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ASYNCHRONOUS CONVEYOR Brief Description of the Invention The present
invention relates in general to a systemof transporting articles 5 between
stations and, nore particularly) to a transport systemfor safely noving

del i cate or valuable articles between work stations. Backgr mmmmmmmmm

I nvention In various fields, delicate or valuable articles
transported between work stations and the |ike w thout damagi Nng«giee
destroying the articles. Articles 10 requiring careful handling i ncl ude,
but are not limted to) pharmaceuticals, nedical systens,

di spl ays, conputer hardware as for exanple disc drive syste Immm@mmHWQ
the li ke, and sem conductor wafers. In general, integrated circu

manuf actured by forming a plurality o f layers on a substrate sTdas a
sem conductor wafer. A variety of processing nmachines are 15 used to form
the individual layer, wth the wafer typically being delivered to severa
di fferent machines before the integrated circuits are conpleted. In
addition to equi pnment for depositing filnms on the wafer) the sem conduct or
waf er may al so be cleaned or conditioned at various stages by suitable
equi pment . Wt h advandBTEGRATEDRODUER TRABGPARIIPOD cuits have becone

i ncreasingly conpl ex andaNyPASEFNCHRONOWECAONVEYDRP! € | ayers of intricate
wiring. The size of the integrated circuits has decreased, greatly

i ncreasing the nunber of such devices on a single wafer. As a result of the

i ncreased conplexity and dg 6léﬁm§ﬂ11§|bﬂ©fﬂfe Ihbéntioit egrated circuits, the
val ue of the sem conductor wafer increases substantially as the waf er

progresses t hridiggpresane m‘enm@nsre\@tegaegsn@rgl 0t agesemTHtransperdag artidlgse of t he

sem condyct or waf.ers cr.ease from . .
? "f) tween stations an\gI more ar{mxﬁar?y, to a transport system for safely moving delicate

or valuable articles between work stations.

Background of the Invention

In various fields, delicate or valuable articles must be safely transported between

work stations and the like without damaging or destroying the articles. Articles

10 requiring careful handling include, but are not limited to, pharmaceuticals, medical

systems, flat panel displays, computer hardware as for example disc drive systems,
modems and the like, and semiconductor wafers.

In general, integrated circuits are manufactured by forming a plurality of layers

on a substrate such as a semiconductor wafer. A variety of processing machines are

15 used to form the individual layer, with the wafer typically being delivered to several

different machines before the integrated circuits are completed. In addition to

equipment for depositing films on the wafer, the semiconductor wafer may also be

cleaned or conditioned at various stages by suitable equipment. With advances in

technology, integrated circuits have become increasingly complex and typically include

20 multiple layers of intricate wiring. The size of the integrated circuits has decreased,

greatly increasing the number of such devices on a single wafer. As a result of the

increased complexity and decreased size of the integrated circuits, the value of the

semiconductor wafer increases substantially as the wafer progresses through the various

processing stages. The standard size of the semiconductor wafers will increase from
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i ncreasing the nunber of integrated circuits which may be forned on a
single wafer and therefore the value of each wafer. Considerabl e care nust
be taken in handling the sem conductgr- wafers, particularly during the

| at er processing stages, since a danaged wafer could result in considerable
5 nmonet ajgh hRSi$eH0 nifién me&pr&aw, YRS ificrdisthy R Mshal Bethibgtakac! €an
room environnment, substantially Tree of particulate contam natTon, to

pr eser vecitdudéts plaichtiypaybe fdmmed ay e smghtepadai arddhereferieehevadles of ddvh wafgui r enent

of a clean room environnent El aces additional: constraints on the handling

of the depnsddnrabletcare Muflhsstakernin handling Bivasemyeondustor srpfeargaparsiculsdiit ani nant s

th ' f ' tained in. I t t
bods. as Qe i ERkariOhg st bt KERERe whEL EbIE Hreul R By SR i e
any expoghaaty 14365, €NV SaRBhduRibk ShaBrsO s ®e PeRERISINY HBeIrAsm- The
manuf acturing facility is usually organized into a plurality of bays each

i ncl udi nenvirenmeat, spbsieesdly fregerod phiticelate cdintamingtien, wabesserve thapmoty dfave been
treated at one or nore of thfé&nicm nes, the pod | eaves the beg% and is
c

[ p
t r anspor®igdayess deposited qRdhe wa h&teApirenagnt of g gican rogia CRVIEpNENERE BIBAES al |y t wo
types of_tr. L . I i,ldiy--the inter-bay | oop
i n whi chacic{%@&%ggéﬁséﬁragﬂﬁgl\%% %@?{kﬁﬁ“ﬁﬁg&ﬁ%@@&%ﬁfﬁ*?ﬁé. ntra-bay |loop in
whi ch t he podfofah@ditiong Préettisedpainbecdntasiassts Nthe ¥eidongsctOf wafesé B@l e bay. A
system which may be used to conveniently, safely and efficiently handl e and
t r andpor typidadlypoetaingd inessaledb transpartppads @andepraresypovednthtoughowotheaxi i zes
the utilization of th chi.nes in the processing bay is also desirable.
Vari ous B‘@H\#é‘?‘i“ﬁ’&gs{?%“lﬁggg’ AR BAS Y ?WBF‘H?&B ‘ﬁ% eﬁY’é?éﬁ?ﬂ[ touf%fge Bgfﬁe from bay
to bay b dHi Bl - i [ b | plﬁ% e of the
anount o Rjtargszg% I ch%ﬁfgshgﬁ?é nxklg&??%glg/rmliofg%“% ﬁ?ﬁgélmﬁrﬁ g%%ﬁ%g fac? ity,
i nt er - bagf baynepphrincliding geveral | gryceasinpmathiate d Afien tieveafersainl «pod/ Ryvar

systens. The pods are delivered to a robotic 25 storage house, often

r ef er r edbee taeated at Ong O d1ore oL WF BRCHIBEStNEROG KaVesohe bahandistternsporied | y

del i vers ] i n - 0, y iater-ba vy
convegor \LEBR et ashgRal "rhk tRke aiORscollih) ONDST EfiErort 8ol T

t ransf er tHeehayrgacnidiey Rykiteake intkdpswbey &op il whiH the padsire imovey bbsy eehttag ned only
when a conpati bl e, overhead conveyor systemis used in the intra-bay |oop.

30 Wt hi hayheandaijig intrefhay tleemipwhichgheipoda ate mevedpeiwean theopiassisiige to

the pod BYreies L&l Paf BBl Pnbh i b eso b epule sHBLORRE, 'O
provi dedeyfidiéntRy hapte R trankP6it €he pods s destrableZ 08%od IrdnBForVVafsedri wiidh be

autonatically renmoved fromthe transport pod in a protected environnent.
Tr ansiCer maximizae theowdizaton pithe ozeghines in the greaessingybaisadsopdesicibleon and
control over e. pod t han noving,th ods between the inter-hay conveyor
and the bays. iR Gervegtes b RoRETRROY A Trodanspirs U s S5 BB as

bet ween Slohf: Seehter bap IOGFSS! MaIRHNAL taclilly 2 BRNise GPthetASTRY 8F Many
syst ens trtoelﬂ? upo% humfrﬁ \?gr rs to transfﬁegra tcheytngnsS(e)rEtp{ 5’0 S frgm port to
port usi meaffic mathe intdkleayook ef therapnufaciurdng facility tintehybaywahspart tiseypioatly .

Al ternatively, the wrker may actuate a mgnual robot is |ink or_other
lifting @ETPBRITHEA Y OVeTheadBRPVERLT: HECPSr t L BfhBOdsaare feliNgisd d8 & 1§OHEs been
conpl gt e r n p od he ) Kk noves
he oo ¢ o5l fEe  chf (EIRIPRY by APEHbOKE"Y WAL reddiestle Bas ME Mhran
wor ker s taatdri@ieampaéliviehethe pods to the intra-bay loop. With some systems, the inter-bay

conveyor system is coupled to the intra-bay conveyor system for direct transfer between
the systems. However, direct transfer may be obtained only when a compatible,
overhead conveyor system is used in the intra-bay loop.

30 Within the bays, the transport pods must be carried from machine to machine
and delivered to a position where the wafers may be unloaded from the pod by the

machine for processing. The machine entrance is often provided with a load port where



pods from machine to machine is time consumng and inefficient. Often;pfheyy
worker will not be on hand to position a pod of fresh wafers in the | oad
port and the machine will sit in a stand-by node reducing the tine during
whi ch the machine is operating an d-t3he overall efficiency of the
processing factory. Mreover, care nust be taken to 15 ensure the lifting
devi ce | ePLARSL Infayabe GURMAALY tdifovk@foflohe @spiieRRING & ioReROr
exposing the pod to sharp jolts nay danmage the wafers and c uP cause up to
m | 1§ onsepfirslohdrar sTrafisfeaimgate pddsmeathe ledd port orquines grdayerrpretisiontand
transport pods between machines i s desirable. Another system of intra-bay

t r anspor €ORtEMjaver gigoprdhthan raaving Higi RAdd betrren | the inter-paycuanveyer aid dgrry t he
pods between the machi nes and .nove the pods into t | oad port.. Using AGVs
Poduces. PRG. CAiPHP SHemods areapmIPypisin e JREFapsRasd phoichessied BF eoseily "o

whi ch et h 0 ’ i e bay

i m t35 t g&gﬁm&(ﬂm ng/gtb%'i ?%P%’Ena??pé%gﬁﬁye@%ﬁgqgliynﬁ I gh%ay:ﬁ %gg{}ng t he
machi nesto wamsfestthedtansporipdds framtporigo pant using a&@V. tThe verkaremayr mapoailyof
processed wafers and deposit a pod 25 of fresh wafers in the transfer bay.

