
WO 2010/067284PCT/11120091055503 METHOD AND SYSTEM FOR CENTERING WAFER ON
CHUCK BACKGROUND [0001] In the fabrication of semiconductor devices such as integrated circuits,
memory cells,  7 and the like, a series of manufacturing operations are performed to define features on
semiconductor wafers ("wafers" or "substrates"). The wafers include inteurated circuit devices in the
form of multi-level structures defined on a silicon substrate. At a substrate level, transistor devices with
diffusion regions are formed. In subsequent levels, interconnect metallization lines are patterned and
electrically connected to the transistor devices to define a 10desired integrated circuit device. Also,
patterned conductive layers are insulated from other conductive layers by dielectric materials. [0002] A
number of the various wafer manufacturing operations require handling and placement of the wafer on
a chuck within a processing chamber. Such placement of the wafer on the chuck is done remotely
using a robotic device. Tt is generally important that the wafer be  15 placed on the chuck in a known
position relative to the chuck. For example, it may be specified that the wafer should be centered
within a wafer receiving area of the chuck. However, accuracy in placement of the wafer on the chuck
by the robotic device is generally a function of how well the robotic device is calibrated to a spatial
position of the chuck. Therefore, the wafer may be placed in a non-centered manner on the chuck due
to mis-calibration between the 20robotic device and the spatial position of the chuck. When this
occurs, it is not generally known how far off-center the wafer is relative to the wafer receiving area of
the chuck. [00031 Processes performed on the wafer in the chamber generally assume that the wafer
is centered within the wafer receiving area of the chuck. Therefore, when the wafer is positioned in a
non-centered manner on the chuck, it is possible that the wafer fabrication process will 



25suffer in terms of desired results. Consequently, it is of interest to better control centering of the
wafer on the chuck. SUMMARY 10004] In one embodiment, a method is disclosed for centering a
wafer on a chuck. The method includes an operation for acquiring defect metrology data from a
surface of the wafer having  30 contacted the chuck, The method also includes an operation for
determining a center coordinate of the chuck within a coordinate system of the wafer based on the
defect metrology data. The method further includes an operation for deteimining a difference between
the center coordinate of the chuck and a center of the wafer. Additionally, a method operation is  WO
2010/067284PCT/TB2009/055503 performed to adjust a wafer handling mechanism based on the
determined difference between the center coordinate of the chuck and the center of the wafer, so as to
enable alignment of the center of the wafer to the center coordinate of the chuck. [0005] In another
embodiment, a method is disclosed for determining an offset of a wafer  5 center from a chuck center.
In the method, a wafer is placed on a chuck. The chuck includes a plurality of support features defined
to contact a surface of the wafer when placed upon the chuck. A chucking pressure is then applied to
the wafer, whereby a defect pattern is transferred by the plurality of support features to the surface of
the wafer in contact with the chuck. The wafer is removLd from the chuck. The defect pattern on the
surface of the wafer is analyzed to  10 locate a center coordinate of the chuck within a coordinate
system of the wafer. An offset between the center coordinate of the chuck and a center of the wafer is
then determined, The determined offset between the center coordinate of the chuck and the center of
the wafer is stored in a computer readable memory. 100061 In another embodiment, a system for
centering a wafer on a chuck is disclosed. The  15 system includes a chuck. The chuck includes a
plurality of support features defined to contact a surface of a wafer when positioned upon the chuck.
The system also includes a wafer handling mechanism defined to position the wafer on the chuck. The
system further includes a defect metrology tool defined to detect and map defects on the surface of the
wafer. Additionally, the system includes an analysis module defined to determine a center coordinate
of the chuck 20 within a wafer coordinate system. The center coordinate of the chuck is determined
based on a defect map generated by the defect metrology tool. The defect map represents defects
transferred to the surface of the wafer by the plurality of support features of the chuck. The analysis
module is further defined to determine an offset between the center coordinate of the chuck and a
center of the wafer, and store the determined offset in a computer readable 25 memory. 



