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LINKED VACUUM PROCESSING TOOLS AND METHODS OF USING THE SAME

The present application claims priority to U.S.
Provisional Patent Application Nos. 61/681,062, filed August
8, 2012, and 61/723,775, filed November 7, 2012, which are
hereby incorporated by reference herein in their entirety

for all purposes.

FIELD

The present application relates to semiconductor device
manufacturing, and more specifically to vacuum processing

tools and methods of using the same.

BACKGROUND

Manufacturing of semiconductor devices typically
involves performing a sequence of procedures with respect to
a substrate or “wafer” such as a silicon substrate, a glass
plate, etc. These steps may include polishing, deposition,
etching, photolithography, heat treatment, and so forth.
Usually a number of different processing steps may be
performed in a single processing system or "tool" which
includes a plurality of processing chambers. However, it is
generally the case that other processes are performed at
other processing lcocations within a fabrication facility,
and it 1s accordingly necessary that substrates be
transported within the fabrication facility from one
processing location to another. Depending on the type of
semiconductor device to be manufactured, there may be a

relatively large number of processing steps employed, to be
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performed at many different processing locations within the

fabrication facility.

It is conventional to transport substrates from one
processing location to another within substrate carriers
such as sealed pods, cassettes, containers and so forth. It
is also conventional to employ automated substrate carrier
transport devices, such as automatic guided vehicles,
overhead transport systems, substrate carrier handling
robots, etc., to move substrate carriers from location to
location within the fabrication facility or to transfer
substrate carriers from or to a substrate carrier transport

device.

Such transport of substrates typically involves
exposing the substrates to room air, or at least to non-
vacuum conditicns. Either may expose the substrates to an
undesirable environment (e.g., oxidizing species) and/or

contaminants.

SUMMARY

In some embodiments, a linked processing tool system is
provided that includes (1) a first processing tool having at
least a first transfer chamber configured to couple to a
plurality of processing chambers; (2) a second processing
tool having at least a second transfer chamber configured to
couple to a plurality of processing chambers; (3) a third
transfer chamber coupled between the first and second
processing tools and configured to transfer substrates
between the first and second processing tools; and (4) a
single sequencer that controls substrate transfer operations

between the first processing tool, the second processing
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tool and the third transfer chamber of the linked processing
tool system.

In some embodiments, a linked processing tool system is
provided that includes (1) a first processing tool having at
least a first transfer chamber configured to couple to a
plurality of processing chambers; (2) a second processing
tool having at least a second transfer chamber configured to
couple to a plurality of processing chambers; and (3) a
buffer chamber that couples to at least one of the first and
second processing tools and a factory interface, the buffer
chamber configured to retrieve substrates from the factory
interface and transfer the substrates to at least one of the
first and second processing tools. The first and second
processing tools and the buffer chamber are configured so
that substrates transferred from the buffer chamber are
isolated from the buffer chamber and transferred between and
processed within processing chambers of the first processing
tool and processing chambers of the second processing tool
while under vacuum.

In some embodiments, a linked processing tool system is
provided that includes (1) a first processing tool having a
first transfer chamber and a second transfer chamber each
configured to couple to a plurality of processing chambers;
(2) a second processing tool having a third transfer chamber
and a fourth transfer chamber each configured to couple to a
plurality of processing chambers; (3) a third processing
tool having a fifth transfer chamber and a sixth transfer
chamber each configured to couple to a plurality of
processing chambers; (4) a first via coupling the second
transfer chamber of the first processing tool to the third
transfer chamber of the second processing tool; (5) a second
via coupling the second transfer chamber of the first

processing tool to the fourth transfer chamber of the second
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processing tool; (6) a third via coupling the fifth transfer
chamber of the third processing tool to the third transfer
chamber of the second processing tool; and (7) a fourth via
coupling the fifth transfer chamber ¢of the third processing
tool to the fourth transfer chamber ¢f the second processing
tool., The third transfer chamber of the second processing
tool serves as a buffer chamber configured to retrieve
substrates from a factory interface and transfer the
substrates to the second transfer chamber of the first
processing tool. The first, second and third processing
tools are configured so that substrates transferred from the
third transfer chamber into the second transfer chamber are
isolated from the third transfer chamber and transferred
between and processed within processing chambers coupled to
the first transfer chamber, second transfer chamber, fourth
transfer chamber, fifth transfer chamber and sixth transfer
while under vacuum and isolated from the third transfer
chamber. Numerous other embodiments are provided in

accordance with these and other aspects of the invention.

Other features and aspects of the present invention
will become more fully apparent from the following detailed
description, the appended claims and the accompanying

drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A illustrates an example linked processing tool

(LPT) system that includes a first processing tool linked to
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a second processing tool with a third processing tool in

accordance with embodiments of the present invention.

FIG. 1B illustrates an alternative embodiment of the
LPT system of FIG. 1A in accordance with embodiments of the

present invention.

FIG., 1C is a top schematic view of an alternative
embodiment of an LPT system provided in accordance with

embodiments of the present invention,

FIG. 2 is a top schematic diagram illustrating the
footprint of the LPT of FIG. 1C in comparison to a typical
factory layout of three stand-alone processing tools in

accordance with embodiments of the present invention.

