e3eT’\J461 Tm Q WD 00/ 41222 APPARATUS FOR PROCESSI NG WAFERS 3 1 JUL 2003
'PCT/ US99~28753 BACKGROUND OF THE | NVENTION |1 1. Field of BHe JULv2oeR i on 5
The i nvenbd berm22el ates generally to the field of m croel ech€DUEL/28753
fabrication. Mdre particularly, the invention relates to wafer processing

system | ayouts. 2. D squyfsiRATYS FOR fﬁb@@g:gmrd W‘QFERg process of

manuf acturi ng a sem conductor device, such as an 1 o integrated circuit,
nunerous steps for mcro-fabrication nust be performed to forma f

device. One of these steps, i &{1 f ation of ,E;hto resist m&m Mﬁ \mﬁm“n
surface of awafer The SEpotts et g5y st | ayer

per f or med |r1 a g{( ?ﬁﬁéh% apparat us that can be terned a tr acdoooo2*
system In the track system a series of processes are performed on the
surfaces 15 of t heThaiheention ralassrdensraldf tavhel fitkofinficettetrosio form the
photo-resi st |ayer. A conventional track systeminc|ludes three sections.
The first sdebmesonwiien ragicalariyntheinveationelateoi, water Rroerssing systemst er

waf er s froml%ﬁﬁ%ettes to the track system and, conversely, fromthe track
syst em back Yssettes. The second section of the track is called the
process secti on. Ij’igeugg{d}pcﬁ‘aﬁeaemeidm-ﬂo i ncl udes a nunber of process
nodul es such as resist coating spin nodul es, bake nodul es, chill nodul es
and resist devel dplthgpwim afweanuéasturinga aemlqoadg@temdwe surhc ans anot her
interface section rs fro systemto
2" L hBGr apirteeRs ST s SEPLIR pub ST e RpS sk B ERUREs ool back
to the trackomlRgini@fea devRk e Onk P8R §i8sh lbq{evzeﬁﬂaﬁdaeoﬁ piRfd-tafs. The 25
waf ers are delivered to, processed by, renoved from and transported anong
t he process launmlneassdoﬁacwaf swaferailbpstep ofiferming thephoto-resist layarss a waf er

resides in a ess .nodul.e is called wafer total prqcess tinme. The total
process ti m@@@ﬁ@f gqrgorme lﬂé waler prpeessing arparaty ‘%ﬁ'cl@ﬁe‘i’%ed&e?%km ned by

the process (&gl rﬁé(ﬂ.h dunction at
| east i n-par ?%Fnoqﬂe e ect r?emg%%x?% d(gbg?sgﬁm(ﬁr‘ﬁ &hd{lj ugge process
tinme iss def iofiele eafet ivea seris of eddules wabeler wefotm thephotovpadist Blybﬁf ore the VO
00141222 3 1 JUL 2003 PCT/ US99/ 28753 process tine starts. Simlarly,
post process ti neAicenyatiopaldrag SY%%mt“Pcri%Ajcé%? gctigps. 1 he firshseqtionl e to be
renoved aft [ me bet ween
renoving a %}Pmﬁf@gﬁﬂéﬁ%gﬁf@ﬁa%g?ﬁftfégéﬁcﬁ&r%ﬁ o c%{setrt]%—s')}? ti;1rr‘J'bduI eis

cal I ed waf entrdckapstp@rdnd] cavers¥Bf &om taé aadkd §y§terrf Batkfto 048s6xeR. Qhenor e waf er
cassettes to the track systemthrough the cassette end station. In the
process of fsemﬁdﬁgcaorpn@thsiwaélsi%qallﬁ mﬁnr@gmsecnm The proeesssectione wafer i s

fi d_and noj d/ h . Th
et or P& T nanciBit DRuahH S ke thBEEe e de KRG ePeRhimSQuER S e s

pol ymer is eMedliys, dhBl ﬂhbw&eﬂamﬁsmvsmbfr@%gu%oams V‘ﬁfe&hlrd‘ae&ﬁﬁ
phot o-resi st coat ed wafer is than sent to a heat | ng unit and t

phot o- r esi stWhigh ysanothes interfgesr seetior, i wsed tastransfes the wafersifromithe trenkpl etion of

t he heat th dt tt d
o od s SPER: o FPBiBhic'Rpdied BB 2K oGverBly, SRR B SReoPudeff T o e
stepper, thrgadRio thetRRP The iwiférs haGenspoted R tidcBRRAE sedthiasStrabl € filmis

exposed to a circuit pattern by a 25 photolithographic technique. After
exposuee of waferssaradelévered 1o, prosessedbpreingved foraf andrteahspertdd amorigthe t r ack and

is baked in a bake ule to.set the circuit pattern into the film The
waf er is théliotsd W%’%#FWVW?B%P@Céﬂ’dFr?ﬁ‘ansferred to a spin devel op

nmodul e. In the spip. I t applied onto
the filmto develop a Hﬁé?r‘?#%ﬂgopwﬁl aaqrgﬁ%ga h{éﬁse?@%ldr‘}l%gre{ogél ution is 20
appl i ed to gireeesstine:. SThd tatb pofcesshimenadmsists oFhles saidl rocesemyadichi s

thermal |y

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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treated in a bake nodule, cooled in a chill nodule and theny r%%gd to a

cassette for storage and/or transport. The treating procﬁéf g

sequen®™O ¥éi)232ar y. dependi ng upon the type of integrated LETY2837d t he

chem cal conpounds used in the processes. As a result, one or nore of the

sub- st eps ayallpeocdSs fimte startsi Simbarlya postiprocsas tipre de definachasthe sied d be

subj ect to m.ninmum pre-process and/ or post-process tines. Further, a

critical pletedaty %F@%B g jrgg?qugfﬁfﬁ}erﬁ%mgig}qnaqﬁtggastfuatjhe pr e- pr ocess

and/ or posi; ' f{m G ck systemis :

often Iim reogéﬁ§ﬁr§%b%%%gpgﬁﬁe |za(ﬁi§én?wlggégot o%é@%‘?ﬂa‘flgati on can be

defi ned asdeiveting &ito dire naxt wuidale ia cled watkr trdnsportitinedh| e r obot resour ces

causes an increase in - process tine. Cotnventi onal lélge one or nore of the
%g < L}

