 318, SMS 320 and device offset table 322. An
appropriate wafer layout map containing the level of detail shown in FIG. 5B across the entire
map is created by mask layer creation 310.

[0037] FIG. 6A depicts a wafer defect map 600 produced when AVI examined wafer 602
using full shots. Five defects were detected and are located in three different comparison regions
604A, 604B, 604C. Comparison region 604A contains a single defect, while comparison regions
604B, 604C contain two defects each. Because the die are beyond the capability of AVI tool 302
to examine die-to-die, further identification of the location of the defects within a die cannot be
provided by AVI tool 302. The described method is able to create a die defects map having
much greater detail than shown in FIG. 6A; a portion of such detailed die defects map is shown
in FIGS. 6B and 6C, which depicts only comparison region 604C Region 604C has been
enlarged to demonstrate the details. In each of FIGS. 6B, 6C, comparison region 604C includes
a total of 289 dies arranged in a 17x17 grid. By combining wafer defect map 600 with an wafer
layout file having the level of detail shown in FIG. 5B, the described method creates the two
maps shown in FIGS. 6B and 6C. FIG. 6B depicts single shot of a die defects map that provides
the number and location of defects in relation to individual die, the two defects that were
identified in comparison region 604C can now be identified as being located in specific die
regions 606A, 606B. Similarly, in the depicted single shot 600C of a defective die map shown in
FIG. 6C, the two die regions 606A and 606B are indicated to be defective dies by the single

defect indicator 608 placed in the center of these two die regions and will not be shipped to
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customers as working dies.

[0038] While the examples provided thus far have been to defects located within a single layer,
FIG. 7 depicts a cumulative wafer defect map 700 that can be produced by recipe creation 308
for a wafer 702. Wafer defect map 700 includes the defects that were detected in comparison
regions 704A, 704B, 704C, which in an example embodiment were detected in a first inspection.
Wafer defect map 700 also depicts defects in comparison regions 704D, 704E that were detected
during a second inspection and a single defect located in comparison regions 704F that was
detected during a third inspection. By combining composite wafer defect map 700 with a wafer
layout map at the level of detail shown in FIG. 5B, all of the defects in composite wafer defect
map 700 can be located in a specific die and the associated dies can be marked for scrapping.
[0039] When some types of defects are detected, the damage caused by the defect can extend
beyond the die on which the defect is located, yet not leave any visible sign. In these situations,
a prudent manufacturer performs guardbanding to ensure that other die that may be affected are
marked as defective and are not shipped to customers. FIGS. 8A-8I depict nine instances of
wafers on which manual guardbanding was applied to defects. A grid of dots in each image
identifies the center of each die present in the region near the defect(s). For each defect of the
type to be guardbanded (shown by a textured region), a solid line encompasses the dies that
include some portion of the visible defect; the dies encompassed by the solid line are thus
indicated to be defective in an initial inspection. A larger, dotted line surrounding each defect
depicts the guardband that has been added in each instance using manual guardbanding. (Other
types of defects, which are not to be guardbanded, are shown as solid black regions in some of
the drawings. Because these other types of defects are not part of the guardbanding process, the
dies associated with these types of defects are not shown as being defective in these drawings.)
When manual guardbanding is performed, the tendency is to guardband larger areas to
compensate for uncertainty in the defect coverage and allow for human variation. These images
make it clear that a large amount of variation can exist when utilizing manual guardbanding.
[0040] FIG. 9 depicts a wafer defect map 900 that includes automatic guardbanding. In the
examination of wafer 902, defects were detected in five dies 904. Further review of the defects
determined that the defects in dies 904A, 904B, 904E were of a type that necessitates
guardbanding while defects 904C, 904D were of a type that did not require guardbanding. Rules

for the application of a guardband to the detected defects were then retrieved and applied to each
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of the detected defects, resulting in the consistent guardbanding shown by guardbanded regions
906A, 906B, 906E. Use of the described automated guardbanding eliminates the need for human
interpretation and allows for both a reduction in man-hours and tighter guardband limits. In one
review of the savings provided by automated guardbanding, a decrease in disposition time of
thirty minutes per lot was seen, and ten percent fewer dies were inked, resulting in a significant
cost savings for the manufacturer.

