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In a first aspect, a first method of calibratinga Substrate carrier 
loader to a moving conveyor is provided. The first method 
includes the steps of (1) providing a Substrate carrier loader 
adapted to load Substrate carriers onto a moving conveyor; (2) 
aligning the Substrate carrier loader to the moving conveyor; 
and (3) calibrating the Substrate carrier loader to the moving 
conveyor. Numerous other aspects are provided. 
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CALIBRATION OF HIGH SPEED LOADER TO 
SUBSTRATE TRANSPORT SYSTEM 

0001. This application is a continuation of U.S. patent 
application Ser. No. 10/987,956 filed Nov. 12, 2004 which 
claims priority to U.S. Provisional Patent Application Ser. 
No. 60/520,180, filed Nov. 13, 2003, entitled “CALIBRA 
TION OF HIGH SPEED LOADER TO SUBSTRATE 
TRANSPORT SYSTEM. The contents of each of the above 
applications are hereby incorporated by reference herein in 
their entirety. 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0002 The present application is 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: 
0003 U.S. patent application Ser. No. 10/650,310, filed 
Aug. 28, 2003 and titled “System For Transporting Substrate 
Carriers” (Attorney Docket No. 6900); 
0004 U.S. patent application Ser. No. 10/650,480, filed 
Aug. 28, 2003 and titled “Substrate Carrier Handler That 
Unloads Substrate Carriers Directly From a Moving Con 
veyor” (Attorney Docket No. 7676); 
0005 U.S. patent application Ser. No. 10/764,982, filed 
Jan. 26, 2004 and titled “Methods and Apparatus for Trans 
porting Substrate Carriers” (Attorney Docket No. 7163); and 
0006 U.S. patent application Ser. No. 10/764.820, filed 
Jan. 26, 2004, and titled “Overhead Transfer Flange and Sup 
port for Suspending Substrate Carrier' (Attorney Docket No. 
8092). 

FIELD OF THE INVENTION 

0007. The present invention relates to semiconductor 
device manufacturing, and more particularly to the calibra 
tion of a high speed loader to a Substrate transport system. 

BACKGROUND OF THE INVENTION 

0008. Manufacturing of semiconductor devices typically 
involves performing a sequence of procedures with respect to 
a Substrate Such as a silicon wafer, a glass plate, a mask, a 
reticule, etc. These steps may include polishing, deposition, 
etching, photolithography, heat treatment, and so forth. USu 
ally a number of different processing steps may be performed 
in a single processing system “tool” which includes a plural 
ity 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 
processing steps required, to be performed at many different 
processing locations within the fabrication facility. 
0009. 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 trans 
port systems, Substrate carrier handling robots, etc., to move 
substrate carriers from location to location within a fabrica 
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tion facility or to transfer substrate carriers from or to a 
Substrate carrier transport device. 
0010 Previously incorporated U.S. patent application Ser. 
No. 10/650,310, filed Aug. 28, 2003, entitled “System for 
Transporting Semiconductor Substrate Carriers’ (Attorney 
Docket No. 6900), discloses a substrate carrier transport sys 
tem 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. 
0011 Previously incorporated U.S. patent application Ser. 
No. 10/650,480 filed Aug. 28, 2003, entitled “Substrate Car 
riers Handler that Unloads Substrate Carriers Directly from a 
Moving Conveyor’ (Attorney Docket No. 7676), discloses a 
high speed substrate carrier transfer station equipped with a 
Substrate carrier handler for unloading Substrate carriers 
from, and loading Substrate carriers onto Such a substrate 
carrier transport system. In one embodiment, the Substrate 
carrier transfer station comprises a Substrate carrier handler 
that includes a horizontal guide that is moveable along par 
allel vertical guides, and an end effector that is moveable 
horizontally along the horizontal guide. To unload a substrate 
carrier from a moving conveyor that transports Substrate car 
riers and that passes adjacent to the high speed substrate 
carrier transfer station, the end effector is moved along the 
horizontal guide at a Velocity that Substantially matches that 
of the Substrate carrier (e.g., by Substantially matching Sub 
strate carrier speed in a horizontal direction). The end effector 
may also substantially match a position of the Substrate car 
rier while substantially matching a velocity of the substrate 
carrier. When so matching, the end effector may be raised by 
moving the horizontal guide upwardly along the vertical 
guides, so that the end effector contacts and lifts the substrate 
carrier from the substrate carrier transporter. A substrate car 
rier may similarly be loaded onto the moving Substrate carrier 
conveyor by Substantially matching end effector and con 
veyor Velocities (and/or positions) during loading. 
0012 Efficiency gains may be achieved via increasing the 
common speed of the end effector and the substrate carrier 
during such transfers, which underscores a need for precise 
and efficient interaction between separately supported and 
separately driven portions of the system. 

SUMMARY OF THE INVENTION 

0013. In a first aspect, a first method of calibrating a sub 
strate carrier loader to a moving conveyor is provided. The 
first method includes the steps of (1) providing a substrate 
carrier loader adapted to load Substrate carriers onto a moving 
conveyor; (2) aligning the Substrate carrier loader to the mov 
ing conveyor, and (3) calibrating the Substrate carrier loader 
to the moving conveyor. 
0014. In a second aspect, a second method of calibrating a 
Substrate carrier loader to a moving conveyor is provided. The 
second method includes the steps of (1) providing a substrate 
carrier loader adapted to load Substrate carriers onto a moving 
conveyor; (2) establishing a footprint position of the Substrate 
carrier loader relative to the moving conveyor; (3) establish 
ing a level of the substrate carrier loader at the footprint 
position; and (4) establishing a frame height of the Substrate 
carrier loader at the footprint position. The second method 
further includes, if needed, (a) adjusting a pitch of a travel 
path of an end effector of the substrate carrier loader based on 
a pitch of the moving conveyor; (b) adjusting a roll of the 
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travel path of the end effector of the substrate carrier loader; 
(c) adjusting a lateral position of the travel path of the end 
effector of the substrate carrier loader based on a lateral 
position of the moving conveyor, or (d) adjustingayaw of the 
travel path of the end effector of the substrate carrier loader. 
Numerous other aspects are provided in accordance with 
these and other aspects of the invention. 
0015. 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 

0016 FIG. 1A is a side schematic view of a wafer transport 
processing system provided in accordance with the present 
invention. 
0017 FIG. 1B is a front schematic view of the system of 
FIG 1A 
0018 FIG.1C is a top schematic view of the system shown 
in FIG. 1B. 
0019 FIG. 2 is a side schematic view of the wafer carrier 
transport system of FIGS. 1A-1C that depicts an embodiment 
of a detectable feature. 
0020 FIG. 3 is a side schematic view of an upper portion 
of the wafer carrier processing system of FIGS. 1A-1C that 
shows an embodiment of a high-speed loader that includes a 
launch sensor assembly. 
0021 FIG. 4 is a side schematic view of the high-speed 
wafer carrier handler of a high-speed loader that illustrates an 
exemplary embodiment of a mounting location of FIGS. 
1A-1C. 
0022 FIG. 5 is a schematic side view illustrating an end 
effector rising to mate with a wafer carrier as the wafer carrier 
is supported by the wafer carrier transport system of FIGS. 
1A-1C. 
0023 FIG. 6 illustrates a flowchart of an exemplary pro 
cess for installing a high-speed loader as part of an overall 
wafer carrier processing system in accordance with an 
embodiment of the present invention. 
0024 FIGS. 7A-7B illustrate a flowchart of an exemplary 
process for aligning a high-speed loader (FIG. 1A) to the 
factory interface of a wafer processing tool (FIG. 1C) and to 
a wafer carrier transport system (FIG. 1B) in accordance with 
an embodiment of the present invention. 
0025 FIG. 8 illustrates a flowchart of an exemplary pro 
cess for adjusting the orientation of a horizontal guide (FIG. 
1A) of a high-speed wafer carrier handler so that the horizon 
tal guide exhibits pitch that matches the pitch of a wafer 
carrier transport system in accordance with an embodiment of 
the present invention. 
0026 FIG. 9 illustrates a flowchart of an exemplary pro 
cess for adjusting the y-axis position and yaw orientation of a 
horizontal guide (FIG. 1C) of a high-speed wafer carrier 
handler of a high-speed loader in accordance with an embodi 
ment of the present invention. 
0027 FIG. 10A is a schematic front view of the horizontal 
guide and the end effector of FIGS. 1A-1C. 
0028 FIG. 10B is a schematic front view that is similar to 
FIG. 10A, except that in the view of FIG. 10B the pitch of a 
first path portion of a wafer carrier transport system and the 
pitch of a horizontal guide match. 
0029 FIG. 11 is a schematic side view of the high-speed 
loader of FIGS. 1A-1C wherein a side-looking sensor is 
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adapted to detect a detectable feature of and/or associated 
with a wafer carrier transport system. 
0030 FIGS. 12A-12B illustrates a horizontal guide of an 
high-speed loader before and after, respectively, adjustment 
ofay-axis position and/or yaw of the horizontal guide relative 
to a wafer carrier transport system. 
0031 FIG. 13 is a schematic side view of the high-speed 
loader of FIGS. 1A-1C, wherein an upward-looking sensor is 
adapted to detect a detectable feature of or associated with a 
wafer carrier transport system. 
0032 FIG. 14 illustrates a flow chart of an exemplary 
process for establishing an elevation of an end effector of a 
high-speed loader relative to a wafer carrier transport system 
as a “vertical Zero' for the end effector in accordance with an 
embodiment of the present invention. 
0033 FIG. 15 illustrates a flow chart of an exemplary 
process for establishing a “horizontal launch offset of an end 
effector of a high-speed loader relative to a launch sensor 
(FIG. 3) in accordance with an embodiment of the present 
invention. 
0034 FIGS. 16 and 17 are schematic side views of the 
high-speed loader of FIGS. 1A-1C wherein a side-looking 
sensor is adapted to detect a detectable feature of and/or 
associated with a wafer carrier transport system. 
0035 FIG. 18 is a perspective schematic view of a sensor 
assembly adapted to detect detectable features of a shelfor 
other storage location and generate signals for determining a 
position of the shelf and/or docking station in the X-Z plane. 
0036 FIG. 19 is a top schematic view of a shelf support 
panel having two storage locations, and of an end effector, a 
horizontal guide, and a path through which the horizontal 
guide is adapted to guide the end effector. 