post
fol | oi ng appr od(HS 2FraldrshES TR PRF SBRIotEoVaLer 9sprsfag £9 3be Back syisfenpof | 1
PCTNS99/ 28 e r 1d L QR ?Qﬂg j A5 bot speed;
(b) addi ngﬁ%@iﬂé@sﬁetﬁﬁ%%@!@. égrgw(é:r)éé%% ggfo I ngg %ggéfb?é\fmg?ﬁr@or e than one
dedi cat ed y@égthdwarfits afxheneiiaris first reaed end mdisnirelioteripeaiwithhegases t he
cost of the track syste(ri] reduces reliability and eventually reaches a
desi gn | i npad/opghemigpliye diheavaler is thenspeledandsonveyed o g sortingiatier s anong t wo
adj acent and successive es dul . I e t em.| ayout,
i ncreases _fvﬂlgreca ° OOfCSESﬁg&S"r ;féﬁs ém;g _eaﬁnaflg‘%ga%é?iﬁgn%*&%g oﬁétg%w\%?é‘r e nodul es
are net adirae gRétoEIst LU Wafdds tHeRSbittb Bheat@rtpOlsit dhd theBHoRo-Fd3g one
dedi cated waf er handling nmechani sm adds to the conplexity of the robot
desi gn, i npelamseis copsertedanty 3 stpls &idmaddithg envapletion pEtherhaatingstepon waf er

handl i ) t of, h i f mnimgzi - d/
Doat br ol FAIRLS conlefi At SITRT ORISR o costedt AR s el o7 oo
post - pr oceaafériop,ﬁﬁ ﬁgcdseﬁwﬁhaﬁné&aﬁéct WS'%héﬂtéﬂﬂc?ﬁhfﬂfgthLa:%t%ge?d to above

have not been fu f. What is needed is a sol utio mul t aneousl y
addr esses aitérfamk. Uhthestepper, dopstabdarfilmn ss expobddiRd difeuitqiatied/bNal ON A pri mary
goal of the inyention is tp elinmnate the need for, dedicated transfer arns

to avidid t Rbotakthographis technique eﬁé?‘p‘ﬁ?“ferf&‘_r@e 3able f&mﬁ%wfmﬁti onisto
mnimze p%ﬁé&&ﬁ%@k?@ﬂfe%&ﬁ%ﬁ&i ake& ir Béfl%‘eiﬁodvﬁg% Q&rthggfr%grgoal of 20

the invention s to mnimze variation o pre-process a

post - pr ocegpattdrh (RS theAllai Mhe waferinthengoaled in a thitl modeletandransfetredr educe
robot over utilization. In accordance with these goals, there is a
parti cul ar thagpin deyelep madule. dn tespi ﬁ‘ﬂj’ebﬁﬂ%d‘ﬁl%a,%)’ﬂ%@g golutier is waf er

processi ng dul e i t i e S Lon.and a second process
station is aﬁ@b“gs%‘.‘%ﬁ?‘é%%?f@@é$@%§‘i°§?‘%@%%@?§§ atinge SORMBHS,  and (i)
ei thejo a Wapfiledis chah i Jubfabsbethe WalBS! Thkreafisrd eHRPRAfet [9thehRAlly Obot . Also in
accordance wth these goals, there is a particular need for a wafer

processi ngtrsgted éma bakeanedulpyeoeledriy aghillbmoditle srd thengenpued wa n a waf er
processing statipn can be.accesse t J.east two adjacent wafer
tranfsportercgss?téc. é_r SYOREG8 .°riﬁa§*3’°%n%%F%B@cﬁﬁst%%téﬁ%q‘ﬁi&? WYt here is a
particul ar vagegiobfingtpch e tfle off MERSAEDGrdNSArAthe éué}ﬂlqa!"@&ﬁﬁ%ﬁf'ﬂﬁh of a

ua

first process .SFatI onh ‘and a second process station are indiv |y
symmet r i calused inithe prgaesdes. cAswvafasnlt, ong®r ddyre 0P the sBbstels rhapbé |, 1

PCT/ US99/ 28753 .t ransporter access on b an.X-axis and a Y-axis. Thus, it

st efider odtoDBGEH Bl SORUFLPHFFNUSR IS e P S paove i et

[ equi 1 ementgy/Bf piatdbedd Ml PRARE SSRANBEesE SIRLRGEDfct {oTeS. M ni M 2i ng
of t D

vari ation e-process and/ or post-process tines a reduci ng robot
over util i zsihingum vadation, ofithe pieeprocese and/ot pust-pracess tihes. ar e not

si mul taneously satisfied. A first aspect of the invention is inplenented in
an enbodi ment ~ t fide maximumshrayghputgf pdrack sysiem ds efembimitedtysobetonpri sing: a

first waf erovct.rr \ﬁﬂﬁ&%& SR obdt over utilization can be defined as a situation in which a

30 lack of available robot resources causes an increase in post-process time.

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



first process station coupled to said first wafer transporter, said first
‘process station including: a first plurality of wafer prodebdUbogpgg acks,
each ofweaodifzerst 1 o plurality of wafer processing stalRI/USAYIIM ng a
first plurality of wafer processing nodules, and a second wafer transporter
coupled to ﬁ%ﬁfegs fdtot byt uifihiidrY (HfincpeisRie BbRGPESd; 18) AdhtdMoreSRaly Of sai d
first plurality of wafer processi'ng nodul es adj acent, and accessi bl e by,

sai d secondcandless; ahd &) ppavitimg robotset norpthao ess dsdiatted wafeylphdiihg o sai d
first wafer transporter, said second }egé‘féhgcess ?t atiop including: a second

plural ity OReGhaRISR. Jneeasng Frpok srsekinc S0t 9f thedrack fYStMur al ity of
waf er proc i i i s | 10t 4 processi ng
nodul es, ang&g@? ﬁ?ﬂragﬁ\l}\glg g@g{%ﬁlaggéﬁcgfscég%}ﬁ%e%ﬁ tﬁ'o As&eélllug %{dﬁérag{dl ty of wafer
processi Ng tednafek armeactfarpors aiatbrsananpdwol adjaknt andafucvatioe ppycessessi ng

nodul es adj acent, and accessible by, said third wafer transPorter; 20 and a
fourth waf erodesramsiaias thegypledday it ipirrasssthg cost afithp traglesstest. #hdon and

