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SYSTEM AND METHQOD FOR HIGH THROQUGHPUT WORK-IN-PROCESS BUFFER

CROSS-REFERENCE TO RELATED APPLICATION

[0801] The present application daims the benefit under 35 US.0. § 118e} of UL,
Provisional Application Serial Number 82/113,376, filed February 7, 2015, entitled HIGH
THROUGHPUT WORK IN PROCESS BUFFER, naming Michasl Brain as inventor,
which is incorporated herein by reference in the entirety.

TECHNICAL FIELD

80021 The present disclosurs relates generally o semiconducior device fabrication
line tools, and more particularly, o high-throughput buffer systems for process flow
managemant of semiconductor device fabrication line tools.

BACKGROUND

[0003] Procsss flows it modern semiconductyr device fabrication lines wiilize a
muititude of {abrication steps performed by a series of semiconducior fabrication tools,
In some cases, pracess flows may contain more than 800 process asteps in a re-entrant
flow among a set of semiconductor device fabrication line fools including over one
thousand squipment units of over one hundred different types. Walers in a process flow
are fypically moved through process steps in sealable contamners, or front opsning
unified pods (FOUPs), by an automated material handling system (AMHS).  Each
semiconductor device fabrication ine ool containg a standardized egquipment front end
module (EFEM), altematively a load port, for receiving the sealable containers. Onge a
sermiconductor device fabrication ling tond has received a2 sealable container, the
seglable container is opened in & conlrolled environment, processed, and returned {0
the FOURP for pickup by the AMHS. In this regard, the sealable container provides a
clean and profective environment for the storage and transfer of walers In a process

flow.
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[0004] U s generally desirable to reduce idle time, or starvation, of semiconducior
device fabrication line {ools associated with g definiency of sealable containers available
at the ol bad port o be processsed. However, the processing fime of sach
semiconductor device fabrication line tool and the delivery time of sealable containers
betwean semiconductor device fabrication lne fools by the AMHS may very,
necessitating advanced process flow oplimization systems,  Typical ssmiconducior
device fabrication ine ols contain two {0 four load ports o serve as temporary siorage
for incoming or aulgeing sealable containers. Howsver, the additional load pars may
not be sufficient to eliminate starvation, particularly for high throughput semiconductor
device fabrication ling tools. Further, practical considerations fypically imit the number
of load ports for g given semiconductor device fabrication line fool.  For exampie,
increasing the numbser of lvad porls consumes valuable space on a process ling,
ncreases travel requirements for wafer-handiing systems (&g, an AMHS), and
increases the size of environmental enclosures surrounding the semiconductor device
fabrication line fools, all of which increase opergtional expenses and increass
maintenance reguirements. Therefore, # would be desirable 1o provide a system and

meathod for curing defects such as those wentified above.
SUMMARY

[0085] A buffer system for g semiconductor device fabrication tool & disclosed, i
accordance with one or more illustrative embodiments of the present disclosura. It one
Hustrative embaodiment, the system includes one or more relractable shelves. In
another iustrative embodiment, the one or more retraciable shelves are configured o
support sealable containers. I anocther Hlustrative embaodiment, the system includes
ong or more sliding assemblies positionable sbove one or more load ports of the
semiconductor device fabrication fogl,  In another dustrative smbodimant, the one or
more shiding assemblies arg configurad to transport the sealable containers 1© one or
maora positions beneath the ong or more retractable shelves.  In another llustrative
gmbadiment, the system nicludes one or more lifting assembilies. In ancther Hlustrative

embodiment, the one o more lifting assemblies are configured o transport the sealable
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containers betwesn any two of the group including the one or more retractable shelves,

the one or more sliding assamblies, and the one or more load ports.

[0008] A semivonducior device fabrication fine tool is disclosed, in accordance with
one of more Hluslrative embodiments of the present disclosure.  in one dlustrative
embodiment, the semiconductor device fabrication line ool includes one or more load
ports. In another Hlustrative embaodiment, the semiconducior device fabrication hine (ool
includes a buffer sub-system.  In another illusirative embodiment, the buffer sub-system
inchudes one or more retractable shelves. In another Hustrative smbodiment, the ane ¢r
more refractable shelves are configured {0 support sealabls containers.  In another
ilustrative embodiment, the buffer sub-system includes one or more sliding assemblies
posttionable above the one or more lead ports. In another Hlusirative smbaodiment, the
one or more sliding assemblies are configured 1o transport the sealable containers o
one or more positions beneath the one or more retraciable shelves. I another
flustrative embodiment, the buffer sub-system includes one or more ifting assemblies.
in another iHlustrative ambodiment, the ane or more 1fling assamblies are configurad o
transport the sealable containers between any two of the group including the one or
mare refractable shelves, the one or more sliding assemblies, and the one or more load

ports.

[8087] A method for buffering & semiconducior device fabrication lins tool is disclosed,
in accordance with one or mors Hlustrative embodiments of the present disclosure, In
one illustrative embodiment, the method includes supporiing one or more sealable
containers on ong or more retractable shelves. In another Mlustrative embodiment, the
method includes fransporting at least one of the one oy more sealable containgrs fo the
ong or more load ports. iIn another lustrative embodiment, at isast one of the one or
more retractable shelves relracts o provide clearance for the one or more saalable
containers. In another flustrative embodiment, the method includes fransporting the at
least one of the one or more sealable containers 1o the st least one of the one or more

refractable shelves,

[G008] it s o be undersiood that both the foregoing genersl description and the
foflowing delailed description are exemplary and explanaiory only and are not
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necessatily restrictive of the prasent disclosure. The accompanying drawings, which
are incorporated in gnd constitute 8 part of the characteristic, dlustrate subject matter of
the disclosure. Together, the descriptions and the drawings ssrve o explain the
principles of the disclosure.

BRIEF DESCRIPTION OF DRAWINGS

{00081 Ths numercus advantages of the disclosure may be belter understood by those

skillad w1 the art by referance o the accompanying figures i which:

FIG. 1A is a simplified front view of a high-throughput buffer system associated with a
semiconductor device fabrication ine twol, in accordance with one or maore
ambodiments of the present discloswre.

FIG. 1B 1 a simplified side view of a high-throughput buffer system associated with a
semiconductor device fabrication line tool, in accordance with one or more
ambodiments of the present disclosura.

