D RECT TOOL LOADI NG Field of the Invention: The present invention generally
relates to an autonmated nmaterial handling system (AVHS). Mre specifically,
t he presewd 200weoson conprises a |load port having a vewrtirasbdogoomyabl e
cont ai ner support structure that is able to | oad and unl oad contai ners
directly froma container transport s¥sten1 Background of the Invention: It
is costly to deliver containers such as Front Opening Unified Pods (FOUPs)
and Standard Mechanical Interf gﬁ ds to processing tools and | oad
ports in a sem conductor fabri 2] One nethod of delivering
FOUPs between processing tools is an overhead transport (OHT) system The
OHT systemlowers a FOUP onto the kinematic plate of the | oad port at

appr oxi mh&hymd ipei ght fromthe fabrication facility floor. An OHT
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process oIs A transport vehicle nust be avail able at the instant when
a proc eé’%lglﬁ@‘ Bl able squtajnst supRoshsiEetne thativabledorlesd pedpnlend containesy. OHT

syst ens ggk lﬁéﬁﬁcgﬁﬁ%?@aﬁ ok tiqns of a facility ceiling, and therefore,

are |l ocated above the processing tools and | oad ports. OHT systens utilize

free sp on facility as the processing tools are
typi cal uld W hé ‘)ﬁﬁ%ﬂ ment. Ceiling nmounted OHT systens nust raise
ubst a tial dist
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t o nove containers a ong
kinematic plate of the load port at approximately 900mm height from the fabrication

facility floor. An OHT system uses sophisticated ceiling mounted tracks and cable hoist
15 wvehicles to deliver FOUPs to, for example, a load port of a processing tool. The
combination of horizontal moves, cable hoist extensions, and unidirectional operation,
must be coordinated for transporting FOUPs quickly between processing tools. A
transport vehicle must be available at the instant when a processing tool needs to be loaded

or unloaded for best efficiency.

20 OHT systems are often mounted on portions of a facility ceiling, and therefore, are
located above the processing tools and load ports. OHT systems utilize free space in the
fabrication facility as the processing tools are typically floor mounted equipment. Ceiling
mounted OHT systems must raise or lower a container a substantial distance between the
OHT track and, by way of example only, a load port. An OHT system preferably has a

25  very high cleanliness performance because any particles created from moving FOUPs
along the track may fall onto the tool areas located underneath and potentially damage

wafers.

Rail guided vehicles (RGVs) and automatic guided vehicles (AGVs) are often
utilized in semiconductor fabrication facilities to move containers along the facility floor
30  between processing tools. RGV’s and AGV’s are easier to access for maintenance

purposes than an OHT system and are typically less costly than ceiling mounted OHT



bet ween processing tools. RGYs and AGYs are easier to access for

mai nt enance purposes than an OHT system and are typically less costly than
ceiling mnwonvehoBd3systens. Particle control is al so simphtidscedobacause
particles generated by an RGV or AGV renain bel ow the datum pl ane of a | oad
port. RGVs and AGVs, however, occupy vyal uable floor space - which is at a
premumin a sem conductor fabricati on “faci | i ty. Wafer throughput could be
i mproved in a sem conductor facility by delivering wafers to tools by both
a floor-based transport system and an OHT system For exanple, an CHT
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enbodi ,Wed b rthe sate, o expiRies WhasyPrgeess 400le aeqtsr thah dhei figt avateerafi cal | y
movabl ee@?gw}i&@g@j 6na Olcl;%gm?ﬁétﬂ#uﬂﬁ%}es a container, for exanple,

directly off a conveyor -redu er of times the container is

han{ ed duri o a ool .l gadi ng. Anot pect of the present
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funct i osesniasnduber (fabrivariyn AMEHEQr The BYseh ienti6® WraMidds0R IFOUPRdefifidry t he
entire fabrication facility. In one enbodinment, the present invention
i ncl ude¥/sten Iﬂéj‘érre‘ﬁﬁﬁﬁtﬂg‘dc%rﬂfe@fappf@ﬂw?rb’awﬁ%s@ﬁ Agpueasivt off RO ddliveughout
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15 Summary of the Invention:

One aspect of the present invention is to provide a transport system to move
containers efficiently between a tool and a conveyor. In one embodiment, the present
invention provides a load port having a vertically movable kinematic plate. The load port
lifts a container, for example, directly off a conveyor — reducing the number of times the

20 container is handled during transport and tool loading.

Another aspect of the present invention is to provide a transport system that
complements OHT systems and functions as the primary AMHS for a bay (e.g., row of
tools) or for the entire fabrication facility. In one embodiment, the present invention
includes a floor mounted conveyor for transporting containers throughout the fabrication

25  facility. Each load port includes a vertically movable support plate to load and unload a
container directly from the conveyor. In another embodiment, the support plate comprises
a carrier advance plate assembly for moving the support plate horizontally. The conveyor
may also be flush with the facility floor, beneath the faéility floor or raised above the
facility floor. Other embodiments of the present invention utilize RGVs, AGVs and

30 person guided vehicles (PGVs) to transport containers throughout the fabrication facility.



may al so be flush with the facility floor, beneath the facility floor or
rai sed above the facility floor. OQther enbodi nents of the present invention
utilize REgocABI®3and person gui ded vehicles (PGVYs) toprCTass@ende103

contai ners throughout the fabrication facility.Still another aspect of the
present invention is to provide a transport and delivery systemthat is
easy to service. OHT systens are |ocated high off the facility floor. Thus,
OHT systens are not as easy to access as a floor-based transport system 1In
one enbodi nent, a conveyor is mounted to the facil |t fl oor.
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eliminate the concern that a container will fall from an OHT system and injure an

operator.

Another aspect of the present invention is to provide a floor-based transport and

20  delivery system that occupies a similar. or smaller foot print than occupied by a

conventional load port and floor-based container transport system (e.g., AGV). In one

embodiment, the present invention, which comprises a floor mounted conveyor and a load

port, occupies the same footprint typically occupied solely by a conventional load port. In
another embodiment, the present invention, which comprises a shuttle and load port, also ,

25  occupies a small footprint on the facility floor.

