APPARATUS FOR PROCESSI NG WAFERS BACKGROUND OF THE I NVENTION 1. Field of
the Invention 5 The invention relates generally to the field of

m croelectronic fabrication. Mdire particularly, the invention relates to
waf er processing system layouts. 2. Discussion of the Related Art In the
process of. manufacturing a sem conductor device, such as an 10 integrated
circuit, nunerous steps for RippisRf | }8\2 rfarmed to forma
fini shed device. One of these steps?%lﬁzﬁfgbgﬁﬁ Eo g& tOt 0- r esi st

| ayer on a surface of a wafer. The step of form ng the photo resi st |ayer

is typically performed in a wgf cessing apparatus that can be terned
a track system In the trackvmm&éﬁlﬂim are perforned
on the surface isjof t@em\@?g{elhﬂ?ﬁoﬁerl es of nodules in order to formthe
photo-resist |ayer. A conventional track systemincludes three sections.

The first section, whildhinenton raidtes fmealls esihe FR1d bSniaRTkdBnlr ansf er
track system and, conversely, tromthe track

wafers from casseg es to thiﬁ

system back to calSSCred: MAE Pasiedwly, shednyaiontelathetowatekprosessiak lspeer he
process section. EyguRr ocess section 20 includes a nunber of process
modul es such as resist coating spin nmbdul es, bake nodules,. chill nodul es
and resist devel opi ng DSpissiomelithe Relakaeak hi rd section, which is another

i nterface section, ﬁfxﬁd to transfer the wafers fromthe track systemto
a lithographic exposur BGFOO&me@nmmﬂw,seﬁmmﬁﬂﬁdt&@vmswcﬁaEQﬁ" back
to the trac Theyy, 18 ort ed.between these sections. The 25 -
wafers are (I;'eol i verg%rrﬁ ECLgérlgtCé %B§tePsr@FrH’c}@H -frhrsatiommast beprsfoomedth anmong

the - ‘process mduﬂo&ﬂammma%méam%me?ﬁ%q%ﬁ’g% aﬁ%&éggﬁpa’@m‘%;’% total

resides in a process nmodule is called wafer ‘to
process tinme consP¥&renctsurigee aﬁawafurpﬁ'h@ﬁslsoﬂﬂoﬂﬁmg\ﬂ%ﬂ{bm—{ushs? 146t grm ned by

the rocess reci dul e .overhead tinme which
P p&p ICQIII)P P pertdifacd % n'a wafer processing apparatus that can be tcrmcd a track

system. In the track system, a series of processes are performed on the surface
15 of the wafer in a series of modules in order to form the photo-resist layer.

A conventional track system includes three sections. The first section, |
wh1-ch 1s an interface section, is used to transfer wafers from cassettes to the
track system and, gpnversgly, from the track system back to cassettes. The

_ second section of the track is cajled the process section. The process section
20 includes a number of process modules such as resist coating spin modules, bake
modules, chill modules and resist developing spin modules. ‘The third section,
which i 1s another interface section, is used to transfer the wafers from the track
system to a lithographic exposure tool and, conversely, from the exposure tool
back 1o the track. The wafers are transportcd between these sections. The
23 wafers are delivered to, processed by, removed from, and transported among the
process modules by wafer transport mechamsms
The time a wafer resides in 2 process module is called wafer total
process time. The total process tirne_ consists of the actual process time, which
is determined by the process recipe, plus the module overhead time which is a
30 function at leastin—part of the electromechanical design of the module. Pre-

- process time is dé‘ﬁnedl-as the time that a wafer waits in a module before the



‘30 function at |least in-part of the electronmechanical design of the nodule.
Pre- process tinme is defined as the tinme that a wafer waits in a nodule -
‘before the actual process tinme starts. Simlarly; post process tine is
‘defined as the time a wafer waits in a nodule to be renoved after the
conpl etion of the actual process tinme. The tinme between renoving a wafer

froma nodul e an [ t e.next nodule is d
‘transport tine. % f}éféroé‘%éklggfsf t%flélﬂarwgﬂfté’ﬁ%ceﬁsrmﬁﬁt’% %fgas\é\@%%ﬁﬁes to
‘the track systemwﬁbﬂwﬂghnh%d@%&%%tr@mmaEkQEHeQBmtphéﬁohhﬁtﬂé9 s of

fornmng a photo-resist film |ayer, the surface of the wafer is first
‘treated and noi sthupeess @me. eﬁb@@@e\bﬁmmeanowmdm&rcﬂmmmwj{e anthe wafer is

‘then cool ed and c ere phqt o-resi st polymer is
“evenly distribut edop r’i%lg ttogﬁ lﬁéaﬁﬁ&f"\éﬂ\ﬁ}e”‘i@sm UBot o-r esi st coat ed
waf er is then sent tOWafE@%}éﬂﬂtfé!&'ﬁoxﬁ'aﬂeBﬁﬁ N@éfgr |

converted into a stable film At the conplet ?I%n Ja%?&'n% ?l%g‘yas e Stemt he

waf er is cool ed &drrdugi ﬁlheassgmmmcun In ttegseets ef ﬁﬁdu@ta)plﬁxﬂo&&ﬁ fiimeat ed

wafer or, in nost ca s 1%err d diirectly to the stepper, through a
stepper interfac®IHF c%? ert‘ﬁE‘%F%Fdaa‘ﬁmﬁiSF‘%e wasawad withaeel r cui t

pattern by a 15 LhOgk2a osure of. the.stable
film the wafer ?ggbf)%Hgnslferre bac lﬁgmfé\gﬁcﬁ dsy %ﬁ%a& BENRY hake
nodul e to set thev}crerzqnhoto-rqsa;t palymet fktaveﬁlbﬁldtrh&uﬁd'r&lem&%ﬁﬂﬁcé 8f theeyf&ool ed
in a chill rmdul g@transferred _.to a spin devel op nodule. In the spin
devel op modif PEPIH Godted ﬂ"[aFf'(SHS thsn S%Eﬂﬁb@ﬂogwttahd the photbgedstvel op

a portion of th | u nis I“)P%l to clean the
surface of the wA Ig %%grrlg tlaeﬁr’i‘tO ﬂéﬁﬁ\gﬁgr}"f@ € CREPIRIO d&‘? ARG SIeR, 2 bake
modul e, cool ed i theavafhiis bodledlandeitiad coiePed Bl te ta.ﬁ’d Sor&PeS£hitfed O
storage and/or transport. The treating process and the sequence may vary

dependi ng upon tWéfeW{aén@PSﬁWﬁ@gh‘&@%@ﬁd@uﬂytwmdsteppemﬁnnumhs@ppmounds
used in the process a_resu nore of the sub-steps nay be 25
identified as a C?erfacs QS%FB%BE? @Qﬁ g‘ﬁﬁsfﬂm&x%e@%? eiEguit Baﬁﬁfﬁlbh‘am

pr e Pr ocessis, andiRitolRAsimio Lot MRfer RILACLE 1 LHI LS mRLAFESS Shoul d
be subj ect. to. mnimumvari ation of ﬁ re-process and/ 0r po -ﬂ?ocess

times. . transferred back to the track and is baked in a bake module to set the circuit
' pattern into the film The wafer is then cooled in a chill module and transferred -
to a spin develop module. In the spin develop module, 2 developing solution is
applied onto the film to develop a portion of the film and then a rinse solution is
120 applied to clean the surface of the wafer. Thereafter, the wafer is thermally
treated in a bake module, cooled in a chill module and theﬁ r-etumeé toa
| cassette for storage and/or transport. The treating process and the sequence may
vary depending upon the type of integrated circuit and the chemical compounds
used in the processes. As a result, one or more of the sub-steps may be
25 o identified as a critical process which should be subject to minimum pre-brocess
and/or post-process times. Further, a critical process should be subjéct, to
3 minimum variation of the pre-process and/or post-process ﬁmes.
The maximum throughput of a track system is often limited by robot
‘over utilization. Robot over utilization can be defined as a situation in which a
30 lack of available robot resources céuscs an increase in post-process time.

