ARRANGEMENTS AND METHODS FOR DETERMINING POSITIONS
AND OFFSETS IN PLASMA PROCESSING SYSTEM

BACKGROUND OF THE INVENTION
[0001] In the processing of semiconductor substrates (e.g., wafers), plasma is often
employed. In plasma processing, the wafers are processed using a plasma processing system,
which typically includes a plurality of processing modules. The substrate (e.g., wafer) is

disposed on a chuck inside a processing module during plasma processing.

[0002] In order to move a wafer in and out of the processing module, the wafer is
typically placed on an end effector and transferred onto the chuck. The end effector is a
structural component configured for supporting the wafer during wafer transfer. The end
effector is typically disposed on a robot arm. Fig. 1 shows a representative prior art end effector
102 for supporting a wafer 104 during wafer transfer. For illustration purposes, a portion of a

robot arm 106 is also shown.

[0003] Generally speaking, during a wafer transfer sequence, the robot arm first moves
the end effector to pick up the wafer from a wafer storage cassette or station. Once the wafer is
positioned on the end effector, the robot arm would then move the wafer into the plasma
processing module through a door in the processing module. The robot arm then positions the
end effector and the wafer over the chuck and then places the wafer on the chuck for plasma

processing.

[0004] In order to ensure that the wafer is processed properly (thereby ensuring
controllable and repeatable process results), the wafer needs to be centered on the chuck during
plasma processing. If the end effector is correctly centered relative to the chuck and the wafer is
correctly centered relative to the end effector, then the wafer would be correctly centered relative
the chuck when the robot arm places the wafer on the chuck. However, for many reasons, some

of which are discussed below, this ideal scenario is rarely the case.

[0005] Due to machining and/or manufacturing tolerances between the various
components of the processing chamber, it is possible that the center defined by the end effector
(herein referred to as the “end effector center” or the “end effector-defined center «) is slightly
offset relative to the center of the chuck in a given processing module. As a result, it is possible

that the end effector-defined center may not be correctly aligned with the center of the chuck at



the robot arm position that the robot controller deems to be the correct position for wafer
placement. If this end effector/chuck mis-alignment is not compensated for during production,

the wafer may be inaccurately placed relative to the chuck center during wafer processing.

[0006] To compensate for the end effector/chuck mis-alignment, the typical strategy
during calibration involves moving the robot arm to a position where the end effector-defined
center actually aligns with the center of the chuck. To accomplish end effector calibration, it is
necessary that the operator be able to ascertain the actual end effector/chuck alignment position.
In the prior art, the alignment of the end effector-defined center to the chuck center is
accomplished using a fabricated mechanical fixture which fits on the edge of the chuck or
attaches to the processing module interior. The mechanical fixture has a key feature (essentially
a centering protrusion for the end effector), which allows the end effector to rest right up against
the key feature of the calibration fixture. Since the fixture is centered relative to the chuck, when
the end effector rests against the key feature of the fixture, the end effector would be centered on
the chuck. Typically, positioning the end effector against the key feature is accomplished by an
operator pulling or pushing the end effector against the key feature so that the end effector rests

against the key feature.

[0007] After the operator has positioned the end effector against the key feature, the
operator then registers the robot arm position with the robot control system so that the robot
control system can record, in the robot control’s coordinate system, the position of the robot arm

that achieves this actual end effector/chuck alignment.

[0008] During production, the robot arm moves the end effector to the coordinates
associated with this effector/chuck alignment position. If the wafer is centered with respect to
the end effector, the fact that the end effector-defined center now actually aligns with the chuck
center would cause the wafer to be centered relative to the chuck when the wafer is placed by the

robot arm on the chuck for wafer processing.

[0009] However, there are disadvantages with the prior art technique for centering the
end effector relative to the chuck for calibration purposes. First of all, there are many types of
chucks and processing modules in existence. Therefore, in order to use the mechanical fixture
approach to perform calibration, many different mechanical fixtures must be fabricated and

stocked. Also, affixing a physical mechanical fixture, which may have one or more hard metal



edges or surfaces, on the chuck may potentially damage the chuck. Additionally, if this
calibration is done in the field after some plasma cycles have been executed in the processing
module (e.g., in response to a concern that the end effector may not be centered relative to the
chuck following a production run), the attachment of a physical calibration fixture on the chuck
may cause deposited particles on or near the chuck to flake off into the processing chamber.
During the subsequent processing cycles, such particles constitute particle contamination, which

is undesirable.

[0010] Additionally, because the calibration is performed at atmospheric pressure, the
prior art calibration technique may not effectively duplicate the conditions that exist during
production. This is because during production, components of the processing module may be
placed under vacuum, causing one or more components to shift due to the pressure differential
between the vacuum environment and the ambient atmosphere. Since the calibration conditions

do not faithfully duplicate the production conditions, accurate calibration may not be possible.