FIG. 3 1s a top schematic diagram of an example layout
of four LPTs of FIG. 1C in comparison to an example layout
of stand-alone processing tools in accordance with

embodiments of the present invention,

FIG. 4A 1is a top schematic diagram of another
alternative LPT provided in accordance with the present

invention.

FIG. 4B 1s a top schematic diagram of ancother
alternative LPT provided in accordance with the present

invention.

FIG. 5 is a top schematic diagram illustrating the
footprint of the LPT of FIG. 4A in comparison to a typical
factory layout of three stand-alone processing tools in

accordance with embodiments of the present invention.

FIG. 6 1s a top schematic diagram of an example layout

of LPTs of FIG. 4A in comparison to an example layout of
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stand-alone processing tools in accordance with embodiments

of the present invention.

FIG. 7 is a top schematic view of another alternative
LPT provided in accordance with embodiments of the present

invention.

FIG., 8 is a top schematic view of another alternative
LPT provided in accordance with embodiments of the present

invention.

FIG. 9 is a top schematic view of another alternative
LPT provided in accordance with embodiments of the present

invention.

FIG. 10 is a top schematic view of another alternative
LPT that is similar to the LPT of FIG. 9, but which includes
fewer substrate transfers, in accordance with embodiments of

the present invention.

FIG. 11 is a top schematic view of another alternative
LPT that is similar to the LPT of FIG. 7, but which includes
fewer substrate transfers in accordance with embodiments of

the present invention.

FIG., 12 is a top schematic view of another alternative
LPT in which four processing tools are coupled under vacuum
with a plurality of transfer chambers and vacuum extensions

in accordance with embodiments of the present invention.

FIG. 13 is a top schematic view of another alternative
LPT provided in accordance with embodiments of the present

invention.

FIG. 14 is a top schematic view of another alternative
LPT provided in accordance with embodiments of the present

invention.
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FIG. 15 is a top schematic view of another alternative
LPT provided in accordance with embodiments of the present

invention.

FIG. 16 is a top schematic diagram of anocther
alternative LPT provided in accordance with embodiments of

the present invention.

DETAILED DESCRIPTION

In accordance with embodiments of the present
invention, one or more processing tools may be coupled
together or “linked” to form a linked processing tool (LPT)
system. As will be described further below, use of an LPT
system allows substrates to be transported under vacuum to
the various chamber locations of each processing tool within
the LPT system, and may significantly increase the number of
high vacuum or “clean” chamber locations (e.g., facets)
available on a mainframe., (Such processing tools would
typically be used as separate, stand-alone processing tools

that operate independently of one another.)

In some embodiments, an LPT system may be viewed as a
single tool, at least to an operator and/or factory
software, and employ one sequencer, one monitcor, one
substrate history, and/or one connection to a factory. For
example, single software and/or a single user interface may
be employed for the LPT system, allowing (1) all data and
screens to be viewed through the same monitor; (2) use of a
single sequencer, substrate history, event log, error
recovery, etc.; and/or (3) use of a single connection to the
factory host. Such an embodiment may provide a user with an
experience similar to that observed when employing a single

tool, providing unified error recovery, and no special
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procedures for transferring substrates from one tool to the
next within the LPT system. Substrate return to carrier may
be performed in the same manner as 1s employed for an
individual processing tool. Likewise, a single sequencer
may be used to optimize throughput and provide conditioning
of chambers under any and/or all conditions (e.g., lot
start, end, number of substrates, etc.). Unified single
substrate history and events, and/or a single-wire factory

automation (FA) connection may be employed.

In other embodiments, each processing toocl within an
LPT system may be viewed as a separate tool and/or each tool
may employ a separate sequencer, monitor, substrate history
and/or connection to a factory. For example, each tool with
the LPT system may be treated as a separate tool by the
factory and/or flow of materials may be managed by a user’s
FA host software. In some embodiments, a software interface
and/or software code may be provided for controlling
substrate delivery to an LPT system’s front end, taking into
account the number of processing tools and/or chambers

available within the LPT system.

In either embodiment, the LPT system may be Semi S2/S8
compliant (e.g., employ a single emergency-off (EMO)

system) .

In some embodiments, and as described below, the vacuum
level in the buffer chambers of linked processing tools may
be increased and/or maximized to reduce and/or minimize
process risks. In some embodiments, transfer chamber vacuum
levels of greater than about 10° Torr may be employed.
Further, in some embodiments, all existing chambers of each
processing tool may be integrated (e.g., accessible under

vacuum conditions) within a linked processing tool system.
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In a single tool embodiment, software may be provided
to control and/or present all components of the LPT system
as a unified tool to the operator and FA host. For example,
a similar user experience may be provided relative to the
processing tools within the LPT system, with little new
training and/or updated operating procedures. As mentioned,
unified substrate history and/or events may be employed
{(e.g., substrate flow through all processing chambers within
the LPT system may be stored in a single substrate history
database). Further, a unified sequencer may be employed to
control flow of substrates through all chambers and/or
manage re-orientation of substrates (if needed), and/or to
perform any other suitable functions for improving and/or
optimizing throughput. For example, a unified sequencer may
be employed to manage conditioning and/or pasting of
chambers based on existing conditioning triggers (e.g., lot
start/end, number of substrates, or the like). Sequencer
architecture may include “children” sequencers for the
processing tools within the LPT system, with an interface

defined for the children sequencers.

