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(57) Abstract: A method for aligning a substrate to a process center
of a support mechanism is provided. The method includes determining
substrate thickness after substrate processing at a plurality of orienta-
tions and at a plurality of radial distances from a geometric center of the
substrate. The method also includes deriving a set of process rate values
from substrate thickness and process duration. The method further in-
cludes creating for a process rate an off-centered plot, which represents
a substantially concentric circle whose points are a circumference of the
off-centered plot having substantially the first process rate. The method
yet also includes applying a curve-fitting equation to the off-centered
plot to determine a set of parameters. The method yet further includes
teaching a set of robot arms the set of parameters, thereby enabling the
set of robot arms to align another substrate that is supported by the sup-
port mechanism with the process center.



WO 2009/043018 A2 {000 0T R0 00 O 0 O

ZW), Burasian (AM, AZ, BY, KG, KZ, MD, RU, T], TM), Published:

European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI, —  without international search report and to be republished
FR, GB, GR,HR,HU, IE, IS, IT, LT, LU, LV, MC, MT, NL, upon receipt of that report

NO, PL, PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG,

CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).



WO 2009/043018 PCT/US2008/078145

OFFSET CORRECTION TECHNIQUES FOR POSITIONING
SUBSTRATES WITHIN A PROCESSING CHAMBER
BACKGROUND OF THE INVENTHON
[Para 1} Advances in plasma processing have facilitated growth in the semiconducior
mdustry. Generally speaking, a phurality of semiconductor devices may be created from dies
cut from a single processed substrate. To process a substrate, the substrate may be placed on

top of a substrate chuck within a plasma processing chamber. The positioning of the
substrate on the substrate chuck may detesmine which portion of the substrate may be
processed to form deviges.
[Para 2§ Methods are available for aligning a substrate to the center of a substrate
chuck. Inan example, seusors may be placed in a processing module to determine the
positioning of a substrate m regard to a sebstrate chuck. In another example, an alignment
fixture, such as a guided robotic anm may be emploved to position the substrate i alignment
with the substrate chuck, Although aligning 1o a hardware center (e.g., center of the substrate
chuck) may be performed with some precision, alignment to the hardware center may not
always equate to an alignment to the process center.
[Para 3] As discussed herein, the hardware center refers to the center of a hardware
such as a support mechanism {2.g., substrate chuck). Also as discussed herein, the process
center refers to the focal center of the plasma process. ldeally, at any given tadial distance
from the focal center, the process result {e.g, the etch rate) remains the same. For example,
at a distance of 100 mm from the process center, it 1s expected that the etch rate remains
substantially constant as one follows around 3 circle having a radius of 100 mm from this
focal process center. Due to chamber configuration peculiarities, the process center may not
always be the same as the hardware center. As a result, basing alignment on the hardware
center alone may canse nusalignment during substrate processing. As manufacturers
continue to strive Lo improve vield, efforts are continually made to more precisely center the
substrate over the process center during plasma processing to minimize device detfect caused
by substrate misalignment.

BRIEF SUMMARY OF THE INVENTION
[Para 4] The mvention relates, i an embodiment, to a method for aligning a substrate
to a process center of a support mechanism, wherein the process center representing a focal
center for processing the substrate i a plasma processing chamber. The method includes

determining a plurality of thickness values for the substrate after substrate processing at a
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plurality of orientations and at a plurality of radial distances from a geometric center of the
substrate. The method also includes dertving a set of process rate valoes from the phurality of
thickness values and a process duration. The method further includes creating an off-
centered plot for a first process rate of the set of process rate values, wherein the off-centered
plot represents a substantially concentric circle whose points on a circumference of the off-
centered plot having substantially the first process rate. The method yet also includes
applying a curve-fitting equation to the off-centered plot to determine a set of parameters for
offsetting the substrate in relation to the support mechanism. The method vet further includes
teaching a set of robot arms the set of parameters, thereby enabling the set of robot arms to
align another substrate that is supported by the support mechanism with the process center of
the support mechanism when the set of robot arms positions the another substrate in the
plasma processing chamber for processing.
[Para §} The above summary relates to only one of the many embodiments of the
mvention disclosed herein and 13 not ntended to limit the scope of the invention, which is set
forth in the claims herein. These and other features of the present invention will be described
m more detail below m the detailed description of the invention and i conjunction with the
following figures.

BRIEF DESCRIPTION OF THE DRAWINGS
[Para 6] The present invention is illustrated by way of example, and not by way of
humitation, in the figures of the accompanying drawings and in which hike reference numerals
refer to simitlar elements and in which:
[Para 7} Figure | shows, in an embodiment, a block diagram of an overview of a

typical substrate process system.

{Para 8] Figure 2A shows, in an embodiment, a substrate before and after processing.
[Para 9 Figure 2B shows, in an embodiment, a simple diagram illustrating the

different data points that may be taken. Data pomnts may be taken at various angles and

distance from substrate center,

[Para 18] Figure 2C shows, in an embodiment, a radins measarement for each data
point,
[Para 11} Figure 3 shews, in an embodiment, a simple graph illustrating an etch profile

for an orientation,
[Para 12} Figare 4 shows, in an embodiment, a simple diagram of a substantially

concentric circle for a constant etch rate.
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{Para 13] Figure 5 shows, in an embodiment, a graph showing the radial location versus
azimuthal direction of a sufticiently off-centered constant eich rate circle.
jPara 14} Figure 6 shows, in an embodiment, a simple flow chart ilfustrating the steps

for calenlating a process center for a substrate chuck.

[Para 15} Figure 7 shows, in an embodiment, the algorithm for determining the process
center,
[Para 16} Figure & shows a block diagram of a substrate being measured by an optical

metrology tool.
[Para 17} Figure 9 shows, in an embodiment, a block diagram of an overview of a

plasma processing system with a bevel inspection module (BIM).

[Para 18] Figure 10 shows, in an embodiment, a system diagram of a BIM.
[Para 19} Figure 11 shows, in an embodiment, a systen: diagram of a close-up view of a

camera and optics enclosure on a camera mount,

[Para 20} Figure 12 shows, m an embodiment, a cross-sectional view of a BIM.
[Para 21] Figure 13 shows, in an embodiment, an example of an image captured by a

BIM that shows arcing occurring along the edges of a sobstrate.

{Para 22} Figure 14 shows, in an embediment, an example of an unage produced by
BIM that may be utilized 10 identifying misahgment.

{Para 23] Figure 15 shows, in an embodiment, a simple graph illustrating distance from
center versus orientation of a constant etch rate.

[Para 24} Figure 16 shows, in an embodiment, a simple flow chart itustrating the steps
for calenlating a process center for a substrate chuck utilizing images captured by a BIM.
{Para 25} Figare 17 shows, in an embodiment, an image processing flowchart for
manipulating images that are captured by a BIM for performing fault detection.

[Para 26} Figure 18 shows, v an embodiment, an example of an image captured by a
BIM that shows threshold.

[Para 27} Figore 19 shows, in an embodiment, an example of an image of a substrate
with interference fringes that is captured by a BIM.

{Para 28] Figure 20 shows, in an embodiment, a simple flow chart illustrating the steps

for calculating a process center for a substrate chuck within a deposition chamber.

[Para 29} Figure 21 shows, in an embodiment, a substrate before and after processing.
[Para 36} Figare 22 shows, in an embodiment, an algorithm for determining the process
center.

Lt
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{Para 31] Figure 23 shows, v an embodiment, a sumple flow chart ilustrating the steps
for calculating a process center for a substrate chuck within a cleaning chamber.

[Para 32} The present invention will now be described in detail with reference to a few
embodiments thereof as llustrated in the accompanying drawings. in the following
description, numerous specific details are set forth in order to provide a thorough
understanding of the present tnvention. 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 steps and/or structures have not been described in detail
i order to not unnecessarily obscure the present invention.

[Para 33} Various embodiments are deseribed hereinbelow, including methods and
techniques. 1t should be kept in mind that the invention mught also cover articles of
manufacture that includes a computer readable medinm on which computer-readable
mstructions for carrving out embodiments of the inventive technique are stored. The
computer readable medinm may include, for example, semiconductor, magnetic, opto-
magnetic, optical, or other forms of computer readable medium for storing computer readable
code. Further, the invention may also cover apparatuses for practicing embodiments of the
tnvention. Such apparatus may include circuits, dedicated and/or programmable. to carrvy out
tasks pertaining to embodiments of the invention. Examples of such apparatus include a
general-purpose computer and/or a dedicated conputing device when appropriately
programmed and may include a combination of a computer/computing device and
dedicated/programmable circuits adapted for the various tasks pertaining to embodiments of
the invention.

