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BRIDGING FRONT OPENING UNIFIED POD (FOUP)

FIELD

[0001] Embodiments of the present disclosure generally relate to bridging front
opening unified pods (FOUPs) used to securely and safely hold and store substrates
in a controlled environment and to allow the substrates to be transferred between

processing tools for processing or measurement.

BACKGROUND

[0002] Silicon substrates are inherently brittle, sensitive and have to be handled with
care. During and before processes they have to be stored in a manner whereby
contamination does not affect the quality of the substrates. This is mainly done by
utilizing FOUPs (Front Opening Unified Pods) and FOSBs (Front Opening Shipping
Box). FOUPs are specialized plastic enclosures designed to hold substrates
securely and safely in a controlled environment, and to allow the substrates to be

transferred between machines for processing or measurement.

[0003] FOUPs inherently have the capabilities to serve a multitude of functions such
as substrate storage, protection from ambient contamination, light sensitivity and
provides users with an automated option. Since the semiconductor industry has
shifted their focal point from 200mm substrates to 300mm substrates to increase
chip production from a single substrate, majority of FOUP manufacturers have
tailored their resources to the development of FOUPs and FOSBs solely meant for
serving 300mm substrates which is in line with a vast majority of process and

metrology equipment existing in the industry.

[0004] Despite a shift in focus from 200mm to 300mm substrates, chipmakers
phasing have not discontinued usage of 200mm substrates. In order to further boost
their production capabilities, chipmakers should be able to run multiple substrate
sizes interchangeably at their convenience without costly and time consuming
hardware changes thus affecting their overall throughput. As mentioned earlier,

majority of the tools available are specifically meant for 300mm substrates.
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[0005] Thus, the inventors have provided an innovative solution to aid in the bridging
process between a larger substrate carrier (e.g., 300 mm or 450 mm) and a smaller

substrate (e.g., a 200mm or 300 mm) in an automated manner.

SUMMARY
[0006] A bridging front opening unified pod (FOUP) is provided herein. In some

embodiments, the bridging FOUP includes a bottom floor, side walls, a ceiling and a
back wall that forms an enclosure volume having a front opening, a plurality of
supports coupled to the side walls and extending into the enclosure volume, wherein
the plurality of supports are configured to support a substrate carrier, a base plate
assembly comprising a base plate coupled to the bottom floor, a pair of L-brackets
coupled to the base plate, wherein each L-brackets includes a short lift pin, a long lift
pin coupled to the base plate, wherein the height of the short lift pins and the long lift
pin is selected such that the substrate is kept level when disposed thereon, and a
docking support disposed proximate the base plate assembly and configured to

support a substrate carrier.

[0007] Other and further embodiments of the present disclosure are described
below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Embodiments of the present disclosure, briefly summarized above and
discussed in greater detail below, can be understood by reference to the illustrative
embodiments of the disclosure depicted in the appended drawings. However, the
appended drawings illustrate only typical embodiments of the disclosure and are
therefore not to be considered limiting of the scope of the disclosure, for the

disclosure may admit to other equally effective embodiments.

[0009] Figure 1A depicts a perspective view of a bridging FOUP in accordance with

some embodiments of the present disclosure.

[0010] Figure 1B depicts a front view of a bridging FOUP in accordance with some

embodiments of the present disclosure.
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[0011] Figure 2A depicts a perspective view of a bridging FOUP including a
substrate and substrate carrier disposed on the base plate assembly in accordance

with some embodiments of the present disclosure.

[0012] Figure 2B depicts a front view of a bridging FOUP including a substrate and
substrate carrier disposed on the base plate assembly in accordance with some

embodiments of the present disclosure.

[0013] Figure 3 depicts a top view of a bridging FOUP in accordance with some

embodiments of the present disclosure.

[0014] Figure 4is a plan view of a multi-chamber cluster tool suitable to perform
methods for processing a substrate in accordance with some embodiments of the

present disclosure.

[0015] To facilitate understanding, identical reference numerals have been used,
where possible, to designate identical elements that are common to the figures. The
figures are not drawn to scale and may be simplified for clarity. The elements and
features of one embodiment may be beneficially incorporated in other embodiments

without further recitation.