An aut ondiftehie B9 tothe Rt c M ieERAtKElY he dvorker mgy; affuRteRompual rohedis ik eind r enove

pods fro . C I e i eavi n i in.a

Dods o1 OB REEEIRE", ARSI ol M koA D FobBENE G bl

t ranspor gopgRtedatdrbirh ke irfispart pod td fefartHOTHe worker Heflimdves @RVigeR are used
to | ower the pods onto the | oad port of the 30 processing machine. In order
t o sulftestsf ndxt mathiassiderepediethe pdodes o nRelyingroninmdn worketsie tremspomehe t he pod
must be preci.sel l.i gned wi.th. the | oad port .and.l ower onto the port in a
Cont rof | DG REiaSRAR Fathisey B seaupReHbIgRRIaPENT, Gtaf.iog Wotketr
Processi Rei not e on Bartd fo pRdn o AN wafer§ M SR Aot ERIERGRAGELd © the
next machi ne. Repeatedly ralsing and |lowering the pod is challenging. An
aut omat edvitigitie g stand-py neode weduchg plestirhe during Which de thachindiis epdratied dndi ent
transfer to the_ | oad port_is desirable. Oon@or systens for transporting
mat er i al $heoxciad) ¢iNgigRGHOf Beprerweing factorys a MAIPRYCEoFRIE yBHSE bEfaKSIE conveyor
bel t st Ok ler. .Gl r . 0 across a
ol ur al Ty iare P P BLic YSheBE ey Wi b 0 &Y Grobie EROBAES: ° e
of transpapbsingthe s 1« sHagp jobts agaRmMagb e wafersnald cduld @lbeup @ millisAsporti ng
pods in a clean room environnent. Mreover, these systens do not offer
preci se cdrfiollers efdamaghe A eaneefautenatically navéngethgtiapppast pediebgbweemhni ch i s
required toch re\{sear%s\m]égleshi fting of the wafers within the pods. Another type
of conveﬂ}? _'%féte rch may be adapted for clean roomuse includes a pair
of spaced rai | gn@B&hsyReew Bf irdradbdy\eansysrt @élics Qipos LRRsHidticnehidel détitiet e and
propelling the article along the rails. The conpetition between the two

dri ve2@ydAdmes)nulick sarse thehpods beivser theomagliinasanddngve the peds iataihg loak rail s.

A nodi ficat] of . this 15 cgnve system.i ncludes .a dr.ive system qQn one
ai | and TH-dus e A6 X oAtk AR B o BT M p R0 e e Rt ke
freely al ARhidiithe pBid dre ridVed BohdiAnélbiy e HRWRVETkhkibE6r B 88Y infifGnt eat ur es
of the transport pod are in exact, hor’izontal alignnment, the gulde wheels
may causenurhizer af AIGV sewhioch tiap opéraglm b yingledfay | leaving tehmaphinde indhstehd-byparts a
slight inpact on.th rticle. Wiile these adverse effects may be a_m nor
inconvenr‘g‘ﬂg"ew@b‘f‘ng rﬂifs‘f‘gglr‘ﬂrélr’@& theypod\af progestsdvalsns and WePeilaped ef f ect s
on t hggdeld i ) f rd - ansport
pod, B corh L Braf RO RO MM e o A b ook I eh)

sem conduddliver \patle i ands radssiergodk ronfthegsrosessing rohiRs Wwithout Ravinguaet i on |t
is a primary object of the present invention to provide a systemfor 25

t r anspor t Maghiaes ind sandshicmode isstesirddhduct or wafers. It is a further object

ol con’ rbom onvOVBHER rBRork RS F aPoSiPL [ trisRbott 5O BOhS Mt bamaT oot o
provi de axogygnmmfs SYSBR WiER BNl 0 YSRE the [p@El@ 8RB heE Rlali io&wﬁh@

plurality articles between a nunber of 30 processing nachines.

30 processing machine. In order to successfully transfer the pod from the monorail to the
machine, the pod must be precisely aligned with the load port and lowered onto the port

in a controlled manner such that any swing of the pod is minimized. After processing,



1 SDEC2002 $ It is still another object of the present inventilohltb200?
provi de a conveyor system which may be used to automatically nove a
plurality of articles between a nunber of processing bays. It is yet

anot her object of the present inventifpn to provide a conveyor systemb5

whi ch provides precise control over the novenent of the articles along the
conveyor : Inegt ideh [ s, to
o ovi do. B e AR R o e el R REY ot YA e 21 e
and nmai nthaipodds challengingar xn aulengoede@veyomsysten ohighr msitibas tie pyd t@m f or
transporting articles, 10 including a conveyor system a transport device
and a mediEed, Sficiepnanseritotbe load partis desablethe conveyor systemincl udes a

ranehort dow CoEvAE IuBRS P TahitBrdls halsBiaRChe o YRGHR! e FEh houses
the asti ghefird B6nvelists iNRERINVeydE BEE Sysids 2RI dAEL sy@fenis%e?@iﬁte%%tg‘?& The

conveyor systemalso includes a drive rail and a sSupport rail
support i mg trivsptfied aansyoplural@y iof eotafihg raltars.e Whiid thesectystbas prodideve syst em
for propelling the transgort devi ce between workstations, At |east one

shoe, suBtHldNeANGAEERNSPPL 1R F108Y AEFUBYPLAnGes, theyrArp apt siabledier r#nwpostiRg i s
contl 9ur 8644 th &' iéinWBol GvIMARRAL  Mibreoldd HIRY AmS WBARN Y dled T anspor't
S‘n . e %I’ et system al SO eé)

device o e support ral rhe " transpor _ inclu a protective
cont ai negortfyl over theiabeelerafdviard ddcglehtionfofané bod aickl o Repilee t6 praRUOT

system The container includes a housing having an interior conpartnment and
a botionskiftifgaefethomagers wathithetnogsabl e on the drive and support rails of

t he conveyor system _The, bottom surface.of the hqusi i configured to
engage t he. dr AARPUE) YR DL Y ey SLeEt GHPoREb P A EN Tere SOt B¥opel & t he
housing alang@s biirbrisyRed s BPRIVing 2bfive syERen T&tﬁpb&&ingrgfiﬂ?ﬁélé‘ﬁﬂa i s
configured to retain a 25 plurality of articles, fof" exa e sem conduct or
waf ers. Aropedlirgy theneticdéeleng shemilsi The bympdiionchesyeey. thd bveo dhive sysemonf i gur ed
to ride on the support rail, of the conveyor systemto ngvably support the
housi ng &Yt 0S¢ Hspaticlertq shimmy @s Jenpye deng HiE filsedt MOA Icﬁ‘é‘grhﬂgﬁ“i he steps
of pravidj L i Rt d havi ng
2 bas ado el HAF Bl EUbiCE el BOL 28 Bl AR ERRATE G 11

t he base t@fallblvethierandp as meleviresdy alongahé edllsonUaleds theedrivd byseamd, ghide shoe
carried by the transport device supported on a support rail of a conveyor
1 3 D E @rgbanddeatyresof the transpes plod drainsexarh dotigeyak alignmests thf gwdeuat i ng a

he-ar oV RIS s B abSs & 4o gk spafuBt SRR el duheeTFRERES 88T 2 O

i nvent i onmphkdt! orbhe ARicEe.r PAflid theRRMAVERBeffects may be a minor inconvenience for

20 most articles, the vibrations can have adverse effects on the delicate, expensive
semiconductor wafers carried by the transport pod. A conveyor system for safely and

protectively transporting semiconductor wafers is desirable.

Objects and Summary of the Invention
It is a primary object of the present invention to provide a system for

25 transporting articles such as semiconductor wafers.
It is a further object of the present invention to provide a system for transportin g
articles in a clean room environment.
It is another object of the present invention to provide a conveyor system which
may be used to automatically move a plurality of articles between a number of

30 processing machines.



fromthe follow ng detailed description and appended clains when taker {Ff 2007
conjunction 5 with the drawi ngs, Brief Description of the Drawings Figure 1
is a pictorial view of a section of a conveyor systemin accordance with

the present invention. Figure 2 is aschematic view of an exarrpl e of an
inter-bay | oop of the conveyor 10 systemof Figure 1. Figure 3 is a

sectional viepd ﬁh?éhoih@scﬁb?é% bP{h'e @eamvkﬁm t%hpgf oPide &I BHUE/oF s¥§:érﬂure 41s

a plan view of a section ve rail conveyor ‘system of Figure
1, Fi gurwhichinsayebe wed &s glﬁdmapcallyano‘édapiuealhtpbfartﬁﬁistbeaﬁbeﬂfa fidisbediof ve rai l

of Figure 4. 15 Figure 6 is an enlarged top plan view of the drive rail of

Fi gur e 4PIOFgs§igddyYsz and 8 are enl ar ged, sectlonal vi ews of portlons of the
transport pod, of Fi

r.e a w of the transport
pod of Figurell#$y ﬁl%l?}lberfgjecggghﬁ@f?%m By 1qy|t8\ﬁog¥18%ﬁ&p%qyo§ P nent of a
t ransgor yhRAGrovide f[n@le'fsécéﬂtrdlsov@r eGh&Vdnitht ¥f W 2Pfic1és A8l BEXon? temin
accordance wi'th another enbodi ment of the present invent ure 12 is a
cross sesystemmal view taken substantially along line 12-12 of Figure 11.

Figure 13 is an enl argelp(g sectional view of the circled area of Figure 12.
25 Figure 14 fdneregendahpbisrt of Bk RssseaBY Héion diiooRionidiar comvey ar s3iterBor t

device | Phich may be efficiently constructed, operated and maintained.

In summary, the present invention provides a system for transporting articles,
10 including a conveyor system, a transport device and a method of transporting the
articles. The conveyor system includes a transport device which carries the article
between workstations. The transport device may carry a container such as a transport
pod which houses the articles, or the transport device may be part of the container. The
conveyor system also includes a drive rail and a support rail for supporting the
15 transport device. The drive rail includes a drive system for propelling the transport
device between workstations. At least one shoe, such as a wheel, is carried by the
transport device. The shoe is configured to ride on the support rail for movably

supporting the transport device on the support rail.
The transport system also includes a protective container for carrying a plurality
20 of articles along the conveyor system. The container includes a housing having an
interior compartment and a bottom surface which is positionable on the drive and
support rails of the conveyor system. The bottom surface of the housing is configured
to engage the drive system such that actuation of the drive system propels the housing
along the drive and support rails. The interior compartment is configured to retain a
25 plurality of articles, for example semiconductor wafers. At least one shoe is carried by
the housing. The shoe is configured to ride on the support rail of the conveyor system

to movably support the housing on the support rail.
The method of the invention includes the steps of providing a transport device
for holding at least one article and having a base and at least one shoe, and positioning
30 the transport device with the base of the transport device supported on a drive rail and

the shoe carried by the transport device supported on a support rail of a conveyor



accordance with the present invention. Figure 15 is a front plan vieWJdE( 2002
the transport device of Figure 14. Detail ed Description of the Invention

Ref erence will now be nade in detail to the preferred enbodi mrent of the 30
invention) which is illustrated in tBe acconpanying figures. Turning nowto
t he 1 3 DE C zZ002 draw ngs, wherein |like conmponents are designated by

l'i ke refsgstemnc eTimuimethamidsalsohmolndéotht stehef uamatngsa @rigesyseem atredtbyahe i s
directed to Fj (%ures | and 2. Figure 1 shows, a Sﬁcti on of a, conveyor system