[0007] Other aspects and advantages of the invention will become more apparent from the following
detailed description, taken in conjunction with the accompanying drawings, illustrating by way of
example the present invention. BRIEF DESCRIPTION OF THE DRAWINGS 30Figure 1 shows a top
view of a wafer handling mechanism relative to a chuck, in accordance with one embodiment of the
present invention;       Figure 2 shows a cross-section view of a wafer processing chamber, in
accordance with one embodiment of the present invention;  WO 2010/067284PCT/1B2009/055503
Figure 3 shows a cross-section of the chuck, in accordance with one embodiment of the present
invention;       Figure 4 shows a top view of the exemplary chuck of Figure 3, in accordance with one
embodiment of the present invention; 5Figure 5 shows the surface of the wafer having contacted the
chuck with a corresponding defect pattern transferred thereon, in accordance with one embodiment of
the present invention;       Figure 6 shows an inclusion region defined to spatially enclose the support
features of the chuck, in accordance with one embodiment of the present invention; 10Figure 7A
shows the inclusion region at a given scanning position over the defect pattern transferred to the wafer
by the chuck, in accordance with one embodiment of the present invention;       Figure 7B shows the
inclusion region at the same raster scan location of Figure 7A, but at a different rotational orientation
about the center coordinate of the chuck as referenced to the inclusion region;       Figure 7C shows
the inclusion region at the maximum inclusion position, in accordance with one embodiment of the
present invention; 



Figure 7D shows the determined spatial relationship between the center coordinate of the chuck and
the center of the wafer, in accordance with one embodiment of the present invention;       Figure 8
shows a flowchart of a method for centering a wafer on a chuck in accordance with one embodiment of
the present invention;       Figure 9 shows a flowchart of a method for determining an offset of a wafer
center from a chuck center, in accordance with one embodiment of the present invention;       Figure
10 shows a diagram of a system for centering a wafer on a chuck, in accordance with one embodiment
of the present invention; and       Figure 11 shows an exemplary GUI; in accordance with one
embodiment of the present invention, DETAILED DESCRIPTION  30[0008] In the following
description, numerous specific details are set fbrth in order to provide a thorough understanding of the
present invention. It will be apparent, however, to one skilled in the art that the present invention may
be practiced without some or all of these specific details. In other instances, well known process
operations have not been described in detail in order not to unnecessarily obscure the present
invention.  WO 2010/067284PCT/11320091055503 [0009] Figure 1 shows a top view of a wafer
handling mechanism 101 relative to a chuck 105, in accordance with one embodiment of the present
invention. The wafer handling mechanism 101 is a robotic mechanism that provides for accurate
movement and positioning of a wafer 103 relative to the chuck 105, so as to place the wafer 103 on
the chuck 105 and remove the 5 wafer 103 from the chuck 105. In one embodiment, the wafer
handling mechanism 101 is defined to move the wafer 103 toward and away from the chuck 105, as
indicated by arrow 107. Also, in this embodiment, the wafer handling mechanism 101 is defined to
move the wafer 103 azimuthally about a rotational axis, as indicated by arrow 109, [00101 It should be
understood that the wafer handling mechanism 101 of Figure 1 is provided 10 by way of example and
is not intended to limit the present invention in any way. Hence, in other embodiments the wafer
handling mechanism 101 may differ in design and/or operation, so long as the wafer handling
mechanism 101 is defined to place the wafer 103 on the chuck 105 in a precise and controllable
manner. For example, in one embodiment, the wafer handling mechanism 101 provides for positioning
of the wafer 103 relative to the chuck 105 through programming of coordinates by way of a computer
system. 1-00111 Figure 2 shows a cross-section view of a wafer processing chamber 201, in
accordance with one embodiment of the present invention. The chamber 201 includes a moveable
door 203 through which the wafer 103 can travel by way of the wafer handling mechanism 101. The
chuck 105 is disposed within the chamber 201 to receive, support, and hold the wafer 103 20 during a
wafer processing operation. In the exemplary embodiment of Figure 2, the chuck 105 is defined to
include a number of lifting pins 205 to facilitate placement of the wafer 103 on the chuck 105 and
removal of the wafer 103 from the chuck 105. In this embodiment, the wafer handling mechanism 101
and lifting pins 205 are cooperatively defined to allow for placement of the wafer 103 on the lifting pins
205 when the lifting pins 205 are in a raised position. Then, 



