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METHOD AND APPARATUS FOR HANDLING SUBSTRATESIN A
PROCESSING SYSTEM HAVING A BUFFER CHAMBER

BACKGROUND
Field
[0001} implementations described herein generally relate o semiconductor

processing systems. More specifically, the implementations relate to a method
and apparatus for handiing substrates in a multiple chamber semiconductor

processing system having a buffer chamber,

Description of the Related Art

[0002} Large area subsirales are used i0 produce flat panel displays (i.e.,
L.CD, OLED, and other types of flat panel displays), solar panels, and the like.
Large area subsirates are generally processed in one or more vacuum
processing chambers, where various deposition, etching, plasma processing and
other circuit and/or device fabrication processes are performed. The vacuum
processing chambers are lypically coupled by a common vacuum transfer
chamber that contains a transfer robot that transfers the substrates between the
different vacuum processing chambers. The assembly of the transfer chamber
and other chambers connecied to the transfer chamber (e.g., the processing
chambers) is often referred {0 as a processing system. During fabrication of flat
panel displays, the substrate is moved between various processing chambers

while under a vacuum condition.

[0003] Each processing chamber may perform a different stage or phase of
semiconductor wafer processing. To effectuate wafer fransfer amongst the load
lock chambers, processing chambers, and the buffer chamber, the transfer
chamber contains a transfer robol.  The transfer robot transfers substrates
amongst the different chambers under the control of a controller. The controller
controls the substrate transfer performed by the transfer robot of the processing

system.
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[6004] The transfer robot may transfer a substrate o the buffer chamber when
a destination chamber, for example one of the processing chambers, is
unavailable. Multiple subsirates may be stored in the buffer chamber. The
handling of the subsiraies siored in the buffer chamber helps maintain a high

throughput of substrates through the processing system.

[0005] There is a need for an apparatus and method for improving the

handling of subsiraies stored in the buffer chamber.

SUMMARY

[0006] implementations described herein generally relate to an apparatus for
and methods of deposiling malerial on a substrate. In one implementation, a
method for processing subsirates in a processing system includes identifying, in
a buffer chamber coupled to a transfer chamber of a processing system, a first
substrate that has been in the buffer chamber longer than a predetermined
duration and identifying a first destination chamber of the processing system for
the first substrate. After identifying the first substrate, a buffer chamber time-out
operation i3 performed. The buffer time out operation includes suspending
movement of substrates from a load lock chamber {0 the transfer chamber and

removing the first substrate from the buffer chamber.

[0007] in another implementation, a method for processing substrates
includes identifying, in a buffer chamber of a processing system, a first substrate
that has been in the buffer chamber ionger than a predetermined duration. The
processing system further includes a first transfer chamber, a load lock chamber
coupled to the first transfer chamber, a second fransfer chamber, an intermediate
transfer chamber coupled {o the buffer chamber, a first passthrough load lock
chamber that couples the first transfer chamber with the iniermediate transfer
chamber, and a second passthrough load lock chamber that couples the second
transfer chamber with the intermediate transfer chamber. The method further

includes identifying a first destination chamber for the first substrate, wherein the
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first destination chamber is coupled to the second fransfer chamber. After
identifying the first substrate, performing a buffer chamber time-oui operation.
The buffer chamber time-cut operaiion includes suspending movement of
substrates from the load lock chamber {o the first transfer chamber and removing

the first substrate from the buffer chamber.

[0008] in another implementation, a non-transitory machine readable storage
medium having stored thereon a computer program for processing substrates in
a processing system is provided. The computer program includes a routine of
set instructions for causing the processing system to perform a process. The
process includes identifying, in a buffer chamber coupled {o a transfer chamber
of a processing system, a first substrate that has been in the buffer chamber
longer than a predetermined duration and identifying a first destination chamber
of the processing system for the first substrate.  After identifying the first
substrate, a buffer chamber time-out operation is performed. The buffer time out
operation includes suspending movement of substrates from a load lock chamber

to the transfer chamber and removing the first substrate from the buffer chamber.

BRIEF DESCRIPTION OF THE DRAWINGS

[6609] So that the manner in which the above recited features of the present
disclosure can be understood in detail, a more particular description of the
disclosure, briefly summarized above, may be had by reference {o
implementations, some of which are illustrated in the appended drawings. ltis o
be noted, however, that the appended drawings Hiusiraie only selected
implementations of this disclosure and are therefore not 1o be considered limiting
of its scope, for the disclosure may admit (o other equally effective
implementations.

[0010} FIG. 1 is a top plan view of a processing system for vacuum
processing a plurality of substrates having a transfer chamber, according (o one

gmbodiment.
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[oo11] FIG. 2 is & side cross-sectional view of a load lock chamber shown in

the processing system in FIG. 1, according to one embodiment.

[oo12} FIG. 3 is a side cross-sectional view of a buffer chamber of FIG. 1,

according o one embodiment.

[0013] FIG. 4 is a side cross-sectional view of a mask chamber of FIG. 1,

according o one embodiment.

0014} FIG. 5 is a flow diagram of a substrate transfer operation for a

substrate transfer operation according o one embodiment.

