; e3eCC@Q 6FTx H E APPARATUS FOR PROCESSI NG WAFERS BACKGROUND OF THE
| NVENTION 1. Field of the Invention 5 The invention rel at to
the field of microelectronic fabrication. Mre particul arﬁm\m\ﬂm\\ﬂm\mml on
rel ates to wafer processing system|ayouts. 2. Discussion eg*ReI at ed

Art In the process of manufacturing a semniconductor device, siith as an o
integrated circuit, nuner f . CL Q- [ i st be perforned
to forma finished devi ceﬂmﬁﬁfé‘%rpﬁéﬁg@ggﬁqbﬁmﬁﬁa on of a
photo-resi st |layer on a surface of a wafer. The step of formng the
photo-resist layer is typically perforned in a wafer processing apparatus
that can be terned a track Ba§ 0 : EINVENH@ONa series of
processes are erfo%rgggﬁ? the surface ~ s of the wafer in a series of

nmodul es in ordér toft JIBHBB- r esi st | ayer. A conventional track
system ingludes thr qfe $nlion felpdligerchdito SRAALB, mibliBerdanian 10t erf ace
section, i's used to transfter Wa?er romcassettes to the track system and,
conversel y, fr fabrichson. r soke pardtdanlpahkinventivagelates & wafkin erevessiglisysead | on  of
the track is called the process section. The process section 20 includes a
nunber of procl@é’gu‘ﬁodul es such as resist coating spin nodul es, bake

nodul es, chillynodu i opi ng spin nodules. The third
section, whi ch2'| S aﬁ%ﬁ%ﬁ{iﬂ}]%ﬁ@;?ﬁ%&@%’&“ on, is used to transfer the wafers
fromthe track syst &intieprocdss bhwghafaitudngx pasidoeduct ldevice, sucloayai sel y, from
t he exposure tool back to the track. The wafers are transported between

t hese seclVi onsintegrated Girgpit.auEnespus sirnsforapise-fabricgioncaus &g pssformedieved from

and transported anopg. th I.OC ul b er t.ranspogt. nmechani sns.

The tine a waf ﬂm%ﬁ?gh@ﬁﬁw%& g@%epé@gesﬁégeﬁf}é‘ngh ail%loagf’é?mftr‘éstlgl process
tine. The totajayRF 6 8 SSrfideldT aGRdTer. STt sBp dfﬁ&nﬂﬁ%ﬁﬁ]p}ﬂf@%ﬁﬂa&bm, which is
determ ned by the process recipe, plus the nodule overhead tinme which is a

30 function at tyipicasly nerfopmed ing wefee prcessingapparnin ithad canibs tegmed s tagle nodul e.
Pre process tine. is defined, as the time that a wafer .waits in a podule
before the.  SeHGiRy ObfHsdeek S a vt of drsrbesite bertoitier ol Be SutRe e 1 <
defined ag t heof {HeBvaFeriR 2erikPof MolidlePinBRas h&fdrh 46 phSBRLGE 18frer the
conpl etion of the actual process tinme. The tine between renoving a wafer
froma nodul e and dé ¢conyentignal tra¢losytsteen melatiesthrbel sectiansc dhk Eidst wadtion,
transport tine. V&hers.ar]?first fed from ongﬂ_or nore wafer cassettes to
the track syst 2GS 30 dMCHRGs SCEHQL 15 el Fyranister waters fram ¢assettes ttie of
form ng a photg; ' j Vat ek ad j rst
treated and m?géﬁé’é%%%%n%ﬁé%gﬁ’t d?ﬁteh%# Fa%%%ﬁé%@h@ﬁgoca ?/téé'%ﬁeé waf er is
t hen cool ed anskcondgeyiof dfchetravkas caljpdule provdse sectivnp Mhe Pracess settigd! yner i s

evenly distributed on the surface of the wafer. . . )
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 is 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 to the track. The wafers are transported between these sections. The
25 wafers are delivered to, processed by, removed from, and transported among the
process modules by wafer transport mechanisms.
The time a wafer resides in a process module is called wafer total
process time. The total process time consists of the actual process time, which
is determined by the process recipe, plus the module overhead time which is a
30 function at least in-part of the electromechanical design of the module. Pre-

process time is defined as the time that a wafer waits in a module before the
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0 The photo-resist coated wafer is then sent to a heating unit and the

phot o-resi st polyner is converted into a stable film At the conpletion of
the heating step, the wafer is cooled and either conveyed to a cassette and
stored as a treated wafer or, in nost cases, transferred directly to the
stepper, through a stepper interface. In the stepper, the stable filmis
exposed to a circuyit pattern b .t.5 photolithographi,c.technique. After
exposur e of thé"tgglé’éP 5§ fimg,st e%f]%ﬁlﬁipgmtprr%‘f’?é? Wéﬁdﬁg%?ff?%mgltufémtar ack and
I's baked in a %hﬁ- i & nfRuRSh eltem6iddCatiet ARG Ok | m The
wafer is then coo gv(rjﬁ?n a chiuﬁet rmth}Pe and etrans?rgﬂrlred to a spin devel op
modul e. | n thepgpess tihea eThoptime datvesen acrdeving o wafiy fsoh atmaduleandppl i ed onto

the filmto devel op a, portion of Ci[l}g?e' fi ma%d then a rinse solution is 20
applied to cl edfliveragditpihrrexymaedyle 1 qpllad WarRLTRNSPPRMNMS. he wafer i s

thermal |y dreated | yfeQaleatpi fomAObARokd Wief Blskdndlld thenAtith AN
returned to a cassette for storage and/or transport. The treating process
and the sequenggonghythy azssettiegaiwlation. Updre prbeess ypfornfing aphgteatesidt filni cui t and
t he chem cal conpounds used inf\%age Jpr.ocesse a result, one or nore of

. As
the sub-steps MY$r bee susfaceiafthe %F‘é@%“&?‘FE ARGMOiTYEdS EempYedwith Beatd be

bj ect t i ni - i FUL .
critical proceehdBhBefatR 333 B Bindobiel s EOmveveTES a SHIENL D ¢ oo

and/ or post - pr akeRsSa pliote fesis polyrre iseuenlytiatbited on the surficeaf thy WaRm i S
often limted by robot over utilization. Robot over utilization can be
defined a¥ a siTheahotaresist cppted vaterde thep srntde a heatingwitandthetphotastasist es

causes an increase in post-pr.ocess, i entiagn one. or _nore of the
ol Towi ng_ appr BaSTEE meRBWAd IREF Rabl i, A U Limated ¥ iHeshhe
utilization: (e witeriga66168 ah®BifiereBARNYed tdd caAEtehdssred Walaqteaktand! ers;

and (c) providing robots with nore than one dedi cated wafer handling

mechani sm | ncmafsiongn nuisbeass dradsherred digeatly to ithe siepper,ghrauigh  stepper syst em
reduces reliabili and.eventual |y reaghes a desjgn l.imt. Addj ng dedi cated
5 transfer ar ndMERAEy g}?&?etppﬁfafj@r/%abiﬁﬁnﬁ‘%W°$§jt§@§ﬁﬁcuﬁrﬂf“§ﬂbdt%gsi ve
process ul e | ; stfﬁfpr  of! .0f the
track sysn’[%gm gﬁgggglhé% {Eﬁtgée&ﬁns ) erg%gﬁlogstﬁ%étgﬁﬁg?n}é jag'g%% lsgnd
successi ve. Desagsfernel backhod thewrdck amd issbakbdin obakednodulatesetwhé eirciiandl i ng
mechani sm adds to the c&gil exity of the robot desjgn, increases cost, and

i nposes addi t i ®AEam indo thedhilm dihe gyaferds thearepled ima chilignodle andrtransferred o

requirenents o L0 Lz o] -Fﬂg/ ro : | - Ni m zi ng
vari ation of t%oeﬁr#“e’%@(l)%gg@a%d/] 18?1%;%;5 - pre 0 é@@ﬁ:{l%ﬁ%@lﬂ%@%@%ﬂ%#ﬁr obot
over utilizati gppliedionts td fil taldevelopayortivatof Bl ahd thefiRirinsdhdlutios iieeded

is a solution that sinmultaneously addresses all of these 15 requirenents.
SUMVARY G THE2ppligeng Flenn thesurfaeg 9f e wafess Thersafiery thetwafar issthemnallyi ni nat e

th d for dedicated t : wioi dy & h | -tal k. Anoth
ey aon) o SRREPEARRBHE SHR i R RICA LS Bea ST Bl Ao
post - process t iciRéte OPKbRRE aRd/ofBhispdRAThe iredthd prcésd waAthe Sequendedny i m ze

variation of the pre-process and/or post-process tinmes. Another prinary
goal of the i nvenytdepending uponrtbeltipe of obtgratedesircyitiand tbe chamichhcampandsaince
with these goals,..there is a particular need for.a wafer processing system
| ayout where e n?\%@f’cﬁff?cé%s? Wé&ﬁtﬁ)&ﬁloérqoﬁe %{)?’ﬁ S'\:,i\@ﬂcpﬁniyr ess station
and a secgnd pPiRARASY %‘ﬁﬁtﬂﬁl procaGGaRaH Sotidbe s(db}ec@td ﬁ%ﬂﬁﬁ%ﬁ;{&-ﬁécgsocess
station robot and (11) either a wafer cassette transfer robol or a stepper
transf er robot and¥bsposi-prozessaimies dairthet, la critiealepropeas shouldibe subjectaoparti cul ar