[0011] Furthermore, if the positioning of the end effector at the end effector/chuck
alignment position is performed manually (e.g., involving the operator pulling or pushing the end
effector to rest up against the key feature of the mechanical fixture), there may be a shift in the
robot arm position when the operator releases the robot arm to go and register this end
effector/chuck alignment position with the robot controller. This shift may occur for many
reasons, including for example the fact that the robot motors are de-energized. When the robot
arm pulls away, even by a small amount that may be imperceptible to the robot operator, this
shift may result in inaccuracy in the calibration process. If the calibration process is inaccurate,
inaccurate wafer placement during production may occur, leading to decreased yield and an

increase in the rejection and/or failure rate for the fabricated products.

[0012] The aforementioned discussion pertains to the possible misalignment between the
end effector and the chuck, and the prior art solution therefor. However, even if the end effector-
defined center is correctly aligned with the chuck center (or can be made to achieve the effect of
a correct alignment), there exists another potential source of error that may result in wafer/chuck
mis-alignment during production. That is, different production wafers may be positioned on the

end effector differently. If the end effector-defined center is not correctly or consistently aligned

with the center of the wafers, wafer/chuck mis-alignment may still occur during production. In



this case, even though the end effector center is correctly aligned with the chuck center, the
wafer/end effector mis-alignment will cause the wafer to be offset relative to the chuck when the

end effector deposits the wafer on the chuck for processing.

[0013] The same manufacturing and assembly tolerance issues also affect the alignment
of the upper electrode relative to the lower electrode. For example, in some production plasma
processing systems, manufacturing and assembly tolerances may cause the upper electrode to be
slightly offset from the chuck, resulting in an asymmetrical plasma sheath, which affects the
controllability of the plasma processing. As another example, the upper electrode may be
configured to be movable in some plasma processing systems. Over time, the upper electrode
assembly may develop "play” or out-of-spec tolerances, resulting in a detrimental upper

electrode/chuck offset. As a result, plasma processing result may suffer.

[0014] As can be seen from the foregoing, various misalignment issues may exist and/or
develop over time between components in a plasma processing module. As discussed, if these
misalignment issues are addressed using external tools or external alignment fixtures, potential
damage to the processing module components may result. Further, if the misalignment issues are
addressed outside of the processing module environment, errors may arise due to the
dissimilarities in chamber conditions (e.g., the dissimilarities in chamber conditions that exist

during alignment and chamber conditions that exist during production).

[0015] Still further, if the prior art requires shuffling wafers in and out of the processing
module in order to address misalignment issues, an undue amount of time may be wasted on
alignment issues alone. The wasted time contributes to a higher cost of ownership for operators
of plasma processing tools, which tends to translate into lower production of finished devices per

unit of time and/or higher per-unit device cost.
SUMMARY OF INVENTION

[0016] The invention relates, in an embodiment, a method for determining positions and
offsets in a plasma processing system, the plasma processing system including at least a chuck
and an upper electrode is provided. The method including moving a traversing assembly along a
first plurality of paths to generate a first plurality of data sets, the traversing assembly including
at least a light source, the light source providing a light beam, moving the traversing assembly

along each path of the first plurality of paths causing the light beam to traverse the chuck and



resulting in one or more data sets of the first plurality of data sets. The method also including
receiving the first plurality of data sets and analyzing the first plurality of data sets to identify a
first set of at least three discontinuities, wherein the first set of at least three discontinuities are
related to three or more reflected light signals generated when the light beam encounters an edge
of the chuck. The method also including determining a center of the chuck using coordinate data

associated with the first set of at least three discontinuities.

[0017] The above summary relates to only one of the many embodiments of the
invention disclosed herein and is not intended 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 in
more detail below in the detailed description of the invention and in conjunction with the

following figures.

BRIEF DESCRIPTION OF THE DRAWINGS
[0018] The present invention is illustrated by way of example, and not by way of
limitation, in the figures of the accompanying drawings and in which like reference numerals

refer to similar elements and in which:

[0019] Fig. 1 shows a representative prior art end effector for supporting a wafer during
wafer transfer.
[0020] Fig. 2 shows, in accordance with an embodiment of the invention, a top-down

view of an in-situ optical measurement apparatus in a processing module having a chuck.

[0021] Fig. 3 shows, in accordance with an embodiment of the invention, an analogous

situation to Fig. 2 except that the view is a bottom-up view of the upper electrode.

[0022] Fig. 4 shows, in accordance with an embodiment of the invention, an arrangement
for obtaining the reflectivity discontinuity data as the laser assembly traverses along paths across

a wafer.

[0023] Fig. 5 shows, in accordance with an embodiment of the invention, an analogous

arrangement to Fig. 4 except that the wafer has been dropped on the chuck.

[0024] Fig. 6 illustrates, in accordance with an embodiment of the invention, the

determination of offsets from two traces.



[0025] Fig. 7 shows, in accordance with an embodiment of the invention, an illustrative
flowchart of the steps of the in-situ optical technique for determining positions and/or offsets of

components and/or objects in a processing module.

