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METHODS AND APPARATUS FOR LOADING AND UNLOADING SUBSTRATE
CARRIERS ON MOVING CONVEYORS USING FEEDBACK

CROSS REFERENCE TO RELATED APPLICATIONS
This application claims priority to U.S.

Provisional Patent Application No. 60/828,070, filed October

-4, 2006 and titled “Methods And Apparatus For Loading And

Unloading Substrate Carriers On Moving Conveyors Using
Feedback,” which is hereby incorporated by reference herein
in its entirety.

This application is also related to U.S. Patent
Application 10/987,452 filed November 12, 2004 and titled
“Wafer Loading Station that Automatically Retracts from a
Moving Conveyor in Response to an Unscheduled Event”
(Attorney Docket No. 7676/P0l), which claims priority to
U.S. Provisional Patent Application Serial No. 60/520,140,
filed November 13, 2003 (Attorney Docket No. 7676/L03), and
is also a continuation-in-part of U.S. Patent Application
Serial No. 10/650,480, filed August 28, 2003 and titled
"Substrate Carrier Handler That Unloads Substrate Carriers
Directly From a Moving Conveyor" (Attorney Docket No. 7676),
which claims priority from U.S. Provisional Application
Serial Nos. 60/407,463, filed August 31, 2002 and
60/443,004, filed January 27, 2003. Each of the above
patent applications is hereby incorporated by reference
herein in its entirety.

The present application is also related to the
following commonly-assigned, co-pending U.S. Patent
Applications, each of which is hereby incorporated herein by
reference in its entirety for all purposes:

U.S. Patent Application No. 10/650,310, filed
August 28, 2003 and titled "System For Transporting
Substrate Carriers" (Attorney Docket No. 6900);
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U.S. Patent Application No. 10/650,312, filed
August 28, 2003 and titled "Method and Apparatus for Using
Substrate Carrier Movement to Actuate Substrate Carrier Door
Opening/Closing" (Attorney Docket No. 6976);

U.S. Patent Application No. 10/650,481, filed
August 28, 2003 and titled "Method and Apparatus for
Unlocading Substrate Carriers from Substrate Carrier
Transport Systems" (Attorney Docket No. 7024);

U.S. Patent Application No. 10/650,479, filed
August 28, 2003 and titled "Method and Apparatus for
Supplying Substrates to a Processing Tool" (Attorney Docket
No. 7096);

U.S. Provisional Patent Application No.
60/407,452, filed August 31, 2002 and titled "End Effector
Having Mechanism For Reorienting A Wafer Carrier Between
Vertical And Horizontal Orientations" (Attorney Docket No.
7097/L) ;

U.S. Provisional Patent Application No.
60/407,337, filed August 31, 2002, and titled "Wafer Loading
Station with Docking Grippers at Docking Stations" (Attorney
Docket No. 7099/L);

U.S. Patent Application No. 10/650,311, filed
August 28, 2003 and titled "Substrate Carrier having Door
Latching and Substrate Clamping Mechanism" (Attorney Docket
No. 7156);

U.S. Patent Application No. 10/764,982, filed
January 26, 2004 and titled "Methods and Apparatus for
Transporting Substrate Carriers" (Attorney Docket No. 7163);

U.S. Patent Application No. 10/764,820, filed
January 26, 2004, and titled "Overhead Transfer Flange and
Support for Suspending Substrate Carrier" (Attorney Docket
No. 8092);

U.S. Provisional Patent Application No.
60/443,115, filed January 27, 2003, and titled "Apparatus
and Method for Storing and Loading Wafer Carriers" (Attorney
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Docket No. 8202/L);

U.S. Provisional Patent Application No.
60/520,180, filed November 13, 2003, and titled “Calibration
of High Speed Loader to Substrate Transport System” (Docket
No. 8158/L); and
U.S. Provisional Patent Application No. 60/520,035, filed
November 13, 2003, and titled “Apparatus and Method for
Transporting Substrate Carriers Between Conveyors” (Docket
No. 8195/L).

FIELD OF THE INVENTION

The present invention relates generally to
semiconductor device fabrication systems, and is more
particularly concerned with transportation of wafer carriers

within a fabrication facility.

BACKGROUND OF THE INVENTION

Manufacturing of semiconductor devices typically
involves performing a sequence of procedures with respect to
a substrate such as a silicon substrate, a glass plate, etc.
(Such substrates may also be referred to as wafers, whether
patterned or unpatterned.) These steps may include
polishing, deposition, etching, photolithography, heat
treatment, and so forth. Usually a number of different
processing steps may be performed in a single processing
system or "tool" which includes a plurality of processing
chambers. However, it is generally the case that other
processes are required to be performed at other processing
locations within a fabrication facility, and it is
accordingly necessary that substrates be transported within
the fabrication facility from one processing location to
another. Depending upon the type of semiconductor device to

be manufactured, there may be a relatively large number of
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processing steps required to be performed at many different
processing locations within the fabrication facility.

It is conventional to transport substrates from
one processing location to another within substrate carriers
such as sealed pods, cassettes, containers and so forth. It
is also conventional to employ automated substrate carrier
transport devices, such as automatic guided vehicles,
overhead transport systems, substrate carrier handling
robots, etc., to move substrate carriers from location to
location within the fabrication facility or to transfer
substrate carriers from or to a substrate carrier transport
device.

For an individual substrate, the total fabrication
process, from formation or receipt of the virgin substrate
to cutting of semiconductor devices from the finished
substrate, may require an elapsed time that is measured in
weeks or months. 1In a typical fabrication facility, a large
number of substrates may accordingly be present at any given
time as "work in progress" (WIP). The substrates present in
the fabrication facility as WIP may represent a very large
investment of working capital, which tends to increase the
per substrate manufacturing cost. It would therefore be
desirable to reduce the amount of WIP for a given substrate
throughput for the fabrication facility. To do so, the
total elapsed time for processing each substrate should be

reduced.

SUMMARY OF THE INVENTION

In some aspects, the present invention provides a
system for loading and unloading substrate carriers onto and
off of a transport system. The system includes a substrate
carrier handler adapted to transfer a substrate carrier
between a docking station and a transport system, the

substrate carrier handler including an end effector adapted



10

15

20

25

30

35

WO 2008/045375 PCT/US2007/021481

to support the substrate carrier; a controller coupled to
the substrate carrier handler and operative to control the
substrate carrier handler such that the end effector of the
substrate carrier handler is operative to selectively engage
and disengage the substrate carrier to and from the
transport system while the substrate carrier is in motion;
and a sensor coupled to the controller and operative to
provide a signal to the controller indicative of information
about the substrate carrier. The controller is operative to
adjust operation of the substrate carrier handler based on
the signal from the sensor if the adjustment may be
performed within a load or unload stroke of the substrate
carrier handler.

In yet other aspects, the present invention
provides a method of loading and unloading substrate
carriers onto and off of a transport system. The method
includes sensing information about an approaching substrate
carrier being transported on a transport system; determining
a substrate carrier type for the approaching substrate
carrier; selecting an unload motion profile from among at
least two stored motion profiles based on the information
and based on the substrate carrier type; and unloading the
substrate carrier from the transport system using the
selected unload motion profile. 1In some embodiments, the
method further includes adjusting the unload motion profile
based on additional information sensed during an unload
stroke of a substrate carrier handler.

In still some other aspects, the present invention
provides a method of loading and unloading substrate
carriers onto and off of a transport system. The method
includes determining an available substrate carrier support
on a transport system; sensing first information about the
substrate carrier support; sensing second information about
a substrate carrier to be loaded onto the substrate carrier
support; determining a substrate carrier type for the

5
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substrate carrier; selecting an load motion profile from
among at least two stored motion profiles based on the first

and second information and based on the substrate carrier

type; and loading the substrate carrier from the transport

system using the selected load motion profile.

Other features and aspects of the present
invention will become more fully apparent from the following
detailed description, the appended claims and the

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a top plan view of a conventional
arrangement of a processing tool and an associated wafer
carrier loading and storage apparatus;

FIG. 2A is a front elevational view of a substrate
loading station provided in accordance with the present
invention;

FIG. 2B is a side elevational view of a portion of
the substrate loading station of FIG. 2A useful in
describing an exemplary embodiment of a first sensor of the
substrate loading station;

FIG. 2C is a perspective view of a portion of the
end effector of FIG. 2A illustrating an exemplary second
sensor of the substrate loading station of FIG. 2A;

FIG. 2D is an enlarged perspective view of a
portion of FIG. 2C;

FIG. 2E is a perspective view of a portion of the
end effector of FIG. 2A illustrating the second sensor
positioned to detect a portion of a carrier engagement
member;

FIG. 3 is a flow chart that illustrates an
exemplary process performed in accordance with the invention

to unload a wafer carrier from a moving conveyor;
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FIGS. 4A-4E are schematic side views showing
various stages of the process of FIG. 3;

FIG. 5 is a flow chart that illustrates an
exemplary process performed in accordance with the invention
to load a wafer carrier onto a moving conveyor;

FIGS. 6A-6E are schematic side views showing
various stages of the process of FIG. 5;

FIGS. 7A and 7B are simplified front elevational
views of the inventive wafer loading station, similar to
FIG. 2;

FIGS. 7C-7D are simplified schematic side views
illustrating a moving conveyor similar to FIGS. 4A-4E and
6A-6E;

FIGS. 8A-8D are exemplary motion profiles for the
end effector of the present invention;

FIGS. 9A-9B are side elevational views of a wafer
carrier loading station in accordance with the present
invention adjacent a rotatable conveyor of a wafer carrier
transport system, wherein the wafer loading station
inventively comprises a biasing device;

FIG. 10 is a rear elevational view illustrating
the wafer carrier handler of the wafer carrier loading
station of FIGS. 9A-9B, the wafer carrier handler comprising
a biasing device coupled to each vertical guide of the wafer
carrier handler;

FIG. 11 is a rear elevational view illustrating
the wafer carrier handler of the wafer carrier loading
station of FIGS. 9A-9B operatively coupled to a controller,
the controller being further coupled to an uninterruptible
power supply; and

FIG. 12 is a simplified front, elevational view of
an alternative retraction mechanism for moving an end

effector of a wafer loading station away from a conveyor.
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DETAILED DESCRIPTION

A wafer carrier handler at a wafer loading station
includes a horizontal guide that is moveable vertically
along parallel vertical guides, and an end effector that is
moveable horizontally along the horizontal guide. To unload
a wafer carrier from a moving conveyor that transfers wafer
carriers (a "wafer carrier conveyor") and that passes by the
wafer loading station, the end effector is moved along the
horizontal guide at a velocity that substantially matches
the velocity of the wafer carrier (e.g., by substantially
matching wafer carrier speed in a horizontal direction). 1In
addition, the end effector may be maintained in a position
adjacent the wafer carrier. The end effector thus may
substantially match a position of the wafer carrier while
substantially matching a velocity of the wafer carrier.
Likewise, conveyor position and/or velocity may be
substantially matched. ‘

While the end effector substantially matches the
wafer carrier's velocity (and/or position), the end effector
is raised, by moving the horizontal guide upwardly along the
vertical guides, so that the end effector contacts the wafer
carrier and disengages the wafer carrier from the wafer
carrier conveyor. A wafer carrier similarly may be loaded
onto the moving wafer carrier conveyor by substantially
matching end effector and conveyor velocities (and/or
positions) during loading. In accordance with the present
invention, apparatuses and methods are provided to remove
the end effector from the conveyor’s path upon the
occurrence of a unscheduled event, such as a power failure
or an emergency shut down. These apparatuses and methods
are described in detail with reference to FIGS. 9-11.

U.S. Patent Application No. 10/650,310, filed
August 28, 2003 and titled "System For Transporting

Substrate Carriers" (Attorney Docket No. 6900), discloses a
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substrate carrier transport system that includes a conveyor
for substrate carriers that is intended to be constantly in
motion during operation of the fabrication facility which it
serves. The constantly moving conveyor is intended to
facilitate transportation of substrates within the
fabrication facility so as to reduce the total "dwell" time
of each substrate in the fabrication facility; thereby
reducing WIP, and cutting capital and manufacturing costs.
To operate a fabrication facility in this manner, methods
and apparatus should be provided for unlocading substrate
carriers from the conveyor, and for loading substrate
carriers onto the conveyor, while the conveyor is in motion.

In accordance with at least one aspect of the
invention, a substrate carrier handler at a substrate
loading station includes a horizontal guide that is moveable
vertically along parallel vertical guides, and an end
effector that is moveable horizontally along the horizontal
guide. To unload a substrate carrier from a moving conveyor
that transfers substrate carriers (a "substrate carrier
conveyor") and that passes by the substrate loading station,
the end effector is moved along the horizontal guide at a
velocity that substantially matches the velocity of the
substrate carrier as it 1s being transported by the
substrate carrier conveyor (e.g., by substantially matching
substrate carrier speed in a horizontal direction). 1In
addition, the end effector may be maintained in a position
adjacent the substrate carrier as the substrate carrier is
being transported. The end effector thus may substantially
match a position of the substrate carrier while
substantially matching a velocity of the substrate carrier.
Likewise, conveyor position and/or velocity may be
substantially matched.