need for a wafer, processing stem | ayout where any wafer processing nodul e
in a wafer proSBREYR varaion C%Oéé%@Bdé‘B'deS?P"&FeslséH%?S-tm adj acent

waf er transporters J C i Qs al s,
there is a particul g?’"‘ﬁ‘é’e‘%@b‘g@@g?%F}a%f%g{eeg‘ggn%%{s‘?‘é%fﬁgg%bg’? wher e
each of a firsbv@ngitiesions tRdbodbvendilidatistcean belefif€d ss S §iRidtion iavhich a
individual ly synmetrical with regard to wafer transporter access on both
an X-axi s3%and #ackofgyailableygbot rpsouress caysge preCregsesingpast-proasssitimeaneous| y

post - pf ocess. | CRBRHRTHREDs REAILS SITRPKcSfnd Wb diep alhel diigad "

post - process times and reduci ng robot over utilization, which, in the case
5 of the prior art, are not sinultaneously satisfied. A first aspect of the
invention is inplenented in an enbodi nent2that is based on a wafer
processi ng apparatus, conprising: a first wafer transporter; a first
process station coupled to said first wafer transporter, said f rst process
station including: a f rst plurality of wafer processing stacks, each of
said first 1 o plurality of wafer processing stacks including a first
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said second plurality of wafer processing stacks including a second
plurality of wafer processing nodules, and a third wafer transporter
coupled to said plurality of wafer processing stacks, each of said second
plurality of wafer processing nodul es adjacent, and accessible by, said
third wafer transporter; 20 and a fourth wafer transporter coupled to both
said first process.s i I i reid each of
said plurali tyad%fcse\é bg’& Oggro@ggaslﬁ%{gq@iﬁ%?%glgighggg%ﬁmg#%%ﬁa& gp%%aﬁ'f?ry of

waf er processiKedrraaka (¢)prévidngasbasaith hidrbthationbdedisaed wafer Slandiiaiger
transporter or said fourth wafer transporter. A second aspect of the

i nvention is impthanisn clacreasing rahebentedinsreasesdhe past phthedrask systam, waf er

Gt at i on coup! datees” 2y eud ehgvul el ol tobf A enichdl 0T 00
includings a phafsfriaiis &f rRbeMk “&f&§ﬁﬁ&ig{1®o’=‘dd§’&lé§tarﬂ%@hce@iiwﬁtdée@! urality
of wafer processing stacks including a plurality of wafer processin

modul es, and amsdwenebnatrhios thersysiepdeyat, isaeaseethetcostsxfithe pack sysiemy and  waf er
processi ng nodul es,. each, of sai o plural.ity. of, wafer. processi ng nodul es
adj acent, and @RIRLEF Bred where %H%&%d’r‘?fﬂadwiﬁé{‘ j%'?d e ‘r@%ﬂgnﬁ\gd a third
waf er transporighis GRS then S/ &’ed{?c!a%%ﬁa?eﬁiaﬁ&!hﬁ@mechm 8443 t8pe of said

plurality of wafer processing nodules in any of said plurality of wafer
processi ng st amgplexdty dfthambes desigr incedasdseast; andimpsgsadsitionahf er
transporters selected fro tEed?roup consisting of said first wafer
transpor t®r, SEFHCURRSAUVAET 83K IN8nsporter, and said third wafer

transporter. A 5 thy efle : 1Y iR nk Srd- eeRbRd pbdl- an

enbodi ment t hat ish%ggédgﬁl%hﬁlar%‘?%gﬁgﬁocgis@rﬁgnggﬁa at us, con'Btr)%}si ng: a
first wafer traoegetines, mnimizigg viriatioe s&ths ped-provessanploe gosteprecissitifies St

waf er transporter, said first process statjon_ inc]udi nogy a first plurality

of wafer procedsiraducing rabst oves uklization z6ferred foaboye have nat peer fujlymast.

processi ng st ] i -] ' ?PQ@J sing 1 o

nodul es, and gwéétclg)%gé&v\g/aaflgrgS@Pgtr’\é%{gwlggﬁ%{c?‘gwgg& 0 gﬁ%ﬂ%???eg plurality of
waf er proesessiRguitdméits, each of said first plurality of wafer processing
nodul es adj acent, and accessi bl e by, said second wafer transporter; a
second process station coupled to said first wafer transporter, said second

process station including: aSYMYARYOFEHEINVENIION processing stacks,
each of said second,15. pl ural of fer nrocessi t S.lh ding a
second plurality ofA\]BzE‘_I“g Sgé)lcog)s(%el lﬁﬁgr\%ﬁ) G _ese,lmg aéég%trlfﬁe?g&m(}aetdg%e?r ansporter
coupl ed to saigaridferd aithé to/avaid thefrdl cRIsSEH6 SARGther prirtary RArHf @k iiahfosecond
plurality of wafer processing nodul es adjacent, and accessible by, said
third waf er trigtsmiRimdze prgrigocess and/erposicareeess Hmespdnpher puwgregpal of bot h
said fir % progess s.atiotn and ‘Sai\rd'§er(1:0€t§1 z0 rocessd?tatit(_)nb wherein each
of said flrst DF GEEBUON P mURIA vEIARGN SLIS RE-Biose B ALY RPPHIOE R

i ndividual |y syapetAhdiRér pﬂxﬁﬁygemﬁ%&iﬁve&ﬁ‘bﬁﬁs {o'rRASRAbb&ovREGESALIGRN bOth an
X axis and a Y axis. These, and other, goals and aspects of the invention
will be better appriacicacrdancenvithithdss goalsodiexelien panicylad eeestifor a veaderj unct i on
with the foll ow ng 25 descri)pti orl11 and t he .acconpan It should

in raw ngs
be. under st ood, PIREKEPE SYSIER A8y o B BFI8 Y ey ASEL FERREER BE FULI R BOL 4 FER cat | ng
preferred enmbogl : i j LT ails
thereof, is gfﬁx}gﬁ@%’%ﬁgf@gf@ﬁg? ;rdgtgélggﬁﬂg?l no%sg't)ﬁfe F?ﬁ?? g‘%s?’gﬁskwany
changes and noptbédss atation sohwayndo@i) mithier awdfér casdelte traasfperobbt diheesteppeent i on
w t hout departing.framthe spirit thereof, and the 3p invention includes
a1l such nodi fFEREeT RO XISBRF gaeorseReeitTiheRs @zlwar_ermmlﬂ need fqr

concepti on of j i Eigﬁ‘d. ion, and
of the corrponeén?gfegﬁ{?%g%e%aﬁ f%ﬁﬁgg&ﬁm%gﬁ%gggﬁgﬁgéég\% gé vl\llli {%Pa[r\hgefgp

i nvention, w |probssiagntation ean baalickssedippayieast tixy adigéent waftg tia@sgoersexenpl ary,
5 and therefore nonlimting, enbodinents illustrated in the draw ngs

g ] 1 |
acconpanyi ng 6@ Fhoi)nd e Baceordance it these gpelsctheredn a parisuiar ned fee

ref erence, char rs.desian th par.t t .should he noted Fig. 1
illustra (()as a ﬁ’%@ﬁéﬂcgésbr%a%%@fnela %‘ﬁ %V}% {/‘\E@C’ragk? 8{)? }c}iséggocﬁffpsﬁqémdﬁ th one

process stati ofkcorld grobésd station GrefAn&iviaAM! dyenidétdgaiamtiofegareoamdiadi nent of a
stack assenbly that can utilized with the wafer process apparatus of Fig.

1. Fig. 3 illustrates a schematic view of a wafer handling | oad associ at ed
with the wafer processing apparatus showd in Fig. 1. Fig. 4 illustrates
schematic plan view of a wafer process apparatus ~ 5 having two process
stations, representing an enbodi nent of the invention. Fig. 5 illustrates a
schemati c perspective view of the wafer processing apparatus shown in Fig.
4. DESCRI PTI ON OF PREFERRED EMBCDI MENTS The invention and the various
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25 The context of the invention includes the fabrication of sem conductor
chips, circuit boards, and assenbl ed conponents. The invention can al so
utilize data processing nmethods that transform process feedback so as to
actuate interconnected discrete hardware el enents; for exanple, to nove or
transfer wafers, or to affect the operation of the wafer processing

nodul es. 30 The wafer processing apparatys_is directed to addressjng the
above ment i ondEANSRRIIEEACCEFS O POthiaR | @Xlﬁﬁéélﬁﬂo@él%s&g\lﬁjﬁ)‘?f?}tﬁﬁ@ BERE ti nes,
m ni m zi ng var.j af | : RS [ and
reducing r obottb 3%"&‘9&8? cltqslwz%%l%ﬁﬁpé\ccofﬁfﬁg%%?ﬁﬁfegg %@E‘é‘tg‘ﬂgiﬁpar at us
can provi de a prodess ¥nditrchosBprabess|timasemimithizingvehgationaofdhe pe-prpeéssm whi ch

i nproves both throughput and consjstency in process result. The system

Icy in ss T o T
| ayout provi de2ndBr paYERESS Higehrndisdpring rahoh pyeriilizaton. yhiekhda dhe éasend