[Para 34] In the following disclosure, etching i discussed as the application for which
the centering techniques can be employed to mmprove. It should be kept in mind, however,
that the centering techmques disclosed herein can apply to any other type of processing (such
as, for example, deposition and cleaning). Further, this techmique is applicable for any
application where the process is substantially concentric {uniform and/or non-uniform).
{Para 35] In accordance with embodiments of the present invention, there is provided a
circular constant etch rate method for calenlating the process center for a substrate chuck of a
processing chamber. In embodiments of the invention, a substrate offset (ie., the offset from
the chuck’s hardware center to the chuck’s process center) may be mferred from etch rate
measurements made on a test substrate that has been geometrically centered over the chuck

during processing, With the calculated substrate offset, a robotic arm within a transfer
4
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module may be programmed with the coordinates of the chuck’s process center to facilitate
centering of subsequent substrates over the chuck’s process center to enable processing with
ymproved uniformity.

[Para 36} Generally, a robotic arm may be emploved 1o place a subsirate on the
hardware center of a substrate chuck. However, as mentionad above, the bardware center and
the process center may not always be the same due to peculiarities of a given tool. If the
substrate can be more accurately centered on the process center, process uniformity 1s
improved, rendering it possible to obtain satisfactory process results closer to the substrate
edge and to use more of the substrate to create dies for devices. In the prior ant, the method
of alignment using hardware center may be an open loop alignment, which usually does not
allow for feedbacks of offset signal. Unlike the prior ant, the method of emploving process
center enables a close loop feedback of the substrate position, thus allowing for the control of
the process center.

{Para 37] Embodiments of the invention provide a method for determining a process
center by extrapolating data from a set of measurements made on a substrate that has been
geometrically centered over the chuck’s hardware center during processing. In an
embodiment, a set of pre-processing measurement data pomts for a substrate may be
collected prior to processing. In an embodiment, a set of post-processing measurement data
points for the measurement Iocations on the same substrate may be collected after processing.
[Para 38} By calcolating the difference between the pre and post-processing
measurements for each data point, the amount of a film layer that has been removed may be
determined. In other words, the etch depth mav be calculated from the set of pre and post-
processing measurements. Although the set of pre-processing measurement data points is not
necessary in calculating the thickness of a substrate, a more gecurate etch depth for each data
points may be calculated by inchuding both pre and post-processing measurements. As an
alternative to obtaining pre-processing measurement data points, assumptions may be made
regarding the pre-measurement thickness from the specification data furnished by the raw
substrate manufacturer, for example.

{Para 39] Consider the sithation wherein, for example, etch rates are being caleulated to
determine the substrate offset. An etch rate for each data point may be calculated by dividing
the etch depth by the substrate process time, in an embodiment. In this document, various
mplementations may be discussed using eteh rate. This invention, however, is not mted to

etch rate and may be employed with etch depth.

L
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{Para 40] In an embodiment, the pre and post-processing measurements may also
mclude the radius for each data pomnts (defined herein as the distance measured along the hine
that joins the data point location and the geometric center of the substrate). In an example,
data point 1 is 148.2 millimeter from the center of the substrate. Since an etch rate has been
calculated for each data pomnt, the radius (R) value for each data point may now be associated
with each etch rate. Furthermore, the orientation for each data point may also be determined.
As the term is emploved herein, the orientation refers to the angle offset from a reference
radius line. Thus, a data point may be characterized by one or more of the following: its pre-
processing etch depth, s post-processing ctch depth, its calenlated etch rate, its radial

distance from the substrate’s g

someiric center, and its orientation.

[Para 41} In an embodiment, an etch profile may be determined for each orientation (8).
As discussed herewn, orientation {8) refers to an angle from € degree to 360 degrees on a
substrate from a fixed reference radial line. Examples of orientation inclode, but are not
timited to, (¢ degree, 45 degrees, 90 degrees, 180 degrees, 270 degrees, and the like.

[Para 42] Furthermore, one or more substantially concentric circles may be determined
for cach etch rate, in an embodiment. In an example, for an etch rate of 1000 angstroms per
minute, a plurality of data pomts having an etch rate of 1000 angstroms per munute may be
determuined on the substrate. These data points form a substantially concentric circle around
the processing center of the substrate. Note that if the substrate had been centered over the
processing ceater of the chuck, Le, 1f the substrate’s geometric center had coincided with the
chuck’s processing center during processing, the concentric circles for the vartous etch rates
tend to be centered around the geometric center of the substrate. However, since the
substrate’s processing center is unknown at this point, and the test substrate had been
centered over the robot’s geometric center the center for the concentric circles for the various
etch rates would be offset from the geometric center of the substrates. Embodiments of the
invention take advantage of this fact to calculate the offset between the chuck’s process
center and the robot’s center.

[Para 43] In an embodiment, each substantially concentric circle on the substrate for a
given eich rate may also be represented as a substantially sinusoidal curve graphically. In
other words, for a given etch rate, the distance between the location on the radius line where
that given etch rate is found and the substrate’s geometric center varies sinusoidally as one
rotates through 360 degrees arcund the subsirate’s geometric center. Each point on the off-
centered plot for a given position that matches the given etch rate represents a radial distance

{E} from the substrate’s geometric center for a specific ortentation (8).
6
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[Para 44] In an embodiment, an off-centered plot may be created for each etch rate. The
substrate offset may then be calculated by knowing at least one off-centered plot. From an
off-centered plot, a curve-fitting equation {e.g., Fourier Series Equation from Fourier
Transform, Least Square Fit, etc.) mayv be emploved to mathematically calculate the offset
between the process center from the hardware {i.e., geometric) center. Once the substrate
offset has been determined, the robotic arm of the vacuum transfer module may be
programmed with the new coordinates for the process center of the substrate chuck for a
processing chamber.

[Para 45} The features and advantages of the invention may be better understood with
reference 1o the figures and discussions that follow. Figure 1 shows, in an embodiment, a
block diagram of an overview of a typical substrate process system from which from which
process center may be determined. A plasma processing svstem 100 may mclude a phurality
of substrate-holding locations that enable a substrate to be processed as it moves from an
atmospheric transfer module 102 to a vacuum transfer module 104 to one or more process
modules (106, 108, 110, and 112} and vhimately back out of plasma processing svstem 100.
[Para 46} Consider the situation wherein, for example, a substrate is being processed.
Prior to being processed, the thickness of a substrate 114 at various locations on the substrate
may be measured. Substrate 114, which may include a refractive film layer, may be
measured by a metrology tool 116, In measuring the thickness of substrate 114, a plurality of
data points at various measurement tocations may be collected. In an embodiment, two or
more data points may be collected. In another embodiment, about 100-2(0) data points may
be taken at different locations on substrate 114

{Para 47} Once pre-processing measurements have been completed, substrate {14 may
be placed on a front opening unified pod (FOUP) 118, A rebotic arm 120 within atmospheric
transfer module 102 may move substrate 114 to an aligoer 122, At aligner 122, substrate 114
may be centered properly over the chuck’s geometric center {as would be the case for the test
substrate since the process center is not vet ascertained). Qunee centered, robotic arm 120
may mave substrate 114 to one of the airlock modules (AL 124 and AL 126). The ability of
the airtock modules to match the environment between atmospheric transfer module 102 and
vacuum transfer moduole 104 allows substrate 114 to move between the two pressurized
environments withoot being damaged.

[Para 48] From an airlock module, such as AL 124, substrate 114 may be moved mto
one of the process modules (106, 108, 110, and 112} by a robotic arm 128 within vacuum

transfer module 104, Once substrate 114 has been processed {e.g., etching), robotic arm 128
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may move substrate 114 from vacuum transfer module 104 through atmospheric transfer
module 102 to FOUP 118,

[Para 49| From FOUP {18, substrate 114 may be moved to metrology tool 116 to be
measured. In measuring the thickness of substrate 114 after processing, some or all of the
same data point locations that have been measured prior to processing may be measured
again after substrate processing. In an example, if 120 data points have been collected at 120
locations during the pre-processing measurements then the data for at least the same 120
locations may be collected again during the post-processing measurenents.

[Para 50} Figure 2A shows, v an embodiment, a substrate before and after processing.
Substrate 202 may bave a film faver 204, Film faver 204 may be, for example, a refractive
material that may altow a metrology tool to measure the thickness of the substrate. Prior to
processing, the metrology tool may measure from the bottom of substrate 202 to film laver
204 (i.e, distance 208},

{Para 51} Unless there 1s a substantial defect in the raw substrate, the pre-processing
measurements for each data points on substrate 202 tend to be fairly similar. In an example,
the thickness of the substrate at data point 1 may be almost the same thickness of the
substrate at data point 2, with the minor difference in thickness being attributable to the shight
variability infroduced during the manufactoring of the raw substrate. Prior to processing, the
substrate tends to be substantially flat and the film layver tends to be distributed substantially
even across the surface of the substrate,

[Para 52} In an embodument, pre-processing measurements may be bypassed if the film
taver thickness on the substrate is assumed to be evenly distributed. Due to potential
thickness differences that may exist in a substrate before and after a film layer 13 added, pre-
processing measurenients mayv allow the techinique to take into account for the differences in
the thickness of the substrate at different locations on the substrate, in an embodiment.