[o015] FIG. 6 is a flow diagram of a buffer chamber time-cut operation for a

buffer chamber time-out operation according to one embodiment.

o018} FIG. 7 is a top schematic view of a tandem processing system for

vacuum processing a plurality of substrates, according to one embodiment.

00173 To facilitate understanding, identical reference numerals have been
used, wherever possibie, to designate identical elements that are common to the
Figures. Additionally, elements of one implementation may be advantageocusly

adapted for utilization in other implementations described herein.

DETAILED DESCRIPTION

{0018} Embodiments of the disclosure generally relale to a vacuum
processing sysiem for vacuum processing large area subsirales {e.g., LCD,
OLED, and other types of flat panel displays, solar panels, and the like).
Although a vacuum processing system for performing depositions on large area
substrates is described herein, the vacuum processing system may alternatively
be configured to perform other vacuum processes on substrates, such as
eiching, ion implantation, annealing, piasma treating, and physical vapor
depositions among other processes. A coniroller is used to operale the
processing system. The controller executes a buffer chamber time-out routine
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for handling substrates stored in the buffer chamber. One or more subsirates
may get stranded in the buffer chamber for an extended duration. The use of
the buffer chamber time-oul routing helps prevent a substrate from becoming
stranded in the buffer chamber in excess of a predetermined time period. The
buffer chamber time-out routine provides a method for suspending selected
operations of the processing system for a buffer time-out pericd when a substrate
has been in the buffer chamber longer than a predetermined duration. During
the buffer time-out period, movement of substrates from a load lock chamber is
suspended, and substrates in the buffer chamber are moved {o destination
chambers that have been identified.

0019} FIG. 1 is a plan view of a processing system 100 for performing
vacuum processing on a plurality of substrates 102, according o one
embodiment of the disclosure. The processing system 100 has a transfer
chamber 110. A plurality of processing chambers 120, such as processing
chamber 120A through 120G, are coupled fo the fransfer chamber 110. The
processing chambers 120A through 120F can each be a chemical vapor
depaosition (CVD) chamber. Additionally, one or more load lock chambers 140
are coupied 1o the transfer chamber 110. A buffer chamber 150 is coupled o the
transfer chamber 110. Optionally, a mask chambaer 130 is coupled to the transfer
chamber 110. The iransfer chamber 110, processing chambers 120, icad lock
chamber 140, buffer chamber 150, as well as any additionally attached chambers
forming the processing system 100, are coupled together using seals to maintain
a vacuum environment therein. A controlier 170 conifrols the processing system
100. The controller 170 has a central processing unit 172, a memory 174,
support circuits 176, and /O peripherals 180. The controlier 170 executes an
operational program that includes a plurality of routines to operate the processing
system 100.

0020} The operational program is a computer program that may be stored in

the memory 174 of the controlier 170 or a non-transitory computer readable
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storage medium 181. The non-transitory computer readable storage medium
may include disks, flash drives, and cother non-transitory medium, and may be
loaded onto the memory 174 using the O peripherals 180. The non-transitory
machine readable storage medium has stored thereon a computer program for
processing substrates in the processing system 100, The computer program
includes a routine of set instructions for causing the processing system 100 {o

perform the operations for embodiments disclosed herein.

[0021} The processing system 100 is configured to hold and process mulliple
substrates 102, A substrate 102 may be made of, or may include glass, plastic
or other material. The substrate 102 may be moved to and from the processing
systemn 100 through the load lock chamber 140, Turning briefly 1o a schematic
view of the load lock chamber 140 illustrated in FIG. 2, the load lock chamber
140 may be a dual single cavity load lock. The load lock chamber 140 includes a
first icad lock cavity 201 {(e.q., 8 lower load lock substrate receiving cavity) and a
second load lock cavity 202 {e.g., an upper load lock substrate receiving cavily)
disposed over the first load lock cavity 201. The first load lock cavity 201 has a
first interior volume 221. The second load lock cavity 202 has a second interior
volume 222. Each interior volume 221, 222 is sized accommodate 3 substraie

therein.

00223 Each of the first load lock cavily 201 and the second load lock cavity
202 include a respective door 206a, 206b which may be opened {o sliow access
to the load lock cavilies 201, 202 for ingress and egress of a substrate. For
exampie, the doors 208a, 208b may be opened {o faciliiale fransfer of a
substrate toffrom parts of a fabrication facility through a factory interface (Fi, not
shown), or other areas that are generally maintained at atmospheric pressure, to
the vacuum environment maintained in the transfer chamber 110. Slit valves
207a, 207b are provided to facilitate transfer of the substrate 102 between the
respective first and second load lock cavities 201, 202, and the transfer chamber

110 in the processing system 100
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[0023} in ancther example, the load lock chamber 140 may inciude a single
load lock cavity, such as the first load lock cavity 201 such that the load lock
chamber 140 may handie only a single substrate at a time. In a single substrate
cavity configuration, the load lock chamber 140 may function as a pass through
for coupling the processing system 100 {o an adjoining processing system such
that subsirales may be transferred beiween the processing systems without
breaking vacuum {i.e., without exposing the substrates {o atmospheric

pressures).