FIG. 10 8 a simplified top view of a high-throughput buffer system associated with a
samconductor device fabrication line wol i which retraclable shelves are
sngaged in & refracied position, in accordance with ons o more smbodiments of
the praesent disclosura,

FIG. 1D 8 a simplified top view of a high-throughput buffer system associated with a
samiconductor device fabrication fine tool in which refracigble shelves are
engaged in an exiended position, in accordance with one or more smbodiments
of the present disclosura.

FIG. 2 is a simplified front view of a high-throughput buffer system asscciated with 8
semiconductor device fabrication ling tool it which sealable containers are
focated on refractable shelves, in accordance with one or morg embodiments of
the present disclosure.

FIG. 3 is a schematic view of a boltom side 302 of a sealeble container including
kingmatic pin siots, in accordance with one or more embodiments of the present
disclosure.
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G, 4A s a simplified front view of a high-throughput buffer system associated with g

G}

L

semiconductor device fabricgtion line tool illusirating a state in which thres load
pords are in use by sealable contamners and a queusd sealable container is
supporied on retractable shelf, in gccordance with one or more embodiments of
the presant disclosure.

.48 is a simplified front view of a high-throughput buffer system associated with a
serminonductor device fabrication line ool Hlustrating concurrent motion of a lifting
assembly bansporting 8 sealable container and a sliding assembly, in
accordance with one or maore embodiments of the present disclosure.

40 s a simplified front view of a high-throughput buffer system associated with a
sarmiconductor device fabrication fing teol lustrating g seslable container located
on a sliding assembly, in accordance with ons or more embodiments of the
pressnt disclosure.

.40 s a simplifiad front view of a high-throughput buffer system associated with a
semiconductior device fabrication lns ool #lustrating a lifting assembly
disengaged from a sealable container located on a shding assembly, in
gecordance with one or mors embodiments of the present disclosure.

. 4E is a simpiified front view of a high-throughput buffer system associated with a
semiconductor device fabrication line foad dlustrating transfer of a first sealable
container via 8 siding assembly and concurrent motion of fwo lifting assembilies,
in accordance with one or more embodiments of the present disclosure.

. 4F 5 g simplified front view of a high-throughput buffer system associated with a
semiconductor device fabrication hne ol dlustraling concurrent motion of
refractable shelves retract and motion of lifting assemblies, in accordance with
one o more embodiments of the present disclosura,

. 4G is a simplitied front view of g high-throughput buffer sysiem associated with a
semiconductor device fabrication iine ool Hlustrating concurrent transfer of a first
sealable container to a retractable shelf and a second concuwrrent comtainer v a
ioad pord, i accordance with one or more embodiments of the present

disclasure.
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FiG. BA is a simplified top view of a buffer cluster in which two buffer systems are
finkad, in accordanes with one or more embodiments of the present disclosure.

FiG. 5B is a simplified schematic view iHlustrating a roller assembly R fransporting
sealable conlainers belween buffer sysiems, in accordance with ong or more
embodiments of the present disclosure.

Fi5. 6 is a How diagram #Hlustrating a method for buffering a semiconducior device
fabrication line tol, in accordance with one or more embodiments of the present

disclosure.
DETAILED DESCRIPTION

[0010] Refersncs will now be made i defad {o the subsct matier disclused, which &
Hustrated in the accompanving drawings.

[8011] Referring generally to FIGS. 1A through 6, g system and method for providing a
high-throughput buffer for a semiconducior device fabrication line ool is desaibed, in
accordance with ong or more embodiments of the present disclosure. Embodiments of
the presant disclosure are directed (o a buffer system associated with g semiconductor
device fabncation ol containing relraciable shelves.  Additional embodiments are
directed to a buffer system containing Hfting and shiding assembilies {o fransport sealable
containers batwean the refraciable shelves and load ports of the semiconducior device
fabrication line togl. Embodiments of the present disclosure provide for horizontal and
vaerical transport of sealable containers.  In addition, smbodiments of the present
disclosure provide for efficient utilization of space surrounding a semiconductor device
fabrication line tool, which, in furmn, results in increased throughput of a process flow. #t
is noted herein that the terms sealable container and FOUP are used interchangeably

for the purpnses of the pragent disclosure.

[0012] # is recognized herein that throughput of a semiconductor device falwication
ine tool is dependent on a multitude of factors inciuding, but not limied to, the
processing time of the tool, the number of load ports on the teol, the number of local
storage locations for sealable containers including wafers 1o be processed, the transfer
speed between the locally accessible storage locations and the load ports, and the

&
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dedivery time of sealable confainsrs to and from the tool. Cerdain factors such as, but
not Hmited to, the number of lncal storage locations, and the transfer spead between the
local storage locations and the load ports may be locally optimized for sach
semiconductor device fabrication line tool 1o reduce starvation of the ool and further to
reduce the load on external transport systems such as an AMHS, In general, 3 system
designed o mterfacte belwesn a semiconducior device fabrication ling fool and an
pxternal handling systam fo miligate slarvation of the fool is referred to as a buffer

systam.

[0013] 1 is further recognized herein that the throughput of & semiconducior device
fabrication line tool is additionally dependent on maintenance requirements associated
with buffer system equipmeant. For example, certain equipment such as complex mulli-
axis robotic slements or celling-mounted transport gystems may provide a certain level
of performance when operational, bul may suffer from relatively high maintenancs
requirements that necessitate temporary removal of the ool from g production ling,
thereby reducing total throughput. i is therefure desirable for a buffer system o provide

a high level of operational reliability.

[0814] A buffer system with a quick swap buffer Wilizing an overhead truck is generally
described in U.S. Patent No. 7,578, 650, filed on July 28, 2004, which s incorporated
herain by reference in 18 sntirely. A buffer system with vertically stacked storage 8
generally described in U.S. Patent No. 6,726 429, filed on February 18, 2002, which is
incorporated herain by reference in its antirety.

[00158] FIGE. 1A-1D dlustrate simplified schematic views of a high throughput buffer
system 100 associated with 3 semiconductor device falwication fine tool, in accordancs
with one or more embodiments of the present disclosure. FIGS. 1A and 1B are
simplified schemalic views Hlustrating front and side views, respechively, of a high
throughput buffer system, in acoordance with one or more embodimeants of the present
discloswre.  In one embodiment, 8 semiconductor device fabrication ling iool 102
includes one or more load ports 114a-114¢ for receiving sealable containers. The
contents of the ssalable contamner on a foad porl are accessible v the semiconductar
device fabrication fine tool 102 for processing.