25the lifting pins 205 are lowered into the chuck 105 such that the wafer 103 is placed on the chuck.
To remove the wafer 103, the lifting pins 205 are raised so as to lift the wafer 103 to a vertical position
at which the wafer handling mechanism 101 can retrieve the wafer 103. [0012] It should be
appreciated that a positioning accuracy of wafer handling mechanism 101 detelmines a positioning
accuracy of the wafer 103 on the chuck 105. Furthermore, it should be 30 understood that the
chamber 201 configuration of Figure 2 is provided by way of example and is not intended to limit the
present invention in any way. Therefore, positioning of the wafer 103 on the chuck 105 by way of the
precise and controllable wafer handling mechanism 101 can be implemented with many other types of
wafer processing equipment that utilize the chuck 105 to receive, support, and hold the wafer 103.
WO 2010/067284PCT/1-132009/055503 [0013] Figure 3 shows a cross-section of the chuck 105, in
accordance with one embodiment of the present invention. The chuck 105 is defined to include a
number of support features 301 and 303 defined to contact a surface of the wafer 103 when placed
upon the chuck 105. More specifically, in the exemplary embodiment of Figure 3, the support features
301 are defined as 5 mesa-type structures of substantially unifcnin height that are distributed over the
chuck 105 to support the wafer 103. Also, the support feature 303 represents an edge seal defined as
a raised ring structure to support the periphery of the wafer 103. A height of the support feature 303 is
substantially equivalent to the uniform height of the support features 301. 100141 Figure 4 shows a top
view of the exemplary chuck 105 of Figure 3, in accordance with 10 one embodiment of the present
invention. A periphery 103A of the wafer 103 is delineated to indicate placement of the wafer 103 on
the chuck 105. In one embodiment, the chuck 105 is an electrostatic chuck defined to apply a chucking
force to the wafer 103 through electrostatic attraction of the wafer 103 toward the chuck 105. It should
be appreciated that the support features 301 are distributed across the chuck 105 to provide
sufficiently uniform backside 15support of the wafer 103 in exposure to the chucking force. [0015]
When the chucking force is applied to the wafer 103, a defect pattern is created on the surface of the
wafer in contact with the chuck 105. More specifically, a defect pattern is created by the support
features 301 and 303 of the chuck 105 that contact the wafer 103. The defect pattern may include
defects created in the wafer surface, particulates transferred to the wafer 20 surface, or a combination
thereof. For example, a defect may take the form of a divot or any other form of irregular feature
relative to the wafer surface condition prior to chucking. Also, by way of example, particulates may
take the form of flakes, particles, or any other foim of foreign object present on the wafer surface.
100161 Figure 5 shows the surface of the wafer 103 having contacted the chuck 105 with a 25
corresponding defect pattern 501 transferred thereon, in accordance with one embodiment of the
present invention. The defect pattern 501 transferred to the wafer 103 can be acquired by using a
defect metrology tool to detect and map the defects present on the wafer 103. The defect metrology
tool can be essentially any type of device defined to detect and map irregularities on a wafer surface.
Example defect metrology tools include models KLA SP1 and 30 KLA SP2 manufactured by KLA, Inc.
It should be understood, however, that many different types of defect metrology tools can be utilized in
conjunction with the present invention, so long as the defect metrology tool is capable of detecting and
mapping defects of sufficiently small size with a sufficiently high accuracy. In one exemplary
embodiment, the defect 



WO 2010/067284PCT/1132009/055503  metrology tool is capable of detecting particles as small as 45
nanometers. However, the present invention can also be implemented with larger size defect detection
capability. 100171 The support features 301/303 of the chuck 105 that contact the wafer 103 are
defined on the chuck 105 with tightly controlled tolerances and can be indexed to a center coordinate
of 5 the chuck 105, i.e., a center coordinate of a wafer receiving area of the chuck 105. Therefore, the
spatial position of the support features 301/303 of the chuck 105 can be used to identify the center
coordinate of the chuck 105. As few as two support features can be used to determine the center
coordinate of the chuck 105. However, more support features may provide easier or more accurate
identification of the center coordinate of the chuck 105. 10[00181 Because the center coordinate of the
chuck 105 can be determined from the spatial position of the support features 301/303 of the chuck
105, it follows that the center coordinate of the chuck 105 within a coordinate system of the wafer 103
can be determined from the defect pattern 501 transferred to the wafer 103 by the support features
301/303 of the chuck 105. Additionally, once the center coordinate of the chuck 105 is determined
within the 15 coordinate system of the wafer 103, the offset of the center coordinate of the chuck 105
from the center of the wafer 103 can be determined. Then, this offset can be used to adjust a
placement of the wafer 103 on the chuck 105 so as to align the center of the wafer 103 to the center
coordinate of the chuck 105. [0019] The present invention includes an analysis procedure/module
defined to determine the 20 center coordinate of the chuck within the wafer coordinate system based
on the defect pattern, i.e., defect map, representing defects transferred to the surface of the wafer by
the support features of the chuck. The analysis procedure/module is further defined to determine the
offset between the center coordinate of the chuck and the center of the wafer. The analysis
procedure/module provides for definition of an inclusion region that spatially encloses the 25support
features of the chuck. [0020] Figure 6 shows an inclusion region 601 defined to spatially enclose the
support features 301 and 303 of the chuck 105, in accordance with one embodiment of the present
invention. The inclusion region 601 is defined to geometrically encompass the support features
301/303 of the chuck 105 that will contribute to the defect pattern 501 transferred to the wafer 103
during 30 the chucking operation. Because the inclusion region 601 corresponds to the support
features 301/303 of the chuck 105, the center coordinate of the chuck 105 within the wafer coordinate
system can be derived from the position of the inclusion region 601 when the inclusion region 601 is
positioned to enclose the defects transferred to the wafer 103 by the support features 301/303 of the
chuck 105. To find the position of the inclusion region 601 that encloses the  WO
20101067284PCT/1132009/055503 defects transferred to the wafer 103 by the support features
301/303 of the chuck 105, the inclusion region 601 is scanned over the defect metrology data to
determine a maximum inclusion position at which the number of defects within the inclusion region 601
is maximized. [0021] Figure 7A shows the inclusion region 601 at a given scanning position over the
defect 