DETAILED DESCRIPTION 

0037. In accordance with at least one aspect of the present 
invention, a high-speed Substrate carrier transfer station (with 
or without Substrate carrier storage) is aligned and calibrated 
to a Substrate carrier transport system. The Substrate carrier 
hand-off function of the transfer station may then be tested, 
and the high-speed transfer station is placed into service for at 
least that function. 
0038. In accordance with another aspect of the present 
invention, in addition to being aligned to the Substrate carrier 
transport system, the high-speed transfer station may also be 
aligned and calibrated to a factory interface of a substrate 
loading station that transferS Substrates back and forth 
between the transfer station and one or more loadlocks of a 
Substrate processing tool for processing of the Substrates. In 
accordance with a further aspect of the invention, the above 
alignment, calibration and testing may be performed while 
the Substrate carrier transport system is in motion and trans 
porting Substrate carriers. In accordance with a still further 
aspect of the invention, the above alignment, calibration and 
testing may be performed without requiring any contact with 
the Substrate carrier transport system prior to the high-speed 
Substrate carrier transport station being placed into service 
(whether or not the substrate carrier transport system is in 
motion). 

System Apparatus Overview 

0039 FIG. 1A is a side schematic view of a wafer transport 
processing system 101. FIG. 1B is a front schematic view of 
the system 101 of FIG. 1A. Note the loading station of the 
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system 101 has both docking stations and storage locations, 
making the loading station both a wafer loading and wafer 
carrier storage station. FIG. 1C is a top schematic view of the 
system 101 shown in FIG. 1B. The following is a basic 
description of the system 101 which is best understood when 
read with reference to FIGS 1A-1C. 
0040. The system 101 comprises a wafer processing tool 
103, a wafer carrier transport system 105 (or WCTS), and a 
high-speed loader 107 (or HSL). The wafer carrier transport 
system 105 is adapted to transport a plurality of wafer carriers 
109 in the +x direction through a first path 111 within at least 
a portion of a manufacturing facility 113 (FIG. 1A). Although 
not necessary, preferably, the first path portion 111 through 
which the wafer carrier transport system 105 is adapted to 
transport wafer carriers 109 is elevated above a floor 115 of 
the manufacturing facility 113 and is straight and parallel to 
the horizon. Also preferably, the high-speed loader 107 is 
situated on (e.g., resting on) the floor 115 of the manufactur 
ing facility 113, and is adapted to remove wafer carriers 109 
from, and load wafer carriers 109 onto, the wafer carrier 
transport system 105, preferably while the wafer carrier trans 
port system 105 is in motion. 
0041 As shown in FIG. 1C, the wafer processing tool 103 
may comprise a plurality of radially-arranged wafer process 
ing chambers 117, a robot 119 adapted to insert wafers into 
each wafer processing tool 117 and remove wafers from each 
wafer processing tool 117, at least one loadlock 121, and a 
factory interface 123 (or FI). The factory interface 123 com 
prises a robot 125 adapted to transfer wafers between the 
high-speed loader 107 and a loadlock 121 of the wafer pro 
cessing tool 103 via a plurality of docking stations 127 of the 
factory interface 123. 
0042. The factory interface 123 also may comprise at least 
one datum plate 129 adapted to provide a datum surface 131 
that may be substantially flat, perpendicular to the horizon, 
and parallel to the first path portion 111 through which the 
wafer carrier transport system 105 is adapted to transport the 
wafer carriers 109. The factory interface 123 may comprise at 
least one storage location Support panel 133 fastened to the 
datum surface 131 of the datum plate 129, and a plurality of 
stationary wafer carrier storage locations 135, each wafer 
carrier storage location 135 being mounted to a shelf support 
panel 133 such that each wafer carrier storage location 135 
occupies a position either above, beside, or below the prefer 
ably centrally-located docking stations 127. A gap 137 may 
exist in the Support panel 133 to permit each docking station 
127 to extend out from the datum plate 129 and toward the 
high-speed loader 107, preferably in a direction that is sub 
stantially perpendicular to the datum surface 131. Each wafer 
carrier storage location 135 may extend outward from the 
support panel 133 and toward the high-speed loader 107, also 
preferably in a direction that is substantially perpendicular to 
the datum surface 131. 

0043. The first path portion 111 through which the wafer 
carrier transport system 105 is adapted to transport wafer 
carriers 109 may form a portion of a longer continuous path 
(not shown) through the manufacturing facility 113 that may 
comprise a Substantially horizontally-oriented loop (not 
shown). In at least one embodiment, the wafer carrier trans 
port system 105 comprises a relatively thin vertically-ori 
ented band 139. The band 139 of the wafer carrier transport 
system 105 is supported at or near a top portion 141 of the 
band 139 (e.g., via a horizontally-oriented flange (not shown) 
that can comprise a folded portion of the band 139, a separate 
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part fastened to the band 139 or a similar configuration). Only 
a portion of the band 139, which preferably comprises a 
continuous horizontally-oriented loop (not shown), is shown 
in FIGS. 1A-1C. The wafer carrier transport system 105 may 
be adapted to move and guide the band 139 such that the band 
139 rotates through a horizontally-oriented loop (not shown) 
that remains fixed relative to the floor 115 of the manufactur 
ing facility 113. 
0044. Each wafer carrier 109 may be adapted to be sup 
ported by and to depend from the band 139 of the wafer carrier 
transport system 105. The wafer carrier transport system 105 
may comprise a plurality of wafer carrier Support members 
143 coupled to the band 139, preferably in a series arrange 
ment along the length of the band 139. Each wafer carrier 
support member 143 is adapted to hold a wafer carrier 109 in 
a discrete location along the length of the band 139, whether 
the band 139 is moving or motionless. Each wafer carrier 
Support member 143 may comprise a band interface portion 
145 via which the wafer carrier support member 143 is 
adapted to couple to the band 139 of the wafer carrier trans 
port system 105, preferably at or near a bottom portion 147 of 
the band 139. Each wafer carrier support member 143 may 
also comprise a flange Support element 149 adapted to receive 
and retain a flange 151 of a wafer carrier 109. 
0045. The flange support element 149 of the wafer carrier 
support member 143 is preferably centered beneath the bot 
tom portion 147 the band 139. 
0046. The wafer carrier transport system 105 further com 
prises a plurality of detectable features 153 (FIG. 1B) located 
at discrete fixed positions along the length of the band 139. 
Preferably, the detectable features 153 are arranged in series 
along the band 139. Each detectable feature 153 may be 
detected by one or more sensors as described below (e.g., 
non-contact or remote-sensors). Each detectable feature 153 
is further preferably positioned along the length of the band 
139 so as to correspond to a position of a particular band 
interface portion 145 (of a particular wafer carrier support 
member 143) of the wafer carrier transport system 105. If the 
band interface portion 145 to which a particular detectable 
feature 153 corresponds also supports a wafer carrier 109, the 
position of that particular detectable feature 153 shall then 
also correspond to the position of the wafer carrier 109 Sup 
ported by the band 139. 
0047. The above-referenced high-speed loader 107 com 
prises a high-speed wafer carrier handler 154 adapted to 
remove wafer carriers 109 from, and to load wafer carriers 
109 onto, wafer carrier support members 143 of the wafer 
carrier transport system 105 (e.g., while the band 139 of the 
wafer carrier transport system 105 is in motion, such as while 
the wafer carrier transport system 105 is transporting other 
wafer carriers 109 in the +x direction through at least the first 
path portion 111). The high-speed wafer carrier handler 154 
also may place wafer carriers 109 on, and remove wafer 
carriers 109 from: (1) a wafer carrier storage location 135: 
and/or (2) a docking station 127 of the HSL 107. 
0048. The high-speed loader 107 further comprises a 
frame 157 adapted to support the high-speed wafer carrier 
handler 154 and establish and maintain a suitable orientation 
of the high-speed wafer carrier handler 154 such that the 
high-speed wafer carrier handler 154 can perform the above 
described wafer carrier placement and removal functions 
smoothly and repeatably. To this end, the frame 157 may 
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comprise interconnected beams 159 which are relatively stiff 
and strong so as to reduce the potential for load-induced 
flexure in the frame 157. 

0049. The frame 157 may be adapted to be adjusted as to 
overally-axis elevation relative to the wafer carrier transport 
system 105 suspended above the high-speed loader 107. To 
this end, the frame 157 may comprise elevation adjusting 
apparatus, such as a plurality of elevation-adjusting legs 161 
shown in FIGS. 1A-1B. Each leg 161 preferably comprises a 
limb 163 and a foot 165, the limb 163 being adapted to 
selectably adjustably extend out from within a beam 159 of 
the frame 157, and the foot 165 being adapted to be seated on 
the floor 115 of the manufacturing facility 113 and to capture 
(e.g., pivotally) an end of the limb 163 extending from the 
beam 159. Preferably the frame 157 comprises at least four 
legs 161, each leg 161 being located at one of four corners of 
the frame 157. Those with skill in the art will recognize that 
through the use of each leg 161 in a four-corner arrangement, 
a high degree of adjustability to the elevation, pitch (e.g., 
y-axis rotation) and roll (e.g., X-axis rotation) of the frame 
157 is readily achievable. As well, the posture of the frame 
157 itself can be adjusted for horizontal level or alignment 
with the vertical, as described further below. Furthermore, the 
orientation of the high-speed wafer carrier handler 154 of the 
high-speed loader 107 can also be adjusted in this manner. 
0050. The frame 157 also may comprise a plurality of 
plates 167. For example, the plates 167 may be directly 
affixed to at least two of the beams 159 where those beams 
159 meet, and adapted to enhance the overall stiffness of the 
frame 157. 

