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(57) Abstract: Methods of correcting positional misalignment of blades in robots, such as dual-bladed robots, are described. The
methods include, in one or more embodiments, a robot including moveable arms and an end effector attached to one of the moveable
arms, a tlag disposed on one of the moveable arms or the end effector, a chamber adapted to be serviced by the end etfector, a beam
sensor positioned at a distance from the chamber, and correcting misalignment of the end effector wherein the misalignment occurs
between an initial linear center-finding location and the estimated center of the chamber. Systems of such electronic device calibration

are also disclosed. Numerous other aspects are provided.
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METHODS AND SYSTEMS PROVIDING MISALIGNMENT CORRECTION IN
ROBOTS

RELATED APPLICATION

[001] The present application claims priority from U.S.
Non-Provisional Patent Application No. 15/197,039, filed
June 29, 2016, and entitled “METHODS AND SYSTEMS PROVIDING
MISALIGNMENT CORRECTION IN ROBOTS” (Attorney Docket No.
24054/USA), which is hereby incorporated herein by reference

in its entirety for all purposes.

FIELD

[002] Embodiments of the present disclosure relate to
methods and apparatus adapted to correct misalignment of end

effectors in robots.

BACKGROUND

[003] Electronic device manufacturing systems may
include multiple process chambers and load lock chambers.
Such chambers may be included in cluster tools where a
plurality of process chambers may be distributed about a
transfer chamber, for example. These tools may employ
articulated robots or multi-arm robots, which may be housed
within the transfer chamber and transport substrates between
the various process chambers and load lock chambers. For
example, the robot may transport substrates from chamber to
chamber, from load lock chamber to process chamber, and/or
from process chamber to load lock chamber. Efficient and
precise transport of substrates between the various system
chambers may improve system throughput, thus lowering

overall operating costs.
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[004] Furthermore, precise substrate placement may
improve overall processing quality. In many dual-bladed
robots, Selective Compliant Articulated Robot Arm (SCARA)
robots are employed. Each SCARA robot employs three arms
(upper arm, forearm, and wrist) driven by one motor. An end
effector may be coupled to the wrist and may be used to
carry a substrate to or from a pick or place destination
such as a process chamber or a load lock chamber. In dual-
bladed SCARA robots, where a SCARA robot is coupled to
opposite ends of a boom, problematically, such SCARA robots
may suffer from certain misalignment problems. Additionally,
in SCARA robots that are not dual-bladed, certain

misalignment problems may also occur.

[005] Accordingly, this disclosure is directed at
improved methods, systems, and apparatus for efficient and

precise orientation of end effectors.
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SUMMARY

[006] In one embodiment, a method of correcting
misalignment in a dual-bladed robot is provided. The method
includes providing a dual-bladed robot including first
moveable arms and a first end effector attached to a one of
the first moveable arms, and second moveable arms and a
second end effector attached to a one of the second moveable
arms, wherein the first end effector and the second end
effector are independently moveable in extension, providing
first flags on one of the first moveable arms or the first
end effector, providing second flags on one of the second
moveable arms or the second end effector, providing first
beam sensors at locations in an expected path of the first
flags, providing second beam sensors at locations in an
expected path of the second flags, extending the robot in a
first robot configuration with the first end effector
extended and with the second end effector retracted and
recording measured positions in space where the first beam
sensors are blocked and unblocked by the first flags,
extending the robot in a second robot configuration with
both of the first end effector and the second end effector
extended and recording the measured positions in space where
the first beam sensors are blocked and unblocked by the
first flags and where the second beam sensors are blocked
and unblocked by the second flags, and determining a
position correction for at least one of the first robot

configuration and the second robot configuration.

[007] In another embodiment, a dual-bladed robot
calibration system is provided. The dual-bladed robot
calibration system includes the dual-bladed robot including
first moveable arms and a first end effector attached to one
of the first moveable arms, and second moveable arms and a

second end effector attached to one of the second moveable
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arms, wherein the first end effector and second end effector
are independently moveable, first flags disposed on one of
the first moveable arms or the first end effector, second
flags disposed on one of the second moveable arms or the
second end effector, first beam sensors provided proximate
to a first process location, second beam sensors provided
proximate to a second process location, a controller coupled
to the dual-bladed robot and operatively configured to move
the dual-bladed robot to a first robot configuration with
the first end effector extended and the second end effector
retracted and record measured positions where the first beam
sensors are blocked and unblocked by the first flags, move
the dual-bladed robot to a second robot configuration with
both of the first end effector and the second end effector
extended and record the measured positions where the first
beam sensors are blocked and unblocked by the first flags
and where the second beam sensors are blocked and unblocked
by the second flags, and determine a position correction for
at least one of the first robot configuration and the second

robot configuration.

[008] In another embodiment, an electronic device
processing system is provided. The system includes a robot
including moveable arms and an end effector attached to one
of the moveable arms, and a flag disposed on one of the
moveable arms or the end effector, wherein the end effector
is moveable in translation, a chamber adapted to be serviced
by the end effector, a beam sensor positioned at a distance
from the chamber, a controller coupled to the robot and
operatively configured to cause movement of the robot to a
robot configuration with the end effector extended and
record blocked and unblocked transition locations where the

beam sensor is blocked and unblocked by the flag, and
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determine a position correction relative to a calibrated

position for the robot configuration.

[009] In yet another embodiment, a method of correcting
misalignment in a robot is provided. The method includes
providing a robot including moveable arms and an end
effector attached to one of the moveable arms, and a flag
disposed on one of the moveable arms or the end effector,
providing a chamber adapted to be serviced by the end
effector, providing a beam sensor positioned at a distance
from the chamber, moving the robot to a robot configuration
with the end effector extended, recording blocked and
unblocked transition locations where the beam sensor is
blocked and unblocked by the flag, and determining a
position correction relative to a calibrated position for

the robot configuration.

[0010] Numerous other features are provided in accordance
with these and other aspects of the disclosure. Other
features and aspects will become more fully apparent from
the following detailed description, the appended claims, and

the accompanying drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1A illustrates a top plan view of a dual-
bladed robot including calibration—-assisting flags according

to one or more embodiments.