DETAILED DESCRIPTION

[0016] Embodiments of the present disclosure help facilitate the processing of
multiple substrate sizes on a single tool. More specifically, embodiments of the
present disclosure advantageously aid in the bridging process between a larger
substrate carrier (e.g., 300 mm or 450 mm) and a smaller substrate carrier (e.g., a
200mm or 300 mm) in an automated manner. The inventive bridging FOUPs
described herein are compatible with tools that are meant for larger substrates (e.g.,
300 mm or 450 mm substrates). For instance the APPLIED CHARGER®, a tool
comprising of several chambers for different process functions such as metal
deposition, per-cleaning and more, will be able to accommodate the bridging FOUP
easily without having any external changes on the Factory Interface (Fl) load ports.
With the inherent accuracy of the robot blades within the Fl, the docking of the
carrier and 200 mm substrate (or 200 mm or 300 mm substrate used in a 450 mm

FOUP) will be done with minimal to zero error once the necessary calibrations are
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performed as compared to having do so manually. Furthermore, Embodiments of
the present disclosure advantageously eliminate human contact with the substrates,
hence reducing contamination possibilities drastically. Thus, the inventive FOUPs
described herein advantageously increase the overall throughput thus increasing

efficiency.

[0017] Embodiments consistent with the present disclosure described herein are
discussed in terms of using a 200 mm substrate in a FOUP originally designed to
hold 300 mm substrates. However, embodiments consistent with the present
disclosure can also be applied to the use of 200 mm and/or 300 mm substrates in a

450 mm FOUP and associated 450 mm substrate processing tool.

[0018] Figures 1A and 1B depict a perspective view and a front view of a bridging
FOUP in accordance with some embodiments of the present disclosure. Similarly,
Figure 2A and 2B depict the same perspective and front view of a bridging FOUP
including a substrate and substrate carrier disposed on the base plate assembly.
Figure 3 depicts a top cross-sectional view of the FOUP without the substrate carrier
or substrate disposed therein. Embodiments of the bridging FOUP 102 are
comprised of several parts which are described with respect to Figures 1A-3

together below.

[0019] As shown in Figures 1A-3, the FOUP 102 includes a bottom floor 103,
sidewalls 104, and a back wall, which forms an enclosure volume 105 having a front
opening 107. The FOUP 102 may be fabricated from Aluminum, Aluminum alloys,
steel, Polyether ether ketone (PEEK), composite materials, and the like. In some
embodiments, the FOUP 102 includes a pair of handles 106 coupled to the sidewalls
104. In other embodiments, the FOUP 102 may not include any handles, or one or

more handles 106 may be coupled on the top of the FOUP 102.

[0020] The FOUP 102 includes a plurality of slots 108 configured to hold either a
substrate or a substrate carrier. For example, each slot of a 300 mm FOUP can hold
a 300 mm substrate, or a 300 mm substrate carrier (e.g., substrate carrier 132) that
can hold a 200 mm substrate (e.g., substrate 130). Similarly, each slot of a 450 mm
FOUP can hold a 450 mm substrate, or a 200 mm or 300 mm substrate carrier (e.g.,

substrate carrier 132) that can hold a 200 mm or 300 mm substrate (e.g., substrate
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130). Each slot 108 is comprised of a pair of supports 108a, 108b — left support
108a, and right support 108b. Each support 108a, 108b is attached to the sidewall
104 of the FOUP 102. In some embodiments, the supports 108a, 108b securely fit
into grooves machined into sidewalls 104. In other embodiments, the supports
108a, 108b may also be coupled/affixed to sidewalls 104 through fasteners, welding,
glues, etc. The supports 108a, 108b may be fabricated from Aluminum, Aluminum
alloys, steel, Polyether ether ketone (PEEK), composite materials, and the like. In
some embodiments, the supports 108a, 108b are removable and can be individually

replaced/recycled as necessary.

[0021] In some embodiments, the substrate carrier facing edge of each support
108a, 108b may be arc shaped and/or may include a support ledge 109 that
supports the substrate carrier 132 along a portion of the outer diameter of the
substrate carrier 132. In some embodiments, the FOUP 102 can include about 10-
15 slots 108 that are equidistantly spaced from one another. The number of slots
108 and vertical distance between slots is selected to accommodate the thicker
substrate carrier 132 and such that there is ample space for the base plate
assembly 112 and clearance for the robot end effector during movement. In some
embodiments, vertical distance between slots is about 12 mm to about 15 mm. In
some embodiments, the FOUP 102 includes 15 slots that are vertically spaced

about 12 mm from each other.

