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SYSTEM AND METHOD FOR QUICK-SWAP OF MULTIPLE SUBSTRATES

Field of the Disclosure

[0001] The disclosure relates semiconductor processing methods in general, and more
particularly to a system and method for swapping wafers into and out of a load lock as

part of a semiconductor manufacturing process.

Background of the Disclosure

[0002] The processing of material such as semiconductor substrates involves the use
of a variety of tools for performing various transfer and processing steps. Certain of the
transfer and processing steps are performed in a vacuum chamber, while others are
performed outside the vacuum chamber. As will be appreciated, throughput of the
transfer and processing tools is an important factor in achieving low cost manufacture.
Overall throughput is a function of both the processing time and the efficiency of

automated substrate handling.

[0003] Automated substrate handling involves the movement of substrates from a
substrate carrier to a processing station, and return of the substrates to the substrate
carrier following processing. Various intermediate stations and transfer steps may be
involved in this process. For example, substrate handling systems can include one or
more load locks for transferring substrates to and from the vacuum chamber with
minimal impact on the pressure level in the vacuum chamber. The substrate carrier may
be a cassette, or a FOUP (Front Opening Unified Pod), which is a standardized carrier

utilized for transporting substrates in fabrication facilities. Some of the processing and
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substrate handling operations may be performed concurrently to achieve efficient
operation and high throughput. Accordingly, careful design of substrate handling

systems is required.

[0004] Robots can be used outside of the vacuum chamber to transfer substrates from
the FOUP or cassette to a load lock. Robots can be used inside the vacuum chamber to
transfer the substrates from the load lock to a transfer station and/or a processing station.
After the substrates have been processed, the robots reverse their actions so as to return
processed substrates to the load lock. The load lock may then be vented and the

substrates removed for storage.

[0005] All of the known substrate handling systems have one or more drawbacks,
including but not limited to relatively low throughput, high cost and complex design.
Accordingly, there is a need for improved methods and apparatus for transferring of

substrates to and from a vacuum chamber.

Summary of the Disclosure

[0006] A substrate handling system is disclosed. The system may include a robot
adapter configured to connect to a robot, and first and second end effectors connected to
the robot adapter. The robot adapter can be configured to move the first and second end
effectors from a first position to a second position. The first position can be a retracted
position, and the second position can be an extended position in which the first or second
end effector is positionable within a top entry load lock for engaging a plurality of

substrates.
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[0007] A substrate handling system is disclosed. The substrate handling system can
include a robot adapter for coupling to a robot, first and second end effectors connected
to the robot adapter, and a top entry load lock coupled to a processing chamber. The
robot adapter can be configured to move the first and second end effectors from a first
position to a second position. The first position can be a retracted position, and the
second position can be an extended position in which the first or second end effector is
positionable within the top entry load lock to engage a plurality of substrates disposed in

the top entry load lock.

[0008] A method is disclosed for handling a plurality of substrates. The method may
comprise: positioning a robot attachment coupled to first and second end effectors
adjacent to a top entry load lock, the first end effector engaged with a plurality of
unprocessed substrates; moving the second end effector into the top entry load lock and
picking a plurality of processed substrates from the top entry load lock; moving the robot
attachment to position the first end effector over the top entry load lock; and moving the
first end effector into the top entry load lock and placing the plurality of unprocessed

substrates in the top entry load lock.

Brief Description of the Drawings

[0009] FIG. 1 is an isometric view of an exemplary robot having six degrees of

freedom;

[0010] FIG. 2 is a schematic view of an exemplary substrate handling system

according to the disclosure;
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[0011] FIG. 3 is an isometric view of an exemplary robot adapter and end effector

arrangement for use with the substrate handling system of FIG. 2;

[0012] FIG. 4 is a schematic of a system for controlling the elements of the disclosed

substrate handling system of FIG. 2;

[0013] FIG. 5 is a side view illustrating an operation of the robot adapter and end

effector of FIG. 3;

[0014] FIG. 6 is a side view illustrating another operation of the robot adapter and

end effector of FIG. 3;

[0015] FIG. 7 is a side view illustrating a further operation of the robot adapter and

end effector of FIG. 3;

[0016] FIG. 8 is a flow chart illustrating an exemplary method according to the

disclosure; and

[0017] FIG. 9 is a flow chart illustrating an alternative exemplary method according

to the disclosure.