storage statio fer pr nd stepper sections. The

waf er pro essi@eaﬁ%rﬁgrg%ﬁﬁgﬁﬁggéﬁg hﬁ%ﬁ%er?g or nore of the processing
stations a plurality figdt asleaCéfhe mh@oxeathmw is ahGnifdimesthat Bl ural ity
of processing nodul es. Various types of wafer processi S&rmdul es, as well

as confi gur at i kasesl éroz2 wafer progessipeotPParatiisg edmprisieg aarshvaler &gnspoytepe provi ded

by each of the.stacks. |n one i_vedqt rat us this invention
provi des for ?gfﬁ Qf&geSf)th@cgg%o%ge%ﬁgéﬁgﬁsfu\gggf ?%%Esﬁ%kgmgg{arft p&b“éesﬁrranged in
a hexagonal pakdtRninciddin@a Ml furditposwefet brodedsitp! stacdks; dhchlofBAHFIrs@r €
coupled to the processing station to service the nodul es. The term coupl ed,
Ss usefl her eidrpluliaﬁtydlffvvafa(pr?@snoglE@ekseuglludms aﬁﬁl‘shd?gﬂlmofwnfmfassari ljy
irectly, and not necessari mechani c . The wafe are ivered to,
renoved f ][otmh péﬂ‘if;?’?%ﬁ‘?a&ef’ e:&r?ﬁ?‘@%t;ﬁ CK/‘%?;};B%%PBB@@ ﬁ%‘& F@tls gsi ngf _onet
or nore o : : AR : ude a firs
interface secﬁ?h\gﬁ‘@;?%. C g{ %lggg’{daghgacgass%@te tg@ﬁ?gh% aced and

whi ch cont ai nspracessihg modulen adiacenatandacesssiblehys kaid Secomdawafebwanspbrter; aoves

linearly in a direction parallel to the jnterface section_ and in a
di rection ver t5eend RreceshEatqneaupinddn said fiig WafFriransperiepeaid 469999 unit of the

f i f : |
verti cal i r ocrP afh EBuRed sdcBha bl Al ORI AR B AL S, e PIC,
the floor. ThesariNeasrl pleraHtysst widfer grocdssiag ista0keinpludirpss sexbad phutalityadf

i ncl udes various process nodul es 25 arranged around a wafer transporting
uni t. The waf evafer praegssing magulesi andqr third avaiergransporter spuplad taiseide a r obot

that has the capapjili of _movi.n ticall nd_rotati about an axis
parallel to tI‘Pg&\?g#yﬁi%fercﬂr?%éélflgF\t%g%’léac p°5§?@tsﬁ%° pggraﬁggsogwggéond
interface sectirgdesithf thodllel Adjbden® WnB Wbcdasible b3 shil GlirdWated anirRe;
transportation unit. The wafer transporting unit of the second interface
section 30 mayande faunthyefer trapsportencouipledite hpihysaid fitshprogessetatioprandzsaid | el to
the interface sectjion and in the directi.on vir j.cal t(}the fl oor plane. The

t
third waf er  SrNEERRE S PSR cah 0 Spig PLalit O vpter PRS St ar ol el to
the vertical dhsfifidd iRRadi\of shidl fIGRARR &F WifelprbEds: @gtdcﬁspsa%me%le'b el to
the floor. In one enbodi ment, 'the apparatus includes at |east one pfocess
stati on ar ounceithi said firspivefet trimspopercdk saiddfopith eaferdiansporterprioseicdrd f or

successive wafer 5 liivery and renoval ,  from wafer proces dul es that are
within, or accaég%qts?&men 19718 3P te&latawmbo?m'ﬁé%daﬁéﬁmmm udes a

cassette,gnd ' [ -ASS e { R ers may be
| ocat ed. Thi Ss‘g f p?ﬁ%%ﬁém#ggsﬁ @?@géé gf\sr%(‘;{?g{r %%ﬁ%’n@%’é’\r&?{%g waf er s
bi di rect i onal |syatioftcomsied risaidfust wafee raasoett, saidprédess Sthfformimthaling:east one

processing nodul e in a stack of the process station. This enbodi ment may
al so incl ude Plurbifyfwafernseqesting stacks, earhofsaidplumlitypftwider propessingor

transferring wafers hidiregti n. at_| east e _waf er pocess
modui e 1 a st Bk Bty SbBRR AN B b ER O af O ¥R e 1
The concept oOftrdnBorted ¥QUPId8 shidPIARE o WaTeY protessing HGduléss el df afd the ~ 5
track system Preferably, the thermal chanber is enclosed and

envi ronnéht al | plurebfytafotaferproogpsing meduley adigeqnt.cadiagcassibis b saidmecond and
control sol vent nmoi sture, .and. ot her chem cals fo rocessing wafers. The
t her mal chanbe?? nggrm\#gggfw&?eréwﬁ%ﬁer 8?1“18?5 PE??’@BT‘\?SWQ%?U%i sture
and chem cal s used for wafer processing. The pressure within the thernal
chanber can be adjustable in 20 order to facilitate the functions of the
chanber. This thermal chanber can be one4of the process nodules. This

i nvention represents an inprovenent over the prior art in that it reduces
i ssues arising fromthermal cross-talk. Thermal cross-talk is an
undesirabl e wafer fabrication condition arising fromwhen the wafer and a
25 gripper of the transportation unit are at substantially differing
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1 o wafer at the sanme tine, b) the robot has insufficient speed to neet the
waf er handl i ng demand, and/or c¢) the robot has to | oad and unl oad hot and
col d nodul es sequentially or in successive alternating fashion. The
invention provides for delivery and renoval of wafers between wafer
processi ng nodul es while transporting the wafers anong the various nodul es
ina tinmly manner.. t Lani ti l. or
conpletely el i MAar gé}g’gfghq%ﬁ@@@g@ ogﬁvéfé 6}9%%5%33%;53?2& "%{flﬁr?gg?%g@ri tical

waf er processiplgraligdifivader frocesilpistadRks cdnte apeRedby at kRhstrivoaidpReny
substantially reduces thermal cross-tal k caused by wafer handling

mechani sns, | reaferdirangpenass pelected Hem the group«onsistingof saidhfitsh wafetndi i ng of a
cold wafer with a hot obj A Lect. These 20
features repr SERRRO eé’rﬁg%osf%g%rhde&é%gg%? %{’é%@’ g%'d ?%ﬁ‘?gh I?dn\&/g%? it%gl,sp og{necri' :(E‘r e
attainabl ¢ at thRaaépecioffieé inveitid @\inPienentedialatlenfbodiRERithae i8paRdahes t hat
reduces or mninzes the functions of the main robot. FIG 1 illustrates an
enbodi ment of waferifroeesping epparaing, eopraisingy e firgovafetranspener; adirshpro¢ess e waf er

i dul d.i i 25. i I that i
et ral | yol oosamprhiEnt said B apER ISt i iRt hBtess srliomon 160"
provides a pl Upabiihy. ShrstBhenitd bOVRRE pRSbeshAP kicld! ERRIT e BINEILAER 1

robot 150. The plurality of stacks includes a first stac , a second
stack 115, a tdfiwaflergiroceksia@ Stacksidcladinguar first slueadity afS@afeEaudcesding k nay

include a plural| of  waf er ,prqcessi ng nodul.es for, vari ous,. functions.

Wi o 1 odt st doRdaidioss & serred Ml cetsmatts” ForRlpbte SioLHh BRI of et
particul ar e i u I j ‘o agonal
pattern at a%?éneg?g%%t?a%f gfc?ocﬁs%g?gsﬁﬁgﬁmngi‘Sﬁ‘ﬁ%%{s)#?&?%%&ag@gg(unused),
nore or fewer aijaentsantbaccedsible by spidsecateliwifen dahdpeptenyasetmndyprosgssd i n ot her

pol ygonal patterns). The main_robot 150 is pivotable between all of the
stacks to trarfsqtion caupled 1o saiQ firsh wateraasrorien said seendbRIocess#1AHOB: her nodul e

in any ot her . j i i o) t nr station
| 80 of the aé%ggép ElsAél %E?’%%ﬁ%%ll g%%gro?:g%sgxff %‘6&’ %as%h\ﬁg??lafgsgﬁizl urality
of cassetfise erglaraliftof wifefrocdebing stabks inERadingtniecdfdpiusality voralkdre or

ot herwi se rotatable while being with provided linear freedomto traverse

al ong t he CES mseegssingmpgsles,|andiathisd yepferdransparter cpwpled osaid phurality oficcess

waf er processing nmodul es in the ectond stac lllai' to.transfers.wafers

bet ween t he. proBEsEPHESBe SEFbh CaBEoTIA FRERIRTiy O afr BaEiREs | n e
CES station 16Redufessdd gng)aﬁdu&éésmeby,ﬂsﬁid third W FePdnshOrtdrEndh GRS Station

180 and includes an S ot 140 and a buffer 155. The buf fer 155 provides
a buffer zone wafer wanisportericoupied tor bash said fastprocassstatien sndgpidsedontler f ace 145

when buffering is necessary duri particular fabricati.on step (routine).
The 'S robot  PIBFCBSAIRT, BErem Ak spid irs nioessh sefioR A 7o hed i n ¢ he
fourth stack 13,Rsd Katdrde irfividBdIs) $ymiBENRANWHE ReRf P8R SePiraidpBRe 80 and
the stepper interface 145. Preferabl'y, the SI robot 140 is pivotable or

ot her wi se r ot acedsk enhbihlaa.)bexiﬂ@nqbadx(/mded i near freedomto traverse al ong

the stepper interface up to.the buffer zone. In this mapper, the S|l robot
140 may access waf grcm 8%%8@’%@%\5@6 @8pects of| g’t"@b‘ﬁ@rw‘g b bettert ace 145 and

t he second st 38, 4t g&% f : I i tion
180, the stepga@bre%%t&gra?g?é 1 Sgr%vh I rcgféstq?%&? ?ﬁ#&ﬁ%ﬁggp‘)@m S %‘S{S r (not
shown) camn be desariptied ahdthelrecahpprydng dratvingsadeshbdhl beRaiderstosd) howevérp Fl G

