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Wireless Substrate-Like Teaching Sensor for Semiconductor Processing
BACKGROUND

[0001] Virtually all modern electronics use integrated circuits. These integrated circuits are
produced using a semiconductor material, such as silicon, in a semiconductor processing facility.
The semiconductor is generally provided in the form of a round, thin wafer that is processed into
potentially hundreds or thousands of integrated circuits.
[0002] The semiconductor processing facility uses automated robots to handle material inside the
processing chamber. Wafers must be positioned for processing with high accuracy and
repeatability. Wafers must be returned to their storage locations carefully to avoid collisions that
can produce debris; the processing environment is required to be extremely clean, since debris or
dust can have a significant negative impact on processing yield.
[0003] Wafer handling systems for semiconductor processing can take many forms. These systems
are employed to remove a wafer from a storage pod, move a wafer to a processing station, move a
wafer between processing stations and/or return the processed wafer to the pod. Typically, the
wafer handling system includes a robotic arm having an end effector that is shaped and sized to be
inserted into the pod for wafer removal/replacement. The end effector may include a vacuum
system for gripping or otherwise adhering to the wafer to ensure that it does not slide or shift
during transport.
[0004] The end effector must be positionable with precision. Positioning errors in the wafer
handling system can cause inadvertent contact between wafers, the end effector and/or other
components of the semiconductor processing system. Even minor impacts can dislodge particles
that may contaminate other wafers resulting in very costly scrap.
[0005] In some processing steps, it is necessary to center the wafer very accurately on the
processing tool to assure uniform process results across the wafer surface. Accordingly, handling
system positioning errors must be minimized.
[0006] During semiconductor processing, a wafer will generally need to be transferred to and
properly positioned on a platform generally called the ‘process chuck’. A process chuck is a device
that holds a wafer during one or more process steps. It is often close to the size and circular shape
of the wafer. The chuck may also have vacuum apertures such that when the wafer is placed upon
the process chuck, it can be held securely thereto using vacuum. If a wafer is not placed correctly

on the process chuck, the edge dies of the wafer will not be processed correctly. These dies will
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have defects, resulting in loss of yield. For some processing steps, such as ion etching and others,
the chuck may include special sidewalls that help guide the process. The wafer must be placed
very accurately within the sidewalls for the process to be successful.

[0007] In order to reduce positional errors, it is useful periodically to re-align the wafer handling
system to known markers in the process tool, the wafer storage and transfer pod, or both. This is
commonly called ‘teaching’ of wafer transfer coordinates to the water handling system in order to
reduce or eliminate any disparities between the wafer handling system’s coordinate system and the
coordinate system of the semiconductor processing system. One commercially available system is
sold under the trade designation WaferSense ATS by CyberOptics Corporation of Golden Valley,
MN. The WaferSense ATS (Auto-Teaching System), uses machine vision to provide a calibrated
“eye” that helps teach wafer transfer coordinates to a wafer handling system. This system employs
a sensor that is shaped like a wafer so that it can be handled exactly like a process wafer. In this
way, the sensor can be moved about the semiconductor processing system to measure robot
handoffs without opening the process chamber. Opening and closing the process chamber can be
an expensive hours- to days-long interruption in production. A watfer-like sensor also can access
difficult-to-reach stations like pre-aligners and load locks. The WaferSense ATS sensor is taught
to recognize circular target features, such as a central hole in the chuck, and uses machine vision
and its on-board signal processing to measure X-Y-Z offset from the sensor’s calibrated geometric
center to the center of the target feature. The ATS sensor allows equipment users to save the time
during equipment maintenance without opening chamber and the accurate robot teaching ensures
the wafer is transferred properly to the center of the process chuck.