[0024] in yet another example as shown in FIG. 1, the load lock chamber
140A may only have the first lcad lock cavity 201 such that the load lock
chamber 140A may handle only a single substrate at a time, while the load lock
chamber 1408 may include both the first load lock cavity 201 and the second
oad lock cavity 202, such that the load lock chamber 140B may handle two
substrates simultanecusly. Thus, processing system 100 can be configured to
fransfer substrates between adjacent processing systems through the load lock
chamber 140A, while transferring subsirales with an atmospheric factory

interface through the load lock chamber 1408,

[0025} Substrates 102 are moved to and from the processing chamber 120 to
and from the load lock chamber 140 by a transfer robot 112, shown in FIG. 1.
However, during times where occurrences downstream in the process cause
substrates 102 leaving the processing chamber 120 to have nowhere available {o
go, the substrate 102 may be transferred to the buffer chamber 180, FIG. 3is a
side cross-sectional view of the buffer chamber 150 shown in FIG. 1, according
o one embodiment. The buffer chamber 150 is configured to hold substrates
102 while the substrates 102 are waiting to be transferred to another chamber in
the processing system 100, or to be transferred from the processing system 100.
For example, g first substrate may be scheduled for processing in a first chamber
currently cccupied by a second substrate undergoing processing therein. The

7
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first substraie may be fransferred by the transfer robot 112 1o the buffer chamber
150 to free up the transfer robot 112 o move other substrates in and from other
chambers while the first substrate waits for the availability of one of the
processing chambers 120.

[6028] The buffer chamber 150 may have a lid 308, walls 306 and a floor 304
which define and enclose an interior volume 310, An opening 330 may be
formed in the wall 306. The opening 330 is configured for a substrate 102 {o
pass therethrough. The buffer chamber 150 may optionally have a slit valve or
other closing mechanism for the opening 330. The opening 330 is additionally
configured to align with an opening in the fransfer chamber 110, A seal, gaskst
or other suitable technique may ulilized to form a seal around the opening 330,
such that the buffer chamber 150 may form an air seal with the transfer chamber

110 {o maintain pressure within the processing system 100.

[0027] The buffer chamber may have a support rack 340. The support rack
340 is supported by a shaft 342, The shaft 342 may be altached {o a drive unit
344, The drive unit 344, may be a linear moior, mechanical device, hydraulic unit
or other suitable movement mechanism capable of moving the shaft 342
vertically between an extended and retracted position for raising and lowering the
support rack 340. The support rack 340 may have slots 324, Each slot 324 may
be configured {0 accept the substrate 102 thereon. The support rack 340 may be
configured to hold multiple substrates 102 in respeclive slots 324, For example,
the support rack 340 may have six slots 324 for holding six subsirates therein
within the interior volume 310 of the buffer chamber 150. The support rack 340
may be raised or lowered by the drive unit 344 to align the siots 324 with the
opening 330 for access by the transfer robot 112, The transfer robot 112 may
move a substrate from the slot 324 o the load lock chamber 140 or in some

instances the procassing chamber 120.

[0028} The transfer robot 112 may additionally move a mask 132 from the

mask chamber 130 to the processing chamber 120 for processing the substrate

8
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102 therein. FIG. 4 is a side cross-sectional view of the mask chamber 130 of
Figure 1, according 10 one embodiment. A plurality of masks 132 may be ulilized
during the processes performed in the processing system 100 as further
described below. The mask chamber 130 can be used to store the masks 132 1o
be used in the processes, such as deposition processes, performed in the
different processing chambers 120, For example, the mask chamber 130 may

store from about 4 {0 about 30 masks 132 in one or more casseties 420,

[0029] The mask chamber 130 includes a chamber body 402 which defines
an inside volume 404. A slit valve 418 may be coupled to the chamber body 402.
The sliit valve 418 is coupled {o the transfer chamber 110 of the processing
system 100 and the slit valve 418 is configured to allow for passage of the masks
132 to and from the inside volume 404, The transfer robot 112 is capable of
moving the masks 132 through the slit valve 418 in a fashion similar to moving
the substrates 102

[0030] A lid member 406 may be coupled to the chamber body 402. The lid
member 406 may be configured to open and close, by operation of a lid actuator
428 and frack member 428, o enclose the inside volume 404 when the iid

member 406 is located in a closed position (as shown).

(6631} The inside volume 404 may be sized to receive the casssties 420
having racks 422 configured to removeably hold the masks 132 therein. The
casselles 420 may be delivered {0 the mask chamber 130 by a crane or other
similar apparatus and positioned within the inside volume 404. Used masks
132 that need {o be cleaned or conditioned may be removed from the mask
chamber 130 by opening the lid member 406 and removing the cassetle 420
containing the used masks. New masks 132 may be provided to the mask
chamber 130 by a new casselte 420 and the lid member 406 may then be

closed.
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[o032] Returning back to FIG. 1, the controller 170 contains a central
processing unit 172, such as a microprocessor, a memory 174 for storing control
routines, and support circuits 176 such as power supplies, clock circuits, cache
and the like. The controlier 170 also contains VO peripherals 180 such as a
keyboard, mouse, and display. The controller 170 is a general purpose computer
that is programmed to perform operations of the processing system 100,
including the scheduling operations that facilitate the transport of substrates from
source chambers to destination chambers. The software routines that control the
processing system 100 are stored in memory 174 and executed by the central
processing unit 172 to facilitate control of the processing system 100

[0033] it is contemplated that some of the processes discussed herein as
software processes may be implemented within hardware, e.q., as circuitry that
cooperates with the central processing unit 172 o perform various processes.
Although the controller 170 is depicted as a general purpose computer that is
programmed to perform various routines, the proceasses that are implemented by
the software can be implemented as hardware as an application specific
integrated circuit (ASIC) or discrete circuit components. As such, the processes
described herein are intended to be broadly interpreted as being equivalently

performed by software, hardware, or any combination thereof.