FIG. 1A illustrates an example LPT system 100a that
includes a first processing tool 102a linked to a second
processing tool 102b with a third processing tool 104.
Fewer or more processing tools may be linked, and/or other
linking configurations may be employed as described further
below. Vias 114a, 114b and/or 11l4c allow substrates to be
transported between processing tools 102a, 102b and 104.
Substrates may be supplied to the LPT system 100a at a
factory interface 116 and supplied to processing tool 104
through one or more load locks 118. Additional factory

interfaces and/or load locks may be employed.

SUBSTITUTE SHEET (RULE 26)

PCT/US2013/054001



10

15

20

25

30

WO 2014/025918 PCT/US2013/054001

The LPT system 100a of FIG. 1A may be viewed as a
single tool, at least to an operator and/or factory
software, and employ single tool controller 120, one
sequencer 122, one monitor 124, one substrate history 126,
and/or one connection to a factory. For example, single
software and/or a single user interface may be employed for
the LPT system 100aa, allowing (1) all data and screens to
be viewed through the same monitor 124; (2) use of a single
sequencer 122, substrate history 126, event log 128, error
recovery 130, etc.; and/or (3) use of a single connection to
the factory host. As mentioned, such an embodiment may
provide a user with an experience similar to that observed
when employing a single tool, providing unified error
recovery, and no special procedures for transferring
substrates from one tool to the next within the LPT system
100a. Substrate return to carrier may be performed in the
same manner as is employed for an individual processing
tool., Use of single sequencer 122 may be used to optimize
throughput and provide conditioning of chambers under any
and/or all conditions (e.g., lot start, end, number of
substrates, etc.). Unified single substrate history and
events, and/or a single-wire factory automation (FA)

connection may be employed.

Tool controller 120 may include one or more
appropriately programmed microprocessors, microcontrollers,
programmable logic controllers, dedicated hardware and/or
software or the like. Seguencer 122, substrate history 126,
event log 128, error recovery 130 and/or emergency-off
system 132 may be part of, separate from and/or remote from

tool controller 120.

FIG. 1B illustrates an alternative embodiment of the

LPT system, referred to as LPT system 100b, in which each

10
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processing toeol 102Za, 102b and 104 within the LPT system may
be viewed as a separate tool and/or each tool may employ a
separate sequencer, monitor, substrate history and/or
connection to a factory. For example, each tool with the
LPT system 100b may be treated as a separate tool by the
factory and/or flow of materials may be managed by a user’s
FA host software. In some embodiments, a software interface
and/or software code may be provided for controlling
substrate delivery to an LPT system 100b’s front end, taking
into account the number of processing tools and/or chambers
available within the LPT system 100b. In either embodiment,
the LPT system may be Semi $2/S8 compliant (e.g., employ a
single emergency-off (EMO) system 132).

Additional example embodiments of LPT sets are
described below with reference to FIGS. 1C-16. The LPT sets
are shown employing the Endura 2 mainframe available from
Applied Materials, Inc. of Santa Clara, CA. 1In some
embodiments, the Charger transfer chamber and/or the Centura
ACP mainframe, also available from Applied Materials, Inc.,
may be employed within LPT sets. Other suitable mainframes

and/or transfer chambers may be used.

With reference to the figures, FIG. 1C is a top
schematic view of an LPT system 100c¢ (hereinafter “LPT
100c¢”) provided in accordance with embodiments of the
present invention. The LPT 100c¢c includes a first processing
tool 102a coupled to a second processing tool 102b via a
buffer tool 104. For example, the first and second
processing tools 102a, 102b may be Endura 2's and the buffer
tool 104 may be a Centura ACP, available from Applied
Materials, Inc. of Santa Clara, CA. Other types and/or
numbers of processing tools and/or or buffer chambers may be

used.

11
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Processing tool 102a includes processing chambers 106a-
g coupled to transfer chambers 108a and 108b, and processing
tool 102b includes processing chambers 106h-n coupled to
transfer chambers 108c and 108d. Buffer tool 104 includes
degas and/or preclean chambers 110a-b coupled to transfer
chamber 112, and 1s coupled to processing tool 102a with via
114a and to processing tool 102b with via 114b. Processing
tools 102a and 102b are coupled with via 114c. A factory
interface 116 provides substrates to the buffer tecol 104 via

load locks 118a, 118b.

Processing chambers 106a-n may be any type of
processing chambers such as deposition chambers (e.g.,
physical wvapor deposition, chemical vapor deposition, plasma
enhanced chemical vapor deposition, etc.), etch chambers,
degas chambers and/or any other type of processing chambers.
Any number of processing chambers 106a-n may perform the

same or different processes.