While the end effector substantially matches the
substrate carrier's velocity (and/or position), the end
effector is raised, by moving the horizontal guide upwardly

9
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along the vertical guides, so that the end effector contacts
the substrate carrier and disengages the substrate carrier
from the substrate carrier conveyor. A substrate carrier
similarly may be loaded onto the moving substrate carrier
conveyor by substantially matching end effector and conveyor
velocities (and/or positions) during loading. In at least
one embodiment of the invention, such substrate carrier
handoffs between the end effector and substrate carrier
conveyor are performed at a substantially zero velocity
and/or acceleration between the end effector and the
substrate carrier. Numerous other aspects of the invention
are provided, as described further below.

FIG. 1 is a top plan view showing a conventional
loading and storing apparatus 111 in position for storing
substrate carriers adjacent a conventional processing tool
113. A factory interface (FI) 115 is shown positioned
between the loading and storage apparatus 111 and the
processing tool 113. The loading and storage apparatus 111
is positioned adjacent a first side of a clean room wall 117
and the factory interface 115 is positioned adjacent a
second side of the clean room wall 117. The factory
interface 115 includes an FI robot 119 that may move
horizontally along a track (not shown) that is parallel to
the clean room wall 117 and may extract a substrate (not
shown) from one or more substrate carriers 120 present at
the loading and storage apparatus 111. The FI robot 119 may
transport the substrate to a load lock chamber 121 of the
processing tool 113.

The load lock chambers 121 shown in FIG. 1 are
coupled to a transfer chamber 123 of the processing tool
113. Also coupled to the transfer chamber 123 are
processing chambers 125 and auxiliary processing chambers
127. Each of the processing chambers 125 and auxiliary
processing chambers 127 may be arranged to perform a
conventional semiconductor device fabrication process such

10
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as oxidation, thin film deposition, etching, heat treatment,
degassing, cool down, etc. A substrate handling robot 129
is disposed within the transfer chamber 123 to transfer
substrates, such as substrate 131, among the processing
chambers 125, 127 and the load lock chambers 121.

The loading and storage apparatus 111 includes one
or more substrate carrier storage shelves 133 for storing
substrate carriers before or after the substrates contained
in the substrate carriers are processed by the processing
tool 113. The loading and storage apparatus 111 also
includes one or more docking stations (which are not shown
but may be, for example, below the storage shelves 133). A
substrate carrier may be docked at a docking station for
extraction of substrates therefrom by the FI robot 119.

Also included in the loading and storage apparatus 111 is a
factory load location 135, at which a substrate carrier
transport device, such as an automatic guided vehicle (AGV),
may deposit or pick up a substrate carrier.

The loading and storage apparatus 111 further
includes a substrate carrier handler 137 which is adapted to
move substrate carriers among the factory load location 135,
the storage shelves 133 and the docking stations.

In line with the above-noted goal of facilitating
transport of substrates within a fabrication facility, it
may be desirable to transport substrate carriers to and from
a substrate loading station such as the loading and storage
apparatus 111 by means of a substrate carrier conveyor that
is constantly in motion (e.g., to reduce dwell time and thus
work in progress and manufacturing costs). Consequently, in
accordance with the present invention, an inventive
substrate loading station is provided that can unload
substrate carriers from a substrate carrier conveyor, and
that can load substrate carriers onto the substrate carrier

conveyor, while the substrate carrier conveyor is moving.

11
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An embodiment of the invention will now be
described with reference to FIGS. 2A-6E. FIG. 2A is a front
elevational view of a substrate loading station 201 provided
in accordance with the invention. Although not shown in
FIG. 2A, it should be understood that the inventive
substrate loading station 201 may be associated with a
processing tool and/or factory interface of the kind
described in connection with FIG. 1.

The substrate loading station 201 may include one
or more lcad ports or similar locations where substrates or
substrate carriers are placed for transfer to and/or from a
processing tool (e.g., one or more docking stations 203,
although transfer locations that do not employ
docking/undocking movement may be employed). 1In the
particular embodiment shown in FIG. 2A, the substrate
loading station 201 includes a total of eight docking
stations 203, arranged in two columns 205 of four docking
stations each. Other numbers of columns and/or docking
stations may be employed. Each docking station 203 is
adapted to support and/or dock a substrate carrier 207 at
the docking station 203 and to allow a substrate (not shown)
to be extracted from the substrate carrier 207 at the
docking station 203 and transferred to a processing tool
such as the processing tool 113 of FIG. 1 (e.g., by a
factory interface robot, such as the factory interface robot
119 of FIG. 1). 1In one embodiment of the invention, the
substrate carriers 207 are singlevsubétrate carriers.
"Single substrate carrier" will be understood to mean a
substrate carrier shaped and sized to contain only one
substrate at a time. Substrate carriers that hold more than
one substrate also may be employed (e.g., 25 or any other
number). (Alternatively, one or more docking stations 203
may be adapted to directly support a substrate without a
substrate carrier). Each docking station 203 may be
configured, for example, as described in U.S. Patent

12
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Application Serial no. 60/407,337, filed August 31, 2002 and
titled "Wafer Loading Station with Docking Grippers at
Docking Stations" (Attorney Docket No. 7099). Other docking
station configurations may be employed.

Each docking station 203 may include a port 209
through which a substrate may be transferred to the factory
interface (e.g., factory interface 115 in FIG. 1). Adjacent
each port 209 is a docking gripper 211 which is adapted to
suspend a substrate carrier 207 and to move the suspended
substrate carrier between a docked and undocked position. A
moveable stage or other support (not shown) alternatively
may be employed to support (e.g., from below or otherwise)
and/or dock/undock each substrate carrier 207 at each
docking station 203. Each port 209 may also include a
substrate carrier opener 213 which, in one aspect, is
adapted to employ docking movement of a substrate carrier
207 to open the substrate carrier 207 as it moves from an
undocked position to a docked position as described in U.S.
Patent Application No. 10/650,312, filed August 28, 2003 and
titled "Method and Apparatus for Using Substrate Carrier
Movement to Actuate Substrate Carrier Door Opening/Closing"
(Attorney Docket No. 6976). Each substrate carrier 207 may
have, for example, the carrier door latching and/or
substrate clamping features disclosed in U.S. Patent
Application No. 10/650,311, filed August 28, 2003 and titled
"Substrate Carrier having Door Latching and Substrate
Clamping Mechanism" (Attorney Docket No. 7156). Other
substrate carrier opener, door latching, and/or substrate
clamping configurations may be employed.

The substrate loading station 201 also includes a
substrate carrier handler 215 which operates in accordance
with an aspect of the invention. 1In one or more embodiments
of the invention, the substrate carrier handler 215 includes
a pair of vertical guides 217, 219 and a horizontal guide
221 which is mounted for vertical movement on the vertical

13
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guides 217, 219. A belt drive or a lead screw and an
associated motor or motors (which are not shown) or other
suitable mechanism is provided to drive the horizontal guide
221 for vertical movement along the vertical guides 217,
219. A support 223 is mounted on the horizontal guide 221
for horizontal movement along the horizontal guide 221. A
belt drive or lead screw, and associated motor or motors
(which are not shown) or other suitable mechanism is
provided to move the support 223 horizontally along the
horizontal guide 221.

In at least one embodiment of the invention, the
vertical guides 217, 219 may each comprise an integrated
guide/driving mechanism such as Part No. 1140-260-10, 1768
mm available from Bosch, Inc; Likewise, the horizontal
guide 221 may comprise an integrated guide/driving mechanism
such as Part No. 1140-260-10, 1468 mm also available from
Bosch, Inc. Other guide/driving mechanism systems may be
employed.

An end effector 225 is mounted on the support 223.
The end effector 225 may be, for example, in the form of a
horizontally-oriented platform 227 adapted to support a
substrate carrier (e.g., one of the substrate carriers 207).
In at least one embodiment, the platform 227 may have
kinematic pins or other kinematic positioning features 229.
(Although only two kinematic features 229 are shown in FIG.
2A, other numbers of kinematic pins or features such as
three or more may be provided on the platform 227.) The
kinematic features 229 may cooperate with concave or
otherwise shaped features (not shown in FIG. 2A) on the
bottom of the substrate carrier 207 to guide the substrate
carrier 207 into correct (positive) positioning on the
platform 227. 1In at least one embodiment of the invention,
the end effector 225 may comprise, for example, an end
effector capable of changing the orientation of a substrate
carrier from vertical to horizontal and vice versa as

14
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described in U.S. Patent Application Serial No. 60/407,452,
filed August 31, 2002 and titled "End Effector Having
Mechanism For Reorienting A Wafer Carrier Between Vertical
And Horizontal Orientations"” (Attorney Docket No. 7097).
Any other suitable end effector also may be employed.

A continuously or otherwise moving conveyor,
schematically represented by an arrow 231, is positioned
above the substrate loading station 201 and the substrate
carrier handler 215. The conveyor 231 is adapted to |
transport substrate carriers such as the substrate carriers
207 to and from the substrate loading station 201. In one
embodiment of the invention, the continuously moving
conveyor 231 may be implemented as a ribbon of stainless
steel or similar material as described in U.S. Patent
Application No. 10/764,982, filed January 26, 2004 and
titled "Methods and Apparatus for Transporting Substrate
Carriers" (Attorney Docket No. 7163). The present invention
similarly may be employed with any other type of
continuously or otherwise moving conveyor.

The substrate‘loading station 201 may include one
or more sensors 233, 235 for detecting movement and/or
positions of (1) the conveyor; (2) components of the
conveyor 231 (e.g., components used to support substrate
carriers being transported by the conveyor 231 as described
further below with reference to FIGS. 4A-4E, 6A-6E and 7C-
7D); and/or (3) substrate carriers being transported by the
conveyor 231. For example, the sensor 233 may be mounted on
the substrate loading station 201, and the sensor 235 may be
mounted on the end effector 225. Other sensor locations may
be employed, as may any suitable sensors (e.g., through beam
sensors, reflection-based sensors, etc.).

FIG. 2B is a side elevational view of a portion of
the substrate loading station 201 useful in describing an
exemplary embodiment of the sensor 233. With reference to
FIG. 2B, the sensor 233 comprises a first sensor pair 233a,

15
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233a’ for detecting a speed and/or position of the conveyor
231; and/or position of the substrate carrier (and/or the
speed with which a substrate carrier 207 is being
transported by the conveyor 231 as described further below).
The sensor 233 also may include a second sensor pair 233D,
233b’ for detecting whether a substrate carrier 207 is being
transported by the conveyor 231. For example, the first
sensor pair 233a, 233a’ may be mounted at an elevation of
the conveyor 231 and the second sensor pair 233b, 233b’ may
be mounted at an elevation at which substrate carriers are
transported by the conveyor 231 as shown in FIG. 2B (e.g.,
via a mounting bracket B coupled to a frame F of the
substrate loading station 201, or via another suitable
mounting mechanism). Each sensor pair may comprise, for
example, a Model No. M126E2LDQ light source and a Model No.
Q23SN6RMHSQDP receiver available from Banner, Inc. Other
sensor arrangements/types may be employed. Exemplary
embodiments for the sensor 235 are described further below
with reference to FIGS. 2C-E and FIG. 3.

A controller 237 (FIG. 2A) may be coupled to the
sensors 233, 235 and to the substrate carrier handler 215 to
receive input from the sensors 233, 235 and to control
operation of the substrate carrier handler 215 as described
further below. More or fewer than the two sensors 233, 235
may be provided, and the sensors 233, 235 may be mounted at
locations other than those shown in FIGS. 2A and 2B. The
controller 237 may be the same controller used to control
operation of a processing tool that the substrate loading
station 201 serves, or a separate controller.

In at least one embodiment of the invention, speed
of the conveyor (and/or a substrate carrier being
transported by the conveyor) may be directly measured
(rather than employing the sensor 233 to indirectly measure
conveyor speed). For example, as shown in FIG. 2A, one or
more encoders 240a, 240b (described below) may be coupled to
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the conveyor 231 and directly measure the speed of the
conveyor 231 (and any substrate carriers being transported
thereby) and provide speed information to the controller
237. More or fewer than two encoders may be employed. Each
encoder may comprise, for example, a U.S. Digital encoder
(e.g., an HDS6 quadrature encoder) or any other suitable
encoder. A linear encoder, resolver or other positioning
device also may be employed to measure conveyor speed and/or
position.

FIG. 3 is a flow chart that illustrates an
exemplary process that may be performed by the substrate
loading station 201 in accordance with the invention to
unload a substrate carrier 207 from the conveyor 231. FIGS.
4A-4E are schematic side views, illustrating stages of the
process of FIG. 3.

When an operation for unloading a substrate
carrier 207 from the conveyor 231 is to be performed, the
horizontal guide 221 of the substrate carrier handler 215 is
positioned near the upper ends 217a, 21%9a of the vertical
guides 217, 219, and the support 223 is positioned near the
upstream side 22la (in the view of FIG. 2A, the left side
although right to left travel may be employed if the
conveyor 231 travels right to left) of the horizontal guide
221.