[0008] The current ATS sensor requires a round shape target in the center of the wafer chuck so
the ATS can use it for calculating the deviation between the wafer and the chuck. Also, the robot
blade or end effector needs to have an unobstructed opening or port so the camera of ATS sensor
can see through it to find the round shape of the process chuck. However, a significant percentage
of semiconductor processing equipment (~>70%) does not have the round shape target on the
process chuck or the end effector does not have the required central opening. In these cases, the
current ATS sensor is limited and may not be suitable for teaching wafer transfer coordinates to
the wafer handling system. Accordingly, it is beneficial to provide an automatic teaching sensor

for wafer handling systems that can perform the teach function without a central aperture of a
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process chuck or a central opening in the end effector. Such a sensor would allow the benefits of
automatic wafer transfer coordinate teaching to reach more applications.
SUMMARY
[0009] A wireless substrate-like sensor for teaching transfer coordinates to a robotic substrate
handling system is provided. The sensor includes a base portion sized and shaped like a substrate
handled by the robotic substrate handling system. An electronics housing is coupled to the base
portion. A power module is disposed within the electronics housing and configured to power
components of the sensor. At least one edge camera is disposed near an edge of the base portion
of the wireless substrate-like sensor. The at least one edge camera has a field of view that images
an alignment feature of the object within the field of view of the at least one edge camera of the
wireless substrate-like sensor. A controller is disposed within the electronics housing and is
coupled to the at least one edge camera. The controller is configured to obtain an image from the
at least one edge camera and determine a location of the alignment feature and provide the
determined location to the robotic substrate handling system.
BRIEF DESCRIPTION OF THE DRAWINGS
[0010] FIGS. 1A — 1C are diagrammatic views of a substrate-like sensor with process chuck edge
detection in accordance with one embodiment of the present invention.
[0011] FIG. 2 is a diagrammatic view of an edge camera of an improved sensor imaging a portion
of a chuck edge in the field of view (FOV) of the edge camera and the FOV is illuminated by a
point source.
[0012] FIGS. 3 is a diagrammatic view illustrating an example of structured light that can be
imaged by the cameras, with the subsequent images processed by the sensor for accurate
determination of range.
[0013] FIGS. 4A and 4B are diagrammatic views of a wireless wafer-shape teaching sensor in
accordance with embodiments of the present invention.
[0014] FIG. 5 is a flow diagram of a method of training a wafer handling robot in accordance with
an embodiment of the present invention.
DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS
[0015] Known Auto-Teaching systems for semiconductor processing tools typically employ a
single, centered camera that looks for a single, centered, circular object on the process chuck (the

wafer platform). This camera looks almost perfectly straight down, normal to the sensor body.



WO 2019/209688 PCT/US2019/028464

4

Relatively simple processing is used to locate the circular object in the camera image and compare
its center to the calibrated sensor center. Illumination is provided by a ring light encircling the
FOV of the camera.

[0016] In accordance with embodiments described herein, an auto-teaching wireless substrate-like
sensor for semiconductor processing tools is provided with a plurality of cameras located near an
outer edge of the sensor. The new system and method use one or more cameras located near the
edge of the sensor to view the physical edge of the process chuck and measure its position and/or
curvature relative to the sensor. Alignment marks visible to the one or more edge cameras may be
used instead of the chuck edge or addition to it. These cameras may be used without a center
camera or they may be used to supplement a center camera. The line of sight of these edge-viewing
cameras must accommodate relatively large viewing angles to see the edge of a process chuck that
is nominally the same diameter as the sensor. Because this view angle strongly couples lateral
position (XY) with the distance from the camera to the process chuck (Z, or range), it is important
to know Z (range) accurately in order to report accurate XY. In one embodiment, the Z range
measurement is performed with structured illumination, so it is important that each edge camera
be paired with and calibrated with an illuminator employing some kind of structured light. This
structured light and calibration of camera and illuminator allows for accurate determination of the
range to the chuck edge and compensation for lateral shift caused by slight changes in range. This
also provides a way to calculate and report an accurate Z (separation) between the wireless
substrate-like sensor and the process chuck surface at the location of the edge camera. Other
embodiments of the present invention can use other methods for determining range from camera
to chuck. An example of another method to obtain Z is through ultrasonic ranging or time-of-flight.
[0017] The camera views should, additionally, be calibrated to accurately relate the position of
each field of view to all other fields of view and to a single, overall coordinate system of the sensor.
One camera field of view, such as a central camera’s field of view, may be used to define the
single, overall coordinate system. Alternatively, the single, overall coordinate system may be
defined based on physical features of the sensor, such as the outside edges of the sensor, alignment
notches, or alignment holes.

[0018] Embodiments described herein generally leverage a plurality of cameras disposed on a
substrate-like sensor in order to image a geometrical feature (such as an edge) of a process chuck.