sai d second,_pr t at | [ ' rad dofoy: waf er
processi ng Cﬁgggfgéﬁ?%%yéﬁﬂngmggl ngf%@g{éf%n%gc\%s?ie\}ré girég} 2 ng stacks is
al so accessobbte with Bbidthin 6/8 dedidatedtwaferl ndlin@arepldarian adds 9ahel fourth waf er
transporter. A second aspect of the invention is inplemented in an

enbodi nent complexity ofgberphondesigs ingesasas coplo ardbimnprica piditionals, conprising: a
first wafer_ tr.ansporter, g, R0cess station coupled to said first wafer

t r ansfbr t er’eSEEHPSAHWREL %’{aiff‘?'on including: a plurality of wafer

processi ng st ackgere®#6, e réquiifdmdhid of hihivnigihg \Wd-BfocRE MR ipdsk- St acks
including a plurality of wafer pr ocessi ng m)éul es, and a second wafer

t r anspor t erprocasptiewsi mindmizingvarratibn of/the prexprogesspnd e postrpronesd tilmes, each of

said 30 plurality.of fer pr.acessi npdul.es adj acent accessi bl e by,
sai d seconom\a&F‘i"yc_“Eg ’f?vr‘\?gb%Yetrg‘f‘ﬁzaé‘r‘?B r&gw:ﬁ)%oat\%? ﬁ?bet ?%fkﬁ%%fqg'rmﬁtoupl ed to
sal d_pr 0CeSwhal i3l is » WiA0H tHaPeuftancbudlyladdR8R:RAURAY 26753, wher el n
any of said plurality of wafer processing fmodules in any of said plurality
of waf®r prrequssnents.stacks can be accessed by at | east two adjacent wafer
transporters selected fromthe group consisting of said first wafer
transporter, said second . aid third wafer
transporter. A third aspe%@%@&ﬁ&%ﬁ%ﬁ&&lﬁ‘ | emented in an

embodi ment t hat Az,gfra?%fgogrbff%m@&{tioﬁri@fae&mm&e%ﬂ@aéeatfuﬁde&mi sing: a

first wafer trans irst process station coupled to sald first

waf er transgmsfeearmsa avofd thetmg rcemsesatk. s Aadihenprimatyughab of the ifivensionpl ural ity
of wafer processing stacks, each of said first plurality of wafer

processi ng i§QERRIMIZR PLErAcESH AR/ PIROSIIPIOFESs tmes o ANQAReE Prisiasy. 6aliolg o

nodul g, a er j g plurality of
et o 2o oceus NATPE R ATk SHRREh SP IR BRE S Pl et bk e ng

nmodul es adj tanenNt Ancther primaygobl of thyinvamion is eceddcedibet ovarakitipatidner ; a
second process station coupled to said first wafer transporter, said second
process stati on infecogamp with ssvenls theraisianartigulararesd forawaei ng st acks,

each of sai i SSi stacks 4 ncluding a
second plu rgr P?%‘)g/ﬁgg y\%\t/g'?‘elfg%é{t glé’ eegsegeivg‘é' %rg gésglg‘%dgé&gﬁ i g’“’t&/ﬁffgﬁt transporter
coupl ed to sateks Blatibalahd ¥ s€fondptRessHEA0ASS hdt@ssiblRWyS(i) £R§fecAle Sai d second
plurality of wafer processi nodul es adj acent, and accessi ble by, said

n
t hi r d2fvaf erpmp%sn§p¢ipne¢botan@i?ié) eitherra Wafgmeassetier transfasroleat or @sgEpeer t 0 bot h

id first tat] d,said. d tati i h
of said £1 Setpstat. Al TP R uiR iR L EeRS BrEOTaTadla Rl " o
i ndi vi dual | ¥ wairpRIdesGag syitdnl 1oy BaANIErd Sy RARF pidcBSHPmbalileds §¥FerON both an

X axis and a Y axis. These, and other, goals and aspects of the Invention
wi || be bet proresaimgrséationteanl banccessed by st ivast twoendjaseniswalfer transpartersnj unct i on

with the fo]l ow.ng .z5 description and.the acc anyi ng .drawings. It should
be under st otfog,' r‘mfa@ve‘}l?o ngﬁ’écef%% %Wagsegﬁ? Eﬁlar ticylay li‘eég%%i cating
prefenged eghagi RS '9% | PR hePDe AR RS fibhlafiggdetai | s
thereof, is gi vé y %/Iva S%}F@?Haustrat?%n ang notﬂgﬁe%@‘% tbgtafi%g Many
changes andsarond procass statonraay individmatlp symireiricat hdthsegsrd tofwafdre | nventi on

w t hout departing fromthe spirit thereof, and the so invention includes

all such nodifications. 3 7 JUL 20D3 WO 00/41, 222 , PC T/US99/ 28753 BRI EF

DESCRI PTI ON OF THE DRAW NGS A cl ear conception of the advantages and
features constituting the invention, and of the conponents and operation of

nodel systens provided with the invention, will becone nore readily
apparent by referring to the exenplary, 5 and therefore nonlimting,
enbodi nents illustrated in the drawi ngs acconmpanying and form ng a part of

this specification, wherein Iike reference characters designate the same

e ] B o — . -, =



Fig. 3 illustrates a schematic view of a wafer handling | oad associ at ed
with the wafer processing apparatus shown in Fig. 1. Fig. 41IJuusigsat es
schemat iy6, pl,@8,/1 ew of a wafer process apparatus 15 havi ngciiRegHh8ess
stations, representing an enbodi nent of the invention. Fig. 5 illustrates a