[0041] FIGS. 10A-10C together provide a flowchart 1000 of a method of providing a
semiconductor device according to an embodiment. In flowchart 1000A, the method receives
1005 a first wafer defect map that defines comparison regions and visual defect locations for a
wafer. As described hereinabove, the format used for the comparison regions can be die-to-die,
but can also be full-shot-to-full-shot or partial-shot-to-partial-shot. The methodology determines
1010 the specific format used for the comparison regions and further determines 1015 whether
the format is die-to-die. If the format is not die-to-die, the first wafer defect map does not
contain a level of detail that can identify the location of defects with respect to specific dies, so
additional information must be utilized to further define the location of dies within the wafer. As
triggered by recipe creation 308, mask layer creation receives 1020 mapping information that
provides die locations within the comparison regions and provides a wafer layout map that
identifies die locations within the wafer. The wafer layout map and the wafer defect map are
combined 1025 to create a first defective die map that identifies defective die on the wafer; a die
defects map that identifies defects with regard to specific dies can also be created at the same
time. If the comparison format was die-to-die, the first wafer defect map contains information
that identifies the location of defects with respect to specific dies and can be utilized to perform
die inking after an appropriate conversion is performed, so the first wafer defect map is utilized
1030 as the first defective die map.

[0042] Conversion process 312 then converts 1035 the first defective die map to a format
usable by a probe testing system to form a first file and provides 1040 the first file to the probe
testing system. The probe testing system can combine 1045 the first file with a second file
created by the probe testing system, although this element can be omitted if only inking from
visual inspection is desired. If the first and second files are combined, they form a third file.
Either the first file or the third file is utilized to perform 1050 die inking on the wafer. Die

inking may be performed at the same facility where inspection and/or testing of the wafers was
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performed, but can also be provided at a different facility. In the latter case, a file that indicates
all defective die on a wafer or set of wafers will travel with the wafer(s) when they are
transported.

[0043] Flowchart 1000B depicts the process for defects that need to be guardbanded. The
method receives 1060 a wafer defect map that contains at least one defect location that has a
defect type that has been identified for guardbanding and also receives an associated wafer
layout file. The method also receives 1065 rules for applying a guardband to the specific defect
that has been detected. For each defect location having the identified defect type, the method
marks 1070 surrounding die that are to be scrapped based on the received rules to form a
guardbanded defective die map. The guardbanded defective die map is then merged 1075 into
the first defective die map. At this point, the guardbanding process is complete and the main
process is joined at element 1035 for conversion of the defective die map to a format usable by
the probe testing process. Flowchart 1000C depicts an element of the method that can be
utilized to merge 1085 multiple wafer defect maps that were created for different layers of the
wafer to form a cumulative wafer defect map. This cumulative wafer defect map can then be
utilized as the first wafer defect map in element 1005.

[0044] A method of providing a semiconductor device has been described. The method
receives inspection files that provide a wafer defect map, such as KLARF files created by an
AVI system and provides files in a format, such as PPO, which is usable by a probe tester to
provide automatic die inking. The described process works with any device die size and can
provide automatic guardbanding when desired for one or more inspection levels and defects of
interest.

[0045] One or more embodiments may be implemented using different combinations of
software, firmware, and/or hardware. Thus, one or more of the techniques shown in the
drawings (e.g., flowcharts) may be implemented using code and data stored and executed on one
or more electronic devices or nodes (e.g., a network element, etc.). Such network elements may
store and communicate internally and/or with other network elements over a network code and
data using computer-readable media, such as non-transitory computer-readable storage media
(e.g., magnetic disks, optical disks, random access memory, read-only memory, flash memory
devices, phase-change memory, etc.), transitory computer-readable transmission media (e.g.,

electrical, optical, acoustical or other form of propagated signals — such as carrier waves,

14



WO 2018/032018 PCT/US2017/046833

infrared signals, digital signals), etc. Also, such electronic devices may usually include a set of
one or more processors coupled to one or more other components, such as one or more storage
devices (non-transitory machine-readable storage media), user input/output devices (e.g., a
keyboard, a touch screen, a pointing device, and/or a display), and network connections. Thus,
the storage device or component of a given electronic device may be configured to store code
and/or data for execution on one or more processors of that electronic device for purposes of
implementing one or more techniques of example embodiments.