7
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[0018] #t is noted herein that the present disclosure is not imited o 8 particudar number
of load ports.  For example, a buffer system 100 may be associated with a
semiconductor device fabrication Hne ol 102 with a single lvad port, two kead ports, o
a multitude of load ports. Further, 8 buffer system 100 may be associaled with & subset
of the load poris available on a fabrication line tool 102, In one embodiment, a buffer
aystem 100 is associated with a fabrication line {ool provides one load port open such
that an external handiing system may directly access the load port. Froviding an
gxtarnal handiing system direct access 10 one or more load ports may provide a failsafe
such that the fabrication line todl may operate in a8 limited capacity in the event of &
malfunction of the buffer system 100, In this regard, a buffer system 100 may be
modilar, using as many slevalorg and shelves as are neaded 10 salisly throughput
requirgments, servicing some or all of the ool joad ports, and providing as many free
load ports AMHS interface locations g nesded.  In another embodiment a buffer
system 100 may be associated with more than one fabrication line oot 102.

{08171 In one embodiment, sealable conlainers managed by the buffer systam 100
remain in a vertical plane oriented normal o a front side of the semiconducior device
fabrication fine ool 102, In this regard, transport of sealable containers is restricted
maotion within the verical plane. Limiting the motion of sealable containers within a
verfical plane aflows for efficient transpor! glong linear paths.  Further, fimiting the
motion of sealable confainers 1 a vertical plane provides efficient utilization of floor
space, which, i tum, reduces constraints on extemnal equipment. For example, efficient
utiization of floor space may reduce the length and duraion of travel of exiemal
handiing  systems, reduce the size of emnvironment sencloswres  surounding
semiconductor device fabnication foods 102, andfor reduce the load requiraments of aw
handiers. H ig noted herein, howeaver, that restiicting motion of saeailgble confainsers o a
vartical plane & nol a requivement of the present disclosure, and should not be

interpreted as miting.

[0018] In another embodiment, the buffer system 100 includes retractable shelves
104a-1042 for suppording sealable containers.  In ancther embodiment, segigble
containers supporied by the rstraclable shelves 1048-104e are sccessible o an

&
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external handling system (nod shown) such as, bul not limitsd o, an AMHS. In this
regard, retractable ghelveg 104a-104e may temporarily store sealable containers in the
buffer system 100,

[8019] Retraciable shelves may be located at any position within the buffer system 100
including, but not limited to, locations above, below, or adjacent o load ports of an
gssaciaied semiconductor device fabwication ool  in one embodiment, ong of oxre
retractable shelves are located at a higher slevation than associated load poris o
facilitate efficient access {0 an extems! handling system.  For example, refractable
shelves located at a higher slevation than associated josd ports reduce the fransport
distance to an AMHD, which may decrease delivary times and improve the efficiency of
the process flow. In ancther embodiment, 8 relractable shelf is positioned directly
above each load port {e.g. retractsble shelves 104b-104d are positioned above foad
ports 1ida-114e in FIG. 1A) such that 3 sealable container located on a refraciable
shelf 104h-104d engaged in an extended position is positionsd directly above a load
port 11d4a-11de. FIGE 10 and 1D are simplified schematic views illustrating a high
throughput buffer system 100 in which retraciable shelves are retracisd and extended,
raspectivaly, in accordance with ane or more embodiments of the present disclosure, In
this regard, a sealable conlaingr located on a retractable shelf 104b-104d in an
extended position may be transported {0 a load port 114a-114e via a linear vertical path.
it is noted herein that linear vertical ransport of a sealable container from a retractable
shelf 104b-104d to a load port 114a-1140 may be accomplished quickly 1o minimize
delay associated with an exiemal handiing system unloading & sealable container onlo
& retraciable shelf 1040-104d instead of directly onto a load port 114a-114¢. In ancther
embodimeant, a sealable container may be unloaded directly onfo a load port 11da-114dc
by retracting any retractable shelves 104b-1044d located above the vad port 11da-114e,
it is noted herein that the buffer system may include any number of retractable shelvas.
in this regard, a buffer sysiem may include g single retraciable shelf, two refraciable

shelves, or g multitude of retraciable shelves.,

[8020] In another embodiment, retractable shelves 1048-1041 gre positioned along
vertical columns adjacent o foad ports 11da-114c. FiG 2 & a simplified front view of a

0
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high-throughput buffer system llustrating a buffer system containing twelve ssalable
pontaners 2028-2021, In accordance with one or more ambodiments of the present
disclosure. In ancther embodiment, retractable shelves 104a-1041 are positioned along
vertical columns adigeent (o load ports 114a-114¢. Relractable shelves 104a, 1041, and
104h are positioned in a vertical column adjacent 1o load port 114a, and relractable
shelves 104e, 104g, and 1041 are located in a vertical column adjacent o load port
11de. T is noled herein that any number of refraciable shelves 104a8-1041 may be

located in vertical columng adjacent o foad ports 114a-114¢.

00211 1 is further noted herein that the above descriptions of vertical columns of
storage shehes {e.g. retraciable shelves 104a-1041) as adjscent o load poris 1i4a-
114 & provided merely for dlustrative purposss and should not be interprsted as
fimiting. For axample, vertical columng containing storage shelves may be separated
from andf/or rotated with respect © load ports 114a-114e.

[8022] Retraciable shelves 104a-1041 may be of any type known in the arl Fuor
gxample, retractable shelvas 104a-1041 may move along linear paths or rofational
paths. in one embodimany, retractable shelves 104a-1041 consist of & plate mourted on
a linear rafl. Motion of a relractable shelf 104a-104i may be driven by, bul is not limited
{0, a leadsoraw, a belt drive, a tape drive, a cable drive, or a inear molor.