10 constdrivetrad 1@ Rroped HiedsansRothAgics pang te<kive rath aBASYRATL Wa#i | e Fi gure” 2

schematical ly, L l.]l.ustr I f. . Si.0| ayout configuration
for the conv@%‘ilhé@ t@ﬁﬁ%ﬁsﬁ ﬁfﬁ@%ﬁ\%@&ﬁ%@?ﬁ g’?ﬁﬁll% rg?%v%éggliy gppsagﬁrg,

ef fi ci efforh MR oREHingd ®ENRAIcEEripabn BRVATPENEGLdAMS Svieh tikeRhPEAGRKBnCONt ai ner
or transport pod housing one of nore articles. In the illustrated

enbod mamith theedrewaigssem conduct or wafers W (Figure 3) are held in the
protective environnment of a transport pod 8 for transport, although other
types of containers may al so be used. 10 The term"transport pod" is used

t hroughout the specificat iﬁ?féf?ﬁs&rﬁntioﬁ o EOBPRARLEr M enployed in the art,
although it is to be understoog that thne termis not to be limted to a

hol der for wafgfe bista pistorisitvagwl 6t scrtienefnERSyor Nty steyie a€ordumbé §iither f or
housing any type of articles. Instead of wafer transport, it is to be

under st abe preésant mMentgst em of this i nvention may be used to transport ot her
types of mategjals,.particular.l elicate 15 materials re substanti al
caP e’ mist " be. FigRE 197 SAHGHICOY A EhaEiTe PEerk iR Do IR e ey o

medi gal : panel displays, hard disk drives and other types of
corrpﬁ?ersq}beé%fgprr@r%m@&rhe conveyor system 10 is designed to neet the strict
requi renment s Figuropds akewmionalnview tdkeasubstamiadyalongriimerdt3 ofbigevet., the system
may al so be used in other environnents where eljmnation or mnimzation of
particul ate 2big8Ent &hd AR VIR Pk srstionAf thedsive rad of tha/gonveyarisystem of t he
conveyorg ? gm | O generally includes a pair of rail s 12, 14 for

supporti ni?é e transport pod 8 as it is noved al ong the conveyor path. The
rail 12 funct Fiiuse 85s &n ehlarged,rmdtbrialviieanoPd Saeeibs obithe dgive @15 of Figuier 4nsport
pod 8 along the rails 12, 14. All power for noving the pod 8 i's supplied

vi a tlhe dri veFigire 619 an palargedsop plan yiesof deakriverai gppigure fail with the sol e

function of s Qrtin he transport . .pod 8 such th t 8.is heldin a
| evel , unifor é))’rﬁsa? gﬂggoargpplgﬁegt ?ecgﬂgréag ertwsiogfpr?%\}@rif ogﬂgﬁg'g?sﬁ’grtc@ﬁlveyor

pat h. Thgfp%y@gpr system 10 al so includes a transport device for noving
the wafers or other materials. As is discussed in nore detail below, in the

present enbodifigure Stike bottamsylan viewenfitbetrensppametied Kigurk It he drive rail 12
to constrain novenent of the device in both the vertical and. | ateral

i rect s one. wATEEENAS fapBpma VieY < sapBrarutodPEn T iRRRE AR devi ce (o
CO”SBZOa' n onl BFi%ﬁE fi1Gak pi@&x‘?ﬂ%’f@vll 81; a g&gegr?xﬁs"}%&ﬁﬁn £2¥idafee With bfMifer

enbodi nent) as own 1 n Figures transport device
embodiment of the present invention.

Figure 12 is a cross sectional view taken substantially along line 12-12 of Figure
11.
Figure 13 is an enlarged, sectional view of the circled area of Figure 12.
25 Figure 14 is a side plan view of another embodiment of a transport device in
accordance with the present invention.

Figure 15 is a front plan view of the transport device of Figure 14,

Detailed Description of the Invention
Reference will now be made in detail to the preferred embodiment of the

30 invention, which is illustrated in the accompanying figures. Turning now to the



1 3DEC2Q@2 g_is part of the transport pod 8. In other enbodi mdnt Bt o002
the invention, as shown for exanple in Figure 8, the conveyor system 10

i ncludes a transport device 80 which may be used to carry a transport pod,
contai ner, or one or nore other arti@l-es al ong the conveyor path. In this
enbodi ment, the front of the pod 8 rests on the drive rail 12 5 while the
rear pordia@ingdf Wh@eiRodké Scosttonets ede mésighﬁteﬂdb}ﬁrliﬁea'réfer%ﬂee HRwRYAE, 1t IS
to be understood that this configuration could be reversed, with the idler
rail beithgoygheut the vatiousdigures, altentfondn tiredted teFigoresdl ad®.t he drive rail 12

supporting thg rear portion of the transport pod. As shown in Figure 2, and
described in 2 éléB%W 2 |SEGLIRR, Oft A RONVBYRF SY$IEMS ?@}ﬁm@ﬁeﬂ RCCORANEE cul ar | y

sui tabl e ra.Similt.a Y Bk i i f t 0 pods 8 or
ther tr MHGB PreehRea Ry whiEITRRE'Y el e an' GARTREPE RDCT ot ve
pur posespodsiie VAbut ¢dnfighration F6r thedondyep dydibratiot NEhabeRYoodysteh@ngpor t pods
8 carried by the conveyor system 10 may be increased dramatically. In the

exanpl e proowdesi nsae gefficient tahspody ingehansiv far2mawmihg attieles oaid pidective ar r anged
in an intra-ba Iooga 18 ich 15 incl udes.qne ﬁ{}@ r[}g CrQss ééacti ons 20
whi oh maSPAINETE ATaPePort RAYoUSing e PigRICredFiciEhm BHEe Bvaied ephedimesh 18 t o
anot her w [ 3 § e r ovi di ng
areator T ERREmIEAMl ot Al (PP 3 ale HE e e et AN b BB Oy Do
usef ul wheraasportrpodi8 doit tarsportf aldiough ytheasypdsi pf comthimeprmaesiss b usat hi nes.

However, for bays in which each pod nust be delivered to each processing
nmachilfe The symsEanspet Bed” & usedfreughont the sperificabiop ap &t ippePBIRQIteHs | t

| eaves th i ddl e, of .t .0t Ea- fr for.service . an i nt enance
traffic. e‘%_ﬁgyg@&thg agr Elﬁ-gg% \l/tg? g’?ﬁ%nggﬁg%?rwartgﬁebtg Ilsogé)t tfg)et}ifmged;t?)ocker 16
whi ch 1 egbMRr fortvierd ilbisifitefaedno edotipafiadny ity s \Sintai St FoLRdushipCarynt er - bay
transport systemis preferably elevated to naxim ze the avail abl e space in

t he i nt etypoaf amticles. flnsteadrod wafernumepoet it info heouriklersegodrthdt rihesysteneofithis ser vi ce
equi prent_and the | jke. The conveyor system 10 of. this jnvention my be
ised i EREDHAR R, Ry Wb A0 uRtRocy QWel, WSS Ripeibtiels PSR AR Sy st om 10
fromen EERAsdHoratBostthl chie b UCHREn GEIHaKOIF thel FARFAR fuchflS L0 the
stockers 16. Instead of using the conveyor system10 of this 1nvention,

ot her typhamasicewicalsemedioa\systems,sftad phiel displays, ritaed disk drivesamsipather tgpes ce. 30
The intra-bay | oop 18 transports the pods 8 between the sem conduyctor
processi 9§ GO RquIpmenhs The, SRRVEYAr sYRCRAP 1rdesiensd doedssinde el nes 22

are sho ' dab b [ e ' er of
ot ocesst g R obffarbuird cidgh ifin B RATERr, Mkl R Syt SRS Cpon
t he constalsi e Ssedipesied eayirdipep ebefe einttaaticnosd midimgranow o€ partiaglavel | as

t he physical size of the machines and manufacturing facility. The
proc i FGNREHMLPAS POt aPpl§SUSe any of a variety of types of machines used to

. _ Rkt it i o es
o prent an. SR ATFE 3, bR cbiiey Bl sPHE D B e el Tt or
waf ers at12ya4ifQU§xF§@xﬁﬁg$hedwdsmt P6PE es# listov ddfloh § AksiAEydRGdeh. 8TRE € noved

between the nmain [eg of the intra-bay |oop 18 and the cross sections 20 via
i nt er sectraidid fPwtiomhas 4 ditiver rad oxtiignpropds pndogn ides thertmsporopod 8dlongahé ng t he
pod 8 as it i % along the drive and.idler. rail 2, 14 _The_1

i nt ersectriahﬁéi'zggngsl RWéqﬁr peyinghe B‘qugéf’rsr‘r’i’l’{‘?%?”aetﬁﬁaﬁ?ee,mﬂt% tRahspor t
pod 8;5my; Pisa Rt 0f ShsbreRaill Wi iHGold @nQRsh & SPRYRink ke frdhd tg);%g g4,
rotating thles r?old 98 tlg%irnsbre tLe garrens?%e of B?ﬁem%ransfpo tr od 8 is

al ways al sughehatvwhe pod [Beis dieldvia a keivel, BRiformniy bataneed odertit@npasdit gnmoved porti on
of the drive rail 12 of the new path. Wth other |ayout designs it nay be

necessar yRA10Rg thscanweyer pathy, Fhe genveyermsypiem: 1GrJs0 mchides a gransporedivieentount . | f
no

moving the wafers or other materials. As is discussed in more detail below, in the
present embodiment the transport device cooperates with the drive rail 12 to constrain
30 movement of the device in both the vertical and lateral directions, while the idler rail
14 cooperates with the transport device to constrain only vertical movement of the

transport device. In this embodiment, as shown in Figures 1 and 3, the transport device