[Para 53} After processing, part of filmy layer 204 may be etched from substrate 114,
The film layver 204 is now shown as etched film laver 206, As a result of the processing, the
thickness of the film laver now vartes at different locations on the substrate. Reference
nymber 210 represents the new thickness of substrate 202 at a given location on the substrate,
for example. Post-processing measwrements, which may be performed after substrate
processing, may measure the new thickness of the substrate at various locations.

[Para 54} Figure 2B shows, i an embodiment, a sumple diagram illustrating the
different data points that may be measured. A substrate view 250 shows a plurality of data

points at different orientations {e.g., 0 degree, 45 degrees, 90 degrees, etc.). In both pre and
8
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post-processing measurements, thickness data for the same substrate locations may be
collected. In an embodiment, the collection of data points may be performed manually. In
another embodiment, a scan pattern may be identified and employed to perform pre and post-
Processing measuremeants.

{Para 55} In an embodiment, etch depth may be calculated from the pre and post-
processing measurements. As discussed herein, the term etch depth refers to the portion of
the film layered substrate that has been etched. In other words, etch depth 15 the difference
between the pre-processing measurement data and the post-processing measurement data for
a given subsirate location.

[Para 56} In an embodiment, the etch depth may be represented as an etch rate by
dividing the process duration time of the substrate into the etch depth. In an example, a
substrate tocation may have a pre-processing measwrement of about 0.5 millimeters. Once
the substrate has been processed, the thickness of the substrate at the same location is now
0.375 mithimeters. Given that the etch depth is the difference between the pre and post-
processing measurements, the etch depth at a given location {e.g., onentation of 0 degree,
radius of 115mun) is 0,125 mithmeters. If the process time for substrate 114 is 2 minutes,
then the etch rate 15 0.0625 angstroms per nunute for that location. Once the etch rate hasg
been determined, each of the data points on the substrate may now be associated with an etch
rate.

[Para 57} In an embodiment, besides measuring the thickness of a substrate, a metrology
tool may also measure the radial distance from the substrate geometric center for each data
point collected. Figure 2C shows, in an embodiment, a radius measurement for each data
pomnt. In an example, a substrate view 260 shows data points 270 and 272, Associated with
data point 270 is radius 278 and gssociated with data point 272 is radius 276, For each data
point that may be collected, a radial distance from the substrate geometric center {(which
coincides with the hardware center for the test substrate centering geometrically on the chuck
substrate) may be measured.

{Para 58] The location of a particular data point on the chuck may be specified by its
racius and its orientation from a reference radius hine. Figure 3 shows, in an embodiment, a
simiple graph ittustrating an eteh profile for an orientation. As can be seen from Figures 2B
and 2C, an orientation mav have a plurality of etch rates that vary according to the distance
from the substrate’s geometric center. A graph view 300 shows a plurality of etch rates (n)

plotted versus a plurality of radiuses (R} for orientation () of 60 degrees. For each
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orientation {e.g.. 0 degree, 45 degrees, 90 degrees, etc.) an eich profile {e.g., etch rate profile,
ete.y may be plotted, in an embodiment.

[Para 59} Once various etch profiles has been established for various orientation angles,
a substantially concentric circle may be determined for each etch rate. In an embodiment, a
linear interpolation or cubte spline may be performed to determine the radius for data ponts
having a given etch rate. In an example, an etch rate of 1000 angstroms per minute at an
orientation of 60 degrees may have a radius of 145 mullimeter (as seen in Figure 3). The
same etch rate at a different orientation may have a different radius as seen in Fig. 3. For
each orientation, a radius measurement may be deternuned for the same etch rate of 1000
angstrom per minute,

[Para 60 Figure 4 shows, in an embodiment, a simple diagram ot a substantially
concentric eircle for a constant efch rate. A substrate view 400 shows a substrate 402 and a
concentric circle 404, For each etch rate, a plourality of radiuses (e.g., R1 406 and R2 408),
which may have been extrapolated from a plurality of etch profiles {as seen m Figure 3} may
be eraployved to create a substantially concentric circle 404, in an embodiment.

[Para 61} Figure 5 shows, in an embodiment, a graph showing the radial location versus
azimuthal direction of a sufficiently off-centered constant etch rate circle. Graph view 500
shows a plurality of radiuses (E), representing the distance between the substrate location
having such etch rate and the substrate’s geometric center, plotted versus a plurality of
orientations {8} for a constant etch rate {e.g., 1000 angstroms per minute) . Note that if the
substrate’s geometric center had coincided with the substrate’s process center, the off-
centered plot {e.g., that shown in Fig. 5) would have been substantially flat.

{Para 62} For each etch rate, an off-centered plot similar to Figure S may be plotted.
The off-centered plot, in an embodiment, may have a substantially stnusoidal shape. Inan
embodiment, a process center may be calculated from at least one off-centered plot.

[Para 63} Once an off-centered plot has been plotted, a curve-fitting equation {e.g.,
Fourier Series Equation from Fourier Transform, $east Square Fit, etc.) may be employed 10
determine the parameters for Equation 1.

[Para 64] En(8, v, R} = By + Ac cos(8- 91) + Ay c0s{28- 92) JTEQUATION 1]

Parameter Deseription

Foavs svernge distapce from a subsiraie centey for a
consiant stch rate

Ag costl- 4y first harmonics — deviation as a function of an
crientation
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Aoy cos{20- g second harmonics
Ac distance measwreniont between 2 conters
R radius
& orientation
i angle of which the offset s in
[Para 65] Figure 6 shows, in an embodiment, a stmaple flow chart iltustrating the steps

for calculating a process center for a substrate chuck.

[Para 66} At g fust step 602, a substrate 15 provided. In an embodiment, the substrate
may have a flm layer (e.g., refractive film layer).

[Para 67} At a next step 604, the substrate may be measured prior 1o processing. In an
embodiment, the thickness of the substrate with film laver may be measured at a plurality of
data points. Instead of manually measuring the data points, a scan pattern may be employed
to collect the data points.

{Para 68| At a next step 600, the substrate may be processed in a plasma processing
chamber while the substrate 1s geometrically centered over the chuck’s geometric center. In
an embodiment, the substrate may not have to be entirely processed. In an example, the
substrate may only bave to be processed for a duration that 13 sufficient to remove a portion
of the film layer.

[Para 69] Once the substrate has been removed from the plasma processing chamber, at
a next step 608, the substrate may be measured. In an embodiment, the same scan pattern
that may have been employed i collecting the pre-processing measurements may be atihized
to collect the post-processing measurements.

[Para 70} At a next step 610, the data points may be processed and the process center
may be algorithmically determined. Figure 7 shows, i an embodiment, an algorithm for
determining the process center.

[Para 71} At a first step 702, the exch depth for each data point may be caleulated. To
calculate the etch depth, the pre-processing measuremment of the measurement location fora
data point may be subtracted from the post-processing measurement,

{Para 72} Al a next step 704, the etch rate for each data location may be calculated. To
calculate the etch rate, the etch depth of a data point may be divided by a substrate process

time.
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{Para 73] At a next step 706, an eich profile (e.g., etch rate profile, etc.} may be created
for each orientation. In an example, the etch rate for each data point at a specific orientation
may be plotted to create an etch profile.

[Para 74} At a next step 708, by curve-fitting the etch profile, a position (E} may be
determuned for each orientation having a given etch rate.

[Para 75] An off-centered curve may be plotted for each etch rate, at a next step 710, In
an example, the radius for an eteh rate at a spectfic orientation may be extrapolated from the
etch profile. Once a radius at a constant etch rate has been extrapolated for each etch profile,
a suhstantially sinusoidal off-centered plot may be generated.

[Para 76] At a next step 712, a curve-fitting equation (e.g., Fourier Series Equation from
Fourier Transform, Least Square Fit, etc.) may be employed to determine the parameters for
the substrate offset. Note that if the substrate’s geometric center had coincided with the
chuck’s process center, the off-centered plot (e.g., that shown in Fig. 5) would have been
substantially fiat. Curve fitting as a mathematical approach and various techniques therefore
are known to those skilled in the art.