2, a schematic_di agram of one epbodi ment of a stack assenbly that can
substituted i rihattls Tollopang deserintion siile frdicatingprefgrod embodimentsofghe pr ocess
nodul es 184( a);- ed. 1. cK i @uhh at | in any
desi red order mﬁ;{/jgﬁénn(%gé}n%?uglgée?g%e%&{l;gggggg%g’%gggagoogm%?aﬁ can be
included in a apdverofimitdtich3 Mas caspéemdafiodificitins HMaRshad@wilairage The
stack 135 of FIG 2 is one that hosts several thermal nodules

184( a) - 184( h) .scens ofasmnyention withqus departingl fromsthe spivit theredf, and thef t |

directi o?@I 30naec ess ﬁ“gi thlg r@dulgifl 84 itself. Stack 135 is coupled with
the SI stati o™V AR RYEEHANHP TEIEPYWRs the SI robot 140 to access the
nodul e 184(a) to | oad and 10 unl oad a wafer. Access port 183 allows for
the main robot 150 to | oad and unload the nodule 184(a). FIG 3 illustrates
a wafer flow chart for the enbodi nent shown in FIG 1. A wafer nmay
initially be transported fromthe CES station 165 by a CES robot 5 to one
or nore vapor prinme nodules in a transfer operation | abel ed by the nuneral
one within a circle. The CES robot 160 transports the wafer to one or nore
vapor prinme chill plates in a transfer | abeled by the nuneral two within a
circle. The wafer may then subsequently be noved by the main robot 150 to
one or nore resist coating nodules in a transfer |abeled by the nuneral

o " o o Y o v o




From t he arrangenent described above, it can be noticed that the grippers
of the main robot 150 will only be picking cold wafers. This 30 elim nates
thermal cross talk. The wafer is then transferred to one or nore cassettes
using the CES robot 160 | abeled in box 6. The processing apparatus 100

described in FIG 1 is not limted to only one process station. It can be

appreci ated that the pro I RAat.at.us. ed by adding
addi ti onal process stati m%ﬁt@ W.v%ﬁﬁoﬁﬁ‘bﬁw 1. Thus station
180 in FIG 1 becomps fehe: fastttorth@hdvalig0arf feusiaicenditufinglihes System
wi th nore than one prgcescs s?%tloﬁs show%glgn FIG 4. FIG zgillustrates a
processi ng apparvehtion,2Md dfave cagnporkents *hd pperatisrs of mat¢leyst2®S peovidal witkond
process station 280a., The first process_ station g80 i s. equipped with a

first main robdhe Puention,will hecomemar rsadibeanpaant by Kfeoing Oﬂgeféfﬁm Wi th
a second in ha..nai . 4 10 mai n robot
stations 251 a@%i&?%amr@? %8@%"3%‘@, %@%ﬁglgggﬁggﬁféggﬁr%@g%d pl ace robots
with vertical apsosifRRyinga@ddbimhing a fagdf this epeification] whereiaQlke réftdmee ncl udes
a first wafer processing stack 205, 205a, a second wafer processing stack
21 S, 21 Sa, achaspetersyiesignatg tesatng pagtssdesdieulbby notedsa  and a fourth waf er

5 praral ity of waf of i ToectAch ehEele e pPFRANCAFRBISRAERI R © ¢

nodul es of eaclBndprreesssitatibnSt ation are accessible to the nain robot of that
processing station. A plurality of cassette ends 275 is aligned al ong one
end of th® appar at uFig@isatschentt® disgraimmf one@mbpdiment pba stack asgembhi t ed t o

any particul ar rformance i.ndi cator or 20 di agnosiic.,identifier, preferred
embodi nents of “Faﬁsﬂm _'W%Wﬁ%?’ﬁ%ﬁf?ﬂ?a@ﬁ%ﬂihﬁtla tinme by testing for
the presence of robghed kil Plneific VRH of PhvaleR RarklBE SR asSbcidteP Ol
over-utilization can be carried out wthout undue experinentation by the
use of a si npl sithrthe wafereocessing appdvaitis stiverindigekperiment. | f a given
robot is not idle, then post-process.tines, are_analyzed. 25 Anpong the ot her

ways in which to sedi& e g iy af 3 WAL PEPCETS 3PPATRMEM
pre-process an 4 i i BRh eferred
enbodi man? canﬂ%‘gﬁ%;@g r%k%?%%géonrgs h{?ﬁgeﬁ%ﬂtﬂ%ﬁbﬁﬁeﬁ pre- %}ttgg&é;iﬁg%n&%i

post - process vari at iFg 3 iillestrab¥sacdchemitic\pgpépective vl offthd Wwefer pyoeeisingy 30 A
practical application of the invention that has value within the

t echnol ogi cal apRasatis showp Eohigudt or waf er processi ng. Further, the
invention is 12 useful in conjunction with nonlithographic wafer

processi ng steps (suchﬁ%@ﬁfpfﬁq dIPFR%ﬁ%W%Fl%DMWSphOt ovol taic
ummer apl'e uses

cells) or the like. There are Virtually 1nn of "the invention,
all of which need nQheligvedibaiahé theh@Fidus featdsdiidamioant@iecul ethily gidtdofn A
wat er processing system | ayout, representing an enbodi ment of the invention
can be co¥t ef pEcxplanadmorduly Mathasieserceto fie noalimitingrembedimengs that esasons.

The invention [ er 11 zatd on. T i ntion hel ps
reduce vari ati kblﬁjsﬁateg ﬁgﬂ%raec? %rggérggﬁéfgrﬁgﬁw aﬁ‘gs‘fte?%‘%é‘g@% f{)‘lIYcﬁgg'g The
invention 1 o gkszfiptiéh BS pieferfcmiddimentabDesdrptioRs 6f WEIPRASHN a6tHpeNents
post-process tinmes assoclated with a given sequence of processing nodul es.
All the di scl osediprosessifigiechniques arsemitiedesnias ont emmesessatily ebssure than be
realized and ptacti.ced %gt.nout undue experinentation. Although the best
mode of carryi HY*BYR® Ph&%™hventi on contenpl ated by the inventors is

di scl osed,sabove, 15 i i j i ok [ 0.
ths | lmg bhiegfofdhe Hﬁnt‘x&i’ﬁa@fdd@@tﬂe%’r%ﬂ%)fé qﬁeﬁﬂcérﬂﬂcﬂo&

Accordingly, it w e appreci ated by those ski e art that the

i nventi on nmay blEpgrarcuitbedrdss dvdrasssgubled aompenenpse CTHeiimedntipn das glso hdhzder ei n.

For exanpl e, the individual conmponents need not_ be formed in the disclosed
ths € edhick

shapes, or ass@HBPKRFESHNE FS 2 Sapstenn progasste BRI8S AR e 20

provided in vi Vi ﬁ%&je J ' ir

configuration. h&%@%‘b}%’r‘: ?éat%%?%g |arw ua?éx?g{r;r{g’oﬁgﬁ%‘é}n%le’etgqﬁ%‘%ey%g‘[%gﬁi cated
from the di scl oatds,oriteaifedtshe bpsrativaudfdhdeafenbrdcessigdmbdels.vi rtual |y any
suitable materials. Further, although the wafer processing system described

herein cal? be a phyJhearafer precrssing eppasefus is directeg) tpaddressing the abeve hat t he
waf er processi st em he 25 . ntegrated into the apparatus wth which
it is associat g%ﬁéﬁ‘fﬁﬁ%fg?mﬁ’?ng ﬁégmogﬁﬁsﬁgg}d)rgf’gfpéﬂ%gs Qms’f eat ures of

each di scl osed enbodi nent can be conbined with, or substituted for, the
di scl osed el enents and features of every 6ther disclosed enbodi nent except
where such el enents or features are nutually exclusive. 30 It wll be

mani f est that various additions, nodifications and rearrangenents of the
features of the invention may be made wi thout deviating 13




fromthe spirit and scope of the underlying inventive concept. It is

I ntended that the scope of the invention as defined by the appended cl ai ns
and their equivalents cover all such additions, nodifications, and
rearrangenents. The appended clains are not to be interpreted as including
means- pl us-function limtations, unless such a limtation is explicitly
recited in a given claimusin he ra " - f v E ' .