DETAILED DESCRIPTION OF EMBODIMENTS
[0026] The present invention will now be described in detail with reference to a few
embodiments thereof as illustrated in the accompanying drawings. In the following description,
numerous specific details are set forth 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 steps and/or structures have not been described in detail in order to not

unnecessarily obscure the present invention.

[0027] Various embodiments are described herein below, including methods and
techniques. It should be kept in mind that the invention might also cover articles of manufacture
that includes a computer readable medium on which computer-readable instructions for carrying
out embodiments of the inventive technique are stored. The computer readable medium 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 invention. Such apparatus may include
circuits, dedicated and/or programmable, to carry out tasks pertaining to embodiments of the
invention. Examples of such apparatus include a general-purpose computer and/or a dedicated
computing 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.

[0028] Embodiments of the invention relate to in-situ optical techniques for ascertaining
the position of components and objects in a processing module and/or the offset (e.g.,
misalignment) between components and/or objects in a plasma processing module. By
ascertaining the existence and/or the extent of misalignment among processing module
components, the end effector and/or the wafer, strategies may be developed (such as robot arm
positioning compensation or repositioning/reassembly of components) to address the

misalignment.



[0029] Unlike prior art approaches, embodiments of the invention are capable of
measuring the offset between various processing module components (such as between the chuck
and the upper electrode) in-situ and in a manner that does not pose a damage risk to components
of the processing module. Furthermore, embodiments of the invention are capable of measuring
the offset between the wafer, either right before wafer drop or after wafer drop onto the chuck,
and various processing module components in-situ and also in a manner that does not potentially
damage the wafer or the components. Additionally, embodiments of the invention are capable of
assessing wafer processing accuracy (such as process concentricity of the bevel etch relative to
the wafer center) in-situ and in a manner that also does not potentially damage the wafer or the
components. Still further, embodiments of the invention are capable of self-calibrating using in-
situ optical techniques to obviate issues associated with atmospheric-condition calibration using

a hardware fixture.

[0030] In one or more embodiments of the invention, the in-situ optical technique
involves optically measuring reflectivity discontinuities as a light beam traverses the interior of a
plasma processing module. As the light beam traverses the components inside the plasma
processing module, reflectivity measurements are taken. When a light beam encounters a
transition between one reflectivity region and another reflectivity region, the measured
reflectivity changes. For example, a light beam that is kept perpendicular to the plane that is
formed by the upper surface of the chuck may traverse in a straight line toward the chuck, across
the chuck's upper surface, and away from the chuck. When the light beam first encounters the
chuck periphery, there is a transition from one reflectivity region to another reflectivity region,

and the measured reflectivity of the light beam changes correspondingly.

[0031] In this case, the change in reflectivities may be recorded and analyzed to
recognize a discontinuity. After the light beam completes its traversal across the chuck's upper
surface and starts to move away from the chuck, another change in reflectivity regions is
experienced as the beam transitions from the chuck's edge to the surrounding area(s). In this
case, the change in reflectivities may be recorded and analyzed to recognize another
discontinuity. By making multiple passes across the chuck's upper surface and recording the
beam positions where discontinuities occur, it is possible to ascertain the position of the chuck,

including the position of the chuck's center, in the beam’s coordinate system. The determination



of a circle from 3 or more points on its circumference is a known mathematical exercise and will

not be repeated here.

[0032] In another embodiment, the light beam may also traverse the upper electrode’s
plasma-facing surface. Again, discontinuities in reflectivities may be obtained as the light beam
transitions from outside of the upper electrode to the upper electrode surface itself and then away
from the upper electrode again. By making multiple passes across the upper electrode surface
and recording where discontinuities occur, it is possible to ascertain the position of the upper

electrode, including the position of the upper electrode's center, in the beam’s coordinate system.

[0033] In one or more embodiments, the positions of the upper electrode and the chuck,
which positions are acquired by analyzing the data regarding the discontinuities, may be
employed to calculate the relative offset between the upper electrode and the chuck. Since the
positions of the upper electrode and the chuck are both ascertained in the beam’s coordinate
system, it is possible to compare their positions and obtain the relative offset. The relative offset
value may yield valuable information that may help a field engineer address any undesirable

upper electrode/chuck offset and to more efficiently trouble-shoot process problems.

[0034] In one or more embodiments, if the laser assembly is accurately calibrated, the
absolute position of the chuck (as ascertained from the reflectivity discontinuity recordings) may
be compared against the expected position of the chuck, and any offset from the expected
position may be ascertained. Similarly, if the laser assembly is accurately calibrated, the
absolute position of the upper electrode (as ascertained from the reflectivity discontinuity
recordings) may be compared against the expected position of the upper electrode, and any offset
from the expected position may be ascertained. Again, these offsets may help a field engineer

ascertain whether there exists an alignment problem with the chuck and/or the upper electrode.