[Para 77] Referring back to Figure 6, once the parameters have been determined, at a
final step 612, the parameters may be taught to the robotic arm m the transfer module {e.g.,
atmospheric transter module, vacuum fransfer module, ete ). As a result, the robotic arm may
now have the correct coordinates to offset a subsequent substrate on a substrate chuck such
that the substrate may be centeved over the chuck’s process center during processing.

[Para 78} R should be appreciated that although Equation 1 and the figures heremn follow
a particular example implementation of the invention, the invention may be practiced in
various equivalent ways in accordance with the circular constant etch rate method. Aslong
as process result measurements can be obtained from g geometrically-centered test substrate
to facititate the creation of one or more constant etch rate concentric circles, various
mathematical techmques may be applied to determine the offset between the center of the
concentric circle{s) and the geometric cemer of the chuck {which coincides with the
geometric center of the substrate for a test substrate that is geometrically centered over the
chuck during processing}. Once the offset is determined, the offset information mayv be
provided to the tool to allow subsequent substrates to be centered over the chuek’s process
center {(as opposed to the chuck’s geometric center}.

[Para 79] As can be appreciated from the foregoing, the methods desceribed above may
be applied not only toward different etching tools (e.g., a bevel etcher tool, a VERSYS eich

system, and the hike) but may also be apphied to any other svstems and/or tools (e.g.,
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deposition tools, cleaning systems, and the like) that may also benefit from being able to
wdentify non~-antform profile.

[Para 80} In an embodiment of the nvention, a circnlar constant deposition rate method
for calenlating the process center for a substrate chuck within a deposition chamber is
provided by extrapolating data from a set of measurements made on a substrate that has been
geometrically centered over the chuck’s hardware center during processing. Sumilar to the
circular constant etch rate method, the substrate offset may be inferred for the deposition tool
from the deposition rate measurements made on a test substrate that has been geometrically
centered over the chuck duning processing. Sinular with the cireular constant etch rate
method, for a clean tool, the particle density may be used to infer the substrate offset. With
the calculated sobstrate offset, a robotic arm within a transfer module of a deposition tool
may be programmed with the coordinates of the chuck’s process center to facilitate centering
of subsequent substrates over the chuck’s process center to improve uniformity,

[Para Bi}] In an embodiment, the circular constant deposition rate method may include
collecting a set of pre-processing measurement data and a set of post-processing
measurement data at the same data points on a substrate. By calculating the difference
between the pre and post-processing measurements for each data point, the amount of a film
layer that has been added may be determined. The aircnlar constant deposition rate method s
sirnilar to the circular constant etch rate method; however, instead of performing the
calculation by subtracting the post-processing measurement data from the pre-processing
measurement data, the amount of film {ayer that has been added may be determined by
subtracting the pre-processing measurenent data from the post-processing measurement data.
{Para 82} To facilitate discussion, Figure 20 shows, in an embodiment. a sumple flow
chart illustrating the steps for calculating a process center for a substrate chuck within a
deposition chamber. Consider the situation wherein, for example, a sobstrate 2102 (as shown
in Fig. 21} is processed.

[Para 83] Before being processed, pre-processing measurement may be collected for
substrate 2102, at a first step 2002, Prior to processing, the metrology tool may measure
from the bottom of a substrate 2102 to laver 2106 (i e, distance 2108}, In an embodiment,
the thickness of the substrate may be measured at a plurality of data points. The data pomnts
may be gathered manually or may be collected by emploving a scan pattern.

{Para B4} (ienerally, the pre-processing measurements for each data points on a
substrate 2102 tend to be fauly similar. In an example, the thickness of the substrate at data

point 1 and data point 2 may be quite similar with a possible minor difference m thickness
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being attributable to the shight variability introduced during the manufacturing of the raw
substrate. Thus, prior to processing, the substrate tends to be substantially flat,

[Para 85| In an embodiment, besides measuring the thickness of a substrate, a metrology
tool may also measure the radial distance from the substrate geometric center {(which
coincides with the hardware center for the test substrate centering geometrically on the chuck
substrate) for each data pomnt collected. The location of a particular data point on the chuck
may be specified by its radius and s ortentation from a reference radius line. Usaally, an
orientation may have a plurality of deposition rates that vary according to the distance from
the substrate’s geometric center, For cach ovtentation {e.g., 0 degree, 45 degrees, 90 degrees,
ete.) a thickness profile may be plotted, in an embodiment.

[Para 86} At a next step 2004, the substrate may be processed in a deposition chamber.
In an embodiment, the substrate may not have to be entirely processed. Instead, the substrate
mayv be processed up to the point in which sufficient materials, such as PECVD oxide, for
example, have been added.

[Para 87] At & next step 20006, the substrate may be removed from the deposition
chamber for post-processing measurements. In an embodiment, the same scan pattern that
may have been emploved in collecting the pre-processing measurements may be utilized to
collect the post-processing measarements. In an example, after processing, a deposition layer
2104 may be added 1o substrate 2102, In an example, an oxide, such as plasma-enhanced
chemical vapor deposition (PECVD), for example, mayv have been deposited onto substeate
2102, As a result of the processing, the thickness profile of substrate 2102 may now be non-
uniform. Reference mamber 2110 represents the new thickness of substrate 2102 at a given
location on the substrate, for example. Post-processing measurements, which may be
performed after substrate processing, may measure the new thickness of the substrate at
various locations.

[Para 88| At a next step 2008, the data pomts may be processed and the process center

may be algorithmically determined.

[Para 89] Figure 22 shows, in an embodiment, an algorithm for determining the process
center.
[Para 96} At a first step 2202, the deposition depth for each data point may be

calculated. In both pre and post-processing measurements, thickness data for the same
substrate locations may be collected. In an embodiment, deposition depth may be calculated
from the pre and post-processing measurements. As discussed herem, the term deposition

depth refers to the portion of the film layered substrate that has been added to the substrate,
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In other words, deposttion depth is the difference between the post-processing measurement
data and the pre-processing measurement data for a given substrate location.

jPara 91} At a next step 2204, the process rate {e.g., deposition rate) for each data
location may be calculated. In an embodiment, the deposition depth may be represented as
deposition rate by dividing the process duration time of the substrate into the deposition
depth. In an example, a substrate location may have a pre-processing measurement of about
.55 millimeters. Once deposition has occurred, the thickness of the substrate at the same
location is now (.72 millimeters. Given that the deposition depth is the difference between
the pre and post-processing measurements, the deposition depth at a given location {e.g.,
orientation of 0 degree, radins of 115mm) is 0.17 millimeters. If the process time for the
substrate 1s 2 minutes, then the deposition rate is 0.085 angstroms per minute for that
location. Once the deposition rate has been determined, each of the data points on the
substrate may now be gssociated with g deposition rate,

{Para 92] At a next step 2206, a thickness profile may be created for each orientation. In
an example, the deposition rate for each data point at a specific orientation may be plotted to
create a thickness profile. Once various thickness profiles have been established for various
orientation angles, a substantially concentric circle may be determined for each deposition
rate. In an embodiment, a linear interpolation may be performed to deternune the radius for
data points having a given deposition rate. In an example, a deposition rate of 1000
angstroms per minute at an orterdation of 60 degrees may have a radius of 145 millimeter,
The same deposition rate at a different ovientation may have a different radius. Thus, for
each orientation, a radius measwrement may be determined for the same deposition rate of
10040 angstrom per minute.

{Para 93] At a next step 2208, by curve-fitting the thickness profile, a position (E) may
be determined for each orientation baving a given deposition rate.

[Para 94} An off-centered curve may be plotted for each deposition rate, at a next step
2210, In an example, the radius for a deposition rate at a specific ortentation may be
extrapolated from the thickness profile. Once a radins at a constant deposition rate has been
extrapolated for each thickness profile, a substantially sinusoidal off-centered plot may be
generated.

[Para 95] At a next step 2212, a curve-fitting equation {e.g., Fourter Series Equation
from Fourier Transform, Least Square Fit, etc.) may be employed to determine the
parameters for the substrate offset. In other words, once an off-centered plot has been

plotted, a curve-fitting equation (e.g., Fourter Series Equation from Fourier Transform, Least
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Square Fit, etc.) may be employed to determine the parameters for the aforementioned
Equation 1. Note, that the E. 15 now referring to the average distance from a substrate
center for a constant deposition rate (Jnstead of constant etch rate).

[Para 96} Referring back to Figure 20, once the parameters have been determined, at a
final step 2010, the parameters may be taught to the robotic arm in the transfer module {e.g.,
atmospheric transfer module, vacuum transfer module, etc.}. As a result, the robotic arm may
now have the correct coordinates to offset a subsequent substrate on a substrate chuck such
that the substrate may be centered over the chuck’s process center during processing. Inan
embodiment, v ongoing production enviromwment, the wafer positioning based off the
coordinates fed to the robotic arm may be a parameter that may be monitored for statistical
process control,

[Para 97} As aforementioned, the sbove methods may also be applied to cotrect the
offset in a cleaning svstem. In an embodiment of the invention, a circular defect density
method for determining the process center for a substrate chuck within a cleaning chamber is
provided. To facilitate discussion, Figare 23 shows, in an embodiment, a stmaple flow chart
Hlustrating the steps for calculating a process center for a substrate chuck within a cleaning
chamber.