15 redirection of the pod is necessary, the pod 8 is allowed to nmové Jddtd8K
the intersection 26 without changing directions. Wth the | ayout shown in
Figure 2, the intra-bay |oop 18 also includes a pair of intersections 28
which join the inward-directed and ogt-ward-directed | egs of the main path
of the intra-bay |loop 18. The intersections 28 differ fromthe

i nterseqs Pgnsofz@e transgpRrd FRL 8 1 @ oilef eRBEEINARS0f2Be 3 RNHER Jast dogdiof ect the
section of the conveyor 10, not to direct the transport pods 8 between two
di f f er erexampletin dingure 8, theeonwyeeystem Ihcivdee n $mospootndeR&erfywliieh aragst r uct ed
to rotate or swng a section of the drive rail 12 to change the orientation
of the diciussdrtgicRITY R trapsPATttRed, GPRIGIBET, | ONEXIFRBKSPEIEticks alang ®eont o and

of f of the intersectian tiyvel igh secliagn 28 . i ncl ude
o o olORy DS T ot B Ao, 4 A ook D WS 3SR AR £0e 01

di recti apniRf tht ke Portiol & thép&I 5 86HPoPRE by T RYer 3hi$ 4 LY IS B BDet e
intersections 26 if desired. The Tayout”  of the conveyor system 10 shown in
Fi gur e 2mdesstoodribdtshie sonfigarasionicowld demrenersed, Sathwhd iter agil being pesitivnednove t he
transport pod 8 between the_intra-bay | Qop 18 and the | oad ports_ 24 of the
processi tﬁ&’aFFgEbrﬁ r?ggvo\?ége P?ng H‘Bé the ‘g'é‘zlcrréﬁe@ BIPBETNSSAE reas PoruRn ef thée and
idler r %rﬁ odd are generally located at the level of the | oad ports 24.
The transteP assenbl y 30 includes a lifting mechanismwhich lifts the
transport podA8siivavi Fipered, anddaodbdddnenoreaietal bkw, e campyirayies t he pod
fromthe rails, The transfer 1 ~ G k C 2002 -10 assenbly 30 al so includes
a dril0e Hyistpemiantrlyrsupaidp érssimplangously snangpogting e plurplityiof tyanspeat peds
positiongd abpve the | oad.port_24, t roper. position i ng determ ned by
Phe dest Bioraithtenpen Boes Fa: pidih 8 PRw L Fub e LB tafie) Ao be
used to Lir3HekeHoWSet, iBRIPBE indefod hiQRE hiifbePBY 8YRDpottPolifg chpgch port 24.
| nst ead of "depositing the pod 5 on the |oad port 24, it i's to be understood
t hat t heby tlensihseyasystein 10 may bbénatessed) deonaticalyip pothe exdample shospoint pod or
other artjcle at the machine 22 or, her wor kstation. Usin e .cqQnveyor
oyot em 1BIESFE e OTte Bt 1 oind ifee ik B B ar et 31 fiky e 1660 18NNy and
convapri e ﬁenﬁ.gg : i i £ i h bay.
The 13 ?an@%@??é {’)ods B%Eégoﬁﬁtg%tﬁ)gl??%gﬁ@{@gﬁ%?gg&t{éq?%{gfﬁ?gg%\b%%rgtqﬁ?gfof each
10 machi ofe gartfodrthelidopatl woarmrttr withoes siqoiriny thahthevyridetrsversdf thefeniitee pods 8
have been automatically filled with the processed wafers, the pods 8 are
aut omat i k9Pl provading geepterJlaxihiliyyain the mpyvemantg{dhepod8.aThirgarfangemsat a- bay

| oop. The ) fel I uk.el; . v r system
1027 ne o e alerin RuRALE nforRBf R AR fElity HARRADHEHe Pocdifin MYRURE, DY OO
are mani plowatled fov B9k in WhRhRastspodohed: 6 delieeréhd ¢heh pedtleSsind hmathkipensi ve

waf ers from becom ng damaged or destroyed during handling. Mreover, the

t r ans3for suqsessipng a gineple centinupus leep isqueferred at #deavemidie midadlg of Hedntgehay e,
controll ?d N@{}er which m im'.st thggﬁ{.}resses i nposed on the wafers by the
moti on of PPhE FFe U SF e BmaneRanee ifilicy or system 10 of this invention is
described in !1@1%?9@@8 §fe|deliOerE@'t@&b%raz&ytIQ%ﬁ:w&di 8 Stobk&@$ whidPrechiveghown
particularly in Figure 3) the transport "pod 8 is supported by the drive
rail 12 dimd polie fiodh em m&irtbayAtradbpert diystem. r aie {ieribayl traiesport shisiene isyst em

generally designated gt 38 in Fiqure 4, for propelling the pod 8 along the
rails 1z,prafar.ab>heiq*féteal o e PaER T fee FHeiebRy a PRehr | ve

{ ore 28] . ¢ ; . el dri
aacer) y TRy eFieHE G Al Rl cand) and SBEHA, ik RERETRE! BhetnvellE (L1
i ncl udes sgstpmuadfithiy ifMention mey bheddn 4 iner-dby arch Cpriefenadly By Sﬂ%@ﬁtﬁnghe

underside of the transport pod 8 to propel the transport pod al ong the
drive raithe aonveyoisysiem® fepse enpysrherd framg, wdtsthe convgyen deliyeiddg spmpedapar t

dri wheel,s . 42. As ,sh ikn Fi .4, the dri ¥ 40 I d
0T Lve SRR ARRREIE, Gl G BTl ARSI BRI or
42 of adj i I E hal doVi | to th i

12 o 2 qsenipdirigadsapamithrticenibegprialdieniel 10 e shacin

it is30o be urifer sttomtay hadp t1Betramspoitn ghd giode el betveeetlr iheesansisemduciozs may be

i ncreased or decreased so long as the transport pod 8 can
processing machines 22 positioned in the bay. Four processing machines 22 are shown

in the bay for illustrative purposes, with the actual number of processing machines



~ ~ac c zoo2 -11 straddl e the gap between the drive assenblies 40 &B6C 2007
still contact at |east one wheel 42 of each assenbly 40. The drive wheels
42 project upwardly fromthe drive rail housing 54 such that it is the
drive wheels 42 of the rail 12 whichglrectly support the transport pod 8.
The wheels 42 are preferably nount ed at approxi mately the sane height to 5
ntnlntze i r rails 12,
I 0B Bt 1R odnihng, Por e orais TRPREE R BERSRG 21 ¢ 12
Hovvever mahufecuting pmcmcmrvseumdhé piasidahsiot bethermnabhiries ahd ensubkniriig
|nvent|on the drive assenblies 40 may have a greater or |esser nunber of
wheel s. ﬁas;rlmheﬂ‘he pIgsessinggnashines a2 WIQE@P gnm@a b@lqty\@ma@eqf machings nsedsed. 10 A
hub 44 p{o ects outward 42 .as ﬁhomn articularly in

Floure 510 bioges sarbaRfuclat vt bink o bitobitrfeq i efiio BB e Rt enas
around t gtﬂﬁeg r s to a
not or %48%Tlﬁg&5n%€§$§ﬁn%9ﬁcd¥ﬁh%ﬁm pabl eglléot%dg&%@ghvag}ss:at gﬂgmggﬁ ter c?@gc kwi se
di r ect i opgocedsingot at i on, al I owing the transport pods 8 to be noved forward

or backward along the rails 12, 14 upon 15 receipt of appropriate signals.
The drive systl8 rwpartstapctsmrw@yecabe%an Qtecmentl@aqgﬂ Badntryhy ppsd f or

rralntalnln a un at | |ley.51. The
drive asgg %Sészf% Igs (ietaﬁﬁgfesgée}h I yj:ﬂep?%%sieg?%bs gotv fe'a xgﬁ?r} ol over
t he nmoverggnédifdctinfehd paMBPArit iPNeved albﬁ\g tﬁtedMeemntdl&rﬂan@ilmem Tiee drive
system 38 is conposed of a plurality of operational zones Z with each zone

Z i nclQdiintgrsentionsi26 way 2akeaa wasietyl of faons. Hoowexemple, thegranspore pod8imeyrh & of t he
i nvention na i,ncl ude e han pne, dri assenbly 40. The
i ve spaeaitesisd B e Mo pog AR the rih L df o peci Sasod S0 ni ighne the

i ndepend r t nal
ones. ar Sone ¥ BPlclinR oy JAE8 B e T i A2 PR LN
time of tthepxfaro atpbeticnpefabe dripomdld 200f théaew patks pBiith qbet 18ydwy detignad] acent

drive assenblies 25 40 is synchronjzed at the tinme of transfer between t he
zones. \WAEHaR by HEcessary to Eptas op rypeng wansprymedity & diffrssmramaynt.y I ngs

l; t th
oper a4 Rl ANE o S8l nAEk Y, Rl s AR b REG A0 RRAGE T e

t hese zorpgswitlicat charey dirécdidns. Thi s reduces the power consunption of the
system and extends the operational life of the drive assenblies 40. The
drive zones 30 %Ihdhﬂé?f)’@uh&i]o&’@éhflﬁuée %tthéﬂmi?o‘éj@’ loap 1Balsecdpeludes mpair nact i ve

node, all n y of t

conveyor, qéﬂﬁ‘%e%?%gé 8’#‘&; IR t8$ %Fe%ges& ‘%&@{1& ﬁéelggk%go%s r&ﬁi{}i ng pods
are pref glaaPbping ﬁﬁﬁh"-@d}eﬁo{QMSatTtﬂeQ@t%fse&Rﬁts Q'SRitﬁferZ@&Q the inter8eddohs §63W02 - 12
in which there is no pod, to provide a buffer between pods 8 and protect

t he pdds thgethmltersqqameez& araubed tbmmenghe pecsion pétherconveyer 1ot spdicéaig

bet ween t ods i s er abl ed as t.he vel oci ty..of

i ncr eases“HFB‘%bsrp Qg)ge”f&‘t“’een§¥'8tﬁlb¢ cﬁegtt'%t’rsfcoé the Canveyqr nERe m%m%er‘fapﬂey are
not in nojg gAy He*l%n&?@éed@%o@ﬁ@klpywﬁsgla%%ﬁén of I4QIrReZ143 to cﬁﬁfé& thene

i ncl udes one m croprocessor or control device 52 for controlling operation
of the dronmtamsefittie/dri@ rail 12 hwith derdrive Thid 12 prapeblingdbe poeé 85fta sndoffpl ed to

a control s sfem (not _shown) which controls erall eration, of the
i nvent i onoft t‘?‘fé‘?ﬁ‘P@@lgatA‘l]GWa&Yd-‘( Hae mirsseypn géjlg’tae‘éﬁﬁ“il‘éd%sauﬁ]‘r&q driyg rail

consi dera r%h‘{tﬁgxb ! %aatt a gtrtt?to%h e &Qfdﬂtctdt'o%dawtenmeqmerfeﬁmﬁxa”p' e)

the control sys y I nc conp
28 may also be the same as the intersections 26 if desired.