3" DESCR P ERROF e RS E ABOCPERIG: Fras B HOR Ptr bRl o
features and, aﬁm&h@aﬁ%ﬁw@é Atoveledcasded 2&@&1&;@%@5&&9@% Brd-ul 1y with

reference to the nonlimting enbodinents th are illustrated in the
acconpanyi ngrabessrdmidgs pasteprdetsaitimed, mmimimng virfatianred theperprptéssn of
preferred enbodi nents. Descri ptjons ,of |1 known conpqnent.s and processing
t echni ques AP OHRPYPERFCEHUHES st re W’%H&Egﬁﬁt’x\{‘%&%éﬁ?@’ﬂﬂg‘q ¢A$&ntion in
detail .. 25 t b Rk, Q0siidugl udes the fabrication of

sem consduct-é?&g‘tﬁ}%g%t?rrg%aﬁ}ﬁ%ﬁgﬁ{%s,llyanoll assenbl ed conponents. The

i nvention can al ofitst adpeztofdhd mvpntimeis Smplpneatdddd antensiodimeamstharig pr ocess

f eedback so as to actuate interconnected di,s.crgtctg hardware el enents; for
exanpl e, t o bARdONH Walep PROFessINgAPRREIUSoORBFiSRg: @HHrst Wales HaPsRATtSE &f t he

waf er D e e ’}y‘i’%&??é{%t? co ﬁgg% s¥R e »?J%Ptﬁftxr%r}awera%&rfﬁ&tbgoée%sdi rected to

addressing t above nenti o I SSUES 0 Zi ng pre-procéss and/ or

post - pr oces statibfiBscluding: aWRsOSIALIBREE Waftr frokesaRRItRKLE/ d45A It 28 FRstni ni i zi ng
variation of the pre-process and/or post-process tinmes and reduci ng robot

over utl | i z@iurality ofvaderrergssing stagiesrineluging adirst plyradigpaf wefes can provide a
timel d | ar | i odi f dl i t whi j bot h
hroughpur SFesane oS 4 sSRpBtd Pt LR O S AR L oy ovi des
cooper ati ng p%awtaqlwea@'e@tr@éekggg stbiNesth FagiaqlrbpIRtinpbpivage Stations,

waf er processing’stations, and stepper sections.” The wafer processing

appar at us i pedaeskisg miothlesadjaceny andwaceessiblettye sgid secondi wafestratsportsr; a
plurality of stacks, where eacl} stach\dgs f(%rmad froma plurality of

processi ng EOCORAFRUARCOUPIFE L0 31 Tt YalER TANSRARST, SHE 4E%d, as wel | as
configw ati D, r ing. i, Zi S rovi ded
by each of ?) E%eéét%% sn .1 ?g&@géé’geﬁ%g%%gﬂgy %tr ﬁg&g g%érsg?gég%? E%’l)rélag??ﬁventi on
provi des f oraidaeéondplpabityessvaferdirbesssigg staplediincinditgoe fesohd plurality ofr r anged in
a hexagonal pattern. Three wafer transpqorting units (e.g. rqQbots) are

coupl ed to tYaerprecassing mydulegtand ? thigd Vit{?éslﬁq{?rﬁﬁﬂﬂleég‘? safle t er m coupl ed,

as used here¢j 1S i C , sarily
directly, ag’gﬂ. %1(1) Orgg%fgésr? gr |e?§n§m9t§ﬂ§hlg%§ﬁf%f§ld%ée&% g?aé'}?%?g&gg"?i vered to,
renoved frofroceiding mdBEIROLdjesknd A dcdddsibledy, 6418 thifdRasst iRshdrRs; usi ng one

or nore of the wafer transporting units. The apparatus may include a first
interfate sasdadourthwalier ganspertercoupledrie bedissaid fizst progessovtation gridasaédi and

whi ch cont ai ns waf er transpartati on uni,t ,su a_robot that noves

[ heart y i n B mererordr SRR R B Pofiie [ n o
direction vexrddutedlinleficht dTaid ORI GaferocBing stdck NSASY hales@blewyi t of the
first interface station may also rotate along an axis parallel to“the
vertical di reither said firstiwafgy trarsportpds seidofounh veafiefitrapsporter. g4 sevengaral el to
the floor. The ratus.al sa_has at |east qgne.process station that

i ncl udes varalsmgggﬁ’ﬁé‘é?gn K tt%d‘rna?ﬁge °§Fr8fﬁfd'ﬁ%“§v§f‘%eld‘{nr%nsporti ng

unit. JFhe wafger ﬁrb?%&ﬁﬂ@%ﬁ?d?&ué‘,?@oﬁnp%in"gb@ﬁ%t;?%%ﬁra?%?éxit&?a el a robot

that has the capability of noving verti cal a rotati ng about an axis
paral | el to stdtiencenpled td saitl first vafen trafi$periap paidgirocesa katioh asccladiagcond
interface sectign w tat}ﬁ_an in ut/o%ut port, and yet anofher wafer

t ranspor t at i R¥Falify of WarsrProResHpe stagkss ferty ofsgid pinsalipt of wales grasgssingit er f ace

section 30 g ; ' j [ ' arallel to
the. 1 nter f acitkg Rt bukdhel pERYEP pHIcBSRHg oblled 3l ESd PESPTLILLS. The
third wafer trandpddtedQbdplaPR saidlpldtdlity?ODBafBirocERBIgABFI e, leatts pOELiE NG uNi t
may al so rotate along an axis parallel to the vertical direction and is

capabl &0 of elvrahity ofgvater prossssRg mesulgs adiacens, andeaceessthle by rsaithsecertodi nent |
t he appar at 1 I t I ich a
pi vot abl e pﬁgﬁ%gg gﬁ%%g&¥%§% ié@%ﬁﬁ%ﬁggﬁﬁf%bagggggggi&%gﬁgggﬁmﬁelivery
and renoval from wafer process nodules that are within, or accessible to,
the process station. This enbodi nent includes a cassette end station (CES)
on which cassettes for containing wafeds may be | ocated. This enbodi nent
may al so include a robot for transporting wafers bidirectionally between at
| east one cassette in the CES and at | east one processing nodule in a stack
of the 1 o process station. This enbodi mrent may al so i nclude a stepper
interface section (SI) with another robot for transferring wafers
bidirectionally between at | east one wafer process nodule in a stack of the

o o . g o o,




to the SI. The concept of the invention includes a thermal chanber as part
of the 1 s track system Preferably, the thernmal chanber i § 1epgl (Qﬁﬁd and
envi rowg‘?/ﬁhiy controll ed, while being adapted to recei per/uspsnghey and
control solvents, noisture, and other chem cals for processing wafers. The

thermal chanpber ma | s rovi for extracti f.th | vents, noisture
b ohem o e B oGpRCpRER PEWERL pREtLRR maREL i 45 RN Do TPy
chamber ca I&ﬂitﬂ@kwﬁfa%&ekﬁmgm@&mb&@céoagédlwatleasthﬁoE&gasédtons of the

chanber. This thermal chanber can be one of the process nodul es. This
i nvent i on meferémesposteraselastaddvemtihn grovp consistingraf sridsfinst waferhat it reduces