{0034} A first sample operation of the processing system 100 for a method for
processing substrates will now be discussed with regard to FIG. 5 and FIG. 6.
FIG. 5 is a flow diagram of a substrate transfer operation, and FIG. 6 is a flow
diagram of a buffer chamber time-out operation according to one embodiment.
The controller 170 executes the operational program to perform the subsirate
fransfer operation and buffer chamber time-out operation, as summarized by
FIG. 5. The controller 170 includes an operational program that the controller
170 executes to perform the first sample operation summarized by FIG. 5 and
FIG. 6. The process summarized by the flow diagrams of FIG. 5 and FIG. 6 can
be performed using the processing system 100.

10
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[6035] The subsirate transfer operation controls the movement of the
substrates between the load lock chambers 140, the processing chambers 120,
the buffer chamber 150, and any other chambers in the processing system 100.
in one embodiment, the subsirate transfer operation includes determining
whether a processing chamber 120 is available for receiving a substrate from the
ioad lock chamber 140A. The processing chamber 120 that is selected for the
substrate to be transferred may be referred to as the destination chamber. A
substrate that is oaded in the load lock chamber 140A and that has not been
processed in one or more of the processing chambers 120 of the transfer
chamber 110 may be referrad {0 a5 a new subsirate.

[6038] Referring to FIG. 5, at biock 505 a first substrate 3, is transferred from
the load lock chamber 140A {0 the transfer chamber 110 by the transfer robot
112. At block 510 the controlier 170 determines whether a destination chamber
is available for the first substrate S, The destination chamber for the first
substrate S, may be one of the processing chambers 120, In some
embodiments, the controller 170 may execute a scheduling algorithm to
determine whether a destination chamber is available for the first substrate 5,. If
a destination chamber is available, at block 515 the first substrate S, is
fransferred {o the destination chamber that is available so that processing may
be performed on the first substrate S, As substrates are moved to the transfer
chamber 110 by the transfer robot 112, additional substrates are placed into que
by being moved to the load lock chamber 140A.

(0037} If a destination chamber is not available, then at block 520 the first
substrate S, is transferred {o the buffer chamber 150 by the transfer robot 112
When the first substrate S, is transferred (o the buffer chamber 150, ai block 525
a substrate buffer timer is started to measure a substrate buffer time that
corresponds to the amount of time that the first substrate S, is held in the buffer
chamber. For example, when the first substraie S, is moved to the buffer

chamber a substrate buffer time T, is measured for the first substrate S, while

11
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the substrate 5, remains in the buffer chamber 150. In an embodiment, a
substrate detector, such as a camera or photoselectric device, may be used in
determining when the substrate S, is moved to the buffer chamber 150 and io
trigger the start of the substrate timer for the substrate S,. The substrate

detector may be located on the buffer chamber 150.

[0038} The process described above for the first substrate 3, is repeated for
additional substrates that are transferred {o the load lock chamber 140A. For
example, the confroller 170 at block 505 directs the first transfer robot 112 to
transfer a second substrate S,.¢ from the load lock chamber 140A {o the transfer
chamber 110. The controller 170 at block 510 determines whether a destination
chamber is available for the second substrate S, that is located in the load lock
chamber 140A in a manner similar to that described for the first substrate S, If a
destination chamber is not available for the second substrate 5,4, the second
substrate S,.1 I8 moved {o the buffer chamber 150, The buffer chamber 150 may
contain a plurality of substrates, including the first substrate 8, and the second
substrate Sn4q, at a given time. When the second substrate S+ IS moved o the
buffer chamber 150, at block 525 a subsirate timer is started to measure a
substrate buffer time Th. for the second subsirate S, while the second
substrate S, remains in the buffer chamber 150. The controller 170 continues
the transfer of subsirates from the load lock chamber 140A {o the transfer

chamber 110 for a plurality of substrates Sy, Sps1, Snez, ...

10039} Al block 530 the conirolier 170 determines whether any subsirate
buffer time (T,, Tasq,...) for any substrate localed in the buffer chamber 150
meets the buffer time-out condition, for example by having been in the buffer
chamber 150 for longer than a predetermined duration, which may be a buffer
time-out duration. The buffer time-out duration may be stored in the memory of
the controller 170. In some embodiments, the buffer time-out duration may be
selected in the time range from zero to fifly days. In some embodiments, a buffer

fime-out signal is generated when any one of the substrates in the buffer

12
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chamber 150 has been in the buffer chamber 150 for longer than a
predetermined duration. At block 600 the controller 170 is triggered to perform a
butfer chamber time-out operation in response to any of the substrates remaining
in the buffer chamber 150 longer than the predetermined duration.