The process of FIG. 3 starts at step 301 and
proceeds to step 303. At step 303 the controller 237
receives a signal (e.g., from the sensor 233 or 235) to
indicate the presence of a substrate carrier 207 that is
being transported by the conveyor 231 and that is to be
unloaded from the conveyor 231 by the substrate loading
station 201 (a "target substrate carrier 207"). For
example, with reference to FIG. 2B, the sensor pair 233b,
233b’ may detect the target substrate carrier 207 as a light
beam L associated with the sensor pair 233b, 233b’ is
blocked by the target substrate carrier 207. Upon receipt
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of the sensor signal, the controller 237 controls the
substrate carrier handler 215 such that the support 223
(with the end effector 225 attached thereto) is accelerated
in the same direction of travel as the conveyor 231 (e.g.,
to the right in FIG. 2A) to substantially match the position
and speed of the target substrate carrier 207 (step 305,
FIG. 3). FIG. 4A illustrates this stage of the process of
FIG. 3.

In at least one embodiment of the invention, prior
to accelerating the end effector 225 so that it
substantially matches the position and speed of the target
substrate carrier 207 (step 305), the controller 237 employs
the sensor 233 (or one or more of the encoders 240a, 240Db)
to determine a speed of the conveyor 231. Position of the
conveyor 231 also may be determined. As stated, the sensor
233 may comprise a first sensor pair 233a, 233a’ (FIG. 2B)
for detecting a speed of the conveyor 231 (and/or the speed
with which a substrate carrier 207 is being transported by
the conveyor 231), and a second sensor pair 233b, 233b’ for
detecting whether a substrate carrier 207 is being
transported by the conveyor 231. Such a speed and/or
position determination may be performed prior to or during
the unloading of each target substrate carrier 207,
periodically, continuously or at some other interval.

Based on the speed of the conveyor 231, the
controller 237 may determine a motion profile for the end
effector 225 and direct motion of the end effector 225 in
accordance with the motion profile to substantially match
the speed and position of the end effector 225 and target
substrate carrier 207. The motion profile may be
"predetermined", such that the controller 237 only allows
the end effector 225 to begin performing an unload operation
(e.g., begin accelerating) if the speed of the conveyor 231
is within a predetermined speed range (e.g., a range that
ensures that the end effector 225 will be properly aligned
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with the target substrate carrier 207 if the end effector
225 is accelerated, moved and/or positioned in accordance
with the predetermined motion profile); otherwise, the
process of FIG. 3 ends. Such a predetermined motion profile
may be employed even if the speed of the conveyor 231 is not
measured (e.g., assuming the speed of the conveyor 231 is
maintained within a predetermined speed range that ensures
that the end effector 225 will be properly aligned with the
target substrate carrier 207 if the end effector 225 is
accelerated in accordance with the predetermined motion
profile).

The controller 237 may employ the speed of the
conveyor 231 to determine a motion profile for the end
effector 225, for example, using a look up table of
predetermined motion profiles, using an algorithm to
calculate the motion profile, etc. It will be understood
that substrate carrier speed, rather than conveyor speed may
be measured and employed to determine a motion profile or
whether to employ a predetermined motion profile for the end
effector 225. Each motion profile may include all of the
accelerations, decelerations, raisings and lowerings
(described below) employed by the end effector 225 during an
unload operation.

As stated, in at least one embodiment of the
invention, the conveyor 231 may comprise a ribbon-shaped
band (e.g., of stainless steel or another suitable material)
as described in U.S. Patent Application No. 10/764,982,
filed January 26, 2004 and titled "Methods and Apparatus for
Transporting Substrate Carriers" (Attorney Docket No. 7163).
In such an embodiment, the conveyor 231 may be provided with
slots or other openings (e.g., slot 23la in FIG. 2B) spaced
along the conveyor 231 at predetermined spacings, through
which a light beam of sensor pair 233a, 233a’ (FIG. 2B) may
pass as the slots of the conveyor 231 travel by the sensor
pair 233a, 233a’. By measuring the time between two
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successive transmissions of the light beam of sensor pair
233a, 233a’ through the conveyor 231 (via two successive
slots in the conveyor) and with knowledge of the distance
between the two successive slots, the speed of the conveyor
231 may be determined. The position of the slots 231la above
each substrate carrier 207 (FIG. 2C) also provide the
controller 237 with conveyor 231 and/or substrate carrier
207 position information.

In one more embodiment of the invention, the
encoders 240a, 240b (FIG. 2A) may be employed to directly
read conveyor speed. For example, each encoder 240a, 240b
may provide conveyor speed information to the controller 237
and the controller 237 may compare the information received
from the encoders 240a, 240b as part of an error checking or
confidence routine. Such speed monitoring may be performed
periodically, continuously or at any other interval. By
measuring conveyor speed directly (e.g., via one or more
encoders or other positioning devices), and by determining
band position via the sensor 233 (e.g., and slots 23la)
handoffs of substrate carriers between the end effector 225
and the conveyor 231, while the conveyor 231 is in motion,
may be precisely performed as described further below.

In FIG. 4A the target substrate carrier 207 is
shown being transported by the conveyor 231 by means of a
carrier engagement member 401 which engages a top flange 402
of the substrate carrier 207. Other configurations for
supporting the substrate carrier 207 may be employed (e.g.,
one or more mechanisms for supporting the substrate carrier
207 by its sides, bottom or the like). One such
configuration for the carrier engagement member 401 is
described in U.S. Patent Application No. 10/764,820, filed
January 26, 2004, and titled "Overhead Transfer Flange and
Support for Suspending Substrate Carrier" (Attorney Docket
No. 8092).
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An arrow 403 indicates the direction of motion of
the conveyor 231. The end effector 225 of the substrate
carrier handler 215 is illustrated in FIG. 4A in a position
below the target substrate carrier 207 and being moved (as
indicated by an arrow 405) in the same direction as the
conveyor 231 at a speed that substantially matches the speed
of the target substrate carrier 207. The end effector 225
thereby substantially matches a velocity (e.g., speed and
direction) of the target substrate carrier 207. 1In
addition, the end effector 225 substantially matches a
position of the target substrate carrier 207. More
generally, the end effector 225 substantially matches a
motion (velocity and/or position) of the target substrate
carrier 207. As used herein, "substantially matches" means
sufficiently matches so that a substrate carrier may be
unloaded from and/or loaded onto a moving conveyor and/or

carrier engagement member without damaging a substrate

- contained within the substrate carrier and/or generating

potentially damaging particles.

In the embodiment shown in FIG 4A, the target
substrate carrier 207 moves with the conveyor 231.
Accordingly, the end effector 225 also substantially matches
the speed, velocity, motion and/or position of the conveyor
231. There may be embodiments in which the conveyor 231
moves at a different rate, or not at all, relative to the
target substrate carrier 207. For example, the carrier
engagement member 401 itself may move the target substrate
carrier 207 along the conveyor 231. 1In this later
embodiment, the end effector 225 may not substantially match
the speed, velocity and/or position of the conveyor 231.

In one or more embodiments of the invention, the
end effector 225 may not be positioned at the same location
as the trigger (or launch) sensor (e.g., sensor pair 233b,
233b" of FIG. 2B) that detects the presence of the target
substrate carrier 207 on the conveyor 231. 1In such
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instances, it may be necessary to delay acceleration of the
end effector 225 in step 305 to compensate for the differing
positions of the end effector 225 and the trigger sensor.
This “launch offset” may depend on, for example, the
distance between the end effector 225 and the trigger
sensor, the speed of the conveyor 231, etc. A launch offset
may be separate from or built into a motion profile for the
end effector 225.

Referring again to FIG. 3, at step 307, the
position of the target substrate carrier 207 relative to the
end effector 225 is detected (e.g., via a signal or signals
from the sensor 235 (FIG. 2A)). For example, if the sensor
235 comprises a light source/detector pair, such as a Model
No. QS30 sensor system available from Banner, Inc. or the
like, the sensor 235 may emit a beam of light toward the
target substrate carrier 207 that is only detected by the
sensor 235 if the end effector 225 is properly positioned
relative to the target substrate carrier 207 (e.g., by
providing the substrate carrier 207 with an appropriate
reflective surface and/or surface topography such as an
angled notch that reflects light toward the sensor 235 only
when the end effector 225 is properly positioned relative to
the substrate carrier 207). FIG. 2C is a perspective view
of a portion of the end effector 225 illustrating an
exemplary sensor 235 positioned to detect a light beam 241
(FIG. 2D) reflected from a notch 243 formed in a portion of
a target substrate carrier 207 when the end effector 225 is
properly positioned relative to the target substrate carrier
207. FIG. 2D is an enlarged perspective view of a portion
of FIG. 2C. As shown in FIGS. 2C-2D, the sensor 235 may be
coupled to the end effector 225 via a suitable bracket or
other support structure 247. Other configurations may be
employed.

In at least one embodiment of the invention, if

the end effector 225 is not properly positioned relative to
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the target substrate carrier 207, then the process of FIG. 3
ends. Alternatively, in another embodiment of the
invention, any necessary adjustments in the position of the
end effector 225 relative to the target substrate carrier
207 may be made (step 309). For example, the controller 237
may accelerate and/or decelerate the end effector 225 until
a proper alignment signal is received from the sensor 235 so
as to ensure that kinematic pins 229 (FIG. 4A) are properly
positioned below alignment features (e.g., concave or
otherwise-shaped features 407) of the target substrate
carrier 207. It will be appreciated that the steps 307 and
309 are performed while the target substrate carrier 207 and
the end effector 225 are in motion, and are performed so
that the end effector 225 is positioned below the target
substrate carrier 207 while substantially matching speed
therewith. Accordingly, the end effector 225 is moved so as
to remain adjacent and below the target substrate carrier
207 while the target substrate carrier 207 is in motion.

It will be understood that the relative position
of the target substrate carrier 207 and the end effector 225
may be detected and adjusted numerous times (or
continuously), and that a feedback control loop (e.g.,
signals from sensors 233, 235 and/or encoders 240a, 240b fed
to controller 237 which is coupled to and adapted to control
the speed and position of end effector 225 of the substrate
carrier handler 215 as depicted in FIG. 2A) may be employed
to ensure that the speed and/or position of the end effector
225 remain substantially matched with that of the target
substrate carrier 207. 1In yet another embodiment of the
invention, steps 307 and 309 may be eliminated (é.g., if a
predetermined motion profile is employed that is correlated
to the speed of the conveyor 231 and launch time/position of
the end effector 225). 1In such an embodiment, the sensor

235 may be eliminated.
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In place of or in addition to the sensor 235, the
encoder 240a and/or 240b may be employed to monitor conveyor
speed during an unload/load operation. 1In response to gross
deviations in conveyor speed during an unload/load
operation, the controller 237 may abort the unload/load
operation (e.g., by employing another motion profile that
ensures that the end effector 225 does not interfere with
the conveyor 231 or substrate carriers being transported
thereby). Gross deviations may include variations wherein
the speed difference between the target substrate carrier
207/carrier engagement member 401 and the end effector 225
is too large to adjust for within the “stroke” (e.g., the
horizontal range of motion of the end effector 225) of the
substrate carrier handler 215. 1In other words, for example,
if the target substrate carrier 207 is traveling so fast
that the end effector 225 is unable to match the target
substrate carrier’s speed as the target substrate carrier
207 passes the substrate carrier handler 215, the controller
237 may abort an unload operation by not elevating the end
effector 225.

Alternatively, for non-gross conveyor speed
variations, the controller 237 may adjust end effector
position (e.g., via accelerations or decelerations) to
ensure proper unload (or load) operations. A closed loop
feedback system including the end effector 225, the sensor
233, the encoders 240a and/or 240b and/or the controller 237
thereby may ensure proper unload (or load) operations
despite conveyor speed variations.

In some embodiments, a combination of a closed
loop feedback system and an open loop feedback system may be
employed. In an embodiment employing an open loop feedback
system, the controller 237 of the substrate carrier handler
215 may receive a signal from one or more sensors 233, 235

and/or encoders 240a, 240b and may trigger a predetermined

24



10

15

20

25

30

WO 2008/045375 PCT/US2007/021481

motion profile of the end effector 225 based on the
signal(s). In some embodiments, the predetermined motion
profile may be selected from a database of motion profiles
stored in the controller 237. The selected profile may be
chosen to best match the size and/or type of the carrier 207
and/or the speed of the conveyor 231 measured at a point on
the conveyor 231 disposed just before (or as) the substrate
carrier 207/carrier engagement member 401 arrives at the
substrate carrier handler 215. 1In some embodiments, the
type of the carrier 207 may indicate the shape of the
carrier, the dimensions of the carrier, the size of the
carrier, features of the carrier, the weight of the carrier,
the maximum number of substrates that may be held in the
carrier, the status of the carrier (e.g., fullness), the
type of engagement and/or kinematic features, etc.

In an embodiment employing a closed loop feedback
system, the controller 237 of the substrate carrier handler
215 receives signals from one or more sensors 233, 235
and/or encoders 240a, 240b and continually and dynamically
adjusts the motion profile of the end effector 225 based on
the signal(s). A sensor 253 on the end effector 225 (or in
synchronized motion with the end effector 225) may
continuously (or frequently) detect the type, position
and/or speed of the target substrate carrier 207/carrier
engagement member 401 through out the stroke of the end
effector 225 and send such information to the controller 237
so that the controller 237 may dynamically adjust the speed
and/or position of the end effector 225 to match the target
substrate carrier 207/carrier engagement member 401.
Likewise, encoders 240a, 240b may be used to provide the
continuous (or frequent) position and/or speed of the target
substrate carrier 207/carrier engagement member 401 during
the stroke of the end effector 225 and send such information

to the controller 237 so that the controller 237 may
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dynamically adjust the speed and/or position of the end
effector 225 to match the target substrate carrier
207/carrier engagement member 401.