-Conventionally, one of_ more of the following approaches has been utilized to



"The maxi mum t hroughput of a track systemis often limted by robot over
utilization. Robot over utilization can be defined as a situation in which
‘a 30 lack of avail abl e robot resources causes an increase in post-process
time. Conventionally, one or nore of the follow ng approaches has been
utilized to 2 address robot over utilization (a) increasing robot speed,;
:(b) adding nore fer andlers; and (c) providing robots with nore than

‘one dedi cat ed wafSPERIREPE HGT uiizHgR| (ShncresResREPhper S Kb addingamoteraferas es
the cost of the thafksSyst@Mr d%EJI%S ;,V%ln?o%h{a}lyon%ragdﬁxtg?%g@leaches a

design limt. Adding dedicate 5tran er arns trans
‘two adj acent and Imgbmm Uergasmg esisot sp@dutim.smﬁsbdis'ilo!ﬂ&ettfhekWﬁrﬁm | ayout,

i ncreases the. co t‘gg track system and _can not be used wher e nodul es
are not adjacent' es§ﬁ gg’la\’/‘éc"%@@ﬁfﬁ%es %@Rﬁtﬁnsluwtt hddingadedisatedone

dedi cated waf er hapgli Q%% of the robot
“desi gn, increases costarl]lgg%?r 2?35%55“‘ n zife? %’ﬁrsiuﬁ%lcﬁ%ﬁ%p@ﬁe%f er

handl i ng. Her et ofredeles testraitguhd §ARA Bydf, 1ﬁ&r8és€§ HeNGsIURhOIRAFES SN LT
post- process tines, mninizing variation of the pre-process and/or

post - process t i mE& NojRg Usedivbera gradslss eregwbadiatent amhsticorssivef Besigdingo above
have not been fu | sol.ution that rrul t aneously
addresses all of: l‘{% g@wgoﬁgﬁnPgﬁeﬁ%ﬂ?%W fFﬁé‘arﬂWE%% & primary
“goal of.the Inveﬂcbmlﬁlaxﬂ}soitmcﬁiyﬂoﬂuéﬁérﬁlﬁcﬁ% 4ed n?ﬁg§ ransfer arms
to avoid thermal cross-tal k. Another prlrrztry go&ﬁfo the&fdﬁ\g})eﬁ%lon Is to

m ni mi ze prié- pro@é&'@ﬁmfbwafgobu@ngcess times. Another primary goal of 20

the iinvention is to nrn(#z ariation of .the pre-process and/or
post-process tinmes. ARGIHEE %ﬁ"r?ﬁﬁ?mﬁﬁtélc’ BniEEng ﬁ?ﬁePﬂOF‘%fﬁaP‘inboﬁt'educe

robot over utili @Eés@ﬂmes'xﬁnﬁx?x?z@ﬁgj@é}féﬁo%ﬁtﬂe h{%eﬁ%c& or }é@ \?rgc&-sw%sr

particul ar’ need . a waf er processing system |-ayout
processi ng: modul @dlmdtbmw%of mresunhmnonea’araittatab@ﬁbﬁd\férﬁt B%ﬁq{lﬂy BifepCeSS

station is accesgibl.e b %Ig a respective
at is ne de a solutlon that simultaneously addresses all of these

15 requirements.

SUMMARY OF THE INVENTION
A primary goal of the invention is to eliminate the need for dedi;:ated
tmn;fer arms to avoid thermal cross-talk. Another 'primary goal of the invention
is to minimize pre-process and/or post-process times. Another primary goal of
20 the inyeniion is to minimize variation of the pre-process and/or post-process
times. Another primary. goal of the invention is to reduce robot over utilization.
In accordance with these goals, there is a particular need for a wafer
processing system layout where every wafer processmg module in both a first
process station and a second process station is accesmble by (i) a respective
25 process station robot and (ii) either a wafer cassette transfer robot or a stepper
transfer robot. Also in accordance with these goals, there is a particular need for
2 wafer processing system layout where any wafer processing module in a wafer
processing station can be accessed by at least two adjacent wafer transporters
(e.g. robots). Also in accordance with these goals, there is a particular need for
30 a wa‘fc; processing system layout where each of a first process station and a

second process Station are individually symmetrical with regard to wafer



25 process station robot and (ii) either a wafer cassette transfer robot or
‘a stepper transfer robot. Also in accordance with these goals, there is a
particular need for a wafer processing system|ayout where any wafer
processing nodule in a wafer processing station can be accessed by at

.l east two adj acent wafer transporters (e.g. robots). Also in accordance
pr.ocessi ng

wth these -goal , LS. a ticul ar need,far 30 a. wafer ]
‘system | ayout mg%tésbglg%rﬁac% s E P ;1389 %%fi ’&?é’?g a?‘f’ﬁ’f‘?'oﬁmﬁsﬂ&Iére@é@érﬂﬂ’sﬁpjécess
/station are indis siiu&ltzhiéoﬁ:‘%mkfyitﬁ@.bbwetdﬂsg‘ﬁgﬁrrgq,}iﬁn.}@ﬁ{ ecffréinhﬁ?z‘ﬂrﬁp Lt er
.access on both an X-axis and a Y-axis. Thus, it Ts rencfere possihbie to
'si nul taneousl y sBROPEFpnd/hepashpipsesitsnsss Benimizing varinientos tinf préiprbdssgi ng pr e-
‘process and/or pgst-process tj.nes I nini zi vari ation of.the pre-process
‘and/ or post - pr oc%glzortﬁoﬁé%m%eﬁﬁh?lgﬂﬁl‘b‘ﬁ?ﬁ“‘?‘f}%6‘?”%6%‘?’ ufization, whah, itwHiesmse i n
‘the case 5 af tf@ftﬁébﬁéraiqchneréfﬁnﬂ%né‘dnﬁ}ﬁéaa%%gs'y satisfied. A first
raspect of the invention is inplenented i'n an enbodi nent that is based on a
‘waf er processing appafdirsigspecorfithé sivegtiomisfimpRinentlian ah eaSERRR hatds 1 ISt
-process station coupled tpo said first wafer transporter, said first process
‘station includi n%f‘:se O’???”é'%r PTOGF 8IS APPaRta FURPTHREG: @ S5 5trvaler wansportemeh of

said first 10 plgkabdboss ahtipdRbiR" ' cks incl udi a first
plurality of vvafer_?IL pro?:eséalﬂﬁég Eoegﬁﬁgga%éﬁgmz&glé%o Wc}, BHEESY ter
coupl ed to sai d stitiostinclpding:al firbtyplafalityed fowafer Sreessinp dask 8 ekeh oﬁsaa?&‘ﬁ%ft sai d
first plurali tyé):ff waf er _processi ng nodul es adj acent, and accessi bl e by,
sai d second’waf “’?ﬁ’an&fwﬁr@rqcew%@m ineludiog ¢ fisstplurelitycafipdfed t o sai d
first wafer tra : ' 5 process statiqgn_ including: a second
TSt verer U asRatkel medRbe 1FE 0LASBEACE SR AL gDy Lol no: @ o

waf er processi n@l@hﬁ@kﬁu&aﬁﬁibw&bwgﬁst&%%&hB?kﬁié‘hk&tgh_ggﬁ wat el pr ocessi ng
modul es, and a third wafer transporter coupled to sali %'I uralrTty of wafer
processi ng st aciPsocesurhmodulsradiacent emdlagriessibit by ysaif seoaid wafeptRaSHeRG