[0022] The FOUP 102 further includes a docking supports 110a, 110b. The docking
supports 110a, 110b are the same as supports 108a, 108b but are disposed
proximate the base plate assembly 112 and used in docking the substrate 130 to the
substrate carrier 132. The supports docking supports 110a, 110b also include a
support ledge 111 that supports the substrate carrier 132 along a portion of the outer
diameter of the substrate carrier 132. The docking supports 110a, 110b may be
coupled to the sidewalls 104 as described above with respect to supports 108a,
108b. In addition, in some embodiments, the docking supports 110a, 110b are

removable and can be individually replaced/recycled as necessary.

[0023] The FOUP 102 includes a base plate assembly 112 that is used in docking
the substrate 130 to the substrate carrier 132. The base plate assembly 112
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includes a base plate 114 secured to the bottom floor 103 of the FOUP 102. In
some embodiments, the base plate 114 may be made from Aluminum, Aluminum
alloys, steel, Polyether ether ketone (PEEK), composite materials, and the like. In
some embodiments, the base plate 114 may be secured to the bottom floor 103 via
fasteners 116, which allows the base plate 114 to be removed/recycled as
necessary. Other fastening techniques may also be used such as gluing, welding,
and the like.

[0024] A pair of L-brackets 118 are attached to the base plate 114. In some
embodiments, the L-brackets 118 are removably coupled to the base plate 114.
Each L-bracket 118 includes a short lift pin 120 coupled to an upper surface of the L-
bracket 118. In some embodiments, the short lift pins 120 are removably coupled to
the L-bracket 118. The base plate assembly 112 further includes a long lift pin 122
attached to the base plate 114. Similarly, in some embodiments, the long lift pin 122
may be removably coupled to the base plate 114. In some embodiments, the lift pins
120, 122 have a 180mm support circumference and are 120° apart from each other,
thus a 200 mm substrate can easily rest on the lift pins 120, 122. The unique design
and placement of the L-brackets 118, short lift pins 120 and long lift pins 122, allows
the robot blade end effector to place substrates 130 and substrate carriers 132 with
sufficient clearance. The height of the short lift pins 120 and the long lift pin 122 is
selected such that the substrate 130 is kept level when disposed thereon. In some
embodiments, each of the short lift pins 120 and the long lift pin 122 includes a
circular protrusion on the top such that each lift-pin 120, 122 provides support with

point contact with the backside of the substrate 130.

[0025] In some embodiments, the L-brackets 118, short lift pins 120, and long lift
pins 122 are made of PEEK material for its high strength, durability and negligible
weight. In other embodiments, the L-brackets 118, short lift pins 120, and long lift
pins 122 may be made of aluminum or other materials that provide similar material
properties as PEEK. In some embodiments, the L-brackets 118 and lift-pins 120,
122 will be assembled prior to securing at the base plate assembly 112 to the
bottom floor 103 of the bridging FOUP 102.
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[0026] The FOUP 102 described above is configured to be used with a substrate
carrier 132 that is configured to support a substrate 130. For example, as described
in the non-limiting example above, a 300 mm substrate carrier 132 may be used to
hold a 200 mm substrate 130, although those skilled in the art would recognize that
other size substrates/carries may be used. In some embodiments, the substrate
carrier 132 may be a substrate carrier assembly including a carrier and a shadow
ring. The main purpose of the carrier would be to mimic the size of a 300mm
substrate so it can be used in the substrate processing tool. An additional feature
would be the pocket that would allow the 200mm substrate to rest on said carrier
before being transported for processing. The shadow ring can be utilized to prevent
contamination during processing, which essentially acts as a barrier to protect the

substrate carrier 132 from any form of deposition.

[0027] The substrate carrier 132 includes three lift pin holes that align with the short
lift pins 120 and long lift pins 122. As shown in Figure 2B, the short lift pins 120 and
long lift pins 122 pass through lift pin holes in substrate carrier 132 when the

substrate carrier 132 is docked on the docking supports 110a, 110b.

[0028] Figure 4 schematically illustrates a plan view of a non-limiting example of an
integrated multi-chamber substrate processing tool 400 having an apparatus for
handling substrates of different sizes in accordance with the present disclosure.
Examples of the tool 400 include the APPLIED CHARGER®, CENTURA®,
ENDURA® and PRODUCER® line of integrated substrate processing tools,
available from Applied Materials, Inc., of Santa Clara, California. The multi-chamber
substrate processing tool 400 comprises multiple processing chambers coupled to a

mainframe comprising two transfer chambers 408 and 433.