The layout of the conveyor system 10 shown in Figure 2 also includes transfer

assemblies 30 which automatically move the transport pod 8 between the intra-bay loop

18 and the load ports 24 of the processing machines 22. In the illustrated embodiment,

30 the drive and idler rails 12, 14 are generally located at the level of the load ports 24.
The transfer assembly 30 includes a lifting mechanism which lifts the transport pod 8

above the drive and idler rails 12, 14, separating the pod from the rails. The transfer



controlling operation of the conveyor 10, intersections 26 and 28,1 @[ ZOU%
transfer devices 30 within each bay, with the conputer being coupled to the
control devices 52 of each of the drive zones as well as the control
devices of the intersections 26, 28.amd transfer devices 30. The conputer
may al so nonitor the status of the |oad ports 24 and, when 15 the ports are
filled, At Toxt ; t hib @cati ons
upst rearﬁ% %érﬂgbnl]wﬁ)egl? ?III ed Istrggﬁ%eg%%%p}?ée}g@r# eféot“nﬂﬁglﬁﬁrs\@%gt\fvr\@eﬁc]? he pods.
The conmprvperty pdsitemed atbvg thelpad pors Réyudie prapee positide bEng detbiginedbpthicer s may
be part of a network which includes the control systens for the inter-bay
conveyordesigReof shedepdpart. Sker dypss of Hansdereasseantl sl eilsosbeowsed retrarsiaif act uri ng

facility, The centr trol 20 temof t rocessing facility my al so
ot o "6 R RRA R SRA R WALt 2 BRETRT SBRRE et Cl e
at | egsty e 18NSt 2831t 10 Hatmetsidnd thiahP L8RERC £s8hbl MAHLSaNiddain the
zone. In the present invention, a pair of sensors 53 are “provided in each
zone. The ssppatitle Banspor podoabtdr ag@ie dtthe erachimn @2 caarothee wdrksthtibthe zone to

detect when the pod enters and Ig@ves the zone. This data on the |ocation
of the 25 pod Wingheoaveysr s¥3teR 0L RS 1AYSnHien z disdsanaprih Bedschimay bem t he

‘ ' ting. . d
e the wrgeiebind EEBRRRIT pAsrBHEs BEMKE (RroRBRT il il SETC “Tre
data is gdys0 ’I‘h%eﬁaﬂspoﬂ?@@& i3V aleCauibrhiecall§ Sipleliad @éliedd bone 2o &chas | eft
t he operational zone. The tine required for the god to travel between the

sensdPs maghibe 28Sed unlvadivgiand pracgesingolitie wafersd aften the ppdel8 &své beed0 travel s
across the zone sensors are used toq, nonjtor the | acation of  each of
Ehe tr andnenato St SR BrolbSet SRR ShERl Cre ibmetedl Ruta i vi doa
transpor 128 13GR@TBYNng thenida-bhyFldop2 82 podds Hesaflid 38 of
the ill u&slf?g'?%d ‘enbodi m;,/nt pIrl%viedIés a :Eldggn, efpfoi ci e%raléftgsag‘éri)ll %{é‘j %@Hﬁ ni sm for
movi ng t hipppodd dyathemgnvdyer dysterm THyithe IiRersactoongrdécarsie2® and tiod trenkferanner .
However, it i be under st ood t,halt ot her, tpl/ges of drive systens may be

1 !
use d inaﬁméfw% GaitheReS YF PHEPYIAGA WA Ne-BrYSe PEOIBFENS HRdIelFiiGe syst em
may p : : JLan evi ce
ol U nEAEREE el il E8iorhiBE Eha ol SN QO bl BB aleg R T e
| i near i fiduginsportrpider8sare aCkdierated| dsteleaytet caml moyedis gt phrykel Usi ng
t he i ndependent drive assenblies 40 of this invention, the novenent of
several pwasenhigheminioizss the swrespesc BARGsed |oadthe Twafess by thenmeten &f itth of t he

t ranspor ods loong the | oops or precise control over the 10 spacing
bet ween }rﬁﬁsp&tdgo% 83I ong the conveyor system 10 is not required. Using one

comon drive gystceAveyorbyitenP10 BEMIE hvéiiol iP0QEHB&! BQRbreWetadVigiirefatién dr i ve
speed. As shown in Fi gure 3, the drive wheel 42 cooperates with the

t r ansdSor to déguree 1 aud 2110i nAs Ishewr pBributasin in Eiguze 8, dfe trawsportapedpdis pod 8,
to propel and i he 8 al ong,.t he. pat The drive wheel 42 engages a
gr oove SQ“RWng’yiqﬁe %"H‘ée %ﬂglgraé‘?dge ertrﬁgpl%Sthedg%‘.’e R @h‘é‘ﬁﬁgﬁ%‘? %T‘X‘hl arly in
Fi gure 7kyitin! BehePI§SRSnABPatiT M Highi0, $6:9RopAlihg 1Rl pdd € 8pOMEra06 ar e

t aper ed out war I; t%l m;glflm 7& cont act bét V\[ggﬂﬁtheémllljs of t%e graoove and

t he dri vd2niéelsthedllustiatedrandiod gndnt b€ theanvémione dre drive syktenl 38 2ludedat he

groove 56 _and reduci ng wear and fear on the wheels. This is of particular
advant agé’l%ﬁBW fers i/"(?rasifﬁnl?]?s &Qecp'i’%drd‘."‘c?sé_ﬁlﬁbWQ‘lﬂﬂséH(}WF dArBEHTC wher e
m Nl Mgl 119 ?x?'ﬂﬁig%ﬁlb%gixﬂgm,pﬁl@tdrwl &E&n&@%&ﬂ{ié&é‘& kR{?alﬁtﬁ df“&?ﬁfe.t\@ﬁé 15 fovever,
i n non-cléan room applications a groove configuration 1 n whicC Théfe is

some contvagth Betterany ehgageahd sndeksiddef geatnspdingod Bao I shent@ahspert
enpl oyed. The groove 56 of this enbodi nent has a depth of about nm with

t he tapernod &plgag ke deveeili 1y Thedriyhassembib#iinchidss aplurthiey ofi pacedof t he
bot t om of_t i.5 ghout 8.5 ith.the si IIs bej i ent ed
ot an 26 By eNEensgs 2. FHopE R ERE hant Aute TG Dt LM i ch
the pods fé {51 @ih Eﬂh@tkﬂrsbﬂa?atm%kﬁeeﬂ%h? Jﬁwgmgéelpﬁ 3&?@&&%@@ ve

S ral or silde-to-si

wheel s 42 and the groove 56 contr ol ate novenent of

the pd0 &ssesnbilies|40ds svimstantiaky equay eomtietspading berwpen theWtiveewhdeds 4Dobiheat i on of
t he groove 56 and drive wheels 42 is preferred, it is to be 30 understood

that t he igfiniipel daversyersly 40 Moneven itdato benydepyiond detthe spacinghetyesnt
dovi e, hUavEBeriinOin B Brohlorderdibioghe el pde'ss d & oui



1 ;i DE C2U02 -14 As discussed above, all neans of propelling tménfﬁzmz
transport pod 8 along the conveyor are carried by the drive rail 12. The
idler rail 14 cooperates with the transport device, which in this

enbodi ment is part of the transport_-ped 8, to support one side of the
transport pod 8. As discussed above, the drive rail 12 controls the plane 5
of the pg e the §§;5 bewekh fh@%rﬁe 'ah’s%rdbﬂéé 401231d35§111Vt%h{acta§t [EAe oh@&/ﬁéeg'%pos' tion
of the po cordance with this 1nvention e transport po

suppor t edf mh@ksembw 40. Tl drx%hﬂls&l@ﬂﬁeﬁummy franntheidzies rdilimusing, | ol ti ng
or shi ing of the EOd'B as it is %ro pelled along the rails. Thus, the
idler rap$ su_ch thatsit jsthe fevewheals 42 pf thg ssil l%whtChéhrmﬂosuppoetdhc Fréllﬂp@d novement

ofthetra po d 8 along. t |cularly|n
i gures RohAa- She BRECR f2afE Brtiiranl nolnadfat o fihlbls e SN ne U1 ve
rail 2. nﬁ?ﬁﬁxﬂ gaof?%ﬁﬁ\?tcffrtﬁeﬁ&i mennpmw&albﬂgwﬁa%uzewnfh fdl er rails
12, 14 to mal ntal n a predeterm ned spacing betweel the rails and facilitate
i nst al | apresentcdmbiddénemtn theydsive sT/blerrr:/&ﬂmlehldes ﬁﬁ@wﬂnag/ls d2t dhavévier ieisttor e | engt h

of the rails 12, 14, or the c nnector vi ded by, a Iurality of
connect i h@uﬁﬁfﬁé%ﬂﬁbﬁ ?th@'riﬁ 15¢atipgs pf él"V& %ormtg?@"\fwsmheé may|4. The

dri ve 1 abld % ABfcOnNSE! A0 oFBkeE. TRMALEd 978 o7 the ARLS, Ry N frame

(not shown e drive a rarl’s
suspendeghdré£8d bhgedieadeing by an overhead franme (not shown). The conponents

of the conveyor systemare nounted to the supporting structure using
suitalf e means°x heb %pr«nmﬁmoutwazdhéf@mthemasrveeiymgb%as shesvncpani@yasty 0 of t he

|l di h.a f f
channel & TSR ch AR5 BBk 0 SRPCPHEe HCFRuteb &t BRERL R
frame, a'ﬁﬁb@ﬁ &¢ ﬁi'éddﬂ?ﬂ! Whés @i‘ﬁﬁ i t‘ﬁé d Yive WhRelgRY a RfottiS 48! T fBieRL the

conveyor to an overhead support fr he pod 8 rides along the upper
surface dB8 miebé cipeblerodiclockwisasind ICSmlIGT’SlmtkWISe rdinectiatstadirbtatien,alowlimg t he

|IIustrated enbodi nmept ad or, _cushi on terial 67 is vi ded 25 al ong
e uppeflie HARSRAE: Brd 8 PEFIOVG Fo0va 00 PAGOTHL AWORE BF AT SdolPey 11 do.

The pgsd Pc7el E)ef 38%1’3?ﬂa@fs§§alﬁesl‘hle'd? Es%ﬁbﬂlso%@ﬁq) At }éﬁﬁtcﬂﬁq Wheeh will

not readi trcl after e ctonveyor has been In use or extended
peri ods qfulléyﬁefoﬂ mainegifingfa unifoad W1, terisiom gdcht Seasbyner idibe pdiieyesl.l y on the
upper surface of the rail 14. The upper surface of .the pad 67, or the rail
14 i f no pad iEhedpiepasanblics 49999r@wa19¢§peadwﬂanawvs<bng arqa&'ééowa«?}m@r a

it ol o BRESETel, BRERLEY! Sy BURIP AR TR 86 heve o

a Vrail. ibgompéses lotaphirgi@iodppdraticiial gones Zt ith épitefore W fnakdingayie @eivpr ovi ded
wth a ~ ~s n ~ c zoo2 -15 longitudinally extending groove (not shown) to

ensur 80t irssemblstbr Hoysues inother smbopisns efothg devenbon thsy zamee magigagh 12, 14,

Che rart auf g0t Thedrfe pffenff 26, 138 SR8 RPes A et (i BRat on.
The vari afehons) bﬁea'fcﬁ%oﬁ@ihfﬂn@éﬁe%érﬁﬂ @ntroled.| Q‘h@ﬁrlrvé“s% stéifts wloea H@éhtbe 5

used to guide the pod 8 may be provided instead of the groove or in
addi ti on epsratiosalponey areS6caierated dadl dedeteyatekd atntbe saroerpase eudhrthapat dlenlgmt he pod.
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propelled along the conveyor only the operational zone directly below a pod 8 and one

or more zones adjacent the pod 8 are active at any time; that is, only the drive

assemblies 40 in these zones are in operation. This reduces the power consumption of

the system and extends the operational life of the drive assemblies 40. The drive zones