{Para 98] At a first step 2302, pre-processing measurement data may be collected on a
substrate. As aforementioned, the thickness of the substrate may be measured at a plurality
of data pomts. In addition, the radial distance from the substrate geometric center for cach
data point collected may also be measured.

[Para 99} At a next step 2304, the processed substrate may be cleaned in a cleaning
chamber. As aforementioned, the substraie may not have to be entirely cleaned. Instead, the
substrate may be processed up to the point in which sufficient materials have been removed
from the sabstrate.

[Para 100} At a next step 2306, the substrate may be removed from the cleaning chamber
for post-processing measurements. Usually, after cleaning, at least some of the materials
deposited on the substrate may be removed. However, the removal process may not have
removed the materials in g uniform manner. In an example, the cleaning chamber has drifted:
therefore, the amount of materials removed across the substrate may not have been
uniformed. To determine the non-uniformity, post-processing measurements may be taken at
the same data points as that collected during step 2302,

[Para 101} At a next step 2308, the data points may be processed and the process center

may be algorithnucally determuned. To algorithnucally determine the process center, the
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density for each data point may be calculated, in an embodiment. As discussed herein, the
term density depth refers to the portion of the materials that have been removed from the
substrate, or the density of particle that remain on the substrate. The density depth may be
calculated by subtracting a post-processing measurement from a pre-processing measurement
for a given substrate location.

[Para 102}  After the density depth has been deternuned, a process rate {e.g., density rate,
cleaning rate} for each data point may be calculated by dividing the density depth by the
process time, in an embodiment. In another embodiment, the pre and post-processing
measprements may alsoe include the radius for each data ponts. Since a density rate has been
calculated for each data point, the radius (R) value for each data point may now be associated
with each density rate. Furthermore, the orientation for each data point may also be
determined. Thus, a data point may be characterized by at least one of the following: its pre-
processing density depth, its post-processing density depth, its calculated density rate, its
rachal distance from the substrate’s geometric center, and its orientation.

[Para 103}  In an embodiment, the density rate for each data point at a specific orientation
may be plotted to create a thickness profile. Once various density profiles have been
established for various orientation angles, a substantially concentric circle and/or a
substantially sinusoidal curve may be determined for each density rate. In other words, for a
given density rate, the distance between the radius line where a given density rate is found
and the substrate’s geometric center may vary sinusoidally as one rotates 360 degrees around
the substrate’s geometric center. Thus, each point on the off-centered plot for a given
position that matches the given density rate may represent a radial distance (E) from the
substrate’s geowetric center for a specific ortentation {8}, In an embodiment, a position (£}
may be determined for each ortentation having a given density rate by curve-fitting {e.¢.,
linear interpolation, cubic spline, etc.) the density profile. The off-centered curve may be
plotted for each density rate by extrapolating from the density profile.

[Para 164}  In an embodiment, the substrate offset may then be caleulated by knowing at
least one off-centered plot. From an off-centered plot, a curve-fitting equation {e.g.. Fourier
Series Equation from Fourier Transform, Least Square Fit, etc. ) may be emploved to
mathematically caleulate the offset between the process center from the hardware {(ie.,
geometric) center. Note, that the E., 18 now referring 1o the average distance from a
substrate center for a constant density rate (instead of constant etch rate).

{Para 105] At anext step 2310, once the parameters have been determined, the

parameters may be taught to a robotic anm in plasma processing system. With the calculated
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substrate offset, the robotic arm may be programned with the coordinates of the chuck’s
process center to center subsequent substrates over the chuck’s process center during
processing to improve wuniformity. In addition, the wafer positioning may be a parameter that
may be monitored for statistical process control.

{Para 186}  As can be appreciated from the embodiments of the mvention, the methods
described (e.g., circular constant etch rate method, circular constant deposition rate method,
circular defect density method, and the tike) provide algorithms for determining a process
center for a substrate chuck of a processing chamber. By identifying the process center of a
substrate chuck, the methods essentially correct the misahignment that may occur, thus
reducing the percentage of non-conformity that may happen during substrate processing.
Further, by emploving corrent metrology tools to collect pre and post-processing
measurements, the methods do not require additional expensive purchases to accomplish
since metrology tools are commonly gvailable in most fabrication. n addition, the methods
allow for a more accurate characterization of chamber performance during processing by
removing the substrate differences from the equation.

[Para 107}  Another issue facing users in the prior ant is faelt detection. A plurality of
semiconductor devices may be created from one substrate. To assure the quality of the
devices, the substrate may be measured periodically throughout processing.

[Para 108]  Generally, fault detection is an mtegral part of substrate processing. As
discussed herein, fault detection refers to the process of identifying defects tn a substrate
and/or a substrate process. Exampie of fault detections may include, but are not fimited to,
identfying misalignment, identifving defects on the substrate, identifying defects in substrate
processing, and identifying film clearance.

{Para 109]  There are various methods for performing fault detections in the prior art. In
an example, optical metrology tool may be emploved to produce images of the substrate
which may allow defects on the substrate to be Wdentified. Figure 8 shows a block diagram of
a substrate being measured by a prior art optical metrology tool. Consider the sitvation
wherein, for example, a substrate 802 has been processed. To perform fault detection, an
optical mewclogy tool 804 may be emploved. In capturing images, optical metrology tool
804 may be dependent upon light to be reflected from a surface to capture a satisfactory
image of substrate 802,

{Para 110} Inan example, at points 806 and BO8, optical metrology tool 804 may be able
to take satisfactory images of the substrate because light tends not to bounce in multiple

divections when hight is bemg reflected from a flat surface. However, since light bounces off
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a non-flat {e.g., curved or angled) surface in multiple directions, optical metrology tool 804
may have more difficulty capturing the images of the substrate along the substrate edge (point
810}

[Para 1311} To capture images of a substrate edge, electron microscopy may be employed.
However, electron microscopy is an expensive technique for capturing unages of a substrate,
requiring an expensive tool and a high level of techuical expertise to accomplish.

[Para 112}  First, an electron microscopy requires the substrate to be viewed m vacnum
since the electron microscopy tends to be a sensitive instrument that may be affected by other
electrons. In addition, due to the sample size limitation, electron mucroscopy usually requires
the substrate to be broken down into smaller pieces. As a result, the electron microscopy is
not usually used as an inhine metrology tool during substrate processing. Although an
electron microscopy may be large enough to accommodate the entire substrate, the cost of
ownership can be extremely expensive. In addition, electron microscopy generally requires
spectal preparation that may impact the composition of a substrate.

[Para 113]  Inthe prior art, substrate processing bas generally been performed away from
the edges of a substrate. Thus, the inability of optical metrology tools to capture satisfactory
images along the edges of the substrate has not posed a prablem. However, precious real
estate on the substrate has been sacrificed due to the inability to comtrol the processing along
the edges of the substrate. In recent years, new tools are focusing on processing along the
edges of the substrate. However, prior art metrology tools and methods are not sufficient o
provide the types of images that may enable fault detections to be performed for this type of
tools.

{Para 114]  Inaccordance with embodiments of the present invention, there is provided a
bevel tnspection module (BIM) for capturing clear and sharp images at a substrate edge. In
embodiments of the mvention, a BIM may include hardware which may create an
environment which is more conducive to the capture of satisfactory images of bevel edges of
substrates. Embodiments of the invention also inclode manipulating the images to perform
fault detections for processing area encompassing substrate edges.

[Para 115}  Consider the situation wherein, for example, a substrate is being processed
atong or close to the edges. By processing along the edges of the substrate, the real estate of
a substrate may be maximized. However, maxinization may only occur if processing is
achieved with substantially no defect. In the priov ast, the area around the edges of a
substrate has generally been sacrificed because fault detections have been difficult to

mnplement.
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{Para 116]  Embodiments of the invention provide a bevel mspection module (BIM} to
capture images (e.g., along the edges of a substrate) that have been difficult to capture in the
prior art. In one aspect of the invention, the inventors herein realized that to create such an
environment, the various components of the BIM need to have the flexibility to capture
mmages at different views and angles. In an embodiment, hardware such as camera, optics
enclosure, camera mount, and the like, have been implemented with adjustable positioning
capability, thus providing Hlexibility in the positioning of the hardware. In another example,
the inventors herein realized that msufficient lighting has prevented the ability to capture
clear and sharp images. In an embodiment, the BIM provides additional hghting (e.g.,
backlighting), thus providing contrast between the background and the substrate.