[0023] Referring again lo FIGS. 1A-1D, in ancther embodiment, the buffer system 100
includes lifting assemblies 108a-108e {0 transport sealable containers verfically, iIn
another embodiment, the buffer systam 100 includes a Biting assembly associated with
each retraciable shelf for vertical transport of sealable containers {o and from
retractable shebves {e.g. 0 and from retraclable shelves 104a-104e}).  In another
gmbadiment, fting assembilies 108b-108d are associaled with Ioad ports 1i4a-114¢. In
this regard, a ifting assembly 108b-108d may transport & sealable container up or down
batween g load port 114a-114¢ and a retractable shelf 1045-104d positioned directly
above the load port 1ida-1idc. In one embodiment 8 retraciable shelf 104b-104d
ratracts o provide clearance for a sealable container transporied by a Hling assembly
108a-108e. For example, a sealable containgr located on a retraciable shelf 104b-104d
gngaged in an axiended position may be transported by a8 ifling sssembly 108b-108d

10
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by first lifting the sealable container from the refractable shelf 104b-104d, retracting the
retractable shelf 104b-104d, and vartically transporting the sealable container o a
loading port. A similar sequence of steps may be ulilized o perform the reverse
operation of fransporiing a sealable container from a load port 114a-114e 0 a
retractable shelf 104b-104d. Further, retractable shelves in vertical columns adjacent fo
fcad porls {e.g. 104a, 104e) retract fo provide clearance for fransport of sealable
pontainers by lifting assemblies {e.g. 108a, 108e). In ancther embodiment, a Hfling
aasembly 108a-108e may transport & sealable confainer o any ntermediale position
slong a travel path of the lifting assembly 108a-108s.

[0024] The {ifting assemblies 1085-108e may be of any type Known in the art suitable
for fransporting sealable cantainers. In one smbadiment, a lifting assembly {e.g. any of
108a-108¢) containg a fork including any number of prongs for fifting a sealable
container from a botlom side. In another embodiment, a lifting assembly contains 8 Rk
with two prongs. In ancother embodiment, liting assemblies 108a-108¢ travel slong one
or mare linear rail assemblies 112, Further, the motion of a lifting assembly 108a-108e
may be driven by, but is not imited to, a cable drive, a tape drive, or a counter weight. i
is noted herein that the bulfer system may include any number of lifling assemblies. In
this regard, a buffer system may include a single lifting assembly, two lifting assemblies,

or a multitude of ifting assemblies.

[0028] In another embodiment, the buffer system 100 includes a sliding assembly 1086
to transport sealabls containers horizontally.  In one embodiment, at least a portion of
the sliding assembly 106 is posiionable below retractable shelves 104a-104e and
above load ports 114a-114c. in this regary, Ifting assemblies 108a-108s may ansfer
sealable containers from retraciable shelves 1043-104e or load pors 1ida-11dc o a
sliding assembly 106,  Further, a sliding assembly 108 may {ransport saaslable
containers {0 one or morg positions bensath any of the retractable shelves 104a-104e,
or altermatively, i one or more positions above any of the load ports 114a-114e. Inone
smbodiment, 8 sliding assembly 106 transports a sliding container 1© a position aligned
with any of the retractable shelves 1048-104e or any of the load ports 1i4s-1idec. For

example, conswlering FIG. 1A, 8 ssalable container on a load port 114b may be

11



WO 2016/127151 PCT/US2016/016917

transported © a retractable shelf 1043 not directly gbove the load part 114a via vertical
transport by lifting assembly 108¢ to the siiding assembly 106, followad by horizontal
transport by the sliding assembly 106 © a position beneath the retraciable shelf 104,
and further followad by vertical transport to retractable shelf 104a vis liting assembly
108a.

[0026] A buffer system 100 may include any number of sliding assemblies 106 for
horizontal transpord of ssalable containers. I this regard, a3 buffer system may include
a single sliding assembly, two sliding assembdies, or a muifitude of sliding assemblies.
For example, mulliple sliding assemblies may be arranged vertically bebween
refraciable shelves 1048-104e and load ports 114a-114¢. In this regard, each sliding
assambiy {e.g. 108} may horizontally transport sealable containers at a given slgvation
within the buffer gystem 100, In another embodiment, one or more sliding assemblieg
106 are located below one or more load ports Tida-114c.

[0027] Sliding assembly 106 may be of any type known in the art suilable for
transporting sealable containers. In one embodiment, a sliding assembly 108 includes
a piate 110 W support a sealable contaner from a bottom side travelling along a rad,
Motion of a sliding assembly 106 may be driven by, bul is nof imiled 10, a leadscrew, 8
belt drive, a fape drive, a cable drive, or 8 linear molor.  In ong embodimant, shding
assemblies 106 are mountable fo a front side of the semiconductior device fabrication
fine tool 102 in a cantilevered configuration. In another embodiment, sliding assemblies
106 are mountable on a portion of the fleor proxdimate o the semiconductor device
fabrination line tool 102,

[0028] To facilitate safety, all moving paris of the buffer assembily may include safely
stops o prevent damags {0 any parson or component including, but not limited o, the
buffer system 100, the semiconductor device fabrncation ling ool 102, the seslable
container or the contents withun, operations and maintenance personnel, or an axternal
aysiem. In one embodiment, It systems 108a-108e include breaks configured 1o lock
the saalable container in place o prevent & fall in the case of mechanical fatlure. The
sealable containar could then be either manually relrieved by a techncian or an external
handling system.  In another embodiment, the transfer assembiies 106 include shields

12
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or stops to prevent motion beyond defined limits. Additionally, a buffer system 100 may
include safety interlocks. For example, motion of components such as, but not limited
to retractable shelves, lifting assemblies, or sliding assemblies may be stopped, limited
or otherwise restricted upon interruption of an interlock. As another example, power to
at least a portion of a buffer system 100 or a fabrication line tool 102 may be
disconnected upon interruption of an interlock.

[0029] FIG. 3 is a schematic view illustrating a bottom side 302 of a sealable container,
in accordance with one or more embodiments of the present disclosure. It is noted
herein that many automatic material handling systems transport sealable containers
between semiconductor device fabrication line tools 102 by lifting a top handle on the
sealable container. However, supporting a sealable container from a top handle for an
extended period of time may cause the sealable container to deform, and, in turn,
negatively impact the pressure of the interior of the sealable container. Negative
pressure on the interior of a sealable container with respect to exterior pressure may
result in the introduction of contaminants. Further, a maifunction of a gripping
mechanism designed to support a sealable container from a top handle may result in a
drop of the sealable container and catastrophic damage of the contents within.