[0012] FIG. 1B illustrates a partial top plan view of a
blade (wrist and coupled end effector) of a SCARA robot
including calibration—-assisting flags in relationship to

beam sensors according to one or more embodiments.

[0013] FIG. 1C illustrates a partial top plan view of a
blade of a SCARA robot including calibration-assisting flags
and showing beam sensor transition locations according to

one or more embodiments.

[0014] FIG. 1D illustrates an isometric view of a dual-
bladed robot including calibration—-assisting flags according

to one or more embodiments.

[0015] FIG. 1E illustrates a schematic side view of the
drive assemblies of a dual-bladed SCARA robot according to

one or more embodiments.

[0016] FIG. 2A illustrates a schematic top view of a
dual-bladed SCARA robot including calibration—-assisting
flags and showing a first configuration with a first end
effector extended into a chamber (e.g., process chamber)

according to one or more embodiments.

[0017] FIG. 2B illustrates a top schematic view of a
dual-bladed SCARA robot including calibration—-assisting
flags and showing a second configuration with a first end
effector and a second end effector extended into chambers
(e.g., twinned process chambers) simultaneously according to

one or more embodiments.
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[0018] FIG. 2C illustrates an enlarged top partial view
of one portion of a dual-bladed SCARA robot including
calibration-assisting flags and showing the flags on a first
end effector extended onto a chamber to a location beyond a

beam sensor assembly according to one or more embodiments.
[0019] FIG. 3 is a flowchart depicting a method of
correcting misalignment in a robot according to one or more
embodiments.

[0020] FIG. 4 is a flowchart depicting a method of
correcting misalignment in a dual-bladed robot according to

one or more embodiments.
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DETAILED DESCRIPTION

[0021] For the aforementioned reasons, in electronic
device manufacturing it is a goal to achieve very precise
and rapid transport of substrates between various locations.
In particular, each blade of a dual-bladed robot should be
oriented precisely relative to the chambers that they
service (e.g., process chambers and/or load-lock). Improper
positioning may result in uneven processing, possibly with
quality being diminished in some embodiments or misaligned
handoffs. As mentioned above, some dual-bladed SCARA robots

suffer from certain orientation problems.

[0022] In particular, the inventors herein have
discovered that when a single end effector is individually
extended into a process chamber by itself, the positional
orientation of that end effector in the process chamber is
different than when both end effectors are simultaneously
extended into process chambers at the same time, as each
robot configuration includes a different amount of droop.
The different amounts of droop appear to cause different
amounts of horizontal and/or rotational misalignment,

depending upon whether one blade is extended or two.

[0023] Moreover, in the prior art, as the end effectors
with supported substrates are moved into the chambers past
the center-finding sensors, the center location of the
substrates are determined at the sensor location. As such,
adjustments in end effector positioning can be accomplished
when the substrate is not centered on the end effector, so
as to improve the substrate positioning within the chamber.
However, the inventors have discovered that the end effector
encounters further offset/misalignment from the intended
location as the end effector moves from the center—-finder

location to the center location of the chamber. Thus, even
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though some correction of improper centering may be
accomplished in the prior art, further misalignment occurs
as the end effector and supported substrate travel between
the center-finding location and the chamber. Such
misalignment is not corrected for in the prior art.
Accordingly, orientation of substrates in process chambers
may be less than optimal. Therefore, in one or more
embodiments, a method of improving misalignment correction
is provided, wherein at least some misalignment that occurs
between the center-finding location and the center of the

chamber (e.g., process chamber) is corrected.

[0024] In one embodiment, misalignment under the
different robot extension configurations is accounted for
during the calibration process. In particular, without
correction of this dichotomy, at least some of the time,
some positional error may be present, depending upon whether
the initial positional calibration was performed with one

end effector extended or both end effectors extended.

[0025] Therefore, in a first aspect, one or more
embodiments of the present disclosure are directed at a
method of precisely calibrating a dual-bladed robot. In some
embodiments, positional misalignment is corrected regardless
of whether one or both of the end effectors are extended in
to a process chamber at a time. Furthermore, robot
calibration systems and electronic device processing systems

for carrying out the methods are described herein.

[0026] Further details of example embodiments are

described with reference to FIG. 1A through FIG. 4 herein.

[0027] FIGs. 1A-1E illustrate various diagrams of example
embodiments of a dual-bladed robot 100 including multiple
robot arms. The dual-bladed robot 100 and calibration method

may have utility for transferring substrates between various
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chambers (e.g., process chambers and/or load lock chambers)
in an electronic device processing system 200 as shown in
FIGs. 2A-2C, for example, wherein precision of placement of
the substrate may be improved. Accordingly, processing
quality may also be improved. Some embodiments of the
misalignment correction method may have applicability to

even single bladed robots.

[0028] The dual-bladed robot 100 may be adapted to
precisely pick or place substrates 101 (shown dotted),
supported on a first end effector 102 and a second end
effector 104, to or from a target destination. The target
destination may be an ideal placement location in one or
more process chambers 206 (see FIGs. 2A-2C), such as a
physical center thereof. Furthermore, the dual-bladed robot
100 may pick or place substrates 101, from or to, one or
more load lock chambers 208 as the target location. The
substrates 101 may be semiconductor substrates including
patterned or unpatterned substrates, masked substrates, flat
panel display glass, solar cells, silica-containing panels,
silica—-containing plates or discs, or other like electronic

device substrates or silica-containing precursor articles.

[0029] The dual-bladed robot 100 may also include a base
110 configured and adapted to be attached to a wall (e.g., a
floor) of a transfer chamber 247 (FIG. 2A), for example. The
attachment to the wall may be by suitable fasteners, such as
screws, bolts, or the like. The base 110 may be sealed to
the wall in one or more embodiments, such as when a vacuum
is provided in the chamber. The dual-bladed robot 100 may
include a boom 112 that is rotatable about a central axis
114 (e.g., centered on the boom 112), and first and second
SCARA robots 116, 118 mounted to the boom 112, such as at
the outboard ends thereof. However, other types of robots,

including other dual-bladed robots and even single-bladed

10
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robots, may benefit from the misalignment correction

methods, systems, and apparatus described herein.