[0029] The multi-chamber substrate processing tool 400 comprises a front-end
environment factory interface (FI) 402 in selective communication with a load lock
chamber 404. The bridging FOUP 102 described above is configured to hold 300
mm substrate carriers and 200 mm substrates and is coupled to the FI load port
402. Accompanying the bridging FOUP 102 will be two regular FOUPs— a first
regular FOUP 401a containing 300 mm substrate carriers 132 and a second regular
FOUP 401b containing 200mm substrates 130. A factory interface robot 403 is
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disposed in the Fl 402. The factory interface robot 403 is configured to transfer
substrates to/from the two 2 regular FOUPs 401a and 401b to the bridging FOUP
102, and then from the bridging FOUP 102 to/from the load lock chamber 404.
Once all FOUPs 102, 401a, and 401b have been placed onto the load ports, the
robot 403 will then take a substrate carrier 132 from FOUP 401a, align it and place it
on the docking supports 110a, 110b in the bridging FOUP 102. The lift pins 120, 122
on the base plate assembly 112 fit through the three lift pin holes on the substrate
carrier 132. Upon completion the robot blade of robot 403 will then take a 200mm
substrate 130 from FOUP 401b and repeat the same process before placing it on
the three lift pins 120, 122. After the substrate 130 and substrate carrier 132 are
docked on docking supports 110a, 110b and base plate assembly 112, robot 403
will pick both the carrier and 200mm substrate before storing it in the slots 108

above.

[0030] The load lock chamber 404 provides a vacuum interface between the FI 402
and a first transfer chamber assembly 410. An internal region of the first transfer
chamber assembly 410 is typically maintained at a vacuum condition and provides
an intermediate region in which to shuttle substrates, or substrate carriers 132

holding substrates 130, from one chamber to another and/or to a load lock chamber.

[0031] In some embodiments, the first transfer chamber assembly 410 is divided into
two parts. In some embodiments of the present disclosure, the first transfer chamber
assembly 410 comprises a transfer chamber 408 and a vacuum extension chamber
407. The transfer chamber 408 and the vacuum extension chamber 407 are coupled
together and in fluid communication with one another. An inner volume of the first
transfer chamber assembly 410 is typically maintained at low pressure or vacuum
condition during process. The load lock chamber 404 may be connected to the Fl
402 and the vacuum extension chamber 407 via slit valves 405 and 406

respectively.

[0032] In some embodiments, the transfer chamber 408 may be a polygonal
structure having a plurality of sidewalls, a bottom and a lid. The plurality of sidewalls
may have openings formed therethrough and are configured to connect with

processing chambers, vacuum extension and/or pass through chambers. The
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transfer chamber 408 shown in Figure 4 has a square or rectangular shape and is
coupled to processing chambers 411, 413, a pass through chamber 431 and the
vacuum extension chamber 407. The transfer chamber 408 may be in selective
communication with the processing chambers 411, 413, and the pass through

chamber 431 via slit valves 416, 418, and 417 respectively.

[0033] In some embodiments, a central robot 409 may be mounted in the transfer
chamber 408 at a robot port formed on the bottom of the transfer chamber 408. The
central robot 409 is disposed in an internal volume 420 of the transfer chamber 408
and is configured to shuttle substrates or substrate carriers 132 holding substrates
130 among the processing chambers 411, 413, the pass through chamber 431, and
the load lock chamber 404. In some embodiments, the central robot 409 may
include two blades for holding substrates, or substrate carriers 132 holding
substrates 130, each blade mounted on an independently controllable robot arm
mounted on the same robot base. In another embodiment, the central robot 409 may

have the capacity for vertically moving the blades.

[0034] The vacuum extension chamber 407 is configured to provide an interface to a
vacuum system to the first transfer chamber assembly 410. In some embodiments,
the vacuum extension chamber 407 comprises a bottom, a lid and sidewalls. A
pressure modification port may be formed on the bottom of the vacuum extension
chamber 407 and is configured to adapt to a vacuuming pump system. Openings
are formed on the sidewalls so that the vacuum extension chamber 407 is in fluid
communication with the transfer chamber 408, and in selective communication with
the load lock chamber 404.

[0035] In some embodiments, the vacuum extension chamber 407 comprises a shelf
(not shown) configured to store one or more substrates or substrate carriers 132
holding substrates 130. Processing chambers directly or indirectly connected to the
transfer chamber 408 may store their substrates or substrate carriers 132 holding

substrates 130 on the shelf and use the central robot 409 to transfer them.