Detailed Description

[0018] A substrate handling system will now be described more fully hereinafter with
reference to the accompanying drawings, in which preferred embodiments of the
invention are shown. It will be appreciated that the disclosed substrate handling system
may be embodied in many different forms and should not be construed as being limited

to the embodiments set forth herein. Rather, these embodiments are provided so that this
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disclosure will be thorough and complete, and will fully convey the scope of the
invention to those skilled in the art. In the drawings, like numbers refer to like elements

throughout.

[0019] The figures illustrate an exemplary embodiment of a system in accordance

with the present disclosure. For the sake of convenience and clarity, terms such as

2% ¢ 99 ¢cs

rear,” “top,” “bottom,” “right,” “left,” “up,” “down,” “inwardly,

2% ¢ 2

“front, outwardly,
“lateral” and “longitudinal” will be used herein to describe the relative placement and
orientation of components of the system, each with respect to the geometry and

orientation of the as it appears in the figures. This terminology will include the words

specifically mentioned, derivatives thereof, and words of similar import.

[0020] A method and apparatus are disclosed for quick swap of a large matrix of
solar cells or other substrates in a top entry loadlock. The design includes an end effector
arrangement for a robot that is capable of quickly swapping a processed matrix of cells
from a loadlock or station with an unprocessed matrix of cells using two similar end
effectors coupled to a central automation component. The quick swap enables the robot
to make each exchange without an intermediate exchange to put down or pickup cells

from another station.

[0021] FIG. 1 shows an exemplary robot 1 for use with the disclosed system. In the
illustrated embodiment 1 the robot 1 is a six-degree-of-freedom robot having rotational
adjustability identified by arrows A-F. It will be appreciated that such adjustability is not
critical, and that robots having fewer degrees of freedom may also be used. The robot 1

may have a base portion 2 at one end for fixedly engaging a floor of a substrate transfer
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station, and a tool interface 4 for coupling to an aspect of the disclosed system, as will be
described in greater detail later. The robot 1 may have a plurality of arms 6, 8 and a wrist

arrangement 10, of which the tool interface 4 is a part.

[0022] FIG. 2 is an exemplary arrangement of a processing chamber 12, having first
and second load locks 14, 16 positioned on opposite lateral sides of the processing
chamber 12. First and second robots 18, 20 are associated with respective ones of said
first and second load locks 14, 16. In one embodiment, the first and second robots 18, 20
are six-degree-of-freedom robots similar to the robot 1 described in relation to FIG. 1.
As will be appreciated, by positioning the first and second load locks 14, 16 on opposite
lateral sides allows for a first substrate 22 (or set of substrates) to be moved into the
processing chamber 12 along arrow “G” while a second substrate 24 is being moved out
along arrow “H.” This enhances the efficiency of the substrate transfer operation as
compared to systems that utilize a single load lock for transferring substrates into and out

of the processing chamber.

[0023] Thus arranged, the first robot 18 can transfer one or more first substrates 22
into the first load lock 14. The first load lock 14 can be pumped down to meet the
vacuum conditions in the processing chamber 12. At the same time, the second substrate
24 can be undergoing processing in the processing chamber 12. In one non-limiting
exemplary embodiment, the processing is an ion implant process in which the second
substrate 24 is subjected to an ion beam in ion beam region 26 of the processing chamber
12. The processing chamber 12 may be connected directly to the first load lock 14 and
second load lock 16 or may be connected indirectly by one or more other chambers.