0051. The high-speed wafer carrier handler 154 may com 
prise a horizontal guide 169 that is moveable vertically along 
two vertical guides 171. The horizontal guide 169 is mounted 
to each of the vertical guides 171 via a mounting bracket 173. 
The high speed wafer carrier handler 154 further comprises 
an end effector 175 that is moveable horizontally along the 
horizontal guide 169. The end effector 175 is mounted to the 
horizontal guide 169 via a mounting plate 177. The end effec 
tor 175 is adapted to receive a wafer carrier 109 and to 
securely support that wafer carrier 109 (e.g., from therebe 
neath) whether the end effector 175 is at rest or is moving 
(either vertically, or horizontally, or both vertically and hori 
Zontally) in the X-Z plane of FIG. 1A. 
0052. A controller 178 (shown in phantom in FIG. 1B) 
may be provided for controlling some or all of the operations 
of the wafer transport processing system 101, including auto 
mating all or a portion of the calibration of the high speed 
loader 107 to the wafer carrier transport system 105 as 
described further below. The controller 178 may comprise 
one or more appropriately programmed computers, micro 
controllers or the like, logic hardware, or a combination of the 
SaC. 

0053 FIG. 2 is a side schematic view of the wafer carrier 
transport system 105 that depicts an embodiment of the 
detectable feature 153. Each detectable feature 153 prefer 
ably comprises a plurality of slots 179. The two slots 179 
shown in FIG. 2 comprise holes that perforate the band 139 
and have leading edges 180 that are substantially parallel to 
each other and Substantially perpendicular to the +X direction 
of rotation of the band 139. A distance 181 separates the 
leading edges 180 of the slots 179 and is measured along the 
+X direction of rotation of the band 139. The distance 181 is 
preferably carefully controlled so as to facilitate an accurate 
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measurement of a speed of rotation of the band 139 in the +x 
direction as will be explained further below. 
0054 FIG. 3 is a side schematic view of an upper portion 
of the wafer carrier processing system 101 that shows an 
embodiment of the high-speed loader 107 that includes a 
launch sensor assembly 183 comprising a launch sensor 184. 
The launch sensor 184 is preferably adapted to detect each 
slot 179 of each detectable feature 153, and to generate and 
transmit a signal corresponding to each detection of a slot 
179. Thus the launch sensor 184 would provide a detection 
signal for the detectable feature 153 that comprises two detec 
tion signals corresponding to the two slots 179. Those with 
skill in the art will recognize that if the distance 181 (FIG. 2) 
between the slots 179 is known and is subject to a tight 
tolerance, an instantaneous speed of rotation of the band 139 
in the +x direction over the high-speed loader 107 may readily 
be determined based on the two-part signal generated in 
response to the movement of the detectable feature 153 past 
the launch sensor assembly 183. 
0055. The launch sensor assembly 183 of FIG. 3 further 
comprises a frame 185 to which the launch sensor 184, which 
comprises a first light source 187 and a first detector 189, is 
affixed. The light source 187 is adapted to project a first beam 
of light 191, and the detector 189 is aligned with the light 
source 187so as to detect the beam of light 191 when the band 
139 does not obstruct the beam of light 191. Because the light 
source 187 and detector 189 of the launch sensor 184 occupy 
an elevation relative to the wafer carrier transport system 105 
corresponding to that of the plurality of detectable features 
153, each detectable feature 153 represents a removal of the 
obstruction caused by the band 139. As such, as each detect 
able feature 153 reaches the beam of light 191 it permits the 
beam of light 191 to reach the detector 189, and thus detection 
of the detectable feature 153 is accomplished. 
0056. As described above, each detectable feature 153 
corresponds to a wafer carrier Support member 143, and so 
the detection of a detectable feature 153 amounts to the detec 
tion of a wafer carrier support member 143. The wafer carrier 
support member 143 is adapted to support and hold a wafer 
carrier 109 in a fixed position along the length of the band 
139, so it is apparent that the instantaneous longitudinal posi 
tion of a wafer carrier 109 supported by the wafer carrier 
support member 143 will also have been ascertained. 
0057 The launch sensor assembly 183 also preferably 
comprises a wafer carrier sensor 192 comprising a second 
light source 193 affixed to the frame 185 and adapted to 
project a second beam of light 195, and a second detector 197 
affixed to the frame 185 and aligned with the light source 193 
and adapted to detect the beam of light 195. The wafer carrier 
sensor 192 is adapted to detect a wafer carrier 109 (when a 
wafer carrier 109 passes the wafer carrier sensor 192) based 
on an interruption of the beam of light 195 between the light 
Source 193 and the detector 197. 

0058. The frame 185 may be coupled to the frame 157 via 
a plate 167 that passes beneath the wafer carrier transport 
system 105 and is located at a side of the high-speed loader 
107 that is upstream relative to the flow of wafer carriers 109 
being transported over the high-speed loader 107 by the wafer 
carrier transport system 105 (see the upper-right plate 167 of 
FIG. 1A). The connection between the frame 185 and the 
plate 167 is preferably hinged so that the launch sensor 
assembly 183 may be folded within the frame 157 during 
gross movement of the frame 157 below the wafer carrier 
transport system 105 (e.g., during installation of the high 
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speed loader 107). Once the legs 161 are properly situated and 
the frame 157 is at least roughly aligned beneath the wafer 
carrier transport system 105, the frame 185 of the launch 
sensor assembly 183 can be swung upward so that the launch 
sensor 184 assumes the orientation shown in FIG. 3. 

0059. In one embodiment of the wafer carrier processing 
system 101, the controller 178 (FIG. 1B) may be adapted to 
receive signals from the launch sensor 184 and adapted to 
determine from signals received from the launch sensor 184, 
a Substantially instantaneous speed of rotation of the band 
139 in the +X direction. In accordance with that embodiment, 
the launch sensor 184 generates a two-pulse signal as the 
detectable feature 153 passes the launch sensor 184, each 
pulse of the two-pulse signal including an indication that a 
leading edge 180 of a slot 179 has just passed the beam of light 
191, and that the perforation formed by the slot 179 is per 
mitting the beam of light 191 to reach the detector 189. Upon 
detecting the beam of light 191, the detector 189 preferably 
generates and transmits an indicating pulse to the controller 
178 in real time (e.g., the difference in time between the edge 
180 reaching the beam of light 191 and the controller 178 
receiving the indicator pulse is negligibly small for the pur 
poses of the wafer carrier processing system 101), and the 
controller 178 notes the precise time it receives the indicator 
pulse. Of course, the passage of the detectable feature 153 
will result in the controller 178 receiving two such pulses 
separated in time but in close succession. 
0060. The controller 178 may subtract the time of the first 
pulse from the time of the second pulse to determine an 
inter-pulse time interval, and then may determine the speed of 
rotation of the band 139 based on the distance 181 and the 
inter-pulse time interval. Those with skill in the art will rec 
ognize that a controller may be caused to so determine the 
speed of rotation of the band 139 in a number of different 
ways. For example, the controller 178 may calculate the 
speed by dividing the distance 181 by the inter-pulse time 
interval. Alternatively, the controller 178 may make reference 
to a look-up table to perform the conversion, the look-up table 
being adapted to provide pre-calculated speed indications 
based on a constant distance 181. Additionally, a direct mea 
Sure of band speed may be employed (e.g., via an encoder or 
the like). 
0061. It is apparent that if the distance 181 associated with 
each pair of detectable features 153 is held to within a suffi 
ciently tight tolerance of a known nominal distance value, and 
if that nominal distance value is relatively short (e.g., as 
compared to the length of a wafer carrier 109, or as compared 
to the distance between mounting positions of Successive 
wafer carrier support members 143), the speed value so deter 
mined will be very close to an actual instantaneous speed of 
rotation of the band 139. This will be particularly true if the 
wafer carrier transport system 105 is operated so as to provide 
a relatively constant speed of rotation for the band 139 over a 
long period of time. 
0062 FIG. 4 is a side schematic view of the high-speed 
wafer carrier handler 154 of the high-speed loader 107 that 
illustrates an exemplary embodiment 135a of the mounting 
location 135 of FIGS. 1A-1C. As before, the horizontal guide 
169 is mounted to the vertical guide 171 via the mounting 
location 135a for vertical motion along the vertical guide 171. 
However, the mounting location 135a may also be adapted to 
permit the y-axis position of the horizontal guide 169 relative 
to the vertical guide 171 to be incrementally increased or 
decreased as necessary, e.g., for purposes of fine-scale align 
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ment of the horizontal guide 169 with the first path portion 
111 (FIG. 1B) through which the wafer carrier transport sys 
tem 105 (FIG. 1B) is adapted to move the wafer carriers 109 
(FIG. 1B). 
0063 As shown in FIG. 4, the mounting location 135a 
may comprise a first shelf portion 199 moveably coupled to 
the vertical guide 171, and a second shelfportion 201 fixedly 
coupled to the horizontal guide 169, and a thumbscrew 203 or 
other suitable mechanism. The thumbscrew 203 is embedded 
within the second shelfportion 201 and is adapted to permit 
the second shelf portion 201 to move back and forth relative 
to the first shelfportion 199 along the y-axis, as indicated by 
the two-headed arrow 219. As the thumbscrew 203 is turned, 
the second shelf portion 201 moves along the y-axis. Prefer 
ably, the horizontal guide 169 will be mounted to each of the 
vertical guides via a mounting bracket 173a. Those skilled in 
the art will recognize that many potential configurations of a 
mounting location 135 exist in addition to the mounting loca 
tion 135a of FIG. 4 that will provide y-axis adjustment for the 
horizontal guide 169 relative to the vertical guide 171. 
0064 FIG. 5 is a schematic side view illustrating an end 
effector 175 rising to mate with a wafer carrier 109 as the 
wafer carrier 109 is supported by the wafer carrier transport 
system 105 (e.g., during unloading of the wafer carrier 109 
from the wafer carrier transport system 105). The end effector 
175 begins at a first elevation 221 relative to the wafer carrier 
transport system 105 (as shown in phantom) and rises in the 
direction of the Z-axis to a second elevation 223 relative to the 
wafer carrier transport system 105 shared by a wafer carrier 
109, where a kinematic interface (not shown) at the top of the 
end effector 175 may mate with a kinematic interface (not 
shown) at the bottom of the wafer carrier 109. A similar 
operation may be performed for loading a wafer carrier 109 
onto the wafer carrier transport system 105. 