As will be described further below, because of the
buffering provided by buffer tool 104, each of the transfer
chambers 108a-108d may be operated as a clean, high vacuum
transfer chamber. The LPT 100c¢ thus provides four clean,
high vacuum transfer chambers 108a-108d, as opposed to two
clean, high vacuum transfer chambers as would be present if
the processing tools 102a and 102b were employed as stand-
alone processing tools. Further, substrates may be
transferred between the four transfer chambers 108a-108d
without breaking vacuum and/or while maintaining & similar
high vacuum level. Additional and/or alternative vacuum
pumps, such as cryopumps, turbopumps or the like, may be
employed with transfer chambers 108b and/or 108c if desired.

Other LPT system configurations may provide larger numbers

12
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of clean, linked high vacuum transfer chambers as will be

described further below.

In operation, substrates are delivered to the LPT 100c
at the factory interface 116. For example, a substrate
carrier housing a plurality of substrates may be delivered
to the factory interface 116. At the factory interface 116,
the substrate carrier is opened and substrates are
transferred into the LPT 100c for processing. As an
example, a substrate may be transferred from the factory
interface 116 into first load lock 118a of buffer tool 104.
Within buffer tool 104, the substrate may be degassed and/or
precleaned employing one or both of degas/preclean chambers
110a, 110b. Following degas/preclean, the substrate may be
transferred through via 1l4a to transfer chamber 108b of
processing tool 102a, for processing within processing
chamber 106a, for example. Following processing within
processing chamber 106a, the substrate may be transferred to
transfer chamber 108a and processed within one or more of
processing chambers 106b-f. The substrate then may be
transferred back to transfer chamber 108b, processed in
processing chamber 106g (if desired), and transferred to
transfer chamber 108c of processing tool 102b through via
114c. 1In some embodiments, via 114c may include a notch
finder, a substrate aligner and/or re-orienter, etc., that
may determine and/or adjust the alignment/orientation of the
substrate as 1t passes between processing tools 102a and
102b. For example, substrates may be pre-aligned within the
factory interface 116 prior to entering buffer tool 104.

The alignment may be suitable for processing within the
various processing chambers of processing tool 102a, but not
suitable for processing within the various processing
chambers of processing tool 102b due to the

position/orientation of the processing chambers 106h-106n.

13
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In such cases, substrates may be “re-clocked” or re-aligned
prior to entry into processing tool 102b within the via

11l4c.

Within processing tool 102b, the substrate may be
similarly processed within one or more of processing chamber
106h-106n, and returned to buffer tool 104 through via 114b.
The substrate then may be transferred back to the factory
interface 116 and/or a substrate carrier. ©Note that
substrates may travel through the LPT 100c in other
directions and/or paths, and be processed within any number

of the processing chambers 106a-n in any order.

In some embodiments, the LPT system 100c¢ may be viewed
as a single tool, at least to an operator and/or factory
software, and employ single tool controller 120, one
sequencer 122, one monitor 124, one substrate history 126,
and/or one connection to a factory. In other embodiments,
each processing tool within LPT system 100c may be viewed as
a separate tool and/or each tool may employ a separate
sequencer, monitor, substrate history and/or connection to a

factory.

FIG. 2 is a top schematic diagram illustrating the
footprint of the LPT 100c of FIG. 1C in comparison to a
typical factory layout of three stand-alone processing tools
200a-c. The LPT 100c provides four clean, *“linked” high
vacuum transfer chambers (with 14 facets) in comparison to
three clean, “unlinked” high vacuum transfer chambers. FIG.
3 1is a top schematic diagram of an example layout of four
LPTs 100a in comparison to an example layout of stand-alone

processing tools 300a-f.

FIG. 4A 1s a top schematic diagram of a first

alternative LPT 400 provided in accordance with the present

14
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invention. The LPT 400 of FIG. 4A is similar to the LPT
100c of FIG. 1C, with the buffer tool 104 replaced by a
dual-transfer-chamber processing tool 402 similar to
processing tools 102a, 102b. For example, the processing
tool 402 may be an Endura 2 system available from Applied

Materials, Inc., or another suitable processing tool.

The processing tool 402 includes processing chambers
406a-c, and first and second transfer chambers 408a-b. The
first transfer chamber 408a serves as a buffer chamber for
LPT 400 and provides for substrate transfer to/from
processing tool 102a through via 414a, and to/from
processing tool 102b through via 414b. Transfer chamber
408b of processing tool 402 serves as an additional clean,
high vacuum transfer chamber for LPT 400 and provides three
additional processing chambers 406a-c in comparison to LPT
100c of FIG. 1C. LPT 400 of FIG. 4A therefore has a total
of five clean, linked high vacuum transfer chambers coupling
seventeen processing chambers. A substrate may be
transferred from factory interface 116, through transfer
(buffer) chamber 408a, to one or more of the processing
chambers 106a-n and 406a-c for processing. Thereafter, the
substrate may be returned to factory interface 116 through
transfer (buffer) chamber 408a. In some embodiments, via
414c and/or via 414d may include a notch finder, a substrate
aligner and/or re-orienter, etc., 415 that may determine
and/or adjust the alignment/orientation of a substrate as it
passes between processing tools 102a, 102b and/or 402. 1In
some embodiments, because substrates are not passed between
transfer chambers 408a and 408b, pass throughs are not
provided between transfer chambers 408a and 408b (as shown).
Pass through chambers 417 are provided between transfer
chambers 108a and 108b, and between transfer chambers 108c

and 108d.