- nmodul es adj acent d_accessi sai,gl third wafer transporter; 20 and a

a bl e
fourth waf er trﬁ%%oﬁgrpf%clﬁss_ P@Buﬁ%‘? Hota géﬁ‘&’?qu!t@{lsﬂﬁ’ﬂ@& g secend on and
said ~ secomsl pr @eRess fithhifudiHb Y Rbth LAY ol RYlalid Y. 2f uafer

processi ng ) )
‘ : said second plurality of wafer processing stacks including a second plurality of

wafer processing modules, and a third wafer ﬁamporter coupled to said
plurality of wafer processing stacks, each of said second plurality of wafer
- processing modules adjacent, and accessible by, said third wafer transporter;
20 " and a fourth wafer transporter coupled to both said first process stationl and said
second process station, wherein each of said plurality of wafer processing |
7 _modplcs in each of said plurality of wafer processing stacks is also accessible by
either said first wafer transporter or said fourth wafer transporter. A second
aspect of the invention is implemented in an embodiment that is based on a
25  wafer processing apparatﬁs, comprising: a first wafer transporter; a process
~ station coupled to said first wafer transporter, said process station including: a
. plurality of wafer processing stacks, each of said plurality of wafer processing
stgcks includ_ing a plurality of ‘wafer processing modules, and a second wafer
. transporter coupled to-said plurality of wafer proceséing modules, each of said
30 piprality of wafer processing modules adjacent, and acéessible by, said second

" wafer transporter; and a third wafer transporter coupled to said process station,




nodul es in each of said plurality of wafer processing stacks is also
accessible by either said first wafer transporter or said fourth wafer
transporter. A second aspect of the invention is inplenented in an

enbodi ment that is based on a 25 wafer processing apparatus, conprising:. a
first wafer transporter; a process station coupled to said first wafer :

transporter, said, ' ' kng. a .plurality of far
~processing stacks, lperergg%ﬁ%f) F%lgtlE p HJQ%% %{/e?gpcﬁsasfrggrmﬁa%g%ésw&%?ﬁac ks
including a pl ur gplivklityadf waidrgiroqes i€ Stltgcaid k&S sedtitatde S 6080 Meher
transporter coupled to said plurality of wafer processing nodul es, each of

said 30 plural i t}AEFransPErrHieReassiren thoamone songtagai saiddigt wafeessi bl e by,
sai d second waf rter: third er. Lransporter coupled to
sai d process st a?f%méJ£g%§ﬁ§%§?ng vg{%)g/r %‘?nsgglitﬁ’ %Tla‘{ﬁaéq {hﬂ‘% "B‘%QW‘”H? odessi ng
nodul es in any ofthisBdhghectiifuticaink éntiodfis WapRmeRe 4L &S ERBoSihREKthat BbaB& on 2
accessed by at least two adjacent wafer transporters selected fromthe
group consi sti ng WAerEPeFssing BpPapths compriing pofitse wafes iadspereoudfina peress

transporter, and said third waf ' rapsporter. A 5 third aspect of the
invention is i rrplsgaﬁlgﬂf: E%Pl?ﬂfogﬁldgﬁméﬁﬁﬁéﬁﬁﬂﬁpﬁgﬁ F%‘alftﬁgtéﬂo‘iﬁﬁs 2GRS er
processing appar ahdhdin© st ShRfiy 6 whfeShrodakHl S R0SR bELaid gr{x?hﬁ%my
process station coupled to saidfirst fer tgansporter, sal rs
process station ofwefengroegssing ftaakstingludinghifirst pdiraligfefiwateomresaiking st acks,
each of said first fer processing stacks including a first

ural.it of
plurality of® waf &° "eéc@élﬁ %QOI’FOW%HHF%%’PK%}H@“HI de snid fixtndvralifeispafer er

O O Lot U oSl AL OF cHABEE UG BPSIRE RIALKR pBRGLOT o8 ¢

first plurality of wa processi ng no bl e by,

sai d second waf erdjrcantsmdut@ssibie byesat dedohd CREE tratkpdried SRBRl Bebcke sai d
first wafer transpqorter, said second tprocess station including: a second
pluratity of waf SPURR eRUPd; ta gaidifusicatepanspotterasaid seood gradsss sktioml i ty of

e oS5 BAA SSRR R b Bl SRS
processing st ack plursity bf Whfes piodesBonstidlirtladihd ¥ s&onWi LRy FGSS NY
- process_ing,r_nodules, and a third wafer tranSpérter coupled fo Asaid plurality of
wafer processing stacks, each of said second plurality of wafer processing
- modules adjacent; and accessible by, said third wafer transporter; and a fourth
wafer transporter coupled to both said first process station and said second
20 process station, wherein each of said first process station and séi_d second
process station are individually symmetrical with regard to wafer tranéporter
access on both an X axis and a’Y axis.
| These, and other, goals and aspects of the invention will be better
appreciated and understood when considered in conjunétionWith the following
25 description and the accompanying _draw_ings. It should be understood, howeﬁer-,
 that the following des;ription, while indicating preferred embodiments of the
invention and numerous specific details thereof, is given by way of illustration -
 and not of limitation. ‘Many changes and modifications may be made within the
scope of the invention without departing from the spirit thereof, and the

30 invention includes all such modifications.



nodul es adj acent; and accessible by, said third wafer transporter; and a
fourth wafer transporter coupled to both said first process station and
'said second 20 process station, wherein each of said first process station
and said second process station are individually symretrical with regard
to wafer transporter access on both an X axis and a Y axis. These, and

ot her, goals and aspects of$%Pe Lnvention wi ll be better _appreciated and

under st ood when consi dered %%HW%W%WWP@I&WG& 25
description and the ageg icgﬂioﬂfo%%&ﬂﬁ%ﬂa esSQ cmgc&@ﬂﬁf@g%ﬂ,
esc

however, that the foll ow ng ription, ITe rndicatrng preférred
enbodi ments of t lievention,eamidiof theesathponems abid op@titsd 6tmoldd aydtemd frewiied withs
given by way of ilJlustration _and not of |imtation. Many changes and

nodi fications mayRb@vEREE. Wk hesemeraoregewdily appasentby relfering tthacxsraplary,
~departing fromt | Ld L eof the 30 invention.includes all such
‘nodi ficati onés). gﬁ%%%ééb%égb%% II%%ggd%t sz\tfémAtg%fi{eag?n%soncept i on of
the advantages angcdngingingSand@agiibg dipaRGf e specii@fibh, Grher@n UkoteftBsee
conponents and operation of nodel systems provided with the invention,

wi || becone nor e chasaetrrsyiesigpate dretsabie naeth e lrshogidthe ntoked exenpl ary, 5 and
therefore nonlimtingg.e dinments illustrated in.the.drawi ngs acco nyi ng
and forming a part of Figlg LHALTS SCRPTRYC PRRA &1 ff 3 PRIET Process E@’amsr‘T’Hﬁl‘
characters desi gpat frochbe ssafgm. parts. It should be noted Fig. 1 illustrates
a schematic plan view of a wafer process apparatus with one process
station. 1010Fi g. 2 i sFa.Sobenshcanmatididigpramoibnoaabedinedi aftndtadkf aseersiblack

assenbly that can utili,zed with the wafer process apparatus of Fig. 1.

Fig. 3 illustrat g?tﬁa%‘ﬁt” t"l”gngf’ ?QF@T%F%‘FW%@ I5gl-1 oad associated
with th? v_vaf er proces ? ié)g iﬂ?ﬂ?&'&&%%hétﬁ&%ﬂe@ o't:"'a%vaf%%h F'dﬂn a{i la.lss%%ita'ie%t €s
schematic plan view of a wafer process apparatus aﬁaw%g WO pfocess
stations, repr essithithgwafer padveskingeaipatiug dhownriy @ig.i1on.

Fig. 4 illustrates schematic plan view of a wafer proccss.épparatus

15 having two process stations, representing an embodiment of the invertion.
Fig. 5 illustrates a schematic perspective view of the wafer processing

apparatus shown in Fig. 4.