Basic Process 

0065 FIG. 6 illustrates a flowchart of an exemplary pro 
cess 600 for installing a high-speed loader 107 as part of an 
overall wafer carrier processing system 101 also comprising 
a wafer processing tool 103 and a wafer carrier transport 
system 105. With reference to FIG. 6, the process 600 begins 
with step 601. In step 602, the high-speed loader 107 (FIG. 
1A) is aligned to the wafer processing tool 103 (FIG. 1C) and 
the wafer carrier transport system 105 (FIG. 1A) such that the 
high-speed wafer carrier handler 154 (FIG. 1B) of the high 
speed loader 107 is properly positioned and oriented relative 
to the factory interface 123 of the wafer processing tool 103 
and the wafer carrier transport system 105 prior to calibration 
of the high-speed loader 107. The step 602 of the process 600 
may itself comprise a separate and distinct process. An exem 
plary embodiment of a process for performing step 602 is 
described below with reference to the flow charts of FIGS. 
7A-9 and the apparatus of FIGS. 10A-13. 
0066. In step 603, the high-speed loader 107 (FIG. 1A) is 
calibrated to the wafer processing tool 103 (FIG. 1C) and the 
wafer carrier transport system 105 (FIG. 1A) so that the 
high-speed wafer carrier handler 154 (FIG. 1B) is rendered at 
least nominally operable within the overall wafer carrier pro 
cessing system 101 (FIG. 1A) to exchange wafer carriers 109 
(FIG. 1A) with the wafer carrier transport system 105 (FIG. 
1A), with the docking stations 127 (FIG. 1B) and/or with the 
storage locations 135 (FIG. 1B). The step 603 of the process 
600 may itself comprise a separate and distinct process. An 
exemplary embodiment of a process for performing step 603 
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is described below with reference to the flow charts of FIGS. 
14-15 and the apparatus of FIGS. 16-18. 
0067. In step 604, the wafer carrier exchange functions of 
the high-speed loader 107 (FIG. 1A) with respect to the wafer 
carrier transport system 105 (FIG. 1A), the docking stations 
127 (FIG. 1A) and the storage locations 135 (FIG. 1A) are 
tested. Preferably step 604 comprises at least operating the 
high-speed wafer carrier handler 154 (FIG. 1A) to remove 
wafer carrier 109 from and place a wafer carrier 109 on at 
least one wafer carrier support member 143 of the wafer 
carrier transport system 105, at least one docking station 127 
of the factory interface 123, and at least one wafer carrier 
storage location 135. More and/or other functional tests may 
be performed. If the high-speed wafer carrier handler 154 
performs these functions properly, the high-speed loader 107 
may be ready for placement into regular service as a compo 
nent of the wafer carrier processing system 101. 
0068. In step 605, the high-speed loader 107 (FIG. 1A) is 
placed into service as a component of the wafer carrier pro 
cessing system 101 (FIG. 1A). In at least one embodiment, 
step 605 at least comprises providing an appropriate indica 
tion to the overall controller of the wafer carrier processing 
system 101 (e.g., the controller 178 or some other controller) 
such that the overall controller then establishes direct control 
over the relevant function of the high-speed loader 107. Step 
605 may also comprise, for example, advising the overall 
controller of the existence of any wafer carriers 109 (FIG.1A) 
that occupy the docking stations 127 (FIG. 1A) or the storage 
locations 135 (FIG. 1A) at the time control over the high 
speed loader 107 is turned over to the overall controller. Such 
information may include the identity of the wafers (not 
shown) contained within each particular wafer carrier 109 
and the location of each of those wafer carriers 109. 

0069. In step 606, the process 600 concludes. 

Overall HSL Alignment Process 

0070 FIGS. 7A-7B illustrate a flowchart of an exemplary 
process 700 for aligning a high-speed loader 107 (FIG. 1A) to 
the factory interface 123 of a wafer processing tool 103 (FIG. 
1C) and to a wafer carrier transport system 105 (FIG. 1B). 
With reference to FIG. 7, the process 700 begins with step 
701. In step 702, an approximate footprint position (not sepa 
rately shown) for the high-speed loader 107 (FIG. 1A) is 
established. 

0071. The step 702 can comprise a separate process. How 
ever, an exemplary process is described below. First, a wafer 
processing tool 103 (FIG. 1C) is identified that is intended to 
be served by a wafer carrier transport system 105 (FIG. 1B). 
Preferably the wafer processing tool 103 is oriented and/or 
adjusted as necessary so that the datum plate 129 (FIG. 1C) of 
the factory interface 123 (FIG. 1C) of the wafer processing 
tool 103 is properly prepositioned. For example, the shelf 
support panel 133 (FIG. 1A) of the datum plate 129 can be 
aligned to the vertical and made parallel to the first path 
portion 111 (FIG. 1B) through which the wafer carrier trans 
port system 105 is adapted to transport wafer carriers 109, 
Such that a predetermined horizontal offset (not shown) sepa 
rates the first path portion 111 and the shelfsupport panel 133. 
The latter are provisions intended to ensure that when the 
high-speed loader 107 (FIG. 1A) is installed adjacent to the 
wafer processing tool 103, the end effector 175 (FIG. 1B), the 
wafer carrier storage locations 135 (FIG. 1B), and the dock 
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ing stations 127 of the factory interface 123 will be operable 
within, or will be finely adjustable to be operable within the 
same X-Z plane. 
0072 Next, the step 702 preferably comprises installing 
the high-speed loader 107 (FIG. 1A) such that the feet 165 
(FIG. 1B) of the elevation adjusting legs 161 (FIG. 1B) are 
firmly seated on the floor 115 (FIG. 1A) of the manufacturing 
facility, and are at approximately the same distance below the 
respective beams 159 from which the limbs 163 associated 
with each foot 165 project. Such a provision provides a useful 
starting point for adjustment of the posture of the frame 157 
(FIG. 1A) of the high-speed loader 107 that at least nominally 
(if not actually) avoids twisting forces within the frame 157. 
0073. Next, the step 702 preferably comprises moving the 
frame 157 of the high-speed loader 107 (FIG. 1B) beneath the 
wafer carrier transport system 105 (FIG. 1B) and adjacent to 
the factory interface 123 of the wafer processing tool 103 
(FIG. 1B) to a position on the floor 115 (FIG. 1C) of the 
manufacturing facility 113 that is roughly equivalent to where 
the high-speed loader 107 will fall after alignment to the 
wafer processing tool 103 and the wafer carrier transport 
system 105 is complete. One way of grossly or coarsely 
positioning the high-speed loader 107 is to place the frame 
157 (FIG. 1A) of the high-speed loader 107 either directly 
against the factory interface 123 (FIG. 1A), or alternatively at 
a small distance from the factory interface 123, such that the 
docking stations 127 (FIG. 1A) of the factory interface 123 
protrude into the envelope of the frame 157 and are roughly 
centered between adjacent sets of vertical beams 159 of the 
frame 157. The docking stations 127 may be prepositioned 
and pre-oriented relative to the datum plate 129 (FIG. 1A) 
such that they are level with the horizontal and extend sub 
stantially perpendicularly relative to the datum surface 131 of 
the datum plate 129. Similarly, the storage locations 135 
(FIG. 1B), which also must protrude into the envelope of the 
frame 157 of the high-speed loader 107, may be positioned on 
the shelfsupport panel 133 (FIG. 1A) such that they are level 
with the horizon and extend substantially perpendicularly 
relative to the datum surface 131 of the datum plate 129. This 
assumes the storage locations are mounted on the datum plate 
129. Note that the storage locations may alternatively be 
mounted on the frame 157 of the high speed loader 107, in 
which case they may be positioned as a unit. 
0074 As will be discussed more fully below, the datum 
plate 129 (FIG. 1A) and/or the shelf support panel 133 (FIG. 
1A) may be horizontally adjustable along the y-axis relative 
to both the wafer carrier transport system 105 (FIG. 1A) and 
the high-speed loader 107 (FIG. 1A) after final alignment to 
ensure that the docking stations 127 (FIG. 1B) and the storage 
locations 135 (FIG. 1A) occupy the same X-Z plane as the end 
effector 175 (FIG. 1A) of the high-speedwafer carrier handler 
154 (FIG. 1A). 
0075 More importantly for present purposes, however, is 
the selection of an appropriate X-axis position for the high 
speed loader 107 (FIG. 1B) relative to the factory interface 
123 (FIG. 1B). As was referred to above, the x-axis position 
which centers the docking stations 127 within the frame 157 
(FIG. 1B) of the high-speed loader 107 may generally be the 
best x-axis position for the high-speed loader 107. Neverthe 
less, a range of permissible positions may exist, given the fact 
that the high-speed wafer carrier handler 154 (FIG. 1A) of the 
high-speed loader 107 is adapted to be flexibly employed by 
the wafer carrier processing system 101 (FIG. 1B) to accom 
plish high-precision hand-offs at essentially any X-axis posi 
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tion along the range of motion of the end effector 175 (FIG. 
1A) along the horizontal guide 169 (FIG. 1A) of the high 
speed wafer carrier handler 154. As such, the foregoing dock 
ing station-centering alignment may be accomplished by 
human eye for the sake of speed and simplicity (although 
more precise placement techniques may be used). 
0076. The step 702 further comprises confirming that the 
high-speed loader 107 (FIG. 1C) is reasonably accurately 
situated in the x-y plane (e.g., position and/or rotation) rela 
tive to the wafer carrier transport system 105 (FIG. 1C). For 
example, the location of the frame 157 (FIG. 1C) of the 
high-speed loader 107 on the floor 115 (FIG. 1C) of the 
manufacturing facility 113 (FIG. 1B) may be visually 
checked to ensure that the path of the end effector 175 (FIG. 
1C) of the high-speed wafer carrier handler 154 (FIG. 1C) 
along the horizontal guide 169 (FIG. 1C) of the high-speed 
wafer carrier handler 154 is aligned beneath the first path 
portion 111 (FIG. 1C) through which the wafer carrier trans 
port system 105 (FIG. 1C) is adapted to transport wafer 
carriers 109. If by visual inspection this path-to-path horizon 
tal alignment proves to be absent, the frame 157 (FIG. 1A) of 
the high-speed loader 107 may be moved and/or rotated 
within the x-y plane (e.g., the positions on the floor 115 of the 
manufacturing facility at which the feet 165 of the legs 161 of 
the frame 157 are seated may be changed) until the same 
visual inspection yields a positive result. 
0077. It should be noted that although it is preferred that 
the first path portion 111 be relatively long compared to the 
high-speed loader 107, the methods and apparatus of the 
present invention are equally applicable when the first path 
portion 111 comprises an X-axis length (not specifically 
shown) that is less than an X-axis length (not specifically 
shown) of the high-speed loader 107, and/or less than an 
X-axis length (not separately shown) of a range of horizontal 
motion of the end effector 175 along the horizontal guide 169. 
0078. At the conclusion of the step 702 the footprint (not 
separately shown) of the high-speed loader 107 should be 
located at a position on the floor 115 of the manufacturing 
facility 113 which approximates, to a fairly high degree of 
accuracy (e.g., Such as may be reasonably achieved via use of 
the human eye), the position the footprint of the high-speed 
loader 107 will eventually occupy at the end of the process 
700. It will be understood, however, that the process 700 
provides also for fine-tuning of the position and orientation of 
the high-speed loader 107 as described below. 
0079. In step 703, a high precision level or similar device 
may be (directly) applied to each of the vertical guides 171 of 
the high-speed wafer carrier handler 154, and the legs 161 of 
the frame 157 of the high-speed loader 107 are adjusted so as 
to provide that both vertical guides 171, are simultaneously 
aligned with the vertical. Although, as will be described later, 
the orientation of the vertical guides 171 may diverge, pref 
erably slightly from vertical in the final aligned state of the 
high-speed loader 107, nevertheless in at least one embodi 
ment of the process 700, the vertical guides 171 are inspected 
Such that they are aligned with each other. Such a provision 
tends to ensure against the possibility that unintended and 
avoidable x-axis twist will arise in the horizontal guide 169 of 
the high-speed wafer carrier handler 154 later in the process 
700. 