[0035] In one or more embodiments of the invention, an in-situ optical calibration
technique is provided. In an embodiment, an optical calibration fixture having calibration
regions of known reflectivities is positioned in a pre-defined location along the light beam’s path
(e.g., on one side of the chuck and/or on one side of the upper electrode). For example, a
calibration plate having a first calibration region of M% reflectivity positioned adjacent to a
second calibration region of N% reflectivity may be provided (where M% and N% represent

known reflectivities).



[0036] As the beam traverses this optical calibration fixture, the measured reflectivity
changes depending on the calibration region encountered. By comparing the reflectivity
recordings against the known reflectivities of the calibration regions, the accuracy of the
reflectivity recording sensors and/or the analyzing logic may be calibrated. Further, the logic
portion that is responsible for detecting discontinuities may also be calibrated. Additionally or
alternatively, since the optical calibration fixture may be positioned at a known, predefined
location, the recorded position of reflectivity discontinuity may be compared against the
expected position of reflectivity discontinuity. With this data, the accuracy of the system(s)

involved in moving the beam and/or recording the beam’s position may also be calibrated.

[0037] In one or more embodiments of the invention, the in-situ optical technique may be
employed to measure the absolute position of the wafer or the offset between the wafer and other
components of the processing module (such as the chuck, the upper electrode, or even the robot
arm/effector). In an embodiment, a light beam that is kept perpendicular to the plane that is
formed by the upper surface of the wafer may traverse in a straight line toward the wafer, across
the wafer’s upper surface, and away from the wafer. When the light beam first encounters the
wafer periphery, there is a transition from one reflectivity region to another reflectivity region,

and the reflectivity of the light beam changes correspondingly.

[0038] In this case, the change in reflectivities may be recorded and analyzed to
recognize a discontinuity. After the light beam moves across the wafer’s upper surface and starts
to move away from the wafer, another change in reflectivity regions is experienced as the beam
transitions from the wafer’s edge to the surrounding area(s). In this case, the change in
reflectivities may be recorded and analyzed to recognize another discontinuity. By making
multiple passes across the wafer’s upper surface and recording the beam position where
discontinuities occur, it is possible to ascertain the position of the wafer, including the position of

the wafer’s center, in the beam’s coordinate system.

[0039] Further, if the wafer is positioned above the chuck, either on the end effector prior
to wafer drop or if the wafer sits on the chuck itself, the edge of the wafer and the edge of the
chuck result in light beam reflectivity discontinuities. By recording the beam position where
these discontinuities occur, it is possible to determine after one or more passes whether the wafer

is positioned concentrically relative to the chuck. If the position of the upper electrode is also



ascertained using a light beam traversing the upper electrode in the manner discussed earlier, it is
also possible to determine whether an offset exists between the wafer and the upper electrode

and the extent of such offset.

[0040] If the beam path traverses the robot arm and/or the end effector, it is possible to
extrapolate or curve fit to find the center of the end effector or the position of the robot arm from
the reflectivity discontinuities data. This information may also be employed to align the robot

arm and/or the end effector for optimal wafer transport.

[0041] In one or more embodiments of the invention, the optical in-situ technique may
also be employed to assess the efficacy of the bevel etch process. To elaborate, a wafer
generally has at least two regions: a wafer forming region that occupies most of the center
region of the wafer and a “ring” or “bevel” region that exists at the outer periphery of the wafer
where, generally speaking, no devices are formed. Note that while it is highly desirable to
maximize the wafer forming region in any given wafer to maximize device yield, a ring or bevel
region nevertheless exists and is typically not employed to form devices due to various process

uniformity and other reasons.

[0042] Even though the bevel region is not employed for device formation, certain
process steps may result in the unintended and incidental processing (e.g., deposition) in the
bevel region. If left unremoved, this unintended deposition in the bevel region may degrade the
processing result in a subsequent etch step, for example. Accordingly, a bevel etch is often
employed to remove or “clean” materials from the bevel region before one or more subsequent

processing steps.

[0043] Since the bevel region tends to be immediately adjacent to and surrounding the
device-forming region, the accuracy of the bevel etch designed to remove materials only from
the bevel region (but not from the device-forming region) is critical. If the etch is inaccurate, it
is possible to unintentionally remove materials from the device forming region, leading to

defects in the end products.

[0044] In one or more embodiments, the accuracy of the bevel etch is ascertained using
an in-situ optical technique. In an embodiment, a light beam that is kept perpendicular to the
plane that is formed by the upper surface of the wafer may traverse in a straight line toward the

wafer, across the wafer’s upper surface, and away from the wafer. When the light beam first

10



encounters the wafer periphery, there is a transition from one reflectivity region to another

reflectivity region, and the reflectivity of the light beam changes correspondingly.

[0045] In this case, the change in reflectivities may be recorded and analyzed to
recognize a discontinuity. After the light beam moves across the wafer’s bevel region, the light
beam encounters the start of the device-forming region. At this point, there is a transition from
one reflectivity region to yet another reflectivity region, and the reflectivity of the light beam
changes again correspondingly. The change in reflectivities may be recorded and analyzed to

recognize another discontinuity.