[0030] In one embodiment, sealable containers are continually supported on a bottom
side during storage and transport. Components of the buffer system 100 may transfer
support of a sealable container while maintaining bottom-side support of the sealable
container by any procedure known in the art. For example, bottom-side support of a
sealable container may be maintained during transfer between two components of the
buffer system 100 in which the two components of the buffer system 100 support
complementary portions of the bottom side of the sealable container. Referring again to
FIG. 1A-1D, in one embodiment, the widths of retractable shelves 104a-104e are
narrower than the widths of sealable containers such that a portion of the botiom sides
of sealable containers extend beyond the retractable shelves 104a-104e. Further, lifting
assemblies 108a-108e contain forks with two prongs separated by at least the widths of
retractable shelves 104a-104e. In this regard, a lifting assembly 108a-108e may lift a

sealable container from a retractable shelf 104a-104e through simple vertical translation
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past the elevation of the retractable shelf 104a-104e. In another embodiment, lifting
assemblies 108a-108e contain forks with three prongs and retractable shelves 104a-
104e contain complementary notches. In an further embodiment, lifting assemblies
108a-108e contain one or more features oriented to pass between complementary
openings on the retractable shelves 104a-104e such that bottom-side support of
sealable containers is maintained during transfer. In another embodiment, plates 110
associated with sliding assemblies 106 and docks of load ports 114a-114c similarly
support portions of bottom sides of sealable containers such that the sealable
containers may be similarly transferred to and from lifting assemblies 108a-108e via
simple vertical translation. In another embodiment, lifing assemblies 108a-108e
support side conveyor rails 306 mounted to the sides of the sealable containers. In a
further embodiment, lifting assemblies 108a-108e support a conveyor plate (not shown)
mounted to the bottom of the sealable containers. It is noted herein that conveyor rails
306 or a conveyor plate (not shown) may operate as support points for transport by

external handling systems.

[0031] In another embodiment, sealable containers are aligned within a buffer system
100 via kinematic pins that correspond {o kinematic pin slots on the bottom side of
sealable containers. In one embodiment, three kinematic pin slots 304a-304¢ connect
to corresponding kinematic pins on components within the buffer system 100 to provide
stable contact to limit six degrees of freedom to securely position a sealable container.
For example, any or all of the retractable shelves 104a-104e, plates 110 associated with
sliding assemblies 106, or loading ports 114a-114c may contain kinematic pins or
kinematic slots for alignment of sealable containers. It is noted herein that kinematic pin
alignment of sealable containers may provide accurate alignment as well as stability
during transport. Specifically, kinematic pins may prevent a sealable container from
slipping during horizontal or vertical transport in the buffer system 100. It is noted
herein, however, that the illustration of kinematic pin slots in FIG. 3 is presented merely
for illustration and should not be interpreted as limiting. A component of the buffer
system 100 may contain any number or configuration of kinematic pins or kinematic pin
slots suitable for kinematic alignment of a sealable container. Further, sealable

containers may be transferred using primary or secondary kinematic pins. In another
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embodimeant, sealabls containers are transferred using a second set of kingmatic pins

o the sames kinematic sint on the bottom zide of the sealable container.

[0032] Referring again to FIG. 2, each retractable shelf 104a-1041 may interface with
an external handling system by as an inpuwl port {0 receive sealable coniainers
containing wafers {0 be processed by the semiconducior device fabrication line tool or
as an oulpul port o support sealable containers containing wafers processed by the
semiconductor device fabrication line tool. I ons embodiment, vertical cohumns of
retractable shebes 1048,1047,104h and 104e,104¢,1041  serve as dedicated input
andfor output columng. For exampls, refraciable shelves 10451044 may be configured
as input ports o facilitate rapid transfer o load ports 114a-114¢. Further, retractable
shelves 104a,104{,104h and 104,104, 1041 may be configured as oulput pods. in this
regard, the specific number of columng and their use may he determinad by the materigl
flow needs of the ool

[8033] In another embodiment, each retractable shelf 1048-1041 dynamically operates
as an input or putput port as necessary. For example, each retraciable shelf 104a-1044
may independently operate as an input port or an oulput port.  Further, an extemal
handiing sysiem may access a sealable contginer located on a given refractable shelf
104a-1041 by retracting all refractable shelves at higher slevatons than the given
refractable shelf 104a-1041.  In another embodiment, retraciabls shelves 104a-104 are
configured 1o support 8 sealable container in an extended posilion, in a8 refracted
posttion, and while exiending andfor relracting. Helractable shelves 1045-1044
configured o support segighle containers in any position may be particularly beneficial
in columns admcent to load ports 114a-114c¢ for which clearance on 8 sids of the
semiconductor device fabrication fine ool 102 may be available.  In another
embodiment, any of retractable shelves 104a-1D41 is ulilized o fransfer a saaslable

container to a second proximate buffer system.

[0034] In another embodiment, all or some components of the buffer system 100 ars
canfigured o move concurrently. it is noted herein that concurrent motion of all or some
componants of the buffer system 100 may provide rapid franspart of mudtiple seslable
containers and minimize load regquirements on an external handiing system. FIGE. 4A-

o~
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43 illustrate simplified schematic views of a buffer system handling multiple ssalable
pontaners via concurrent motion of retraeiable shelves 1045-104e, a sliding assembly
108, and ifting assemblies 108a-108e, in accordance with one or more embaodiments of
the present disclosure, FiG. 4A illustrales a state in which three load ports 11da-114¢
assaciated with a semiconducior device fabricalion line ool 102 are in use by saalable
confainers 202b-202d, and a queued sealable container 202a is supporied on
retraciable shelf 104b. FIG. 4B Hlustrates a state in which a semiconductor device
fabrication fool 102 has finished processing the contents of sealable container 202b.
Lifting assembly 108b Hfts sealable container 202b 1o a position higher than the sliding
assambly 106, Concurrently, plate 110 associated with sliding assembly 106 maoves
from a position beneath refraciable shelf 104e {0 a position beneath retractable shelf
104b.  FIG. 4C ilustrates a siate in which Bfting assembly 108b lowsrs sealable
container 2020 onto plate 110, FIG. 4D llusirales 3 stale in which lifting assembly 108b
continues downward vertical motion o fully disengage with ssalable container 202b.
FiG, 4E dlustrates a state in which sliding assembly 108 transfers sealable container
203b via plate 110 fo a position beneath retraciable shelf 104a. Concurrently, lifting
assembly 108b rises vertically {0 lift sealable container 20Za from retractable shelf
104h. Also concurrently, Bfting assembly 108a rises verdically to engage with seglable
container 202b. FIG. 4F #lustrates a state in which retraciable shedves 104a and 104b
retract, Concurrently, lifting assembly 108a transporis sealshle container 202b towards
retractable shelf 104a while fifting assembly 108b transporis sealable container 202a
towards logd port 1ida. FIG. 4G iHlustrates a stals in which #ifting assembly 108h
transfers sealable container 202a fo load port 114a for processing.  Concurrently,
retractable shelf 104a extends such that lifing assembly 108a releases sealabls
container 202b onto refractable shelf 104a. Sealable container 202h i now ready for

pickup by an sxternal handling system.