In a combination system of a closed loop feedback
system and an open loop feedback system, a motion profile
may initially be selected and triggered based on a signal
from a sensor 233 disposed before the position of substrate
carrier handler 215 on the path of the conveyor 231 (or at
the beginning of the end effector’s stroke) and then the
selected motion profile may be dynamically modified as the
target sﬁbstrate carrier 207/carrier engagement member 401
moves through the end effector’s stroke based upon feedback
signals from the sensors 233, 235 and/or encoders 240a,
240b. In some embodiments, additional sensors (not shown)
on the end effector 225 and/or on the substrate carrier 207
may detect other conditions upon which the controller 237
may dynamically modify the motion profile. For example, an
impact sensor (e.g., a transducer) on the substrate carrier
207 may be used to detect an amount of force being applied
to the substrate carrier 207 by the end effector 225 that
exceeds a threshold amount of acceptable force. The sensor
may be coupled to a wireless transmitter adapted to send a
signal to the controller 237 indicating that the position of
the end effector 225 should be adjusted to reduce the force
being applied or that the transfer should be aborted.

Assuming the end effector 225 is properly
positioned relative to the target substrate carrier 207,
following step 307 and/or step 309 in the process of FIG. 3
is step 311. At step 311, the controller 237 controls the
substrate carrier handler 215 such that the end effector 225
is raised (e.g., the horizontal guide 221 is raised on the
vertical guides 217, 219 to raise the end effector 225)
while continuing to substantially match the horizontal speed

(and/or instantaneous position) of the end effector 225 to
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the speed (and/or instantaneous position) of the target
substrate carrier 207. The raising of the end effector 225
causes the kinematic pins 229 thereof to come into
engagement with concave features 407 on the bottom of the
target substrate carrier 207. Thus the end effector 225 is
moved to an elevation at which the conveyor 231 transports
substrate carriers 207. 1In this manner, the end effector
225 contacts the bottom of the target substrate carrier 207
{as shown in FIG. 4B). In one or more embodiments of the
invention, the end effector 225 preferably contacts the
target substrate carrier 207 with substantially zero
velocity and/or acceleration as described further below with
reference to FIGS. 8A-D. As the end effector 225 continues
to be raised (while the end effector continues to
substantially match horizontal speed and/or position with
the target substrate carrier 207), the target substrate
carrier 207 (and in particular its top flange 402) is lifted
out of engagement with the carrier engagement member 401 of
the conveyor 231, as illustrated in FIG. 4C.

Next, in step 313 of FIG. 3, the controller 237
controls the substrate carrier handler 215 to decelerate
horizontal motion of the end effector 225 slightly, thereby
decelerating the target substrate carrier 207. The degree
of deceleration is such that the target substrate carrier
207 continues to move in the direction indicated by the
arrow 403, but at a slower speed than the conveyor 231.
This allows the carrier engagement member 401 (which had
engaged the flange 402 of the target substrate carrier 207)
to move ahead of the flange 402, as indicated in FIG. 4D.
Once the carrier engagement member 401 has moved out from
underneath the flange 402 (as shown in FIG. 4D), the end
effector 225 may be accelerated again, so that the
horizontal speed of the end effector 225 and the target
substrate carrier 207 supported thereon again substantially
matches the horizontal speed of the conveyor 231 to prevent
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another substrate carrier being transported by the conveyor
231 (e.g., substrate carrier 409 in FIG. 4D) from colliding
with the target substrate carrier 207.

In step 315 in FIG. 3, the end effector 225 is
lowered (e.g., by lowering the horizontal guide 221 along
the vertical guides 217, 219) to lower the target substrate
carrier 207 away from the conveyor 231. The lowering of the
target substrate carrier 207 is illustrated in FIG. 4E. The
end effector 225, having the target substrate carrier 207
supported thereon, may then be decelerated (step 317, FIG.
3) and brought to a halt. As stated, in at least one
embodiment of the invention, the above-described end
effector 225 accelerations, decelerations, raisings and/or
lowerings may be defined by the motion profile determined
for the end effector 225. (Exemplary motion profiles are
described below with reference to FIGS. 8A-8D).

In step 319, the substrate carrier handler 215 may
transport the target substrate carrier 207 supported on the
end effector 225 to one of the docking stations 203 (FIG.
2A). Alternatively, if the loading station 201 includes one
or more storage shelves or other storage locations (e.g.,
storage shelf 239, shown in phantom in FIG. 2A, and adapted
to store a substrate carrier), the substrate carrier handler
215 may transport the térget substrate carrier 207 to one of
the storage locations. (Other and/or more storage locations
may be employed). The process of FIG. 3 then ends in step
321.

Assuming that the target substrate carrier 207 is
brought to one of the docking stations 203, the target
substrate carrier 207 may be handed off by the substrate
carrier handler 215 to the docking gripper 211 of the
respective docking station 203. The target substrate
carrier 207 then may be docked at the docking station 203,
and opened by the substrate carrier opener 213 of the
docking station 203 to allow extraction of a target
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substrate from the target substrate carrier 207 (e.g., by a
substrate handler such as the FI robot 119 of FIG. 1). The
extracted substrate may be transferred to a processing tool
associated with the substrate loading station 201 (e.g., the
processing tool 113 of FIG. 1) and one or more fabrication
processes may be applied to the substrate by the processing
tool. Upon completion of the processing in the processing
tool, the substrate may be returned to the target substrate
carrier 207 at the docking station 203 and the target
substrate carrier 207 may be closed and undocked from the
docking station 203. The substrate carrier handler 215 then
may transport the target substrate carrier 207 away from the
docking station 203 and to a position just below the
conveyor 231 (e.g., assuming the substrate carrier 207 is to
be returned to the conveyor 231 rather than stored at a
storage location such as the storage location 239). That
is, with the substrate carrier 207 supported on the end
effector 225, the horizontal guide 221 may be moved near the
upper ends 217a, 219%9a of the vertical guides 217, 219, and
the support 223 may be moved to the upstream end 22la of the

- horizontal guide 221. The substrate carrier 207 then may be

transferred back onto the conveyor 231 as described below
with reference to FIGS. 5-6E.

An exemplary process that may be performed in
accordance with the invention for loading a target substrate
carrier 207 onto the conveyor 231 will now be described with
reférence to FIGS. 5-6E. FIG. 5 is a flow chart that
illustrates the inventive substrate carrier loading process.
FIGS. 6A-6E are schematic side views showing various stages
of the process of FIG. 5.

The process of FIG. 5 starts at step 501 and
continues with step 503. At step 503 the controller 237
receives a signal (e.g., from the sensor 233 or 235)
indicating the presence of a vacant carrier engagement
member 401 of the conveyor 231. 1In response to this signal,
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in step 505, the controller 237 controls the substrate
carrier handler 215 so that the end effector 225 (with the
target substrate carrier 207 to be transferred to the
conveyor 231 thereon) is accelerated along the horizontal
guide 221 to substantially match the motion of the vacant
carrier engagement member 401 (and/or the conveyor 231).

For example, the end effector 225 may substantially match
the speed and position of the vacant carrier engagement
member 401 in the horizontal direction. As stated
previously, in one or more embodiments, the end effector 225
may not be positioned at the same location as the trigger
sensor (e.g., sensor pair 233b, 233b’ of FIG. 2B). In such
instances it may be necessary to delay acceleration of the
end effector 225 in step 505 to compensate for the differing
positions of the end effector 225 and the trigger (or
launch) sensor.

In at least one embodiment of the invention, prior
to accelerating the end effector 225 so that it
substantially matches the position and speed of the vacant
carrier engagement member 401 (step 505), the controller 237
employs the sensor 233 or one or more encoders 240a, 240b
coupled to the conveyor 231 to determine a speed of the
conveyor 231. Position of the conveyor 231 also may be
determined. Based on the speed of the conveyor 231, the
controller 237 may determine a motion profile for the end
effector 225 and direct motion of the end effector 225 in
accordance with the motion profile to substantially match
the speed and position of the end effector 225 (with the
target substrate carrier 207 thereon) to the vacant carrier
engagement member 401 onto which the target substrate
carrier 207 is to be loaded. The motion profile may be
"predetermined", such that the controller 237 only allows
the end effector 225 to begin performing a load operation
(e.g., begin accelerating) if the speed of the conveyor 231
is within a predetermined speed range (e.g., a range that
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ensures that the end effector 225 will be properly aligned
with the vacant carrier engagement member 401 if the end
effector 225 is accelerated in accordance with the
predetermined motion profile); otherwise, the process of
FIG. 5 ends.

Alternatively, the controller 237 may employ the
speed of the conveyor 231 to determine a motion profile for
the end effector 225, for example, using a look up table of
predetermined motion profiles, using an algorithm to
calculate the motion profile, etc. It will be understood
that carrier engagement member speed, rather than conveyor
speed may be measured and employed to determine a motion
profile or whether to employ a predetermined motion profile
for the end effector 225. Each motion profile may include
all of the accelerations, decelerations, raisings and
lowerings (described below) employed by the end effector 225
during a load operation. (Exemplary motion profiles are
described below with reference to FIGS. 8A-8D).

FIG. 6A shows the end effector 225 being moved at
a substantially matching velocity with the conveyor 231, and
with the flange 402 of the target substrate carrier 207
below and slightly behind the carrier engagement member 401
on which the target substrate carrier 207 is to be loaded.
In this manner, the target substrate carrier 207 may be
raised without the flange 402 being obstructed by the
carrier engagement member 401 during transfer of the target
substrate carrier 207 to the conveyor 231 as described
below. 1In general, the flange 402 of the target substrate
carrier 207 may be positioned at any location that allows
the target substrate carrier 207 to be raised without
contacting the carrier engagement member 401 on which the
target substrate carrier 207 is to be loaded and the carrier
engagement member (and/or a substrate carrier positioned
thereon) that follows the carrier engagément member 401 on
which the target substrate carrier 207 is to be loaded.
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Following step 505 is step 507 at which the
relative horizontal positioning of the target substrate
carrier 207 and the carrier engagement member 401 are sensed
(e.g., by the sensor 235, FIG. 2A). For example, if the
sensor 235 comprises a light source/detector pair, the
sensor 235 may emit a beam of light toward the vacant
carrier engagement member 401 (or the conveyor 231) that is
only detected by the sensor 235 if the end effector 225 is
properly positioned relative to the vacant carrier
engagement member 401 (as described previously with
reference to FIGS. 2C-2D). As described above, various
closed and open loop feedback arrangements may be used.

FIG. 2E is a perspective view of a portion of the
end effector 225 illustrating the sensor 235 positioned to
detect a portion 249 of a carrier engagement member 401 that
couples the carrier engagement member 401 to the conveyor
231. Specifically, the portion 249 of the carrier
engagement member 401 comprises a notch 251 that is angled
to reflect light beam 241 (emitted by the sensor 235) back
toward the sensor 235 when the end effector 225 is properly
positioned below the carrier engagement member 401 for a
load operation. Other configurations may be employed. For
example, the one or more encoders 240a, 240b or other
positioning devices that directly measure conveyor speed may
provide such information to the controller 237 (e.qg.,
continuously) such that the controller 237 may track
conveyor position during a load (or unload) operation.

In at least one embodiment of the invention, if
the end effector 225 is not properly positioned relative to
the vacant carrier engagement member 401, then the process
of FIG. 5 ends. Alternatively, in another embodiment of the
invention, in step 509 any necessary adjustments may be made
in the relative horizontal positioning of the target
substrate carrier 207 and the carrier engagement member 401
(e.g., to ensure that the flange 402 does not contact the
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carrier engagement member 401lwhen the target substrate
carrier 207 is raised as described below). For example, the
controller 237 may accelerate and/or decelerate the end
effector 225 until a proper alignment signal is received
from the sensor 235. During such position adjustment, the
horizontal speed of the target substrate carrier 207 and the
horizontal speed of the conveyor 231 and/or the carrier
engagement member 401 may remain substantially matched. 1In
yet another embodiment of the invention, steps 507 and 509
may be eliminated (e.g., if a predetermined motion profile
is employed that is correlated to the speed of the conveyor
231 and/or launch time/position of the end effector 225).

In such an embodiment, the sensor 235 may be eliminated.

Assuming the end effector 225 is properly
positioned relative to the vacant carrier engagement member
401, in step 511, and shown in FIG. 6B, the end effector 225
is raised, by raising the horizontal guide 221 along the
vertical guides 217, 219 (FIG. 2A), so that the target
substrate carrier 207 and particularly its flange 402, are
brought up to the level of the carrier engagement member
401. As shown in FIG. 6B, the flange 402 is positioned
slightly above the carrier engagement member 401 (e.g., for
loading thereon as described below).