DESCRIPTION OF PREFERRED EMBODIMENTS
The invention and the various features and advantageous details thereof
20 are explained more fully with reference to the nonlimiting embddiments that are
 illustrated in the accompanying drawings and detailed in the following
déscription of prefefred embodiments. Descriptions of well known components
and processing techniques are omitted so as not to unnecessarily obscure the
[invention in detail. o
25 The context of the invention includes the fabrication of semiconductor
c;hips, circuit boards, and assembled components. The invention can also utilize
data processing methods that transform process feedback éo as to actuate
interconnected disctrete hgrdware -eleménts; fdr example, to move or transfer
wafers, or to affect the operation of the wafer processing modules. _' |
3o The wafer processing apparatus is directed to addressing the above

mentioned issues of minimizing pre-process and/or post-process times,

6



Fig. Sillustrates a schematic perspective view of the wafer processing
apparatus shown in Fig. 4. DESCRI PTI ON OF PREFERRED ENMBODI MENTS The

i nvention and the various features and advant ageous details thereof 20 are
explained nore fully with reference to the nonlimting enbodi nents that are
illustrated in the acconpanying drawi ngs and detailed in the followng

description of preferred enhodi ts. Descriptions of well kno onponent s
and processi ng té‘g hr:;lhzlljn va?glrago%n?{ﬁ?&? HEHS aﬁ%{l{;’ri’?ﬁ'ﬂm‘@%éﬂeﬁ@%e%ﬁ?@ure

the invention i pobtatovet utiRbridhescandiagly, Q_ﬁwaﬁ‘é?%rdd&ysﬁfgtdpﬁﬁ'a{u@%!ﬂpﬁ%&c@
fabrication of sem conductor chips, circuit boards, and assenbl ed
conponents. The. timpaheand trgubasly neriedic waferi hapdlingatysteprwiiels saprgvesdidiods t hat

transf orm proces foeetlt)jb‘gck $9. &8 to.actuate gn rconnected discrete
hardwar e el ement STOPEFPE ZRASPISISIGNSY HHRIQOGS T§utn I8 SYSIQRA RSP ProYides, af f ect

the operation of chhseri@iLsr HupRaeatiog gﬁ@ﬁ’g& @%seté%nta-gﬁr IsBlioRY, ORsSS! N9

apparatus is directed to addressing the above nention I Ssués o

m ni m zi ng pre- ppowessngstdfions, pobiteppenseetions | Thswafer piobéssingiapgarsati at i on of
t he pre-process 'ang,{lc%r, %t- rocess tines and reduci ng  robot over
utilization., AccUi<d dl"ﬁ, B, ol PEnOTs;0d BRI RS SIRR siakians Aplembitinistacks a
tinmely and regul [WoYs N I | ch.i,oproves bot h

t hr oughput and cgﬁlg?/cs%g%g%g}(ﬁs %@%ﬁ%@%ﬂ%ﬁ#ﬁ?g%ﬁ%%@%%thNaBP‘&/i des 5
cooperating or ctmeb eflvafatpraressisgimbdss, aasektal Cofraions AYarsidhs 6,
waf er processing stations, and stepper sections. The wafer processing
apparatus nclu fhihs mpdules maydiereyided by pachof i stagks t Iatdnens  a

lurality of st - tagk. is formed f lurality of
br ocessi ng. modul GeooYalG e SR A B R R B R et | s

confi gurations fmodales grgiped i0stacks ek BANrZNBE] inendrRghHaPSariBRY Bgepr Ovi ded
by each of the stacks. In one enbodinent, the apparatus of this 1 nvention

provi des for varWafes tigpspastng unittdegerobeishansaduplad &t the pmctdshg statenao r anged
in . a -hexagonal p@etr\tn%{: he n-l;gcrhﬁgs. The term coupled, as used herein, is defined as connected,
15 although not necessarily directly, and not necessarily mechanically. The wafers
are delivered to, removed from, and transported among the various process
- modules using one or more of the wafer transporting units.
The apparatus may include a first interface section on which at least one
cassette station is placed and which contains 2 wafer transportation unit such as
20 a robot that moves linearly in a direction paréllcl to the interface section and in a
_direction vertical to the floor plane. The wafer transpoﬁation unit of the first
| interface station may also rotate along an axis parailel to the vertical direction
and may be capable of extending in a plane paralle] to the floor. The apparatus
also has at least one process station that includes various process modules
25 arranged around a wafer transporting unit. The wafer transporting unit of the
process station may be a robot that has the capability of moving vertically and
rotating about an axis paraliel to the vertical direction. The apparatus also has a
. second interface section with an input/output port aﬁd yet another wafer
- transportation unit. The wafer transporting unit of the second interface section
30 ~may be a robot that moves Iineaﬂy in the direction paralie] to the interface

section and in the direction vertical to the floor plane. The third wafer



waf er transporting units (e.g. robots) are coupled to the processing
station to service the nodules. The term coupled, as used herein, is
defined as connected, t 5 although not necessarily directly, and not
necessarily nmechanically. The wafers are delivered to, renoved from and
transported anong the various process nodules using one or nore of the
waf er transporting unit.s. The apparatus may include a first interface
section on whi ch BT°PEHEE ugHhg2y 95813{3@1%1?%?‘5%‘1‘151’%?%1%@}9 ErHealFiTeFion
contains a wafer ijiapsfablarie@@nsnb in SHER: 4% e Rhet that noves
linearly in a direction parallel to the interface section and in a -
direction vertical to lnhaeknbodimehy i apphmnwdfienddsat apositeapiooss yntibn of t he
first interface statjon yay .alsq rotate along an axis parallel to the
vertical directi diouRgy ﬁggiﬁ te*gﬁa @ng plags rehnd isryoyided fon suseespive safesl t o
the floor. The a I s station_that

I ncl udes var?ousm&?gc gzldrrm i‘{%(las @F%%ﬁg@é@?gﬁgﬁ%%ﬁa&%’Péﬁ%cﬁgsr’tfliang
unit. The wafer ttoathe porceisrsgation] Thisf erbeiimehOieesSesd @lsictie dHRYstRRNICEZHOL
that has the capabiljty of. noving vertically and rotating about an axis
paral l el to the V& Vhighrasgsttesderncontaining walssdmay be losated. HEkisembodinend

I nterface sectio i 11,/ oWt QUt _por.t an t.. anot her .waf er
transportation u%%y él%glg%igggél%oﬁgonr%bﬁfqrhﬁg t _elry@fm?ﬂ’émég&hqﬁ”qeﬁtaé}*ﬁce
section 30 may kmeaassedoin thO@ESHBY @blehdtd8ablotedsihd AL rix?ﬁts;ta;aﬁ ob@feal 1 el to

the interface section and in the direction vertical to the floor plane.
The third wafer Preseahsiponm: s embadimeyt miysdse dichide asteppgr Anerface seqinal | el

L0 the 1 oor 1 n BREHH Blmet et for iR Rhe el bikrcstgzaly bytbse sdhet .
process. station cakeuRe pAikaimadit 401 RliCoMhe i RBd Bl:AGSHANAL .0 ALLY ded

for successive wafer 5 delivery and renova romwarer proce

that are within, tothesffIcessi ble to, the process station. This enbodi nent

i ncl udes a cassette erﬂ station, (CES) .on which cassettes for containing

waf ers may be | ocat ed.*PFRPRCR ¢ HeRRtonRgludesspthermal ehamber appart 6fthe

transporti ng waf Ll L esl. I en_at |.east ne .cassette in the

CES and at leact ans sk BRalRy, d HEHE Halber i Bipiosdpnd R ESamEntlly
controlled, while being adapted to receive, monitor and control solvents, .

moisfurc, and other chemicals for processing wafers. The thermal chamber
.may also provide for extraction of the solvénts, moisture aﬁd chemicals used for
wafer processing. The pressure within the thermal chamber can be adjustable in
20 order to facili;ate the functions of the chamber. This thermal chamber can be
one of the process modules. |
This invention represents an improvement over the prior art in that it -
reduces issues arising from thermal cross-talk. Thermal cross-ta.lk isan
undesirablé wafer fabrication condition arising from when the wafer and a
25 gripper of the transportation unit a:ré at substantially differing temperatures. The
term cross-talk, as used herein, is defined as thermal contamination between a
-wafer and a robot gripper due to previous mzmipﬁlation by the robot gripper of
" one or more wafers having a different temperature from a current wafer. For
- example, thermal cross-talk may occur when the wafer is at a hot temperature
30 . and a contact surface of the gripper is at a cool temperature, or vice-versa. In

such instances, the thermal temperature difference .B_etween'the ‘contact surface