I ssues arisin from.gher I oss-talk. Thermal. cross-talk is an
undesi r abl & BFL £ FF‘EPE‘?%%IC’C%?IHP?I‘% sald Firdr vt ARIPOTtRE: ‘&/afer and a
2s grispper 4ofq {Bectlof ARSAGEHRNIIO ﬁnﬂeint«,n@a@% altrx] emBOSnaR Lk bybadbd bERI NY

tenperatures. The termcross-talk, as uge erein, is defined as thernal
cont am nat waferlpedosssng appacdtay, cangrising obfitst graifgrpransphrters o fipst pracesss

mani pul ati on ,b% th?%{}gbot fgri‘?, r of one or, gore waf ers .having a different
t enper at ur 82HPRRFUPIeA fo said FIgRYRIET trRRiPopgE, SAAdIrst RTAcSss F1atPBss- t al k may occur
when t he | : £ kSsse Al abR : I of the
gripper i \Q@szﬁdéﬁ%ggfmta%ﬁ%g#aﬁ?e,_ llré %sré%_vgrg,}a I %&'%ﬁ%ﬁﬁ%{ sht?tgﬁ?es, t he
ther mal t espenfer preedify wacks declbdinpaditstigheralipnifacifesprokessing WO 001 41222 3
1 JUL 2003 PCT/ US991 28753 of the gripper and the wafer nay be sufficient to
creat © t hempsnlesyandaseaond walsr ransparter coyplsd tg saiddirst plyradisppf wafer ons, and
particul ar LA S I : i | ol i ng nodul es
are used, goé‘l ] rr%rg&%%g’seg{l gI%kaqzrfrag%z&gl#%ﬁfyﬁéﬁg&g?%gﬁ&'ili%sventi on all ows
L o(r]I a cegt lh&jhc@ﬁ,bmlaecdsﬁ\?\%tbyh bﬁﬂls%d%er Ifra.tﬁfpéﬂt&ﬂﬁ ﬁwdfﬁr@@@%n t han f

edi cated arnms, but one which only handles wafers that are cold. Hot wafers
are transf statierconpledte seddirsbwafer ganspererssaid spennd pracess statient i on provi des

dvant . .t k A il.iyzati f th i
obot ) co il Rhind: d5eBauAlly f Wi, broftss AR i B ki 38R0 O ("¢ ™
i nstances WigslRy aF walt® pfeeind'@cksAndluding fadkcsil Slutdli@foPwafet 0 Wafer at the
sane tine, b) t%e robogD has insufficient speed to neet the wafer handling

demand, angfasessing mbdules; bod altkisd wefer transpantdr corpbertitorsatd plncklispbfi nodul es
sequentially_.or in successive, alter natc{@%%&%ghi onh. JThe invention provides

for deliveHElRIOGeETRE SICKSt carhRf sad5es ?yeqp‘ﬁ?f&EB’é’§F§§§“gerdul es whil e
transporti i I i . Al nner. 15
The. appar ot euBf R S Ee s bl SRS IR P 1 ok

pr e- pr oces svafardranspoptes toyplatedwth saie first peodess stationvafdesaidpsewondsi ng nodul es.

In addition, the apparatus el]jm.na or substantially, reduces thermal
cross2t al k PEOSESSSHAUOR. WAFE 75 afﬁﬂﬁmﬁ%ﬁ%ﬁe@wﬂﬁ%@mﬁerm

cross-tal kresul &l 4 QG lgﬁ{)‘ﬂ{rh HcAfwith | ot obj ect,
or a hot vvgger vﬁﬁqgfrcgﬂ d obj éct. Tﬁege “élo {egg@utﬂaq?re%%&esggﬁfﬁsone of the
advant ages acdess b Bothan&hakioand aiYdaxds.e attai nable at |east in-part by

provi ding a wafer processing apparatus that reduces Qr minimzes the

functions of thdhass and ethen Bogls and psperts of theinyention withbribettest of a waf er
! - ' ' . ol
P Pareoy " aBRNEEAk U3 AhBriHad WhER kB ddMnclBh Siaf VB SERANAA O o

t he appar atdescripfion ardhe prassmsyiigadrawingd 30t shoald kbamderstbad, Abiveyerof waf er
processing stacks arranged, around _a main robot 150. The plurality of stacks
i ncl udes a that thefollpwing destiptions while indieatior prafsrred emibpdinentsefithe 25, and a

f h ' | f wafer . i
rodul o5 ot Rt aEFlnabAE bl el thte St L8 bt Y oriBisBlagBh 0000 0
modul esar @ng hewet linfitdtidins Moyt draHb ek and HIGHIFi BRYns HAUREHadE Qithth e mai n

robot 150 in a hexagonal pattern at a main robot station 151, (2
scope of the invention without departing from the spirit thereof, and the

D)

30 invention includes all such modifications.



WO 00/ 41222 31 JUL 2003 PG T/ US99/ 28753 of the six facets are unused), nore
or fewer stacks nay al so be provided (and they may be gro &NULN 2088 her
pol ygon¥P 8841328r ns) . The main robot 150 is pivotabl e bet nUSPR8GE t he
stacks to transfer wafers fromany nodule in any stack to any other nodul e
in any other stack. ABHAERDESCRIPTION OFRTHIEPRAWINGS process station

180 of the apparatuys and contai.ns CES robqt, 160, as well as a plurality
of cassette endsAICrEAT CPP%?Pé‘P&tS’Ifg}}e a?!hrgnt@ al"gt%?mfﬁﬁo’i‘sémﬁ}r\%g%bl e or

ot herwi se r . i i i § j tiraver se
al ongWIt ?le Cﬁg@ﬁsﬁ?@f Iﬁg&}\“ﬂiﬂ-@c@ﬁﬁ& tg1 %rlY{%%ﬁ%ég%?&fﬂfe&%‘gg?%%%tﬁ%%aeﬁa%%c\ées:
waf er procegsiifngneodwibbécanichtosecalily sppackt Byl feféreing tatieferemplanf er s

between the 1 o processing station 180 and the plurality of cassettes in
the CES st amdgthereéoye nanimaiing embadimengcidluguated in thadsavdngs t o t he process