[0046] In this description, reference to an element in the singular does not mean "one and only
one" unless explicitly so stated, but instead means "one or more." All known structural and
functional equivalents to the elements of the above-described embodiments are expressly
incorporated herein by reference.

[0047] Modifications are possible in the described embodiments, and other embodiments are

possible, within the scope of the claims.
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CLAIMS
What is claimed is:
1. A method of providing a semiconductor device, the method comprising:

receiving a first wafer defect map that defines comparison regions and identifies visual
defect locations for a wafer;

determining a format of the comparison regions, the format being chosen from a group
comprising die-to-die, partial-shot-to-partial-shot and full-shot-to-full-shot;

if the comparison format is not die-to-die, receiving mapping information that provides
die locations within the comparison regions; and

providing an wafer layout map that identifies die locations within the wafer.
2. The method of claim 1 wherein the mapping information is received from system
databases and comprises at least one of small die information and offset information.
3. The method of claim 1 further comprising combining the wafer layout map and the first
wafer defect map to create a first defective die map that identifies defective dies on the wafer.
4. The method of claim 3 further comprising converting the first defective die map to a

format usable by a probe testing system to form a first file.

5. The method of claim 4 wherein the first file has a . PPO format.

6. The method of claim 4 further comprising providing the first file to the probe testing
system.

7. The method of claim 6 further comprising combining the first file with a second file

created by the probe testing system to create a third file.
8. The method of claim 7 further comprising utilizing one of the first file and the third file
to perform die inking on the wafer.
0. The method of claim 4 further comprising:

receiving a wafer defect map containing at least one defect location having a defect type
that has been identified for guardbanding and an associated wafer layout map;

receiving rules for applying a guardband to the defect type; and

for each defect location having the defect type, marking surrounding die to be scrapped
based on the rules to form a guardbanded defective die map.
10. The method of claim 9 further comprising merging the guardbanded defective die map

into the first defective die map before converting the first defective die map.
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11. The method of claim 1 further comprising merging a plurality of wafer defect maps
created for different layers of the wafer to form the first wafer defect map.
12. A non-transitory computer-readable medium having a sequence of program instructions
which, when executed by a processor, perform a method of providing a semiconductor device,
the method comprising:

receiving a first wafer defect map that defines comparison regions and identifies visual
defect locations for a wafer;

determining a format of the comparison regions, the format being chosen from a group
comprising die-to-die, partial-shot-to-partial-shot and full-shot-to-full-shot;

if the comparison format is not die-to-die, receiving mapping information that provides
die locations within the comparison regions; and

providing an wafer layout map that identifies die locations within the wafer.
13.  The non-transitory computer-readable medium of claim 12 wherein the method further
comprises combining the wafer layout map and the first wafer defect map to create a first
defective die map that identifies defective die on the wafer.
14.  The non-transitory computer-readable medium of claim 13 wherein the method further
comprises converting the first defective die map to a format usable by a probe testing system to
form a first file and providing the first file to the probe testing system.
15.  The non-transitory computer-readable medium of claim 14 wherein the method further
comprises:

receiving a defective die map that identifies at least one defect location having a defect
type that has been identified for guardbanding;

receiving rules for applying a guardband to the defect type;

for each defect location having the defect type, marking surrounding die to be scrapped
based on the rules to form a guardbanded defective die map; and

merging the guardbanded defective die map with the first defective die map before

converting the first defective die map.
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