When processing of the second substrate 24 is complete, the second substrate may be
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moved in the direction of arrow “H” into the second load lock 16. The second load lock
16 may then be sealed from the processing chamber 12. At the same time, the first
substrate 22 may be moved in the direction of arrow “G” into the processing chamber 12
where it can undergo processing (e.g., ion implantation) similar to that of the second
substrate 24. While the first substrate 22 is undergoing processing, the second load lock
18 may be vented so that its internal atmosphere returns to ambient conditions. The
second load lock 16 can then be opened so that the second robot 20 can pick the second
substrate 24 from the second load lock to return the second substrate 24 to a FOUP or
cassette. The second robot 20 may then pick another (unprocessed) substrate from a
FOUP or cassette and transfer that substrate to the second load lock 16, where the process

repeats.

[0024] It will be appreciated that this mutual action between the first and second
robots 18, 20 and the first and second load locks 14, 16 enhances the efficiency of

substrate processing and transfer operations as compared to prior systems.

[0025] Referring now to FIG. 3, an exemplary substrate engagement and
manipulation system 28 is disclosed for use in achieving the substrate transfer sequence
described in relation to FIG. 2. Each of the robots 18, 20 may be provided with such an
engagement and manipulation system 28 to enable the robot to engage one or more
substrates to move them between the load locks 14, 16 and one or more cassettes or

FOUPs.

[0026] The exemplary substrate engagement and manipulation system 28 includes a

robot adapter 30 for coupling to the tool interface 4 of the robot 1 (FIG. 1), and at lecast
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one end effector 32, 34 for engaging a plurality of substrates (such as the first and/or
second substrates 22, 24 of FIG. 2) to transfer the substrates between a load lock (such as
the first and/or second load lock 14, 16 of FIG. 2) and one or more cassettes or FOUPs.
In some embodiments, one or more substrates from the cassette or FOUP are placed on a
conveyor, and the robot 1 and associated end effector(s) 32, 34 can be used to pick the
substrates off the conveyor to transfer them to the load lock. In the illustrated
embodiment, the substrate engagement and manipulation system 28 includes first and

second end effectors 32, 34.

[0027] The first and second end effectors 32, 34 can include any of a variety of types
of gripping structures 36, a non-limiting list of which includes suction cups, Bernoulli
and large area vacuum and venturi grippers. The gripping structures 36 can be individual
components associated with individual substrates, or the gripping structures can be a

single, larger component.

[0028] In some embodiments, the first and second end effectors 32, 34 are matrix end
effectors capable of engaging and carrying multiple substrates at one time. As will be
appreciated, carrying and holding larger matrixes of substrates allows for parallel
processing of substrates by the processing equipment. In the illustrated embodiment, the
end effectors 32, 34 are configured in a 2x3 matrix so that each end effector can engage
and manipulate six (6) individual substrates. It will be appreciated, however, that other
configurations are also contemplated, such as 4x4, 16x16, or the like. In some
embodiments, each “pad” of the matrix may be capable of picking a single substrate, or

cach “pad” may be capable of picking multiple substrates at one time.
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[0029] It will be appreciated that the disclosed substrate engagement and
manipulation system 28 may find particular application with top entry loadlocks. Thus,
the first and second end effectors 32, 34 are configured for dropping unprocessed
substrates through the top of a load lock, and for picking processed substrates out
vertically from the load lock. Of course, the disclosed substrate engagement and
manipulation system 28 also may be used with conveyors belts, other robots, or other
systems to transport substrates. The first and second end effectors 32, 34 may each be
coupled to independently controllable first and second linear motion devices 38, 40 that
enable the end effectors to be moved vertically with respect to the robot adapter 30.
Specifically, the first and second linear motion devices 38, 40 allow the associated first
and second end effectors 32, 34 to be moved in the direction of arrows “I’’ and “J.” In
the illustrated embodiment the linear motion devices 38, 40 are piston/cylinder
arrangements in which the cylinder portion 38a, 40a is fixed to the robot adapter 30 and
the piston portion 38D is fixed to the end effector 32, 34. As shown, the first linear
motion device 38 is shown in a first position in which the piston portion 38b is fully
retracted into the cylinder portion 38a. This first position may lift the first end effector
32 sufficiently to enable one or more substrates engaged by the first end effector to clear
a sidewall 50, 52 (FIG. 5) of a top entry load lock 46. The second linear motion device
40 is shown in a second position so that the piston portion 40b is fully extended from the
cylinder portion 40a. This second position may be sufficient to enable one or more
substrates engaged by the second end effector 34 to drop the substrates onto pins, trays,