station 180_and incl ud n.Sl o r 4 . i buffer 155
provi des a %‘i&f"r"é’?“%‘&ﬁ@ﬁé‘?%?%? %Qf(% ?gir%gégpeer%ggc(?a? lglb%egélfl #%%r%f%%%g? epper
interface 1dmradias deg[Fﬁﬁé tieGsabfe paas eRSshbildMerdod@ a particul ar fabrication
step (routine). The SI robot 140 may access 15 wafer processing nodul es
cont ai ned i n t heFimdrillhstetesokschematioplan aiest of a wafes prooses appartushitpr ocess
station 180 and the stepper interface 145. Preferably, the SI robot 140 is
pi vot abl e o?ncerF?@?%siaé‘oBot atabl e while being provided |inear freedom to
traverge al ong tP%QtiEQE&Eenhdﬁcediig%ﬁ ofBné BmbBEimt b4 sthOSsehBlyt hi s manner,
the SI' robot 140 y access wafer processing nodules in the stépper 20

i nterface 1that camutilived seitiothd veafergitode3SapparatnsnofFigr 5. waf ers bet ween t he
processing statign 180, the stepper interface, 145 or directly to the
stepper. A steppglfg'@ngS%WC%E‘&ﬁ“%@%’d{fﬁlﬂﬁfeEBa’ldﬁ‘@ggqaél&ﬁ\%‘?c“}t erface 145.
Referring n ; Eﬁ‘ﬁﬁa ' f one enbodi nent of a stack
assenbly th%vhtégen&shgggf?cteg?g% n &?%%Wé%ﬂdstrat ed. As shown, a 25
plurality of proFis4% itiostatessschénddtic) plad4ieln) ofcawafee processrapearatus a st ack 135
configuration in any desired order. Any numher_ of different, types of
procesd modBAVARE 10l DEOSASSHHAL ORE) IERRESENTINE A0 gmhodiment Of thednventiogesi red or as
the process mandgates. . . ye? 3] s several

t her mal nodul es %&A?a)ﬂ-f‘%&ﬁ%)%%@agﬁ \ﬁn%,p“gtr‘fi/g%‘? atogéﬁgee&gn%%ﬂ'%gg&s%govi de bi or
mufti di recgﬂ;ﬁp@{,s SHWEEEEE, 4.0 the nodul e 184 itself. St ack 135 is coupl ed
with the SI station 145. A'load part 182 allows the SI robot 140 to access
the nmodule 184(a) to load and to WO 00/t1222 3 1 JUL 2003 PCT1US99/28' 753
unl oad a wafer. AccBDESGRIRTION Of PREFERREDIEMBROBIMINNIS 150 to | oad and

load th dul e, 184(a).. Fl G.3 il fer fl h f h
nbod ment shown 1A TRjcation B yaripUelebRl il Atficihedan? SIS bErct o 1 e
CES stxt i onarkRplined b mg%tﬂ@f&é}ﬁe% tHEHOR MR eRbbdiReRdhdtafe I N a

transfer operation |abeled by the nuneral one within a circle. The CES
robot 160 t Hinstpiedis theascompanyingdrenéngsrandieteiled prothefollominghi | | plates in a

transfer |ahel ed.b he .nuneral two w hin a cirgl The waf er t hen
subsequent | esﬁé‘pﬂﬁ%(ﬁ?;ﬁpwﬂfﬁg'ﬁ%ﬂdﬁp?%o eicg@?ipas 8&3&““‘%? EOTBYRLNS coating
modul es i N gnd pRREdsHg teaiRBhRA 28 ohitRed VI8 hdt totttiﬁ@@esgarﬁy%iﬁk@ﬂ@ circle.
Fromthere, the wafer nay be noved to one or nore soft” bake (SB) nodul es

| abor ed by idventiomir ddtait.our within a circle. The S| robot 140 then noves

the wafer to one_or nore gqotgt.fake chill | at e nodul eg | abel ed by the
numer & five wit At Cantext of the inpgatiop ingiudss, the fabricajgn of semicordustRsh a st epper
interface segit,l N t . ..shown) t 5
o to the borpeteatbaifis)thd drpblch PHRburidls, P iterdiciaRbish WalzF PO
circle. FlGdad pabcessiah aveshddsehdtiahsigrra phocesd fegdieack@s ad to\wdngdie may be
transported fromthe stepper interface section 145 to one or nore post
exposur e bakuerspanacted gigcretghariware glsmentspiqrexamplegtosmaye prapanstes by t he

nuneral one Wi hi . ' r .er ta the buffer zone then
the Si robot‘w{%g Ar}r't;gg?g %&hﬂéé é%é’mg‘g%“\gg‘;‘ﬁé (\)vdﬁetrh:é&%é%lﬁéxrnqagfgsto one or nore PEB
nodul ep. The waf emher@afet hroBesimglappitafeid gicedidd foladksing BRtabo$d t0 one or
more post exposure bake chill plate nodules in a transfer |abeled by the

nuner al t wo méntinned issiesof nERBMZINGEre-pracess and errposepropessttimassf erred on to
one or nore devel oping nodules in a transfer |abeled by the nuneral three
w thin a box using the nain robot 150. jAfter the 25 devel opi ng nodul e the
waf er nmay be noved to one or nore hard bake (HB)




nodul es and then to one or nore hard bake chill plate nodules in transfers
1 abel ed by the nunmeral six in a box. Fromthe arrangenent3 tieger pggpd above,
it canweonaiizeced that the grippers of the main robot 15BCWMUSH9/28153 be

pi cking cold wafers. This 30 elimnates thermal cross talk. The wafer is

t hen transferted,: JRelp 8@&% AfBorbok i 460 | abel ed
in box 6. ﬁfnﬁxﬁ%u%@g%f_h%%@é%g I41§§22 ' r%%ggﬁfgggggﬁ?%ghgéﬂgcessi ng
appar at us ¥6botdesc utibzationn Acc@dirgly,s2 wafer prionéssing apparatus garopmviieaces s

station. It  can be appreciated that the processing .apparatus 100 can be
expanded bﬁ“’&éﬂiaﬁé rﬁ@ﬁmamﬁwp%@ég@dglﬂgﬁmﬁgm ‘".rg“‘f%é’o ation 180 of
FIG 1. Th i | : s ion 280 of
Figure 4. gﬁtf)ﬁl%sﬂb%t%ﬁtdjeﬁgwtg %@&g‘[péaﬁeﬁgﬁgﬁg%$§'g§§gﬁ g‘?lgtp? %\ﬁﬁ%sg shown in FIG