Another aspect of the present invention is to provide a container transport and
delivery system that improves the cleanliness performance without compromising the
integrity of tﬁe wafers. In one embodiment, containers are transported along a conveyor
that passes belo(w the container plate advance assembly of each load port. In another

30  embodiment, a shuttle transports containers along the facility floor below the datum plane

of each load port. In yet another embodiment, containers are transported by an AGV or



delivery systemthat inproves the cleanliness performance w thout

conprom sing the integrity of the wafers. In one enbodi nent, containers are
t ranspor two 28é600gs9a conveyor that passes bel ow the cont acmas2@sab@oadvance
assenbly of each load port. In another enbodi nent, a shuttle transports
containers along the facility floor bel40w t he datum pl ane of each | oad
port. In yet another enbodi nent, containers are transported by an AGV or-
ARGV that travels along the facility floor and passes each | oad port bel ow
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exi sting syst Amsthet Aspe of MO reveitt invéhionl Ra® PRAIdeSE GRS Gnd BT PNt end
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BOLTS | i Yitens (tafaderes. nohaequiis: porrsivavmadificstions yipi dal existinge ptosessi toods,

housi ng ; j van sembl.y.. are rel ocated
o de s PSP RAA I Bl LB b 30 B O R B pRSESRRE 1 oo
at al | tseystowonimast enbodimant, pler toadorirsdiurgs t® thehBor @Estta {00y @RbhdNa Bri ef
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vertjically novable F advance pl ate asse view of the
enboll nedsserablyt tre rplosated inside/éntloasipahoWims, B HFO@Ssing fod? Moed nottHage to be

1St bk harl oy CONNENR. ORSPIIPAE o, SRLE Sduanee plate asserbly

| ocated 1 n a [ ower nbst posi

| oad pord, . nted.to ocessing tool, according to the prior art; FIG 5
is a plﬁgﬂﬁ%&ﬁ%Mile of a conventional |oad port,

accordi ng tor#ﬂzg prior art; FIG 6 is a plan view of an enbodi ment of the
present inve A 18 B PEISRESiye ViR gf an embodiment of the present invention;

FIGS. 2A-2F are a perspective views of the embodiment shown in FIG. 1, further
15 illustrating a load port having a vertically movable FOUP advance plate assembly;

FIG. 3 is a top view of the embodiment of the present invention shown in FIGS.
2A-2F, further illustrating how the conveyor accommodates a FOUP advance plate

assembly located in a lowermost position;

FIG. 4 is a plan view of a conventional load port mounted to a processing tool,

20  according to the prior art;

FIG. 5 is a plan view illustrating a profile of a conventional load port, according to

the prior art;

FIG. 6 is a plan view of an embodiment of the present invention, illustrating a .

profile of a load port according to the present invention;

25 FIG. 7 is a plan view of the embodiment shown in FIG. 6, illustrating the space

allocated under the FOUP advance plate assembly for a container transport system ;

FIG. 8 is a plan view of another embodiment of the present invention, illustrating

an embodiment of a conveyor system;



profile of a |load port according to the present invention; FIG 7 is a plan
vi ew of the enbodi nent shown in FIG 6, illustrating the space all ocated
under thewbQulis/@tkwance pl ate assenbly for a container tPemapeetc/086183 em ;
FIG 8 is a plan view of another enbodi nent of the present invention,
illustrating an embodi nent of a conveygr systemFIG 9 is a plan view of
yet anot her enbodi nent of the present invention, illustrating the system
having a fl oor nounted conveyor system FIG 10 is a plan view of still

anot her enbod nt, of the prese invention, i]lustrating the system having
a conveyor enggd%dlsi?‘n %Vfl%"&iqu s ?I}Ogéﬁ‘ ;elﬁﬁ’célm?clit PE the piressnt iBiRniEn. y et
anot her aniseskidpné spterh R8viRE 8TRIE moBNRALLRRy ol %Jrsrﬁ’%{"r'atl ng a sub-floor
conveyor system FIG 12 is a plan view of an odi ment of the present

invention, ilFust{@tindp@n’AB&EOLtML rt...BFlG 13 is a
per spective vi ew of “anot her errbcc))dlE }remr%%lbtg% ?ﬁg&%&;&g% tIB‘% EREPOHVR®E 14 i s
a pl an vilbgirgingdhe systesd hmeng aebnvdyer gnbskad in the émdiligrlodr] | ustrating the
systemshown in FIG 13; FIG 15 is a front view of an enbodi nent of the

present invenFI@n]l ii$ laupknatiewgof lyet syshanembedtmenn oflthe pldentidPentih,is a
per spect ilve Vi ew o not her enbodi nent of the present invention,

i |lustrat luﬁtgﬁatglgé‘owi" QP& CORYEYRE HBFLsyst em i sol ated fromthe facility; FIG
17 is a perspglcéi ve, view of another enbodi ment of the present invention,
illustrating ‘Wo- Stapenden b nrrsnbgidiment rafi the presentviaveriag, ilk8tratingaa

per spect j¥6e ¥ SWHiH o AR TN grbodi nent of the present invention,
iIIustratai g% a yét %not?]%r%pé)mdi ment of a load port; FIG 19 is a

tive vigyqf t shown in FI.G 18 FIG 20 is
per shect i ve vi o3 ARhaRYe RS oS e pRbhuspLChine prisodbiepHon

illugtrating odi nent. of waf er..shutt for movi ng. FOUPs bet ween two
t ool r;d FIG zﬁril} ﬁgblé adﬁ%ﬁ“\??”e@f B e‘Pﬁ@“@ﬁ*ﬂﬁtﬁ%ﬁfeS?HdWﬁﬂ}%wnHl@traémg tht g 22
is a perspret ihvevnih®IGof3;anot her enbodi ment of a wafer shuttle;

FIG. 15 is a front view of an embodiment of the present invention, illustrating the

system shown in FIG. 13;

FIG. 16 is a perspective view of another embodiment of the present invention,

15 illustrating a container transport system isolated from the facility;

FIG. 17 is a perspective view of another embodiment of the present invention,

illustrating a two-stage reduced height vertical drive;

FIG. 18 is a perspective view of another embodiment of the present invention,

illustrating a yet another embodiment of a load port;
20 FIG. 19 is a perspective view of the load port shown in FIG. 18;

FIG. 20 is a perspective view of another embodiment of the present invention,

illustrating an embodiment of a wafer shuttle for moving FOUPs between two tools;
FIG. 21 is a plan view of the embodiment shown in FIG. 20;
FIG. 22 is a perspective view of another embodiment of a wafer shuttle;
25 FIG. 23 is a front view of the wafer shuttle shown in FIG. 22;

FIG. 24 is a plan view of the wafer shuttle shown in FIG. 22;