[Para 117} The BIM i, in an embodiment, a stand-alone tool that may be attached to a
plasma processing systemt. By attaching the BIM to the plasma processing system, the BIM
may be emploved as an inline metrology tool during substrate processing.

{Para 118}  The features and advantages of the mvention may be better understood with
reference to the figures and discussions that follow. Figure 9 shows, in an embodiment, a
block diagram of an overview of a plasma processing system with a bevel inspection module
{BIM). In this document, various implenentations may be discussed using a plasma
processing systent. This invention, however, 15 not mited to a plasma processing system
and mayv be employed with any processing system that may want to view bevel edges.

[Para 119 A plasma processing system 900 may include a plarality of substrate-holding
locations that enable a substrate to be processed as it moves from an atmospheric transfer
module 902 to a vacuum transfer module 904 to one or more process modules (906, 908, 910,
and 912) and ultimately back out of plasma processing system 900,

{Para 120}  Substrate 914 may be placed on a front opening unified pod (FOUP) 918, A
robotic arm 920 within atmosphenc transfer module 902 may move substrate 914 1o an
aligner 922, At aligner 922, substrate 914 nuay be centered properly. Once centered, robotic
arm 920 may move substrate 914 to a BIM 916, In an embodiment, BIM 916 may include an
aligner. If the aligner is included as part of the BIM then aligner 922 may be unnecessary.
[Para 121}  In BIM 916, pre-processing images may be taken of substrate 914, Once BIM
916 has comipleted taken the pre-processing images, robotic arm 920 may move substrate 914
to one of the airlock modules (AL 924 and AL 926). The ability of the airlock modules to
match the environment between atmospheric transfer module 902 and vacaum transfer
module 904 allows substrate 914 to move between the two pressurized environments without

being damaged.
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[Para 122}  From an airfock module, such as AL 924, substrate 914 may be moved into
one of the process modules (906, 908, 910, and 912} by a robotic arm 928 within vacuwm
transfer module 904, During processing, substrate 914 may be analyzed periodically. In an
example, after processing has been completed i process module 906, robotic arm 928 may
transter substrate 914 from process module 206 through vacuum transfer module 904 through
AL 924 to robotic arm 920, Robotic arm 920 may move substrate 914 to BIM 916 for
performing inline inspection. Once mspection has been completed, substrate 914 may be
moved back into one of the processing modules 1o continue processing. Since BIM 916 may
be connected to plasma processing system, inhue metrology may be performed periodically
throughout the processing to enable an operator to perform analysis on substrate 914,

[Para 123}  In an embodiment, BIM 916 may be disconnected from plasma processing
gystem 900, Although BIM 916 may still be able to provide the same support as though it
was connected, additional steps may have to be performed. By having BIM 916 connected to
plasma processing system 100, mline metrology may be performed without manual
nterference,

[Para 124]  Figure 10 shows, in an embodiment, a system diagram of a BIM. A BIM 1000
may have an enclosure 1002, which mav enable BIM 1000 to be mounted divectly to an
atmospheric transfer nodole. By being directly connected to the atmospheric transfer
module, BIM 1000 may enable inline metrology to cccur during substrate processing, in an
embodiment.

[Para 125}  BIM 1000 may have a fly opening 1004, from which substrate may be placed
onto a substrate chuck 1006, BIM 1000 may also include notch and wafer edge sensors 1008,
which may be capable of identifving the substrate and the substrate notch. Noteh and wafer
edge sensors 1008 may behave sinilar to aligner 922 of Figure 9. I notch and wafer edge
sensors 1008 s included 1 BIM 1000, then an aligner may be an optional module.

[Para 126]  BIM 1000 may also include a vacuum sensor and switch 1010, which may
identify when a sobstrate is disposed on top of substrate chuck 1006, In an example, when
vactum sensor and switch 1010 is in an “on” position, then the substrate s firmly attached to
substrate chuck 1006 and a robotic arm is prevented from removing the substrate. When
vacuum sensor and switch 1010 is 1 an “off” position, the robotic arm is able to remove the
substrate from BIM 1000

[Para 1277  BIM 1000 may also include an interface card 1012, which 1s an input/output

board. Interface card 1012 may act as a controller of the electronics that may be utilized by
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BIM 1000. BIM 1000 may also mclude a computer 1014, which may be connected to
mterface card 1012

fPara 128}  BIM 1000 may also include a camera 1016 and an oprics enclosure 1018,
which enable images to be waken. Optics enclosure 1018 may be extended from camera 1016,
Camera 1016 and optics enclosure 1018 are mounted on a camera mount 1020, BIM (00
may also include a backlight 1022, which provides lighting to the background.

[Para 1291  Figure 11 shows, in an embodiment, a system diagram of a close~up view of a
camera and optics enclosure on a camera moant. A BIM 1100 may include an optic
enclosure 1102, which may be extended from a camera 1104, Camera 1104 may be attached
to & camera mount 1106,

[Para 130]  Io an embodiment, camera mount {106 may be extended in and ouvt in the
divection as shown by arrow 1116, By adjusting camera mount 106, the position of camera
1104 and optics enclosure 1102 may be corrected to account for the size of the substrate
and/or the size of the substrate area being analyzed. In an example, camera mount 1186 may
have to be adjusted as the size of the substrate changes from 200 millimeters to 300
mitlimeters.

{Para 131}  Inan embodiment, camera 1104 may be moved in a vertical direction as
shown by arrow 1112, enabling camera 1104 to capture images at different ranges. In
another embodiment, camera 1104 may be moved in a lateral direction as shown by arrow
1114, enabling canera 1104 to turther adjust for the size of the substrate and/or the size of
the substrate area being analyzed. In vet another embodiment, camera 1 1{4 may rotate as
shown by arrow 1110 enabling camera 1104 to capture different views (e g., top, bottom, and
side} of the substrate. In an example, camera 1104 may be adjusted to capture a top view of
the substrate. in another example, camera 1104 may be adjusted to capiure a divect view of
the bevel edge (e g, side view) of the substrate.

{Para 132}  Inan embodument, optics enclosure 1102 may also be adjusted. Inan
example, optics enclosure 1102 may rotate as shown by arrow 1108 enabling optics enclosure
to provide lighting at different angles.

{Para 1331  The ability of camera 1104, optics enclosure 1102, and camera mount 1106 to
be adjusted provides BIM 1100 with the flexibility to capture images at different angles,
ranges, and positions. Thus, controls of the type of images that may be captured may be
refined. As aforementioned, the hardware of the BIM has been implemented with adjustable

parts, thus providing flexibility in the positioning of the hardware.
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[Para 134]  Figure 12 shows, m an embodiment, a cross-sectional view of a BIM.
Consider the situation wherein, images of a substrate are being taken. A BIM 1200 nway
include a substrate 1202 placed on top of a substrate chuck 1204, Substrate chuck 1204 may
be connected to a rotational motor 1206, which may enable substrate 1202 to be rotated. The
ability to rotate may allow substrate chuck 1204 to move substrate 1202 into position for a
camera 1208 to capture nmages of substrate 1202 to capture images at different locations of
substrate 1202

[Para 135}  BIM 1200 may also include a camera mount 1210, Antached to camera mount
1210 may nclude camera 1208 and an optics enclosure 1212, Optics enclosure 1212 nuay
mchude a lens 1214, lens 1216, and a beam splitter 1218,

[Para 136]  Lighting may be provided by a hight 1222, In an embodiment, light 1222 may
be a light-emitted diode (LED). In an embodiment, light 1222 may be a three wavelength
LED. By having a plurality of wavelengths, the illumination may be changed as film
thickness, profile, and/or index is change. In an example, to capture unages of filbm with
higher index, a shorter wavelength LED may be utilized. Light 1222 may flow from the
outside into optics enclosure 1212 via beam splitter 1218, which may divect tight 1222
downward towards lens 1214,

{Para 137}  To increase the contrast between a substrate edge and the background, a
backlight 1224 may be provided. Since a substrate may have bevel edges which may be
rounded, light may bounce oft the substrate, preventing a good image 1o be captwwed. In the
prior art, no backlight may be provided, resulting mn images in which the edges of a substrate
mav not be clearly defined. In an embodiment, BIM 1200 may include backlight 1224,
which may help accentuate the edge of substrate 1202, By adding backlight 1224, contrast i3
provided between the edges of the substrate and the background. In other words, the edges of
substrate 1202 may be ilhuminated enabling camera 1208 and optics enclosure 1212 to
capture images of the edges of substrate 1202 that clearly separate the edges of the substrate
from the background.