enbodi ment s of ”E‘H&“F%Rﬁeﬁ’t".ag‘ﬂ“ §F{é‘°(§’ F%Preorc g%ﬁn%ggg%?%%gs %gﬁ%‘éﬁﬁhgﬂ%@ ai ns.
to 15 20 25 30rdHot overdilMEtidn. AcsRbingli)dwaifapryeksing apaeaastangprapdanat us
conprising: a first wafer process station including; a first main wafer

transporter fotimeinand repulsstyinesiadigovaler haadking systenhwhichimpraves bothaf er

process station; an first.plurality of f pr.ac | ng_stacks

cont ai ni ng pr o@ggggﬁ%gﬁf‘g§_°?sﬁs§'f"°§!’%pﬁ%gﬁstrfe%l egfhensy %e‘g’g%gfé'gﬁatw%énf i guration
substanti al |y apepetsingdsr ddupRl sthBibfs WRhQE chisAiSRA sttbge AatiRRONGfeyaf er
process station disposed adjacent to the first wafer process station, and

i ncl udi ng: a spoanessingstations; end steppes pestions. The WaterProosssingappamtarict or
wafers within th? (?eco. d waf er Bro S station't and a sqcong lurality of
waf er processi Hf'S e&p“‘?@“ﬁ@ﬁ?&fﬂ _Wg&‘;ﬁ%?é’ggss}?&&ﬁ“é’gs?ﬁﬁ?ag?’_@ pB&fS% i oned in a
pol ygonal conf hgdr@tdcBRtHhsiombd fohya Alulititdlof Hiacasing ntbdiisN Wai&is
transporter; a cassette end section for storing sem conductor wafers, and

havi ng a cassetypeswiafertprogessing medulehas vislidisrconfiguratidnisyfor arsangng drs

sem conduct or waf ers beyond, the po] ygon onfi,guration of each respective
waf er proless STEANMZIRE ﬁéd'ao ?s\/@%hé’%/\ r°|"§§§§”8ﬂ£9éﬁ&”§?‘oé%§§? ng stack in
each waf er procaRanhéttl MY aftllarhlISr GRSAG RN PROVIARTD! Aioud BrbedssSt EPPET

i nterface section having a Stepper wafer transporter that Irectional ly
transports senmnoaintesoironpedah stacksthytoane atrivegep i 3 hexegbnal paftergl Thkéeon of each
respective wafer process statjon, and between_at | east one wafer processing
stack in each W@ transpeEing uakyicig RO arserupledip dhe nragessing sdtiorta i on,

sherein at | eagir RATR: Bloghlie, FHORRATOIBUN! STslMmERENUBHEL B BFREIEL [ on

are directly accCessi g casset ansporter an epper

waf er tramspor hRhough not nEb@sARYHEARN Bidfiotidt&Eardp Rchinicaly ThealdTerds,
wherein each of the first and the second wafer process stations includes

four (4) waf er apsrdnlivsradiy, maveditpas pnd Bansporedrmeng the vajousPEeeess t he fir st

wafer appar at uEvERs Bieg ope RARPEPh e eGP T gurat i on of each

respective waf er progRspparatis inm iRE1NE 4§l Eifst tEYACRBEE RN ondVKIbh altehdd ok X

accessi bl e side portions, and erein the four (4) wafer processing stacks

occupy four of cassetteitationisqdaceth krd whith qootainserwafer rarisportdtwnhaitasyom as

layout . 20 a robot that moves linearly in a direction parallel to the interface section and in a
direction vertical to the floor plane. The wafer transportation unit of the first
interface station may also rotate along an axis parallel to the vertical direction
and may be capable of extending in a plane parallel 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 parallel to the vertical direction. The apparatus also has a
second interface section with an input/output port and yet another wafer
transportation unit. The wafer transporting unit of the second interface section

30 may be a robot that moves linearly in the direction parallel to the interface

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



15 4. A wafer processing systemconprising: a pair of adjoining wafer
process stations each including a process station robot armthat is
centrally positioned anong a respective plurality of wafer process stacks
containing a series of process nodul es for processing senm conductor wafers,
t he wafer processing stacks being laid out in a substantially hexagonal

configuration around.each process station robot: asset t ¢ _section
. communi cati vel Qraeﬁﬁ?ﬁl%uqlbglf’ﬁégBé?We O p‘dda@a;é?%ﬁiedcﬁ%agglrggéqq ons,
and i ncl udi ng gngass@hbIe of eRehdias M 4 PandpataN@ab g @édry transporting

sem conductor wafers between at Teast one wafer process stack within each
waf er process st at i dnoneembbdimeat $het apparaus iseludéson leaghenesprocess stationnt er f ace

ti i cati.vel. led to, th i r of .adj oini fer.
Stati ons. _and FRPHATHED & RITRSRHE PRk RGP VRF 7 4y 1< BOOIOPR A0k BREFeeye waier
transporting S%h&ggQH&}aﬁomhsﬁﬁwhe%m?e&s%dm%mwmx%r BEQe&BR Stac A

w thin each wafer ocess station an he stepper iInterface section. 5. .
waf er processi ng thppacedsisgationnfthissembodimept includey ¥ casteteedgracstatidn/(GESi t | oned
waf er process stati,ons which share in ocessing functions qf the wafer
processi ng app&Pathish %a%s?%cemwe% WEESTE Ay b8 foseich ujéﬁﬁgf"_g"’ﬁIHPFP‘m@f er
transporter angug fldtughist ¥ 1ot 1o EinsPAE SBreH BRARt GRS Helwédilar 1hEN are
posi tioned according to a predeterm ned polygonal lTayout-that 1s

equi di stant |y oaBicassette inrthelCEStand atizhst onapescessingmpduliedn aistackadthenaf er

process station, and wherein each wafer process stack includes a plurality
of proces$d modaressss statjn: skhis emboediment may: alse inclydera stepper inderfacerseetign

i nterface waf eroir.ans r i l.eas le in
each wafer pr oéﬁ@s}ﬁg} %t%lli%eg ,mgé’ggor?%é%ﬁl%%%@‘ﬁ@é&@ﬁ@ﬁég&t%ﬁfi {Tfl?:%éél udes a
second i nt er f age W@ prédesdmbaile & a btk SEHE pPddess Qitidreart a ABFpeRIcOGHES
nodul e in each wafer process station; wherein the first interface section

and t he second tp thes§If ace section are each positioned on substantially
opposite sides al ong,each of the.adjacent fer, process .stations.,6. ~ The
waf er processing ap é‘f’ﬁ%‘pb?}@f:_él’?vﬁ%‘%?‘t‘ m&%ﬁgfﬁ‘*%%@aﬁ?&&eéﬁ?mafﬁa ygonal
| ayout proyi desrgk Qf‘s’fﬁﬂ.‘)??éferﬁﬂﬂﬂlg‘t!{e%hhpéhaﬁwepissénélogé‘cf aftPéhviroihengiiyons. 7.
The waf er processing apparatus of claim 6, and whereln each wafer process
16 station i rohtroléesl, tvhile béiap adarited topecies manitar ksd edntroh solventsy f our  of

t he six defined side regions wthin_the hexagonal cgnpfiguration. , The

waf er processi H@Olatﬁffaﬁ%ﬂg OBk hepYicAl {07 ProgARpRG AT iimal shampPefwo of the
si x defined si ' - Mot N LR R drRbhi ' ccess
to and bet vveenqlg?){fgﬁﬂ %j%lg\gefélt x;f/%a%tli(}gzl é}ﬁéﬁgﬂo%’g’?&%@oc es sd}{séialéﬁlgﬁésegq? 9 .
A waf er processidfer prpqeasiag.uThe presquté withig: thetermal chanfber cdrt besdjastalsie in a
first process station coupled to said first wafer transporter, said first

process sihti oPrdesde fagilitere the fungtians of theghamper f Thig thermal ehamber fgp Be acks,

each of said fiorré%)fﬁue%r@éc'ﬁx%lohﬁ%s.()f waf er processing stacks including a
first plurality of wafer processing nodul es, and

This invention represents an improvement over the prior art in that it

reduces issues arising from thermal cross-talk. Thermal cross-talk is an
undesirable wafer fabrication condition arising from when the wafer and a

25 gripper of the transportation unit are 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 manipulation 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 between the contact surface



a second wafer transporter coupled to said first plurality of wafer
processi ng stacks, each of said first plurality of wafer processing nodul es
adj acent, and accessi ble by, said second wafer transporter; ~5 a second
process station coupled to said first wafer transporter, said second
process station including: a second plurality of wafer processing stacks,

each of sald seghd ggggéer%hwe fhiehPbe AIMERASIeAL Hekal Bl Second

plurality of wafer ssing no 20 a third wafer transporter
coupl ed to sai dcarirowdfepprocedsirigyappiicatiahe rang patieskrlygn yrecks statanswhdre sai d

second plurality of wafer processing dul es .adj acent, and, accessi bl e by,
sai d third waf ebariqusbakipg agd cooling W@i}g@{%uﬁﬁéf PI@P&&%"‘%&@% led to

both said first A ikt BN SO (SEFARAPEOREProBbAEPRas hcteV1er i N

each of said plura er processing no S In eac sai
plurality of wafigetifisondSreedomshaciedicated atmsg bat ors shidheorly hendleewafead d
first wafer transporter or said fourth wafer transporter. . . The wafer

10
processi ng appathat ars celd. datiwales atganslerred By ther CES wobatipr ghe Bl robpt. waf er
[ t ack ' . ' dt
efine a mol ygonal - al PaAbeales BRI s flpnlb BRI dit ot BRRBLO T, (O

clai m 10, wher ei mifisiifing ufiliZatidh Wf fleirhain edbovalstiesiaiige as airexyltsdfagilizatiditoS ai d
second wafer transporter are configured to define a close pack arrangenent.
12 . The waf er pheaeain soboyiminptances waierst akthg rehot hasyeeiransiergnerg than ene

