DETAILED DESCRIPTION
[0036] Process modules in a substrate processing tool may be operated in a multiple
station, sequential processing mode. For example, only a portion of the overall process
may be performed on a substrate in each of the process stations in the process module.
As process times in each of the stations decreases and/or the process module performs
a greater number of processes on the substrate, delays associated with rotating and
transferring the substrate via a mechanical indexer become a greater portion of a total
time each substrate remains in the process module. In one example, substrates are
sequentially transferred to the process station corresponding to the load station. The
indexer is rotated subsequent to each transfer until a substrate is arranged on the
indexer in each of the four process stations. Processing may then be performed on

each of the substrates.

[0037] Substrate processing and transfer systems and methods according to the
principles of the present disclosure implement a transfer module (e.g., a vacuum
transfer module, or VTM), process module, and mechanical indexer configured to
reduce substrate transfer times. For example, the VTM is configured to load two or
more (e.g., four) substrates into the process module and to retrieve two or more

substrates from the process module per transfer.

[0038] In one example, the mechanical indexer comprises two independently rotatable
arms, each having first and second ends (e.g., end effectors). The indexer may be
selectively arranged in a first, X-shaped configuration. In the X-shaped configuration,
each of the ends may be aligned with a respective processing station in the process

module. For example, first and second ends of a first arm may be aligned with



arm 328 may then be lowered onto the respective processing stations 1-4. Other

example transfer sequences may be implemented.

[0052] Referring now to FIGS. 4A, 4B, and 4C, top-down views of example substrate
processing tools 400 and 404 having example transfer robots 408-1, 408-2, and 408-3,
referred to collectively as transfer robots 408, are shown. The processing tools 400 and
404 are shown without mechanical indexers for example purposes. For example,
respective process modules 412 of each of the tools 400 and 404 may include either of

the mechanical indexer 204 and the mechanical indexer 304 as described above.

[0053] A vacuum transfer module (VTM) 416 and an equipment front end module
(EFEM) 420 may each include one of the transfer robots 408. The transfer robots 408-1
and 408-2 may have the same or different configurations. For example only, the
transfer robot 408-1 includes a single arm having two vertically stacked end effectors.
Conversely, the transfer robot 408-2 is shown having two arms, each having two
vertically stacked end effectors as shown in FIG. 4C. The robot 408 of the VTM 416
selectively transfers substrates to and from a load lock 424 and between the process
modules 412. The robot 408-3 of the EFEM 420 transfers substrates into and out of the
EFEM 420 and to and from the load lock 424. For example only, the robot 408-3 may

have two arms each having a single end effector or two vertically stacked end effectors.

[0054] The tool 400 is configured to interface with, for example, four of the process
modules 412 each having a single load station accessible via a respective slot 428.
Conversely, the tool 404 is configured to interface with three of the process modules
412 each having two load stations accessible via respective slots 432 and 436. As

shown, sides
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substrates to and/or from a respective one of the process modules 412, the load lock
424, etc. In the example shown in FIG. 4A, the robot 408-1 may retrieve two substrates
from the process module 412 and load two substrates into the process module 412 in a
given transfer. Conversely, the robot 408-2 may retrieve four substrates from the
process module 412 and load four substrates into the process module 412 in a given

transfer.

[0057] A system controller 460 may control various operations of the substrate
processing tools 400 and 404, including, but not limited to, operation of the robots 408,
rotation of the respective indexers of the process modules 412 (e.g., corresponding to

the indexers 204 and 304 of FIGS. 2 and 3), etc.

[0058] In another example shown in FIG. 4E, a substrate processing tool 464 includes
transfer robots 468-1 and 468-2, referred to collectively as transfer robots 468. The
processing tool 464 is shown without mechanical indexers for example purposes. For
example, respective process modules 472 of the tool 464 may include either of the

mechanical indexer 204 and the mechanical indexer 304 as described above.

[0059] A VTM 476 and an EFEM 480 may each include one of the transfer robots 468.
The transfer robots 468-1 and 468-2 may have the same or different configurations. For
example only, the transfer robot 468-1 is shown having two arms, each having two
vertically stacked end effectors as shown in FIG. 4C. The robot 468-1 of the VTM 476
selectively transfers substrates to and from the EFEM 480 and between the process
modules 472. The robot 468-2 of the EFEM 480 transfers substrates into and out of the
EFEM 480. For example only, the robot 468-2 may have two arms each having a single

end effector or two vertically stacked end effectors.
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