FIG 23 is a front view of the wafer shuttle shown in FIG 22; FIG 24 is a
pl an view of the wafer shuttle shown in FIG 22;FIG 25 is a perspective

vi ew of awotbewooesybodi ment of the present invention, il lpgstusadosngs1as
conveyor having a belt for novably supporting a container; FIGS. 26A and
26B are views of another enbodi ment of .the present invention, illustrating

a conveyor having cantil evered wheel s for novably supporting a container;
and i FIG 27 is a perspective view anéther enbodi ment of the present
invention, illustrating a conveyor having cantil evered wheels for novably
supporting a EB8nt4) Hed Perspediveciewerlcangsher ombsidimens ofntherresent invention,
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for ndling FOUPs. By way of exanple only, the variousS enbodi nents of the

present #Hvention may al so be used and/ or adapted for systems handling SMF
pods, reticle _containers, flat panel display transport devices, or any
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structur ompr.i ses.an_open vol ume whereby the article can be accessed
(e.g., éﬁgq‘?&aﬁgﬁg@.l?nﬁthgi%@ﬁg?ner havi ng a nechani cal | y openabl e door

(e.g., SMF pod and. FOUP). Load port is defined as interface equipment that
handl es cont a?%ltcgr.lduﬁg’rr )EHPIFPHE?QE #d MMaterinls; Fgernptienal n(BERMDohas hewriedr |
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pl at e assafityndudtdr mankhaemag tquiphahiefod BandfinpPOIUFOOr 14 and a fastening or
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By way of example only, the various embodiments of the present invention may

15 also be used and/or adapted for systems handling SMIF pods, reticle containers, flat panel
display transport devices, or any other container or processing tool. Container is defined
as any type of structure for supporting an artiqle including, but not limited to, a
semiconductor substrate. By way of example only, a container comprises a structure that
comprises an open volume whereby the article can be accessed (e.g., FPD transport) or a
20  container having a mechanically openable door (e.g., SMIF pod and FOUP). Load port is
defined as interface equipment that handles containers. For purposes of describing this

invention, however, only load ports for handling FOUPs will be referenced.

Figs. 4-5 illustrate a conventional load port 10 for handling FOUPs (e.g., Asyst
Technologies, Inc.’s IsoPort™). The load port complies with, at a minimum, SEMI

25  Standards E15.1, E47.1, E57, E62, E63, E64, S2-93A, S8-95 and 1300L. The load port 10
includes, among other things, a housing 11, a FOUP advance plate assembly 12, a
kinematic plate 13, a port door 14 and a fastening or mounting plate 16 having an opening

(not shown). The mounting plate 16 secures to the front end 52 of a processing tool 50
through, for example, a BOLTS Interface. The mounting plate 16 may comprise a unitary

30 structure or be constructed of multiple pieces. The port door 14 moves between a closed



(not shown). The nmounting plate 16 secures to the front end 52 of a
processi ng tool 50 through, for exanple, a BOLTS Interface. The nounti ng
pl ate 16 weyoazmpssse a unitary structure or be construetedsedosnuiins pl e
pi eces. The port door 14 noves between a cl osedposition (as shown in Fig.
4) and an open position. The term "cl Qs]e_d position" nmeans any position of
the port door 14 that prevents an article, such as a wafer, from passing
t hrough the opening in the nounting plate 16. The term "open position”
means any gositi on of the port door 14 that allows an article, such as a
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by, for exanpllée kinethabeiplaiy 3 ésradeptedio ®Gilve b suppottteeF GURQElHe kigdnadtie 13

towards t r.t door allo t he. port. door tp cqupl ith d renmpve the
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the FOUPde@viadic&nbdral Ehakinemblio/pihd 19 Qligh e KOUPGH e KA Riclp3atPRYE The
vertically. Thus, a floor-bdsed transport system nmust have an apparat us

(e. gl0 r &iich peembly sqcares| thadidP sméheukinematin glathd3 FAUR FOUM advendei pletet ai ¢
pl ate 13 i i t .CQn ional fl.oqgr. based,tran rt system
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The rai | way asysttem (hbebn ths FOUH doe 80pcdtedpeb:SmaRr @UBB Pt dhw. fRCinki ty
and even& u%I I rc)lasses adj aﬁ)nt t he housing 11 of a |oad port 10. The RGV,
carryi ng'% f—“&‘ffg ROSIH98: 3 oY 8¢ trepdenrechents o offief thakingmatieplatenks BOUP
ont o t he fdti AgRd, GnB! Gl shstem TR DIV I J‘ﬁ—g‘ re
door 14 whereby t’hé1 port S(%Ilogxgl 14 event ugﬁfl telﬁodk\;lgés}ﬁ?tﬁcef)@%{f%%a?& I'g. 5
i 11 us?raves doprarllavsimpentdons coupdawihrand Temove theipest door a6 provide decesst  of
the to the wafers stored within the FOUP. Neither the FOUP advance plate assembly 12 nor

the kinematic plate 13 move vertically. Thus, a floor-based transport system must have an

apparatus (e.g., robotic arm) for loading and unloading the FOUP from the kinemtaic plate
13.

20 Fig. 4 illustrates a conventional floor based transport system, such as an RGV, that
travels along the facility floor on a railway system. The railway system (shown as outline
30) travels throughout the facility and eventually passes adjacent the housing 11 of a load
port 10. The RGV, carrying a FOUP, stops in front of the load port 10 and places the
FOUP onto the kinematic plate 13. The FOUP is then advanced towards the port door 14
25  whereby the port door 14 eventually removes the FOUP door.

Fig. 5 illustrates that a conventional load port 10 occupies an area in front of the

tool 50 (shown as outline 18). The outline 18, which mostly consists of the housing 11,

generally occupies a rectangular volume (width not shown in Fig. 5) — comprising a depth

X2 outward from the front end 52 of the processing tool 50 and a vertical height X3. The

30 AGV, in combination with the load port 10, extends outward from the tool 50 (e.g., X1 +
X2) and occupies a large footprint on the facility floor 4.



tool 50 (shown as outline 18). The outline 18, which nostly consists of the
housing 11, generally occupies a rectangular volunme (w dth not shown in
Fig. 5) -woammdising a depth X2 outward fromthe front egd/Us2o0efodine
processing tool 50 and a vertical height X3. The AGY, in conbination with
the |l oad port 10, extends outward fromgthe tool 50 (e.g., XI + X2) and
occupies a large footprint on the facillity floor 4.Figs. 1-3 illustrate one
enbodi ment of the present invention, which conprises a floor nounted
conveyor 160 and | pad port 100 having a vertically novable FOUP advance
pl at e assenbl %q%szgﬁ Sr@tré@n‘?}?y‘%mb%‘@e@n‘éf the PEessal inventiond ovingt cemprisesl a
outward f 0 rt ny johal 10 10
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of the i ndemce phatd assembly 1220 vEyocontEril60ext éodl muit 160 do hoosidddendeald 101
further than_the lF P ad\éu%e | at e assen&%# 122. The term "conveyor" neans
ey d
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only, the articles may be noved al ong the conveyor 1 rby rollers, arr