[0030] In more detail, the boom 112 in the depicted
embodiment may be a substantially rigid cantilever beam. The
boom 112 may be rotated in an X-Y plane about the central
axis 114 in either a clockwise or counterclockwise
rotational direction to move the dual-bladed robot 100 to
another radial position to service another from the group of
process chambers 206 that are twinned, or load lock chambers
208 that are also twinned. Twinned chambers are provided in
a side-by-side orientation, wherein the chambers are coupled

to a common facet provided in one plane.

[0031] The rotation of the boom 112 about the central
axis 114 may be provided by any suitable boom drive
assembly, including a first motor 115 driving a boom shaft
117 (FIG. 1E), wherein the boom shaft 117 is rigidly coupled
to the boom 112. The boom drive assembly may be at least
partially received in a motor housing 120 (FIG. 1D). The
first motor 115 may be a stepper motor, variable reluctance
electric motor, or permanent magnet electric motor, for
example. Other suitable types of motors may be used. A first
encoder 115E (FIG. 1D) may provide feedback of the
rotational position of the first motor 115, which then may
be translated kinematically to positioning of a first end
effector 102 and a second end effector 104, dependent on the
degree of extension of each of the first and second end

effectors 102, 104.

[0032] The rotation of the boom 112 may be controlled by
suitable drive signals to the first motor 115 from a robot

controller 122. Robot controller 122 may include processor,
memory, drivers, conditioning electronics and other

circuitry to cause drive signals to be sent to the various

11
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motors, receive feedback from encoders, and coordinate with
other system processing functions and possibly other
controllers. As shown, robot controller 122 may, for
example, receive input signals from beam sensors (e.g.,
first beam sensors 124A, 124B, 124C) to carry out improved
end effector calibration adjustments, as will be explained

more fully below.

[0033] Mounted at a first outboard end of the boom 112,
at a first radial position offset and spaced from the
central axis 114, is the first selective compliance assembly
robot arm (SCARA) robot 116. Mounted at a second outboard
end of the boom 112, opposite the first end, at a second
radial position offset and spaced from the central axis 114,
is the second selective compliance assembly robot arm
(SCARA) robot 118. The motor housing 120 includes portions
of drive assemblies configured to drive the boom 112, as
well as to drive the first SCARA robot 116 and second SCARA
robot 118. The motor housing 120, motors, drive components,
moveable arms, first end effector 102, and second end
effector 104 of the first and second SCARA robots 116, 118
make up the dual-bladed robot 100.

[0034] The first SCARA robot 116 includes first moveable
arms (e.g., first upper arm 126, first forearm 128, and
first wrist member 130) and the first end effector 102
coupled to one of the first moveable arms, such as to the

first wrist member 130.

[0035] In the depicted embodiment, the first upper arm
126 may be rotated in the X-Y plane (FIG. 1lA) relative to
the boom 112 about a second axis 138 (FIG. 1D) offset and
spaced from the central axis 114. In this embodiment, the
first upper arm 126 may be independently driven by the

second motor 121 and a first upper arm drive assembly. The

12
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second motor 121 may be a stepper motor, variable reluctance
electric motor, or permanent magnet electric motor, for
example. Other suitable types of motors may be used.
Feedback of the rotational position of the second motor 121
may be provided by a second encoder 121E, which may be the
same type of encoder as the first encoder 115E. The first
upper arm drive assembly may comprise any suitable structure

for driving the first upper arm 126.

[0036] For example, the first upper arm drive assembly
may include a second shaft 123 coupled to the rotor of the
second motor 121 on one end and a first upper arm drive
member 125 (e.g., a cylindrical pulley) on the other end.
The first upper arm driving member 125 may be connected to a
first upper arm driven member 127 (e.g., another cylindrical
pulley) by a first upper arm transmission element 129. The
first upper arm transmission element 129 may be one or more
belts, such as two discontinuous metal belts oppositely
wrapped about the first upper arm driving member 125 and the
first upper arm driven member 127, for example. First upper
arm driven member 127 may be rigidly coupled to the first

upper arm 126, such as by a pilot.

[0037] Coupled for rotation relative to the first upper

arm 126 at a second position spaced from the second axis 138
is the first forearm 128. The first forearm 128 is rotatable
in the X-Y plane relative to the first upper arm 126 about a

third axis 140 at the second position.

[0038] Located on an outboard end of the first forearm
128 at a position spaced from the third axis 140 is the
first wrist member 130. The first wrist member 130 is
rotatable in the X-Y plane relative to the first forearm 128
about a fourth axis 142, which is coincident with the second

axis 138 when in the retracted position shown in FIG. 1D.

13
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The length of the first upper arm 126 may be the same as the
length of the first forearm 128.

[0039] Furthermore, the first wrist member 130 is adapted
to couple to the first end effector 102 that is adapted to
support and transport the substrate 101 during pick and
place operations. The first end effector 102 may be of any
suitable construction, and may be made of a ceramic material
in some embodiments. The first end effector 102 may be
coupled to the first wrist member 130 by any suitable means
such as mechanical fastening, adhering, clamping, or the
like. Optionally, the first wrist member 130 and first end
effector 102 may be coupled to each other by being formed as

one integral piece.

[0040] A forearm drive assembly may be at least partially
included inside the first upper arm 126 and may be adapted
to rotate the first forearm 128 relative to the first upper
arm 126. The forearm drive assembly may include a first
forearm driving member 131 and a first forearm driven member
133. The first forearm driving member 131 may be a
cylindrical pulley rigidly coupled to the first upper arm
126. The first forearm driven member 133 may be a

cylindrical pulley rigidly coupled to the first forearm 128.