pockets or other support surfaces of a top entry load lock. Both the first and second
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linear motion devices 38, 40 can be selectively configurable in the first position, the

second position, or an intermediate position between the first and second positions.

[0030] The first and second linecar motion devices 38, 40, can be controlled via a
number of different technologies, including servomotors, hydraulic actuators, pneumatic
actuators, and the like. The other system components, such as the robot 18, 20, robot
adapter 30, and the first and second end effectors 32, 34 can also be controlled via one or

more electrical, pneumatic and hydraulic actuation mechanisms.

[0031] FIG. 4 show an exemplary system control arrangement for the robot 18, 20,
robot adapter 30, first and second linear motion devices 38, 40 and first and second end
effectors 32, 34. The control arrangement includes a controller 70 coupled to the robot
18, 20 and the robot adapter 30 for controlling motions and actions of those components.
In some embodiments, the controller 70 can also be directly or indirectly coupled to the
first and second linear motion devices 38, 40 for controlling movement of the first and
second end effectors 32, 34 between the first and second positions previously described.
In other embodiments, the controller 70 can be coupled directly or indirectly to the first
and second end effectors 32, 34 for controlling engagement/disengagement of one or
more processed or unprocessed substrates 56. Hydraulic and/or pneumatic controls 72
can be coupled to the robot 18, 20 and the processing platform 74 which includes the first
and second top entry load locks 14, 16 and the processing chamber 12. The hydraulic
and/or pneumatic controls 72 can function to operate the hydraulic and/or pneumatic
components of those respective system elements. Also shown are vent 76 and pump 78
connections to the top entry load locks 14, 16 and a pump 78 connection to the

processing chamber 12 for controlling the vacuum conditions within those elements.

10
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[0032] Referring again to FIG. 3, the robot adapter 30 is shown as including a
plurality of fastener holes 42 for engaging the tool interface 4 of the robot 1. It will be
appreciated, however, that the robot adapter 30 may be coupled to the tool interface 4
using any of a variety of connection schemes. In addition, it is contemplated that the

robot adapter 30 may be a part of the robot 1.

[0033] As will be appreciated, the disclosed substrate engagement and manipulation
system 28 may have features to allow the first and second end effectors 32, 34 to be
passed over a side wall of the top entry load lock. Such features may include rotational

movement and/or translational movement, as desired.

[0034] FIG. 5 shows an embodiment of the disclosed substrate engagement and
manipulation system 28 in which the robot adapter 30 is configured for rotary motion to
enable the first and second end effectors 32, 34 to be rotated into, and out of, engagement
with a top loading load lock. Thus, the robot adapter 30 in this embodiment has a
rotation feature 44 that enables the first and second end effectors 32, 34 to be rotated
about the Z-axis (i.e., in the direction of arrow “K”). The rotation feature 44 can be any
of a variety of arrangements suitable for imparting rotational motion to the robot adapter
and first and second end effectors 32, 34. A non-limiting exemplary listing of such
arrangements includes swivel assemblies, ring gears, and the like. The rotation feature 44
can be powered and/or controlled via a pneumatic, electric (e.g., servo motor), hydraulic

or other control assembly disposed in or on the robot adapter.