10 process station. This enbodi nent may al so include a stepper interface
section (SI) with another robot for transferring wafers bidirectionally
between at |east one wafer process nodule in a stack of the process
station and a stepper coupled to the SI. The concept of the invention

i ncludes a thermal chanber as part of the 15 track system Preferably, the

t hermal chanber is encl osed a environnent al | contral l ed, while being
adapted to recei ve?f%hn%%rilgpg?arhdﬂtge 3’8#{ W%ES}@J'&%%FO c?ﬁ%tht[‘W@% Cr&ﬁ%tagf'hlé‘r
chenicals for proceasinfeMahedessingd AsplicRRmEPIndGhaKAGky iwo@s§&a§5&%ﬁe@cf or
extraction of the solvents, moisture and chemcals used for wafer
processi ng. The présgus kakigstandsoeling madulessdre géednbaridiog rdms-talltjmst bebl e i n 20
order to facili tate ctiarsiep;f[}uncti(%ms of. tfﬂ&’ cr}anber. This thermal chanmber can
be one of the process nogHies 1spRoR _&ﬁ?ﬁ%c?‘é‘&}%@ﬁ{%m At teAphasvecrent
-over the priog artfihdlichf@d frdedofrQHMEEIidaBAUSS s Ak §h@?J}JJhTOdHé)% RELATR wafers

a

cross-talk. Thermal cross-talk is an, undesirabl e wafer I catl on
condi'tion arising thater ek nHoteafomfaer ranstérmd 2§ tiyr CRP eob@for tikeSI robot.

transportation unit are.at. S“Ub'Stantirifgal differi n% tenperatures. The term
cross-talk, as used her@IViROBFqVHE 2HKA{ALET AYAT o kRQHE AdiR BTt BEt ween a

vafer and a robot yihinBpRE ufllariod PR hANSolBRNIBUL IS0 0. BY LS AL aDoL: AT pper

of one or nore wafers having erent tenperature froma cur fer.
For exanpl e, therhehaioross it Alslancmyvirec dy thahshivt haetonedBreritorthah diet

tenperature 30 and co&'tgact surface of the gripper is at a cool
t enperat ur e, 'br viWaEEr gkl same Hmeshithe robeot hasdsiTicingt speed tranettshpmatirur e

di fference betwee f the qri.pper and the fer may
be sufficient to c%?ﬁegﬁg(a?%é?&%fl é}ég @gggfog%ﬁgasltﬂ ioag%pfiﬁog;ﬁ}o&anglc essi ng
appl i cations, and npaulel seguastiaylyion imgm&@ﬁeahékhh%ng%fse Th\é%’béﬁﬂl%nbaki ng

and cooling nodul es are used, avoiding cross-ta may be crucial. The
present inventi onPEIVIdsadorfdshivery an ramavabef wafers bebhesn wifet proasssimyreodules
ich only handl es

warors that are Shaeapprgia BER AR uy tiridh Pl on el EmeE. | he
Sl robot. This i nTaekprriy A% d8SHaVSNHAIESQURINILEE AN blebdcRR"t bY
and/or post-process time in critical wafer processing modules. In addition, the
apparatus eliminates or substantially réduces thermal cross-talk caused by wafer
handling mechaniéms, including thermal cross-talk resulting from the handling
of a cold wafer with a hot object, or a hot wafer with a cold object. These
20 features represent some of the advantages of this invention, and are attainable at
least in-part by providing a wafer processing apparatus that reducés or
thinimizes the fanctions of the main robot.
FIG. 1 illustrates an embodiment of a wafer processing apparatus 100
~ that contains multiple wafer processing modules arranged in a processing
; 25 - statiqn 180, thai is éentral]y located within the apparatus 160. The pfocess
| station 180 provides a plurality of wafer processing stacks arranged around a
main robot 150. The plurality of stacks includes a first stack 105, a second
stack 115, a third stack 125, and a fourth stack 135. Each stack may include a
| plurality of wafer processing mbdﬁles for various functions. While four stacks
3¢ - of wafer processing modﬁles are shown in this particular embodiment grouped

around the main robot 150 in a hexagonal pattern at a main robot station 151, (2



mnimzing utilization of the main robot. Issues arise as a result of
utilization of the main robot in instances where a) the robot has to
transfer nore than one 10 wafer at the sane tinme, b) the robot has

i nsufficient speed to neet the wafer handling demand, and/or c) the robot
has to | oad and unl oad hot and cold nodules sequentially or in successive
alternating fashion. The invention provides for delivery and renoval of

“ wafers between wetdre 5% Geesrngrwrsal mrage onfeves Steeksmmporise hepronideddans

anong the variou | i | el nner. .15 hléxa ar lso
significantly re%‘ggrgk%ﬁg%rgﬁﬁ?%g%{@%w oﬁlaig%rt%ﬁ'?sl- reorg%%%oﬁa?bsr
post - process ti Mpivdlaklé bétwesh aWalf Elie 94d0RE €5 FhitGerRders Gom by MO@ilk iy t he

apparatus elimnates or substantially reduces thernmal cross-talk caused by
waf er handl i ng riteshimamshether mefulgiingny pdensitcke o EEStationr 6§ us adimegnt toom t he

handl i f d waf er, wit t object, hot ' | d
obj ect | Thest 20 ERPRS sil'e 180 of B B S g datn iR Boof 140, S wel
invention, and arg adraialtlcasstite ch&IBLS. imeﬂe@amy,e?]{e@my&ﬁ& ng0 & edisble

processing apparatus that reduces or mnimzes the functions of the main
robot. FIG 1 il lonsthemwiss ratatabiehwobiiaientg vithprovadet inpaofresimm tegypaeat us 100

that contains -multiple er processing nodul es arranged in a processing 25
station 180, thataiqng ﬂ&%&g&&ﬁf nj aﬁ%g&"lﬁﬂaﬁ%‘% ﬁﬁ@%@%ph{@%mgbeqce%@afer
process station ' j it f ' S
arranged around rrsas{%rﬁﬁgggtt%s%ﬁgﬂ.e%%ﬁdeddp%f?alllﬁ?éﬁg?ﬁéﬁﬁe? ?%@%‘gg}é a first
stack 105, & secnstessiigpsthtidnl 5§0 and thie rpiliralit QI cdsdbrtesdn thesCE® wiatibn $6R 0k 135.
Each stack may include a plurality of wafer processing nodul es for various

functions. Wi | e Staigr isteHages 1 8oisadiasantdp thy preeass staomb8Q prdingludesarofin i n

hi i cul ar € ' t i 150_
hexagonal pat ter 1ORF AR a SLBHPPSs, OSB! SPMerRte bt o e
unused), nore or theVekedioAEIIrdTRXhA e eteER%i 148 dea Mrlffelilels H¥BYss

grouped in other polygonal patterns). The main robot 150 is  pivotable
between al | of t derieg apksicular fabmicsfien stap {rentnd)r dire Shyobvo dd0 maynceasy st ack

to any othey, mdwa?erip?ocaers]s)fng En%%hiesstc%gtgmeé inc%% fgﬁr% Lt%&' %365% toitgan% eJr o ergé to
between the process station 180 and the stepper interface 145. Preferably, the SI
robot 140 is pivotable or otherwise rotatable while being provided linear
freedom to traverse along the stepper interface up to the buffer zone. In this
| mari_ncf,_ the SI robot 140 may access wafer processing modules in the stepper
20 interface 145 and the second stack 135 to transfers wafers between the
processing station 180, the stepper Interface 145 or di:ec;tij to the stepper. A
stepper (not sho'wn) can be coupled to the stepper interface 145.
- Referring now to FIG. 2, a schematic diagram of one embodiment of a
: stack assembly that can substituted in FIG-. 1 is illustrated. As shown, a
25 'plurality of process ﬁodules 184(a)-.1 84(h) can be arranged in a stack 135
configuration in any desired order. Any number of different types of pr;)cess
modules 184 can be included in a given stack 135 as desired or as the process
‘mandates. The stack 135 of FIG. 2 is one that hosts several theﬁnal rﬁodﬂes
184(a)-184(h). As shown, ahy of these modules provide bi or multi directional
30 access to the module 184 itself. Stack 135 is coupled with the SI station 145. A
Ioad part 182 aliows the SI robot 140 to éccess tﬁe module 184(a) to load and -