0080. If significant adjustment of the posture of the frame 
157 is necessary to achieve simultaneous verticality in the 
vertical guides 171, periodically lifting an end of the frame 
157 slightly to allow the legs 161 at that end to shift position 
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in the x-y plane on the floor 115 of the manufacturing facility 
113 may avoid the buildup of undue stress within the frame 
157. 

I0081. Optionally, step 703 may additionally comprise 
applying a high-precision level or similar device to the end 
effector 175 of the high-speed wafer carrier handler 154 to 
verify that, after the vertical guides 171 have been aligned 
with the vertical, the end effector 175 exhibits a correspond 
ing degree of alignment with the horizontal. 
I0082 In step 704, the frame 185 (FIG. 3) of the launch 
sensor assembly 183 (FIG. 3) is set in its upright position as 
shown in FIG. 3 and the frame 157 (FIG. 1A) is adjusted to 
assume an acceptable elevation relative to the wafer carrier 
transport system 105. As the band 139 (FIG. 3) moves in the 
+x direction (e.g., into the paper), detectable features 153 
move past the x-axis position of the launch sensor 184 of the 
launch sensor assembly 183. The overall elevation of the 
frame 157 relative to the wafer carrier transport system 105 
should be adjusted, preferably via the adjustment of all of the 
legs 161 of the frame 157 in substantially equal measure, so 
that the beam of light 191 of the launch sensor assembly 183 
reaches an elevation relative to the wafer carrier transport 
system 105 that is suitable for detection of the detectable 
features 153 as they move past the launch sensor assembly 
183. If a range of acceptable elevations exists, it may be 
preferable to set the elevation of beam of light 191 at or near 
the mid-point of that range, to ensure against the elevation of 
the beam of light 191 falling out of that range by the end of the 
process 700, e.g., because of intervening process steps which 
may call for additional adjustment of the positions or the 
height of the legs 161 of the frame 157. 
I0083. In step 705, the pitch (e.g., departure from align 
ment with the horizontal as viewed along the y-axis) of the 
horizontal guide 169 (FIG. 1B) of the high-speed wafer car 
rier handler 154 (FIG. 1A) may be adjusted so as to substan 
tially match a pitch of the first path portion 111 (FIG. 1B) 
through which the wafer carrier transport system 105 is 
adapted to transport wafer carriers 109. The step 705 may 
itself comprise a separate and distinct process. An exemplary 
embodiment of a process for performing step 705 is described 
below with primary reference to the flow chart of FIG. 8, and 
the apparatus of FIGS. 10A-10B and 11. 
I0084. In step 706, the roll (e.g., departure from alignment 
with the horizontal as viewed along the x-axis) of the hori 
Zontal guide 169 (FIG. 1B) of the high-speed wafer carrier 
handler 154 (FIG. 1B) is adjusted so as to substantially elimi 
nate roll about the x-axis. It should be noted that the step 706 
is not necessarily concerned with the type of X-axis twist 
which might cause the end effector 175 to execute what is 
known in aviation as a “barrel roll as it moves along the 
horizontal guide 169. Rather, the step 706 is concerned with 
ensuring that, although the horizontal guide 169 may be per 
mitted to exhibit a non-negligible degree of pitch as viewed 
along the y-axis, the horizontal guide 169 nevertheless exhib 
its a horizontally-aligned or level aspect as viewed along the 
X-axis. 