4. FIG 4 idobpérafing 68 csupiddatativmi Buchpgynassetie snd fibrapa vtatignsg whafgrst  pr ocess
station 280 and a second process station 280a, The first process station
280 i s equinspeassipgistations.iand steppgriseetinnst Hwovafarproeasaing @ppAHatupr ocess st ati on

280a i s equi i 0 i i ts 250 and
250a, at 16“‘%&:3%5 &&E&O%gtsogﬁog%g%%rg%gﬁ é%%gt?%ﬁs a&@pe té}\?éﬁ%?g are pivotable
pi ck and plvigse eadt0itackis férmed fidms alpluratgof procesipinbdilys. Faeibugpr ocess

station 280, 280a includes a first wafer processing stack 205, 205a, a
second waf dypgsrafcwafer prgcessiag imadules, g51well aycaniigueatiQny ©F apreRiBE 6F ng st ack

225, 225a, and.a fourth fer processi st 235 ,235a, _where each wafer
proceski ng °§g%?n§3ﬁ? %oﬂéﬁ%mfay °|8F%v|’§ﬂ]%y°a8$%\?\gf§%°§ 'o@_edﬁsi ng nmodul es. All
of the waf @mBydmess meQamedms@stms ifRRAtoPpraoRIES foh Faib i frodesqr € accessi bl e
to the main robot of that processing station. A plurality of cassette ends

275 is al i gnedules gnogpedhin stackis that hre amapgedainuachexagbpnak paste@ESThreet i on 260,
VWi | e not bei limted to an rticul ar rformance, i ndi.cator or 20

di agnost | c HERERIPRRINg s b fRPesL A chERIES lfhe PRESSIRESRIBocan be

i denti fied QRAAthendduiR. Bhei&rat EtPIda0hs hid8 nBFeRS §\Eingh a.ﬁ@&ﬁ'fecféﬁ! | 1 zati on.
The test for tﬁe presence of robot "over-utilization can be carried out

wi t howt undcilthoeglpaot meeedsatilyatirebtly,tand noseece$sarilysmeqhlanicallyl Thewweafers onal robot
i dl eness experjifent, If a given rohot is not idle, then post-process tines
are anal yz@ge delivesesioqTemayed diog. %gg;@nfmrwg?@ﬁns CSEERUEMPSESSrent s havi ng
the attrib I 'gng& - ~-process tinme gui dance
toward the%\(g(;("gg%{rﬂé%r r eﬁggnrg%'i mn?fe@ﬁ%ﬂs@éﬂ@%@%mggon the m nimzation of

pre-process and/ Dhe fspfatatiy meeRsludara first iarerfabeectibi &g ihichl at At ot | ons  of
the Invention 30 A practical application of the invention that has val ue

Wi t hi n t he cassetigstatignduplagad and;which pentaing a vabir tAasportaenyeis Sighas Furt her ,
the ipvention.li . O .31, CI[U$99128753 useful in
conj u?\bcti ont Ilv%ﬁbf’ ﬁthtﬁgn V%ﬁbﬁ%&g%éaﬁg&gﬁ%ﬁéggésﬁﬁb tes aé‘%ée L0 Hé% %are used

for the purdiegtonienizkl t0ghNOGrPlatlel e voafkd BanspurtatiBA uhitleg thelfngt e are
virtual ly innunmerable uses for the invention, all of which need not be

det ai | ed hdnterfasgistatiommay alsp retate longan ghpaliel tethepegicabdirejionyst em

| ayout, representing an, embodi pent. of .t he i nventi op can.be cost effective
and advant aaéxg(mgy b%?z.xp&plelog%é{én?ﬁg l?alplla(f\%ip_ﬁba thg&%@qor,r eiaﬁggﬁ‘ﬁspn hel ps
reduce robollsdONA atYddst briePrb&¥s sthtiéh thay fRRfudedvAIRul PrdcBdia6dmad i ation in the
pre-process and/ or post-process tinmes. The invention O also hel ps to reduce

t he ab%ol utasramged provind asvaderdrapspqrting upitod be wafer tesspastingrumt efithed t h a gi ven
sequence of_processin dul es. Al1l the disclosed enpbodi nents of the

i nvention &g_ﬁgwgé@ongqag{?% acrgﬁotbtgatr Baj ﬁféﬁpa;ﬂﬁy Bgﬁ"@fqn@ev&“\’lﬁahﬁéﬂg undue
exper i ment abtfihg ABoh ek pA81IeS the"RMal 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



of carryi ng out: the.invention contenplated by the inventors i\s@.& osed
above, ractice of the invention is not limted thereto

will bewé})‘g’f“éazat ed by those skilled in the art that the BGRESR 2§Fﬁ3may be
practiced otherwi se than as specifically described herein. For exanple, the
i ndi vi dual weapatiaguait meydclsoabtaealbog arexis maxtaﬂel tditbe versied! diheion, or
assenbled in the dlfclosed configuratio ould be 20 provided in
virtually ¢ of fjtending ipp a{?ﬁFlc'iS’af F@o%y configuration. Further,

t he individual sed
material s, but cou g'}grﬁato? rﬁ%?gg?gﬁcp ?ﬁg{nﬁ\?{drdtgﬁgﬁ?asﬁgﬁgbgé}?tsp ?tg&?rat erials.
Further, ald4rbauiWhiche pimbtablepidcaniplag ropst ie pravédec fobeacdeesiee wafesan be a

physi cal | y separate nmodule, it will be manifest that, the wafer processing
syst ens my dlivery andirempyal diom wetsr prrsessgpadulestatate RVithincer aceessiblassoci at ed.

ermbod mont 2RISR kR T oI e BTMUERE o) sBR6R CERL G eren

and f eat ur egn which \¢edsyttést BeEordiifinly Gfefels eidyst 1ob4ied. e TtePembbdinens uch el ement s
or features are nmutually exclusive. 30 It will be manifest that various

addi ti ons, m:dalm inelydsrasrobetcfor témaﬁi@swf@@ h&dirqcﬁenarlbab@tmgn of leaste