Next, as represented by step 513 and shown in FIG.
6C, the target substrate carrier 207 is accelerated to bring
the flange 402 of the target substrate carrier 207 above the
carrier engagement member 401 of the conveyor 231. The
target substrate carrier 207 is then decelerated, so that
the horizontal speed of the target substrate carrier 207
again substantially matches the horizontal speed of the
conveyor 231. Next, as illustrated in FIG. 6D and
represented by step 515, the end effector 225 is lowered
(while continuing to substantially match the horizontal
speed of the conveyor 231), to bring the flange 402 of the
target substrate carrier 207 into engagement with the
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carrier engagement member 401 of the conveyor 231, thereby
handing off the target substrate carrier 207 to the carrier
engagement member 401. In one or more embodiments of the
invention, the target substrate carrier 207 preferably
contacts the carrier engagement member 401 with
substantially zero velocity and/or acceleration as described
further below with reference to FIGS. 8A-8B. The substrate
carrier handler 215, under control of the controller 237,
continues to lower the end effector 225, (e.g., while
continuing to substantially match the horizontal speed of
the conveyor 231), so that the kinematic pins 229 of the end
effector 225 are disengaged from the features 407 on the
bottom of the target substrate carrier 207. An exemplary
result of step 517 is illustrated in FIG. 6E.

After the end effector 225 is disengaged from the
target substrate carrier 207, in step 519 the end effector
225 is decelerated (e.g., halted) and the process of FIG. 5
ends (step 521). Meanwhile, the target substrate carrier
207, which is supported via its flange 402 by the carrier
engagement member 401 of the conveyor 231, is transported
away from the loading station 201 by the conveyor 231. As
stated, in at least one embodiment of the invention, the
above-described end effector 225 accelerations,
decelerations, raisings and/or lowerings may be defined by
the motion profile determined for the end effector 225.

Thus the substrate loading station 201 provided in
accordance with the invention, and in particular the
substrate carrier handler 215 operating under the control of
the controller 237, functions to unload substrate carriers
from a moving conveyor and to load substrate carriers onto
the moving conveyor. 1In this manner, the inventive
substrate loading station and substrate carrier handler may
reduce substrate dwell time within a fabrication facility,
work-in-progress, and working capital and manufacturing
costs.
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In accordance with the invention, the controller
237 may be programmed to perform one or both of the
processes of FIGS. 3 and 5. Also the processes of FIGS. 3
and 5 may be embodied in one or more computer program
products. Each computer program product may be carried by a
medium readable by a computer (e.g., a carrier wave signal,
a floppy disk, a hard drive, a random access memory, etc.).

In at least one embodiment of the invention, the
inventive substrate loading station 201 may be configured to
automatically retract the end effector 225 away from the
conveyor 231 in the event of a power failure, emergency
shutdown (described below), etc. For example, the
controller 237 may include an end effector retraction
routine which automatically retracts the end effector 225
(and/or the horizontal guide 221) away from the conveyor 231
in response to an unscheduled interrupt such as a power
failure, emergency shutdown, or the like. Further, the end
effector 225 (and/or the horizontal guide 221) may be biased
so that the end effector 225 (and/or the horizontal guide
221) automatically retracts when power is removed from the
substrate loading station 201. Any suitable biasing
mechanism such as springs, gravity, air cylinders, ball
screws, lead screws, etc., may be employed. The above
mentioned end effector retraction routine may be
implemented, for example, as one or more computer program
products.

Exemplary parameters that may affect design of the
substrate loading station 201 include, for example, (1)
conveyor speed; (2) horizontal and/or vertical speed at
which the substrate carrier handler 215 can move the end
effector 225; (2) horizontal and/or vertical acceleration
and deceleration that may be applied to the end effector 225
of the substrate carrier handler 215; (4) horizontal and
vertical range of movement of the end effector 225 of the
substrate carrier handler 215; (5) distance between adjacent
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substrate carriers 207 transported by the conveyor 231; (6)
elevation at which the conveyor 231 transports the substrate
carriers 207; (7) vertical distance a substrate carrier 207
should be lifted to clear the carrier engagement member 401
of the conveyor 231 used to transport the substrate carrier
207; (8) height (e.g., vertical dimension) of each substrate
carrier 207; (9) distance a substrate carrier 207 must be
lowered, after being released from a carrier engagement
member 401, to allow substrate carriers being transported by
the conveyor 231 to pass over the released substrate carrier
207 without striking the released substrate carrier 207;

(10) the type of carrier engagement member employed; and/or
(11) other similar parameters.

For example, in at least one embodiment of the
invention, the inventive substrate carrier handler 215
should be capable of (1) achieving a maximum horizontal
speed for the end effector 225 that is greater than or equal
to the horizontal speed of the conveyor 231; (2) raising the
end effector 225 to an elevation sufficient to disengage and
clear a substrate carrier 207 from a conveyor carrier
engagement member 401; (3) moving at two or more horizontal
speeds, such as a first horizontal speed for matching
conveyor speed and a second horizontal speed for
transporting a substrate carrier 207 to and from a docking
station 203; (4) moving at two or more vertical speeds, such
as a first vertical speed for disengaging a substrate
carrier 207 from or handing off a substrate carrier 207 to
the conveyor 231, and a second vertical speed for
transporting a substrate carrier 207 to and from a docking
station 203; and/or (5) performing all accelerations and
decelerations of a substrate carrier 207 supported by the
end effector 225 (and required for substrate carrier
engagement with or disengagement from the conveyor 231)
without damaging a substrate or substrates contained in the
substrate carrier 207.
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Likewise, the substrate carrier handler 215 should
operate so as to lower its end effector 225 to a
sufficiently low level to service the lowest docking station
203. (If a storage shelf or othef storage location is
present that is lower than the lowest docking station 203,
then the substrate carrier handler 215 should be further
operative to lower the end effector 225 to éervice the
lowest storage shelf/location). The horizontal range of
travel for the end effector 225 provided on the horizontal
guide 221, and the mechanism for moving the end effector 225
should be such that the end effector 225 is able to
accelerate to a horizontal speed substantially matching
conveyor speed, disengage a substrate carrier 207 from
and/or engage a substrate carrier 207 with the conveyor 231
(while avoiding a collision with other substrate carriers
being transported on the conveyor 231), and decelerate to a
halt, all within the available horizontal range of travel
provided by the horizontal guide 221.

It is contemplated to include some or all of the
above described features/parameters in one or more
embodiments of the inventive substrate loading station.

Various factors and parameters that may be
considered in designing a particular embodiment of the
inventive substrate loading station 201 and/or programming
the controller 237 (FIG. 2A) will now be discussed with
reference to FIGS. 7A-7D. FIGS. 7A and 7B are simplified
front elevational views of the inventive substrate loading
station 201, similar to FIG. 2A. FIGS. 7C-7D are simplified
schematic side views of a substrate carrier during
engagement with and/or disengagement from the conveyor 231
similar to FIGS. 4A-4E and 6A-6E.

The horizontal range of the end effector 225 of
the substrate carrier handler 215 is illustrated in FIG. 7A.
The end effector 225 and the support 223 are shown in solid
outline at 701 in a position at the upstream limit of
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movement of the end effector 225 along the horizontal guide
221 of the substrate carrier handler 215. The end effector
225 and the support 223 are also shown in phantom at 702 in
a position at the downstream limit of movement of the end
effector 225 along the horizontal guide 221. A distance Dur
illustrated in FIG. 7A represents the maximum horizontal
range of travel of the end effector 225.

Selection of the horizontal range of travel Dgg, in
addition to being influenced by the design factors discussed
above, may also be influenced by the positioning of the
docking stations 203 or shelves 239 (e.g., the number and/or
horizontal span of the docking stations or shelves), the
desired footprint for the substrate loading station 201, the
size of the factory interface or processing tool coupled to
the substrate loading station 201, and/or the like.

The vertical range of travel of the end effector
225 1is illustrated in FIG. 7B. The end effector 225, the
support 223 and the horizontal guide 221 are shown in solid
outline at 703 at the upper limit of the range of vertical
movement of the end effector 225. At that position, the end
effector 225 is at an elevation Ey, which is high enough to
clear the flange 402 of a substrate carrier 207 from a
carrier engagement member 401 of the conveyor 231 (see FIGS.
4B-4D) .

Continuing to refer to FIG. 7B, the end effector
225, the support 223 and the horizontal guide 221 are shown
in phantom at 704 at the lower limit of the range of
vertical movement of the end effector 225. At that
position, the end effector 225 is at an elevation E., which
is the lowest elevation required to service the lowest
docking station (or storage location) of the substrate
loading station 201. A distance Dygr illustrated in FIG. 7B
represents the maximum vertical range of travel of the end
effector 225 (e.g., Dw=Ez-E.). Other vertical ranges of
travel may be employed.
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Parameters which affect an operation for engaging
or disengaging a substrate carrier 207 from the conveyor 231
are illustrated in FIGS. 7C-7D. FIG. 7C shows a distance Dg
which separates two adjacent substrate carriers 207 being
transported by the conveyor 231. The separation distance Dg
is related to, but less than, a distance Dcgy between the
carrier engagement members 401, and is also related to a
horizontal dimension of the substrate carriers 207.
Increasing the distance Dg eases load and unload operations
by providing a larger space and/or time period for raising,
lowering, accelerating and/or decelerating a substrate
carrier 207 during load and unload operations. However,
increasing the distance Ds generally decreases the number of
substrate carriers that may be transported by the conveyor
231.

As shown in FIG. 7D, in at least one embodiment of
the invention, to disengage a substrate carrier 207 from the
conveyor 231, the end effector 225 raises the kinematic
features 229 to an elevation equal to at least the elevation
Ecs of the bottom of the substrate carrier 207. More
specifically, the kinematic features 229 are raiéed to an
elevation greater than or equal to the elevation Ecz plus the
height Heew of the seat of the carrier engagement member 401
supporting the substrate carrier 207 (e.g., to clear the
flange 402 of the substrate carrier 207 from the carrier
engagement member 401). Prior to lowering the disengaged
substrate carrier 207, the end effector 225 is decelerated
to allow the carrier engagement member 401 to move ahead of
the substrate carrier 207 by a total distance greater than a
length Ly of the flange 402. Numerous other parameters may
affect design of the inventive substrate loading station 201
and substrate handler 215.

The foregoing description discloses only an
exemplary embodiment of the invention; modifications of the
above disclosed apparatus and methods which fall within the
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scope of the invention will be readily apparent to those of
ordinary skill in the art. For example, instead of
employing two vertical guides in the substrate carrier
handler illustrated above, only one vertical guide may be
employed. Also, the substrate carrier handler may be
arranged with a vertical guide that is coupled for
horizontal movement along a horizontal guide instead of the
horizontal guide coupled for vertical movement along
vertical guides.

When the substrate carrier handler includes a
vertical guide mounted for movement along a horizontal
guide, the raising of the end effector to disengage a
substrate carrier from a conveyor, or the lowering of the
end effector to hand off the substrate carrier to the
conveyor, may be accomplished by raising or lowering the end
effector along the vertical guide (e.g., rather than by
raising the horizontal guide rélative to a pair of vertical
guides). An actuator (such as a belt drive or lead screw
not shown) may be provided on the support 223 of the
substrate carrier handler 215 to raise the end effector 225
relative to the horizontal guide 221 to disengage a
substrate carrier from the conveyor 231, or to lower the end
effector 225 toward the horizontal guide 221 to hand off the
substrate carrier to the conveyor 231 (in addition to or
instead of raising/lowering the horizontal guide 221 along a
vertical guide or guides).

The present invention may be employed to unload
substrate carriers from, and load substrate carriers onto, a
conveyor which transports substrate carriers in a vertical
orientation. In such a case, the end effector 225 may
include a reorientation mechanism for reorienting a
substrate carrier between vertical and horizontal
orientations, as disclosed in U.S. patent application serial
number 60/407,452, filed August 31, 2002, entitled "End
Effector Having Mechanism for Reorienting a Wafer Carrier

40



10

15

20

25

30

35

WO 2008/045375 PCT/US2007/021481

Between Vertical and Horizontal Orientations" (Attorney
Docket No. 7097).

The present invention is illustrated with respect
to single substrate carriers, but the present invention may
be employed with substrate carriers that hold more than one
substrate.

The particular embodiment of a substrate loading
station illustrated herein includes docking stations
arranged in a plurality of vertical stacks. However, the
above-illustrated substrate loading station may include only
one vertical stack of docking stations, only one docking
station or more than two vertical stacks of docking
stations. The substrate loading station may include one or
more storage shelves and/or one or more other substrate
carrier storage facilities which are not storage shelves.

In the exemplary substrate loading station
illustrated herein, the docking stations are shown to
include docking grippers that suspend a substrate carrier to
move it between docked and undocked positions.
Alternatively the docking stations may include docking sleds
or platforms which support a substrate carrier from below,
via the substrate carrier's bottom or sides, etc., while
moving the substrate carrier between docked and undocked
positions.