[0041] A first wrist member drive assembly may be at
least partially included inside of the first forearm 128 and
the first upper arm 126 and is adapted to kinematically move
the first wrist member 130 in pure translation in extension
and retraction as indicated by directional arrow 143 (FIG.
1A), upon rotation of the first upper arm 126. Pure
translation may be achieved by using a 2:1 pulley ratio in
the first upper arm 126 and a 1:2 pulley ratio in the first

forearm 128

14
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[0042] The first wrist member drive assembly may include
a first wrist member driving member 135 (e.g., a cylindrical
pulley), a first wrist member driven member 137 (e.g.,
another cylindrical pulley) connected by a first wrist
member transmission element 139. The first wrist member
transmission element 139 may be one or more belts as

described above, for example.

[0043] Mounted at a second outboard end of the boom 112,
opposite the first end, and at a radial position offset and
spaced from the central axis 114, is the second selective
compliance assembly robot arm (SCARA) robot 118 of the dual-
bladed robot 100. The second SCARA robot 118 includes second
moveable arms (e.g., second upper arm 132, second forearm
134, and second wrist member 136) and the second end
effector 104 coupled to one of the second moveable arms,

such as to the second wrist member 136.

[0044] In the depicted embodiment, the second upper arm
132 may be rotated in the X-Y plane relative to the boom 112
about a fifth axis 144 offset and spaced from the central
axis 114. In this embodiment, the second upper arm 132 may
be independently driven by a third motor 141 and a second
upper arm drive assembly (FIG. 1E). The third motor 141 may
be a stepper motor, variable reluctance electric motor, or
permanent magnet electric motor, for example. Other suitable
types of motors may be used. A third encoder 141E may be
included to provide feedback signals to robot controller
122. The second upper arm drive assembly may comprise any
suitable structure for driving the second upper arm 132. For
example, the drive system may be similar to the drive system
for the first upper arm 126, and include a third shaft 147
coupled to the third motor 141 and a second upper arm

driving member 145 (e.g., a cylindrical pulley) as shown.

15
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[0045] Coupled to the second upper arm 132 at a second
position spaced from the fifth axis 144 is a second forearm
134. The second forearm 134 is rotatable in the X-Y plane
relative to the second upper arm 132 about a sixth axis 146

at the second position.

[0046] Located on an outboard end of the second forearm
134 at a position spaced from the sixth axis 146 is the
second wrist member 136. The second wrist member 136 is
rotatable in the X-Y plane relative to the second forearm
134 about a seventh axis 148, which is coincident with the
fifth axis 144 when in the retracted orientation shown in

FIG. 1D.

[0047] Furthermore, the second wrist member 136 is
adapted to couple to the second end effector 104 that 1is
adapted to support and transport the substrate 101 during
pick and place operations. The second end effector 104 may
be of any suitable construction, and may be made of a
ceramic material in some embodiments. The second end
effector 104 may be coupled to the second wrist member 136
by any suitable means such as mechanical fastening,
adhering, clamping, or the like. Optionally, the second
wrist member 136 and second end effector 104 may be coupled

to each other by being formed as one integral piece.

[0048] A second forearm drive assembly may be at least
partially provided in the second upper arm 132 and a second
wrist drive assembly may be at least partially included
within the second forearm 134 and as is shown in FIG. 1E.
The second wrist drive assembly is adapted to move the
second wrist member 136 in pure translation in extension and
retraction as indicated by second directional arrow 149
(FIG. 1A), upon rotation of the second upper arm 132. Pure

translation may be achieved by using a 1:2 pulley ratio in

16
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the second upper arm 132 and a 2:1 pulley ratio in the

second forearm 134.

[0049] As shown in FIGs. 1A-1E, one or more flags, such
as first flags 150A, 150B and second flags 152A, 152B may be
provided. In the depicted embodiment, the first flags 1504,
150B may be mounted on one of the first moveable arms and
second flags 152A, 152B may be mounted on one of the second
moveable arms, respectively. In particular, the first flags
150A, 150B may be mounted on the first wrist member 130. The
second flags 152A, 152B may be mounted on the second wrist
member 136. However, in some embodiments, the first flags
150A, 150B and second flags 152A, 152B may be mounted on the
first end effector 102 and the second end effector 104, as

shown dotted (FIG. 1lA).

[0050] FIGs. 1B and 1C illustrate the first flags 150A,
150B extending from the sides of the first wrist member 130
and will be described in detail herein. The function and
structure of the second flags 152A, 152B will be identical.
The first flags 1504, 150B may be triangular in shape and
may extend beyond a width We of the first wrist member 130.
The first flags 150A, 150B and second flags 152A, 152B may
be part of plate members 154, 156, which may be coupled to
the first wrist member 130 and second wrist member 136,
respectively, such as to top surfaces thereof. Coupling may
be by fasteners. Optionally one or more flags 150A, 150B,
152A, 152B may be integral with first and second wrist
members 130, 136. As will be described, the first and second
flags 150A, 150B, 152A, 152B may be used to accurately
calibrate a location of centers of the first end effector
102 and the second end effector 104 when extended into a

chamber.

17
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[0051] Now referring more specifically to FIGs. 1B-1C, a
robot calibration system will be described in greater
detail. The robot calibration system may be beneficial for
determining a positional correction of a robot as compared
to a position determined by a previous calibration, or may
be used for the calibration itself. In one embodiment, the
robot calibration system may include a dual-bladed robot
100, including the first end effector 102 and the second end
effector 104. First flags 150A, 150B may be disposed on
either the first end effector 102 or one of the first
moveable arms. Second flags 15227, 152B (just first flags
150A, 150B are shown in FIGs. 1B-1C) may be disposed on
either the second end effector 104 or one of the second
moveable arms. The system will be described for determining
a position adjustment of the first end effector 102, but may
apply equally to determining a position adjustment of the

second end effector 104.

[0052] The robot controller 122 may be electrically
coupled to the robot (e.g., dual-bladed robot 100) and may
be configured to move the robot (e.g., dual-bladed robot
100) into a first robot configuration. In the first robot
configuration, the first end effector 102 is extended fully,
and this extension of the first end effector 102 is shown in
FIG. 1B. In the case of a dual-bladed robot 100, the second

end effector 104 is retracted (as shown in FIG. 2A).