15
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Additional and/or alternative vacuum pumps, such as
cryopumps, turbopumps or the like, may be employed with
transfer chambers 108b and/or 108c of processing tool 102a,
102b 1f desired. For example, FIG. 4B illustrates an
embodiment of the LPT 400 in which two pumps 420a, 420k may
be added to transfer chamber 108b of processing tool 102a
and two pumps 420c¢, 420d may be added to transfer chamber
108c of processing tool 102k. The pumps 420a-420d may
include cryopumps, turbopumps, a combination thereof and/or
any other suitable pumps. Other numbers of pumps may be

used.

In operation and with reference to FIGS. 4A-4B,
substrates are delivered to the LPT 400 at the factory
interface 116. For example, a substrate carrier housing a
plurality of substrates may be delivered to the factory
interface 116. At the factory interface 116, the substrate
carrier is opened and substrates are transferred into the
LPT 400 for processing. As an example, a substrate may be
transferred from the factory interface 116 into first load
lock 118a coupled to transfer chamber 408a. Within transfer
chamber 408a, the substrate may be degassed and/or
precleaned employing one or both of degas/preclean chambers
110a, 110b. Following degas/preclean, the substrate may be
transferred through via 414a to transfer chamber 108b of
processing tool 102a, for processing within processing
chamber 106a, for example. Following processing within
processing chamber 106a, the substrate may be transferred to
transfer chamber 108a and processed within one or more of
processing chambers 106b-f. The substrate then may be
transferred back to transfer chamber 108b, processed in
processing chamber 106g (if desired), and transferred to
transfer chamber 408b of processing tool 402 through via

414c., 1In some embodiments, via 4l4c may include a notch

16

SUBSTITUTE SHEET (RULE 26)



10

15

20

25

30

WO 2014/025918 PCT/US2013/054001

finder, a substrate aligner and/or re-orienter, etc.,
represented by reference numeral 415, that may determine
and/or adjust the alignment/orientation of the substrate as
it passes between processing tools 102a and 402. For
example, substrates may be pre-aligned within the factory
interface 116 prior to entering processing chamber 408a.

The alignment may be suitable for processing within the
various processing chambers of processing tool 102a, but not
suitable for processing within the processing chambers 406a-
¢ due to the orientation/position of the processing
chambers. In such cases, substrates may be re-aligned prior

to entry into processing tool 402.

Within processing tool 402, the substrate may be
processed within one or more of processing chambers 406a-c.
The substrate then may be transferred to processing tool
102b through via 414d. In some embodiments, via 414d may
include a notch finder, a substrate aligner and/or re-
orienter, etc., that may determine and/or adjust the
alignment/orientation of the substrate as it passes between

processing tools 402 and 102b as previously described.

Within processing tool 102b, the substrate may be
similarly processed within one or more of processing chamber
106h-106n, and returned to transfer chamber 408a through via
414b. The substrate then may be transferred back to the
factory interface 116 and/or a substrate carrier. Note that
substrates may travel through the LPT 400 in other
directions and/or paths, and be processed within any number

0of the processing chambers 106a-n in any order.

In some embodiments, the LPT system 400 may be viewed
as a single tool, at least to an operator and/or factory
software, and employ single tool controller 120, one

sequencer 122, one monitor 124, one substrate history 126,

17

SUBSTITUTE SHEET (RULE 26)



WO 2014/025918 PCT/US2013/054001

and/or one connection to a factory. In other embodiments,
each processing tool within the LPT system 400 may be viewed
as a separate tool and/or each tool may employ a separate
sequencer, monitor, substrate history and/or connection to a

factory.

FIG. 5 is a top schematic diagram illustrating the
footprint of the LPT 400 of FIG. 4A in comparison to a
typical factory layout of three stand-alone processing tools
500a-c. The LPT 400 provides five clean, linked high wvacuum
transfer chambers (with 17 facets) in comparison to three
clean, unlinked high vacuum transfer chambers. FIG. 6 is &
top schematic diagram of an example layout of LPTs 400a-c in
comparison to an example layout of stand-alone processing

tools 600a-f.

FIG. 7 1s a top schematic view of an alternative LPT
700 provided in accordance with embodiments of the present
invention. In the LPT 700 of FIG. 7, the processing tools
102a and 102b are “face-to-face” and a transfer chamber 702
such as the Charger Transfer Chamber available from Applied
Materials, Inc. or another suitable transfer chamber is
employed to couple processing chambers 102a and 102b, and to
supply substrates from a factory interface 116. 1In such an
embodiment, the degas/preclean chambers 110a-110b may be
located on the processing tool 102a and/or 102b (shown on
processing tool 102a in FIG. 7). In some embodiments, the
transfer chamber 702 may include an aligner/orienter 720,
for example. Substrates may be pre-aligned within the
factory interface 116. The alignment may be suitable for
processing within the various processing chambers of
processing tool 102Za, but not suitable for prccessing within
the various processing chambers of processing tool 102b due

to the orientation/position of the processing chambers
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within processing tool 102. 1In such cases, substrates may

be re-aligned prior to entry into processing tool 102b.