.10



5 the process station 180 of the apparatus and contains a CES robot. 160, as
well as a plurality of cassette ends 175. Preferably, the CES robot 160 is
pi votable or otherw se rotatable while being with provided |inear freedom
to traverse along the CES station 165. In this manner, the CES robot 160
may access wafer processing nodules in the second stack 115 to transfers

waf ers between the 10 processi ng st.ation 180 and the pluyrality of cassettes
in the CES stat f'lglﬁa‘%%g’%f% Asﬁc%sag’@ﬁ I%htaglp}vag%r tﬁﬁgm{nsroggtj 1:3}8&%#02%3&“9% process
station 180 anduhiagd #deSodile Poaay OOt 140 and a buffer 155. The buffer 155

provides a buffer zone for wafers transferred to and fromthe stepper
i nterface 145 when bEIG.8nllugrats aneafesaw ghard forithegensbadantrit shdwem iff BKE.ilcat i on

contai ned 1 1t hé VOB EAY SRR EEoR LR GR AR GhS 6ROk bET R8I ERHEOB ocoss
station 18G and | 45 r obot 140 is
pi vot abl e %r ot ﬁiﬁfﬁgﬁ?‘gﬁgﬁ %\ﬁ??‘gé%gll antgé%%cg\c/)?%é%cq Jitaﬁg?aﬁistyﬁeeedom-t o]

traverse al ong tiveerst @ppeithinnt drcieaCBheUPES otdon @6Muirfspsrtszthe evafédrito bhe 6r

manner, the SI robot 140 may, K access_ wafer processing nodules in the stepper
20 interface 14BOHnFPPRENEEHHEPIatsEka ransferdaieledfst B sumambive Withinden t he

processi ng staty; 1 er 1l S directl , he
Cteppor. A stehady [oreRfrEhRACe ORI EEb e RS LLEElinb L0 T
145. Referring omwerimortréistZoatngS@beites inta GirRr MBelll boAk: Rihadi ekt of a
stack assenbly that can substituted in FIG | is illustrated. As shown, a
25 plural iy of VBhsecslqiigmtheregiheayafammene manedito cae oamypeeisefhbakest ack

orocess modul cE o B AT BT el ke O wiliRatueR. 188 SIERIDLA or “as

the process nemeRhRves thRCvataslond 3Pmdte fflhaké chil AME nidMleshAsi&l Bever al

thermal nodules 184(a)-184(h). As shown, any of these nodul es provide bi
or multi directionamesdfiyeygten ¢ oirtihe The svafer mi:34hért ahbvedShemigh B35 i s
coupled with t 182 al ] ows t . rohot 140

to access the r&%ﬁﬁ?’kﬁ%&% I g)ge‘%tégl légdlsg‘r%ﬁgﬁgﬁr?ﬁ?%]a@ %tmt%.epaﬁgég%Wort 183
allows forsthe §mb heBitR z4rOid PrdRAd 120284 by the numeral six within a circle,
FIG. 3 also shows the lithographically exposed wafer may be transported
from the stepper interface section 145 to one or more post exposure bake
~ modules by the SI robot 140 ina transf-er labeled by the numeral one within a
box. If the wafer is transfer to the buffer zone then the SI robot 140 moves the
20  waver from the buffer 155_:_ to one or more PEB modulcs. The wafcr may then
be transported by the SI robot 140 to one or more post exposure bake chill plate
modules in a transfer labeled by the numeral two within a bbx. From there, the
wafer may be transferred on to one or more developing moduies ina transfer
 labeled by the numeral three within a box using the main robot 150, After the
25 developing module the wafer ma);' be moved to one or more hard bake (HB)
modules and then to one or more hard bake chill plate modules in transfers
labeled by the numeral six in a box.
From the arrangement described above, it can be noticed that the
grippers of the main robot 150 will only be picking cold wafers. This -
30 eliminates thermal cross talk. The wafer is then transferred to one or more

cassettes using the CES robot 160 labeled in box 6.
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unl oad the nodule 184(a). FIG3 illustrates a wafer flow chart for the
enbodi nent shown in FIG 1. A wafer may initially be transported fromthe
CES station 165 by a CES robot 5 to one or nore vapor prime nodules in a
transfer operation |abeled by the nuneral one within a circle. The CES
robot 160 transports the wafer to one or nore vapor prine chill plates in
a transfer |abeled by_the nuneral two within a circle. The wafer may then
subsequent |y be noved’ ByPPFESIHSAPPFHBYE 00 depcribed igFiG ok ismstt dmitedteonisbat i ng |
nodules in a tra .ed t , 10. . thin cidcle. From
there, the wafer 511?rtz'];a b ég?%%{:/@d I?%anogr%gdp g ?&%&?&éhé{}??ﬁ %’5?<Sglng(a§§?ra§‘§diuqoe°§n

| abor ed by the nbevetpahddddyradiing hilditiandiprétess stdiidhs Bbxtit0B0s stdidldh 18hen noves
the wafer to one_or more soft bake chill plate nodules | abeled by the

~nuneral five wi thHih la Tdup stpiion B9anEiEet baegmasribnpioeessotation 280 of Geuae 4.
stepper interface,; Lo ' h [ r.obot. 140 t.o e ,stepper (not
shown) 15 o$ to ?ﬁg%%ﬁg;&g%oﬁgﬁ%aﬁ%ggpf%c% BHHGIp oz E'hé nuneral six

within a circle. Fl GIG4dliseahepsodehang bidae@iadiaainb Sspoeedswaf er. may
be transported fromthe stepper interface section 145 to one or nore post

exposur e bake nB#ifnekSOiapd e econd prashest statitm 380aa Thedmstipeocesnitetion 28§ it he
numeral one within.a .box. lf the fer.is transfer to the buffer zone then
the Sl robot 1404"#1‘3“\?8% ‘ﬁé%ﬁ%@é‘%‘ﬁg% W@%WF%{PITS%SFBUBHQSQFI%Ne. PEB
nodul es. The waf&uipFey with@Recdd® nidid RsRR D564 : one or
nor e post exposu?e bake chi Iecl: pl ate nodul es’hlyenﬁlgﬁtﬂrﬁgrﬁgs??r)ﬁdla%%?atégt by the

numer al  twhd wi t Hr#ingolmy statiGs@il tahé 28] (a) haspeativkiyy apivolblé parkahdmpliad on to
one or nore devel ggl ﬁgthnodul es in a transfer _l'abeled by the nuneral three

within a box usiff MRl BRsmens sapakfiitg, Bagh pocesgsiasion p8Rg28iul e t he
wafer may be movigduin alqﬂgt wifer Bb 3%\2@ g’gaﬁﬁ?ﬁS (st a s@q%?ﬁ?fg@ﬂ%ﬁ{‘sﬁxﬂg ;8m2‘p:|

or nore hard bake chill plate no ransfers

six in a box. Frstakhs, 2H5sanpidentfetnscesshpdaloye 2254, an BArtALdfEed t hat
the grippers of the main robot 150 will only be picking cold wafers. This