track, r&xtepdgutwiad frosy thetocd AP1 darther the dlesF QUB\advandehilate hivembliyt 122THhel 0ad

port 100.inpck a r_thi , a kinematic plate ., 112, a por} door
D0 iR 6ot HRes 4 Mebablo Y coBuition Sitnece Rudbinry dppaebipiha
nount i ng tyhsploets hiferilsfeichifdey, SeitdniseFomOot HIO& tol&Hothddr IR afidl Q%mﬁleB_O—TS
Interface or the p oposeg SEM BOLTS-Light Interface (discussed later in
appl i cat iOBg() thertisles My SpaneYRG. alane thei sravararclq by eolers, gir enek, anilyay,

i ncl ygdes LGRS %W%&npmﬁwié%}‘?@ﬂgn aacti ve container hold down

mechani sm (i'nh conpliance wt rd E15.1). The port door 114 noves

bet ween an op . Ltion. B of exanpl e I t he rt door
114 conpri ses(?‘zia{e %E%r}ﬁ @@}nggﬁﬁﬁtagﬂfl 8?3116\&%%%%%??%1?6%“5%%?%1%’&1 Wé? C(l)(Ef’Sor
assenbl y 114,m mbiustirgnilei 1Ménind & PEUPlaWade @latd Adkeinds) VEESTR: Rdiktidf phy@cuum

cups 115 d ir of latch keys 117. The latch keys 117 open and cl ose
t he prlggme%m% PGP @uigsl 195 thequehyeither @RORA 8dntsafage h thenprop@el door

270 1, B0 BB GG ekt M UL D O L e
f eat Up es kinematicglatd dh2 picferablyvintlndes thive kéwampeticofing hE8 bl entitdr doataiddie | oad
port 100h51% cpoc\)zst/n pnae\c{}?an?sn[? Celrnt cgrr?p Ean%él' %v'ith SEMI Standard E15.1). The port door 114
moves between an open and closed position. By way of example only, the port door 114
comprises a Front Opening Interface Mechanical Standard (FIMS) door assembly. In this
embodiment, the FIMS door 114 includes a pair of vacuum cups 115 and a pair of latch
20 keys 117. The latch keys 117 open and close the FOUP door. The vacuum cups 115
evacuate the area between the FOUP door and the port door when the two doors are
coupled together. The FIMS door 114 is not limited to the example shown in Fig. 1 and
may include other features. In addition, it is within the scope of the invention for the load

port 100 to not have a port door 114.

25 The FOUP advance plate assembly 122 includes a drive 126 for moving the
kinematic plate 112 horizontally. The kinematic plate 112 supports the bottom surface of
a FOUP and aligns the FOUP with respect to the opening in the mounting plate 116. The
drive 126 moves the kinematic plate 112 between a first position (see Figs. 2A-2D) and a
second position (see Figs. 2E-2F). In the first position, an OHT system may load or
30 unload a FOUP 2 from the kinematic plate 112. The first position also places the
kinematic plate 112 in a load/unload position for placing and removing a FOUP 2 from the

conveyor or other transport device. The FOUP advance plate assembly 122 may move the



The FOUP advance plate assenbly 122 includes a drive 126 for noving the
kinematic plate 112 horizontally. The kinenmatic plate 112 supports the
bot t om suwbaoee/misesa FOUP and aligns the FOUP wi th respeetCTius2dde@0€peni ng in
the mounting plate 116. The drive 126 noves the kinematic plate 112 between
a first position (see Figs. 2A-2D) andya second position (see Figs. 2E 2F).
In the first position, an OHT systemmay | oad or unload a FOUP 2 fromthe
kinematic plate 112. The first position also places the kinematic plate 112

in a load/unload position for placing and renpvi a FQU f t he
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i nvent i o0gy i Sya1ab altelBht Gfledeqhs MR saPRVEG Shd &fickhown in Fig. 2A In fact, any
support nechani smthat connects the FOUP advance plate assenbly 122 to the

z-driye nmechap sml ' i 68 ef¥odid¥nOfa SAABPsEpIHsY1248cinBE! e
supp%(;(t may cgiﬁ?\glét agﬁ%ﬁ%&%{%’a vancg pcl)at enasasgdinbl y 122 to the z-driyve
nmechani s FOUZ0advihe (slaipmesensblg 122 tay zhisiveonerbenisd 128 t e mrewpt ByoRHOdSpl at e

assenbly 122 and the z-driv chanism 1 b ny str nown. w t hin
the art. n%érngg fq %B%i%@iw %g}gcé%pr%sgacér??& ;dﬁééeﬁ g%es%d 1y grtlown
wi thi n t g, Rk thelhGUPQaFaRe atd BReMOBE1 22D theretitidemachmismh 120 Witatffce. bel ow
the FOUP advance plate assenbly 122 simlar to a_conventi ona| tI oad @O”

(e.g., hBysimgolikampld ady pongle sopporTmay seKchibe NEEP pfhen & plate
asse[l‘rg)l y 1%% %o ?}?edz-tdplge fn%’lecc £1|1i51¥1 HOO Ofpé shﬁports 124 may be connected to the FOUP ‘

advance plate assembly 122 and the z-drive mechanism 120 by any structure known

-

within the art. The z-drive mechanism 120 may comprise any drive assembly known

within the art.

The load port 100 does not include a housing located below the FOUP advance

20 plate assembly 122 similar to a conventional load port (e.g., housing 11 of load port 10).
The area between the FOUP advance plate assembly 122 and the facility floor 4 is
therefore cleared of obstructing components. In other words, the FOUP advance plate
assembly 122 is able to move substantially vertically and parallel to the mouting plate 116.

For purposes of describing the invention, the FOUP advance plate assembly 122 moves

25  vertically between an uppermost height (see Fig. 2A) and a lowermost height (see Fig.
2B). The FOUP advance plate assembly 122 is able move to any position between these

two heights. It is also within the scope of the invention for the FOUP advance plate
assembly 122 to move between other heights (e.g., above the opening in the mounting

plate 116).

30 To pick up a FOUP 2 off the conveyor 160, the FOUP advance plate assembly 122

is placed in the lowermost position. To do so, the z-drive mechanism 120 lowers the



therefore cleared of obstructing conponents. In other words, the FOUP
advance plate assenbly 122 is able to nove substantially vertically and
paral | el wo 2néwmomati ng plate 116. For purposes of descrchiusgodshesios

i nvention, the FOUP advance plate assenbly 122 noves vertically between an
upper most hei ght {see Fig. 2A) and a ligwernost height {see Fig. 2B). The
FOUP advance plate assenbly 122 is able nove to any position between these
two heights. It is also within the scope of the invention for the FOUP
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port. It is within the scope and spiri the I"'nvention to sport the
FouRSal d9gitioRdseeohige yBY. iNo detther adfisemendtticomesn By FOUP 2 and the kinematic

plate 112 are necessary in order to access wafers in the FOUP.