FIG. 8 is a top schematic view of an alternative LPT
800 provided in accordance with embodiments of the present
invention. In the LPT 800 of FIG. 8, the processing tools
102a and 102b are “side-by-side” and a transfer chamber 802
is employed to couple processing chamber 102a and 102b.
Substrates may be supplied from a factory interface 116 at

one or more of the processing tools 102a and 102b.

FIG. 9 1s a top schematic view of an alternative LPT
900 provided in accordance with embodiments of the present
invention. In the LPT 900 of FIG. 9, the processing tools
102a and 102b are face-to-face. A first transfer chamber
902 couples to factory interface 116 via load lock 904 and
supplies substrates to a second transfer chamber 906 through
a pass through 908. The transfer chamber 906 is employed to
couple processing chamber 102a and 102b through vias 909a
and 909b. An additional processing chamber 910 (shown in
phantom) may be coupled to transfer chamber 906. In some
embodiments, a preclean/degas chamber 912 may be coupled to
the transfer chamber 902, for example. Further, in one or
more embodiments, an aligner 914 may be in-line with one or
more of the vias that couple to the processing chambers 102a
and 102b, and/or a standalone aligner may be used, for re-

orienting substrates if desired.

FIG. 10 is a top schematic view of an alternative LPT
1000 that 4is similar to the LPT 900 of FIG. 9, but which
includes fewer substrate transfers. For example, the LPT
1000 includes a transfer chamber 1002 that couples
processing chambers 102a, 102b and couples to factory
interface through vacuum extension 1004 and locad lock 1006.

In one or more embodiments, an aligner 1008 may be in-line
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with one or more of the vias that couple to the processing
chambers 102a and 102b, and/or a standalone aligner may be
used. An additional processing chamber 1010 (shown in
phantom) may be coupled to transfer chamber 1002 in some

embodiments.

FIG. 11 is a top schematic view of an alternative LPT
1100 that is similar to the LPT 700 cof FIG. 7, but which
includes fewer substrate transfers (e.g., as the transfer
chamber is (directly) coupled to the processing tools/vias

as shown) .

FIG. 12 1is a top schematic view of an alternative LPT
1200 in which four processing tools 102a-d are coupled under
vacuum with a plurality of transfer chambers 1204a-d and
vacuum extensions 1222, Additional transfer chamber(s)
and/or vacuum extension(s) 1222 may be employed to address
service access concerns. In some embodiments, a second
factory interface 1224 (shown in phantom) may be positioned
on the back end (near processing tools 102c¢ and 102d) of the
vacuum link to allow substrates to be removed at the back

end location.

FIG. 13 is a top schematic view of an alternative LPT
1300 provided in accordance with embodiments of the present
invention. In the LPT 1300 of FIG. 13, the processing tools
102a and 102b are side-by-side and multiple transfer
chambers 1304a-c are employed to couple processing tools
102a and 102b. Substrates may be supplied from one or more
factory interfaces 1ll6a-b. Such an embodiment may provide a
convenient service aisle 1306 between the processing tools
102a-102b for servicing the processing chambers coupled to

each tool.
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FIG. 14 is a top schematic view of an alternative LPT
1400 provided in accordance with embodiments of the present
invention. In the LPT 1400 of FIG. 14, the processing tools
102a and 102b are face-to-face and are coupled via a
transfer chamber 1404 located between the tools 102a, 102b
as shown. The transfer chamber 1404 couples to processing
chamber 102a through via 1406a and to processing chamber
102b through via 1406b. Substrates are supplied to and/or
removed from the LPT 1400 via the processing tool 102a
and/or 102b at factory interfaces 1llea, 116b. In some
embodiments, only one factory interface may be employed
(e.g., and substrates may enter and exit the LPT 1400
through the same factory interface 116)., One or more of the
processing tools 102a and 102b may include an aligner 1408a,

1408b and/or degas chamber 1410a, 1410Db.

In operation and with reference to FIGS. 14, substrates
may be delivered to the LPT 1400 at the factory interface
116a. For example, a substrate carrier housing a plurality
of substrates may be delivered to the factory interface
116a. At the factory interface 116a, the substrate carrier
is opened and substrates are transferred into the LPT 1400
for processing. As an example, a substrate may be
transferred from the factory interface 116a into first load
lock 118a coupled to transfer chamber 108a. Within transfer
chamber 108a, the substrate may be degassed and/or
precleaned employing the degas/preclean chamber 1410a and
transferred to processing chamber 106a, for example.
Following processing within processing chamber 106a, the
substrate may be processed within one or more of processing
chambers 106b-f. The substrate then may be transferred to
transfer chamber 1404 through via 1406a and then to transfer
chamber 108c through via 1406b. In some embodiments, via

1406a and/or 1406b may include a notch finder, a substrate
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aligner and/or re-orienter, etc., that may determine and/or
adjust the alignment/orientation of the substrate as it

passes between processing tools 102a and 102b.