Thus, instead of using only a centered, circular marker, it is now possible to align the end effector
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and the process chuck using the detection of the edge of the process chuck, or other alignment
markings near the edge. The wireless substrate-like sensor is shaped and sized similarly to the
wafers to be processed. In addition, other alignment features within the views of the multiple
cameras may be used as the reference for the system to automatically calculate the X & Y distances
and, optionally, the Z distance and angular orientation, to re-center and realign the end effector
[0019] FIGS. 1A-1C are diagrammatic views of a wireless substrate-like sensor with improved
chuck edge detection in accordance with one embodiment. FIG. 1A shows a top view, while FIG.
1B shows a side view and FIG. 1C shows a bottom view.

[0020] FIGS. 1A and 1C show wireless substrate-like sensor 100 having a circular shape with a
circular raised portion 102 that houses electronics (described in greater detail with respect to FIG.
4) therein. While embodiments of the present invention will generally be described where the
substrate-like sensor has a circular shape (similar to circular wafers), it is expressly contemplated
that other shapes can be used as well. The important aspect of the substrate-like feature is that it
allows sensor 100 to move within the processing environment in the same way as substrates when
they are processed. Thus, in a reticle processing facility, a substrate-like sensor may be shaped
rectangularly. In the embodiment shown in FIGS. 1A and 1C, sensor 100 includes a base portion
that preferably has the same diameter as processed wafers. In one example, the outer diameter is
300 mm for a processing system that processed 300 mm diameter wafers. In another embodiment,
base portion 104 has a diameter of 200 mm for systems that process 200 mm wafers. Base portion
104 is preferably formed of a relatively rigid material such as carbon fiber or chemically hardened
glass (such as Gorilla Glass available from Dow Corning of Midland, Michigan).

[0021] FIG. 1C shows a central camera 106 provided along with four additional cameras 108, 110,
112, and 114 disposed near the outer edge 116 of sensor 100. Sensor 100 also includes one or more
structured illumination sources (shown in FIG. 2). Preferably, a structured illuminator or structured
illumination source is provided for each of cameras 108, 110, 112, and 114. In the embodiment
shown in FIG. 1C, four cameras 108, 110, 112, and 114 are disposed approximately 90 degrees
apart near the edge 116 of sensor 100. However, those skilled in the art will recognize that more
or fewer outer cameras can be used in accordance with embodiments of the present invention.
Further, while the outer edge cameras 108, 110, 112, and 114 are spaced evenly from one another,
it is also contemplated that embodiments of the present invention can be practiced where the

spacing between the cameras is not equal.
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[0022] FIG. 2 is a diagrammatic view of an edge camera, such as camera 108, of a wireless
substrate-like sensor imaging a portion 130 of a process chuck edge 132 in the field of view (FOV)
134 of edge camera 108 as FOV 134 is illuminated by structured illuminator 136 (illustrated
diagrammatically as a point source). This illustration is intended to show a camera and illuminator
being paired. As set forth above, the pairing of the cameras and illuminators facilitates calibration
of the camera which allows for accurate determination of the range to edge 132 of process chuck
138. Camera 108 may be any suitable device capable of obtaining a useful image of the field of
view. Camera 108 may be a monochrome camera or a color camera. Generally, camera 108, as
well as cameras 110, 112, and 114 are area array devices such as a Charge Coupled Device (CCD)
or Complementary Metal Oxide Semiconductor (CMOS) image devices. These cameras may
include or be coupled to suitable optical systems (not shown separately) to focus images upon the
array within the camera.

[0023] FIG. 3 is a diagrammatic view illustrating a very simple example of structured illumination
that can be calibrated and used for accurate determination of range. In Fig. 3, the structured
illumination is in the form of a single dot. Through calibration, the size and nominal position of
dot 140 is known to the sensor controller (shown in FIG. 4). When an image of dot 140 is acquired
by a camera, such as camera 108, contrasting the apparent size and location of dot 140 in the image
with the known calibration information facilitates the camera/illuminator pair to be able to provide
accurate range (i.e. distance to object) determinations. The position of the structured illumination
in the camera’s image relative to height is calibrated so that the observed position in the image can
be processed to render an accurate Z measurement. Fig. 3 shows a simple example, but workers
skilled in the art will recognize that the structured illumination pattern can take many forms, for
example, but not limited to: a dot, more than one dot, a cross, a circle, multiple lines, sinusoidally
varying patterns, diamonds, and a checkerboard.