30 el im nates tFEPGAINGFtarks?3f o332, Wheregatl wafes prasessingrstavkfcontadns 20 one or

ore. 15 phurality of wafer processing modules. All of the wafer processing modules of

each processing station are accessible to the main robot of that processing
station. A plurality of cassette ends 275 is aligned along one end of the
apparatus 200 at 2 CES section 260. '
While not being limited to any particular performance indicator or
20 diagnostic identifier, preferred embodiments of the invention can be identified
one at a time by tcsting for the presence of roBot utilization. The test for the
presence of robot over-utilization can be carried out without undue
experimentation by the use of a simple and conventional robot idleness
experiment. If a given robot is not idle, then post-process times are analyzed.
25 Among the other ways in which to seek embodiments having the attribute of
minimum pre-process and/or post process time gﬁidance toward the next
preferred embodiment can be based .on the minimization of pre-process and/or
pbst-pfocess variation time. '

Practical Applications of the Invention

30 - Apractical application of the invention that has value within the

technological arts is semiconductor wafer processing. Further, the invention is

12



cassettes using the CES robot 160 | abeled in box 6. ti The procéssi ng
apparatus 100 described in FIG | is not limtedto only one process
station. It can be appreciated that the processing apparatus 100 can be
expanded by addi ng additional process stations next to the station 180 of
FIG 1. Thus station 180 in FIG | becones the process station 280 of
Figure 4. 5 This s emw th nore thgn one process station is shown in FIG
4. FIG 4 illust r‘&g@mefowrl’a&té‘éls‘f%n%%ﬁ%%%mc volor Prevessmestens (sichms sees s
station 280 and %é&?o?ﬂﬁp%ﬁ%@%?nékﬁ IR5% [ p station
280 is equipped with a first main robot 0%@8% %enlgf?%ﬂéégg%°omgr§%§%ess
station 280a is ‘aouallypedmardthe ases dadheinventivn, Dot wikAaced h6t bedeataile@bot s
250 and 250a, at .10 nmin robot stations 251 and 251(a) respectively, are
pi vot abl e pi ck af¥™place robots with vertical rmovenment capability. Each
process station Z8Qmnd {5 a first wafer processing stack 205,
205a, a second m#ﬁ%mﬂjéﬁgtﬁack 215, 215a, a third wafer processing

stack 225, 225a, and'aawﬁwprhcwahgrsystaﬁ@@eﬁg&é}ﬁes@m%@@éﬁboc&ﬁéﬁtofNﬂ@re each
waf er processing stack contains a 15 plurality of wafer processing nodul es.

All of the wafer JBYaeesEhg REdlicedveomd adyatiageoueios oi lngstshafdliowing e
accessible to th i at _processin tation,, A.pluraljty of
cassette ends 27 eﬁggﬁsglllrhg?@g n{e?l({’%frll%lp %ﬁe@u%erfag%tfovgﬁ‘étﬁuﬁﬂ%r-ngué‘R'fﬁﬁmh elgs ces

section 260. Wi Iredudevarkeibith fhe Frd-prbcts andbr Pe-bideidsaimPe Ty ABag
i ndi cator or 20 diagnostic idenltisitf.lplg)r, pr ef erpfsgg enﬁqodnilrrents 1of tﬁ)él

i nvention cdh be alsa&alpk to reduceghealsolue prermpodeys arekidripogt-frocegshtimegr esence of
robot utilization, est f.or the rﬁg%{fsence_ of robot over-utilization can

The .t .
be carried out witRSGEd AT AEIVRSsAPE BIOCBHgyneWesuse of a sinple and

conventional robot id!&ﬂﬂﬁé&isol@é&ﬁ%rzr%%gﬂﬁené af)ﬁ]tﬁc ﬁ&%ﬁ&é@%bé@i\}ﬁ%ﬁhﬁhg’ t hen

post - process tinmes are anal yzed. nong the other ways in Ic 0 seek

enbodi nent s havi mplivdiendipractibed witbdut unilm erpeTipERNGR 2dEHuah WObesPABEe
process tinme guidance.toward the next {{ ior ef erred enbodi nent can be based
on the nininizat pgwfn%%%mngﬁgpw ated by the inventors is c_hsclosed above,,

15 practice of the invention is not limited thereto. Accordingly, it will be
appreciated by those skilled in the art that the invention may be practiced
otherwise than as specifically described herein.

For example, the individua] compohents need not be formed in the
disclosed shapes, or assembled in the disclosed configuration, but coﬁld be

20 provided in virtually any éhape, and assembled in virtually any configuration.
Further, the indivi_dual components need not be fabricated from the disclosed
matenals, but could be fabricated frorn'virtgally any suitable materials. Further,
although the wafer processing system described herein can be a physicaily
separate module, it will be manifest that the wafer processing system may be

25 integrated into the apparatus with which it is associated. Furthermore, all the
disclosed elements and features of each disclosed embodiment can be combined
with, or substituted for, the disclosed elements and features of every other
disclosed embodiment except where such elements or features are mutually
exclusive,

3 It will be manifest that various additions, modifications and

rearrangements of the features of the invention may be made without deviating

“13



‘post-process variation time. Practical Applications of the Invention 30 A
practical application of the invention that has value within the

technol ogical arts is sem conductor wafer processing. Further, the
invention is 12 useful in conjunction w th nonlithographic wafer
processing steps (such as are wused for the purpose of nmaking photovoltaic
cells) or the |like. ggere_are virtuyally innunerabl e uses for .the

i nvention, all offSRhIERPRESRC FOPC BEtheErTIBaES InE Ve S0n&aRta At i dtsndsd thate
| nvention A wat er, b i odi nent of
th\é i Irlventi on Cg:rl]é) ceﬁ %ggéhgg‘%‘?’%@%ﬁ?&%ﬁlg&lgﬁ&%ﬁgggggﬁa{lg}sﬁ? a'[ygraslt t he

fol l owi ng reasorguivdlestsicoveznallisach ftligsns) f@diftation) kndxafrandetdengatien. The
invention helps reduce variation-in _the pre-process and/ or post-process
times. The i nven@PRiRddclgimuargapiis bednteaeted as includivgimerns-mvefipeders s

and/ or post-Jproce: o Lated w th Lyen seguence of .processing
modules, A 15t he T ekphE Byief A0 Mt o e B B B S e B 1
can be realized tiaghriveaaichgefbr Wi EdiRdient BAUEd iSRS IR nRtdtA- ardl t hough the
best node of carrying out the invention contenplated by the inventors is
di scl osed above, diffesentiatadihycthe appentied subgkaimb.on is not limted thereto.
Accordingly, it will be appreciated by those skilled in the art that the
invention may be practiced otherw se than as specifically described
herein. For exanple, the individual conponents need not be formed in the

di scl osed shapes, or assenbled in the disclosed configuration, but could be
20 providedltin virtually any shape, and assenbled in virtually any :
configuration. Further, the individual conponents need not be fabricated
fromthe disclosed materials, but could be fabricated fromvirtually any
suitable materials. Further, ‘although the wafer processing system
described herein can be a physically separate nodule, it will be manifest .
that the wafer processing system may be
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25 integrated into the apparatus with which it is associated.. Furthernore,
all the disclosed elenents and features of each di sclosed enbodi nent can
be combined with, or substituted for, the disclosed el enments and features
of -every ot her disclosed enbodi nent except where such el ements or features
are nutually exclusive. 30 It will be manifest that various additions,
nodi fi cati ons and rearrangenents of the features of the invention may be
made without deviating 13 fromthe spirit and scope of the underlying
i nventive concept. It is intended thal ,yiMte scope of the invention as
defined by the appended clainms and their equivalents cover all such
additions, nodifications, and rearrangenents. The appended cl ains are. not
to be interpreted as including nmeans-plus-function 5 limtations, unless
such a limtation is explicitly recited in a given claimusing the phrase
"means-f or . 1. Expedi ent #xtodomntoswaikr frbeeskiny Qifat Bk BfBrisidd-f f €renti at ed- by
t he appended _subé:ga' B 10 15 .20 25 30 14 CLAIM5S 1. sem conduct or
waf er processing rﬁeb‘g? SE UTSCER MpRnIpolRling, afirst spainwgpisr transparees Sordiandlingn
i ncl udi ng:  serfiton@hctpm iferdaiBin the ARSH andl eni.conduct or
wafers within the first wafer procesgﬂrelts a%%sg%t?&cg{f:gﬁ%ygﬁéw%&ﬁ%ﬁ%?y of
waf er  pr ocBEETHES Speke l@@nté’@%ﬁ?ﬁeﬁgnqﬁummmﬂtimdmapolggﬁabm%ﬁx@ﬁ&ﬁ in
a pol ygonal sbaafi:gyedhhofhe SURLAALEALYaLRUNd the first main wafer