Within processing tool 102b, the substrate may be
processed within one or more of processing chambers 106g-
1067j. The substrate then may be transferred to factory
interface 116b or back through processing tool 102a to
factory interface 116a. Note that substrates may travel
through the LPT 1400 in other directions and/or paths, and
be processed within any number of the processing chambers
106a-j in any order. 1In some embodiments, one or more
processing chambers may be coupled to transfer chamber 1404
to provide additional processing capabilities to the LPT

1400.

FIG. 15 is a top schematic view of an alternative LPT
1500 provided in accordance with embodiments of the present
invention. In the LPT 1500 of FIG. 15, one of the chamber
locations may be employed as a substrate entry/exit location
for transfers between processing tools 102a and 102b
(through a vacuum extension/tunnel 1504). Substrates may be
supplied to processing tools 102a and 102b via factory
interface 116a and/or 116b. Such an embodiment has little
impact on sequencer design, factory automation, and user
interface (e.g., no additional robots and/or substrate
locations are employed). In some embodiments, a shuttle
mechanism such as one or more robots, a linear rail, or the
like may be employed to transfer substrates between the

processing tools 102a, 102b.

FIG. 16 1s a top schematic diagram of an alternative
LPT 1600 provided in accordance with embodiments of the
present invention. The LPT 1600 employs a dual-transfer-

chamber processing tool 1602 in additional to processing
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tools 102a, 102b. For example, the processing tool 1602 may
be an Endura 2 system available from Applied Materials,

Inc., or another suitable processing tool.

The processing tool 1602 includes processing chambers
1605a-b, and first and second transfer chambers 1608a-b.
The first transfer chamber 1608a serves as a buffer chamber
for LPT 1600 and provides for substrate transfer to/from
second transfer chamber 1608b. Second transfer chamber
1608b provides for substrate transfer to/from processing
tool 102a through via 1l4a and transfer chamber 108b.
Processing tool 102b is accessed from transfer chamber 108b

of processing tool 102a through via 114b.

Processing tool 102a includes processing chambers 106a-
g. Processing tool 102b includes processing chambers 106h-
106m. Processing tool 1602 includes processing chambers
1606a-1606b. Transfer chamber 1608b of processing tool 1602
serves as an additional clean, high vacuum transfer chamber
for LPT 1600 and provides additional processing chamber
locations as shown. LPT 1600 of FIG. 16 has a total of five
clean, linked high vacuum transfer chambers coupling up to
eighteen processing chambers in some embodiments (fifteen
shown in FIG. 16). A substrate may be transferred from
factory interface 116, through transfer (buffer) chamber
1608a to transfer chamber 1608b to one or more of the
processing chambers 1606a-b and 106a-m for processing.
Thereafter, the substrate may be returned to factory
interface 116 through transfer (buffer) chamber 1608a. In
some embodiments, via 114a and/or via 114b may include a
notch finder, a substrate aligner and/or re-orienter, etc.,
1610a, 1610b that may determine and/or adjust the
alignment/orientation of a substrate as it passes between

processing tools 102a, 102b and/or 1602,
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Additional and/or alternative vacuum pumps, such as
cryopumps, turbopumps or the like, may be employed with
transfer chambers 108b and/or 108c of processing tool 102a,
102b if desired. In some embodiments, transfer chamber

1608a may include degas and/or preclean chambers 110a-b.

As mentioned, use of an LPT system allows substrates to
be transported under vacuum to the various chamber locations
of multiple processing tools, and may significantly increase
the number of high vacuum or “clean” chamber locations
(e.g., facets) available. Further, in some embodiments, the
number of degas/preclean chambers may be reduced as
substrates remain under vacuum between processing tools.
Additionally, in some embodiments, load lock throughput may
increase as only pressure equalization is employed, not
pump/vent. Through use of an LPT system, a substrate
experiences a smaller number of pump/vent cycles per number
of chamber visits. In some embodiments, batch load locks
may be employed so more substrates may be presented to the
processing tool(s) in one pump/vent cycle and/or to
potentially decrease the time employed to load and unload
the “depth” of the processing tool(s) (e.g., the number of
substrates undergoing processing during steady state

operation).

LPT systems in accordance with embodiments of the
invention may allow use of increased and/or maximum vacuum
levels throughout a processing tool. As mentioned,
cryopumps, turbopumps or the like, may be used in vacuum
tunnels and/or along the face of linked transfer chambers if
desired. 1In some embodiments, such pumps may be used within
a single substrate load lock employed within the LPT system;

and stacked load locks may be used. Short tunnels and/or
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linked tool extensions between factory interface(s) and

transfer chamber(s) may reduce footprint.

In one or more embodiments of any of the LPT systems
described herein, substrate notch may be pre-aligned as a
substrate enters the LPT system, such as from a substrate
carrier to a load lock. In this manner, a notch may be
indexed rather than detected and re-aligned once inside the

LPT system and/or processing tool(s).

As described above, in some embodiments, the various
LPT systems may provide linked processing tools that allow
substrates to be transferred between the processing tools
while under vacuum (e.g., a high vacuum level). For
example, 1in one or more embodiments, the various transfer
chambers of the LPT systems described herein may be
maintained at a vacuum level of about 10° Torr or less or at
any other suitable vacuum level. In some embodiments at
least four or five transfer chambers of an LPT system may be
maintained at a predetermined vacuum level (e.g., a high
vacuum level). The vias coupling transfer chambers may also
be maintained at a predetermined vacuum level. In some
embodiments, supplemental and/or additional pumps may be

employed for this purpose, for example.