5 pattern 501 transferred to the wafer 103 by the chuck 105, in accordance with one embodiment of
the present invention. In one embodiment, the inclusion region 601 is scanned over the defect pattern
501 in an orthogonal rasterized manner, i.e., raster scanned, so as to provide for evaluation of a
number of defects that fall within the inclusion region 601 at a number of orthogonal grid points, i.e.,
raster scan locations, across the wafer 103. A maximum inclusion 10  position of the inclusion region
601 corresponds to a position of the inclusion region 601 at which the number of defects therein is
maximized. [0(1221 In one embodiment, the support features 301/303 of the chuck 105 are defined in
a non- symmetric manner about the center coordinate of the chuck 105, such that the maximum
inclusion position of the inclusion region 601 has an azimuthal orientation component. The 15
exemplary chuck 105 includes such non-symmetrically defined support features 301. In this
embodiment, scanning of the inclusion region 601 over the defect pattern 501 includes rotation of the
inclusion region 601 at each raster scan location. For example, Figure 7B shows the inclusion region
601 at the same raster scan location of Figure 7A, but at a different rotational orientation about the
center coordinate of the chuck 105 as referenced to the inclusion region 20 601. In this manner,
scanning of the inclusion region 601 over the defect pattern 501 provides for a determination of both a
translational and rotational offset of the wafer 103 relative to the chuck 105. [0023] Figure 7C shows
the inclusion region 601 at the maximum inclusion position, in accordance with one embodiment of the
present invention. At the maximum inclusion position 25 (and rotation, if applicable), the number of
measured defects that fall within the inclusion region 601 is maximized. Although scanning of the
inclusion region 601 over the defect pattern 501 has been described in physical terms herein for
clarity, it should be understood that scanning of the inclusion region 601 over the defect pattern 501
can be performed entirely by computation based on a geometric definition of the inclusion region 601
and defect data, such 30 as defect coordinates. The maximum inclusion position is determined within
the coordinate system of the wafer 103. Therefore, based on the maximum inclusion position, the
center coordinate of the chuck within the wafer coordinate system is known from the inclusion region
601 geometry. Consequently, the relationship between the center coordinate of the chuck and the
center of the wafer during the chucking operation is known. Also, if the maximum inclusion  WO
2019/067284PCT/1132009/055503 position includes a rotational component, the azimuthal orientation
of the wafer relative to the chuck during the chucking operation is known. [0024] Figure 7D shows the
determined spatial relationship between the center coordinate of the chuck and the center of the wafer,
in accordance with one embodiment of the present  5 invention. The center coordinate of the chuck is
shown by crosshairs 701. The center of the wafer is shown by crosshairs 703. The x-direction offset
between the centers of the wafer and chuck is shown by arrow 705. The y-direction offset between the
centers of the wafer and chuck is shown by arrow 707. The adjustment of the wafer handling
mechanism 101 required to align the center of the wafer with the center coordinate of the chuck can be
determined from 



10the x-direction and y-direction offsets. The wafer handling mechanism 101 can then be
adjusted/calibrated accordingly. [00251 In one embodiment, the defect data as reported by the defect
metrology tool may be spatially distorted in a systematic manner. For example, the reported defect
coordinates may be radially biased about a center of the wafer. In this situation, a radial scale factor
can be applied  15 to the defect data to compensate for the spatial distortion introduced by the defect
metrology tool. The radial scale factor essentially adjusts a radial position of the measured defects
about the wafer center. In one embodiment, the radial scale factor is known and is applied to the
defect data prior to scanning of the inclusion region 601 over the defect pattern 501. In another
embodiment, the radial scale factor is not known. In this embodiment, the defect data of the  20 defect
pattern 501 is radially scaled at a number of inclusion region 601 scan locations to determine the
appropriate radial scale factor to be applied, in one embodiment, the radial scale factor is determined
using a low resolution analysis of the defect data. Then, the inclusion region 601 scan to find the
maximum inclusion position is performed using a high resolution analysis of the defect data. 2510026]
Figure 8 shows a flowchart of a method for centering a wafer on a chuck, in accordance with one
embodiment of the present invention. The method includes an operation 801 for acquiring defect
metrology data from a surface of the wafer having contacted the chuck. The defect metrology data can
include defect Location data, particulate location data, or a combination thereof, among other types of
defect data. In one embodiment, acquiring the 30defect metrology data in operation 801 includes:
placing the wafer on the chuck,  applying a chucking force to the wafer,  removing the wafer from the
chuck, and  WO 2010/067284PCT/1B2009/055503  scanning the surface of the wafer having
contacted the chuck with a defect metrology tool to detect and map defects on the surface of the
wafer. 