[0035] FIG. 5 shows the disclosed substrate engagement and manipulation system 28

engaged with an exemplary top entry load lock 46. It will be appreciated that this top

11
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entry load lock 46 may be either the first or second load lock 14, 16 shown in FIG. 2.
The top entry load lock 46 may include a bottom wall 48 and opposing sidewalls 50, 52.
One or more substrate support elements 54 may be disposed on the bottom wall 48 or one
or more of the sidewalls 50, 52. As previously noted, the substrate support elements 54
may comprise one or more pins, trays, pockets or the like. Not shown is a top wall
which, once the substrates are positioned inside, may be used to seal the interior of the
top entry load lock 46 from the surrounding environment so that it may be pumped down

to meet the high vacuum conditions of the processing chamber 12.

[0036] In the position shown in FIG. 5, the second end effector 34 is configured in
the second position so that it extends down into the top entry load lock 46 adjacent to a
plurality of substrates 56 which are supported above the bottom wall 48 of the top entry
load lock by substrate support elements 54. The first end effector 32 is configured in the
first position, where the piston portion 38b of the first linear motion device 38 is fully
retracted into the cylinder portion 38b so that it assumes the first position. The end
effector 32 is supporting a plurality of substrates 56 at a level above the top surface 58 of
the opposing sidewall 50 and is engaged first end effector is positioned in the “up”

position engaged with substrates.

[0037] Thus arranged, the plurality of substrates 56 disposed in the top entry load
lock 46 may be “processed” substrates, in that they may have been subjected to one or
more processing steps within the processing chamber 12. The plurality of substrates
engaged with the first end effector 32 may be “unprocessed” substrates, in that they have
been picked from a cassette or FOUP and are ready to load into the top entry load lock

46. The engagement and manipulation system 28 may be configured to extend the

12



WO 2014/189788 PCT/US2014/038452

second end effector 34 so that it assumes the second position, adjacent to, or in contact
with, the plurality of substrates 56, as shown in FIG. 5. Once the second end effector 34
engages the plurality of substrates 56 (using gripping structures 36), the second linear
motion device 40 may be actuated so that the piston portion 40D is retracted into the
cylinder portion 40a, thus lifting the second end effector 34 and the attached processed

substrates 56 up and out of the top entry load lock 46.

[0038] When the plurality of processed substrates 56 are lifted above the top surface
58 of the opposing sidewall 50, the rotation feature 44 of the robot adapter 30 may be
actuated, rotating the first and second end effectors about axis Z (in the direction of arrow
“K”) so that the first end effector 32 and its attached unprocessed substrates 56 are
positioned above the top entry load lock 46. The first linear motion device 38 may then
be actuated so that the cylinder portion 38b extends outward from the cylinder portion 38,
configuring the first linear motion device 38 from the first position to the second position.
In the second position, the unprocessed substrates are adjacent to, or in contact with, the
substrate supports 54 of the top entry load lock 46. The gripping structures 36 may then
release the unprocessed substrates 56 so that the substrates are supported by the substrate
supports 54 in the top entry load lock 46. The first linear motion device 38 may then be
configured from the second position to the first position so that it retracts away from the
substrates and the top entry load lock 46. The top wall (not shown) of the top entry load
lock 46 may then be sealed to the opposing sidewalls 50, 52 and the interior volume
pumped down so that the unprocessed substrates 56 can be translated into the processing

chamber 12.

13
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[0039] As will be appreciated, the FIG. § arrangement enables a “quick swap” of a
plurality of unprocessed substrates 56 for a plurality of processed substrates, thus

reducing transfer time and overall system throughput.

[0040] FIG. 6 shows an embodiment of disclosed substrate engagement and
manipulation system 28 in which the robot adapter 30 is configured for linear motion to
enable the first and second end effectors 32, 34 to translate toward, and away from, the
top entry load lock 46. The operation of the first and second linear motion devices 38, 40
associated with the first and second end effectors 32, 34 are configured, and operate, in
the same manner described in relation to FIG. 5. In the FIG. 6 embodiment, however, a
third linear motion device 60 is substituted for the rotation feature of the robot adapter 30
to enable the substrate engagement and manipulation system 28 to translate in the
“horizontal” direction (i.e., the direction identified by arrow “L,” which is perpendicular
to the Z-axis of FIG. 5). Thus, in the illustration, the first end effector 32 holds a
plurality of unprocessed substrates 56, while the second end effector 34 is positioned
adjacent to a plurality of processed substrates within the top entry load lock 46. The first
end effector 32 is configured in the first position such that the piston portion 38b of the
first linear motion device 38 is fully into the cylinder portion 38a. The second end
effector 34 is configured in the second position such that the piston portion 40b is fully

extended away from the cylinder portion 40a.