[0024] FIG. 4A is a diagrammatic view of a wireless wafer-shape teaching sensor in accordance
with an embodiment of the present invention. FIG. 4A is a diagrammatic view of circuitry within
circular raised portion 102 in accordance with embodiments of the present invention. As shown, a
power module 200 preferably includes a battery 202 in order to power sensor 100 as it moves
within the semiconductor processing facility. Preferably, battery 202 is a rechargeable battery.
Power module 200 is configured to provide requisite power to the various other components of

sensor 100 as indicated by arrow 204 labelled “To All.” In one example, power module 200 may
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include a power management integrated circuit available from Texas Instrument under the trade
designation TPS5602.

[0025] Controller 206 is coupled to and receives power from power module 200. Controller 206
is configured, through hardware, software, or a combination thereof, to programmatically execute
instructions in order to obtain image data from the cameras to which it is coupled. Controller 206
may be configured to employ communication circuitry 207 to transmit images to receiving
hardware external to the sensor wafer, where they may be stored or processed. In the preferred
embodiment, the sensor controller will execute processing to identify features in the images
indicative of reference locations (e.g. edge portions of a process chuck), and calculate a reference
position (i.e. center of a process chuck) based on the reference locations and stored calibration
information. Further, controller 206 is configured to employ communication circuitry 207 to
transmit information indicative of the reference position to a robotic handling system or other
suitable device in order to teach the robotic handling system the reference position. In one example,
controller is a microprocessor, such as that sold under the trade designation TMS320C6211
available from Texas Instruments. Controller 206 is also coupled to or includes memory 208,
which can take the form of any type of memory. Preferably, however, memory 208 includes a
module of Synchronous Dynamic Random Access Memory (SDRAM) preferably having a size of
at least 16Mx>16. Memory 208 also preferably includes flash memory having a size of 256K x8.
Flash memory is useful for storing such non-volatile data as programs, calibration data and/or
additional other non-changing data as may be required. The random access memory is useful for
storing volatile data such as acquired images or data relevant to program operation. Memory 208
contains instructions that when executed by controller 206 perform the functions described herein.
[0026] Tllumination module 210 is coupled to controller 206 as well structured illuminators 212,
214, 216, and 218. Each structured illuminator 212, 214, 216, 218 is preferably located on the
underside of base portion 104 near a respective camera 108, 110, 112, and 114. The structured
illuminators generate illumination having a particular structure, such as shown in FIG. 3, that
allows calibration of range for each camera/illuminator pair. The structured light illuminators may
employ sufficient monochrome or polychromatic light to the camera FOV’s to allow suitable
images to be recorded. The structured illuminators may comprise LEDs, laser diodes, or any other

suitable device.
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[0027] As shown in FIG. 4A, controller 206 is coupled to all cameras 220, 222, and 224. Camera
220 may be a central camera similar to cameras used in the prior art. Further, in environments
where camera 220 has an unobstructed view of a central aperture on a process chuck, controller
200 may perform coordinate teaching in using prior techniques. Controller 200 is also coupled to
various edge cameras 222, 224 in order to provide coordinate teaching in accordance with
embodiments of the present invention. Camera 224 is labeled “Camera(n)” in FIG. 4 to indicate
that any suitable number of edge cameras 222, 224 can be used. Further, controller 200 may be
adapted through hardware, software, or a combination thereof, to determine if camera 220 has an
obstructed view or if no central aperture or feature is provided on a process chuck and
automatically employ edge cameras for calculating a center of the process chuck.

[0028] Communication circuitry 207 is coupled to controller 206 to allow controller 206 to
communicate, preferably bi-directionally, during operation within a semiconductor processing
environment. Communication circuitry 207 can employ any suitable wireless communication
protocol and/or frequency. In one example, communication circuitry operates at about 2.4 GHz in
accordance with the well-known Bluetooth standard, Bluetooth Core Specification Version 1.1
(Feb. 22, 2001), available from the Bluetooth SIG (www.bluetooth.com). One example of circuitry
207 is available from Mitsumi under the trade designation WML-C11.