[0040] FIG. 6 is a flow diagram summarizing a buffer chamber time-out
operation 800 according to one embodiment. Referring to FIG. 8, the buffer
chamber time-out operation 800 is triggered when a substrate is identified as
satisfying a buffer time-out condition. After identifying that a substrate in the
buffer chamber 150 of the processing sysiem 100 meets a buffer time-out
condition, the controller 170 generates a buffer time-out signal. For example, the
buffer time-out signal may be any signal that triggers the buffer chamber time-out

operation.

(6641} Al block 805 the controlier suspends transfer of substrates from the
ioad lock chamber 140A to the transfer chamber 110 by directing the fransfer
robot 112 o not transfer substrates from the load lock chamber 140A to the
transfer chamber 110 during a buffer time-out period.  Suspending movement of
substrates from the load lock chamber 140A o the transfer chamber 110 of the
processing system 100 during a buffer time-out period triggered in response 1o
the buffer time-out signal allows for efficient transfer of substrates from the buffer
chamber 150 during the buffer time-cut pericd. Without the buffer time-out
period, substrates may otherwise become stranded in the buffer chamber 150 for

an undesirable period of time that may reduce substrate throughput or guality.

[0042} The controliler 170 may continue controlling the processing of
substrates disposed in the processing chambers 120 at the start of the buffer
time-out period. For example, the controller 170 may direct the transfer robot
112 {o transfer subsirates in the processing chambers 120 to the load lock
chamber 140A or the load lock chamber 1408 or other processing chambers 120
during the buffer time-oul period. A vacuum is maintained for the transfer
chamber 110 during the buffer time-out period.

13
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[6043] During the buffer time-oul period, at block 610 the controller 170
identifies a destination chamber for the substrates located in the buffer chamber
150. At block 815 the controlier 170 directs the transfer robot 112 1o exiract one
of the substrates from the buffer chamber 150. At block 620 the conirolier 170
directs the transfer robot 112 {o move the extracied substrate from the buffer
chamber 150 {o the destination chamber. The destination chamber may be a

processing chamber 120

[0044] At block 625 the controlier 170 determines whether there is a substrate
remaining in the buffer chamber 150, If a substrate remains in the buffer
chamber 150, the buffer chamber time-cut operation continues at block 610, as
described above. The process of transferring the substrates in the buffer
chamber 1560 {o destination chambers continues during the buffer time-out period
until all of the substrates have been removed from the buffer chamber 1580.
When there are no substraies remaining in the buffer chamber 150, the buffer
time-out period ends. The controller 170 re-starts the movement of substrates
from the load lock chamber 140A when the buffer time-out period ends. The
substrate transfer operation for transferring substrates from the load lock
chamber 140A {o the transfer chamber 110 may start again when the controller

170 unsuspends the movement of subsirates from the load lock chamber 140A.

[0045] The buffer chamber time-out operation 600 may operale as follows
where the substrate transfer operation 8§00 has resulted in a first substrate S,
and a second substrate S, being transferred to and stored in the buffer
chamber 150. The controiler 170 identifies that the first subsirate S, has been in
the buffer chamber 150 longer than the predelermined duration. At biock 605,
the controller 170 suspends movement of substrates to the transfer chamber 110
from the load lock chamber 140A. The controller 170 directs the transfer robot
112 1o not extract substrates from the icad lock chamber 140A. At block 610 the
controlier 170 identifies a first destination chamber for first subsirate S,. At block
©15 and block 820 the controller 170 directs the transfer robot 112 {o transfer the

14
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first substrate 5, to the first destination chamber. The transfer of the first
substrate S, includes removing the first substrate Sn from the buffer chamber
150 during the buffer ime-out period, and moving the first substrate 3, to the first
destination chamber after removing the first subsirate from the buffer chamber
150.

[0046] At block 625 the controller 170 identifies that the second substrate S,
is in the buffer chamber 150 and at block 610 a second destination chamber is
identified for the second subsirate 5,44, The second destination chamber may be
the same chamber as the first destination chamber or a different chamber. At
blocks 615 and 620 the second substrate S, is transferred to the second
destination chamber. At biock 625 the controlier 170 identifies, for this example,

that there are no remaining substrates in the buffer chamber 1560,

[0047) Al block 830 the buffer time-oul period ends in response to the
identification that there are no remaining substrates in the buffer chamber 150,
The buffer time-out period ends after remaoving the last remaining substrate in the
buffer chamber 150 so that the buffer time-out period operation ends after
removing every substrate from the buffer chamber. The buffer time-out period
ends after the pluralily of substrates have been transferred from the buffer
chamber 180 so that the buffer chamber 150 is emply when the buffer time-out
period ends. Ending the buffer time-out period afier the buffer chamber 150 is
empty provides the benefit of reducing the number of buffer lime-oul periods
needed during an operation where a large number of subsirates are processed.
The controller 170 may generate a completed time-out period signal indicating
that the buffer time-out period is completed. In the first sample operation, the
buffer time-out period ends after removing the first substrate and removing the
second substrate from the buffer chamber 150. After the buffer time-out period
ends, the movement of substraies from the lcad lock chamber 140A {0 the
transfer chamber 110 is started in response to the completed time-out period

signal. Additional substrates may then be transferred from the load lock chamber
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140A to the transfer chamber 110, and o the processing chambers 120, After
ending the buffer chamber time-out operation, starting movement of substrates
from the load lock chamber 140A allows new subsirates from the load lock

chamber 140A {0 be processed.