Preferably, the invention is employed in a
substrate loading station that comprises a frame to which
the vertical and horizontal guides are coupled. 1In this
manner, the preferred substrate loading station is modular
and may be quickly installed and calibrated. 1In the event
the substrate loading station includes one or more storage
shelves (e.g., storage shelf 239 in FIG. 2A), each storage
shelf also may be mounted on the frame. By mounting both
the substrate carrier handler and the storage shelf or
shelves to the frame, the substrate carrier handler and
storage shelves have a predetermined position relative to
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each other. This further facilitates installation and
calibration, and is another advantage of employing a modular
substrate loading station. Similarly, other mechanisms such
as dedicated mechanisms for loading and/or unloading
substrate carriers from an overhead factory transport system
may be advantageously mounted to the frame as described
herein and, for example, in U.S. Patent Application No.
10/650,310, filed August 28, 2003 and titled "System For
Transporting Substrate Carriers" (Attorney Docket No. 6900).

In one aspect, the frame may be mounted to
predetermined mounting locations (e.g., predrilled bolt
holes, etc.) on the clean room wall, or on the front wall of
a chamber (e.g., a factory interface chamber). Preferably,
the wall also has predetermined mounting locations to which
the docking grippers or docking platforms are mounted.
Additionally, the wall may have predetermined mounting
locations to which a substrate carrier opening mechanism may
be mounted. When the frame, the docking mechanisms, and the
substrate carrier opening mechanism are each mounted to
predetermined locations on the same surface, the relative
positions of each are predetermined, and installation and
calibration of the substrate loading station is facilitated.

Although the conveyor described herein has been
illustrated as being positioned above the substrate loading
station 201, it is alternatively contemplated that the
conveyor may be at or below the height of the substrate
loading station or at another location positioned adjacent
the substrate loading station.

The substrate loading station illustrated herein
may be utilized to provide substrates to a processing tool,
a metrology location, or any other location to which a
substrate may be transported.

From the foregoing description, it will be
understood that the inventive substrate loading station may
be installed in association with a factory interface (FI)
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having an FI robot that transfers a substrate from a docking
station of the substrate loading station to a load lock
chamber of a processing tool (such as in the system of FIG.
1). Alternatively, the factory interface may be eliminated,
and the load lock chamber may include a substrate handler
that transfers a substrate directly from the docking station
of the substrate loading station. As another alternative,
the processing tool may operate at atmospheric pressure
rather than under vacuum, so that the load lock chamber may
be eliminated.

FIGS. 8A-8D are exemplary motion profiles for the
end effector 225. 1In at least one embodiment of the
invention, when such motion profiles are employed, only the
sensor 233 (e.g., a "launch" sensor) need be employed (e.g.,
the sensor 235 may be eliminated). With reference to FIG.
8A, curve Cl illustrates end effector velocity along the x-
axis (horizontal direction in which the conveyor 231
travels) during a load operation. Curve C2 illustrates end
effector velocity along the z-axis (vertical direction)
during a load operation. Curve C3 illustrates end effector
z-axis position and curve C4 illustrates end effector x-axis
position during a load operation. FIG. 8B is similar to
FIG. 8A, but shows the z-axis position data enlarged. FIGS.
8C-D are similar to FIGS. 8A-B, but illustrate x-axis
velocity (curve Cl'), z-axis velocity (curve C2'), z-axis
position (curve C3') and x-axis position (curve C4') for the
end effector 225 during an unload operation. Note that
FIGS. 8A-B shows the z-axis position data (curve C3) at a
lower z-position during a start of a substrate carrier load
operation (e.g., to compensate for the size of a substrate
carrier).

With reference to FIGS. 8A-B and curves Cl-C4, the
end effector 225 may perform similar raisings, lowerings,
and accelerations as described with reference to FIG. 5
during a load operation. For example, and with further
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reference to FIGS. 5 and 6A-E, after receiving a trigger
signal for a load operation (step 503), the end effector 225
accelerates to match the velocity of the conveyor 231 in the
x-direction (curve Cl) between times Tl and T2 (step 505 and
FIG. 6A). Thereafter, between times T3 and T4, the end
effector 225 (curve C3) is raised to the level of the
conveyor 231 (step 511 and FIG. 6B); for example, such that
the flange 402 of the substrate carrier 207 to be loaded
onto the conveyor 231 is above the carrier engagement member
401 that is to receive the substrate carrier 207.

Between times T5 and T6, the end effector 225 is
accelerated (curve Cl) above the speed of the conveyor 231
(and then is decelerated back to the speed of the conveyor
231) so that the flange 402 of the substrate carrier 207 is
positioned above the carrier engagement member 401 (step 513
and FIG. 6C). At time T7, with the flange 402 of the
substrate carrier 207 positioned above the carrier
engagement member 401, the end effector 225 lowers (curve
C3) and stops as the flange 402 contacts the carrier
engagement member 401 (as shown at time T8). The end
effector 225 then lowers until time T9 and the substrate
carrier 207 remains on the carrier engagement member 401.
The substrate carrier 207 thereby is transferred to the
conveyor 231 with substantially zero velocity and/or
acceleration (e.g., at time T8) (steps 515 and 517 and FIGS.
6D-E). For example, because the end effector 225 stops as
the flange 402 engages the carrier engagement member 401,
transfer of the substrate carrier 207 occurs with
substantially zero velocity and acceleration in the z-
direction (curve C2). Likewise, because end effector
velocity in the x-direction is constant and matched to that
of the conveyor 231 during carrier exchange (curve Cl),
transfer of the substrate carrier 207 occurs with
substantially zero acceleration in the x-direction.

Further, in at least one embodiment, no motion occurs in the
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y-direction during substrate carrier transfer. Accordingly,
substrate carrier transfer may be performed with
substantially zero acceleration in three directions and
substantially zero velocity in at least two directions.
Following time T9, the end effector 225 decelerates (step
519 and curve Cl).

With reference to FIGS. 8C-D and curves C1-C4, the
end effector 225 may perform similar raisings, lowerings,
and accelerations as described with reference to FIG. 3
during an unload operation. For example, and with further
reference to FIGS. 3 and 4A-E, after receiving a trigger
signal for an unload operation (step 303), the end effector
225 accelerates to match the velocity of the conveyor 231 in
the x-direction (curve Cl’) between times T1 and T2 (step
305 and FIG. 4A). Thereafter, between times T3 and T4, the
end effector 225 is raised (curve C3’) so that the kinematic
features 229 engage the concave features 407 of the
substrate carrier 207 to be unloaded from the conveyor 231
(step 311 and FIG. 4B). At time T4, the end effector 225
stops raising as the kinematic features 229 engage the
concave features 407 (curves C2’ and C3’). Between times T4
and T5, the end effector 225 is raised further so as to lift
the flange 402 of the substrate carrier 207 off of the
carrier engagement member 401 (step 311 and FIG. 4C). The
substrate carrier 207 thereby is unloaded from the carrier
engagement member 401 with substantially zero velocity
and/or acceleration (e.g., in the x, y and/or z-directions
due to the halting of z-axis motion at time T4 prior to
lifting the substrate carrier 207 from the carrier
engagement member 401 and due to speed matching between the
end effector 225 and the conveyor 231). Following time T5,
the end effector 225 decelerates and reaccelerates (step 313
and curve Cl’) and lowers (step 315 and curve C3’) to clear
the carrier engagement member 401 as previously described
and as shown in FIGS. 8C-D.
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Accordingly, unloading/loading of substrate
carriers from/onto a moving conveyor may occur with
substantially zero velocity and/or acceleration in one or
more directions, more preferably in two directions, and most
preferably in all directions. Substantially zero velocity
and acceleration in a vertical direction are preferred; and
zero velocities and/or accelerations, rather than
substantially zero velocities and/or accelerations, during
unloading/loading are more preferred. As used herein, “zero
velocity” or “zero acceleration” mean as close to zero as
possible given system variations such as conveyor height,
conveyor speed, actuator repeatability, etc., system
limitations such as controller resolution, actuator
resolution, end effector position tolerances, etc., and/or
the like. “Substantially zero velocity” or “substantially
zero acceleration” mean sufficiently close to zero so that a
substrate carrier may be unloaded from and/or loaded onto a
moving conveyor and/or carrier engagement member without
damaging a substrate contained within the substrate carrier
and/or generating potentially damaging particles. For
example, a substrate carrier may be contacted with a
relatively small velocity. In one embodiment, an end
effector may be rapidly raised vertically and then slowed
down to a relatively small or substantially zero velocity
prior to contacting a substrate carrier. A similar small
(or substantially zero) acceleration also may be employed.
Similar load operations may be performed. 1In one
embodiment, substrates or substrate carriers are contacted
in a vertical direction with less than about 0.5 G of force,
and in another embodiment with less than about 0.15 G of
force. Other contact force values may be employed.

While the present invention has been described
primarily with reference to unloading/loading substrate
carriers that contain only a single wafer from/onto a moving
conveyor, it will be understood that substrate carriers that
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contain multiple substrates similarly may be unloaded from
or loaded onto a moving conveyor. Further, the present
invention may be employed within systems that transport both
single substrate carriers and multiple substrate carriers
(e.g., 25 substrate carrier front opening unified pods).
Likewise, the present invention may be employed to unload
individual substrates from and/or load individual substrates
onto a moving conveyor (e.g., substrates that are not
contained within a closed substrate carrier). For example,
substrates may be transported via a conveyor using an open
substrate carrier, a substrate support, a substrate tray or
another substrate transport device that allows the end
effector 225 (or a modified version thereof) to directly
place a substrate on or remove a substrate from the
substrate transport device of the conveyor using similar end
effector movements and/or motion profiles. Such individual
substrates thereby may be transferred to a docking station
or other load port, or directly into a load lock chamber
and/or processing tool if desired. For example, a substrate
may be transferred directly from the end effector 225 to a
substrate handling robot of a factory interface and/or
processing tool (e.g., via a direct “blade-to-blade”
transfer or via an intermediate transfer location).

Multiple individual substrates similarly may be
unloaded/loaded from/onto a moving conveyor.

As relates to the foregoing description, the wafer
carrier loading station of the present invention is adapted
to interact with wafer carriers as they are being
transported at high speeds along a conveyor of a wafer
carrier transport system. During the process of removing a
selected wafer carrier from the conveyor, for example, the
end effector of the wafer carrier handler is set in motion
(or “launched”) to match a velocity or speed of a selected

wafer carrier being transported by the transport system, and
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to match a position relative to the moving conveyor occupied
by the selected wafer carrier.

- Both of these functions (i.e., speed-matching and
position-matching) can be performed by the loading station
when the end effector is safely vertically separated from
the transport system and from the wafer carriers the
transport system transports at high speeds. However it is
the preferably simultaneous combination of these functions
with a third function of the loading station, i.e. changing
the elevation of the end effector relative to the transport
system so as to match an elevation of the selected wafer
carrier (elevation-matching), that begins a temporary period
of intersection between the loading station and the
transport system. It is this temporary intersection from
which an elevated risk for unintended collisions (exclusive
of the intended contact between the end effector and the
selected wafer carrier) arises.

When the loading station and the transport system
temporarily intersect, components of the loading station,
components of the transportation system, the selected wafer
carrier, and most likely a plurality of nearby wafer
carriers, are all preferably traveling at relatively high
speeds, increasing the pqtential for damage that could stem
from collisions among those components and wafer carriers.

During the wafer carrier removal process, the
temporary intersection between the loading station and the
transport system can start, even before the end effector
contacts the selected wafer carrier, when portions (e.q.,
kinematic pins) of the end effector begin to occupy the same
elevation as portions of the wafer carriers being
transported by the transport system. The temporary
intersection can continue during the period of time
immediately after the end effector contacts and lifts the

selected wafer carrier from the wafer carrier support member
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of the conveyor by which the transport system was supporting
the selected wafer carrier. For example, during that time
period, part or all of the end effector may continue to
occupy the same elevation as adjacent wafer carriers and
other nearby wafer carriers being transported by the
transport system (e.g., wafer carriers not selected to be
removed during the wafer carrier removal process). Only
after the end effector is moved vertically to a sufficient
extent so as to extract the end effector and the selected
wafer carrier from within the elevation of the moving
conveyor and/or the other wafer carriers transported by the
transport system, does the period of temporary intersection
between the transport system and the loading station
concluded, and the corresponding risk of increased
unintended collisions is eliminated. Although the process
by which the loading station places a selected wafer carrier
on the transport system differs from the wafer carrier
removal process, the wafer carrier placement process also
requires a similar temporary period of intersection between
the transport system and the loading station. For example,
the temporary period of intersection of the placement
process may start with the selected wafer carrier “breaking
the plane” of the flow (or entering the elevation) of wafer
carriers already placed on the rotating conveyor, and
continue until the entire end effector (now empty), passes
back through that plane.

Careful control of relative motion between the end
effector of the loading station and the rotating conveyor of
the transport system during the temporary period of
intersection between the loading station and the transport
system is needed for the wafer carrier removal and placement
processes to be performed smoothly. A loss of control over
relative motion between the end effector and the moving
conveyor during this period can result in at least three
distinct modes of malfunction that can lead to unintended
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collision, for example: 1) the end effector continuing to
move at the intended speed and the conveyor, its motive
force for rotation having been abruptly reduced or
eliminated, slowing and/or coming to rest; 2) the conveyor
continuing to rotate at the intended speed and the end
effector, its motive force for linear motion (e.g. as
provided by the horizontal guide of the wafer carrier
handler) having been abruptly reduced or eliminated, slowing
and/or coming to rest; and 3) the conveyor and the end
effector, both losing part of all their respective motive
forces, and slowing at different rates. Other possible
modes of malfunction that may contribute to the occurrence
of unintended collisions, such as loss of motive force for
vertical motion of the end effector (e.g. as provided by the
vertical guide of the wafer carrier handler), may also
occur.