I0085. To the extent that the horizontal guide 169 of the 
high-speed wafer carrier handler 154 guides the end effector 
175 through a pitched path, it is apparent from the foregoing 
that there will preferably exist a non-tilted orientation for the 
horizontal guide 169 wherein it may, at the same time as it 
guides the end effector 175 upward, maintain a level or Zero 
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roll condition in the end effector 175 throughout the climb. 
This is a goal of the step 705 and the step 706 of the process 
700. 
I0086 Proceeding with the description of the step 706, if 
the horizontal guide 169 is in a non-zero roll condition the 
posture of the frame 157 preferably is adjusted so that the 
horizontal guide 169 is reoriented to assume a non-zero roll 
condition. For this purpose a high-precision level or similar 
device may be placed on the end effector 175 to reveal 
whether the end effector 175 is at least horizontally-oriented 
along the +x direction (e.g., Zero roll). Preferably the end 
effector 175 is moved along the horizontal guide 169 to deter 
mine if a non-Zero roll angle exists. If a non-Zero roll angle or 
offset exists, the posture of the frame 157 may be adjusted, for 
example, via adjusting the elevation of the frame 157 down 
ward on one side of the band 139 of the wafer carrier transport 
system 105 by a certain extent, and/or adjusting the elevation 
of the frame 157 upward on the other side of the band 139 by 
the same or a similar extent, then rechecking for Zero roll. 
Multiple such adjustments should be undertaken if needed 
until Zero roll is achieved. 
I0087. In step 707, the pitch of the horizontal guide 169 of 
the high-speed wafer carrier handler 154 is checked against 
the possibility that the roll adjustments undertaken in the step 
706 resulted in the pitch of the horizontal guide 169, which 
was matched with that of the first path portion 111 after the 
step 705, is now no longer so matched due to the roll adjust 
ments of the step 706. If indeed the pitch of the horizontal 
guide 169 no longer matches the pitch of the first path portion 
111, the step 705 is repeated, and the step 706 is also repeated, 
followed by a recheck of the pitch of the horizontal guide 169. 
This cycle may repeat until the pitch of the horizontal guide 
169 matches that of the first path portion 111 simultaneous 
with the roll of the horizontal guide 169 being substantially 
Zero, at which time the high-speed loader 107 will be pre 
pared for step 708. 
0088. In step 708, the y-axis position of the horizontal 
guide 169 (FIG. 1C) of the high-speed wafer carrier handler 
154 (FIG. 1C) relative to the wafer carrier transport system 
105 (FIG. 1C) is adjusted to eliminate any lateral displace 
ment from a position beneath the wafer carrier transport sys 
tem 105; and the orientation of the horizontal guide 169 is 
adjusted to eliminate any angular offset in the path through 
which the horizontal guide 169 guides the end effector 175 
that comprises non-Zero yaw (e.g., departure from vertical 
alignment with a vertically oriented plane containing the first 
path portion 111). For the purposes of the step 708, it should 
be noted that numerous options exist in the manner in which 
the y-axis position and the orientation of the horizontal guide 
169 are adjusted in order to satisfy the step 708. For example, 
one option includes moving the frame 157 relative to the floor 
115 of the manufacturing facility 113. Another option 
includes moving the horizontal guide 169 relative to the ver 
tical guides 171 and therefore also relative to the frame 157 of 
the high-speed loader 107. 
0089. The step 708 may comprise a separate and distinct 
process. An exemplary embodiment of a process for perform 
ing the step 708 is described below with primary reference to 
FIG. 9, which illustrates a flowchart, and FIGS. 12A-B and 
13, which illustrate apparatus. Once the step 708 is complete, 
the high-speed loader 107 is fully aligned with the wafer 
processing tool 103 and the wafer carrier transport system 
105, and is prepared for calibration to the same. 
0090. In step 709 the process 700 concludes. 
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HSL Pitch Adjustment 
0091 FIG. 8 illustrates a flowchart of an exemplary pro 
cess 800 for adjusting the orientation of the horizontal guide 
169 (FIG. 1A) of the high-speed wafer carrier handler 154 so 
that the horizontal guide 169 exhibits pitch that matches the 
pitch of the first path portion 111 through which the wafer 
carrier transport system 105 is adapted to transport wafer 
carriers 109. FIGS. 10A-10B and FIG. 11 illustrate apparatus 
relevant to the process 800. 
0092 FIG. 10A is a schematic front view of the horizontal 
guide 169 and the end effector 175 of FIGS. 1A-1C, and of the 
first path portion 111 through which the wafer carrier trans 
port system 105 (FIG. 1A) is adapted to transport wafer 
carriers 109, wherein the pitch of the first path portion 111 and 
the pitch of the horizontal guide 169 do not match. FIG. 10B 
is a schematic front view of the horizontal guide 169, the end 
effector 175, and the first path portion 111 that is similar to 
that of FIG. 10A, except that in the view of FIG. 10B the pitch 
of the first path portion 111 and the pitch of the horizontal 
guide 169 match. FIG. 11 is a schematic side view of the 
high-speed loader 107 of FIGS. 1A-1C, wherein a side-look 
ing sensor, preferably mounted to the end effector 175 of the 
high-speed wafer carrier handler 154 is adapted to detect a 
detectable feature of and/or associated with the wafer carrier 
transport system 105 when the end effector 175 is positioned 
at a predefinable elevation relative to the wafer carrier trans 
port system 105. 
0093. With reference to FIGS. 8, 10A-10B and 11, the 
process 800 begins with step 801. In step 802, a side-looking 
sensor assembly 225 is mounted to the end effector 175 of the 
high-speed wafer carrier handler 154, as shown in FIG. 11. 
The sensor assembly 225 is adapted to detect a detectable 
feature 227 of and/or associated with the wafer carrier trans 
port system 105 which, in the embodiment of FIG. 11, com 
prises a bottom edge 228 of the band 139 of the wafer carrier 
transport system 105. 
(0094. In step 803, the end effector 175 is positioned at a 
predefined Zero point along the length of the horizontal guide 
169 referred to hereafter as the “horizontal Zero” of the high 
speed wafer carrier handler 154. In one embodiment, the 
horizontal Zero is a point along the range of motion of the end 
effector 175 along the horizontal guide 169 that is substan 
tially close to the upstream-most point along that range (ref 
erence numeral 233 in FIG. 10A). Such a position may maxi 
mize the useable “runway' length of the horizontal guide 169 
so that the horizontal guide 169 can Support increasingly 
higher wafer carrier exchange Velocities. 
(0095. In step 804 the end effector 175, which is held 
motionless by the horizontal guide 169 at the position 233 or 
horizontal Zero, and the horizontal guide 169 are moved 
together (i.e., as a unit) vertically up or down along each of the 
vertical guides 171 (FIG. 11) in equal measure. 
(0096. In step 805, a side-looking sensor 243 (FIG. 11) of 
the sensor assembly 225 (FIG. 11), which is adapted to detect 
the detectable feature 227 when the detectable feature 227 is 
aligned with the sensor 243, detects the detectable feature 
227. For example, the sensor 243 of the sensor assembly 225 
may generate a signal in response to said detection (e.g., and 
provide the signal to the controller 178 (FIG. 1B)). 
(0097. In step 806 the end effector 175 is moved from the 
position it occupied along the length of the horizontal guide 
169 during steps 804 and 805, which preferably comprised 
the position 233 or horizontal Zero, to a different position 
along the length of the horizontal guide 169 (e.g., down 
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stream of the position 233). For example, the end effector 175 
may be moved to a point 235 near the end of the range of travel 
of the end effector 175 opposite the end associated with the 
position 233 or horizontal Zero. (In step 806, the horizontal 
guide 169 preferably is positioned at the same vertical guide 
position it occupied at the instant of detection of the detect 
able feature 227 during step 805.) 
0098. In step 807, the end effector 175 is again held 
motionless by the horizontal guide 169, this time at the down 
stream position 235 as shown in FIGS. 10A-10B. If needed, 
the posture of the frame 157 of the high-speed loader 107 is 
then adjusted (e.g., by adjusting the length of legs 161 (FIG. 
1B) sufficiently to cause the sensor 243, now moved, to again 
detect the detectable feature 227. 
0099. In step 808, the sensor 243, as it did in step 805, 
again detects the detectable feature 227 and generates a signal 
indicating said detection, and the posture adjustment of the 
frame 157 is stopped coincident with said detection. For 
example, the sensor 243 may provide the generated signal to 
the controller 178 (FIG. 1B). 
0100 Those possessing skill in the art will recognize other 
methods of causing the downstream detection to occur and 
thus to complete the process 800. For example, shims may be 
introduced beneath the downstream end of the frame 157. 
Alternatively, the orientation of the vertical guides 171 may 
be adjusted as a unit relative to the frame 157 of the high 
speed loader 107. 
0101 The side-looking sensor employed in the process 
800 need not be used to observe a detectable feature that is 
formed by or part of the band 139 of the wafer carrier trans 
port system 105 as illustrated in FIG. 10. A detectable feature 
of a wafer carrier support member 143 of the wafer carrier 
transport system 105 may be utilized. So may a detectable 
feature of a wafer carrier 109 or a detectable feature of the 
wafer carrier transport system 105 that does not move with 
the band 139, e.g., an extension of a Support frame (not 
shown) that extends downward. It is preferred that, as with the 
axis 245 of the sensor 243, the side-looking sensor employed 
in the process 800 is aligned with the horizontal guide 169 so 
that when the end effector 175 is set at Zero roll the alignment 
of the side-looking sensor is substantially level to the horizon. 
Any Suitable sensor type may be used (e.g., reflective, 
through beam, etc.) 

HSL Yaw and Y-Axis Displacement Adjustment 
0102 FIG. 9 illustrates a flowchart of an exemplary pro 
cess 900 for adjusting the y-axis position and yaw orientation 
of the horizontal guide 169 (FIG. 1C) of the high-speed wafer 
carrier handler 154 (FIG. 1C) of the high-speed loader 107 
(FIG. 1C) so that the horizontal guide 169 is aligned beneath 
the wafer carrier transport system 105 and the path 237 (FIG. 
12) of the end effector 175 is aligned within a vertically 
oriented plane containing the first path portion 111 (e.g., Zero 
yaw offset). FIG. 13 illustrates apparatus relevant to the pro 
ceSS 900. 
0103 FIG. 13 is a schematic side view of the high-speed 
loader 107 of FIGS. 1A-1C, wherein an upward-looking sen 
sor, preferably mounted to the end effector 175 of the high 
speed wafer carrier handler 154, is adapted to detect a detect 
able feature of or associated with the wafer carrier transport 
system 105 when the end effector 175 is properly aligned 
beneath the first path portion 111. 
0104. With reference to FIGS. 9 and 13, the process 900 
begins with step 901. In step 902, an upward-looking sensor 
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assembly 247 is mounted to the end effector 175 of the high 
speed wafer carrier handler 154 as shown in FIG. 13. The 
assembly 247 is adapted to detect a detectable feature 249 of 
or associated with the wafer carrier transport system 105, 
which in the embodiment of FIG. 13 comprises a downward 
facing surface 251 of the band 139 of the wafer carrier trans 
port system 105. 
0105. In step 903, the end effector 175 is positioned at the 
horizontal Zero or position 233 (FIG. 12A) of the horizontal 
guide 169. In step 904, the y-axis position of the upstream end 
of the frame 157 (e.g., the end of the frame 157 at which the 
end effector 175 is positioned) is adjusted relative to the floor 
115 of the manufacturing facility 113, and to the wafer carrier 
transport system 105. 
0106. In step 905, an upward looking sensor 253 of the 
assembly 247 (FIG. 13), which is adapted to detect the feature 
249 when the feature 249 is aligned with the sensor 253, 
detects the feature 249. For example, the sensor 253 generates 
a signal in response to said detection, and in response thereto, 
the y-axis movement of the upstream end of the frame 157 is 
ceased (e.g., automatically or by an operator). For example, 
the controller 178 (FIG. 1B) may receive the generated signal 
and cause y-axis movement of the frame 157 to halt (e.g., by 
generating a warning to an operator, by halting a motor (not 
shown) that moves the frame 157, etc.). 
0107. In step 906, the end effector 175 is moved from the 
position 233 to the position 235 at the opposite end of the 
horizontal guide 169 (FIG. 12A). 
0108. In step 907, the end effector 175 is again held 
motionless by the horizontal guide 169, this time at the down 
stream position 235 as shown in FIGS. 12A-12B. The y-axis 
position of the downstream end of the frame 157 (e.g., the end 
of the frame 157 at which the end effector 175 is now posi 
tioned) is adjusted relative to the floor 115 of the manufac 
turing facility 113, and to the wafer carrier transport system 
105, sufficiently to cause the sensor 253, now moved, to again 
detect the feature 249. 
0109. In step 908, the sensor 253, as it did in the step 905, 
again detects the feature 249 and generates a signal indicating 
said detection (which may cause the y-axis movement of the 
downstream end of the frame 157 to cease, such as via the 
controller 178 as described above). The horizontal guide 169 
is now properly aligned beneath the wafer carrier transport 
system 105 such that the path 237 is aligned with a vertically 
oriented plane containing the first path portion 111, and the 
high-speed loader 107 is ready for calibration to the wafer 
processing tool 103 and to the wafer carrier transport system 
105. 