[0046] As the beam continues to traverse the wafer’s surface over the device-forming
region, the beam approaches the other side of the wafer. First the beam will transition from the
device-forming region back to the bevel region. Another reflectivity discontinuity is
encountered and the beam position therefor may be recorded. Finally, after the light beam
traverses across the bevel region, the light beam encounters the wafer edge and another

reflectivity discontinuity is encountered.

[0047] By making multiple passes across the wafer, it is possible to extrapolate the
device forming region and the bevel region and to ascertain whether the bevel region is
concentric relative to the wafer. If there is an offset between the center of the wafer and the
center of the concentric “ring” that is the bevel region, this offset may suggest a problem with the
bevel etch accuracy, and the in-situ data may be employed as a feedback to address the etch

accuracy issue.

[0048] The features and advantages of the invention may be better understood with
reference to the figures and discussions that follow. Fig. 2 shows, in accordance with an
embodiment of the invention, a top-down view of an in-situ optical measurement apparatus in a
processing module 202 having a chuck 204. The in-situ optical measurement apparatus includes
a laser-traversing assembly that comprises, in this example, a traverser bar 208 and a laser
assembly 210. Traverser bar 208 is configured to move in a constant velocity (which may vary
for different applications) in the direction X above the surface of the chuck as shown. Laser
assembly 210 is configured to ride along direction Y on traverser bar 208 and represents an
integrated laser and sensor assembly configured to emit a light beam in the direction

perpendicular to plane that is formed by the top surface of chuck 204. The integrated sensor

11



records the reflectivity data from the light beam as laser assembly 210 traverses along paths 220,
222 and 224 in the example of Fig. 2.

[0049] Fig. 2 also shows a trace 250, representing the reflectivity measurements obtained
by the sensor of laser assembly 210 as laser assembly 210 traverses along path 224. Path 224 is
selected to simplify the explanation of the operation of the in-situ optical measurement system
and may not necessarily represent the path employed during actual measurement. For example,
paths 220 and 222 may be deemed, in some cases, more suitable for obtaining the desired

measurement data.

[0050] In the example of Fig. 2, the chuck is multi-layered and the reflectivity
measurements are shown in trace 250 as the light beam traverses along path 224. For example,
when the light beam encounters location 252 on the edge of chuck 204, a discontinuity 254 is
seen in trace 250. When the light beam encounters location 256 of on the edge chuck 204,
another discontinuity 258 is seen in trace 250. The current position of the laser emitter (which
position is obtained from, for example, the stepper motor encoder values for the motors that
move traverser bar 208 and laser assembly 210) is recorded at each instance a reflectivity

discontinuity is detected.

[0051] Similar discontinuities are seen in trace 250 as the light beam reaches the opposite
side of the chuck as laser assembly 210 traverses along path 224. Again, the current positions of
the laser emitter are recorded for these discontinuities. Since these reflectivity discontinuity
positions are recorded in the laser-traversing assembly coordinate system, it is possible to
calculate, using the coordinates for these positions, the position where path 224 crosses locations
252 and 256, as well locations 260 and 262. If multiple paths (e.g., one or more of paths 220 or
222) are traversed, sufficient discontinuity-correlated position data points may be obtained to
permit the calculation, in the laser-traversing assembly coordinate system, of the circle that

represents the chuck, as well as the chuck center.

[0052] In Fig. 2, an optical calibration fixture 270 is also shown. Optical calibration
assembly includes at least two calibration regions 272a and 272b having known reflectivities.
When the light beam hits these calibration regions, the recorded reflectivity data (shown by
reference number 274 on trace 250) may be employed to calibrate the sensor that senses the

reflectivity. Alternatively or additionally, calibration fixture 270 may be positioned at a known
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location in the processing module. The coordinates of the laser emitter when the reflectivity
discontinuities are encountered may be obtained. These coordinates may be compared against
the known position of the optical calibration fixture 270 in order to calibrate the motor

controller(s) and/or the positioning sensing logic of the laser-traversing assembly.

[0053] Fig. 3 shows, in accordance with an embodiment of the invention, an analogous
situation except that the view is a bottom-up view of the upper electrode. Again, the laser-
traversing assembly permits the traverser bar to move in direction X while the laser assembly
that includes both the laser emitter and the reflectivity sensor moves in direction Y. The
discontinuity data is represented by trace 302 as shown as the laser traversing assembly traverses
along path 304.

[0054] Fig. 4 shows, in accordance with an embodiment of the invention, an arrangement
whereby the reflectivity discontinuity data is obtained as the laser assembly traverse along path
302 across a wafer 404, which sits on an end effector 406. Wafer 404 is positioned above a
chuck 408 in Fig. 4. The reflectivity discontinuities are represented in trace 410 as shown. By
recording the laser emitter positions at the locations where reflectivity discontinuities are
encountered, sufficient data may be obtained after a few traversal paths are taken in order to
facilitate the extrapolation of the circles that represents the wafer and the chuck. These
extrapolated circles may then be examined to determine whether there exists an offset between

the wafer and the chuck, and the extent of such offset.