30 below and adjacent to other pods may be held in an inactive mode, allowing a p lurality

of pods to accumulate in an area of the conveyor, such as before one of the processing

machines 22. The moving pods are preferably separated by at least one empty zone,



10 understood that the shoe 68 may take other forms including, butt hbk( 2002
limted to, a fixed support having an anti-friction plastic surface, an air
bearing and a magnetic levitation bearing. The wheel 70 is rotatably
mounted to the transport pod 8 via alg8haft 72. The shaft 72 may be
supported in seal ed bearings (not shown) carried by the transport pod 8,

al t houghinoihésh thiegns mayodetoysevide @ budfenbetween 3odf 8 dnd progct Bangqert pod 8.
The 15 wheel 70 is preferably formed of plastic with integral sealed bal
bear i ngsagaingrinadvertentt bumaingvintoceng anathar: abhe spagingubeween ghec pedsnisr oom

environnment.. In the illustrated.e dinent, where the. idler, rail, 14

i ncl udesP¥: g]ra%l-y, mF'f‘?ésetdh’?Sc‘klﬁé@EOCB?( rg?ﬁlée WFEBFY%C% © YIPYCE A5 STPBUWEer t han
the width: 6 : I i he surface
of the. pageng? SRRt Whdh Dol Ll i TR b B MR SR 501 The
20 wheel sonedb agai nst the pad and a trap for dirt and other particul ate

contam nation. However, it is to be understood that wheels having a wdth
equal to or nZeflbwene inchides wac FRieropresessoner saBrAeayisg Hefos romerplingi n

non-cl ean_room epui r onnent s.. .l .anot her i fi i.on of,the invention, the
Wheel  7ooeagh SpHis RREANTowY 40 ARk AGHe- o TS tartEY WBlef paicidalt R, o
recelve E%nHBPWste‘i#(ﬂcﬁ%ﬁo@ﬁ) whigh %éhtkol@ﬂver?ﬂ%géﬁtiﬁ@@f 8fd98verffont MEne25 Wheel
on opposite sides of the groove woul d extend bel ow t he upper surface of the

rail 14 eoufigmaioneofttheecontredkystin isenbjcctad cenpiderailey variativhavithppthe ssopd ace of
the rail 14, as, the_tra&sgort ;I))fd 8 igg%og)el | ed al ,on‘% t he conveyaor.

Pr ef e¥hp Py thiSHEVERLRD. A10F £XgRPpiey hey Y§tePh @axXnBelidg Sy Fmpriet der ed
out war dl 1 DL Si i of the
ider r a?é?ﬁtg%mégﬁgﬁgﬁ%rﬁ%@g%%@f%u éﬁ}ltéljgigcrtlﬁ [ gﬁ?@d gé; @ﬁ%;ﬁgﬁfﬂegi‘sﬁ T at ed
enmbodi mego wiktdn wivheday / @ithohndemsbutey being doasied @d thelvenpolddediced 152 offeaed 70 i s

positioned in a groove 74 which is wider than the width of the upper
surface of therdrivedqoaes asavgll avthe gorrab deviessaf|the wterseriéons A6} Y8 and transfeE ¢ zooz

- 16 wid h | Is.of th i dl
airl 1o Geybi TR semimsny S0 miBlere8 s AL BioRT pafiy At 280 MR Of 1 he
”ansmrtthé)ggrtg)ar@h%d, stopifie 4iPYGA¢BIng thdhsPErDPOAB AL kpdead apits 16datibhe

invention the wheel may project further than 1 nmor the wheel 70 may be

r ecessed upstream Hzomyr Gevidlleds loaftposote previent callisionhdetveandbe poded Theat in

ot her nodifications t he i.nvention the groove 74 may be elimnated. As
ohown | ncempites of each be @y e e i Rt CPRRSTs By RS RErh A o

i ncl udes @HbAoWRIcHIEGLde Ghe EXMrdl isitds FR IO iRy BRRyoPNhelstddkersheel 70
is the |OC<’t;1tél)On of ‘the slots 78 orslwi he underside of thgop’od whi chsbooper ate
wi t h t he andneth&t awtomated compbientsl 6f theanamudéacturig facilisye c Thatcehtyalpamittiol on t he
pod 8 on the Ioatg port. .In_the enb(%gsi ment, shown in Figure, 6, the wheel 70

i s | 08@t SYSisEnet PR TR fRGHItHMaY RESOIBRNIEPT th PERRESANBENdhBeS paci ng bet ween
the drive and j i ] il i

t her ebet ween, ég m %\%{/ai;/ligéetz?/\e%?\h%ﬁ%e ltgltl@ggks%flg{shgh%%é&b@l%go%g\t?ﬁg%ﬁ?gthe back
portion ahe phsemedf@ pod Sawitisiviehe zvhe oMl del rBseAN thvehittome lag)atrhﬁ seasbrB 58 r om
tipping and hitting the 15 rail. It is to be understood that the wheel 70
may al so %8 Proudaddn eagh zanes dhe senspissidt are decatedmearsthe entemce angpexit efthed as it

offers t f ovi ded moot.h ride. al the idler rail 14 with
Mt o orons WA aEblns afutRe bt douo TR 3o fhe dieRbn ofnsei 42,
Qt her 28dvisdyt 84eus@ tPadtiva@! e IRV z0fes! dihndteard oA itheIsBnSotiRh Bht Rarts and
inmproved reliability . However, the transport pod 8 may include a greater
20 nunberwbéels#dere a@8ve andleparating atFhgsamze poed hothe vhieelsxddripltiee pfeviousr anspor t
pod 8 which includes t shoes, 68. As with the previoqgusly described

B bodi moritone, BiER Sho 200 G85hes. i G0niad sy até e Hed da deACtiva i
rotatably : t : i - show
anot her rr% [ P%%ﬁf%ﬁtﬁg;b% 9 %@2@@%‘%"9%@“%‘ ? %‘?ets]afrr%eoﬁzﬁeéa({%ﬁ%ﬁé% t;f]o?

t ranspor t todemvet betivee i sangoas na9ibe tus@hpasiitdraile &hual SpawdvdTthe bbd asitt 0 be
understood that the transport device of this enbodinent may instead be
prgvi dé€d H?V§S§P€I§§ theazanet Bie &@nmt ﬁWd?? Wlmndhr ?ﬁd?@!ﬂpp@rfnﬁa?} of Ehftsp]?rz ]
pod, a coptainer.  .or, one or nore other arti . In this enmbodi ment, o e
i nvent i Onf}a?srpgrtdjrqdég mﬁégqrgasgé)rziﬁggaqg t{lﬁépqggp? @}ﬂl&@lﬁf@éﬁ"@%l’?ﬁé’%‘ég 86 to
pr opel thgcda,qglingjypng t he conveyor. The bottom surface of the



30 pod 86 does not include the groove 56 of the previous enbodi rren”lwg zgﬂz
instead substantially flat. Thus, while the drive wheels propel the po d
determ ne the height 1 3 DEC 2002 -17 or horizontal plane of the pod,
the drive wheels 42 do not control it#-lateral or side -toside novenent of
the pod. The pod 86 includes a pair of shoes 88 nounted to the wall 90 of
the pod 86. |mhé hiige sRérhi38aifitmilluttbedadb&BmenChrediies artldanf effidadnron devi ce
9 2 which is used in the 5 art to store production information about the

| ot as tdrveodciddisms farovedng ihemydt&aongpthe ayiye raihd2tine pséaisgescB8oled
positioned on ejther side of the information deyice 92. Each shoe 88

i ncl udesmén%ug'&%"grzl TRt RE PRACEY Itg}atg’&lﬁ)@fﬁ%o diRpfetystegys maysbeskssdn i n

Fi gures ; ; ! . ha v : i i.ch rides
on’t he- PRI, Py RS PP BbRRy In il Y ER hAFbERILCE Lt e o
gui de 5t hgy ihadSiniidtichOnoes, SAittae itfanbgorn@iest akRAthgt Hapadtl 6 skRablé4,

thereby controlling lateral or side-to-side novenent of the pod 86. The

wheel 96matad dor dnivingl detnod naesnonsd topdsilinean insiuctione motarpe cPige deivd of t he
pod 86. As shown particularly,in Figures, 11 and.12, wth..thi odi ment of
Phe | nveRRrans Tis ain b endloyed,, UelnedBE ERepadtRb e stieihts 4 of B

i ncr easi : i ricd } il whi ch may
be used g}g’eg@@d%gﬁ eeprgﬁl}y("i@f??ea\}re? g\g/% ?fgg-l%_r ngééeé{a gﬁlfgﬁtﬁo&eﬂi sTg so

posi t i ongyhchbenizativhefdhe vranspord pddd.8 forg die lwope or previset comgroivewdreths ( not
shown) join the idler and drive rails to accurately control_the spacing

bet spasinghetween the pedseh along therronyeyor system 1048 notregwised.| Hswg o t he
proper hej ght i il p i ri bed
Erbodi moreatopRBRERyHER s Bof BrinicRSen Fteis? shfo R BE RS FBRE hoa 6

whi ch houses tAyahyah e Figufe 3 thE BHRCWheeb 42 Bydpeeaieseiith gied raRBor dawiseor t
devi ce which noves along the rails 12, 14. However, it is to be understood

t hat t hi svhighvisrihis smbpdimest istperti9é thei transpert ped &, torprepeland gyide thaipot 8ser ves
this dual, role. | h i nent of theci iop, the t t

vt ce ; aicbgue il FRERATWREDAT SERRs Crrablt 2o RFR o B st AR B et er o
This fEDd:p_Ba 8at A OthoWn paitfcul ANERFiR e 175 irPdhe Prodeht drsbdddnbm thelkidabhits dor use

with applications other than sen conductor processing, where the transport
devi ce nmilye gpayecth are tapared ovrverdly toonipimize icohtest batweerc thet walleof el di ng one

SUb] ect EEORGTEIUF ABIVE TNETAL, GHATIBEHF I Do BER EHe ORE P A 1 i it
| mposed byodyaoseihaRidifk\iir ARALSH hERneEl SUHESis | ARSTR A0GHagn exanp e

of a trarsport device 1 in accordance wth the no t of the
i nvent i owhehiahevaveydrild it nsadsipardeatiegomenvisomnént twhebenlinimizieg stwrcehe
configuration, shown in Figures 14 and 15. 1 3 DE C 2002 -18 The

tr ans%br tof gassiculatergnntanyingfiopds WpRYtaph cHAVEVEE: Hhien-eledt rqom pRPLIEStions ;2 shown i n

F. z .. . . - - I
e ety

whi ch holaglg the pheelamayybeodmplafed. STheHaroewes6 of this enbalimentunderdepapdf t hat the
transport device 100 nay be used 5 to carry other articles or materials

wit hin t HéosichpEn,oFith tiedanerrdesidq walls kavingtaegightygf éboe3.5 mm. The width
of the bottom of the groove is about 8.5 mm, with the side walls being oriented at an
25 angle of 30°,