[0053] One or more beam sensors (e.g., first beam sensors
124A, 124B, 124C) may be provided at a position that is
proximate to a location of the process chamber 206, such
that one or more flags (e.g., first flags 150A, 150B) may
pass through them. The first beam sensors 124A, 124B, 124cC
may be any suitable sensor type, such as a sensor including
a sending member and a receiving member. The sending member

may send a beam of light, such as from a laser or light
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emitting diode, and the receiver may be any suitable light
detector. When a sensor beam is broken, a signal may be

emitted therefore enabling identification of a transition.

[0054] In one or more embodiments, first flags 150A, 150B
are positioned such that the first flags 150A, 150B just
pass by the first beam sensors 124A-124C as the center of
the first end effector 102 is received at a center of the
chamber (e.g., center of the process chamber 206, for
example) . The back side of the first flags 150A, 150B may
pass by the first beam sensors 124A, 124B by about 0.0 mm to

12.5 mm, for example.

[0055] Second beam sensors (not shown) may be provided
proximate to a second process location, such that the second
flags 152A, 152B may pass through the second beam sensors in
the same manner as described for the first flags 150A, 150B.
The first beam sensors 124A-124C may be provided in a beam
sensor assembly 251 as shown in FIG. 2A-2C in some
embodiments, which may be mounted in or near an opening
(e.g., a slit valve opening) or channel passing between the
transfer chamber 247 and the process chamber 206 or load
lock chamber 208. Beam sensor assembly 251 may space the
physical sensor away from the slit valve opening and may be
used for linear center finding of substrates 101. Beam
sensor assembles are described in US Pat. No. 8,064,070 to

Schauer.

[0056] As the first wrist member 130 including plate
member 154 and first flags 150A, 150B, first encounters the
first beam sensors 124A, 124B, 124C, the beams thereof are
broken at first broken transition locations Al, B1l, Cl. The
encoder readings from encoders at each of these first broken
transition locations Al, Bl, Cl may be recorded. Then the

plate member 154 passes by the first beam sensors 124A,
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124B, 124C and the beams are unbroken at the unbroken
transition locations A2, B2, C2. These broken transition
locations Al, Bl, Cl and unbroken transition locations A2,
B2, C2 are recorded in memory of the robot controller 122

(locations Al1-C2 shown in FIG. 1C).

[0057] FIG. 2C depicts an enlarged view of one end
effector (e.g., second end effector 104) extending into a
chamber (e.g., process chamber 206), wherein the flags

(e.g., second flags 152A, 152B) have passed through first
the broken transition locations Al, Bl, and Cl, and the
unbroken transition locations A2, B2, and C2, for the second

beam sensors.

[0058] In some embodiments, the first beam sensors 124A-
124C are used in the prior art for finding a center
(referred to herein as linear center—-finding or LCF) of the
substrate 101 as the substrate 101 passes through a slit
valve opening. Embodiments of the present disclosure may use
these first beam sensors 124A-124C, for example, given that

they are already present in the system.

[0059] When performing linear center-finding according to
the prior art, the first end effector 102 is started
initially in the transfer chamber 247 outside of the process
chamber 206, and is then passed by the first beam sensors
124A-124C, for example, to determine a center of the
substrate 101. The center may be determined using
information from each of the first beam sensors 124A-124C,
and correlated encoder readings. Adjustments in the X and/or
Y directions may be carried out by the robot 100 based upon

the determined center of the substrate 101.

[0060] As shown in FIG. 1B, this LCF calibration
information may determine several dimensions, including

values for Xs and Ys along each of the x-axis and y-axis,
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i.e., a position of the first beam sensor 124B as well as
sensor hysteresis, i.e. a time delay from breaking the first

beam sensor 124B a signal input of the robot controller 122.

[0061] From this determined center of the substrate 101,
an LCF position correction is determined for the first end
effector 102, and the first end effector 102 is adjusted so
that the center of the substrate 101 is estimated to be

aligned with the center of the process chamber 206.

[0062] However, this LCF position adjustment assumes that
the exact position of the first end effector 102 is known
based on an earlier calibration. Changes in the system,
though, due to wear, droop when just the first end effector
102 is inserted, and other factors may alter the actual
position of the end effector. Because of this, when just the
existing calibration is used, the center of the first end
effector 102 may not be concurrent with the center of the
process chamber 206 when the first end effector 102 is fully

extended.

[0063] Thus, in one or more embodiments, the present
disclosure takes into account changes that may occur in
actual location of a center of the first end effector 102 in
either the x or y directions after the initial LCF
calibration is performed. An additional position correction
may be generated and used as determined by embodiments of

the disclosure described below.

[0064] In order to determine the additional position
correction to account for the possible positional
discrepancy, broken and unbroken transition information
based on engagement of the first flags 150A, 150B with the

first beam sensors 124A-124C may be used.

[0065] Due to these broken and unbroken transitions, the

following measured positions may be recorded:
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[0066] Pa1 = Robot end effector expected position during a

single blade extension for sensor transition Al,

[0067] Paix = Components x of Pai,
[0068] Paiy, = Components y of Pai
[0069] Pa» = Robot end effector expected position during a

single blade extension for sensor transition AZ,

[0070] Parxx = Components x of Pay,
[0071] Pazy = Components y of Paz,
[0072] Pr1 = Robot end effector expected position during a

single blade extension for sensor transition BI1,

[0073] Prix = Components x of Psi,
[0074] Pgiy = Components y of P=i,
[0075] Pr» = Robot end effector expected position during a

single blade extension for sensor transition BZ,

[0076] Prox = Components x of Ps,
[0077] Pr2y = Components y of Pso,
[0078] Pci = Robot end effector expected position during a

single blade extension for sensor transition C1,

[0079] Pcix = Components x of Pci,
[0080] Pciy = Components y of Pci,
[0081] Pc» = Robot end effector expected position during a

single blade extension for sensor transition C2,
[0082] Pcox = Components x of Pe2, and

[0083] Pcoy

Components y of Pco.