[00271 In one embodiment, the method also includes an operation for scaling the defect metrology
data to compensate for a spatial distortion introduced by the defect metrology tool. The method also
includes an operation 803 for determining a center coordinate of the chuck within a coordinate system
of the wafer based on the defect metrology data. ]n one embodiment, determining the center
coordinate of the chuck includes:  defining an inclusion region to enclose an expected spatial
distribution of defect data resulting from chuck features defined to contact the surface of the wafer, 10
spatially scanning the inclusion region over the defect metrology data to determine a maximum
inclusion position at which a number of defects within the inclusion region is maximized, and
determining the center coordinate of the chuck from the maximum inclusion position of the inclusion
region. 15[0028] In one embodiment, spatially scanning the inclusion region over the defect metrology
data includes a raster scanning of the inclusion region over a wafer map of the defect metrology data.
In this embodiment, a number of defects within the inclusion region is determined at a number of raster
scan locations. Additionally, in one embodiment, the inclusion region is non-symmetric with respect to
the center of the wafer. In this embodiment, spatially scanning the 20inclusion region over the defect
metrology data also includes rotation of the inclusion region at each raster scan location. 100291 The
method further includes an operation 805 for determining a difference between the center coordinate
of the chuck and a center of the wafer. The method also includes an operation 807 for adjusting a
wafer handling mechanism based on the determined difference between the 25center coordinate of
the chuck and the center of the wafer so as to enable alignment of the center of the wafer to the center
coordinate of the chuck. [00301 Figure 9 shows a flowchart of a method for determining an offset of a
wafer center from a chuck center, in accordance with one embodiment of the present invention. The
method 



includes an operation 901 for placing a wafer on a chuck. The chuck includes a plurality of 30  support
features defined to contact a surface of the wafer when placed upon the chuck. The method also
includes an operation 903 for applying a chucking pressure to the wafer. Application of the chucking
pressure to the wafer causes a defect pattern to be transferred by the plurality of support features to
the surface of the wafer in contact with the chuck. The defect pattern can include physical defects on
the surface of the wafer and/or particulate  WO 2010/667284PCT/TR2069/055503 contaminants on
the surface of the wafer, among other types of defects. It should be understood that a defect
represents any form of irregularity on the wafer surface. 1_003II The method further includes an
operation 905 for removing the wafer from the chuck. Then, an operation 907 is performed to analyze
the defect pattern on the surface of the wafer to 5locate a center coordinate of the chuck within a
coordinate system of the wafer. In one embodiment, analyzing the defect pattern on the surface of the
wafer includes:  analyzing the surface of the wafer having contacted the chuck with a defect metrology
tool to detect and map defects on the surface of the wafer,          defining an inclusion region to
enclose a spatial distribution of the plurality of support 10features defined to contact the surface of the
wafer,  spatially scanning the inclusion region over the defects as mapped on the surface of the wafer
to determine a maximum inclusion position at which a number of defects within the inclusion region is
maximized, and     determining the center coordinate of the chuck from the maximum inclusion position
of 15the inclusion region using a known spatial relationship between the plurality of support features
and the center coordinate of the chuck. [00321 In one embodiment, spatially scanning the inclusion
region includes moving the inclusion region in a rasterized manner over the defects as mapped on the
surface of the wafer, 