The groove 56 defines the horizontal plane in which the pods sits on the drive
wheels 42. The engagement between the drive wheels 42 and the groove 56 controls
lateral or side-to-side movement of the pod 8 as well as vertical movement of the pod.
While the combination of the groove 56 and drive wheels 42 is preferred, it is to be

30 understood that the groove 56 may be eliminated entirely provided the transport device,
drive rail 12 or idler rail 14 include a guiding device for guiding the pod 8 as it moves

along the rails 12, 14,



containers. The transport device 100 is provided by a sled which iingDEgiI@s] a
base 104 and side walls 106 which extend upwardly fromthree sides of the
base 104 . Al though not shown, the base 104 has pins 118 (Figure 15) forned
t hereon which mrror the kinematic piss on the load port. The pins 118
engage the kinematic pin slots (not 10 shown) on the underside of the pod
to hold the poddistupledcabovdhell snedas Walpropelldfy arectrpmspbiti pydedl ajongt theut si de of
the outer walls of the transport pod 102 so that the pod 102 fits snugly

wi t hi n tdeaveyanasorarrigdbycée yoe Bilold.diThy WS wailokhcoepepses withnibe

s b R SeRneyBl b4 Ly s PO T hRSrLSARPOLS, EoHkPRel 0 o
or 1N adgleline: dhtpsh #8e Yol AsidAiel Adr, SREHIRL NI NS\t kiRt pod

102 on vice 1 r exanple, the device 100 may be secured to the

si des5angi/the pbatas ansiaforf the drivensipdltas well dsOfie hytetadbpositiar obthbodsdnt abl e
fasteners. The transport pod 102 may al so be secured to the transport
devi ce 1a900rdangegvidhh fpHIventian, ke transpermod &vis sHEPastedan the itemaail 14 Mhe

transport pod 102 .i,s positioned on t uppern..surface.108 of the.base 104.
20711 aebrrger ot Bk REPeRE ool BRI B8 31 RE) & iR

: nward-% ARUNGory @EYAR. Hifds! @e idied fallt1ats ikRdemat af aty)@nihadas@i pod 102
onto the base 104.” The underside of the base 104 is provided wth a groove

112 and aintdoled tmovemaiioe the4transgoiti preln@t dlongitha railsod2, (4ot Ashsiwn whi ch
wi th the previousl

te with the pi the | oad p 24,
descriPpeRErieHIA HOFIEUTes lbdch die EA ThE i RAeed by Lomprachon e okt abl y 25
mount ed £ pheohasdfécont BN RPIE ridudd ADARyS Iy i AITILALS kO he

groove 56 and shoe € previous e iments and are nof 'described in

detail) mefnedigncpredetengineddpading bExdvepr evé ik ahdsfatilipité dmstalictien afivient age of
the transport device 100 of the enbodi nent. shown in Figures 14 and 15 is

that it ewweyeolot Thegannester Ghmay exieng e ensise angth efsthe aails 1hd4 pathport

devi ce 30 100 be ysed with tran £t d r.. ot her . Of nt ai ners
whi char €TEFPERD PRr ARG olided vof RARALY i oRaRiind, WFnhen BpfRned 81 B £
2002 1519 0hMs talléh CRABEYOT 2, SIS tTRBdHe 94il 1 Diafid CHMRBIGrOB0 nfay Weqfodred r anspor t
sem conductors, the conmponents of the system 10) including the drive system

38 and steoesi@pleameuntingsirame (md shéwmat lerabtveip dn daive andiidieriads ldr use in
a clean room environment... I n ot her,, words, operat.ion of the co ents over
ext ended 1HEPPBRE DFPEEH o e Ceyintolh 3 SETREY PR ARG TOVBS Tp

parti cul é&ﬁg&%haer A b&ﬂeyJﬁ%&gg‘a@HoﬁhﬁH%%é 'su%ﬁqﬁrtiﬁf sﬂﬁ&ﬁﬁ“ﬁsiﬁg)_r ot her

applications of the conveyor this invention ich"do not require a
cl ean r ocmtabiemeansrasng kndvar inntbeaxt] dian exaopieethei coomeyentl, of hpt dlustadted whi ch do

Convesfor CEPSS TS B.prowivh sty BighPG ORBRUAT BE FEHBCBISHBER MY Deot: mont s
of the p i i il ration
and dosors Sra e KRRy B PSR R AL G seind iR iRl S HIeh Bl

i nvent i omdythe ned po euRetHeWonBeydr 36 hp dectheanshppbitifeansd.y nmany nodi fi cations

and variations are possible in light of the above teaching. The enbodi ments
were chosen aridied®dct ridrsclong the upner swfase N theddiesirail 1has gisqusssdpn apref the 15

inventio ' ract.i,cal_.application) to therep a ot her killed
in the a&fﬁﬂg)e%oté@t Prhg‘ee 1{1}1.%@%@%3@9(@%@12%% p\"/"grc’lr Sﬁssm%%gl%plr%leﬁ v %%Yﬁealari ous
nodi f 95 ataldHash@pper SuShdel sFdhd Ailt1BoPREHEC thePod With £ENdNR rifee Khelpadi S
intended that the scope of the invention be defined by the C ainms appended
hereto arfd ishfarmedopfi & atslierd . materfal; Sclb as @Gethdo@ widch wHATol Seadilpl SHED | S:

particles after the conveyor has been in use for extended periods of time. Instead of a

pad 67, the pod 8 may ride directly on the upper surface of the rail 14. The upper

surface of the pad 67, or the rail 14 if no pad is employed, is preferably a planar

30 surface having a substantially horizontal orientation. However, the surface may also
have a different topography. For example, the idler rail 14 may be in the form of a V-

rail. In non-clean room applications, the upper surface may be provided with a



1. A conveyor transporting articles between workstations conprisindy b 2007
transport device for carrying at |east one article between workstations,
having a base with a groove; a drive rail for supporting said transport
device, said drive rail including a-@§ive systemfor propelling said
transport device between workstations, said drive system engaging said

groove tﬁngﬂﬁﬂﬁalﬁabﬂeﬁdiﬂé‘%ﬂﬂfﬁe (Fl@tVélﬁﬁvn?%o thfe ttlﬂ@ﬂﬁ&?b?t piave @6estites al ong
t he conveyOr; a support rail parallel to and spaced fromsaid drive rail
for suppbegin ng veei dfft ofatiepmils 1@e\ddceThimntbsign isaadtfeasitde Stioelemxtreordi ng from
sai d base, said shoe being.configqured to ride on said sugport,rail for
movabl y appdisariensias theigroove am &gl IdeRrpridedn tepfar dishpnst ethergparticylatehe

f Claim 1 ' ™ is: t d t i d
Canepor eStahRlth 3 T vARaGheohofe SHELoR SMRELILTRE IR BHINED Cevr ce
has asbaﬁﬁdhélghiagr e SoP®HAY beprRdiddiaieidrof thebbovh 86, dtahaadinesits ipned in

{
sai d groove. he ‘conveyor of Claiml in which said transport device has
a back wptdovernd psevidedthey donotroompesel int guidimigdhdpedk wal | . 5. The conveyor of

d ai i n whi iddri, ' I | i [ wheel d
a1 otst one. ABUBANIGR PEFIFBANY 18 BIRITEh 1 G50 Sl FsPor RSB ARFYES o Ol af m
at | east one ASUbEEh) L PG of Olai

of i ve oy Which ioks bPfe HE <ol ALY s GRS BRRS QDR B

further gpnpy iimiengdo®, thenshoel 68 ksprividedup! adwheel SH. d Hoveves it ds tsedeect i vel y
actuating said notor to propel said transport device along said zone and

p j . .0ng
deacti0/athdrystoed thahbeshou$d may sakie @ther forapponeludiagi bat noadimited te §3¢d zone.
1 ~DECZ2002 -.zl 7. The conveyor.of Claimlin ich sald transport
devi ce hSWTRThAr AR AN A0gT SRV PR gl Patine Mol Raieknp G Rubaden,
engagi Ng pgify AheWRel T0 S abdtablyaRSRAEE todBY itafsfodt SoH 8l QiaPdHdfimanmppor t
device as said transport device noves along said drive rail. 8. The
conveyor skft T2 miaphbe siipparted din sedadcbearings (not shaven)icaerig¢dhyl thd denspopt podct i ve

cont ol 1%, kgl S5k B Gl B bcia SRR L RLR PR B L o
Cort oSSt 10 SRk Dot en Aol SRRRAN SE NS UL
A pr ot ectmaterigiowhigh rigrsufiable €ar usei inga eleph woarhi dnyirofimentt i il &= ilihsraged _
g; 2 }[/:?]/10][ @%%%Eﬁnrgnt,t Qﬁer%%qg ﬁgrraﬁ%itigcrﬂlcliegcgag%f eathgcrklngs% o? ?ﬁel wl?cfae\ll I’78%3 a drive
preferably greater than the width of the pad 67. A narrower wheel may form a groove
in the surface of the pad 67 over time, creating a source of friction as the sides of the
20 wheels rub against the pad and a trap for dirt and other particulate contamination.
However, it is to be understood that wheels having a width equal to or narrower than
the width of the pad 67 may be employed in non-clean room environments. In another
modification of the invention, the wheel 70 may be provided with an annular groove
of sufficient width to receive the upper surface of the rail 14. The raised edges of the
25 wheel on opposite sides of the groove would extend below the upper surface of the rail
14 and ensure the wheel 70 remained squarely on the upper surface of the rail 14 as the
transport pod 8 is propelled along the conveyor. Preferably, the side walls of the
groove in the wheel would be tapered outwardly to minimize contact between the side
walls and the sides of the idler rail 14.
30 As shown particularly in Figure 8, in the illustrated embodiment the wheel 70
mounted to the base of the pod 8. The wheel 70 is positioned in a groove 74 which is

wider than the width of the upper surface of the idler rail 14, and preferably sufficiently



propel ling and guiding the protective container and a support rail BhaERH]
fromand parallel to the drive rail for supporting the protective
cont ai ner, including: a housing enclosure having an interior conpartment
configured to retain a plurality of -dbticles, said housing having a bottom
surface positionable on the drive and support rails of the conveyor system
sai d botidersuch ahat thawatig od tiy govee 74 dengrgentabethdridiee ray 34 ennsthish t hat
actuation of the drive system propels the housing along the drive and
support ¢1abo@,rneahdthstwme@ﬁ§9 Rspiscts Heun dhe @Héaq@gofftge aagiadt ped Bordbeut f ace,

sai d shoe _bhei confi. 41de 0 Wl of 1h yeyor
ystem t bTHBV AR etBorE Siif iR ORI bR melinrbidG AR

prot ect i 48, qoRkAhNRE whkel F0ahaY HrebEss¥ ik ttRBdrdovd™e MordoveheRlis fodbat abl y
nounted to sard housing. |z. "The protective container of Claim11 in which
sai d bot tinderstood athet atieergmodifieatitnsf of med inveatien rthe groavewiéemapebang
positioned in said groove. 1 ~DEC 2002 -22 13. The protective

cont ai nefli@nagdai m 10 i n which sai d housi ng encl osure includes a top

s ace and el BRI o B T 0

wa Sal cont alner-.