[0029] In order to provide higher accuracy and precision, embodiments described herein generally
facilitate the calibration of each edge camera/illuminator pair such that range to the edge of the
process chuck can be determined accurately and used to compensate for lateral shift caused by
changes in range. In accordance with one embodiment, the sensor is placed in a precise jig or
calibration fixture having a known range. The at least one edge camera is caused to record one or
more images at one or more known ranges. Controller 206 then process the obtained image or
images to associate the appearance of the structured illumination in the image or images to the
known range. The calibration method builds calibration information that is used during teaching
to measure the range from the appearance of structured light in images. This calibration
information may be in the form of a lookup table or coefficients of a functional representation of
the calibration information. Use of the calibration information by the controller may involve
interpolation between stored calibration points or extrapolation beyond the range of the stored

calibration. Further, since the sensor may be sensitive to environmental changes, the calibration
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information may contain dependences on ancillary measurements of temperature, humidity,
pressure and other environmental variables.

[0030] FIG. 4B is a diagrammatic view of a wireless wafer-shape teaching sensor in accordance
with another embodiment of the present invention. The embodiment shown in FIG. 4B bears many
similarities to the embodiment shown in FIG. 4A and like components are numbered similarly.
The main difference between the embodiments, is that FIG. 4B shows that range devices 412, 414,
416, and 418 can be used instead of structured illuminators. These range devices can utilize any
suitable techniques for determining range or distance from the wireless substrate-like sensor to the
object or process chuck. In a preferred embodiment, range devices 412, 414, 416, and 418 are
driven or otherwise controlled by range device circuitry 410, which is coupled to controller 206.
While FIG. 4B shows a number of range devices being used, it is expressly contemplated that
embodiments of the present invention can be practiced with a single range device in combination
with a tilt/tip sensor 420 mounted to the wireless substrate-like sensor and coupled to the controller
to provide an indication of the sensor’s tilt/tip. Such a tilt/tip sensor could also be used in
combination with a single structured illuminator, such as those described above.

[0031] FIG. 5 is a flow diagram of a method of teaching a wafer handling robot in accordance
with an embodiment of the present invention. Method 300 begins at block 302 where the sensor is
loaded or otherwise disposed on an end effector of a semiconductor handling robot. This can be
done manually 304 by a technician placing the sensor on the end effector, or automatically 300,
by causing the semiconductor handling robot to withdraw the sensor from a known sensor location,
such as a base station, or a location in a wafer handling cassette or pod. Next, at block 308, the
sensor is brought by the semiconductor handling robot into proximity of a transfer position. As
defined herein, a transfer position is any location in a semiconductor processing facility where a
semiconductor substrate, such as a wafer or reticle, leaves an end effector of a semiconductor
handling robot or is picked up or otherwise engaged by an end effector of a semiconductor handling
robot. Accordingly, a process chuck is one such transfer position.

[0032] At block 310, the sensor acquires at least one edge image of the transfer position. In one
example, the transfer position is a circular process chuck. As shown in block 312, it is believed
that embodiments of the present invention can be practiced with a single camera having a FOV
that covers an edge of the process chuck. For example, in the acquired image, the curved outer

edge can be identified by an image processor, such as controller 206. The curved edge can be fit
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to a circle and the center found from the fit circle. Accordingly, even if the sensor cannot view the
center of the process chuck, or if the center does not have a reference feature, such as an aperture,
embodiments described herein can still provide automatic teaching of wafer transfer coordinates
to the semiconductor handling system. While it is believed to be possible to practice embodiments
of the present invention using a single edge camera, it is believed that higher accuracy can be
achieved with multiple cameras as indicated at reference numeral 314 and shown in FIG. 1C.
[0033] Next, at block 316, a controller, such as controller 206 calculates a center position of the
process chuck using one or more images of a curved edge of the process chuck. The center
calculation can be done in any suitable manner. The circular edge arcs identified in each camera
image can be combined and then mathematically fit to a single circle using methods stored in
controller 206. Alternatively, each camera’s edge arc can be fit to its own circle and the center of
each camera’s derived circle can be suitably combined to arrive a single center result. Adding
additional edge cameras will further improve the accuracy of the sensor. Finally, at block 320, the
sensor provides the calculated center coordinate to the handling system to teach the transfer
position to the handling system. Preferably, this is done using wireless communication, such as
using wireless communication circuitry 207.