sta

transporter; a second wafer process on—di sposed adj acent to the first
waf er process stide¢ad, wadagrodesustaidi diyposad sdjEc@Atkond firstVA B prbs RSB &l T or

handl ing s eﬁﬂ:lﬁ&ﬂg UGk Qlna8l: $Warel gngijgmér oF h?iggli%ggemiconductor wafers within the second
’ wafer process station; and a second plurality of wafer processing stacks containing process
modules that are positioned in a polygonal configuration substantially around the second main
wafer transporter;

a cassette end section for storing semiconductor wafers, and having a caséette wafer
transporter that bidirectionally transports seﬁﬁcpﬁductor wafers beyond the polygonal
configuration of gac}i respective wafer process station, and between at least one wafer processing
stack 1n each wafer process station and the cassette end section; and |

a stepper interface section having a stepperwafér transporter that bidirectionally |

‘transports semiconductor wafers beyond the polygonal configuration of each respective wafer
process station, and between at least one wafer processing stack in each wafer process station and _
the stepper interface séction, Whe_rein at least some of the process modules in each wafer process

station are directly accessible by the cassette wafer transporter and the stepper wafer transporter.

2. ' . The semiconductor wafer apparatus of claim 1, wherein each of the first and
the second wafer process stations includes four (4) wafer processing stacks positioned

substantially around the first and the second main wafer transporters respectively.”

3. , The semiconductor wafer apparatus of claim 2, wherein the polygonal
configuration of each respective wafer process station provides a hexagonal layout with six
accessible side portions, and wherein the four (4) wafer processing stacks occupy four of the six

accessible side portions within the hexagonal layout.
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waf er process station; -and a second plurality of wafer processing stacks
_containing process nodules that are positioned in a pol ygonal
cconfiguration substantially around the second main wafer transporter, a
~cassette end section for storing sem conductor wafers, and having a
‘cassette wafer transporter that bidirectionally transports sem conductor
waf ers beyond t he pol ygonal .configuration of each respective wafer process
station, and between at | east one wafer processing stack in each wafer
process station and the wasigeddessigngseacidngsngnd a st epper interface
section having a steQ%gn waf er. transporter that bidirectionally transports

seni conduct or WdfF&F'S V'BRE VRIS PRRSESS Shans @ehiryding eiperreRsistaiae Fohobapebati ve
vaf er  procesatBilpbbstbneditioRelrdeRRIRIpILERS bf QR€: WE%E s@él&%gétﬁﬁl%%' SbAGKe N
each wafer process station and the steppef interface section, erein at

| east sone RPeeehBodiesferpsosesning ssmiqondeciotwalert ahe wafermosessisg sthikobeiag &id out
directly agg i bl e . transporter. and the stepper wafer
transporter. %%1?5@%%%%&%1&?3%33%@%%&%%&%5%%@5&8%5 S(EWDBF%O 1, wherein .each
of the first and catskiee sicemidn vafrennipatdesoupledio thifail SRS FelF prodess Waf er
processi ng S{'sai'ﬁ%gks chSi é.i oned SUbécf anti.al l.y around the first and the second
mai.n waf er “CTans ft Pelpding a S3agtier t)??“‘?f C%‘é’ﬁ{. 1%6%9%165 sepRiF gt ERes us
of cl ai m 2 bewhet: i Bast bie WANBORS stacdk iR Wa P pRkes 3G oL %&E?Hsé/e@t g er
process station provides a hexagonal |ayout with six accessible si 5e
portions, SR ein the four (4) wafer processing stacks occupy four of
the six - accessizRlegnsiAg ROtk W eTNE al .l ut. 15 4.

waf er processi ns se;g%temponpr%Ig%?ibé%gﬂ%%}v%ggﬁbg@g%?é% ?/a\féﬁ %m%%%fgrss
stations e®Errersraéationy, Ayl iacipdiog e stepmragtiod arm fob bidiretivnillyetranspatisedidiadntiyttor

posi ti oned e tiy Luralit f .wafer process stacks containing
a series of“ad %?-g%tg’gés‘?% ulotla%%?l f)élr- P%F?ééég?ﬁ&%gﬁﬁhagﬁmPﬁﬁs %Oélraé‘g therStePRgS er
processi ng gtk sedmenng | aid out in a substantially hexagonal
configuration around each process station robot; a cassette end section
comuni catively coupled to the pair of adjoining wafer process stations,
and incl udisng a casset hQuafdRRiceain® dpphirabts dhhgisldgonal |y transporting |
sem conductor wafers, - between at |east one wafer process stack w thin each
waf er process st Bl efidizctdly pasisenadavadenproesesctitions which share in processing

functions of the wafer processing apparatus, each wafer process station including a main-wafer

transporter and a phurality of wafer process stacks respectively which are positioned according to
a predeMed polygonal layout that is eqﬁidistanﬂy centered around the main wafer transporter

in. each wafer process station, and wherein each wafer process stack includes a plurality of

process modules;
a first interface section that includes a first interface wafer transporter for accessing at
least one_prOcess module in each wafer process station; and

a second interface section that includes a second interface wafer transporter for accessing

at least one process module in each wafer process station;
wherein the first interface section and the second interface section are each positioued on

substantially opposite sides along each of the adjacent wafer process stations.

6. . - The wafer processing apparatus of claim 5, wherein the predetermined

polygonal layout provides a hexagonal configuration with six defined side regions.

7. The wafer processing apparatus of claim 6, and wherein each-wafer process
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‘a stepper interface section conmunicatively coupled to the pair of
adj oi ning wafer process stations, and including a stepper robot armfor
‘bidirectionally transporting sem conductor wafers between at |east one

- wafer process stack within each wafer process station and the stepper
interface section. 5. A wafer processing apparatus conprising: a
plurality-of adjacently positioned wafer process stations which share in
processing functions of-the wafer processing apparatus, each wafer process
station including a main wafer transporter and a plurality of wafer
process stackﬁ.res ect%veé. m?ich are positioned according to a

pr edet er ni ned 5B ouy 45&3 °T PIR&ESS placks e aseemm fpyr of éhstser dsfined Hdamizivhe
mai n waf er twigis pehkSlrond] BofRethtWRl er process station, and wherein each
~wafer process stack includes a plurality of process nodules; a first
interface section that includes a first interface wafer transporter for
accessing atg | east one ule in ,each wafer .process station; and a
second interface secti 'orrl;B% ﬁg?§$rﬁg¥-§ﬁ%§pp§m§ (?gﬁ]&u? %’taé’p%a}?ﬁr@ § ARGt er
for accessi e sintlefined sitle ongeonp withidshe iBxAgHnal doAf@AEHIWREBle REQS &S MdHefideRN;
wherein the firg@ﬁin erface $ec i'on and the second interface section are

each positiéﬁ%ﬁ e BRUTIRET WRFLPIBHTOERE®Ssi des al ong each of the adj acent
waf er process stations. 6. The wafer-processing apparatus of claimb5,
wherein the predeterm ned polygonal |ayout provides a hexagonal
configuration with six defined side regions. 7. - The wafer processing
apparatus of claim®6, and wherein each wafer process .16 station includes
four (4) wafer process stacks which occupy four of the six defined side
regions. within the hexagonal configuration. 8. The wafer processing
apparatus of claim?7, and wherein the remaining two of the six defined
side regions wthin the hexagonal configuration provide access.to and

bet ween other adjacently positioned wafer process stations. 17
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