Cont | gur edt o erieRE S REs Biheat Bt Bual B pREiciel Moot bORRRETE, ™
T anaport or @ Sa B o et Lo T o o P ans por t er
and sai d fourt hmadiles sequamtsablyrar ém sticaeskivd altgrnetongafiishiopi dihednvensioace robot s,
and both sald secong Y& Elivery 30s Retnoval of Wite Befwdeh Witel Sotessing mobates ©'
while transporting the wafers among the various modules in a timely manner.
15 The apparatus also significantly reduces or completely eliminates pre-process
and/or post-process time in critical wafer processing modules. In addition, the
apparatus eliminates or substantially reduces thermal cross-talk caused by wafer
handling mechanisms, 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 reduces or
minimizes the functions 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 station 180, that is centrally located within the apparatus 100. The process
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 modules for various functions. While four stacks
30 of wafer processing modules are shown in this particular embodiment grouped

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



are stationary with regard to lateral traverse. 14. The wafer processing
apparatus of claiml 3~wherein bath said first wafer transporter and said
fourth wafer transporter are laterally traversable. 15 . The wafer
processi ng apparatus of claim9, further conprising ant 5 Interface
section coupled to said first wafer transporter, said interface section

I ncluding at | east one cassette station. .16 . The wafer processjng
appar at us of cloilmﬁﬁIBWGF%qﬁéﬂn%rm%‘Fﬁgf%Fﬁéksﬁnﬁi’é]rsti’Eé’r%‘éa?‘i@ﬁdcoupl ed

to said fourth : ' | ' i ncl udi n
Lo Tonst one 1 AN8]ky bl BRSREA 1 bue? S sl b ML nBGoBECSAR | I 10
claiml 6, furt hgsivaishipbetweag all ofitepsacksao tphefer walesdrsn anpmiodaletipahy port. 18

. The wafer processing apparatus of claim9~ wherein all_stroke |engths
defined by sai ¢tackieanyegher modnlkdpany etherfacks ah FEDHRED Ve s adiacemddor t er
are substanti al I r i S | ai m 9,
wher ei n algl‘| st rt%{gr%ﬁéé&%&aﬁ%ﬁ(}é? idr{é%g]%’)?\ggaggaa n@gggﬁﬁd& véaj? %spﬁﬁgg’oarsﬁaerfand

said third waf eg atw@amfwftcasse&een&ybm drrefeadbly, tREICBE . 10B& 160 THpiveabR _
processi ng apparatus of claim9, wherein said first wafer transporter, said

second waf er t roaetsoviserotatahlegwhilé beingaidrprovided hingar freed@n tatravesse d fourt h

waf er transporter e nfi.gur t.o define a nge in 19 i ch no
addi ti onal waf @fo%%%gﬁgr%atﬁyéhfﬁjir &3 1émcraa}ﬁ?¢#%oﬁ%g}ay&c%w e oves
mandat ed by a”)br&de!ﬁiég Rio88RS $n HeX¥corilstackB 548 hahsfefsQeaesibaevéRRRE at us of
claim9~ wherein sard first wafer transporter, said second wafer

transport &, sagrocesding station @80 andithepunabty, ofzassetted i tho CESHstatmhdi6S. A
transporter are conf,igufed .def.i ne an arrangenent .ip whic total wafer
transfer |oad isgpgifﬁggé{’rf?é%ﬁﬁ Pt 1 the BYoPe Gfaé’&néﬁﬁﬁﬂdé"&??ﬁ%? waf er
transporter, Sahph5869R4 2 WRkRF 135.@%9&#@1&5%@&&5 bRk fof WaeROr ter,

and said fourth wafer transporter. e wa processi ng apparatus of
claim9, wher eitransfefred td aml fromahewteppertintarfaqeordSenvhensaifftring donetesmatyer
transporter, sajd third wafer transporter and said fourth wafer transporter

al | include pl GuERg aRReiculprifghsigagion step (ovEnglarlhe HrokatddPmayassessat us of
clai m 9~‘3’§‘ rel Q}ragﬁﬁ?o%?igglngod?ﬁég Bntdivedh tPo5En RI2E 355 t BalRGW 8! N €ach

of said ural i
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
manner, 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 directly to the stepper. A
stepper (not shown) 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 modules 184(a)-184(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 thermal modules
184(a)-184(h). As shown, any 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
load part 182 allows the SI robot 140 to access the module 184(a) to load and



processing stacks is bidirectionally accessible. 15 24. A wafer processing
apparatus, conprising: a first wafer transporter; a process station coupl ed
to said first wafer transporter, said process station including: a first
plurality of wafer processing stacks, each of said plurality 20 of wafer
processi ng stacks including a plurality of wafer processing nodules, and a

second wafer trangporter coupl ed sai d plurality of fe rogessing
nodul es, each %ﬁ)aééi‘ﬁafgﬁ"u‘gﬁ‘feg? ?lo%ﬁg%/\éﬁ% S%tr gleexgglf’ryﬁ&b%gﬁlt%goaa j'acent, and
accessi bl e byynrahtheRoall 14af5r transporter; and 25 a third wafer
transporter coupled to said process station, wherein any of said plurality

of wafer processi nFl@ddillussatena smafer goveehiart fot theahibodingnt shdver inFlétdssi ng

st acks can be accgessed by, at .| east t adj ace waf er ans ters sel ected
fromthe group* W8S MaY; lﬁéfagV b§£aﬂsﬂqr?\ggtﬁq}ég’§ré%$ gﬁté?fb}ége‘?y, a@%%do ¥cond

waf er 1ranspond ghe oﬂﬂeré@a}p@_r h}ﬁig&l‘i‘nc‘ﬁﬁﬁérintaﬁ?aﬂ%%ﬁe’?itionagbeled?@ thEhe waf er

processi ng apparatus of clai , Wnerein sald second wafer ‘transporter
transports oninymeedl eng withima sirclgl @hs (CiiSerobet Kk teabsportsithe wafegtoope aronsi sti ng

of heated and unheated., K 26 ,. . The wafer processi aratus of . claim24.,

further conpr 9T YaRPTRLERE ehill %E%@ﬁ%@iﬁ%@f?ﬂ%gdﬁ%ﬁé‘aﬂ?ﬁt% WA d first
f t ' ' : ;

waf er transpolchef gid Cﬁdxgéiﬂh{eﬂ s\ﬁﬁ%@ﬁcﬁtm?&fgﬁ{g eth%%:am ToB6t YU for

processi ng apparatus o I'm 24, rel thermal cross-talk
bet ween waf er aneloemonotesisecesating nootnlasrin muranside thbelad byl therrmunsdralrtheeens. 28 .
The wafer processing, apparatus of claim 24, wherein said first, plurality of

waf er pr Heessivitung sigle. dsemdhsrs, e v W‘&m?YeéﬁQBBFf‘éFm&‘r%’fb}iﬂ#ﬁ gured to
define a pol Yy geRinofled MIBHRI Uy hé humerdt Fouihiftin RLACIES THOSI AR 186 Us of

claim~, wher
then moves the wafer to one or more soft bake chill plate modules labeled by

the numeral five within a circle. The wafer may then be moved through a
stepper interface section 145 using the SI robot 140 to the stepper (not shown)
15 or to the buffer zone in a transfer labeled 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 in a transfer labeled by the numeral one within a
box. Ifthe 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 modules. The wafer 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 box. From there, the
wafer may be transferred on to one or more developing modules in a transfer
labeled by the numeral three within a box using the main robot 150. After the
25 developing module the wafer may 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.



plurality of wafer processing stacks and said second wafer transporter are
15 configured to define a close pack arrangement. 30. The wafer processing
apparatus of claim29, wherein said first plurality of wafer processing
stacks and said second wafer transporter are configured to define a
hexagonal close pack arrangenment. 31. The wafer processing apparatus of

claim 24, wherein | of said 20 fir fer tr porter se ond waf er
transporter and sai %H{?QCHSI%P%H‘“%‘P%i@pg%’Eﬁ qtlﬁg:qédglsp‘?c{}&néig Cg k and
pl ace robots, gp r@&ksdstﬁfoiompcéﬁegeearp FcRRePBAl BE plodessinl Appasitis ‘I\O@ Bad €9ard

to lateral trave . The wafer " processing apparat us of claim 31,
wher ei n both slmaipﬁmdedﬂ)y\addxag atldisinsgi@roass stadorsaiest todhe statiomfl 80 of r anspor t er

are laterally aver abl e, The waf er_ process us of claim
34 Furthor Lokl NoiTher sl RROAEIG. L Beratess honmres stbce 2bll Gabigire s or
transport [ cassette

stati gn §4 S@ﬁ%ﬁ%&h&%&gg@%@e E){)%%ya%ﬁtgﬁ o? E%Avgl?%%w?ﬁ further

conpri sing anot her FIGi ¢illsaates eprocessingappaexiud 200skmvihg difirstl pradess

transporter, said another 3o interface. section | udi ng at | east .one
i nput / out put  p#Ation 289 and BSCCOMHE’EOC\’R/&?%?“‘i?r%&oéssmgfg%w&?%??ﬁ?"@P 804s m 34,

further Co”pr!%g eé‘“%%l%}?tr &848&5&%5?%% séé&H&l‘Ho%H pét'zf(ﬂo?ﬁ engt% - The

waf er processi ppar at us oreeIra s defined

by said first Mﬁf@édwmra&wnﬁeﬁaxamdba@wat The thaitabbots 250aPAS08sats are
substantially equal. 37 . The wafer processing apparatus of claim
v+-wher el s ai mamnirpat statiensr2 51 raad 254(a) sespeetiiely, swuvRiablgmisk andpkgdrter, and

said third wafe ncnt in
whi ch no. add vova ARy dRaR Sty S S e i AL R er o
waf er moves nepelali@ch fst Wadr Slo¥@Rink sithQ@§%afé§BNonc3&aferH‘@cd§§ﬁ1 r

processing apparatus of claim~+ wherein said first wafer transporter,

sai d second wastask 21623Spoa third waler peaessingstack 2245 2252t anths fosrthewafer

processing stack 235, 235a, where each wafer processing stack contains a

15 plurality 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 a 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 testing 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 guidance toward the next
preferred embodiment can be based on the minimization of pre-process and/or
post-process variation time.