prot ect i ¥QingRWAtd1g0. WneGirditdtiod Onitie Wbt Fahdwhed 70T SerbegRnalf thei d
housi ng incl'udes a groove shaped to engage the drive system of the drive
rai |l . 15slotn78 onisheandasside of éheppost which weoprsaisiwith e kbhematiciinsing the

Do o ALy MRS5S RS SR e W S GRE L
shown in Figure 6, the wheel 70 is located near the back edge of the pod 8 to maximize
the spacing between the drive and idler rails 12, 14 for the use of auxiliary devices
therebetween, and midway between the sides of the pod 8 to support the back portion
of the pod 8 in a level orientation and prevent the pod 8 from tipping and hitting the

15 rail. It is to be understood that the wheel 70 may also be located at different p ositions.
One shoe 68 is preferred as it offers the advantage of provided a smooth ride
along the idler rail 14 with little or no shimmying as the pod 8 is transported by the
drive wheels 42. Other advantages of a single shoe 68 include a minimum number of
parts and improved reliability. However, the transport pod 8 may include a greater
20 number of shoes 68 if desired. Figure 10 shows an example of a transport pod 8 which
includes two shoes 68. As with the previously described embodiment, both shoes 68
are provided by a wheel 70 which are each rotatably mounted to the transport pod by

a shaft 72.
Figures 11-13 show another modification of the invention. In this modification,
25 the transport device is again part of transport pod 86. However, it is to be understood
that the transport device of this embodiment may instead be provided by a sled, pallet
or other device which can support a transport pod, a container, or one or more other
articles. In this embodiment of the invention, the drive wheels 42 engage the bottom
surface of the pod 86 to propel the pod along the conveyor. The bottom surface of the
30 pod 86 does not include the groove 56 of the previous embodiment but is instead

substantially flat. Thus, while the drive wheels propel the pod and determine the height



di aneter of 300 mm 17. In conbination, the protective housing of pg@gU?&@
and a conveyor systemincluding a drive rail and a support rail space rom
and parallel to said drive rail for supporting said container, said drive
rail including a drive systemfor pradpelling said container along said
drive and support rails. 18. A method of transporting articles along a

conveyor ohaMiZdetad pRiné bEthe pall| the Aelv@whed9PaZ Ho had dontr6PMB dt&raler diletst eps of :
providing a transport device for holding at | east one article, the

t r anspor siddewivemehtof thg padbase with a groove and a shoe; positioning the
transport device on the conveyor | aci ng the groov n_the drive rail
and the shoe ﬁietpﬂ SQJBHB&S ar}élq ‘:’fb%‘ﬁgs giffﬂ?gmﬁ% n”&algaé)SfH& Pq’f{eé ‘r anspor t
device a . eyiar t. [ e : . im18 in
i oh s a8 BOSGEATECHR pobed il s TnfbAidiontBvicd 82 RLR LB 4R 7

transpor qrid@Vvit6R pradustnt Meoraiatibe abéutabe 1cﬁmaeth%8@& igdeidl iwed ageiher ot at abl y
nmounted to the transport device. 1 ~f~EC Q02 -23 20. The net hod of

Cl ai m 18cpmveypr and aisHoest&Smre posivened; asrgithgr side of therigtoomatieredévies 92cl udes
i tioni | lity of tr. t deyi th i i | .and t
P25 o S Bt b TSP sl SR Tt B R v
system | fiﬁhggl?és 2 s\lj\igl{rﬁ'tﬂet%egf 96’1&%‘%9%&0%%%&&8%&&1' gh ridBSofpe0r for
the rrve S

driving eel's, and sal ep of actuating a drive system
i ncl udes veshbpeal idieg rdih &4 .nPhogrobee H8 ankidldneaitil4 veopetuetosguidthe Thaaspoet hod of

da rq018 piog S\éwglis (i:this trrt]o%eg Ealio\rlxge threarialils Il? ,Cll4u, qg;egy ggnltjr%?llirigt lgte?a]:l o(g rsiidve(-ato-side
movement of the pod 86. The wheel 96 also controls the vertical position of the
respective end of the pod 86.
As shown particularly in Figures 11 and 12, with this embodiment of the
invention the idler rail 14 is spaced outwardly of the pod 86, increasing the gap

15 between the idler rail 14 and drive rail 12 which may be used to accommodate auxiliary
devices. The idler rail 14 is also positioned above the drive rail 12. One or more
connecting members (not shown) join the idler and drive rails to accurately control the
spacing between the rails and to ensure the idler rail 14 is positioned at the proper
height above the drive rail 12.

20 In the previously described embodiments, the transport pod 8 serves the dual
function of the pod 8 which houses the wafers in a protective environment and the
transport device which moves along the rails 12, 14, However, it is to be understood
that this invention is not to be limited to a transport pod which serves this dual role.
In another embodiment of the invention, the transport device is separate from the pod

25 or other container holding the wafers. This modification of the invention is also
particularly suitable for use with applications other than semiconductor processing,
where the transport device may be used to carry one or more articles or a container
holding one or more articles. The configuration of the separate transport device is
subject to considerable variation, depending in part upon the constraints imposed by the

30 particular application. Figures 14 and 15 show an example of a transport device 100
in accordance with the modified embodiment of the invention. However, the transport

device is not 1o be limited to the configuration shown in Figures 14 and 15.
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100 using straps or other suitable means of attachment. .
The transport pod 102 is positioned on the upper surface 108 of the base 104.
20 If desired, the base 104 may be provided with one or more inward-extending grooves
110 to facilitate loading of the transport pod 102 onto the base 104. The underside of
the base 104 is provided with a groove 112 and at least one shoe 114 and kinematic pin
slots (not shown) which cooperate with the pins on the load port 24. As with the
previously described embodiments, the shoe 114 is provided by a wheel 116 rotatably
25 mounted to the base 104. The groove 112 and shoe 114 are similar to the groove 56
and shoe 68 of the previous embodiments and are not described in detail, reference
being made to the previous description.
One advantage of the transport device 100 of the embodiment shown in Figures
14 and 15 is that it does not require a specific pod design. Instead, the transport device
30 100 may be used with transport pods or other types of containers which are currently

being used to house semiconductor wafers.
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() - F10%, (\) ronrnent In other words, operation of the components over extended periods of

5 time will not generate significant levels of particulate contamination. These constraints

will not be present for other applications of the conveyor 10 of this invention which do

not require a clean room environment. For non-clean room environments, materials

which do not meet clean room standards may be employed for all components of the
conveyor system 10.

10 The foregoing descriptions of specific embodiments of the present invention
have been presented for purposes of illustration and description. They are not intended
to be exhaustive or to limit the invention to the precise forms disclosed, and obviously
many modifications and variations are possible in light of the above teaching. The
embodiments were chosen and described in order to best explain the principles of the

15 invention and its practical application, to thereby enable others skilled in the art to best
use the invention and various embodiments with various modifications as are suited to
the particular use contemplated. It is intended that the scope of the invention be defined

by the Claims appended hereto and their equivalents.
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on said support rail for movably supporting said transport device on said support rail.

2. The conveyor of Claim 1 in which said shoe is a wheel rotatably mounted to

said transport device.

3. The conveyor of Claim 1 in which said transport device has a base having a

groove formed therein, said shoe being positioned in said groove.

4. The conveyor of Claim 1 in which said transport device has a back wall and said

shoe is mounted to said back wall.

5. The conveyor of Claim 1 in which said drive system includes a plurality of drive

wheels and at least one motor for driving said drive wheels.

6. The conveyor of Claim 1 in which drive rail includes a plurality of zones each
having a plurality of drive wheels and at least one motor for driving said drive wheels,
and further comprising a control system coupled to said motors for selectively actuating
said motor to propel said transport device along said zone and deactivating said motor

after said transport device has exited said zone.
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9. The conveyor of Claim 1, and further comprising a protective container carried
by said transport device, said protective container having an interior cavity configured

to retain a plurality of articles.

10. A protective container for carrying a plurality of articles along a conveyor
system, the conveyor system including a drive rail having a drive system for
propelling and guiding the protective container and a support rail spaced from and
parallel to the drive rail for supporting the protective container, including:

a housing enclosure having an interior compartment configured to retain a
plurality of articles, said housing having a bottom surface positionable on the drive
and support rails of the conveyor system, said bottom surface having a groove to
engage the drive system such that actuation of the drive system propels the housing
along the drive and support rails; and

at least one shoe extending from said bottom surface, said shoe being
configured to ride on the support rail of the conveyor system to movably support said

housing on the support rail.

11.  The protective container of Claim 10 in which said shoe is a wheel rotatably

mounted to said housing.

12.  The protective container of Claim 11 in which said bottom surface has a groove

25 formed therein, said wheel being positioned in said groove.
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15. In combination, the protective housing of Claim 10 and a plurality of

semiconductor wafers positioned in said interior compartment.

16. The combination of Claim 15 in which said semiconductor wafers have a

diameter of 300 mm.

17.  In combination, the protective housing of Claim 10 and a conveyor system
including a drive rail and a support rail spaced from and parallel to said drive rail for
supporting said container, said drive rail including a drive system for propelling said

container along said drive and support rails.

18. A method of transporting articles along a conveyor having a drive rail and a
support rail, comprising the steps of:

providing a transport device for holding at least one article, the transport
device having a base with a groove and a shoe;

positioning the transport device on the conveyor by placing the groove on the
drive rail and the shoe on the support rail; and

propelling and guiding the transport device along the conveyor by the drive

rail.

19.  The method of Claim 18 in which said step of providing a transport device
includes providing a transport device having the at least one shoe provided by a wheel

rotatably mounted to the transport device.
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21. The method of Claim 18 in which the drive system includes a plurality of drive
5 wheels and at least one motor for driving the drive wheels, and said step of actuating

a drive system includes actuating the motor to drive the drive wheels.

22.  The method of Claim 18 in which the drive rail includes a plurality of drive
systems each defining an operational zone of the drive rail, and said step of actuating
a drive system includes actuating the drive system of each operational zone when the

10 transport device is in the vicinity of the operational zone.

23, The method of Claim 22 in which said step of actuating a drive system includ es
actuating the drive system of the operational zone to propel the transport through the

operational zone and deactivating the drive system after the transport device has left the

operational zone.