The conveyor 160 shown in Figs. 2A-2C transports the FOUP 2 so that the FOUP
door faces the load port when the FOUP arrives at eh load port. It is within the scope and
spirit of the invention to transport the FOUP along the conveyor in other orientations. By

20 way of example only, the FOUP may travel along the conveyor with the FOUP door
facing the direction the FOUP is moving. In this situation, the FOUP advance plate
assembly 122, after it picks up a FOUP 2 from the conveyor 160, rotates the FOUP 2
ninety degrees so that the FOUP door faces the load port.

At this point, the FOUP advance plate assembly 122 moves the kinematic plate

25 112 towards the port door 114. The FOUP is moved forward until the port door is close
enough to the FOUP door to uncouple and remove the FOUP door. By way of example

only, a port door that is able to unlock and remove the FOUP door and transport the FOUP

and port door within the tool is described in U.S. Patent No. 6,419,438, entitled “FIMS
Interface Without Alignment Pins,” which is assigned to Asyst Technologies, Inc., and is

30  incorporated herein by reference. Fig. 2F illustrates that additional FOUPs in the

fabrication facility travel unobstructed along the conveyor 160 to another processing tool



way of exanmple only, the FOUP may travel along the conveyor wth the FOUP
door facing the direction the FOUP is noving. In this situation, the FOUP
advance pveteocaes®@ably 122, after it picks up a FOUP 2 frcomostéve/osanyeyor
160, rotates the FOUP 2 ninety degrees so that the FOUP door faces the |oad
port. At this point, the FOUP advance qlate assenbly 122 noves the
kinematic plate 112 towards the port d%or 114. The FOUP is noved forward
until the port door is close enough to the FOUP door to uncouple and renove
t he FOUP way o only, a_ port door that is able to unlock
and renmoV, g?“f H@e d}?{HLmaﬁ’&n?Pgl s polofated eon-thopkingmaie rlataobk2 afet heingt he
tool is geseképed in U S Patent No. 6,419,438, entitled "FIMS Interface
Wthout Alignment Pins," which is assigned to Asyst Technol ogies, Inc., and
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cl,udes ane sup rt 124,
Fi gs. ?%F&QFHA’@ E@FS PreupPes 124, the raildod ambimeaniescanatyidf2160. |t
i's mﬁthln t he_scope of the present invention to place the conveyor at any
hei ght wi t hi 1t%f‘he1 -2 dlbystrater seyeral fefures of a @9omyumfsd @wamiblelﬁihl {t,is twithin

conviay ord 6, fay, h

flush wiTh TRETT a?‘{ﬁf fe %Fggf&bg}(ﬂv b Slagi%é é‘feyo aéb%\?eg%‘l% f P’Vd@g“ e
fabrication facility. By way of example only, the conveyor 160 may be located below the
facility floor 4 (e.g., Fig. 11), flush with the facility floor 4 (e.g., Fig. 10) or above the load
port (not shown).

Regardless of the height of the conveyor system relative to the load port, each

20  FOUP 2 preferably travels along the conveyor 160 such that the FOUP door 6, when the
FOUP 2 arrives at the load port 100, faces the port door. However, a FOUP may travel
along the conveyor in other orientations and can eventually be rotated to face the port

door. Either way, the number of times each FOUP 2 is handled between the conveyor and

the load port is greatly reduced. For example, after a FOUP is lifted off the conveyor by

25  the FOUP advance plate assembly, the FOUP does not have to be aligned again prior to
accessing the wafers. The FOUP is lifted off the conveyor and does not have to be
handled by a robotic arm (e.g., required in an RGV system). The load port 100 eliminates

this additional handling step, which provides faster transfer of FOUPs from a conveyor or

other transport device to a load port and minimizes handling of the FOUP 2.

30 Conventional load ports do not allow a floor based FOUP transport system to
transport FOUPs directly below the FOUP advance plate assembly 122. The housing 11



port (not shown). Regardl ess of the height of the conveyor systemrelative
to the | oad port, each FOUP 2 preferably travels al ong the conveyor 160
such t hatwoheodr@fdsdoor 6, when the FOUP 2 arrives at tpeThusaebeposins 100,
faces the port door. However, a FOUP may travel along the conveyor in other
orientations and can eventually be rotated to face the port door. Either
way, the nunber of tinmes each FOUP 2 is“handl ed between the conveyor and
the load port is greatly reduced. For exanple, after a FOUP is |ifted off

t he conveyor by the FOUP advance pl ate asserrblf/, the FOUP does not have to
be al i gne¥CURies the sRilsrsPaes btweasths § QYR adunes platesserrohprang she fagtlisaflopr t he

conveyor e : F?ﬁgd J r. 10ep T i red
in an Rw@gﬁgéjcegeny 1. BL?') kéd%feé%gl$gegﬁ? 0 {erﬁgsﬁ?%g etélgp E‘?ﬂs&gggl{l}[ 1|ﬁl§r11acl Oartﬁ I ng
step, whiacborgingvo tesprésent svettian Hewevef, FEIFOUR aansportanstems areowitlth e
transport device to a _l.oad port and m nim zes handling of the FOUP 2.
Convent i oR&t ané‘i?pBB?#ES Hﬁ’eﬁ% O3l ow a floor based FOUP transport systemto

transport FOUPs directly bel ow the FOJUP advance plate assenmbly 122. The
housi Rg 1loccdps &sllHEatent craveypnd® mitedabaqve He Eelw Seondc iy aenvesesenbl v

and the fl%@| b 'M f . i . o1 i : |cc :F t I’t
systens for ﬂlﬁs‘g 33' 1'1[0%9{ ﬁofa% 21 gggﬁggg?ﬁ%doghggg%%ﬁ%%?o%t%hlgg%rgi%ttga?ﬁégan i on.
However , pottheérhiF-Gueyombapminimizes tlens stavke naitirddntotthevesp FOUP 2ibekwaeeonpie of

this invention. Fig 8 illustrates a conveyor 160 raise ve the facility
oo 4 CHTSRE 0 2GrstnsoBh B BecmBBHcY drostioment. Gpdirl citvitse BBtKI no
area "t oeséenfbiy 13 (oditiofaeh THRadnP&ok instlaBorf RRYBYRbedfle MethiliALHod:ae
z-stroke required to nove a FOUP 2 between the conveyor 160 (position B)
and tlRe siyeimplece pukthetednnotequited Hixmend wathdoptitase assenmbly 122 (position
A). The conveyor installation is sinple because the facility floor 4 stays
in place and thhgp ellustrates arlegeprofld cahveyon@6d. Whishoipoofiletcoheyor F6é@makes