[Para 138]  In an embodiment, the field of view of lens 1214 may be changed to increase
or decrease the area being photographed by camera 1208, In addition, lens 1214
magnification may be changed. in an example, shorter wavelength LED may require a higher
magnification in order to produce a clear image.

[Para 1391 Figures 10, 11, and 12 show different views of a BIM. As can be seen,
embodiments of the BIM provide an environment that is conducive to providing clear and

sharp images that may be employed in fach detection. In an exanple, the BIM includes
13
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components that have the flexibility to be adjusted, to be moved, and/or to be rotated; thus,
enabling the camers, optics enclosure, and substrate to be positioned such that clear images
may be captured. Further, additional lightings may be provided, thus, enabling images that
show contrast between the edges of a subsirate and a background to be taken.

{Para 1401  With the BIM, cleaner and sharper images may be produced allowing for fault
detections to oceur along the edges of a substrate. The next few figures will show how
mages captured by a BIM may be utilized to perform fault detections.

{Para 141}  In an embodiment, due to the clarity of images that may be produced by a
BIM, defects along the edges of a substrate may now be detected. Figure 13 shows, inan
embodiment, an example of an image captured by a BIM that shows arcing occurring along
the edges of a substrate. Image 1300 shows pit marks 1302, 1304, 1306, 1308, 1310, and
1312, which may be examples of arcing that may occur during processing. In the prior art,
optical metrology tools may be emploved to capture images of arcing that may be ocourring
away from the edges of a substrate. However, prior art optical metrology tools generally do
not have capability to capture clear images along the substrate edges. In order to identify
defects, such as arcing, that may be ocawrring duwring substrate processing along the edges,
BIM may be emploved to capture sharp clear images of the edges of the substate.

[Para 142}  Figore 14 shows, in an embodiment, an example of an image prodoced by
BIM that may be utilized in identifving misalignment. Image 1400 shows an image of an
area of a substrate edge. A line 1402 may represent the edge of a substrate. A hine 1404 may
represent the last point at which the substrate may be flat. A line 1406 may represent the
point where the film layer has been totally removed. Curve 1408 may represent the plurality
of mnterference fringes {e.g., 1410, 1412) that may occur during processing. Each mterference
fringe may represent the distance from the edge of a substrate in which the etch rate may be
constant.

[Para 143] [ the distance from line 1406 to line 1402 is substantially the same at different
orientations (8, then the substrate is substantially centered in the processing chamber and
misalignment is minimal or substantially zero. However, if the distance from edge of
substrate, which is from line 1402 to line 1406, is not the same at different orientations (8),
then misalignment may exist. By plotting a plurahity of distances from edge of substrate
versus orientations {6, an off-centered plot may be created. If additional off-centered plotis
desired, then hine 1406 may be replaced by one of the interference fringes. In an example, an
off-centered plot may be created for a plurality of distances from the edge of a substrate from

hine 1402 to interference fringe 1412,
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{Para 144]  Figure 135 shows, in an embodiment, a simple graph iHlustrating an off-
centered plot {i.e, distance from center versus orientation of a constant etch rate).

[Para 145} A graph view 1500 shows a plurality of distances from edge of substrate (E)
plotied versus a plurality of orientations (8). As can be seen, Figure 15 is similar to Figure 5.
The main difference is that in Figure 15, the distance is from the edge of a substrate instead
of from the center of a substrate. For each interference fringe, an off-centered plot may be
plotted. The off-centered plot, in an embodiment, may have a substantially sinusoidal shape.
In an embodiment, a process center may be calcnlated from at Jeast one off-centered plot.
[Para 146]  Once an off-centered plot has been plotted, a corve-fitting equation (e g,
Fourier Series Equation from Fourier Transform, Least Square Fit, etc.) may be emploved to
determine the parameters for Equation 2.

[Para 147} Ey(0) = Eu + A cos(9- @) + Acy cos(Q0-ga)  [EQUATION 2)

Parameter Description

E.e average distance from edges of a substrate for a
intericrence fringe

Ar costl- ) first harmonics — deviation as a function of &
onenation

Ag; cos(28- @) second harmonics

Ac distance measwemerdt botween 3 contors

& oricigation

i angle of which the offset s in

{Para 148]  Figure 16 shows, in an embodiment, a simple flow chart ilustrating the steps
for calculating a process center for a substrate chuck utilizing fmages captured by a BIM.
[Para 149} At a first step 1602, a substrate is provided. In an embodiment, the substrate
may have a film laver (e g, refractive film layer).

[Para 150} At anext step 1604, an area at the edges of the subsirate may be processed ina
plasma processing chamber. In an example, the area that may be processed does not include
the substrate section that is beyond 3 milluneters from the edges of the substrate.

fPara 151}  Once the substrate has been removed from the plasma processing chamber, at
a next step 1606, the BIM may capture a pluarality of images of the processed area of the
substrate.

[Para 132} At anextstep 1608, a plurality of distances from the edges of the substrate for

an mterference fringe may be measured at different orientations,

Tt
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{Para 153]  Atanext step, 1610, the plurality of distances from the edges of the substrate
may be plotted against the orientations (8) to create an off-centered plot. An off-centered plot
may be plotted for each interference fringe, although a substrate offset may be determuned by
one off-centered plot.

{Para 154}  Atanext step 1612, a curve-fitting equation {e.g., Fourier Sertes Equation
from Fourier Transform, Least Square Fit, etc.) may be emploved to determine the
parameters for the substrate offset. Those skilled 1o the art are tamiliar with curve-titting
equation. As a result, no further discussion will be provided. Once the parameters have been
determined for the above Equation 2, at a hinal step 1614, the parameters may be taught to a
robotic arm in a transfer module (e.g., vacuum transfer module, atmospheric transfer module,
and the like). As aresult, the robotic arm may now have the correct coordinates to offset a
substrate on a substrate chuck such that the substrate may be guided mto the process center of
the substrate chuck.

{Para 155}  Figwe 17 shows, in an embodiment, an image processing flowchart for
manipulating images that are caprured by a BIM for performing fault detection.

[Para 156] At a first step 1702, a BIM may capture an image of a substrate. Inan
embodiment, the inage may be in color.

[Para 187} At apext step 1704, the image may be uploaded onto a computer system and a
digital file of the image may be produced.

[Para 158} At a nextstep 1706, the tntage may be converted into a grayscale image,
which s usually an & bits image.

[Para 159} At anextstep 1708, smooth and canny may be performed. Smooth and canny
refers to a filtering technique in which noises may be removed from the image and edges of
the image may be accentuated.

[Para 160} At a nextstep 1710, threshold may be performed. Threshold refers to
converting the image from an § bits unage to a | bit image. In other words, only the edges of
the image may now be seen. See Figore 18 for an example of an image captered by a BIM
that shows threshold. Area 1802 may represent an image of a substrate prior to processing.
Areg 1804 may represent an image of a substrate after threshold has been performed. As can
be seen from the image, all but the edges of the interference fringes, film thickness, and bevel
edges may be elimmated. In an embodiment, additional filtering may be performed 1o
remove additional noises that may exist i the image until only the lines for the bevel edge

and the first interference fringe remains.
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{Para 161}  Atanext step 1712, the line may be extracted and the gap may be calculated
to determine the distance from the edge of the substrate. As discussed herein, the gap refers
to the distance between the edge of a substrate and the first interference fiinge. Steps 1702
through 1712 may be repeated for images at different orientations. In an embodiment, the
gap data may be extracted for at least four different orientations.

[Para 162} At anextstep 1714, the plurality of gaps may be plotted against the
orientation to create an off-centered plot, which may be a sinusoidal curve.

[Para 163}  Atanext step 1716 a curve-fitting equation {¢.g., Fourier Sexies Equation
from Fourier Transform, Least Square Fit, etc.) may be employed to determune the
parameters for the substrate offset.

[Para 164] At a final step 1718, the parameters for an adjusted process center may be
taught to a robotic arm 1 a transfer module {e.g.. atmospheric transfer module, vacuum
transfer module, ete.).

{Para 165}  Figure 19 shows, m an embodiment, an example of an image of a substrate
with interference fringes that is captured by a BIM. A line 1902 may represent the edge of a
sobstrate. From a line 1904 to a line 1906, the fiim layer may have been cleared during
processing. Curve 908 may represent the plurality of interference fimges that may occur
during processing. As discussed herein, interference fringe refers to the maxima or the
minima of the amphitnde of reflective light. Equation 3 below may be utilized to calenlate the

thickness between two consecutive interference fringes.