[6048] In an alternative embodiment, the removal of substrates from the buffer
chamber 150 during the buffer time-out period may be limited to the substrate
that exceeded the buffer time-cut period and a predetermined number of
additional substrates that may be disposed in the buffer chamber 150, For
exampie, the buffer chamber 150 may have five subsirates in the buffer chamber
150 at the start of the buffer time-out pericd.  The predetermined number of
additional substrates may be selected to be one. In this example of the
alternative embodiment, the controller 170 would direct that the transfer robot
112 remove two subsirates during the buffer time-out periocd so that three
substrates are left in the buffer chamber 150 at the end of the buffer time-out
period. This alernative embodiment, aliows a predetermined number of
substrates o be removed from the buffer chamber 150 during the buffer time-out
period. An algorithm may be used to select the predetermined number of
additional subsirates to remove from the buffer chamber 150 during the buffer

time-out period.

{0049} The buffer chamber time-out operation provides for the removal of a
plurality of substrates from the buffer chamber 150 when any one of the
substrates in the buffer chamber 150 remains in the buffer chamber longer than a
predetermined duration. The buffer chamber fime-out operation ailows for
efficient removal of the substrates in the buffer chamber 150 during the buffer
time-out pericd. The removal of a plurality of substrates when any one substrate
exceeds the buffer time-out period helps make the removal of substrates from
the buffer chamber 150 more efficient when processing substrates in the

procassing system 100.
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[0050] FIG. 7 is a top schematic view of a tandem processing system 700 for
performing vacuum processing on a plurality of substrates, according o one
embodiment of the disclosure. The tandem processing system 700 has a first
transfer chamber 702, a second transfer chamber 704, and an intermediate
transfer chamber 706. A plurality of first processing chambers 710, a first mask
chamber 712, an in load lock chamber 714 and a first passthrough load lock
chamber 716 are coupled o the first transfer chamber 702. The first processing
chambers 710 include first processing chamber 710A through 710E. A plurality
of second processing chambers 720, a second mask chamber 722, and an out
load lock chamber 724 are coupled to the second transfer chamber 704, The
second processing chambers 720 include second processing chamber 720A
through 720E. An intermediate buffer chamber 730 is coupled io the
intermediate transfer chamber 708. The intermediate buffer chamber 730
operates similar to the buffer chamber 150 of the processing system 100 except
that the intermediate buffer chamber 730 is coupled o the intermediate transfer
chamber 708. The first processing chambers 710, in load lock chamber 714, first
passthrough load lock chamber 716, second processing chambers 720, and out
load fock chamber 724, as well as any additionally attached chambers forming
the tandem processing system 700, are sealing coupled to maintain a vacuum
anvironment within the first transfer chamber 702, the second transfer chamber
704, and the intermediate transfer chamber 706. A controller 170 controls the
operations of the tandem processing system 700, The operational program may

be stored in the memory 174 of the controlier 170.

[0051] A first transfer robot 732 is disposed in the first transfer chamber 702
and can be used tc move the subsiraies to and from the chambers that surround
the first transfer chamber 702, such as the first processing chambers 710, in load
lock chamber 714, and first passthrough load lock chamber 716. A second
transfer robot 734 is disposed in the second transfer chamber 704 and can be

used to move the substrates (o and from the chambers that surround the second

17



WO 2018/226366 PCT/US2018/032388

transfer chamber 704, such as the second processing chambers 720, out iocad

lock chamber 724, and second passthrough lcad lock chamber 726,

0052} A first tandem sample operation and a second tandem sample
operation for the tandem processing system 700 are described below. The
process flow for a substrate in the sample operations is from the first transfer
chamber 702, 1o the intermediate transfer chamber 706, and then to the second
transfer chamber 704 where processed subsirates may be removed from the
tandem processing system 700 via the out load lock chamber 724.

[0053] The first tandem sample operation for the tandem processing system
700 is for a substrate that is loaded to the in load lock chamber 714 and that has
a destination chamber coupled to the first transfer chamber 702. The conirociler
170 directs the first transfer robot 732 to transfer the substrate from the in load
ock chamber 714 to the destination chamber that is designated as the first
processing chamber 710A. After processing of the substrate in the first
processing chamber 7104, the controller 170 directs the first transfer robot 732 {o
fransfer the processed substrate {0 the first passthrough load lock chamber 716,
The first passthrough load lock chamber 716 couples the first transfer chamber
702 to the intermediate transfer chamber 706.