[8038] A fust buffer system 100 in a fabyication line may transfer g sealable conlainer
o g second buffer system 100, Further, any number of buffer systems 100 may be
coupled to form a buffer cluster in which ssalable containers may transport betwesn
huffer systams 100 without an axternal handling system. FIGS. 52 and 5B are

simphfied schamatic views Hlustrating a buffer cluster in which two buffer systems arg
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finked, in accordance with ons of more embodiments of the present disclosure. FIG. BA
is g simplified schematic view in which a first buffer system 100-1 18 linked {0 a second
buffer system 100-2 such thal sealable containers fransport betwesn the first buffer
system 100-1 and the second buffer system 100-2, in accordance with ong or more
embodiments of the prasent disclosura. In ane embodiment, a first buffer systern 100-1
includes retraciable shelves 104a-1, 104b-1, 104c¢-1, sliding assembly 106-1 with a
plate 110-1, Ifting assemblies 108a-1, 108b-1, 108¢-1, and linear rall assembly 1128-1.
in ancther embodiment, 3 second buffer system 100-2 includes retraciable shelves
104a-2, 104b-2, 104¢-2, shiding assembly 106-2 with a plate 110-2, lifting assemblies
108a-2, 108b-2, 108¢-2, and linsar rail assembly 112-2. In another embodiment,
refractable shelves 104s-1, 1041, and 1040-1 associated with & first semiconducior
device fabrication line tool 102-1 are coupled to refractable shelves 104a-2, 104b-2, and
104e-2 associated with 8 second semiconductor device fabrication line tool 103-2 via
rolfler assemblies 502a-508¢. FIG. 5B is a sumplified schematic view illustrating a rofler
assembly for bansporting sesiable containers between buffer systems 100, in
accordance with one or more embodiments of the present disclosure. In one
gmbodiment, a roller assembly 503a-503¢ contains a platform 504 coupled {0 8 senes

of rolters 506 for transport of & sealagble container.

[8036] In another embodiment, a roller gssembly 502a-502¢ containg scissor stands
508a, 508b for dynamically adjusting the relative height of sach end of the roller
assembly 502a-502¢. In another embodiment, retractable shelves 104-1 and 104-2 are
positioned in notches in roller assembilies 502a-502¢. In this regard, a roller assembly
{e.g. 5022a) may engage with 3 sealable container {e.g. 202a) located on a refraciable
shalf {e.g. 104a-1} of a first buffer system 100-1 by extending a first scissor leg S08a
higher than a sscond soissor feg 508b such thal rollers 506 zupport the sealabls
container {e.g. 202a). Once support of a sealable container fransfers to a rofler
aggsembly 502, gravitational or motor forces may drive transport of the sesiable
container {e.g. 202a) v the second buffer system 100-2.  In another embodiment,
retractable shelves (a.g. 10432, 104b-2, 10402} associated with a buffer system 100-2
axtend beyond a position directly above 8 load port 114a-2, 114b-2, or 114¢-2 o
receive a saalable container from a roller assembly S02a- 502¢. For example, FIG. BA

17
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Hiustrates g sealable container 202a located on a retractable shelf 104a-1 in a position
preparad for transfer {o buffer system 100-2. Further, FIG. SA illustrales a secalable
container 202b recaived from relractable shelf 104b-1. Sealable containers may be
similarly transported from buffer system 100-2 1o buffer systam 100-1.

[0037] s noted herein that the above descriptions of transport of sealgble containers
batwean buffer systems within a buffer cluster is provided merely for illustrative
purposes and should not be inderpreted as limiting. For example, fransport of sealable
containars betwesn buffer systeams may be accomplished by any transport systam
known in the ant suitable for transport of zealgble containers.  In one embodiment,
sealable containers gre transported belween buffer systems within a buffer cluster
through one or more plates coupled {0 one of mare ratl systems. In this regard, one or
maora pigtes coupled o one or more rail systems may provide both horizontal and
vartical fransport of sealable containers betwesn buffer systems. In anothsr
gmbodiment, sealable containers arg transporied betwesn buffer systems within 3

buffer cluster via ong ar more [peal hoist systams.

[0038] In ancther embodiment, buffer systems 100 within a buffer cluster may access
a common exiemnal handling system 520 such as, but not limited fo, an AMHS. in this
regard, & buffer cluster may reduce load on an exiemal handing system 520 by
providing direct franspard hetweean semiconducior device fabrication line fools 102, For
gxample, FiG. 5A illustrales & sealable condainer 202¢ located on relraciable shelf
104e-1 provided by extermal handling system 520, 1t is noted herein thal a buffer cluster
may be particularly beneficial for process flows utilizing allernating processing steps
between multiple semiconductor device fabrication ling tools {e.g. 102-1 and 102-2) by
providing direct transport between the semiconducior device fabrication line fools {e.g.
102-1 and 102-2) H is further noted herein that fransport of sealable containers
hetween buffer systems 100 in a buffer cluster may be significantly faster than ransport

by an sxternal handling system.

[0038] In one smbodiment, the buffer system 100 s directly integrated with a
semiconductor device fabricalion line tool 102, In this regard, semiconductor device

fabrication line tool 102 containg the capabilities of the buffer system 100, Further,
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direct integration may allow for a common set of software to interface with the
processing and buffering operations of the semiconductor device fabrication line tool. In
another embodiment, the buffer system 100 is separate from, but attached to, a
semiconductor device fabrication line tool 102. In a further embodiment, the buffer
system 100 is separately mounted proximate to the semiconductor device fabrication
line tool 102.