[0041] Once the second end effector 34 engages the plurality of processed substrates
56 in the top entry load lock 46, the second linear motion device 40 may be configured to
the first position, drawing the substrates up and out of the top entry load lock. When the

plurality of processed substrates 56 are lifted above the top surface 58 of the opposing

14
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sidewall 50, the third linear motion device 60 of the robot adapter 30 may be actuated,
translating the first and second end effectors in the direction of arrow “L,” so that the first
end effector 32 and its attached unprocessed substrates 56 are positioned above the top
entry load lock 46. The first linear motion device 38 may then be actuated so that the
cylinder portion 38b extends outward from the cylinder portion 38, configuring the first
linear motion device 38 from the first position to the second position. In the second
position, the unprocessed substrates are adjacent to, or in contact with, the substrate
supports 54 of the top entry load lock 46. The gripping structures 36 may then release the
unprocessed substrates 56 so that the substrates are supported by the substrate supports
54 in the top entry load lock 46. The first linear motion device 38 may then be
configured from the second position to the first position so that it retracts away from the
substrates and the top entry load lock 46. The top wall (not shown) of the top entry load
lock 46 may then be sealed to the opposing sidewalls 50, 52 and the interior volume

pumped down so that the unprocessed substrates 56 can be translated into the processing

chamber 12.

[0042] FIG. 7 shows an embodiment of disclosed substrate engagement and
manipulation system 28 in which the robot adapter 30 is configured for linear motion
along two different axes to enable the first and second end effectors 32, 34 to translate
toward, and away from, the top entry load lock 46, and to enable swapping of substrates
as described in relation to prior embodiments. In the FIG. 7 embodiment, the robot
adapter 30 includes third and fourth linear motion devices 60, 62. The third linear motion
device 60 enables movement in a horizontal direction, identified by arrow “L,” while the

fourth linear motion device enables movement in a vertical direction, identified by arrow

15
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“M.” Vertical movement along arrow “M” is substantially along the Z-axis of the
substrate engagement and manipulation system 28, as shown in FIG. 5. With this
embodiment, the first and second linear motion devices 38, 40 of the previous
embodiments can be climinated, and all desired motion for the first and second end
effectors 32, 34 can be provided by the third and fourth linear motion devices 60, 62 of

the robot adapter.

[0043] Thus, in the illustration, the first end effector 32 is positioned adjacent to a
plurality of unprocessed substrates 56, while the second end effector 34 is positioned
adjacent to a plurality of processed substrates within the top entry load lock 46. The
fourth linear motion device 62 is configured in a second (i.e., extended) position such that
the second end effector 34 is positioned within the top entry load lock 46 to engage the
plurality of processed substrates 56. Once the second end effector 34 engages the
plurality of processed substrates 56, the fourth linear motion device 62 may be configured
to a first position, moving the first and second end effectors 32, 34 upward in the
direction of arrow “M,” drawing the processed substrates up and out of the top entry load
lock 46. When the plurality of processed substrates 56 are lifted above the top surface 58
of the opposing sidewall 50, the third linear motion device 60 of the robot adapter 30 may
be actuated, translating the first and second end effectors in the direction of arrow “L,” so
that the first end effector 32 and its attached unprocessed substrates 56 are positioned
above the top entry load lock 46. The fourth linear motion device 62 may then be
configured to the second (i.e., extended) position so that the unprocessed substrates are
adjacent to, or in contact with, the substrate supports 54 of the top entry load lock 46.