[6054] inn the first tandem sample operation, the destination chamber for the
processed substrate in the first passthrough load lock chamber 716 is the out
load lock chamber 724 coupled to the second transfer chamber 704, in this
example, the out load lock chamber 724 is not gvailable, and the controlier 170
directs the intermediate transfer robot 736 {o transfer the processed substrate
from the first passthrough load lock chamber 716 {o the intermediate buffer
chamber 730. By placing the processed substrate in the intermediate buffer
chamber 730, the first passthrough load lock chamber 716 is made available for
other substrates that may need o use the first passthrough load lock chamber

716 as a destination chamber.
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[0055] in the first tandem sample operation, a plurality of processed
substrates may be transferred to the infermediate buffer chamber 730. Al a
given time during the operations of the tandem processing system 700, the
intermediate buffer chamber 730 may store a plurality of processed substrates.
The controlier 170 directs the substrate transfer operation in a similar manner for
both the tandem processing system 700 and the processing system 100 with
respect {o what triggers the transfer of substrates from the intermediate buffer

chamber 730 and buffer chamber 150, respectively.

[00586] Referring to FIG. 5, in the first tandem sampling operation at block 525
a substrate buffer timer is starled for the processed substrate when the
processed substrate is transferred to the intermediate buffer chamber 730, Al
block 800 a buffer chamber time-out operation is triggered when any one of the
substrates stored in the intermediate buffer chamber 730 remains in the
intermediate buffer chamber 730 longer than the predetermined duration.  For
exampie, the buffer chamber time-out operation is triggered when a processed
substrate remains in the intermediate buffer chamber 730 longer than the
predetermined duration. From a start of the buffer chamber time-out operation {o
an end of the buffer chamber time-out operation, The controller 170 suspends
the movement of substrates from the load lock chamber 140A during a buffer

time-out period triggered in response to the buffer time-out signal.

[0057} Referring to FIG. 8, in the first tandem sampling operation at block 608
the controller 170 staris g buffer time-out period where movement of subsirales
from the in load lock chamber 714 {o the first transfer chamber 702 is suspended
during the buffer time-out pericd. The coniroller 170 continues to direct the
movement of substrates in the tandem processing system 700 with the exception
that transfer of new substrates to the first transfer chamber 702 is suspended. In
the first tandem sampling operation, the controller 170 direcis the intermediate
transfer robot 736 {o transfer the processed substrate from the intermediate

buffer chamber 730 {o the second passthrough load lock chamber 726, The
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controller 170 then directs the second iransfer robol 736 to transfer the
processed subsirate from the second passthrough load lock chamber 726 o the
out load iock chamber 724 where the processed substrate may be removed from
the tandem processing system 700, In the first tandem sample operation, at
block 610, block 615, and 820 the controller 170 continues the operation of
fransferring substrates from the intermediate buffer chamber 730 during the
buffer time-out period in a manner as described in the discussions for processing

system 100

[0058] The second tandem sample operation for the tandem processing
system 700 is for a substrate that is loaded {o the in load lock chamber 714 and
that has a destination chamber coupled o the second transfer chamber 704, In
the second tandem sample operation, the destination chamber for the new
substrate for the in load lock chamber 714 is the second processing chamber
720A coupled to the second transfer chamber 704, When the second processing
chamber 720A is not available, the controller 170 directs the first transfer robot
732 1o transfer the new subsirate from the in load lock chamber 714 to the first
passthrough load lock chamber 716, and then from the first passthrough ioad

lock chamber 718 to the intermediate buffer chamber 730.

[0059] By placing the new substrate in the intermediate buffer chamber 730,
the first passthrough load lock chamber 716 is made available for other
substrates, including new substrates and processed substrates, that may need to

use the first passthrough load lock chamber 716,

[0060] The second tandem sample operation operales as discussed for the
first tandem sample operation with respect to what triggers the transfer of
substrates from the intermediate buffer chamber 730. For example, the buffer
chamber time-out operation 800 is triggered when the new substrate remains in
the intermediate buffer chamber 730 longer than the predetermined duration.
During the buffer time-out period, the coniroller 170 directs the intermediate
fransfer robot 736 1o fransfer the new substrate from the intermediate buffer
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chamber 730 o the second passthrough load lock chamber 728, and the
controller 170 then directs the second transfer robot 734 to transfer the new
substrate from the second passthrough load lock chamber 726 o the second
processing chamber 720A for processing. As discussed with respect {o the first
tandem sampling operation, a plurality of substrates may be stored in the
intermediate buffer chamber 730 at a particular time during the operation of the
tandem processing system 700 In some embodiments, a plurality of new

substrates may be stored in the intermediate buffer chamber 730.

[0081] in other embodiments, a plurality of processed substrates may be
stored in the intermediate buffer chamber 730, In other embodiments, both new
substrates and processed substrates may be stored in the intermediate buffer
chamber 730, During the buffer time-out period of the second fandem sample
operation, substrates may be removed from the intermediate buffer chamber 730
in the same manner as discussed with respect {o the first tandem sample
operation.