[0036] The vacuum multi-chamber substrate processing tool 400 can further
comprise a second transfer chamber assembly 430 connected to the first transfer

chamber assembly 410 by the pass through chamber 431. In some embodiments,
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the pass through chamber 431, similar to a load lock chamber, is configured to
provide an interface between two processing environments. In such embodiments,
the pass through chamber 431 provides a vacuum interface between the first

transfer chamber assembly 410 and the second transfer chamber assembly 430.

[0037] In some embodiments, the second transfer chamber assembly 430 is divided
into two parts to minimize the footprint of the vacuum multi-chamber substrate
processing tool 400. In some embodiments of the present disclosure, the second
transfer chamber assembly 430 comprises a transfer chamber 433 and a vacuum
extension chamber 432 in fluid communication with one another. An inner volume of
the second transfer chamber assembly 430 is typically maintained at low pressure or
vacuum condition during processing. The pass through chamber 431 may be
connected to the transfer chamber 408 and the vacuum extension chamber 432 via
slit valves 417 and 438 respectively so that the pressure within the transfer chamber

408 may be maintained at different vacuum levels.

[0038] In some embodiments, the transfer chamber 433 may be a polygonal
structure having a plurality of sidewalls, a bottom and a lid. The plurality of sidewalls
may have openings formed therein and are configured to connect with processing
chambers, vacuum extension and/or pass through chambers. The transfer chamber
433 shown in Figure 4 has a square or rectangular shape and is coupled with
processing chambers 435, 436, 437, and the vacuum extension chamber 432. The
transfer chamber 433 may be in selective communication with the processing
chambers 435, 436, via slit valves 441, 440, 439 respectively.

[0039] A central robot 434 is mounted in the transfer chamber 433 at a robot port
formed on the bottom of the transfer chamber 433. The central robot 434 is disposed
in an internal volume 449 of the transfer chamber 433 and is configured to shuttle
substrates, or substrate carriers 132 holding substrates 130, among the processing
chambers 435, 436, 437, and the pass through chamber 431. In some
embodiments, the central robot 434 may include two blades for holding substrates,
or holding substrate carriers 132 holding substrates 130, each blade mounted on an

independently controllable robot arm mounted on the same robot base. In another
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embodiment, the central robot 434 may have the capacity for moving the blades

vertically.

[0040] In some embodiments, the vacuum extension chamber 432 is configured to
provide an interface between a vacuum system and the second transfer chamber
assembly 430. In some embodiments, the vacuum extension chamber 432
comprises a bottom, a lid and sidewalls. A pressure modification port may be formed
on the bottom of the vacuum extension chamber 432 and is configured to adapt to a
vacuum system. Openings are formed through the sidewalls so that the vacuum
extension chamber 432 is in fluid communication with the transfer chamber 433, and

in selective communication with the pass through chamber 431.

[0041] In some embodiments of the present disclosure, the vacuum extension
chamber 432 includes a shelf (not shown), similar to that described in connection
with the vacuum extension chamber 407 above. Processing chambers directly or
indirectly connected to the transfer chamber 433 may store substrates or substrate

carriers 132 holding substrates 130 on the shelf.

[0042] Typically, substrates are processed in a sealed chamber having a pedestal
for supporting a substrate disposed thereon. The pedestal may include a substrate
support that has electrodes disposed therein to electrostatically hold the substrate,
or hold the substrate carriers 132 holding substrates 130, against the substrate
support during processing. For processes tolerant of higher chamber pressures, the
pedestal may alternately include a substrate support having openings in
communication with a vacuum source for securely holding a substrate against the

substrate support during processing.

[0043] Processes that may be performed in any of the chambers 411, 413, 435, 436,
or 437, include deposition, implant, and thermal treatment processes, among others.
In some embodiments, a chamber such as any of the chambers 411, 413, 435, 436,
or 437, is configured to perform a sputtering process on a substrate, or on multiple
substrates simultaneously. In some embodiments, chamber 411 is a degas
chamber. In some embodiments, the chamber 413 is a pre-metallization clean
chamber. The pre-metallization clean chamber can use a sputtering clean process

comprising an inert gas, such as argon. In some embodiments, the chamber 435 is
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a deposition chamber. The deposition chamber used with embodiments described

here can be any known deposition chamber.

[0044] While the foregoing is directed to embodiments of the present disclosure,
other and further embodiments may be devised without departing from the basic

scope thereof.
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