[0055] With reference to Fig. 4, if the wafer is not present, it is possible to obtain, if
desired, reflectivity discontinuity data to extrapolate the position and/or center of the end
effector, either alone or relative to the chuck. Alternatively, the laser traversal paths may be
configure to cross some identifiable portion of the robot arm and/or the end effector even if the
wafer sits on the end effector. The light beam may be emitted from below or above the end
effector. If the shape of the robot arm and the location of the end effector on the robot arm are
known, it is possible to extrapolate the end effector center from the reflectivity discontinuity

data, either alone or relative to the chuck in order to determine whether any undue offset exists.

[0056] Fig. 5 shows, in accordance with an embodiment of the invention, an analogous
arrangement except that the wafer has been dropped on the chuck. Again, the laser-traversing

assembly permits the traverser bar to move in direction X while the laser assembly that includes

13



both the laser emitter and the reflectivity sensor moves in direction Y. The discontinuity data is
represented by trace 502 as shown as the laser traversing assembly traverses along path 504.
Also again by recording the laser emitter positions at the locations where reflectivity
discontinuities are encountered, sufficient data may be obtained after a few traversal paths are
taken in order to facilitate the extrapolation of the circles that represents the wafer and the chuck.
These extrapolated circles may then be examined to determine whether there exists an offset
between the wafer and the chuck after the wafer is placed on the chuck, and the extent of such
offset. The computed offset may be compensated for in subsequent wafer transfers by, for
example, moving the robot arm by some distance to account for the computed offset such that

when a subsequent wafer is placed on the chuck, the misalignment is eliminated.

[0057] Trace comparison may be performed to obtain relative position information, in
one or more embodiments. For example, by comparing trace 302 (obtained by scanning the
upper electrode in Fig. 3) with trace 250 (obtained by scanning the chuck in Fig. 2), it is possible
to ascertain whether an offset exists between the chuck and the upper electrode. In order to
perform the comparison, trace 250 and trace 302 represent reflectivity data obtained as the laser
assemblies traverse the same path in the processing module. Fig. 6 shows this example wherein
the comparison of trace 302 and trace 250 results in trace 602. In the example of Fig. 6, the two
traces are subtracted from one another, and pulses 608 and 610 are obtained. If the chuck is
offset from the upper electrode, the widths of pulse 608 and 610 would differ, suggesting a

degree of non-concentricity between the chuck and the upper electrode.

[0058] Similar comparisons may be made between any pair of traces in order to obtain
the relative positioning of the processing module components (e.g., chuck, robot arm, end
effector, upper electrode, etc.) and/or the wafer and/or the device-forming region on the wafer
and/or the bevel region on the wafer. For example, it is possible to determine the relative
positions of the following: the wafer relative to the chuck, the chuck relative to the upper
electrode, the upper electrode relative to the wafer, the end effector relative to the chuck, the end
effector relative to the upper electrode, the device forming region on the wafer relative to the
wafer edge, the bevel region on the wafer relative to the device forming region, the device
forming region relative to the chuck, the device forming region relative to the upper electrode,

the bevel region relative to the chuck, the bevel region relative to the upper electrode, etc.
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[0059] Although the examples herein show the laser assembly mounted independently of
the end effector, it is also possible to mount the laser assembly on the end effector for the
purpose of traversing within the processing module. Further, although the laser assembly is
shown to translate linearly in the X and Y directions, it is possible to move the laser assembly
rotationally and record the angle of rotation along with the position of the laser assembly along a

given rotational vector.

[0060] Furthermore, although the laser assembly is shown to move by mechanical
translation mechanism, it is also possible to steer the beam optically, such as by using a prism.
As long as the positions of reflectivity discontinuities can be obtained in some reference
coordinate system, any suitable technique for causing the light beam to traverse within the
processing module may be employed. Additionally or alternatively, although the reflectivity
sensor is shown integrated with the laser emitter in the example herein, it is also possible to
mount the sensor at any desired location as long as the sensor is capable of sensing reflectivity

data with sufficient fidelity to facilitate the determination of reflectivity discontinuities.

[0061] Fig. 7 shows, in accordance with an embodiment of the invention, a simplified
flowchart of the steps of the in-situ optical technique for determining positions and/or offsets of
components and/or objects in a processing module. In step 702, the laser assembly traverses
inside the processing module to scan the components and/or objects of interest (such as the
chuck, the upper electrode, the end effector, the wafer, the regions on the wafer, etc.). In step
704, the reflectivity data from the laser is received by the sensor as the scanning occurs. In step
706, the reflectivity data is analyzed for discontinuities. These discontinuities are correlated with
positional information of the laser emitter at the time the reflectivity discontinuities are detected
(step 708). These discontinuity-correlated positions are then employed to determine the
positions of the various components and/or objects in the processing module. Alternatively or
additionally, these discontinuity-correlated positions may be employed to determine the relative

positions (i.e., offsets) among the various components and/or objects in the processing module.