[0062] The processing system 100 and the tandem processing system 700
described above allows for processes to be performed on a large number of
substrates at a high throughput. Triggering a buffer time-out period to remove 8
plurality of substrates from the buffer chamber 180 of the processing system 100
and the intermediate buffer chamber 730 of the tandem processing system 700
provides for a more efficient method to remove substrates that may be stranded
in storage. Efficiently handling substrates in storage improves the movement of
the subslrates belween chambers and helps improve the throughput of
substrates. Improved throughput of substrates reduces operational costs for the
system and the overall cost of fabrication.

0083} While the foregoing is directed to embodimenis of the present
disclosure, other and further embodiments of the disclosure may be devised
without departing from the basic scope thereof, and the scope thereof is
determined by the claims that follow.
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Claims:

1. A method for processing substrates in a processing system comprising:

identifying, in a buffer chamber coupled to a transfer chamber of a
processing system, a first substrate that has been in the buffer chamber longer
than a predstermined duration;

identifying a first destination chamber of the processing system for the first
substrate;

after identifying the first substrate, performing a buffer chamber time-out
operation, wherein the buffer time out operation comprises suspending
movement of subsirates from a load lock chamber to the fransfer chamber and

removing the first substrate from the buffer chamber.

2. The methed of claim 1, further comprising:

identifying a second destination chamber of the processing system for a
second substrate in the buffer chamber; and

wherein the buffer chamber time-out operation further comprises removing
the second substrate from the buffer chamber.

3. The method of claim 2, further comprising:

ending the buffer chamber time-out operation afier removing every
substrate from the buffer chamber; and

after ending the buffer chamber time-out operation, starting movement of

substrates from the load lock chamber o the transfer chamber.
4 The method of claim 1, further comprising:

storing a plurality of substrates in the buffer chamber; and

ending the buffer chamber time-oul operation after the plurality of
substrates have been removed from the buffer chamber.

5. The method of claim 4, further comprising:
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moving the first subsiraie with a transfer robot from the load lock chamber
to the buffer chamber; and
moving the first substrate to the first destination chamber after removing

the first substrate from the buffer chamber.

8. The method of claim 5, wherein the transfer robot is in a first transfer
chamber, and wherein the buffer chamber is coupled {o the first transfer

chamber.

7. The method of claim 1, wherein a predetermined number of substrates are

removed from the buffer chamber during the buffer chamber time-out operation.

8. A method for processing substrates comprising:
identifying, in a buffer chamber of a processing system, a first subsirate
that has been in the buffer chamber longer than a predetermined duration,
wherein the processing system further includes:
a first transfer chamber,
a load lock chamber coupled to the first transfer chamber,
a second transfer chamber,
an intermediate transfer chamber coupled io the buffer chamber,
a first passthrough load lock chamber that couples the first transfer
chamber with the intermediate fransfer chamber, and
a second passthrough load lock chamber that couples the second
transfer chamber with the intermediate transfer chamber;
identifying a first destination chamber for the first substrate, wherein the
first destination chamber is coupled to the second transfer chamber,
after identifying the first substrate, performing a buffer chamber time-out
operation, wherein the buffer chamber fime-out operation comprises suspending
movement of substrates from the load lock chamber to the first transfer chamber
and removing the first substrate from the buffer chamber.

23



WO 2018/226366 PCT/US2018/032388

8. The method of claim 8, further comprising:

identifying a second substrate in the buffer chamber;

identifying a second destination chamber for the second substrate in the
buffer chamber, wherein the second destination chamber is coupled o the
second transfer chamber: and

wherein the buffer chamber time-out operation further comprises removing

the second substrate from the buffer chamber.

16, The method of claim 9, further comprising:

ending the buffer chamber fime-ocul operation afier removing every
substrate from the buffer chamber; and

after ending the buffer chamber time-out operation, starting movement of

substrates from the load lock chamber to the first transfer chamber.

11.  The method of claim 8, further comprising:
storing a plurality of subsirates in the buffer chamber; and
ending the buffer chamber time-out operation after the plurality of

substrates have besn removed from the buffer chamber.

12.  The method of claim 9, wherein first transfer chamber has a first fransfer
robot, the second transfer chamber has a second transfer robot, and the

intermediate transfer chamber has an intermediate transfer robot.

13. A non-transitory machine readable storage medium having stored thereon
a compuler program for processing substrales in a processing sysiem, the
computer program comprising a routine of set instructions for causing the

processing system to perform a process comprising:
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identifying, in a buffer chamber coupled to a transfer chamber of a
processing system, a first substrate that has been in the buffer chamber longer
than a predetermined duration;

identifying a first destination chamber of the processing system for the first
substrate;

after identifying the first substrate, performing a buffer chamber time-out
operation, wherein the buffer time out operation comprises suspending
movement of substrates from a load lock chamber {0 the transfer chamber and

removing the first substrate from the buffer chamber.

14.  The non-transitory machine readable storage medium of claim 13, wherein
the process further comprises:

identifying a second destination chamber of the processing system for a
second substrate in the buffer chamber; and

wherein the buffer chamber time-out operation further comprises removing

the second substrate from the buffer chamber.

15, The non-transitory machine readable storage medium of claim 13, wherein
the process further comprises:

ending the buffer chamber time-out operation after removing every
substrate from the buffer chamber; and
after ending the buffer chamber time-out operation, starting movement of
substrates from the load lock chamber to the transfer chamber.
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