0110. In step 909, the process 900 concludes. 
0111. The upward-looking sensor employed in the process 
900 need not be used to observe a detectable feature that is 
formed by part of the band 139 of the wafer carrier transport 
system 105 as illustrated in FIG. 13. For example, a detectable 
feature of a wafer carrier 109 may be utilized, as may a 
detectable feature of the wafer carrier transport system 105 
that does not move with the band 139, e.g., an extension of a 
Support frame (not shown) that extends downward. In addi 
tion, sensors facing both upward and to the side may be 
utilized for the purposes of the process 900. Any suitable 
sensor type may be used (e.g., reflective, through beam, etc.) 
0112 Referring again to FIG. 4, the mounting shelf 173a 
permits y-axis motion of the horizontal guide 169 relative to 
the vertical guide 171 and thereby also relative to the frame 
157 (as described previously). Rather than undertake to adjust 
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the position of the frame 157 relative to the floor 115 of the 
manufacturing facility 113 as the sole means to achieve the 
alignment of the horizontal guide 169 beneath the wafer 
carrier transport system 105 and of the path 237 within a 
Vertically-oriented plane containing the first path portion 111, 
one may, when Sufficiently close to final alignment, choose 
instead to finely adjust the position of the horizontal guide 
169 relative to the vertical guide 171 to arrive at the desired 
degree of y-axis and yaw precision. 

Establishing HSL End Effector Vertical Zero 
0113 FIG. 14 illustrates a flow chart of an exemplary 
process 1400 for establishing an elevation of the end effector 
175 of the high-speed loader 107 relative to the wafer carrier 
transport system 105 as a “vertical Zero' for the end effector 
175 at which the end effector 175 may be caused to dwell, 
e.g., during the time just prior to a wafer carrier exchange 
launch. At least two distinct elevations may be so established, 
one Such elevation corresponding to a Suitable elevation for 
the end effector 175 to dwell when awaiting an opportunity to 
placea wafer carrier 109 on the wafer carrier transport system 
105, and another such elevation corresponding to a suitable 
elevation for the end effector 175 to dwell when awaiting the 
opportunity to remove a wafer carrier 109 from the wafer 
carrier transport system 105. The former elevation will gen 
erally be lower than the latter, since the wafer carrier 109 
awaiting placement will need to be supported at a low enough 
elevation to preclude contact between that wafer carrier to be 
loaded onto the wafer carrier transport system 105 and the 
other wafer carriers 109 being transported overhead by the 
wafer carrier transport system 105. By contrast, the latter 
elevation may be higher since no wafer carrier 109 is being 
supported by the end effector 175 that requires such clear 
ance. Nevertheless, the process 1400 may be utilized for 
establishing a vertical Zero for either or both functions, and 
FIGS. 16-17 illustrate apparatus relevant to the process 1400. 
0114 FIGS. 16 and 17 are schematic side views of the 
high-speed loader 107 of FIGS. 1A-1C, wherein a side-look 
ing sensor, preferably mounted to the end effector 175 of the 
high-speed wafer carrier handler 154, is adapted to detect a 
detectable feature of and/or associated with the wafer carrier 
transport system 105 when the end effector 175 is at a pre 
definable elevation relative to the wafer carrier transport sys 
tem 105. 

0115 With reference to FIGS. 14, 16 and 17, the process 
1400 begins with step 1401. In step 1402, a side-looking 
sensor assembly 257 is mounted to the end effector 175 of the 
high-speed wafer carrier handler 154 as shown in FIG. 16. 
The sensor assembly 257 is adapted to detect a detectable 
feature 259 of and/or associated with the wafer carrier trans 
port system 105, which in the exemplary embodiment of FIG. 
16, comprises a surface 261 of the wafer carrier support 
member 143 of the wafer carrier transport system 105. 
0116. In step 1403, the end effector 175 and the horizontal 
guide 169 of the high-speed wafer carrier handler 154 are 
moved vertically relative to the vertical guides 171 and to the 
wafer carrier transport system 105. 
0117. In step 1404, a side-looking sensor 263 (FIG.16) of 
the sensor assembly 257 (FIG.16), which is adapted to detect 
the feature 259 when the feature 259 is aligned with an axis 
265 defined by the sensor 263, detects the feature 259. Pref. 
erably the sensor 263 generates a signal in response to said 
detection. The controller 178 (FIG. 1B) may receive the gen 
erated signal. 
0118. In step 1405, the controller 178 of the wafer carrier 
processing system 101 (FIG. 16) determines, based on the 
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signal from the sensor 263, the position along the vertical 
guides 171 occupied by the horizontal guide 169 when the 
sensor 263 detected the feature 259. The sensor assembly 257 
is geometrically configured to cause the sensor 263 to detect 
the feature 259 when the end effector 175 is at an elevation 
relative to the wafer carrier transport system 105 that is suit 
able for establishment of the vertical Zero of the end effector 
175. The controller 178 preferably stores a value correspond 
ing to the position of the horizontal guide 169 relative to the 
vertical guides 171 when detection takes place, such that 
whenever the end effector 175 must be positioned at its ver 
tical Zero, the controller 178 may determine the value and 
properly position the horizontal guide 169. 
0119. In step 1406, the process 1400 concludes. 
I0120 Although it is preferred that the sensor assembly 
257 be coupled to the end effector 175 for the purposes of the 
process 1400, it will be recognized by those possessing skill 
in the art that other coupling positions be selected. For 
example, the sensor assembly 257 may be coupled directly to 
the horizontal guide 169, or to the mounting plate 177. Note 
that the wafer carrier processing system 101 may be adapted 
to automatically “teach itself the vertical zero elevation via 
the signal from the sensor 263 (and/or with the controller 
178). 
I0121 Referring to FIG. 17, the sensor 263 of the sensor 
assembly 257 may also be employed to detect a feature 259 
that is part of a wafer carrier 109 transported by the wafer 
carrier transport system 105. The feature 259 of FIG. 17 
comprises a surface 267 of the wafer carrier 109. 
0.122 Note that based on the vertical Zero determined for 
the horizontal guide 169 when a wafer carrier 109 is not 
present on the end effector 175 (process 1400), the vertical 
Zero for the horizontal guide 169 when a wafer carrier is 
present on the end effector 175 can be easily determined (e.g., 
manually or automatically) if the thickness of the wafer car 
rier 109 is known. 

Establishing HSL End Effector Horizontal Launch Offset 
I0123 FIG. 15 illustrates a flow chart of an exemplary 
process 1500 for establishing a “horizontal launch offset of 
the end effector 175 of the high-speed loader 107 relative to 
the launch sensor 184 (FIG.3). A knowledge of the horizontal 
launch offset allows the wafer carrier processing system 101 
to properly time wafer carrier exchange launches of the end 
effector 175. 
0.124. The horizontal launch offset of a high-speed loader 
107 can comprise or otherwise be related to the span of time 
between the time a given point on the wafer carrier transport 
system 105 passes the launch sensor 184, and time that point 
of the wafer carrier transport system 105 passes the position 
233 or horizontal Zero of the end effector 175 (e.g., for a given 
speed of the wafer carrier transport system 105). The hori 
Zontal launch offset may alternatively comprise or be based 
on the actual distance along the X-axis between the launch 
sensor 184 and the position 233 or horizontal Zero of the end 
effector 175. 
(0.125 With reference to FIGS. 3, 11 and 15, the process 
1500 begins with step 1501. In step 1502, a side-looking 
sensor assembly, e.g., the sensor assembly 225 of FIG. 11, is 
mounted to the end effector 175 (FIG. 11). The sensor assem 
bly 225 is adapted to detect a detectable feature 227 of and/or 
associated with the wafer carrier transport system 105. Pref 
erably the sensor assembly 225 is adapted to detect the detect 
able features 153 (FIG. 3) comprising slots 179 cut into the 
band 139. 
I0126. In step 1503, the launch sensor of the high-speed 
loader 107, e.g., the launch sensor 184 of FIG. 3, detects a 



US 2008/O 187419 A1 

detectable feature 153 of the wafer carrier transport system 
105 as it passes the launch sensor 184, and generates a signal. 
The generated signal may be provided to the controller 178 
(FIG. 1B). The step 1503 may be performed in accordance 
with the method described above with reference to FIG. 3. 
0127. In step 1504, the sensor 243 (FIG. 11) of the sensor 
assembly 225 detects the same detectable feature 153 
detected during the step 1503 by the launch sensor 184, and 
generates a signal. The generated signal may be provided to 
the controller 178 (FIG. 1B). The step 1504 may be per 
formed in accordance with the method described above with 
reference to FIG. 3. 
0128. In step 1505, a horizontal launch offset for the end 
effector 175 of the high-speed loader 107 is determined based 
on the signals of the step 1503 and the step 1504. For example, 
based on the time between the two signals, the distance 
between the sensors 184 and 243 and/or knowledge of the 
speed of the wafer carrier transport system 105, the horizontal 
launch offset may be easily determined (e.g., automatically 
via the controller 178). 
0129. In step 1506, the process 1500 concludes. 
0130. Although the process 1500 involved the detection of 
the same detectable feature 153 twice, exemplary embodi 
ments of processes adapted to perform the same function as 
the process 1500 in accordance with the present invention 
include detecting two separate detectable features, either of 
which may or may not be a detectable feature 153. Other types 
of sensors may be employed as may other detectable features 
of a wafer carrier 109, reflective surfaces, etc. 