[0084] The above expected positions may be used in
combination with these positions previously recorded during

the initial LCF calibration of the first end effector 102:
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[0085] Qa1 = Robot end effector recorded position during

an initial calibration for sensor transition Al,

[0086] Qaix = Components x of Qai, and
[0087] Qaiy = Components vy of Qai.
[0088] Saz = Robot end effector recorded position during

an initial calibration for sensor transition A2,

[0089] Qa2x = Components x ofQa», and
[0090] Qazy = Components vy ofQaz.
[0091] QO = Robot end effector recorded position during

an initial calibration for sensor transition B1,

[0092] QOrix = Components x of Qmi, and
[0093] Qsiy = Components y of Qgi.
[0094] Or2» = Robot end effector recorded position during

an initial calibration for sensor transition B2,

[0095] QOrox = Components x of Qs2, and
[0096] QOmzy = Components y of Qs2.
[0097] Qc1 = Robot end effector recorded position during

an initial calibration for sensor transition C1,
[0098] Qcix = Components x of Qci, and
[0099] Qciy = Components y of Q.

[00100] Qc2 = Robot end effector recorded position during

an initial calibration for sensor transition C2,

[00101] Qcox

Components x of Qc2, and

[00102] Qc2y

Components y of Scz.

[00103] An estimate for the position correction E in both
the x and y directions (Ex, Ey) may be determined using the

following equations:

[00104] Ey, = (1/3) (Pazy + Pzzy + Pe2y — Qazy — Os2y — Qo2y)
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[00105]1  Ex = (ka/3) (|Paz — Par|—|Qaz — Qa1|)+ (ku/3) (| P —
Pei|—| Qs — Qs1|)+(ke/3) (|Pez = Poi|—=|Qc2 — Qci|)—(1/6) (Paix + Pan

— Qaix — Qa2x + Prix + Prox — Orix — QOmox + Pcix + Peax — Qcix — Qcox)

[00106] Wherein:

[00107] ka Wf/Lf, or the slope of flag at point A,

[00108] kp -Wf/Lf, or the slope of flag at point B,

[00109] ke -Wf/Lf, or the slope of flag at point C, and

[00110] |p| = the norm of a wvector.

[00111] Additionally, the dual-bladed robot 100 may be
moved into a second robot configuration, i.e. with both the
first end effector 102 and the second end effector 104

extended (as shown in FIG. 2B), for example.

[00112] An ICF position correction is again determined in
the same manner as previously described, for both the first
end effector 102 and the second end effector 104. The end
effectors 102, 104 are adjusted then so that the center of
each of the substrates 101 (which are mounted on the ends of
the end effectors 102, 104) is estimated to be aligned with
the center of each of the process chambers 206 into which
the end effectors 102, 104 are to extend. Each end effector
102, 104 is extended one at a time to pass through the first
beam sensors 124A-124C and each LCF position correction is

recorded individually.

[00113] However, this LCF position adjustment again
assumes that the exact position of each of the end effectors
102, 104 is known based on an earlier calibration. Changes
in the system, though, due to wear, droop, and other factors
may alter the actual position of the end effectors. This
additional movement may be of a greater value for the second
configuration of the dual-bladed robot 100 than for the

first configuration, due to additional weight caused by
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extending both end effectors 102, 104 at once, for example,

or other factors.

[00114] Because of this, when just the existing
calibration is used, the centers of both the first end
effector 102 and the second end effector 104 may not be
concurrent with the centers of each of the process chambers
206, when the end effectors 102, 104 are fully extended in
unison. Thus, in one or more embodiments, the present
disclosure takes into account changes that may occur in the
actual location of the first end effector 102 and the second
end effector 104 in either the x or y directions after the
initial LCF calibration is performed. An additional position
correction may be generated and used as determined by

embodiments of the disclosure described below.

[00115] Similar to the process described for a single end
effector, a position correction may again be calculated, now
to account for additional movement of the end effectors 102,
104 that may be due to extending both of the end effectors
102, 104 at once, as opposed to extending just the first end
effector 102. An additional position correction may be
calculated for each of the first end effector 102 and the

second end effector 104.

[00116] In order to determine the additional position
corrections, broken and unbroken transition information
based on engagement of the first flags 150A, 150B and the
second flags 152A, 152B with the first beam sensors 124A-

124C and second beam sensors (now shown) may be used.

[00117] Due to these broken and unbroken transitions, the
following measured positions may be recorded for each of the

end effectors 102, 104:
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[00118] Da1 = Robot end effector expected position during a
dual blade extension for sensor transition Al, Paix =

Components x of Pai, Pay = Components y of Pai.

[00119] Pa» = Robot end effector expected position during a
dual blade extension for sensor transition A2, Pax =

Components x of Paz, Pay = Components y of Pac.

[00120] Pr1 = Robot end effector expected position during a
dual blade extension for sensor transition Bl, Pgpix =

Components x of Psi, Pmiy = Components y of Pgi.

[00121] Pr> = Robot end effector expected position during a
dual blade extension for sensor transition B2, Pgox =

Components x of Pay, Pmy = Components y of Pro.

[00122] Pci = Robot end effector expected position during a
dual blade extension for sensor transition Cl, Pcix =

Components x of Pci, Pciy = Components y of Peci.

[00123] Pc» = Robot end effector expected position during a
single blade extension for sensor transition C2, Pcox =

Components x of Pcz, Pc2y = Components y of Peo.

[00124] The above expected positions are used in
combination with the positions Qa1 through Qcz (definitions
listed above in paragraphs 00067 through 00072), which were
previously recorded during the initial LCF calibration
performed separately on each of the first end effector 102

and the second end effector 104.