During normal operation, the different components
of the overall system, e.g. sensors, high-precision
actuators and a process controller or controllers, are
adapted to cooperate so as to provide careful control of
relative motion between the end effector of the loading
station and the rotating conveyor of the transport system.
However, unplanned events during the temporary period of
intersection between the transport system and the loading
station may impair this cooperation and interrupt or destroy
such careful control, potentially leading to substrate or
equipment damage.

An example of such an unplanned event is a power
failure within the manufacturing facility that threatens to
cause or causes an interruption in the transport system
function or in the wafer carrier handler of the loading
station function during a wafer carrier placement or
removal. Functions of particular concern include the
conveyor-rotation function of the transport system, the
speed-matching function of the horizontal guide of the wafer
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carrier handler, and the elevation-matching function of the
vertical guides of the wafer carrier handler.

Another such event is an emergency shutdown of the
transport system or of the loading station itself, or of the
entire manufacturing facility. Emergency shutdowns may be
triggered, either automatically or manually, in response to
many different causes (e.g., malfunction of a key system or
mechanism) and for many different reasons (e.g., prevention
of injury to personnel near the malfunctioning system, or
prevention of damage to WIP wafers or adjacent systems and
mechanisms) .

Accordingly, the present invention comprises
methods and apparatus for causing an intersection condition,
such as those described above, to be removed upon the
occurrence of a unscheduled event, most preferably upon the
occurrence of events tending to occur at unexpected times,
such as a power failure or an emergency shutdown. In
addition, examples of methods and apparatus for ensuring an
orderly cessation of the above-mentioned speed-matching,
position matching, and elevation matching between the
transport system and the loading station are provided.

Exemplary embodiments of methods and apparatus for
retracting the end effector of the loading station from the
transport system, are described below with reference to
FIGS. 9A-9B, 10 and 11.

FIGS. 9A-9B are side elevational views of a wafer
carrier loading station 801 in accordance with the present
invention, shown adjacent a rotatable conveyor 803 of a
wafer carrier transport system 805. As shown, the wafer
carrier loading station 801 is performing a portion of an
unload procedure in accordance with the present invention,
on a selected wafer carrier 807 carried along the conveyor
803 by a wafer carrier support member 808. The wafer
carrier loading station 801 inventively comprises a biasing
device 809. The biasing device 809 is adapted to store
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sufficient energy to generate enough motive force to urge an
end effector 811 of the wafer carrier loading station 801
away from the conveyor 803 in the event of a loss of power
(e.g. a power failure or an emergency shutdown) during an
unload or a load operation. With reference to FIGS. 9A-9B,
the wafer carrier loading station 801 further comprises a
frame 813 and a wafer carrier handler 815 supported by and
coupled to the frame 813. The wafer carrier handler 815
comprises the end effector 811, a horizontal guide 817 to
which the end effector 811 is movably coupled (e.g., via a
support 819) and along which the end effector 811 is adapted
to be guided along a substantially horizontal linear path
(not shown), and at least one vertical guide 821 to which
the horizontal guide 817 is movably coupled and along which
the horizontal guide 817 is adapted to be guided along a
substantially vertical linear path (not shown).

The exemplary embodiment of the biasing device 809
of the wafer carrier loading station 801 shown in FIGS. 9A-
9B comprises a pushing mechanism 825. The pushing mechanism
825 preferably comprises an enclosure 827, a resilient
member 829, and a plunger 831. The resilient member 829 is
preferably compressibly enclosed within the enclosure 827,
and the plunger 831 is operatively coupled to the resilient
member 829 for reciprocal motion relative to the enclosure
827. The plunger 831 comprises a distal end 833 adapted to
be coupled to the horizontal guide 817 of the wafer carrier
handler 815 as shown in FIGS. 9A-9B. In the preferred
embodiment of FIGS. 9A-9B, the biasing device 809 is fixedly
coupled to the vertical guide 821 of the wafer carrier
handler 815 for a compact shape and good alignment. Other
less-preferred embodiments (not shown) include different
coupling modes for the biasing device 809, such as a
particular embodiment in which the biasing device 809 is
fixedly coupled to the frame 813 of the wafer carrier
loading station 801.
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In operation, the biasing device 809 of the wafer
carrier loading station 801 draws upon retained energy to
generate and apply a motive force to the horizontal guide
817 of the wafer carrier handler 815. The motive force
generated by the biasing device 809 preferably operates at
least when power to the vertical guide 821 of the wafer
carrier handler 815 is significantly reduced or is cut off
entirely. At such a time, the biasing device 809 applies a
motive force to the horizontal guide 817 and urges the
horizontal guide 817 downward so as to move the end effector
811 away from a first elevation 835 (FIG. 9A) corresponding
to a condition of intersection between the wafer carrier
loading station 801 and the wafer carrier transport system
805 (as described above). Preferably the biasing device 809
urges the end effector 811 from the first elevation 835 to a
second elevation 837 (FIG. 9B) at which the above-mentioned
intersection condition no longer exists, as demonstrated by
the existence of a positive vertical clearance 839 between
the wafer carrier 807 and a wafer carrier 841 that continues
to be transported by the wafer carrier transport system 805.

In a preferred embodiment, the motive force
generated by the biasing device 809 is large enough so that
when it is combined with the force of gravity, the total
force is sufficient, in the absence of upward force
generated by the vertical guide 821, to urge the horizontal
guide 817 of the wafer carrier handler 815 downward along
the vertical guide 821. Also in a preferred embodiment, the
motive force generated by the biasing device 809 is not so
large as to prevent the vertical guide 821 of the wafer
carrier handler 815 from raising the horizontal guide 817,
e.g., from the second elevation 837 to the first elevation
835, repeatably and reliably over the expected lifetime of
the vertical guide 821, as well as with a high degree of
precision and/or controllability. In the context of the
exemplary embodiment of the biasing device 809 represented
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by the pushing mechanism 825 of FIGS. 9A-10A, those with

skill in the art will recognize that the resilient member
829 of the pushing mechanism 825 may take many different

forms in accordance with the present invention, such as,

e.g., a coiled spring, or an air cylinder.

FIG. 10 is a rear elevational view illustrating
the wafer carrier handler 815 of the wafer carrier loading
station 801 illustrated in FIGS. 9A-9B. As shown in FIG.
10, a biasing device 809 is coupled to each of two vertical
guides 821 of the wafer carrier handler 815. Such an
arrangement divides the generation of motive force roughly
equally between the two widely-spaced biasing devices 809,
enabling a well-balanced application of the motive force to
the horizontal guide 817 of the wafer carrier handler 815.

FIG. 11 is a rear elevational view illustrating
the wafer carrier handler 815 of FIGS. 9A-9B and 10
operatively coupled to a controller 843, the controller 843
being further coupled to an uninterruptible power supply 845
and adapted to operate the wafer carrier handler 815 via
power supplied from the uninterruptible power supply 845 so
as to cause the end effector 811 of the wafer carrier
handler 815 to retract from the conveyor 803 (FIGS. 9A-9B)
of the wafer carrier loading station 801 (FIGS. 9A-9B), e.g.
in the event of a power failure or an emergency shutdown
(e.g.,‘the uninterruptible power supply may supply power to
both the controller 843 and the wafer carrier handler 815).
As shown in FIG. 11, the biasing devices 809 of FIGS. 9A-9B
and 10 are absent from the vertical guides 821 of the wafer
carrier handler 815. The uninterruptible power supply 845
is adapted to command the controller 843 to cause the wafer
carrier handler 815 to retract the end effector 811 from an
intersection with the wafer carrier transport system 805
(FIGS. 9A-9B), and to provide emergency power to the
controller 843 and the wafer carrier handler 815 in the
absence of normal power.
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In operation, a unscheduled event occurs, such as
a power failure or an emergency shutdown, while the wafer
carrier handler 815 and the wafer carrier transport system
805 (FIG. 9A-9B) temporarily intersect during a wafer
carrier removal process. - The uninterruptible power supply
845, which may be adapted to be activated upon the
occurrence of a unscheduled event such as a power failure or
an emergency shutdown, activates. The uninterruptible power
supply 845 provides emergency power to the controller 843 to
prevent a discontinuity in the function of the controller
843, and commands the controller 843 to operate the wafer
carrier handler 815 so as to cause the wafer carrier handler
815 to eliminate the temporary intersection between the
wafer carrier handler 815 and the wafer carrier transport
system 805 (FIG. 9A-9B) existing at the time of the
unscheduled event. The controller 843 operates the wafer
carrier handler 815 accordingly, and the temporary
intersection is eliminated, preferably as soon after the
occurrence of the unscheduled event as possible.

In a preferred embodiment, the controller 843 is
adapted to control the wafer carrier handler 815 in
accordance with a predetermined retraction routine. 1In one
such embodiment, the predetermined retraction routine
comprises computer code resident on the controller 843. 1In
another such embodiment, the predetermined retraction
routine comprises computer code stored other than on the
controller 843 but accessible by the controller 843 after
the occurrence of the unscheduled event.

In an embodiment, the controller 843 is adapted to
distribute emergency power from the uninterruptible power
supply 845 to the wafer carrier handler 815 so as to permit
the wafer carrier handler 815 to continue functioning to
eliminate the intersection. In another embodiment (not
shown), the uninterruptible power supply 845 is adapted to
provide emergency power directly to the wafer carrier
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handler 815, precluding the need for the controller 843 to
distribute power indirectly. In a preferred embodiment, the
controller 843 causes the horizontal guide 817 as well as
the vertical guides 821 to participate in the elimination of
the intersection, with the horizontal guide 817 functioning
to provide horizontal clearance with the wafer carrier
transport system 805 (FIG. 9A-9B) (especially with the wafer
carrier support member 808 (FIG. 9A-9B) of the wafer carrier
transport system 805) and the vertical guides 821
functioning to provide vertical clearance as necessary. 1In
a less-preferred embodiment, the controller 843 may cause
only the vertical guides 821 to participate in the
elimination of the intersection to provide vertical
clearance.

In a further alternative embodiment the controller
may be adapted to cause the substrate carrier handler’s end
effector to retract from the conveyor’s transport path
whenever the controller receives power from the
uninterruptible power supply.

FIG. 12 is a simplified front, elevational view of
an alternative retraction mechanism for moving the end
effector 811 of the wafer loading station 801 away from the
conveyor 803. With reference to FIG. 12, an extension 1201
is attached to or formed within at least one of the vertical
guides 821. A cam surface 1203 is formed on the extension
1201 as shown. Other cam surface shapes may be used.

A switch 1205 is mounted to the horizontal guide
817, and a roller 1207 is coupled to the switch 1205 and
adapted to roll along the cam surface 1203 of the extension
1201. The extension 1201 is positioned so that the roller
1207 only contacts the extension 1201 when the end effector
811 enters an area where unwanted intersection between the
end effector 811 (and/or a carrier 807 supported by the end
effector 811) and the conveyor 803 (or a carrier 807
supported by the conveyor 803) may occur.
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As further shown in FIG. 12, a pneumatic cylinder
1209 is employed to bias the end effector 811 above the
horizontal guide 817. For example, during normal operation
of the wafer loading station 801, the pneumatic cylinder
1209 may be fully extended (as shown).

As the horizontal guide 817 is raised along the
vertical guides 821, the roller 1207 contacts the cam
surface 1203 of the extension 1201 and moves toward the
switch 1205, activating the switch 1205. Activation of the
switch 1205 allows a circuit (not shown) to form that will
cause the end effector 811 to retract toward the horizontal
guide 817 in response to a power failure or other
unscheduled event (described previously).' For example, the
pneumatic cylinder 1209 may be caused to retract in response
to a power failure or other unscheduled event. Note that
because of the extension 1201 and the switch 1205,
retraction of the end effector 811 only occurs when the end
effector 811 is in a location where unwanted intersection
between the end effector 811 (and/or a carrier 807 supported
by the end effector 811) and the conveyor 803 (or a carrier
807 supported by the conveyor 803) may occur. That is, the
end effector 811 will not retract (in the event of a power
failure or other unscheduled event) if the horizontal guide
817 is below the extension 1201. Accordingly, inadvertent
collisions between the end effector 811 (and/or the carrier
807) and storage locations and/or docking stations
(represented generally by reference numeral 1211) due to
retraction of the end effector 811 may be avoided.

While the present invention has been described
primarily with reference to wafers, it will be understood
that the invention also may be employed with other
“substrates” such as a silicon substrate, a mask, a reticle,
a glass plate, etc., whether patterned or unpatterned;
and/or with apparatus for transporting and/or processing
such substrates.
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Further, while the present invention has been
disclosed in connection with exemplary embodiments thereof,
it should be understood that other embodiments may fall
within the spirit and scope of the invention as defined by

the following claims.