[0034] Those skilled in the art will appreciate that a number of variations can be made without
departing from the spirit and scope of the invention. Examples of variations include providing the
structured illumination in various forms, such as sinusoids or repeating diamonds. Z range can be
determined optically using structured illumination as described in detail above, but also through
other means, such as ultrasonic or capacitive ranging, or a combination of ranging through various
means at a single point combined with accurate determination of the relative inclination of the
chuck and the sensor. Further, more than one camera can be associated with a single illumination
source and/or more than one illumination source can be associated or paired with a single camera.
The illumination of one or both illuminators can be at a single wavelength or at multiple
wavelengths. Similarly, the cameras can be used to detected and potentially record color or
monochrome images. Single or multiple images can be used to reach a desired XY position result.
Finally, the height (Z) values can be used for a purpose that is separate from determining accurate

Xand Y.
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[0035] Although the present invention has been described with reference to preferred
embodiments, workers skilled in the art will recognize that changes may be made in form and

detail without departing from the spirit and scope of the invention.
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WHAT IS CLAIMED IS:

1. A wireless substrate-like sensor for teaching transfer coordinates to a robotic substrate
handling system, the sensor comprising:

a base portion sized and shaped like a substrate handled by the robotic substrate handling
system,

an electronics housing coupled to the base portion,;

a power module disposed within the electronics housing and configured to power
components of the sensor;

at least one edge camera disposed near an edge of the base portion, the at least one edge
camera having a field of view that images an edge of a process chuck configured
to receive a semiconductor wafer within the field of view of the at least one edge
camera of the wireless substrate-like sensor;

a range device mounted relative to the base portion and operably coupled to the controller
to provide an indication of range between the wireless substrate-like sensor and
the process chuck;

a controller disposed within the electronics housing coupled to the at least one edge
camera and the range device, the controller being configured to obtain an image
from the at least one edge camera and determine a location of the process chuck
based on at least one image of the edge of the process chuck and the indication of
range, wherein the controller is configured to transmit information indicative of
the determined location to the robotic substrate handling system to teach the

robotic substrate handling system the determined position.
2. The wireless substrate-like sensor of claim 1, and further comprising an additional
camera disposed in a central region of the base portion and configured to image a central portion

of an object located underneath the wireless substrate-like sensor.

3. The wireless substrate-like sensor of either claim 1 or 2, wherein the edge is a round

edge.

4. The wireless substrate-like sensor of any of claims 1-3, and further comprising a tilt/tip
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sensor operably coupled to the controller to measure tip and tilt of the wireless substrate-like

Sensor.

5. The wireless substrate-like sensor of claim 4, wherein the controller is configured to
utilize the indication of range and measurement of tip and tilt to correctly report XY coordinates

from camera images.

6. The wireless substrate-like sensor of any of claims 1-5, wherein the at least one edge

camera includes four edge cameras, each disposed proximate an edge of the base portion.

7. The wireless substrate-like sensor of any of claims 1-6, and further comprising a
structured illuminator mounted relative to the base portion proximate at least one edge camera,
the structured illuminator being configured to generate structured illumination in a field of view

of the at least one edge camera.

8. The wireless substrate-like sensor of claim 7, wherein the wireless substrate-like sensor
comprises at least four edge cameras and a structured illuminator disposed proximate each

respective edge camera.

9. The wireless substrate-like sensor of claim 7, wherein the structured illumination is in
the form selected from the group consisting of a dot, a circle, a plus symbol, a plurality of
parallel lines, a sinusoidally varying intensity pattern in at least one of X and Y direction,

diamonds shapes, and a checkerboard.

10. The wireless substrate-like sensor of claim 7, wherein the structured illumination is
configured to allow a calibration operation in order to calibrate apparent range based on the

structured illumination.

11. The wireless substrate-like sensor of claim 10, wherein the controller is configured to

perform the calibration operation for each pair of edge camera and structured illuminator.
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12. The wireless substrate-like sensor of claim 10, wherein the controller is configured to
utilize stored calibration information in order to accurately calculate range based on the

appearance of the structured illumination in the camera images.

13. The wireless substrate-like sensor of claim 10, wherein the controller is configured to

utilize measured range to correctly report XY coordinates from camera images.

14. The wireless substrate-like sensor of any of claims 1-13, wherein the controller is
configured to employ a camera proximate to the center of the sensor base to attempt to image a
central aperture of the process chuck and selectively engage the at least one edge camera if the

attempt to image the central aperture of the object fails.