[00125] Using the above parameters, an estimate for the
difference in placement of the extended position with dual
extension vs. single extension, i.e., the position
correction E in both the x and vy directions (Ex, Ey), for
each of the end effectors 102, 104 may be determined using

the following equations:

[00126] Ey, = (1/3) (Pazy + Pzzy + Pe2y — Qazy — Os2y — Qo2y)
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[00127] Ex = (ka/3) (|Paz — Pai|—|Qaz — Qar|)+(kn/3) (|Pz2 -
Pei|—| Qs — Qs1|)+(ke/3) (|Pez = Poi|—=|Qc2 — Qci|)—(1/6) (Paix + Pan

— Qaix — Qa2x + Prix + Prox — Orix — QOmox + Pcix + Peax — Qcix — Qcox)
[00128] Wherein:

[00129] ka

Wf/Lf, or the slope of flag at point A,

[00130] kp -Wf/Lf, or the slope of flag at point B,

[00131] ke -Wf/Lf, or the slope of flag at point C, and

[00132] |p| = the norm of a wvector.

[00133] All of the above may also be carried out using a
robot, which may other than a dual-bladed robot 100. The
robot may including moveable arms and having a singular end
effector, such as first end effector 102, attached to one of
the moveable arms, and a singular flag, such as flag 1504,
or multiple flags, which may pass through a beam sensor,

such as first beam sensor 124A, or beam sensors 124A, 124B.

[00134] After the additional position correction is
determined, this position correction may be used to move one
or both of the first end effector 102 and the second end
effector 104 by an additional amount as compared to the
initial LCF calibration, so that the centers of one or both
of the end effectors 102, 104 may be positioned to be
aligned with the true center of the chamber (e.g., one or
more process chambers 206) into which the one or more end

effectors 102, 104 may be extended.

[00135] To understand the calibration operation, the
structure of the electronic device processing system 200 in
which the dual-bladed robot 100 operates will be described
with reference to FIGs. 2A-2C. The electronic device
processing system 200 includes a mainframe housing 225
including a chamber 247 (e.g., a transfer chamber). A dual-

bladed robot 100 may be at least partially disposed within
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the chamber 247, wherein the dual-bladed robot 100 may
include first moveable arms of the first SCARA robot 116 and
the first end effector 102, and second moveable arms the
second SCARA robot 118 and the second end effector 104.
First end effector 102 and second end effector 104 may be
independently moveable in translation into and out of the

process chambers 206 and load lock chambers 208.

[00136] First flags 150A, 150B may be disposed on either
the first end effector 102 or one of the first moveable
arms. Second flags 152A, 152B may be disposed on either the
second end effector 104 or one of the second moveable arms.
As shown, a first process chamber of the process chambers
206 may be adapted to be serviced by the first end effector
102 and a second process chamber of the process chambers 206
may be adapted to be serviced by the second end effector
104. Service as used herein means that substrates 101 may be

picked from or placed in the process chambers 206.

[00137] Shown mounted in an entrance into the process
chambers 206 and the load lock chambers 208 are beam sensor
assemblies 251. Beam sensor assemblies 251 may be a

collection of the first beam sensors 124A, 124B, 124cC.

[00138] As shown in FIG. 2A, the electronic device

processing system 200 may include the dual-bladed robot 100
in a first robot configuration, wherein just the first end
effector 102 is extended and the second end effector 104 is

retracted.

[00139] As shown in FIG. 2B, the electronic device
processing system 200 may alternatively include the dual-
bladed robot 100 in a second robot configuration, wherein
both the first end effector 102 and the second end effector

104 are extended.
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[00140] In another embodiment, the dual-bladed robot 100
may take on a third robot configuration (FIG. 2C), wherein
just the second end effector 104 is extended and the first
end effector 102 is retracted, and wherein the third robot
configuration is treated in the same manner as the first

robot configuration.

[00141] In the depicted embodiments of FIGs. 2A-2B, the
dual-bladed robot 100 is shown located and housed in the
chamber 247 (e.g., a transfer chamber). However, it should
be recognized that the dual-bladed robot 100 and method
described herein may advantageously be used in other areas
of electronic device manufacturing, such as in a factory
interface 255. The factory interface 255 may be coupled to
one or more front opening unified pods (FOUPs) 233, wherein
the dual-bladed robot 100 may serve as a robot apparatus 257
and be configured to transport substrates 101 between the
front opening unified pods (FOUPs) 233 docked at load ports
of the factory interface 255 and the load lock chambers 208
of the processing system, for example. The dual-bladed robot

100 is also capable of other transporting uses.

[00142] A method 300 of correcting misalignment in a robot
will now be described with reference to FIG. 3. The
misalignment correction is carried out to determine an
amount of correction, and then the position correction may

be applied.

[00143] In 302, the method 300 includes providing a robot
including moveable arms and an end effector (e.g., a first
end effector 102) attached to one of the moveable arms, and
a flag (e.g., first flag 150A) disposed on one of the

moveable arms or the end effector.

[00144] The method 300 further includes, in 304, providing

a chamber (e.g., process chamber 206) adapted to be serviced
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by the end effector (e.g., a first end effector 102), and,
in 306, providing a beam sensor (i.e. first beam sensor

124A) positioned at a distance from the chamber.

[00145] In 308, the method 300 comprises moving the robot
to a robot configuration with the end effector extended, in
310 recording blocked and unblocked transition locations
where the beam sensor is blocked and unblocked by the flag,
and lastly, in 312, determining a position correction (e.g.,
position correction Ey, Ex) relative to a calibrated position

for the robot configuration.

[00146] A method 400 of correcting misalignment in a dual-
bladed robot (e.g., dual-bladed robot 100) will now be
described with reference to FIG. 4. The misalignment
correction is carried out to determine an amount of
correction to properly center the end effector, and then a

position correction may be applied.

[00147] The method 400 includes, in 402, providing the
dual-bladed robot including first moveable arms and a first
end effector (e.g., first end effector 102) attached to one
of the first moveable arms, and second moveable arms and a
second end effector (e.g., second end effector 104) attached
to one of the second moveable arms, wherein the first end
effector and second end effector are independently moveable

in extension.

[00148] Further, in 404, the method 400 includes providing
first flags (e.g., first flags 150A, 150B) on one of the
first moveable arms or the first end effector, and, in 406,
providing second flags (e.g., second flags 152A, 152B) on

one of the second moveable arms or the second end effector.