such that a number of defects within the inclusion region is detelmined at a number of raster 20  scan
locations. In one embodiment, the inclusion region is non-symmetric with respect to the center of the
wafer. In this embodiment, spatially scanning the inclusion region over the defects as mapped on the
surface of the wafer includes rotation of the inclusion region at each raster scan location. 100331 The
method continues with an operation 909 for determining an offset between the 25  center coordinate of
the chuck and a center of the wafer. An operation 911 is then performed to store the determined offset
between the center coordinate of the chuck and the center of the wafer in a computer readable
memory. It should be understood that placement of the wafer on the chuck in operation 901,
application of the chucking pressure to the wafer in operation 903, and removal of the wafer from the
chuck in operation 905 can be performed in accordance with 30  normal operating procedures.
Therefore, the wafer processing chamber within which the chuck resides does not need to be modified
to derinirie the offset of the wafer center from the chuck center. 100341 In view of the foregoing, it
should be understood that the wafer should be defined to enable transfer of the defect pattern thereto
without causing the transferred defect pattern to be  WO 2010/067284PC171132009/055503 obscured
by pre-existing wafer defects or other characteristics. In one embodiment, a polished side of a wafer is
contacted with the chuck to receive the defect pattern formed by the support features of the chuck.
The polished side of the wafer provides a substantially clear canvas for receiving the defects caused
by contact with support features of the chuck. The wafer can be 5 essentially any type of wafer on
which defects can be measured. For example, in one embodiment, the wafer is a reclaimed wafer.
Additionally, in one embodiment, the surface of the chuck can be pre-treated with a coating, such as a
silicon based film (e.g., AC3), before chucking the wafer to enhance transfer of defects to the wafer,
and/or to suppress the occurrence of spurrious defects unrelated to the desired support feature pattern
to be transferred 10 to the wafer during the chucking process. Furthermore, in one embodiment, a
defect metrology tool is deployed to enable defect measurement of a backside of a process wafer in
real-time as the process-wafer is removed from the processing chamber. In this embodiment, the
backside defect data of the process wafer can be analyzed to enable wafer centering adjustment of
the wafer handling mechanism in real-time. 15100351 Figure 10 shows a diagram of a system for
centering a wafer on a chuck, in accordance with one embodiment of the present invention. The
system includes the chuck 105. As previously discussed, the chuck 105 includes a plurality of support
features defined to contact a surface of a wafer when positioned upon the chuck 105. The system also
includes the wafer handling mechanism 101 defined to position the wafer on the chuck 105. The
system also 20 includes a defect metrology tool 1001 defined to detect and map defects on the
surface of the wafer. The system further includes an analysis module 1005 defined to determine a
center coordinate of the chuck within a wafer coordinate system based on a defect map generated by
the defect metrology toot. The defect map represents defects transferred to the surface of the wafer by
the plurality of support features of the chuck. The analysis module 1005 is further 25  defined to
determine an offset between the center coordinate of the chuck and a center of the wafer and store the
determined offset in a computer readable memory. 



[0036] The analysis module 1005 is further defined to provide for definition of an inclusion region that
spatially encloses the plurality of support features of the chuck. The center coordinate of the chuck is
derivable from a spatial position of the inclusion region. The analysis 30 module 1005 is also defined
to spatially scan the inclusion region over the defect map to determine a maximum inclusion position at
which a number of defects within the inclusion region is maximized. The analysis module 1005 is
further defined to determine the center coordinate of the chuck based on the determined maximum
inclusion position of the inclusion region.  WO 2010/067284PCT/1B2009/055503 [0037] Additionally, in
one embodiment, the system includes a graphical user interface (GUI) 1003 defined to render images
and views associated with the wafer centering operation. For example, the GUI 1003 can be defined to
render the defect map on an image of the wafer, render the determined maximum inclusion position of
the inclusion region, render the  5 determined center coordinate of the chuck, render the center of the
wafer, and render the determined offset between the center coordinate of the chuck and the center of
the wafer. [0038] Figure 11 shows an exemplary GUI 1003, in accordance with one embodiment of the
present invention. The GUI 1003 includes a window 1101 that displays a plot of the number of defects
residing in the inclusion region as a function of raster scan location of the inclusion  10 region. The
window 1101 also includes crosshairs 1103 indicating the center of the wafer, and crosshairs 1105
indicating the center of the chuck as determined by the defect pattern on the wafer. The GUI 1003 also
includes a region 1107 that provides a number of display controls for the window 1101 and wafer
center-to-chuck center offset results ("Shift Results"). The GUI 1003 further includes a window 1109
that provides a set of calculated wafer handling  15 mechanism adjustments required to align the wafer
center to the chuck center. In the example of Figure 11, the "T direction" adjustment corresponds to an
azimuthal adjustment, such as indicated by arrow 109 of Figure 1. Also, the "R direction" adjustment
corresponds to a radius adjustment, such as indicated by arrow 107 of Figure 1. Also, the "counts"
represent incremental movements of stepper motors used to position the wafer handling mechanism.
In  20 one example, one count in the T direction may correspond to about 16 micrometers, and one
count in the R direction may correspond to about 1 micrometer. [0039] In one embodiment, the
methods and system for centering a wafer on a chuck as described herein are capable of positioning
the center of the wafer within approximately 0.002 inch of the center of the chuck. Additionally, it
should be appreciated that the methods and  25 system for centering a wafer on a chuck as described
herein do not require hardware changes to existing wafer processing equipment and can be performed
by operating the wafer processing equipment in normal operation mode, 