[0040] The buffer system 100 may be integrated with a semiconductor process tool
such as, but not limited to, a deposition tool (e.g. a vapor deposition tool, an
electrochemical deposition tool, a molecular beam epitaxy (MBE) tool, or an atomic
layer deposition tool), a removal tool (e.g. a chemical-mechanical planarization (CMP)
tool, a wet etch tool, or a dry etch tool), a lithography tool, an ion implantation tool, or a
thermal annealing tool. The buffer system 100 may additionally be integrated with an
inspection tool such as, but not limited to a defect detection tool. The buffer system 100
may further be integrated with a metrology tool including, but not limited to an overlay
registration tool, an optical critical-dimension (CD) tool, a shape metrology tool, a film
thickness characterization tool, a wafer metrology tool, or a topography analysis tool. In
a general sense, integration of a buffer system 100 with any type of tool suitable for use
in a semiconductor device fabrication line is within the spirit and scope of the present

disclosure.

[0041] FIG. 6 is a flow diagram illustrating a method 600 for buffering a semiconductor
device fabrication line tool, in accordance with one or more embodiments of the present
disclosure. Applicant notes that the embodiments and enabling technologies described
previously herein in the context of system 100 should be interpreted to extend to
method 600. It is further noted, however, that the method 600 is not limited to the
architecture of system 100. In step 602, the method includes receiving one or more
sealable containers on two or more retractable shelves such that the one or more
sealable containers are positioned above one or more load ports. For example, one or
more sealable containers may be received by an external handling system such as, but
not limited to, an AMHS. In step 604, the method includes transporting at least one of

the one or more sealable containers to the one or more load ports. In one embodiment,
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at least one of the two or more relractable shelves refracts o provide clearance for the
ong of more sealgble confaingrs. I another embodiment, one or more sealable
containers are postlionad directly above the one or more foad ports such that the one or
more sealable containers are transported along a linear vertics! path o the one or more
load ports.  In another embodiment, one or nywe sealable containers are further
posttionad horizontally shifted with respedct to the one or more load ports. For exampls,
a sealable container may be located directly above an cccupied load port. As a further
gxample, a sealable container may be located on & refractable shelf not positioned
directly above a load port {e.g. any of 104a, 104e, 104h 104}, or 104m in FIG. 2} In
another embodimeant, one or more sealable containers are franspuried along vertical
paths using one or morge Eting assemblies.  In another embodiment, one or mors
sealable containers are transported glong horizontal paths using one or more shiding
assembilies. In a further embodiment, one or more sealable containers are transferred
batwesn one or more lifting assemblies and one or more shiding assembdies t© provide
fransport 1o one or more oad ports along both vertical and horizontal paths, A sealable
containgr on a oad port may be accessed by the semiconductor device fabrication line
ool 102 for processing. in step 808, the method includes transparting the at least one
of the ong or more sealable containers o ot least one retractable shelf.  Similar to
transport o the one or more load ports, a sealable container may be ransferred o the
al isgst one retractable shell via any combination of lifling assemblies and sliding
assemblies. A saalable container located on a refractable shelf may be retnisved by the
external handling system.

[0042] The herein described subject matier sometimes Hlusirates diferent components
contained within, or connacted with, other components. s 10 be understood that such
depicted archilectures are merely examplary, and that in fact many other architeciures
can be implementad which achieve the same functionality. In 8 conceptual sense, any
grrangement of components ¢ achieve the sams funchionality is effectively "assaciated”
such that the desired funclionality is achisved, Hence, any two components herain
combined o achieve a particuar funclionality can be seen as “associated with” each
other such that the desired functionality is achieved, irrespective of architectures or

intermedial components.  Likewiss, any two components so associated can alse be
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viswad as being "comnectad®, or “coupled', {0 esach other ©© achieve the desired
functionality, and gny two components capsble of being 30 associgied can also be
viewed as being "couplable”, & each other to achisve the desired functionality. Specific
gxamples of couplable include but are not limied to physically mateable andfor
physically inferacting components andior wirelassly interactable andior wirelessly
interacting components andfor logically inferacting andfor logically  interactable

pompanents.

[6843] it is believed that the present disclosure and many of #s attendant advaniages
will be undesstood by the Toregoing descrption, and it will be apparent that varous
changes may be made in the form, construction and arrangement of the componenis
without departing from the disclosed subjest malter or without sacrificing all of s
material advantages. The form described is meraly explanatory, and # is the intention of
the following claims o encompass and includs such changes. Furthermors, ¢ is 1o be

undersiood that the disclosure is defined by the appended claims.
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Claims

1. A buffer system for a semiconductor device fabrication tool, comprising: one or
more retractable shelves, wherein the one or more retractable shelves are
configured to support sealable containers; one or more sliding assemblies
positionable above one or more load ports of the semiconductor device fabrication
tool, the one or more sliding assemblies including a plate mounted on a linear rail
system, the plate configured to support at least a portion of a bottom side of at least
one sealable container of the sealable containers when the at least one sealable
container is disposed upon the plate, wherein the one or more sliding assemblies are
configured to transport the sealable containers to one or more positions beneath the
one or more retractable shelves; and one or more lifting assemblies, wherein the one
or more lifting assemblies are configured to transport the sealable containers
between any two of the group including the one or more retractable shelves, the one
or more sliding assemblies, and the one or more load ports.

2. The buffer system of claim 1, wherein at least one of the one or more retractable
shelves is positionable above at least one of the one or more load ports.

3. The buffer system of claim 1, wherein the one or more retractable shelves
comprise: two or more retractable shelves, wherein the two or more retractable
shelves are aligned in a row.

4. The buffer system of claim 3, wherein the row is oriented horizontally.

5. The buffer system of claim 1, wherein the one or more sliding assemblies transport
sealable containers along linear horizontal paths.

6. The buffer system of claim 1, wherein the one or more lifting assemblies support
at least a portion of a bottom side of at least one of the sealable containers.

7. The buffer system of claim 1, wherein at least two of the one or more retractable

shelves, the one or more sliding assemblies, or the one or more lifting assemblies
move concurrently.
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8. The buffer system of claim 1, wherein at least one of the one or more retractable
shelves retracts to provide clearance for vertical transport of the sealable containers
by the one or more lifting assemblies.