Practical Applications of the Invention
30 A practical application of the invention that has value within the

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

12



are configured to define an arrangenent in which a total wafer transfer

| oad*is substantially equally distributed anong said first wafer
transporter, said second 15 wafer transporter, and said third wafer
transporter. 39 . The wafer processing apparatus of claim~~ wherein said
first wafer transporter, said second wafer transporter and said third wafer

transport er ALl e g BB Sl S BRe YRt pRecsl SUE(EL B gEC05T N0

u :
appar atus of cl&f erern eac o pfura er processing

nodul es i n eachs@f fof @leGuppost af inaking phodivelaip caBF65ihBdike! qtiese ars
bidirectionally accessible. 4i . A wafer processing apparatus) conprising:
a first wafer tviruaiydwnuaerable pyes dor the invensons el of whichagsd agt bodetailed f i r st
waf er transporter, said first 25 process station including: a first
plurality of t processing stacks, each of said first plurality of wafer

processi ng st ackdvahigdsdithedn®@eritionst pl urality of wafer processing nodul es,
and a second wafer transporter coupled to said first plurality of wafer 3o
processi ng stacks, dawatenprogessipgfsystem layaut.aepresenting amempogimario§theg nodul es
adj acent, and accessible b I d secon fer transporter.,22  a second
process stati on™¢oUBt %a&eqco%gtaﬁ%gecg?'? ﬁfﬁfl\ﬁg?}%%‘g& fet%grt,he ggﬁl%iwg’gc ond
process stat i ORedshid. UtHeRBvenfios BEIRS tedRbelfobbt dver BfiliNMbA! THeqReSSioRhefsacks,

each of said second plurality of wafer processing stacks including a second
plurality of waéduce pariatiosdn thg prergrdcess, androa pastiphdgeds timesr The imsption er

counled, f#2 Bl Ll Sl Sl BLRCSRELIG ISRt ael gl O Socone
Sai d 17t prosSee R B e s e AOBRE  Slation,
All the disclosed embodiments of the invention described herein can be

realized and practiced without undue experimentation. Although the best mode
of carrying out the invention contemplated by the inventors is disclosed 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 individual components need not be formed in the

disclosed shapes, or assembled in the disclosed configuration, but could be

20 provided in virtually any shape, and assembled in virtually any configuration.
Further, the individual components need not be fabricated from the disclosed
materials, but could be fabricated from virtually any suitable materials. Further,
although the wafer processing system described herein can be a physically
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.

30 It will be manifest that various additions, modifications and

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

13



wherein each of said first process station and said second process station
are i'ndividually symmetrical with regard to wafer transporter access on
both an X axis and a Y axis. 42 . The wafer processing apparatus of claim
41 ~ wherein said frst 15 plurality of wafer processing stacks and said
second wafer transporter are configured to define a polygonal arrangenent.
43 . The wafer sprogessi r i . i I I af
plurality of vvaﬁ?’ rﬁ”l rsﬁbr{e{%‘s‘gﬁg"%gi% gc esgl%lﬁglglg{%qhéér‘e%\)g&gh% 'e?ﬁl% {r?lg%lg Sghaér are
configured to deficope of Gesentiasks aéfirdds Mo kppetded dlaimd Al thaiker processi ng
apparatus of claim43, wherein said first plurality of wafer processing
stacks and sai §quizelong oaméreall suehadditiens mashiications, agd rearrangenients.nEhe
hexagonal cl ose_pack tangenent ., 45 . The waf er .processi ar at us of

i At whor SPRFESd MmO BRI o ng et TS Pe ar L o BRRERE' o o
transporter, sdinfltatidhs, dn¥¥aé SichadirhfABHIQekSlicitlfRckiRditla gpdéh chimakkiz
transporter include pivotable pick and place robots, and both said second
waf er transpor therphasse "mesads-fdri"r Bxpeshient embadipents of tharievestion arenary wit h
regard to | ater traverse. 46 . .The f.er processing apparatus of claim
45, wher ein bofﬁf“é’g‘t}f\{ﬁb&?"zme&deaF‘é%@adﬁ’rst er and said fourth wafer
transporter are laterally traversable. 23 47 . The wafer processing
apparatus of claima4l, further conprising an interface section coupled to
said first wafer transporter, said interface section including at |east one
cassette station. 48. The wafer processing apparatus of claim47, further
conprisin@ 5 another interface section coupled to said fourth wafer
transporter, said another .interface section including at |east one

i nput/output port. 49 The wafer processing apparatus of claim~) further
conprising a stepper coupled to said input/output port. 50. The wafer
processi ng apparatus of claim4l, wherein all stroke 10 | engths defined by
said first wafer transporter and said fourth wafer transporter are
substantially equal. 51. The wafer processing apparatus of claim4l,
wherein all stroke | engths defined by said second wafer transporter and
said thirg wafer transporter are substantially equal. 1s 52 . The wafer
processi ng apparatus of claim4l, wherein said first wafer transporter,
said second wafer transporter, said third wafer transporter, and said
fourth wafer transporter are configured to define an arrangenent in which
no additional wafer noves are required beyond a m ni mum nunber of wafer
noves mandated by any given process flow. 7?0 53. The wafer processing
apparatus of claim4l) wherein said first wafer transporter, said second
waf er transporter, said third wafer transporter, and said fourth wafer
transporter are configured to define an arrangenent in . which a total

waf er trafsfer load is substantially equally distributed anong said first
waf er transporter, said second wafer transporter, said third wafer 35
transporter, and said fourth wafer transporter.

25

30



54 . The wafer processing apparatus of claim41l, wherein said first wafer
transporter, said second wafer transporter, said third wafer transporter
and said fourth wafer transporter all include plural wafer grippers. 55 .
The waf er processing apparatus of claim4l ~ wherein each of said ;o
plurality of wafer processing nodules in each of said plurality of wafer
processing stacks is bidirectionally accessible. 24
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process station, and between at least one wafer processing stack in each wafer process station and

the stepper interface section, wherein 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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process modules for processing semiconductor wafers, the wafer processing stacks being laid out
in a substantially hexagonal configuration around each process station robot,

a cassette end section communicatively coupled to the pair of adjoining wafer process
stations, and including a cassette robot arm for bidirectionally transporting semiconductor wafers
between at least one wafer process stack within each wafer process station and the cassette end
section; and

a stepper interface section communicatively coupled to the pair of adjoining wafer
process stations, and including a stepper robot arm for bidirectionally transporting semiconductor
wafers between at least one wafer process stack within each wafer process station and the stepper

interface section.

5. - A wafer processing apparatus comprising:

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 stacks respectively which are positioned according to
a predetermined polygonal layout that is equidistantly 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 positioned 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

16



102! " ! 10%@@& ()-' LS 10% u& ()-!L$ 10% ()-!10% u-u& ()-!3g 10%-& ()-!3g
109%ug& ()-\556[ 7\ 7] 7778rP7 1 10z!' ! 10%@@! M 1090N& ()~ 10;; 10;; 10;

S 11110% ;& ()-s!1110% u: u& ()-s' 1 10% [& ()-' 8: U ; a<<>zX6P7 1

102! #1 109\ & ()-1&# 10%f& ()-! @! 10%DD& ()-! @' 109008 () - M 10%@& ()-! Wi 1
0% | & () - >>&@aAAAJAr P7 1 10z! #! 10%\! s!10%&' ()- 10\\ 10\\

10\\1 0 1109\ & ()- 1 0 1 1096KX& () - #! 109%@& () - UA<BNDD: FFGZX6P7 1

10z!) 1 10%& ()-!& 10%}& ()-! & 10%<& ()-10%& ()-! s!10%<& ()-!

s! 10%<g ()G 1111 I P1 151109 () 15! 100w () 10 10 1010 10% ()"
I=<<& ' 1. A T N I ()=
| 10%& §§S‘?9°|“fo§*‘{?e§-f§‘§f éM Q’ﬁ“#%%?‘% OIC‘)”J-p %g‘é@ROQR)RhRCRSfXITd}Cg RRd S eeiogs,

| 109& () - withid e Hepgonal conﬁgurauon

10pp! | 3+: 1 10%p& ()-y!13+: 1109 ()-y!13+: 1 109& ()-y. TVWAKY/ ZzX6ML

11+ 10992& ()-z! 110%& ()-! !10%008 ()- 10%0& ()-! 10%00& ()-'o
1109008 (3.~ / Z[ TN WX\ Mhedvafdr] procéssidg appadates of plaim 7, k@@ herein the E3riddhg two of

the six defined side regions within the hexagonal configuration provide access to and between

other adjacently positioned wafer process stations.
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C1l process station including:

a first plurality of wafer processing stacks, each of said first

10 plurality of wafer processing stacks including a first plurality of wafer
processing modules, and

a second wafer transporter coupled to said first plurality of wafer
processing stacks, each of said first plurality of wafer processing modules
adjacent, and accessible by, said second wafer transporter;

15 a second process station coupled to said first wafer transporter, said
second process station including;: \

a second plurality of wafer processing stacks, each of said second
plurality of wafer processing stacks including a second plurality of wafer
processing modules, and

20 a third wafer transporter coupled to said second 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 process station,

25 wherein each of said plurality of wafer processing modules in each of
said plurality of wafer processing stacks is also accessible by either said first
wafer transporter or said fourth wafer transporter.