3 b = f_‘,_ o \\ !* & -. . ;(:{‘ l’i{‘ .f } :\
Para 166 A= A7 2n Fguation 3,
Parameter Description
At Changes between two conscoutive interference
fringes
& Wavelengih
n Index of the film

{Para 167}  The thickness change in two consecutive mterference fringes may be
calculated because both the wavelength and the index are kuown vanables, The wavelength
is associated with the wavelength of the LED that may be emploved to capture the image ina
BIM. The index of the film 1s known and 18 dependent upon the tvpe of film that may be

applied to a substrate. In an example, the wavelength is 500 nanometers and the index is 2.5,

T3
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The thickness change for this example is 100 nanometers. In other words, the thickness
between interference fringes (1910} 15 100 nanometers each.

{Para 168]  For each interference fringe, a distance from the edge of the substrate may be
calculated. In an example, a distance from the edge of the substrate (1912} for an
mterference fringe 1914 is about 1875 millimeter. Thus, curve 1908 may represent a
thickness profile for the substrate at a specific orientation.

[Para 169}  In an embodiment, the thickness profile may be converted into an etch depth
profife. Since the thickness of the film layer is known, the thickness change {At) may be
subtracted trom the original filny thickness to determine the etch depth. For each thickness
change, an etch depth may be calculated. Once the etch depths have been identified, the
aforementioned inventive circular constant etch method may be emploved to determine the
substrate offset and vltimately the process center of a substrate chuck for a processing
chamber.

{Para 1708}  As can be appreciated from embodiments of the mvention, the BIM provides
an inline inspection tool that is capable of capturing clear and sharp images of the bevel edges
of a substrate without sacrificing the substrate. With clear and sharp images, fault detections
may be performed along the bevel edge, allowing misalignment and defects in the substrate
to be identified and resolved. In addition, the ability to perform fanht detection enables better
control of the processing that may occur along the edges of a substrate. Further, by
elinunating the substrate from the equation, & more accurate characterization of chamber
performance may be achieved.

[Para 171}  While this invention has been described in terms of several preferred
embodiments, there are alterations. permutations, and equivalents, which fall withm the scope
of this invention. Although various examples are provided herein, it is tntended that these
examples be illustrative and not limiting with respect to the mvention.

[Para 172}  Also, the title and summary are provided herein for convenience and should
not be used to construe the scope of the claims herein. Farther, the abstract is written in a
highly abbreviated form and is provided herein for convenience and thus should not be
employed to construe or limit the overall invention, which is expressed in the claims. If the
term “set” is employed herein, such term s intended to have its commoniy understood
mathematical meaning to cover zero, one, or more than ong member. It should also be noted
that there are many alternative ways of implementing the methods and apparatuses of the

present invention. It is therefore intended that the following appended claums be mterpreted

Re
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as including all such alterations, permutations, and equivalents as fall within the true spirit

and scope of the present invention,
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CLAIMS

What is claimed is:
1. A method for aligning a substrate to a process center of a support mechanism, wherein
said process center representing a focal center for processing said substrate in a plasma
processing chamber, comprising:

determining a plurality of thickness values for said substrate after substrate processing
at a plurality of orientations and at a plurality of radial distances from a geometric center of
said substrate;

dertving a set of process rate values from said plurahity of thickness values and a
process duration;

creating an off-centered plot for a first process rate of said set of process rate values,
wherein said off-centered plot represents a substantially concentric circle whose points on a
circumference of said off-centered plot having substantially said first process rate;

applying a curve-fitting equation to said off-centered plot to determine a set of
parameters for offsetting said substrate in relation to said support mechanisim; and

teaching a set of robot arms said set of parameters, thereby enabling said set of robot
arms to align another substrate that is supported by said support mechanism with said process
center of said support mechanism when said set of robot arms positions said another substrate
in said plasma processing chamber for processing.
2. The method of ¢laimt | wherein said plarality of thickness values s determined by
identifying a set of data points, wherein said set of data points includes pre-processing data
points and post-processing data points.
3. The method of claim 1 wherein said plasma processing chamber is one of a deposition
chamber and a cleaning chamber.
4. The method of claim 1 wherein said process rate i1s one of a deposition rate and a cleaning
rate.
3. The method of claim | wherein said curve-fitting equation is a Pourier Series Equation
from Fourier Transforn.
6. The method of ¢laim | wherein said corve-fitting equation is a Least Square Fitona
sinusoidal curve.
7. The method of claim 1 wherein said off-centered plot is a sinusoidal curve.
8. A method for aligning a sabstrate to a process center of a support mechanism, wherein
said process center representing a focal center for processimg said substrate m a plasma

processing chamber, comprising:
30
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identifving a set of data points, wherem said set of data points includes a plurality of
thickness vatues for said substrate at a plurality of orientations and at a plosality of radial
distances from a geometric center of said substrate;

processing said set of data points to calculate a set of parameters for determibning said
process center of said support mechanisny; and

teaching a set of robot arms said set of parameters, thereby enabling said set of robot
arms to align another substrate that i3 supported by said support mechanism with said process
center of said support mechanism when said set of robot arms positions said another substrate
tn said plasma processing chamber for processing,
9. The method of claim 8 wherein said processing of said set of data points includes

calculating deposition depth values by determining differences between said post-
processing data pomnts and said pre-processing data points,

deriving a set of deposition rate values from said deposition depth valoes and a
process duration,

generating thickness profiles for said plurality of orientations,

extrapolating a set of radiuses from said thickness profiles,

creating an off-centered plot for a first deposition rate of said set of deposition rate
values, wherein said off-centered plot represents a substantially concentric circle whose
points on a circumference of said off-centered plot having substantially said first deposition
rate, and

appiving a curve-fitting equation to said off-centered plot to deternune said set of
parameters for offsetting said substrate in relation 1o said support mechanism.
10. The method of claim 8§ wherein processing said set of measurement data points inclades

calculating density depth values by determining differences between said post-
processing data points and said pre-processing data points,

deriving a set of cleaning rate values from said density depth values and a process
duration,

generating thickness profiles for said plurality of orientations,

extrapolating a set of radiuses from said thickness profiles,

creating an off-centered plot for a first cleaning rate of said set of cleaning rate values,
wherein said off-centered plot represents a substantially concentric circle whose points on a
circumference of said off-centered plot having substantially said fivst cleaning rate, and

applving a curve-fitting equation to said eff-centered plot to determine said set of

parameters for offsetting said substrate in relation to said support mechanism,

3



WO 2009/043018 PCT/US2008/078145

1. The method of claim & wherein said plurality of thickness values is determined by
wdentifying pre-processing data points and post-processing data points, wherein said pre-
processing data points and said post-processing data points are generated using a scan pattern,
12. The method of claim 8 wherein a metrology tool is emploved to generate said plurality of
radial distances from said geometric center of said substrate.
13, The method of claim 9 wherein said corve-fitting equation is one of a Fourler Series
Equation from Fourter Transform and a Least Square ¥it on a sinusoidal curve.
14, The method of claim 10 wherein said curve-fitting equation is one of a Fourier Series
Equation from Fourier Transform and a Least Square Fit on a sinusowdal curve.
150 Anarticle of manufacture comprising a program storage medium having computer
readable code embodied therein, said computer readable code being configured for aligning a
substrate to a process center of a support mechanism, wherein said process center
representing a focal center for processing said substrate in a plasma processing chamber,
COMPEISHIE:

computer readable code determining a plurality of thickness values for said substrate
after substrate processing at a plurality of orientations and at a plurality of radial distances
from a geometnic center of said substrate;

computer readable code deriving a set of process rate valoes from said plamality of
thickness values and a process duration;

computer readable code creating an off-centered plot for g first process rate of said set
of process rate values, wherein said off-centered plot represents a substantially concentric
circle whose points on a circumference of said off-centered plot having substantially same
first process rate;

computer readable code applying g curve-fitting equation o said off-centered plot to
determine a set of parameters for offsetting said substrate in relation to said support
mechanism; and

conmputer readable code teaching a set of robot arms said set of parameters, thereby
enabling said set of robot arms to align another substrate that is supported by said support
mechanism with said process center of said support mechanism when said set of robot anms
posttions sald another substrate in said plasma processing chamber for processing.
16. The article of manufacture of claim 15 wherein said plurality of thickness values is
determined by including a computer readable code for :dentifving a set of data ponts,
wherein said set of data points include pre-processing data pomts and post-processing data

points.

»
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7. The article of manufacture of clamn 15 wherein said plasma processing chamber is one of
a deposition chamber and a cleaning chamber,

18. The article of manufacture of claim 15 wherein said process rate is one of a deposition
rate and a cleaning rate.

19. The article of manufacture of claim 15 wherein said curve-fitting equation s one of a
Fourier Series Equation from Fourier Transform and a Least Square Fit on a sinusoidal curve,
20. The article of manufacture of claim 15 wherein said off-centered plot is a smusoidal

CULve,
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