[00149] In 408, the method 400 comprises providing first
beam sensors (e.g., first beam sensors 124A, 124B, 124C) at

locations in an expected path of the first flags, and, in
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410, providing second beam sensors (not shown) at locations
in an expected path of the second flags. Two or more beam

sensors may be used.

[00150] In 412, the method 400 includes extending the
robot in a first robot configuration (e.g., first robot
configuration as shown in FIG. 2A) with the first end
effector extended and with the second end effector retracted
and recording measured positions in space where the first
beam sensors are blocked and unblocked by the first flags,
and additionally, in 414, extending the robot in a second
robot configuration (e.g., second robot configuration as
shown in FIG. 2B) with both of the first end effector and
the second end effector extended and recording the measured
positions in space where the first beam sensors are blocked
and unblocked by the first flags and where the second beam

sensors are blocked and unblocked by the second flags.

[00151] Lastly, in 416, the method 400 includes
determining a position correction for at least one of the
first robot configuration and the second robot

configuration.

[00152] The foregoing description discloses example
embodiments. Modifications of the above-disclosed methods
and apparatus which fall within the scope of the disclosure
will be readily apparent to those of ordinary skill in the
art. Accordingly, while the present disclosure discloses
example embodiments thereof, it should be understood that
other embodiments may fall within the scope of the

disclosure, as defined by the claims.
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CLAIMS

WHAT IS CLAIMED IS:

1. A method of correcting misalignment in a dual-bladed
robot, comprising:

providing a dual-bladed robot including first moveable
arms and a first end effector attached to a one of the first
moveable arms, and second moveable arms and a second end
effector attached to a one of the second moveable arms,
wherein the first end effector and the second end effector
are independently moveable in extension;

providing first flags on one of the first moveable arms
or the first end effector;

providing second flags on one of the second moveable
arms or the second end effector;

providing first beam sensors at locations in an
expected path of the first flags;

providing second beam sensors at locations in an
expected path of the second flags;

extending the dual-bladed robot in a first robot
configuration with the first end effector extended and with
the second end effector retracted and recording measured
positions in space where the first beam sensors are blocked
and unblocked by the first flags;

extending the dual-bladed robot in a second robot
configuration with both of the first end effector and the
second end effector extended and recording the measured
positions in space where the first beam sensors are blocked
and unblocked by the first flags and where the second beam

sensors are blocked and unblocked by the second flags; and
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determining a position correction for at least one of
the first robot configuration and the second robot

configuration.

2. The method of claim 1, comprising:

extending the dual-bladed robot in a third robot
configuration with the second end effector extended and the
first end effector retracted, and

recording measured positions in space where the second

beam sensors are blocked and unblocked by the second flags.

3. The method of claim 1, comprising providing the first
flags on a first wrist member of the one of the first

moveable arms.

4, The method of claim 1, comprising providing the second
flags on a second wrist member of the one of the second

moveable arms.

5. The method of claim 1, comprising:
providing the first flags as a first flag component
coupled to a surface of a first wrist member of the one of

the first moveable arms.

6. The method of claim 1, comprising:
providing the second flags as a second flag component
coupled to a surface of a second wrist member of the one of

the second moveable arms.
7. The method of claim 1, comprising:

providing the first flags at a position on a first

wrist member of the one of the first moveable arms that is
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positioned forward of the first beam sensors when the first

end effector is fully extended into a chamber.

8. The method of claim 1, comprising:

providing the second flags at a position on a second
wrist member of the one of the second moveable arms that is
positioned forward of the second beam sensors when the

second end effector is fully extended into a chamber.

9. The method of claim 1, comprising:
providing the first flags and the second flags at
positions directly proximate a position of a substrate on

the first end effector and the second end effectors.

10. The method of claim 1 comprising determining the
position correction for both of the first robot

configuration and the second robot configuration.

11. A dual-bladed robot calibration system, comprising:

a dual-bladed robot including first moveable arms and a
first end effector attached to one of the first moveable
arms, and second moveable arms and a second end effector
attached to one of the second moveable arms, wherein the
first end effector and second end effector are independently
moveable;

first flags disposed on one of the first moveable arms
or the first end effector;

second flags disposed on one of the second moveable
arms or the second end effector;

first beam sensors provided proximate to a first
process location;

second beam sensors provided proximate to a second

process location; and
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a controller coupled to the dual-bladed robot and

operatively configured to:

move the dual-bladed robot to a first robot
configuration with the first end effector extended and the
second end effector retracted and record measured positions
where the first beam sensors are blocked and unblocked by
the first flags,

move the dual-bladed robot to a second robot
configuration with both of the first end effector and the
second end effector extended and record measured positions
where the first beam sensors are blocked and unblocked by
the first flags and where the second beam sensors are
blocked and unblocked by the second flags, and

determine a position correction for at least one
of the first robot configuration and the second robot

configuration.

12. An electronic device processing system, comprising:

a robot including moveable arms and an end effector
attached to one of the moveable arms, and a flag disposed on
one of the moveable arms or the end effector, wherein the
end effector is moveable in translation;

a chamber adapted to be serviced by the end effector;

a beam sensor positioned at a distance from the
chamber; and

a controller coupled to the robot and operatively
configured to:

cause movement of the robot to a robot
configuration with the end effector extended and record
blocked and unblocked transition locations where the beam
sensor 1s blocked and unblocked by the flag, and

determine a position correction relative to a

calibrated position for the robot configuration.
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13. A method of correcting misalignment in a robot,
comprising;

providing a robot including moveable arms and an end
effector attached to one of the moveable arms, and a flag
disposed on one of the moveable arms or the end effector;

providing a chamber adapted to be serviced by the end
effector;

providing a beam sensor positioned at a distance from
the chamber;

moving the robot to a robot configuration with the end
effector extended;

recording blocked and unblocked transition locations
where the beam sensor is blocked and unblocked by the flag;
and

determining a position correction relative to a

calibrated position for the robot configuration.
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