[0040] With the above embodiments in mind, it should be understood that the present invention may
employ various computer-implemented operations involving data stored in computer  30 systems.
These operations are those requiring physical manipulation of physical quantities. Usually, though not
necessarily, these quantities take the form of electrical or magnetic signals capable of being stored,
transferred, combined, compared, and otherwise manipulated. Further, the manipulations performed
are often referred to in terms, such as producing, identifying, dctei mining, or comparing.  WO
2010/067284PCT/1B2009/055503 [0041] Any of the operations described herein that form part of the
invention are useful machine operations. The invention also relates to a device or an apparatus for
performing these operations. The apparatus may be specially constructed for the required purposes,
or it may be a general-purpose computer selectively activated or configured by a computer program
stored 5 in the computer. In particular, various general-purpose machines may be used with computer
programs written in accordance with the teachings herein, or it may be more convenient to construct a
more specialized apparatus to perform the required operations. [0042] The invention can also be
embodied as computer readable code on a computer readable medium. The computer readable
medium is any data storage device that can store data which 10 can be thereafter be read by a
computer system. Examples of the computer readable medium include hard drives, network attached
storage (NAS), read-only memory, random-access memory, CD-ROMs, CD-Rs, CD-RWs, magnetic
tapes, and other optical and non-optical data storage devices. Additionally, the computer readable
code comprising the present invention may be stored on multiple computer readable medium devices
distributed over a network of 15  coupled computer systems so that the computer readable code is
stored and executed in a distributed fashion. [0043] While this invention has been described in terms
of several embodiments, it will be appreciated that those skilled in the art upon reading the preceding
specifications and studying the drawings will realize various alterations, additions, permutations and
equivalents thereof. 20Therefore, it is intended that the present invention includes all such alterations,
additions, permutations, and equivalents as fall within the true spirit and scope of the invention. What
is claimed is: 



CLAIMS 1. A method for centering a wafer on a chuck, comprising:     acquiring defect metrology data
from a surface of the wafer having contacted the chuck;     determining a center coordinate of the
chuck within a coordinate system of the wafer based on the defect metrology data;     determining a
difference between the center coordinate of the chuck and a center of the wafer; and     adjusting a
wafer handling mechanism based on the determined difference between the center coordinate of the
chuck and the center of the wafer so as to enable alignment of the center of the wafer to the center
coordinate of the chuck.  2. A method for centering a wafer on a chuck as recited in claim 1, wherein
the defect metrology data includes defect location data, particulate location data, or a combination of
both defect location data and particulate location data.  3. A method for centering a wafer on a chuck
as recited in claim 1, wherein acquiring defect metrology data includes: placing the wafer on the chuck,
applying a chucking force to the wafer, removing the wafer from the chuck, and                scanning the
surface of the wafer having contacted the chuck with a defect metrology tool to detect and map defects
on the surface of the wafer.  4. A method for centering a wafer on a chuck as recited in claim 3, further
comprising:                scaling the defect metrology data to compensate for a spatial distortion
introduced by the defect metrology tool,  TVICSL 



5. A method for centering a wafer on a chuck as recited in claim 1, wherein determining the center
coordinate of the chuck includes:                 defining an inclusion region to enclose an expected spatial
distribution of defect data resulting from chuck features defined to contact the surface of the wafer,
wherein a spatial relationship between the chuck features defined to contact the surface of the wafer
and the center coordinate of the chuck is known,                 spatially scanning the inclusion region over
the defect metrology data to determine a maximum inclusion position at which a number of defects
within the inclusion region is maximized, and                 determining the center coordinate of the chuck
from the maximum inclusion position of the inclusion region.  6. A method for centering a wafer on a
chuck as recited in claim 5, wherein spatially scanning the inclusion region over the defect metrology
data includes a raster scanning of the inclusion region over a wafer map of the defect metrology data,
such that a number of defects within the inclusion region is determined at a number of raster scan
locations.  7. A method for centering a wafer on a chuck as recited in claim 6, wherein the inclusion
region is non-symmetric with respect to the center of the wafer, and wherein spatially scanning the
inclusion region over the defect metrology data also includes rotation of the inclusion region at each
raster scan location.  8. A method for determining an offset of a wafer center from a chuck center,
comprising:                 placing a wafer on a chuck, wherein the chuck includes a plurality of support
features defined to contact a surface of the wafer when placed upon the chuck;                 applying a
chucking pressure to the wafer, whereby a defect pattern is transferred by the plurality of support
features to the surface of the wafer in contact with the chuck; removing the wafer from the chuck;
MCSLLP                analyzing the defect pattern on the surface of the wafer to locate a center
coordinate of the chuck within a coordinate system of the wafer;                determining an offset
between the center coordinate of the chuck and a center of the wafer; and                storing the
determined offset between the center coordinate of the chuck and the center of the wafer in a
computer readable memory.  9. A method for determining an offset of a wafer center from a chuck
center as recited in 