[0062] As can be appreciated from the foregoing, embodiments of the invention facilitate
in-situ determination of positions and/or offsets of components and objects in a processing
module. With in-situ determination, the positions and/or offsets may be ascertained quite

rapidly, rendering it possible to employ the positions and/or offsets as feedback to control the
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robot arm to compensate and/or correct. Furthermore, the use of an optical technique obviates
damage and contamination issues associated with the prior art’s use of a hardware fixture for
calibration. Additionally, since it is no longer necessary to evacuate the wafer from the
processing module to perform the measurements, less time is wasted. Still further, the
determination of positions and offsets may be performed under the same processing module
conditions as the conditions that exist during production, thereby reducing the error of and

improving usability of the determination results in actual production environments.

[0063] Although various examples are provided herein, it is intended that these examples
be illustrative and not limiting with respect to the invention. Also, the title and summary are
provided herein for convenience and should not be used to construe the scope of the claims
herein. Further, 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 is intended to have its
commonly understood mathematical meaning to cover zero, one, or more than one 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 claims
be interpreted as including all such alterations, permutations, and equivalents as fall within the

true spirit and scope of the present invention.
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MCSLLP
CLAIMS
What is claimed is:
L. A method for determining positions and offsets in a plasma processing system, said

plasma processing system including at teast a chuck and an upper electrode, said method
comprising:

moving a traversing assembly along a first plurality of paths to generate a first
plurality of data sets, said traversing assembly including at least a light source, said light source
providing a light beam, moving said traversing assembly along each path of said first plurality of
paths causing said light beam to traverse said chuck and resulting in one or more data sets of said
first plurality of data sets;

receiving said first plurality of datg sets;

analyzing said first plurality of data sets to identify a first set of at least three
discontinuities, wherein said {irst set of at least three discontinuities are related to three or more
reflected light signals generated when said light beam encounters an edge of said chuck; and

determining a center of said chuck using coordinate data associated with said first
set of at least three discontinuities.
2. The method of claim 1 further comprising:

determining a first set of three or more coordinate data points based on said first set of at
least three discontinuities;
determining said center of said chuck and an absolute position of said chuck based on

said first set of three or more coordinate data points.
3 The method of claim 2 further comprising emploving said absolute position of said chuck
and an expected position of said chuck to ascertain an offset between said absolute position of

said chuck and said expected position of said chck.

4. The method of claim 2 further comprising employing said absolute position of said chuck
and an absolute position of an upper electrode to calculate a relative offset between said upper

electrode and said chuck,
s The method of claim 1 further comprising

moving said traversing assembly along a second plurality of paths to generate a

second plurality of data sets, moving said traversing assembly along each path of said second
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plurality of paths causing at least one of said light beam and a second light beam to traverse said
upper electrode and resulting in one or more data sets of said second plurality of data sets,
recetving said second plurality of data sets;
analyzing said second plurality of data sets to identify a second set of at least
three discontinuities, said second set of at least three discontinuities representing three or more

points on said edge of said upper electrode, and

determining a center of said upper electrode using coordinate data associated with
said second set of at least three discontinuities.

6. The method of claim 3 further comprising:

determining a second set of three or more coordinate data points based on said second set

of at least three discontinuities;

determining said center of said upper electrode and an absolute position of said upper

electrode based on said three or more second coordinate data points.

7. The method of claim 6 further comprising employing said absolute position of said upper
electrode and an expected position of said upper electrode to ascertain an offset between said

absolute position of said upper electrode and said expected position of said upper electrode.

8. The method of claim 5 further comprising positioning an optical calibration fixture in a
pre-defined location, said first plurality of paths being configured to traverse said pre-defined
location, said optical calibration fixture having a plurality of calibration regions, moving said
traversing assembly along each path of said first plurality of paths causing said light beam to
traverse said optical calibration fixture and resulting in one or more data sets of a third plurality
of data sets, said third plurality of data sets representing a measured reflectivity change of each

calibration region of said plurality of calibration regions.

9. The method of claim { further comprising positioning an optical calibration fixture in a
pre-defined location, said first plurality of paths being configured to traverse said pre-defined
location, said optical calibration fixture having a plurality of calibration regions, moving said
traversing assembly along each path of said first plurality of paths causing said light beam to

traverse said optical calibration fixture and resulting in one or more data sets of a third plurality

{8



of data sets, said third plurality of data sets representing a measured reflectivity change of each

calibration region of said plurality of calibration regions.