58



10

15

20

25

30

WO 2008/045375 PCT/US2007/021481

THE INVENTION CLAIMED IS:

1. A system for loading and unloading substrate carriers
onto and off of a transport system comprising:

a substrate carrier handler adapted to transfer a
substrate cafrier between a docking station and a transport
system, the substrate carrier handler including an end
effector adapted to support the substrate carrier;

a controller coupled to the substrate carrier
handler and operative to control the substrate carrier
handler such that the end effector of the substrate carrier
handler is operative to selectively engage and disengage the
substrate carrier to and from the transport system while the
substrate carrier is in motion; and

a sensor coupled to the controller and operative
to provide a signal to the controller indicative of
information about the substrate carrier,

wherein the controller is operative to adjust
operation of the substrate carrier handler based on the
signal from the sensor if the adjustment may be performed
within a load or unload stroke of the substrate carrier
handler.

2. The system of claim 1 wherein the sensor includes at
least one of motion detector, a speed detector, a pressure
sensor, an impact sensoxr, a carrier type sensor, a motor

encoder, and a carrier presence detector.

3. The system of claim 1 whefein the information about the
substrate carrier indicates at least one of a speed of a
carrier, a position of a carrier, a type of encoder, an
orientation of a carrier, a presence of a carrier, substrate
carrier handler motor encoder information, transport system

motor encoder information, and a speed of the transport
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system.

4. The system of claim 1 wherein the sensor includes a
plurality of sensors adapted to provide a plurality of
signals to the controller indicative of a plurality of
information about the substrate carrier and the transport

system.

5. The system claim 4 wherein the controller includes two
or more stored motion profiles, and
wherein a motion profile is selected based on the

information about the substrate carrier.

6. The system of claim 5 wherein the motion profile defines
a motion of the end effector during a load or unload

operation.

7. The system of claim 5 wherein the controller is further
operative to modify the selected motion profile based on the

plurality of signals from the plurality of sensors.

8. The system of claim 4 wherein the plurality of sensors
generate the plurality of signals while a substrate carrier
approaches the substrate carrier handler on the transport

system.

9. The system of claim 4 wherein the plurality of sensors
generate the plurality of signals while a substrate carrier
is being removed from the transport system by the substrate

carrier handler.

10. The system of claim 4 wherein the plurality of sensors
generate the plurality of signals while a substrate carrier
support on the transport system approaches the substrate
carrier handler.
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11. The system of claim 4 wherein the plurality of sensors
generate the plurality of signals while a substrate carrier
support on the transport system is being loaded with a

substrate carrier by the substrate carrier handler.

12. The system of claim 4 wherein the plurality of sensors

include at least one sensor disposed on the end effector.

13. The system of claim 4 wherein the plurality of sensors
include at least one sensor disposed on the substrate

carrier.

14. The system of claim 4 wherein the plurality of sensors
include at least one sensor disposed on the transport

system.

15. The system of claim 4 wherein the plurality of sensors
include at least one sensor disposed adjacent the transport

system.

16. The system of claim 4 wherein the plurality of sensors
include at least one sensor disposed on the substrate

carrier handler.

17. A method of loading and unloading substrate carriers
onto and off of a transport system comprising:

sensing information about an approaching substrate
carrier being transported on a transport system;

determining a substrate carrier type for the
approaching substrate carrier;

selecting an unload motion profile from among at least
two stored motion profiles based on the information and
based on the substrate carrier type; and

unloading the substrate carrier from the transport
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system using the selected unload motion profile.

18. The method of claim 17 further including adjusting the
unload motion profile based on additional information sensed

during an unload stroke of a substrate carrier handler.

19. A method of loading and unloading substrate carriers
onto and off of a transport system comprising:

determining an available substrate carrier support on a
transport system;

sensing first information about the substrate carrier
support;

sensing second information about a substrate carrier to
be loaded onto the substrate carrier support;

determining a substrate carrier type for the substrate
carrier;

selecting an load motion profile from among at least
two stored motion profiles based on the first and second
information and based on the substrate carrier type; and

loading the substrate carrier from the transport system

using the selected load motion profile.
20. The method of claim 19 further including adjusting the

load motion profile based on additional information sensed

during a load stroke of a substrate carrier handler.

62



WO 2008/045375 PCT/US2007/021481

119
-\@ﬁ 115
¢ ; e — )
/ ] 1 ! T M \
17 /H‘ °I_t ° _li H—133
b ﬁEéF’— LR
1377 \720¥20/ S~

135

FIG. 1

(PRIOR ART)




WO 2008/045375

PCT/US2007/021481

2/29

231

2400

7

—=>
2406

l___.._J..._____l

215

12176 210
: 229 T
217 2
| — / 225 29
| 221a J/[J 227
|  / 2351 | _——223
I" —_— e o= b — e — e — -
|
|
|
|
| 213 - 211
I N\h '___f] ]
: /IL P—203 —{ H
| 209 T | oe—— . —— i
| i . 203 — H
|
] [ 1 . ——— -
I r—203 —{——=F—
CONTROLLER | - ' \-207
237 \\\
- | 207
C _r/—239



WO 2008/045375 PCT/US2007/021481

3/29

FIG. 2B



000000000000

4/29




WO 2008/045375 PCT/US2007/021481

5/29

243

241U
TG \

FIG. 2D




WO 2008/045375 PCT/US2007/021481

6/29

231

401




WO 2008/045375 PCT/US2007/021481

7/29

/ 303

.| .RECEIVE TRIGGER SIGNAL .. .| _319-
FOR TARGET CARRIER /
/305 TRANSFER CARRIER TO
DOCKING STATION OR
ACCELERATE END STORAGE LOCATION
EFFECTOR TO MATCH

CONVEYOR VELOCITY

e 307 END

SENSE CONVEYOR AND/ 321
OR CARRIER LOCATION

309
e

ADJUST END EFFECTOR
POSITION FOR
CARRIER UNLOAD

/311

LIFT END EFFECTOR TO
ENGAGE CARRIER ON
KINEMATIC PINS AND TO
RELEASE CARRIER FLANGE

/313

DECELERATE CARRIER TO
CLEAR CARRIER ENGAGEMENT
MECHANISM OF CONVEYOR

315
s

LOWER CARRIER
BELOW CONVEYOR

/317

DECELERATE END EFFECTOR

FIG. 3



PCT/US2007/021481

WO 2008/045375

8/29

vy Ol

£2C —_
. _ .
mNNl\__ - 744 =/ 62¢
|_||®.W|. HHH@H_ ||||| _M® o _mlu.w_| b — L0%
I _ L ] Gl\_
L L 20z _
| ! 10F —_| ﬂ_wow
NM.N\.



PCT/US2007/021481

WO 2008/045375

9/29

gy 9old




PCT/US2007/021481

WO 2008/045375

10/29

v 9Ol




PCT/US2007/021481

WO 2008/045375

11/29

av 9Ol




PCT/US2007/021481

WO 2008/045375

12/29

Jv 9Ol




WO 2008/045375 PCT/US2007/021481

13/29
501 START '
/ 503 /579
~ RECEIVE TRIGGER SIGNAL

FOR" TARGET CONVEYOR DECELERATE END EFFECTOR
LOAD POSITION

/ 505

ACCELERATE END END
EFFECTOR TO MATCH 521
CONVEYOR VELOGITY

e 507

SENSE CONVEYOR AND/
OR CARRIER LOCATION

/509

ADJUST END. EFFECTOR
POSITION FOR
CARRIER LOAD

/511

LIFT CARRIER TO
CONVEYOR LEVEL

/513

ACCELERATE CARRIER
TOWARD CARRIER
ENGAGEMENT MEMBER

l /5 15

LOWER END EFFECTOR TO
PLACE CARRIER ON CONVEYOR

/577

CONTINUE LOWERING END
EFFECTOR TO DISENGAGE
KINEMATIC PINS

FIG. 5



PCT/US2007/021481

WO 2008/045375

14/29

V9 ‘ol




PCT/US2007/021481

WO 2008/045375

15/29

g9 9l




PCT/US2007/021481

WO 2008/045375

16/29

99 9l




PCT/US2007/021481

WO 2008/045375

17/29

a9 ol

——————— — . — . — — ——




PCT/US2007/021481

WO 2008/045375

18/29

49 9l




WO 2008/045375

231
N

19/29

zor\

~—
—

275\\

PCT/US2007/021481

/-—217/

701

702

\279—\

225
ol

L —223

D
HR 225
C”-~-—"7
223—_
|

1

\227

—203 —n

203 —{q P

203 —g—++—

207

203 —y——t——j

\207

FIG. 7A



WO 2008/045375 PCT/US2007/021481

20/29

225

215
EH' ____________ C /l
— 223

| |
/ N 221 219 —_|
_—217 53
DVR '
I 203 —q B
I 203 —{g H
li 203 —g—+——d
M 205 —~—==+—p
225
[ [
L C——r7—
| 223
____________ [ S 1
/ N\ 221
7047



WO 2008/045375 PCT/US2007/021481

FIG. 7D



PCT/US2007/021481

WO 2008/045375

22/29

ve 9Ol

: (o9s) awyy
oo.o I ) »..i.\u»i.inum.mw O0.0Nl
00° 2 00°0L-
Lot . 80 . . .
0001 o'l 9'0 ¥'0 Z0 0
. X ‘ ¥ =¥ 000
00°Gl - \
: 000l <
w 00024 z
= 000z F
3 00°GZ- <
T 00'0s 3.
2 00°0¢- >
. &,
00°G¢< - 00°0%
00°0¥ 00°0S
00°G¥ - _ 00°09
. [w] sodz —x—
00°0S [w] sodx —m— 00°0L

[oss/ut] joAz —e—
[oes/ul] [oAX —%—




PCT/US2007/021481

WO 2008/045375

23/29

(ur) uvoryeod 7

000

g8 9l

6 8 £,9;

(09s) aumy
S v

£12)

05°0 4

00’1

000l

Q
-
I

0002

0o'og

00°Z

00°0¥

05°Z -

00°0S

00°¢

00°09

[w] sodz *— -
[oes ul] joAz —e—
[oes/ul] |oAX —v— .

0004

(o8s/ut) Ayo0op



PCT/US2007/021481

WO 2008/045375

24/29

98 9l

(o98) awu)

00°0L—

00°0¢—

00°0

00°0¢—

00°0l-

00°0} A

80

00’0

000l

00°0¢

(ur) uonsod
()
o
(@]
N

00°0¢

0070 -

00°O%

00°0% -

[u] sodz —-
[u] sodx —m—

- 00°0S

[o9s/ui] joAZ —e—
[o9s/u1] joAx ——

00°09

00°0L

00°0S

(d8s/u) Ky10019A



PCT/US2007/021481

WO 2008/045375

25/29

(ur) uonisod z

o
0.
o

!

ag ‘Ol

(o9s) swiy

v)

£1¢)

b

00°Z-

0S'L—

00°0C—

oo.—.|N-

000L—

000

00°0

050

00°0}

pask 00°0¢C

00°L

0s’t

00z 1

[w] sodz —x—
[09s/ul] [oAZ —e—
[o8s/ul] 18AX ——

000o¢

00°0F

- 00°0S

00°09

(o8s/w) Ayjo0ioA



WO 2008/045375 PCT/US2007/021481

26/29
a0 2/803 505
\ ;
813 /
809 |
7, 829 / 827 ; 808
% 825 | 507
21— 831 [ / 835
| 7 e
833 ——1—_| ,
819 811
] 7
| 817 7
=5 %
823 | C 1T
\  —==
815 Lr A
;—‘_'I
C v
e L

FIG. 9A



WO 2008/045375 PCT/US2007/021481

27/29

% 807 &4 7’
|/

821 |
[
829
- == 837
P - —A __ el
- g
s17—_| = 811/
T il
==
N 7

FIG. 9B



WO 2008/045375 PCT/US2007/021481

28/29

\ _—809

821

845

\ ] UPS

821



WO 2008/045375 PCT/US2007/021481

29/29

P 803

T
L |
807
1201 a7 / o0t
1
I 811
72071205 ﬁ"”m /817
S <723
821
™ L1 ] g2
L] [ ]
[ ] 1]
[ ] L1
L1
L] L]
1271/

FIG. 12



	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - description
	Page 47 - description
	Page 48 - description
	Page 49 - description
	Page 50 - description
	Page 51 - description
	Page 52 - description
	Page 53 - description
	Page 54 - description
	Page 55 - description
	Page 56 - description
	Page 57 - description
	Page 58 - description
	Page 59 - description
	Page 60 - description
	Page 61 - claims
	Page 62 - claims
	Page 63 - claims
	Page 64 - claims
	Page 65 - drawings
	Page 66 - drawings
	Page 67 - drawings
	Page 68 - drawings
	Page 69 - drawings
	Page 70 - drawings
	Page 71 - drawings
	Page 72 - drawings
	Page 73 - drawings
	Page 74 - drawings
	Page 75 - drawings
	Page 76 - drawings
	Page 77 - drawings
	Page 78 - drawings
	Page 79 - drawings
	Page 80 - drawings
	Page 81 - drawings
	Page 82 - drawings
	Page 83 - drawings
	Page 84 - drawings
	Page 85 - drawings
	Page 86 - drawings
	Page 87 - drawings
	Page 88 - drawings
	Page 89 - drawings
	Page 90 - drawings
	Page 91 - drawings
	Page 92 - drawings
	Page 93 - drawings