The gripping structures 36 may then release the unprocessed substrates 56 so that the

16
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substrates are supported by the substrate supports 54 in the top entry load lock 46. The
fourth linear motion device 62 may then be configured from the second position to the
first (i.e., retracted) position so that it retracts away from the substrates and the top entry
load lock 46. The top wall (not shown) of the top entry load lock 46 may then be sealed
to the opposing sidewalls 50, 52 and the interior volume pumped down so that the

unprocessed substrates 56 can be translated into the processing chamber 12.

[0044] It will be appreciated that FIGS. 5-7 show discrete exemplary embodiments
of a substrate engagement and manipulation system 28. It will be appreciated that
different combinations of actuators (both rotational and translational) can be used to
achieve a desired arrangement to allow quick swapping of unprocessed substrates for

processed substrates in a top entry load lock.

[0045] Referring now to FIG. 8, an exemplary method for quick swapping of a
plurality of substrates will be described in greater detail. At step 100, the robot 1
approaches a top entry load lock 46 with a first end effector 32 engaged with a plurality
of unprocessed substrates 56 and a second end effector 34. At step 110, the second end
effector 34 picks a plurality of processed substrates 56 from the top entry load lock 46.
At step 120, the robot attachment 30 is then rotated 180 degrees to position the first end
effector 32 over the now empty top entry load lock 46. At step 130 the first end effector
places the plurality of unprocessed substrates 56 in the top entry load lock 46. At step
140, the unprocessed plurality of substrates 56 are transferred to the process chamber 12

for processing.
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[0046] FIG. 9 shows an alternative exemplary method for quick swapping of a
plurality of substrates. At step 200, the robot 1 approaches a top entry load lock 46 with
a first end effector 32 engaged with a plurality of unprocessed substrates 56 and a second
end effector 34. At step 210, the second end effector 34 picks a plurality of processed
substrates 56 from the top entry load lock 46. At step 220, the robot attachment 30
translates to position the first end effector 32 over the now empty top entry load lock 46.
At step 230, the first end effector places the plurality of unprocessed substrates 56 in the
top entry load lock 46. At step 240, the plurality of unprocessed substrates 56 are

transferred to the process chamber 12 for processing.

[0047] The disclosed system is configured for handling a variety of substrates, which
in an exemplary embodiment includes silicon wafers. It will be appreciated by those of
ordinary skill in the art that this particular configuration is disclosed by way of example
only, and that the below-described arrangement may be similarly implemented in
virtually any type of substrate handling configuration. All such embodiments are
contemplated and may be implemented without departing from the scope of the present

disclosure.

[0048] As used herein, an element or step recited in the singular and proceeded with

192l

the word “a” or “an” should be understood as not excluding plural elements or steps,
unless such exclusion is explicitly recited. Furthermore, references to “one embodiment”

of the present invention are not intended to be interpreted as excluding the existence of

additional embodiments that also incorporate the recited features.

18



WO 2014/189788 PCT/US2014/038452

[0049] While certain embodiments of the disclosure have been described herein, it is
not intended that the disclosure be limited thereto, as it is intended that the disclosure be
as broad in scope as the art will allow and that the specification be read likewise.
Therefore, the above description should not be construed as limiting, but merely as
exemplifications of particular embodiments. Those skilled in the art will envision other

modifications within the scope and spirit of the claims appended hereto.
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Claims

1. A substrate handling system, comprising:

a robot adapter configured to connect to a robot;

first and second end effectors connected to the robot adapter;

wherein the robot adapter is configured to move the first and second end effectors
from a first position to a second position, the first position comprising a retracted
position, and the second position comprising an extended position in which the first or
second end effector is positionable within a top entry load lock for engaging a plurality of

substrates.

2. The substrate handling system of claim 1, further comprising first and second
linear motion devices coupled between the robot adapter and the first and second end
effectors, respectively, the first and second linear motion devices being independently
operable to selectively move the first and second end effectors between the first and

second positions.