10. A plasma processing system for generating plasma to process at least a substrate, said
system comprising:

a chuck for supporting said substrate;

a traversing assembly including at least a light source, said light source providing
a light beam;

a movement mechanism for moving said traversing assembly along a first
plurality of paths to generate a first plurality of data sets, said traversing assembly, moving said
traversing assembly along each path of said first plurality of paths causing said light beam to
traverse said chuck and resulting in one or more data sets of said first plurality of data sets;

a sensor for receiving said first plurality of data sets;

a processing unit for at least one of

analyzing said first plurality of data sets to identify a first set of at least
three discontinuities, wherein said first set of at least three discontinuities are related to three or
more reflected Hight signals generated when said light beam encounters an edge of said chuck,
and

determining a center of said chuck using coordinate data associated with
said first set of at least three discontinuities,
11, The system of claim 10 firther comprising:

said processing unit is also configured for at least one of

determining a first set of three or more coordinate data points based on
said first set of at least three discontinuities;

determining said center of said chuck and an absolute position of said
chuck based on said first set of three or more coordinate data points.
12, The system of claim 11 wherein the processing vnit is further configured to employ said
absolute position of said chuck and an expected position of said chuck to ascertain an offset

between said absolute position of said chuck and said expected position of said chuck.

13.  The system of claim 11 wherein said processing unit is further configured to employ said
absolute position of said chuck and an abschute position of an upper electrode 1o calculate a

relative offset between said upper electrode and said chuck.
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14, Thesystem of claim 11 fusther comprising at least an upper electrode for generatin g said

plasma, wherein

said movement mechanism is further configured to move said traversing assembly
along a second plurality of paths to generate a second plurality of data sets, moving said
traversing assembly along each path of said second plurality of paths causing at least one of said
light beam and a second light beam to traverse said upper electrode and resultin ¢ i one or more
data sets of said second phuality of data sets,

said sensor is also configured for receiving said second plurality of data sets;

said processing unit is also configured for at least one of

analyzing said second plurality of data sets to identity a second set of at
least three discontinuities, said second set of at least three discontinuities representing three or
more points on said edge of said upper electrode, and

determining a center of said upper electrode using coordinate data
associated with said second set of at least three discontinuities.

15, The system of claim 14 further comprising:

said processing unit is also configured for at least one of
determining a second set of three or more coordinate data points based on

said second set of at least three discontinuities;

determining said center of said upper electrode and an absolute position of

said upper electrode based on said three or more second coordinate data points.

16, The system of claim 15 wherein said processing unit is further configured to employ said
absolute position of said upper electrode and an expected position of said upper electrode to
ascertain an offset between said absolute position of said upper electrode and said ex pected

position of said upper electrode.

17. The system of claim 14 further comprising an optical calibration fixture positioned in a
pre-defined location, said first plurality of paths being configured to traverse said pre-defined
location, said optical calibration fixture having a plurality of calibration regions, moving said

traversing assembly along each path of said first plurality of paths causing said light beam to



traverse said optical calibration fixture and resulting in one or more data sets of a third plurality
of data sets, said third phurality of data sets representing a measured reflectivity change of each

calibration region of said plurality of calibration regions.

I8.  The system of claim 11 further comprising optical calibration fixture positioned in a pre-
defined location, said first plurality of paths being configured to traverse said pre~-defined
location, said optical calibration fixture having a plurality of calibration regions, moving said
traversing assembly along each path of said first plurality of paths causing said light beam to
traverse said optical calibration fixture and resulting in one or more data sets of a third plurality
of data sets, said third plurality of data sets representing a measured reflectivity change of each

calibration region of said plurality of calibration regions.

19 Analignment system for generating plasma to process at least a substrate, said system

comprising:

a chuck for supporting said substrate;

a traversing assembly including at least a light source, said light sowrce providing
a light beam;

a movement mechanism for moving said traversing assembly along a first
plurality of paths to generate a first plurality of data sets, said traversing assembly, movin @ said
traversing assembly along each path of said first plurality of paths causing said light beam to
traverse said chuck and resulting in one or more data sets of said first plurality of data sets;

a sensor for receiving said first plurality of data sets;

a processing unit for at least one of

analyzing said first plurality of data sets to identify a first set of at least
three discontinuities, wherein said first set of at least three discontinuities are related to three or
more reflected light signals generated when said light beam encounters an edge of said chuck,
and

determining a center of said chuck using coordinate data associated with
said first set of at least three discontinuities.
20.  The alignment system of claim 19 further comprising at least an upper electrode for

generating said plasma, wherein



[92]
a

said movement mechanism is further configured to move said traversin g assembly
along a second plurality of paths to generate a second plurality of data sets, moving said
traversing assembly along each path of said second plurality of paths causin g at least one of said
light beam and a second light beam 1o traverse said upper electrode and resulting in one or more
data sets of said second plurality of data sets,

said sensor is also configured for receiving said second plurality of data sets:

said processing unit is also configured for at least one of

analyzing said second plurality of data sets to identify a second set of at
least three discontinuities, said second set of at least three discontinuities representing three or

more points on said edge of said upper electrode, and

determining a center of said upper electrode using coordinate data

associated with said second set of at least three discontinuities.
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