10. The wafer processing apparatus of claim 9, wherein said first
plurality of wafer processing stacks and said second wafer transporter are

30 configured to define a polygonal arrangement.
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5 plurality of wafer processing stacks and said second wafer transporter are
configured to define a hexagonal close pack arrangement.

13.  The wafer processing apparatus of claim 9,. wherein all of said
first wafer transporter, said second wafer transporter, said third wafer
transporter, and said fourth wafer transporter include pivotable pick and place

10 robots, and both said second wafer transporter and said third wafer transporter
are stationary with regard to lateral traverse.

14, The wafer processing apparatus of claim 13,wherein both said
first wafer transporter and said fourth wafer transporter are laterally traversable.

15.  The wafer processing apparatus of claim 9, further comprising an

15 interface section coupled to said first wafer transporter, said interface section

including at least one cassette station.

16.  The wafer processing apparatus of claim 15.further comprising
another interface section coupled to said fourth wafer transporter, said another
interface section including at least one input/output port.

20 17.  The wafer processing apparatus of claim 16,further comprising a
stepper coupled to said input/output port.

18.  The wafer processing apparatus of claim 9, wherein all stroke
lengths defined by said first wafer transporter and said fourth wafer
transporter are substantially equal.

25 19.  The wafer processing apparatus of claim 9, wherein all stroke
lengths defined by said second wafer transporter and said third wafer transporter
are substantially equal.

20.  The wafer processing apparatus of claim 9, wherein said first
wafer transporter, said second wafer transporter, said third wafer transporter,

30 and said fourth wafer transporter are configured to define an arrangement in
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21.  The wafer processing apparatus of claim 9, wherein said first
wafer transporter, said second wafer transporter, said third wafer transporter,

5 and said fourth wafer transporter are configured to define an arrangement in
which a total wafer transfer load is substantially equally distributed among said
first wafer transporter, said second wafer transporter, said third wafer
transporter, and said fourth wafer transporter.

22.  The wafer processing apparatus of claim 9, wherein said first

10 wafer transporter, said second wafer transporter, said third wafer transporter and
said fourth wafer transporter all include plural wafer grippers.

23.  The wafer processing apparatus of claim 9,wherein each of said
plurality of wafer processing modules in each of said plurality of wafer
processing stacks is bidirectionally accessible.

15 24. A wafer processing apparatus, comprising:
a first wafer transporter;
a process station coupled to said first wafer transporter, said process
station including:

a first plurality of wafer processing stacks, each of said plurality

20 of wafer processing stacks including a plurality of wafer processing modules,
and '

a second wafer transporter coupled to said plurality of wafer
processing modules, each of said plurality of wafer processing modules
adjacent, and accessible by, said second wafer transporter; and

25 a third wafer transporter coupled to said process station,
wherein any of said plurality of wafer processing modules in any of said
plurality of wafer processing stacks can be accessed by at least two adjacent
wafer transporters selected from the group consisting of said first wafer

transporter, said second wafer transporter, and said third wafer transporter.
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25. The wafer processing apparatus of claim 24, wherein said second
wafer transporter transports only wafers of a single state selected from the group
consisting of heated and unheated.

26, The wafer processing apparatus of claim 24, further comprising

5 another processing station coupled to both said first wafer transporter and said
third wafer transporter.

27. The wafer processing apparatus of claim 24, wherein avoidance
of thermal cross-talk between wafers does not require one or more dedicated
transfer arms.

10 28. The wafer processing apparatus of claim 24, wherein said first
plurality of wafer processing stacks and said second wafer transporter are
configured to define a polygonal arrangement.

29. The wafer processing apparatus of claim 28, wherein said first
plurality of wafer processing stacks and said second wafer transporter are

15 configured to define a close pack arrangement.

30. The wafer processing apparatus of claim 29, wherein said first
plurality of wafer processing stacks and said second wafer transporter are
configured to define a hexagonal close pack arrangement.

31. The wafer processing apparatus of claim 24, wherein all of said

20 first wafer transporter, said second wafer transporter and said third wafer
transporter include pivotable pick and place robots, and said second wafer
transporter is stationary with regard to lateral traverse.

32. The wafer processing apparatus of claim 31, wherein both said
first wafer transporter and said fourth wafer transporter are laterally traversable.

25 33. The wafer processing apparatus of claim 24, further comprising
an interface section coupled to said first wafer transporter, said interface section
including at least one cassette station.

34. The wafer processing apparatus of claim 33, further comprising
another interface section coupled to said third wafer transporter, said another

30 interface section including at least one input/output port.
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lengths defined by said first wafer transporter and said third wafer transporter
5 are substantially equal.

37. The wafer processing apparatus of claim 24,wherein said first
wafer transporter, said second wafer transporter, and said third wafer transporter
are configured to define an arrangement in which no additional wafer moves are
required beyond a minimum number of wafer moves mandated by any given

10 process flow.

38, The wafer processing apparatus of claim 24, wherein said first
wafer transporter, said second wafer transporter, and said third wafer transporter
are configured to define an arrangement in which a total wafer transfer load is
substantially equally distributed among said first wafer transporter, said second

15 wafer transporter, and said third wafer transporter.

.39. The wafer processing apparatus of claim 2%, wherein said first
wafer transporter, said second wafer transporter and said third wafer transporter
all include plural wafer grippers.

49. The wafer processing apparatus of claim 24, wherein each of said

20 plurality of wafer processing modules in each of said plurality of wafer
processing stacks is bidirectionally accessible.

41, A wafer processing apparatus, comprising:

a first wafer transporter;

a first process station coupled to said first wafer transporter, said first

25 process station including:

a first plurality of wafer processing stacks, each of said first
plurality of wafer processing stacks including a first plurality of wafer
processing modules, and

a second wafer transporter coupled to said first plurality of wafer

30 processing stacks, each of said first plurality of wafer processing modules

adjacent, and accessible by, said second wafer transporter;
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second process station including:
a second plurality of wafer processing stacks, each of said second
plurality of wafer processing stacks including a second plurality of wafer
5 processing modules, and
a third wafer transporter 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; and

a fourth wafer transporter coupled to both said first process station and

10 said second process station,
wherein each of said first process station and said second process station are
individually symmetrical with regard to wafer transporter access on both an X
axis and a Y axis.

42.  The wafer processing apparatus of claim 41, wherein said first

15 plurality of wafer processing stacks and said second wafer transporter are
configured to define a polygonal arrangement.

43,  The wafer processing apparatus of claim 42, wherein said first
plurality of wafer processing stacks and said second wafer transporter are
configured to define a close pack arrangement.

20 44,  The wafer processing apparatus of claim 43, wherein said first
plurality of wafer processing stacks and said second wafer transporter are
configured to define a hexagonal close pack arrangement.

45,  The wafer processing apparatus of claim 41, wherein all of said
first wafer transporter, said second wafer transporter, said third wafer

25 transporter, and said fourth wafer transporter include pivotable pick and place
robots, and both said second wafer transporter and said third wafer transporter
are stationary with regard to lateral traverse.

46.  The wafer processing apparatus of claim 45, wherein both said

first wafer transporter and said fourth wafer transporter are laterally traversable.
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stepper coupled to said input/output port.
50. The wafer processing apparatus of claim 41, wherein all stroke
10 lengths defined by said first wafer transporter and said fourth wafer transporter
are substantially equal.
51.  The wafer processing apparatus of claim4f, wherein all stroke
lengths defined by said second wafer transporter and said third wafer transporter
are substantially equal.
15 52.  The wafer processing apparatus of claim 41, wherein said first
wafer transporter, said second wafer transporter, said third wafer transporter,
and said fourth wafer transporter are configured to define an arrangement in
which no additional wafer moves are required beyond a minimum number of
wafer moves mandated by any given process flow.
20 53.  The wafer processing apparatus of claim 41, wherein said first
wafer transporter, said second wafer transporter, said third wafer transporter,
and said fourth wafer transporter are configured to define an arrangement in -
which a total wafer transfer load is substantially equally distributed among said
first wafer transporter, said second wafer transporter, said third wafer
25 transporter, and said fourth wafer transporter.
54,  The wafer processing apparatus of claim 41, wherein said first
wafer transporter, said second wafer transporter, said third wafer transporter and
said fourth wafer transporter all include plural wafer grippers.
55.  The wafer processing apparatus of claim 41, wherein each of said

30 plurality of wafer processing modules in each of said plurality of wafer

processing stacks is bidirectionally accessible.
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