illustrates a |l ow profile conveyor 160. This | rofil e conveyor 160 makes
[t eas! ort PETREVERBER Bls A SHop g SoMtnEr Sovedbpsess Boiie
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all ow operator foot traffic to pass over the conveyor 160 where, for

exanpl e, avpiethe spreeeyer 16Qwheres o lgaamplepide fensa onaik] Hphasseporiprymisking (Fee
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100 over the conveyor, for example, to service the load port 100.
Fig 10 illustrates a conveyor 160 embedded into the facility floor 4. In this
embodiment, the bottom surface ?; of a FOUP 2 travels along the conveyor 160
substantially at floor level. The conveyor 160 does not obstruct access to the front of the
20  load port 100. In comparison to the conveyors shown in Figs. 8-9, the z-stroke
requirement between the conveyor 160 (position B) and the uppermost position (position
A) is increased and the floor 4 must be modified to allow room for the conveyor 160.
However, this embedded conveyor 160 provides several advantages. The wheels of the
conveyor 160 could, for example, retract lower into the facility floor 4 in sections located
25  between processing tools 101 - allowing foot traffic to easily walk over the conveyor 160
or allow equipment to be rolled over the conveyor 160. Alternatively, a temporary plate
could be placed over the conveyor 160 with clearance for the wheels that would allow foot

traffic and easier equipment roll in.

Fig 11 illustrates a conveyor 160 located below the facility floor 4. This
30 embodiment allows foot traffic and equipment roll-in to occur completely unobstructed by

the conveyor 160. The z-stroke requirement between the conveyor 160 (position B) and



100 over the conveyor, for exanple, to service the |oad port 100. Fig 10
illustrates a conveyor 160 enbedded into the facility floor 4. In this
enbodi menyo 206w9lbBBt om surface 3 of a FOUP 2 travel s al eog/usb@msoosveyor 160
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nmount ed @@hveyor 160 as | ong as the second z-guide 242 is not operated.
Simlar to the |oad port 100, the FOUP advance plate assenbly 222 can be

rai sed to posFigsorB-AS inhdtawd fgb procEldig @olsrMYel Eahabsl idieincRRAVENRS 10480 and
pass underneath the FOUP advance plate assenbly 222. Figs. 13-15 illustrate

two proc®§ A80-+ cumdlan ¢a previeys iosd| pore 1deserdhed gabovemercholadd port includes a
15 mounting plate 216 having an I/O port 215, a port door 214, and kinematic plate 212 and a

z-drive mechanism 220. The z-drive mechanism 220 moves the FOUP advance plate
assembly 222 vertically between the I/O port 215 and the conveyor 160. The z-drive
mechanism 220 comprises a two-stage mechanism having a first stage drive mechanism
(FSD) 240 and a second stage drive mechanism (SSD) 242. The FSD 240 moves the
20 FOUP advance plate assembly 222 vertically between the I/O port 215 and the facility
floor 4. The SSD 242 includes a drive assembly that moves the FSD 240 vertically
between the facility floor 4 and the I/O port 215. In one embodiment, the SSD 242 sits
within a back channel 250 of the FSD 240 and provides a guide for the FSD 240. . The
present invention is, however, not limited to this structure. When the FSD 240 is located
25  in its fully raised postion, the FSD 240 preferably does not extend below the mounting
plate 216. This feature allows the load port 200 to be easily removed from the tool 201.

Figs. 16-17 illustrate the load port 200 with a reduced height mounting plate 216.

The reduced height mounting plate 216 secures to a processing tool 101 through a BOLTS
Interface similar to the mounting plate 116 described above. However, this mounting

30 plate 216 does not extend down to the facility floor 4 when secured to the tool. Instead, a

gap is left between the bottom of the plate 216 and the facility floor 4. The gap provides
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122 to béKHbBa)é‘Peé‘B ﬁFB%@HT%W?gPé st copppiperayauld hegiselgied from the rest of the

facility. Vertical tunnel sections transporting open containers could also incorporate
article mapping functions. For example, a vertical tunnel section could include an optical
scanning assembly that determines the position of each wafer in the container as the

20 container if lifted by the vertically movable support plate towards the opening.

Figs. 18-19 illustrate yet another embodiment of a load port having a FOUP

advance plate assembly that moves vertically between an I/O port 315 and a conveyor 160

(or other FOUP transport device). In this embodiment, the load port 300 includes a FOUP

advance plate assembly 322, a kinematic plate 312, a port door 314 and a mounting plate

25 316 having an I/O port 315. In this embodiment, the mounting plate 316 secures to the
processing tool IQI through a BOLTS-Light interface.

The z-drive mechanism 320 moves the FOUP advance plate assembly 322

vertically between the I/O port 315 and the conveyor 160. The z-drive mechanism 320
includes a first z-guide 302 and a second z-guide 304. Each z-guide is secured to the

30  mounting ;Slate 316 on a side of the I/O port 315. Each z-guide may also be integrally

formed with the mounting plate 316. The mechanism 320 also includes a pair of z-rails.
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plate assembly access to a FOUP traveling on the conveyor 160.

These conveyors transport FOUPs throughout the semiconductor fabrication

facility. In a preferred embodiment, each FOUP travels along the conveyor below each

20 FOUP advance plate assembly 122 located at the uppermost position. Placing the
transport device below each load port’s datum plane minimizes the effect of particles

generated by the conveyor 160.

Figs. 20-24 illﬁstrate one embodiment of a shuttle 400 for simultaneously

supporting and transporting two FOUP along the railway 420. It is within the scope of the

25  present invention for the shuttle 400 to hold more or less than two FOUPs. The shuttle
400, in this embodiment, includes two sets of supports 402, each supporting a single
FOUP 2. Each support 402 preferably includes a lower support 404 separated from an
upper support 406 by a vertical member 408. The upper and lower supports are separated

so that a shuttle 400, passing a load port with the FOUP advance plate assembly 122

30 located in the lowermost position will pass the load port unobstructed. The upper supports

406 are intended to support the bottom surface of a FOUP with minimal contact.



(not shown) above the facility floor 4 for ease of maintenance. Figs. 8-11
illustrate one enbodi nent of a barrier 150 that provides a physical
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the vertical support 408. In ordér to transfer a FOUP fromthe s e 400
to the kikeiansesyprate maz te FOEP towards the mounting plate 116 and remove the

FOUP door 6.