claim 8, wherein placement of the wafer on the chuck, application of the chucking pressure to the
wafer, and removal of the wafer from the chuck are performed in accordance with normal operating
procedures.  10. A method for determining an offset of a wafer center from a chuck center as recited in
claim 8, wherein the defect pattern includes physical defects on the surface of the wafer, particulate
contaminants on the surface of the wafer, or a combination of both physical defects and particulate
contaminants on the surface of the wafer.  11. A method for determining an offset of a wafer center
from a chuck center as recited in claims, wherein analyzing the defect pattern on the surface of the
wafer includes:                analyzing the surface of the wafer having contacted the chuck with a defect
metrology tool to detect and map defects on the surface of the wafer,                defining an inclusion
region to enclose a spatial distribution of the plurality of support features defined to contact the surface
of the wafer,                spatially scanning the inclusion region over the defects as mapped on the
surface of the wafer to determine a maximum inclusion position at which a number of defects within
the inclusion region is maximized, and                determining the center coordinate of the chuck from
the maximum inclusion position of the inclusion region using a known spatial relationship between the
plurality of support features and the center coordinate of the chuck.  MCSI.  12. A method for
determining an offset of a wafer center from a chuck center as recited in claim 11, further comprising:
radially scaling the mapped defects relative to the center of the wafer to compensate for a spatial
distortion introduced by the defect metrology tool.  13. A method for determining an offset of a wafer
center from a chuck center as recited in claim 11,wherein spatially scanning the inclusion region
includes moving the inclusion region in a rasterized manner over the defects as mapped on the
surface of the wafer, such that a number of defects within the inclusion region is determined at a
number of raster scan locations.  14. A method for determining an offset of a wafer center from a
chuck center as recited in claim 13, wherein the inclusion region is non-symmetric with respect to the
center of the wafer, and wherein spatially scanning the inclusion region includes rotation of the
inclusion region at each raster scan location.  15. A system for centering a wafer on a chuck,
comprising: 



a chuck including a plurality of support features defined to contact a surface of a wafer when
positioned upon the chuck; a wafer handling mechanism defined to position the wafer on the chuck; a
defect metrology tool defined to detect and map defects on the surface of the wafer; and                an
analysis module defined to determine a center coordinate of the chuck within a wafer coordinate
system based on a defect map generated by the defect metrology tool representing defects transferred
to the surface of the wafer by the plurality of support features of the chuck, wherein the analysis
module is further defined to determining an offset between the center coordinate of the chuck and a
center of the wafer and store the determined offset in a computer readable memory.  16. A system for
centering a wafer on a chuck as recited in claim 15, wherein some of the plurality of support features
are defined as mesa structures and are distributed in a concentric circular pattern about the center
coordinate of the chuck.  o I, I P 17,A system for centering a wafer on a chuck as recited in claim 15,
wherein the plurality of support features include a number of support features that are defined at
non-symmetric locations about the center coordinate of the chuck.  18. A system for centering a wafer
on a chuck as recited in claim 15, wherein the chuck is defined as an electrostatic chuck.  19. A
system for centering a wafer on a chuck as recited in claim 15, wherein the analysis module provides
for definition of an inclusion region that spatially encloses the plurality of support features of the chuck,
such that the center coordinate of the chuck is derivable from a spatial position of the inclusion region,
and                 wherein the analysis module is defined to spatially scan the inclusion region over the
defect map to determine a maximum inclusion position at which a number of defects within the
inclusion region is maximized, and                 wherein the analysis module is defined to determine the
center coordinate of the chuck based on the determined maximum inclusion position of the inclusion
region.  20. A system for centering a wafer on a chuck as recited in claim 19, further comprising:
a graphical user interface defined to render the defect map on an image of the wafer, render the
determined maximum inclusion position of the inclusion region, render the determined center
coordinate of the chuck, render the center of the wafer, and render the determined offset between the
center coordinate of the chuck and the center of the wafer. 