9. The buffer system of claim 1, wherein motion of the plate is driven by at least one
of a leadscrew, a belt drive, a tape drive, a cable drive, or a linear motor.

10. The buffer system of claim 1, wherein at least one of the one or more retractable
shelves or the one or more sliding assemblies includes one or more kinematic pins
configured to engage with one or more corresponding slots on the sealable
containers to provide flexible alighnment of the sealable containers.

11. The buffer system of claim 1, wherein the one or more lifting assemblies
transport the sealable containers along linear vertical paths.

12. The buffer system of claim 1, wherein the one or more lifting assemblies support
at least one of a conveyor rail or a conveyor plate associated with at least one of the
sealable containers.

13. The buffer system of claim 1, wherein motion of at least one of the one or more
lifting assemblies is driven by at least one of a cable, a tape, or a counter weight.

14. The buffer system of claim 1, wherein the one or more lifting assemblies
comprise: one or more forks.

15. The buffer system of claim 1, wherein at least one of the one or more lifting
assemblies or the one or more sliding assemblies include brakes, wherein the brakes
engage upon a drive failure.

16. The buffer system of claim 1, wherein at least one of the one or more retractable
shelves, the one or more sliding assemblies, or the one or more lifting assemblies
include safety stops to prevent motion beyond a defined limit.

17. The buffer system of claim 1, wherein at least one of the one or more retractable

shelves, the one or more sliding assemblies, or the one or more lifting assemblies are
integrateable into the semiconductor device fabrication line tool.

23



18. The buffer system of claim 1, wherein at least one of the one or more retractable
shelves, the one or more sliding assemblies, or the one or more lifting assemblies are
fixedly attachable to the semiconductor device fabrication line tool.

19. The buffer system of claim 18, wherein at least a portion of the one or more
sliding assemblies is mountable to a front side of the semiconductor device
fabrication line tool in a cantilevered configuration.

20. The buffer system of claim 1, wherein at least one of the one or more retractable
shelves, the one or more sliding assemblies, or the one or more lifting assemblies are
positionable proximate to the semiconductor device fabrication line tool.

21. The buffer system of claim 20, wherein the one or more sliding assemblies are
mountable to the ceiling.

22. The buffer system of claim 20, wherein the one or more sliding assemblies are
mountable to the floor.

23. The buffer system of claim 1, wherein the semiconductor device fabrication line
tool comprises: at least one of a semiconductor process tool, a metrology tool, or an
inspection tool.

24. The buffer system of claim 1, further comprising: one or more roller assemblies
configured to transport the sealable containers between the one or more retractable
shelves of the buffer system and one or more retractable shelves of a second buffer
system.

25. The buffer system of claim 1, wherein the one or more lifting assemblies are
further configured to transport the sealable containers to one or more intermediate
locations along one or more travel paths associated with the one or more lifting
assemblies.

26. A semiconductor device fabrication line tool, comprising: one or more load ports;
and a buffer sub-system, comprising: one or more retractable shelves, wherein the
one or more retractable shelves are configured to support sealable containers; one
or more sliding assemblies positioned above the one or more load ports, the one or
more sliding assemblies including a plate mounted on a linear rail system, the plate
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configured to support at least a portion of a bottom side of at least one sealable
container of the sealable containers when the at least one sealable container is
disposed upon the plate, wherein the one or more sliding assemblies are configured
to transport the sealable containers to one or more positions beneath the one or
more retractable shelves; and one or more lifting assemblies, wherein the one or
more lifting assemblies are configured to transport the sealable containers between
any two of the group including the one or more retractable shelves, the one or more
sliding assemblies, and the one or more load ports.

27. The semiconductor device fabrication line tool of claim 26, wherein the
semiconductor device fabrication line tool comprises: at least one of a
semiconductor process tool, a metrology tool, or an inspection tool.

28. A semiconductor device fabrication line tool, comprising: one or more load ports,
the one or more load ports configured to receive sealable containers; and a buffer
sub-system operatable in an active mode or a passive mode, comprising: one or
more retractable shelves, wherein at least one retractable shelf of the one or more
retractable shelves is positionable above a load port of the one or more load ports,
wherein the at least one retractable shelf is configured to engage in the retracted
position when in the passive mode to provide clearance for transfer of sealable
containers between an overhead delivery device and the load port, wherein the at
least one retractable shelf is configured to engage in the extended position when in
the active mode for transfer of the sealable containers with the overhead deliver
device; one or more sliding assemblies positioned above the one or more load ports,
the one or more sliding assemblies including a plate mounted on a linear rail system,
the plate configured to support at least a portion of a bottom side of at least one
sealable container of the sealable containers when the at least one sealable
container is disposed upon the plate, wherein the one or more sliding assemblies are
configured to transport the sealable containers to one or more positions beneath the
one or more retractable shelves when in the active mode; and one or more lifting
assemblies, wherein the one or more lifting assemblies are configured to transport
the sealable containers between any two of a group including the one or more
retractable shelves, the one or more sliding assemblies, and the one or more load
ports when in the active mode.
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29. The semiconductor device fabrication line tool of claim 28, wherein the passive
mode is a backup to the active mode.

30. The semiconductor device fabrication line tool of claim 28, wherein the buffer
subsystem is configured to dynamically switch between the active mode and the
passive mode.

31. The semiconductor device fabrication line tool of claim 28, wherein at least two
retractable shelves of the one or more retractable shelves are vertically aligned and
positionable at a location adjacent to the one or more load ports.

32. The semiconductor device fabrication line tool of claim 31, wherein a topmost
retractable shelf of the at least two retractable shelves is configured for transfer of
the sealable containers with the overhead delivery device.

33. The semiconductor device fabrication line tool of claim 32, wherein the buffer
sub-system is configured to initiate transfer of the sealable containers between one
or more remaining retractable shelves and an additional delivery device.

34. The semiconductor device fabrication line tool of claim 28, wherein at least two
retractable shelves of the one or more retractable shelves are vertically aligned and
positionable at a location adjacent to the one or more load ports.

35. The semiconductor device fabrication line tool of claim 34, wherein a topmost
retractable shelf of the at least two retractable shelves is configured for transfer of
the sealable containers with an overhead delivery device.

36. The semiconductor device fabrication line tool of claim 35, wherein the buffer

sub-system is configured to initiate transfer of the sealable containers between one
or more remaining retractable shelves and an additional delivery device.
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