Additional Details 

0131 Referring back to FIG. 6 and the process 600 of the 
flow chart illustrated thereby, the step 603 preferably com 
prises calibrating the high-speed wafer carrier handler 154 of 
the high-speed loader 107 to each wafer carrier storage loca 
tion 135 and docking station 127 of the factory interface 123 
of the wafer processing tool 103. FIG. 18 is a perspective 
schematic view of a sensor assembly adapted to detect detect 
able features of a shelf or other storage location and generate 
signals for determining a position of the shelf and/or docking 
station in the X-Z plane. In the embodiment shown, a sensor 
assembly 269 comprises a side-looking sensor 271 coupled to 
the end effector 175 (not shown) adapted to detect detectable 
features 273 of a shelf 275 (e.g., a reflective feature such as a 
flat region of the shelf/docking station). The sensor 271 is 
adapted to generate a signal in response to detecting a detect 
able feature 273 and such a signal may be provided to the 
controller 178 (FIG. 1B). 
0.132. When caused to pass a detectable feature 273 in the 
Z-axis direction so that the sensor 271 aligns with the detect 
able features 273, the sensor 271 is adapted to generate a 
signal, thus enabling a position of the shelf along the Z-axis to 
be determined. When caused to pass a detectable feature 273 
in the X-axis direction so that the axis 277 of the sensor 271 
aligns with the detectable feature 273, the sensor 271 is 
adapted to generate a signal to enable a position of the shelf 
along the x-axis to be determined. The detectable features 273 
alternatively (or additionally) can comprise a part of a dock 
ing station 127 for determination of an X-Z position of the 
docking station by a sensor 271 coupled to the end effector 
175. In this way, the X-Z positions of each wafer carrier 
storage location 135 (FIG. 1A) and each docking station 127 
(FIG. 1A) of the factory interface 123 may be determined by 
the wafer carrier processing system 101, and the calibration 
of the high-speed loader 107 to the wafer processing tool 103 
will be complete. The thickness and/or width of each shelf 
and/or docking station may be determined based on when the 
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sensor 271 first detects a detectable feature 273 relative to 
when the sensor 271 stops detecting the detectable feature 
273 as the sensor 271 moves past the detectable feature 273. 
Any suitable sensor configuration may be employed (e.g., 
reflection based, through beam, etc.) 
0.133 FIG. 19 is a top schematic view of a shelf support 
panel 133 having two storage locations 135, and of the end 
effector 175, the horizontal guide 169, and the path 237 
through which the horizontal guide 169 is adapted to guide 
the end effector 175. If desired, a y-axis position of the shelf 
support panel 133 relative to the path 237 may be adjusted 
(e.g., between a first position 279 and second position 281). 
The datum surface 131 (FIG. 1A) may be similarly adjusted 
for purposes of adjusting moveable portions (e.g., shelves 
155) of the docking stations 127 to more closely align with the 
X-Z plane. It should also be noted that if the shelfsupport panel 
133 were mounted to the frame 157 of the high-speed loader 
107 instead of the datum surface 131 of the factory interface 
123, a similar adjustment may be used. 
I0134. The foregoing description discloses only exemplary 
embodiments of the invention. Modifications of the above 
disclosed apparatus and methods which fall within the scope 
of the invention will be readily apparent to those of ordinary 
skill in the art. For instance, the sensor 243 (FIG. 11) and/or 
the sensor 253 (FIG. 13) can be any one of any number of 
sensors respectively adapted for the purpose of detecting the 
detectable feature 227 (FIG. 11) and the detectable feature 
249 (FIG. 13). For example, a sensor may be utilized that is 
adapted to transmit a light beam along an axis and detect a 
reflection of (or the termination of a reflection of) that light 
beam. Alternatively, an optical-eye type sensor, or a through 
beam sensor, may be utilized. 
0.135 While the present invention has been described pri 
marily with reference to wafers, it will be understood that the 
invention also may be employed with other Substrates Such as 
a silicon Substrate, a glass plate, a mask, a reticule, etc., 
whether patterned or unpatterned; and/or with other appara 
tus for transporting and/or processing Such substrates. 
0.136 Any of the adjustments described herein may be 
performed manually, under computer control (e.g., under 
direction of the controller 178), or by a combination of the 
same. For example, one or more motors or other adjustment 
devices may be used to adjust the position of the high speed 
loader 107 (as described above) under control of an operator 
and/or the controller 178. Likewise, the controller 178 may 
include computer program code for carrying out or otherwise 
affecting one or more of the processes 600, 700, 800, 900, 
1400, 1500, etc., described herein. 
0.137 Accordingly, 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. 
The invention claimed is: 
1. A method of calibrating a substrate carrier loader to a 

moving conveyor comprising: 
providing a substrate carrier loader adapted to load Sub 

strate carriers onto a moving conveyor, 
aligning the Substrate carrier loader to the moving con 

veyor, and 
calibrating the Substrate carrier loader to the moving con 

veyor. 
2. The method of claim 1 wherein the substrate carrier 

loader is further adapted to unload substrate carriers from the 
moving conveyor. 

3. The method of claim 1 further comprising testing opera 
tion of the substrate carrier loader. 
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4. The method of claim 3 wherein testing operation of the 
Substrate carrier loader includes operating the Substrate car 
rier loader to place a Substrate carrier on at least one carrier 
Support member of the moving conveyor. 

5. The method of claim 4 wherein testing operation of the 
Substrate carrier loader further comprises operating the Sub 
strate carrier loader to remove a substrate carrier from at least 
one carrier Support member of the moving conveyor. 

6. The method of claim 4 wherein testing operation of the 
Substrate carrier loader further comprises loading a substrate 
carrier on a docking station or a Substrate carrier storage 
location. 

7. The method of claim 1 further comprising placing the 
substrate carrier loader into service such that the substrate 
carrier loader may load Substrate carriers onto and remove 
Substrate carriers from the moving conveyor. 

8. The method of claim 1 wherein aligning the substrate 
carrier loader to the moving conveyor comprises: 

establishing a footprint position of the substrate carrier 
loader; 

establishing a level of the substrate carrier loader at the 
footprint position; and 

establishing a frame height of the substrate carrier loader at 
the footprint position. 

9. The method of claim 8 further comprising adjusting a 
pitch of a travel path of an end effector of the substrate carrier 
loader based on a pitch of the moving conveyor. 

10. The method of claim 9 wherein adjusting a pitch of a 
travel path of an end effector of the substrate carrier loader 
based on a pitch of the moving conveyor comprises: 

using a sensor to detect a detectable feature of the moving 
conveyor at a first end of the travel path of the end 
effector of the substrate carrier loader; 

moving the end effector to a second end of the travel path 
of the end effector; and 

adjusting an elevation of the Substrate carrier loader at the 
second end of the travel path of the end effector so that 
the sensor detects a detectable feature of the moving 
conveyor at the second end of the travel path of the end 
effector. 

11. The method of claim 9 further comprising adjusting a 
roll of the travel path of the end effector of the substrate 
carrier loader. 

12. The method of claim 11 further comprising adjusting a 
lateral position of the travel path of the end effector of the 
substrate carrier loader based on a lateral position of the 
moving conveyor. 

13. The method of claim 12 wherein adjusting a lateral 
position of the travel path of the end effector of the substrate 
carrier loader comprises: 

adjusting a lateral position of the Substrate carrier loader at 
a first end of the travel path of the end effector so that a 
sensor detects a detectable feature of the moving con 
veyor at the first end of the travel path of the end effector; 

moving the end effector to a second end of the travel path 
of the end effector; and 

adjusting a lateral position of the Substrate carrier loader at 
the second end of the travel path of the end effector so 
that the sensor detects a detectable feature of the moving 
conveyor at the second end of the travel path of the end 
effector. 

14. The method of claim 11 further comprising adjusting a 
yaw of the travel path of the end effector of the substrate 
carrier loader. 
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15. The method of claim 1 wherein calibrating the substrate 
carrier loader to the moving conveyor comprises determining 
a vertical Zero for an end effector of the substrate carrier 
loader relative to the moving conveyor, the vertical Zero rep 
resenting a height at which the end effector of the substrate 
carrier loader is positioned prior to loading a substrate carrier 
onto the moving conveyor or prior to removing a substrate 
carrier from the moving conveyor. 

16. The method of claim 1 wherein calibrating the substrate 
carrier loader to the moving conveyor comprises determining 
a horizontal launch offset for an end effector of the substrate 
carrier loader relative to the moving conveyor, the horizontal 
launch offset allowing a determination of when the end effec 
tor of the substrate carrier loader is to be launched to: 

load a Substrate carrier onto the moving conveyor after a 
position for the Substrate carrier on the moving conveyor 
is located; or 

remove a substrate carrier from the moving conveyor after 
the Substrate carrier is located on the moving conveyor. 

17. The method of claim 1 further comprising calibrating 
the Substrate carrier loader to a docking station of a process 
ing tool. 

18. A method of calibrating a substrate carrier loader to a 
moving conveyor comprising: 

providing a substrate carrier loader adapted to load Sub 
strate carriers onto a moving conveyor, 

establishing a footprint position of the substrate carrier 
loader relative to the moving conveyor, 

establishing a level of the substrate carrier loader at the 
footprint position; 

establishing a frame height of the substrate carrier loader at 
the footprint position; and 

if needed: 
adjusting a pitch of a travel path of an end effector of the 

Substrate carrier loader based on a pitch of the moving 
conveyor, 

adjusting a roll of the travel path of the end effector of the 
substrate carrier loader; 

adjusting a lateral position of the travel path of the end 
effector of the substrate carrier loader based on a 
lateral position of the moving conveyor, or 

adjusting a yaw of the travel path of the end effector of 
the substrate carrier loader. 

19. A system comprising: 
a substrate carrier loader adapted to load substrate carriers 

onto a moving conveyor, and 
a controller coupled to the substrate carrier loader, the 

controller adapted to assist in: 
alignment of the Substrate carrier loader to the moving 

conveyor, and 
calibration of the substrate carrier loader to the moving 

conveyor. 
20. The system of claim 19 wherein the controller is 

adapted to detect detectable features of the moving conveyor 
So as to assist in: 

adjustment of a pitch of a travel path of an end effector of 
the substrate carrier loader based on a pitch of the mov 
ing conveyor; or 

adjustment of a lateral position of the travel path of the end 
effector of the substrate carrier loader based on a lateral 
position of the moving conveyor. 
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