3. The substrate handling system of claim 2, the robot adapter further comprising a

rotation feature for selectively rotating the first and second end effectors about a vertical

axis.

4. The substrate handling system of claim 1, the robot adapter further comprising

third and fourth linear motion device, the third linear motion device for translating the
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first and second end effectors along a horizontal axis, the fourth linear motion device for

translating the first and second end effectors along a vertical axis.

5. The substrate handling system of claim 1, the first and second end effectors each

configured to engage a plurality of substrates.

6. A substrate handling system, comprising:

a robot adapter for coupling to a robot;

first and second end effectors connected to the robot adapter; and

a top entry load lock, the top entry load lock coupled to a processing chamber;

wherein the robot adapter is configured to move the first and second end effectors
from a first position to a second position, the first position comprising a retracted
position, and the second position comprising an extended position in which the first or
second end effector is positionable within the top entry load lock to engage a plurality of

substrates disposed in the top entry load lock.

7. The substrate handling system of claim 6, further comprising first and second
linear motion devices coupled between the robot adapter and the first and second end
effectors, respectively, the first and second linear motion devices being independently
operable to selectively move the first and second end effectors into and out of the top

entry load lock.

8. The substrate handling system of claim 6, further comprising:
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first and second linear motion devices coupled between the robot adapter and the
first and second end effectors, respectively, the first and second linear motion devices
being independently operable to selectively move the first and second end effectors into
and out of the top entry load lock; and

a rotation feature for selectively rotating the first and second end effectors about a

vertical axis.

9. The substrate handling system of claim 6, further comprising:

first and second linear motion devices coupled between the robot adapter and the
first and second end effectors, respectively, the first and second linear motion devices
being independently operable to selectively move the first and second end effectors into
and out of the top entry load lock; and

a third linear motion device for translating the first and second end effectors along
a horizontal axis so that the first and second end effectors are selectively positionable

over the top entry load lock.

10.  The substrate handling system of claim 6, further comprising first and second
linear motion devices coupled between the robot adapter and the first and second end
effectors, respectively, the first and second linear motion devices being independently
operable to selectively move the first and second end effectors into and out of the top
entry load lock,

wherein the first and second linear motion devices each comprise a piston portion

and a cylinder portion, wherein in the first position the piston portion is retracted within
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the cylinder portion and in the second position the piston portion is extended away from

the cylinder portion.

11.  The substrate handling system of claim 6, the robot adapter further comprising
third and fourth linear motion device, the third linear motion device for translating the
first and second end effectors along a horizontal axis to selectively position the first and
second end effectors over the top entry load lock, the fourth linear motion device for
translating the first and second end effectors along a vertical axis to selectively position

the first and second end effectors into and out of the top entry load lock.

12. A method for handling a plurality of substrates, comprising:

positioning a robot attachment coupled to first and second end effectors adjacent
to a top entry load lock, the first end effector engaged with a plurality of unprocessed
substrates;

moving the second end effector into the top entry load lock and picking a plurality
of processed substrates from the top entry load lock;

moving the robot attachment to position the first end effector over the top entry
load lock; and

moving the first end effector into the top entry load lock and placing the plurality

of unprocessed substrates in the top entry load lock.

13.  The method of claim 12, wherein moving the robot attachment comprises

translating the robot attachment and end effectors along a horizontal axis.
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14.  The method of claim 12, further comprising sealing the top entry load lock,
pumping an interior volume of the top entry load lock down to a vacuum condition,
transferring at least one of the plurality of unprocessed substrates to a process chamber,
and performing a processing step on the at least one of the plurality of unprocessed

substrates to a process chamber.

15.  The method of claim 12, wherein the step of moving the first end effector into the
top entry load lock comprises using a first lincar motion device to move the second end
effector independent of said second end effector, and wherein the step of moving the
second end effector into the top entry load lock comprises using a second linear motion

device to move the second end effector independent of said first end effector.
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