The rail 420 may comprise any mechanism known within the art, such as a
conveyor or a conventional railway. The rail 420 may also be mounted within the
fabrication facility at many heights. For example, the rail 420 may be mounted to, flush

20 with, below, or elevated with respect to the facility floor 4. If the shuttle 400 is not
elevated, the shuttle 400 preferably has a low profile to allow operator foot traffic over the
rail 420.

The shuttle 400 may travel along any type of rails. By way of example only, the

rails 420 may comprise a primary drive rail 422 and a secondary support rail 424. The

25 shuttle 400 shown in Figs. 20-24 can simultaneously transport two 300mm FOUPs 2A and
2B. It is within the spirit and scope of the present invention for the shuttle to carry two or

more FOUPs. Simultaneously tranéporting FOUPs 2A and 2B with one shuttle 400 allows

for more flexible delivery sequences and provides buffering advantages. For example, a

two pod shuttle 400 has the ability to do “fast swaps.” In other words, the shuttle 300 can

30 retrieve a first FOUP 2A from a load port 100A onto an empty support 402 and then load a
second FOUP 2B from the shuttle 400 to the same load port 100A. This would reduce the



| oad port 100, the FOUP advance plate assenbly 122 is first lowered to the
| ower nbst position. A shuttle 400 then comes to rest on the railway 420 in
front of wbeodsmasport 100. At this point, the kinemati ecpius2@cooes in the
bottom surface of the FOUP 2 preferably align with the kinematic pins 118
on the kinematic plate 112. The FOUP agvance plate assenbly 122 is then

rai sed to the uppernost position. The FOUP 2 is eventually engaged by the
kinematic plate 112 and is lifted off the upper supports 406 of the shuttle
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(e. a5 QofthR¥sdreflir tb1s %H‘Réé@uﬁ\;el}t EPTh tﬁ’?p. For example, several FOUPs may be
loaded and unloaded from various tools during a northbound leg up a bay (e.g., shuttle 400
traveling from processing tool 101A to processing tool 101B). A bay is defined as, but not
limited to, multiple tools arranged in a row. The shuttle 400 would then reverse direction
(e.g., shuttle 400 traveling from processing tool 101B to processing tool 101A) and several

20 FOUPs may be loaded and unloaded from various tools during a southbound leg.

The rail system may branch, curve or ramp up/down to move the shuttle 400 along
various paths on the facility floor 4, above the floor 4, below the floor 4, between bays and
within bays. All shuttles 400 could be made identical in terms of pod position relative to
fiducials. This would eliminate tool “teaching” that is required with current AGVs that

25  incorporate a robot arm. This improves serviceability and time to remove and replace

shuttles.

The shuttle 400 may travel at high speeds, for example, only when enclosed in a
tube 190, or behind a fence 150. In areas where there is no enclosure, to allow foot traffic
crossing for example, the shuttle 400 would move in a slower mode and may incorporate

30 look ahead sensors or move behind a light curtain to avoid collision. Intersections with
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move a FOUP vertically between two heights. For example, Fig. 25 illustrates that a load

port 500 includes, among other things, a mounting plate 516 having an opening 517 and a
vertically movable support structure 522. Similar to the embodiments described above,
the load port 500 also includes a mechanism for moving the support structure 522

20 vertically between the conveyor 560 and the opening 517. The Fig. 25 embodiment
illustrates a support structure 522 having two supports for contacting the bottom surface of
a FOUP.

The conveyor 560 shown in Fig. 25 is divided into three sections at each load port

500 to accommodate the support structure 522. By way of example only, the conveyor

25 560 comprises a middle section 562, a left section 564 and a right section 568. Each
conveyor section, in this embodiment, comprises a belt 568 and a pair of rollers 570. In

one embodiment, and as shown in Fig. 25, the rollers 570 that are part of the middle

section 562 of the conveyor 560, are rotatably mounted to the mounting plate 516.

Each section of the conveyor 560 is separated apart from the other, creating a gap
30  between each section of the conveyor. The gaps allow the support structure 522 to travel

below the conveyor 560 and wait for a FOUP to arrive on the middle section 562 of the



| oad ports and simlar structures. Arail-less shuttle provides several
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FOUP and lift the FOUP off the conveyor 660 to a predetermined height.

Fig. 27 illustrates another transport and delivery system that comprises a load port

700 and a conveyor 760. The load port 700 includes, amo;lg other things, a mounting

20 plate 716 having an opening 716 and a slot 724, and a support structure 722. The support
structure 722, in this embodiment, preferably moves only vertically between the opening

717 and the conveyor 760. However, it is within the scope of the invention for the support
structure 722 to also move horizontally. The support structure 722 may comprise any.
structure that supports a container including, but not limited to, a kinematic plate for

25 supporting a FOUP or any other container support mechanism. The conveyor 760
comprises a rail 762 having cantilevered rollers 764 with rotatable wheels 766located at
both-ends of each roller 764. In this embodiment, the rollers 764 preferably do not contact

the container — only the wheels 766 — to minimize contact with the container.

To support a container located directly in front of the load port 700, two wheel 766
30 are rotatably mounted to the mounting plate 716 of the load port 700. These two wheels

may be passive wheels or drive wheels. Eliminating the rollers 764 on the conveyor 760



lift the FOUP off the conveyor 560. Fig. 26 illustrates a transport and
delivery systemconprising a | oad port 600 and a conveyor 660. The | oad
port 600 wochedessesanong ot her things, a nounting platepétAis2@enuqapdr t
structure 622 and a nechani sm 620 for noving the support structure 622
vertically. In this enbodinment, the sypport structure 622 conprises a
structure having a first support 624, "a second support 626 and a third
support 628. Each support includes a kinematic pin 618 at the distal endof

each support. This structure replaces the kinematic lg%ate] éiZbip thec1 | oad
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surface ] Ponly and
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and a s| ®methed an ﬁHSt%tmsigbggﬁp t&“ﬁwqﬁoﬁ’%f glf’“tlih% ag}ﬁlﬁ%é}? gllsots? tsjlgﬁ‘gdrqél 932, in
thi s embodiRnt iRl £fgh@bley oMY agittaR systuar have Aebi abSwanIi sheuldpesi by 717
and the conveyor /760. However, it is Within the scope of the inventiqgn for
t he Blppmptrecited ttagverig@2mpdifhienspadaptations.zandt diermativesabodimaiy ﬁ@ﬁ"gct ure
722 may conprise any.structure fhat i i i ut not
linited WB?B& %%ﬁé’ﬂé‘tl? thepﬁcg]e eear%dtjs %gtuogggér)ﬁ ]ire%e}t ?@%@o?&gﬁﬁﬂﬂéjﬁg{rﬁgg r?'? ai ner
support  pR&BFHLs Uk HEBE DO 7 6Eniconfuciaefibrcatiinl faZiliy, Hawiinghould be