In some embodiments, the LPT systems may include a
sequencer that controls substrate transfer operations
between the processing tools and/or other chambers of the
LPT system. In other embodiments, multiple sequencers may

be employed.

Accordingly, while the present invention has been
disclosed in connection with example embodiments thereof, it

should be understood that other embodiments may fall within
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the spirit and scope of the invention, as defined by the

following claims.
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CLAIMS:

1. A linked processing tool system comprising:

a first processing tool having at least a first
transfer chamber configured to couple to a plurality of
processing chambers;

a second processing tool having at least a second
transfer chamber configured to couple to a plurality of
processing chambers;

a third transfer chamber ccupled between the first
and second processing tools and configured to transfer
substrates between the first and second processing tools;
and

a single sequencer that controls substrate
transfer operations between the first processing tool, the
second processing tool and the third transfer chamber of the

linked processing tool system.

2. The linked processing tool system of claim 1 wherein
the first and second processing tools each include two

transfer chambers.

3. The linked processing tool system of claim 1 further
comprising a third processing tool having two transfer
chambers and wherein the third transfer chamber is one of

the two transfer chambers of the third processing tool.

4, The linked processing tool system of claim 1 further
comprising at least one of a degas chamber and a pre-clean
chamber coupled to the third transfer chamber and wherein
the third chamber serves as a buffer chamber between the

first and second processing tools.
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5. The linked processing tool system of claim 4 wherein
the first and second transfer chambers are maintained at a

vacuum level of about 10° Torr or less.

6. The linked processing tool system of claim 1 wherein
the first and second processing tools and the third transfer
chamber are coupled with one or more vias and wherein at
least one of the vias includes an aligner configured to re-
orient a substrate as it travels between the processing

tools.

7. A linked processing tool system comprising:

a first processing tool having at least a first
transfer chamber configured to couple to a plurality of
processing chambers;

a second processing tool having at least a second
transfer chamber configured to couple to a plurality of
processing chambers;

a buffer chamber that couples to at least one of
the first and second processing tools and a factory
interface, the buffer chamber configured to retrieve
substrates from the factory interface and transfer the
substrates to at least one of the first and second
processing tools;

wherein the first and second processing tools and
the buffer chamber are configured so that substrates
transferred from the buffer chamber are isolated from the
buffer chamber and transferred between and processed within
processing chambers of the first processing tcol and
processing chambers of the second processing tool while

under vacuum.
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8. The linked processing tool system of claim 7 wherein
the first and second processing tools each include two

transfer chambers.

9. The linked processing tool system of claim 7 further
comprising a third processing tool having two transfer
chambers and wherein the buffer chamber is one of the two

transfer chambers of the third processing tool.

10. The linked processing tool system of claim 7 further
comprising at least one of a degas chamber and a pre-clean

chamber coupled to the buffer chamber.

11. The linked processing tool system of claim 7 further
comprising a sequencer that controls substrate transfer
operations between the first processing tool, the second
processing tool and the buffer chamber of the linked

processing tool system.

12. The linked processing tool system of claim 10 wherein
the first and second processing tools and the buffer chamber
are coupled with one or move vias and wherein at least one
of the vias includes an aligner configured to re-orient a

substrate as it travels between the processing tools.

13. A linked processing tool system comprising:

a first processing tool having a first transfer
chamber and a second transfer chamber each configured to
couple to a plurality of processing chambers;

a second processing tool having a third transfer
chamber and a fourth transfer chamber each configured to

couple to a plurality of processing chambers;
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a third processing tool having a fifth transfer
chamber and a sixth transfer chamber each configured to
couple to a plurality of processing chambers;

a first via coupling the second transfer chamber
of the first processing tool to the third transfer chamber
0f the second processing tool;

a second via coupling the second transfer chamber
of the first processing tool to the fourth transfer chamber
0f the second processing tool;

a third via coupling the fifth transfer chamber of
the third processing tool to the third transfer chamber of
the second processing tool;

a fourth via coupling the fifth transfer chamber
of the third processing tool to the fourth transfer chamber
0of the second processing tool;

wherein the third transfer chamber of the second
processing tool serves as a buffer chamber configured to
retrieve substrates from a factory interface and transfer
the substrates to the second transfer chamber of the first
processing tool; and

wherein the first, second and third processing
tools are configured so that substrates transferred from the
third transfer chamber into the second transfer chamber are
isolated from the third transfer chamber and transferred
between and processed within processing chambers coupled to
the first transfer chamber, second transfer chamber, fourth
transfer chamber, fifth transfer chamber and sixth transfer
while under vacuum and isolated from the third transfer

chamber.

14. The linked processing tool system of claim 13 wherein

at least one of the vias includes an aligner configured to
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re-orient a substrate as it travels between the processing

tools.

15. The linked processing tool system of claim 13 further
comprising a sequencer that controls substrate transfer
operations between the first, second, third, fourth, fifth,
and sixth transfer chambers of the linked processing tool

system.
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