15. The wireless substrate-like sensor of any of claims 1-14, wherein the at least one edge

camera is a monochrome camera.

16. The wireless substrate-like sensor of any of claims 1-14, wherein at least one edge

camera is a color camera.

17. The wireless substrate-like sensor of any of claims 1-16, wherein the sensor has a form

that is substantially similar to a semiconductor wafer.

18. The wireless substrate-like sensor of any of claims 1-16, wherein the sensor has a form

that is substantially similar to a semiconductor process reticle.

19.  The wireless substrate-like sensor of any of claims 1-18, wherein the at least one edge

camera is disposed on a bottom side of the base portion.

20.  The wireless substrate-like sensor of any of claims 1-18, wherein the range device is

disposed on a bottom side of the base portion.
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21. The wireless substrate-like sensor of claim 7, wherein the structured illuminator is

disposed on a bottom side of the base portion.

22. A method of measuring the position of a process chuck of a semiconductor processing
tool relative to a sensor held by a robotic manipulator of the semiconductor processing tool, the
method comprising:
providing a sensor having at least one edge detecting camera and a range sensor;
causing the at least one edge detecting camera to obtain at least one image of a
round outer surface of the process chuck;
causing the range sensor to detect a range to the process chuck;
calculating a position of a center of the process chuck based on analyzing the at
least one image of the round outer surface of the process chuck and the
detected range; and
communicating the calculated position of the center of the process chuck to a

controller of the robotic manipulator.

23. The method of claim 22, and further comprising providing a structured illuminator for
each of the at least one edge camera and using the structured illumination to calibrate each

camera/illuminator pair for range.

24, The method of either claim 22 or 23, and further comprising using the calibrated sensor

to obtain at least one subsequent image of the round outer surface of the process chuck.

25. The method of any of claims 22-24, and further comprising using stored calibration

information to calculate lateral (XY) and range (Z) distances.
26. The method of any of claims 22-25, wherein communicating the calculated position
includes transmitting wireless data indicative of the calculated position to the controller of the

robotic manipulator.

27. The method of any of claims 22-26, wherein the at least one edge detecting camera
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includes four edge detecting cameras, and wherein calculating the position of the chuck includes

analyzing at least one image from each edge detecting camera.

28. The method of any of claims 22-27, wherein the sensor held by the robotic manipulator
further comprises a tilt sensor, and wherein a signal of the tilt sensor is used, at least in part, to

calculate the position of the center of the process chuck.

29. A method of measuring the position of a process chuck within a semiconductor
processing tool relative to a sensor held by a robotic manipulator of the semiconductor
processing tool, the method comprising:
providing a sensor having at least one edge detecting camera and a range sensor;
causing the at least one edge detecting camera to obtain at least one image of an
alignment mark of the process chuck located within a field of view of the
at least one camera;
causing the range sensor to detect a range of the process chuck;
calculating a position of an alignment mark of the process chuck based on the at
least one image of the alignment mark and the detected range; and

communicating the calculated position to a controller of the robotic manipulator.
30. The method of claim 29, and further comprising providing a structured illuminator for
each of the at least one edge camera and using structured illumination to calibrate each

camera/illuminator pair for range.

31. The method of either claim 29 or 30, and further comprising using the calibrated sensor

to obtain at least one subsequent image of an edge of the process chuck.

32. The method of any of claims 29-31, and further comprising using stored calibration

information to calculate lateral (XY) and range (Z) distances.

33. The method of any of claims 29-32, wherein communicating the calculated position
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includes transmitting wireless data indicative of the calculated position to the controller of the

robotic manipulator.

34. The method of any of claims 29-33, wherein the at least one edge detecting camera
includes four edge detecting cameras, and wherein calculating the position of the alignment mark

includes analyzing at least one image from each edge detecting camera.

35. The method of any of claims 29-34, wherein providing the sensor comprises positioning
the sensor, with the robotic manipulator, at a height above the process chuck to obtain the at least

one image of the round outer surface of the process chuck.

36. The method of any of claims 29-35, wherein the sensor held by the robotic manipulator
further comprises a tilt sensor, and wherein a signal of the tilt sensor is used, at least in part, to

calculate the position of the center of the process chuck.