cantilevered rollers 764 with rotatable wheels 766located at. both ends of
each r ol keparepg that many mféheelﬁﬁ‘éimvﬁéﬂ]ﬂc,epfst@S?IH?E’Flétbgvefé’@u%rt?feélru?;llbf %pp&%gﬂ&

cont act contai.pner. -o ehSadBlns icHidsm ze contact with the
cont ai neEr"%ﬁ'Bges%fEd;%@e?&m& %%%&éllﬁﬁgr ocatetl egﬁﬁ% Erq;eﬁgltcl y in front of the | oad
port 1700, two wheel 766 are rotatably nounted to the nounting plate 716 of
the |l oad port 700. These two wheel s



may be passive wheels or drive wheels. Elimnating the rollers 764 on the
conveyor 760for the section in front of the |load port 700 allows the
support swoucsemwesez22 to be | owered bel ow t he wheel s 76@CTAS2408j0861pD1 Nt
when a container conmes to rest in front of the |oad port 700, the support
structure 722 may then be raised to |ift the container off the conveyor
760. The support structures and convé)%r's illustrated in Figs. 25-27 are

i nterchangeable. It should be appreciated that the above-descri bed

mechani sms and process for FOUP transport between a conveyor and a | oad
port ar eClagns expl anat ory purposes only and that the invention is not
limted thereby. Having thus described a preferred enbodi nent of a nethod
and syst &m f oA sikiR for pres@oimizat doatyiner stosing ul alieonappiaclent a pwcedhsogdoaki | | ed
in the art that certain advantages of the within system have been achi eved.
It shoul PE"EH e appreciated that various nodifications, adaptations, and
alternative enbodi nents thereof may be nmade within the scope and spirit of
the present ihlpeAPPBAncldmgaxanpl e, the use of conveyors has been
illustrated in a sem conductor fabrication facility, but it should be
appar®ent that manya Gmeheving@eepPeRisg;concept s descri bed above woul d be
equal ly applicable to the use of other non-sem conductor manufacturing
appl i cati ons. d ai n®suppod stystuembding adapteddntdcaiyea cootaizgrner storing at | east
one article to a processing tool, conprising: a load port, including: a
franme havi ng an opendrmivg mechapipor tfostmontgr saidesupposdaptadret cubstaniplle a
container; a drive nechani,ssm for novi ai.d sypport strycture
substantially verti cal |¥/efB&%q1Me VTG E’g‘iﬁﬁ%ﬁt(jﬁ# aa?ﬁ%f’néﬁ?é%%d hei ght; a
conveyor for novably supporting the container substantially along a
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convgyor nobves unof 4G oyef said support structure when said support
structure is |ocat eé{sgt ?ga?la’second hei ght. 2. The systemas recited in

claimi, mer\%hgreﬁxaifidcolni)? erpt?%JeliLgrotrlhgaridic%ﬁl/é&%?smg\{égoﬁﬁﬁobgw&eda %iv&gsa%japt ed
to nove between a close position®preventing-an article Trom passi ng
support structure when said support structure is located at said second

height.

2. The system as recited in claim 1, wherein said load port further includes a port
15  door being adapted to move between a closed position preventing an article from passing
through said opening and an opén position allowing an article to pass through said

opening.

3. The system as recited in claim 1, wherein said support structure comprises a
container advance assembly being adapted for moving the container substantially

20  horizontally.

4. The system as recited in claim 1, wherein said support structure is being adapted to

receive a container for transporting wafers having a diameter between 150mm — 500mm.

5. The system as recited in claim 1, wherein said support structure is being adapted to

receive a container for transporting a flat panel display.
25 6. The system as recited in claim 1, wherein said mechanism comprises:
an arm affixed to said support structure; and
a drive assembly for moving said arm vertically.

7. The system as recited in claim 6, wherein said conveyor comprises:



t hrough sai d opening and an open position allowing an article to pass

t hrough said opening. 3. The systemas recited in claiml, wherein said
support swouroddmvesssonpri ses a contai ner advance assenbl ychhaise@omaodaps ed for
novi ng the container substantially horizontally. 4. The systemas recited
in claiml, wherein said support struiiure is being adapted to receive a
container for transporting wafers havfng a di aneter between 150mm - 500nm
5. The systemas recited in claiml, wherein said support structure is
bei ng adapted to receive a container for transporting a flat panel display.
6. The syst emfastmicinded in claim1l, wherein said mechani smconprises: an
armaffixed to said support structure; and a drive assenbly for noving said
arm verti cal lagecohd raiftepays bpart &snr @il fisdrailn cl ai m 6, wherein sai d conveyor
conprises:a first rail; and a second rail spaced apart fromsaid first
rail; wherei Ryfch@n RBE thoRfbnObf Saiddfifst k&t pagidg s Joay peei dchudesd a poattire
includes a feature allowing said armto pass unobstructed through at |east
a part cilowinigsaid aray torpgpy unabstrogied tyedebat bastaRart Fpaldh st Bilm 1, wher ei n
sai d conveyor conprises: a first rail having a top surface; and a second
rai |l 5spdced dpwrsysttmamreciied if claim 1y whereingal VeYSCemPESeS ecited in claim
8, wherein said nechanismincludes a vertically adjustable armhaving a

di stal end afdffirxedilthavingiadoss sybases arsk r uct ure. 10. The systemas recited in
claim1l1, wherein said conveyor conprises a belt conveyor. 11. The system as
recited in cladetddd railRpicet npsaifidncend fyorailconpri ses a rail and a plurality

of rollers each rotatably secured to said rail, each one of said plurality
of rolleys befygssRaced rapad tin filam &awheroinhaid afdhaximnailogesouvuicaly r om
said rail. 12. The systemas recited in claim1l, wherein said support

st r uct urasjustabby armekaving 4 disiet endwiikphipesaid iR aegidiet from each ot her such

that each said finger nests between adjacent rollers when said support
struét urd.i s Tlecsysten astresiteiddn skao ddwheﬁe'gma_ld conveyor comprises a belt conveyor.

11.  The system as recited in claim 1, wherein said conveyor comprises a rail and a
plurality of rollers each rotatably secured to said rail, each one of said plurality of rollers

being spaced apart from each other and extending outward from said rail.

12.  The system as recited in claim 11, wherein said support structure comprises at least
15 two fingers spaced apart from each other such that each said finger nests between adjacent

rollers when said support structure is located at said second height.