I nvention nmg ér-,l? t ! 0/41 / U899/ 28753
fromthe sp? ﬁassa? "581865 r y‘f%émgﬁ’\l/o q\?eaﬁs 3 . i's

i ntendgd t h,%césbetaﬁsxepm@femvobemeﬁvﬁﬁylawa iAsludes gtesgerhmetrﬁee a&%aded claims
and their equivalents cover all such additions, fications, and

r ear r angene(Slswitld hmthq:xpehmtefdr tmfmngmfmmbldumctmmyﬂnhpcmaideass i ncl udi ng
nmeans-pl us-functjon |imt Qns, E s such a l.imtation is expljcitly
Toolted i aregraferPropes motule aorabR ot RngiibSene Jatiof prd o steppecscaimied

enbodi nment stog% %pe i nvention are differentiated by the appended subcl ai ns.
10 15 20 25 WD 00/ 41222 What is clained is: CLAIMS 5 1. A wafer
processi ng apparHiekoncemmfthesinnantioa ificludds avthéreral thanbeoastpatt ofthd JUL 2003
PCT/ US99/ 28753 a first tpﬁgcess tatlon coupled to said first wafer

transpért er“aci‘a?b’éfexi“'r taefesplye thethermal chambsids erplongd a&dFF‘V@Pn‘BFW’é}’ ity of
waf er proce ﬂe:ciS R}@-ifégdtem%fa(g?%ﬁg%l {@?el)&vé\,ﬁx?xéxﬁxto@'aﬂﬁ %ﬁtrré’l Rl 2@{ er processing

st acks |ncIu rocess and a
second waf exhoisﬁﬁél%ﬁdlbﬂﬁf clespniphle foripPocesifly Waffért. mhurtnémial cﬁimuaf er

may also provide for extraction of the solvents, moisture and chemicals used for

It

wafer processing. The pressure within the thermal chamber can be adjustable in
20 order to facilitate 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-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



processi ng stacks, each of said first plurality of wafer pé?c‘gﬁ;i ng nodul es
adj acent, and accessible by, said second wafer transporter9 '1 203 cond
proces¥Ge&t12x3n coupl ed to said first wafer transporter, PGHPE988¢HNnd
process station including: a second plurality of wafer processing stacks,
each of sabfhhsgeippet aakduhaivafey mal beatfificient acassterthermackssitalk] idi ng a second
plurality of wafer processing nodules, and 20 a third wafer transporter
coupl ed t ocestain waas prRFepiing 2PLEHIAHS, ARAPEFIGHBLEUSPIRGeSSSEALI0Es Wastn of sai d
second pluralit f waf.er 0 | Ry | A58 s ccessi bl e by,
said thi rdv%cfl‘é%a?ﬂngﬁgsgf’?@rg:rﬁgﬁgéﬂg? ourt’hg?j\ig %Jr&tgransl?ol?ilrg'?(grg coupled to

both said fikl. PROSRSSNt Shvahiiomaliowd 50k dertfl OR thadi estrA shaihaé ivoke  Z5 wherein
each of said plurality of wafer processing nodules in each of said

pl uralsity 6&inctiefiseandoiesdemshamydasicatadarms, byt ooe yduek onky hangles svafersr sai d
first wafer, transpprter or said fourth f transporter. 2. The wafer
processi ngt}ﬁbﬁr&r‘:&%}sﬁ%tfw#’éiaﬁ? ganS%grgégpfﬁgﬁ‘:& o PE& %‘Fﬁllé?t?c’[ty of wafer
processi ng Stacﬁ'ﬁfs%@erﬁi%h%r&ﬁ&é%%vmgé& obErthE RAbAlarBingadOhyconf i gured to
define a polygonal arrangénent. 15 3 1 JUu. 2003 WO 00l 41222 ~

PCT/ US99/ 2gitnithiZing Ttikizatinenf tipr meissebatg Isspemariseias aofeswlt af wtilzatinhefei n sai d
first plurality of wafer processing,stacks and said second wafer
transporteﬁ‘céP@ncf%tPﬁt lﬁtﬂs@&"isow%? i the Sﬁ?tg?ét?)g@sé’??’é’ﬁeg@’ﬁ@ﬁf? 4. The wafer
Procens! NgyaARRA! fletimelintd, 8 Fobothel RLdkRAH shdddth ekt Bytel v Of vialer

processi ng stacks and sai d second wafer transporter are configured to

define a haxatliegalemahésmdpacktharotm gesterivad tnd Thivaddbeandesddessi ng
apparatus of claim1, wherein all of said first wafer transporter, said
second waf arodules segrentially, ordnsuccessiveligarating fasirm of P veaen sai d fourth

f i NG [ I | ! d both
ai d scconBpgeEron PG BLA Bl pARRTLARE o CertBl ] °°!

st ati onary whilt firahs@atirth the wadére ambng thawarises modulks én waintsly piaaaessi ng
apparatus of claim5, wherein both said first wafer transporter and said
fourt ¥ waf dhe eppanetpoalse sigaificantlit isduges r complefely slimingtes mgePrae@s&r pr ocessi ng

20pat 5. Syl Sl e AR SRR BB, lASobBIE 45BN, o710 10
cassette Shaiarfifis 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



8. The wafer pr.ocessing apparatus of claim7, further conprising another
interface section coupled to said fourth wafer transporterd Isdild 20030t her

i nt er f L0082 on i ncl udi ng at | east one input/output poPETUSYW28753The waf er
processi ng apparatus of claim8, further conprising a stepper coupled to
sai d i nput foué Bistifads hre Wised)hBov@brefewpr ascsThagalepbaprividedgindc! ai m 1,
wherein all stroke |lengths defined by said first wafer transporter and said

fourth waf ey maxbegsoursd inrather nodiepntl natternsy gl mainsobot 15§k waf er

processing_.a tus of .claim rei i ned by said
second waf &Y 8‘?‘6&?@%‘3??%?1?3m°3§°5%8§15@\7\§a§r§ﬁoﬁgnﬁjo@? g‘?lgzﬁg@;ubst antially
equal . 12. gJheoWal Hhd REERAS inghyedtRer stdckts ACES| stdtivn11,65b1edjadent i d fi r st
waf er transporter; said second wafer transporter, said third wafer

t ranspor t ethe pBeceanstatien 489 ofithetappertis and aertpins edrESrabot béfl.iagied to defi ne
an arrangenent in. 16 WD 0014 2.3 UL .20 PCT/ 9/ 28753 whi ch no
addi ti onal a%?lg{;al%gggasagée ?r@ag}ﬁgeg rﬂfflﬁrﬂ%lﬁ(dt @%F%ﬁ#ﬁ@%yo%‘? ®waf er noves
mandat ed by, Ahywiie t@lg%ﬁﬁ Bcekr@%ﬂ:l-érovﬂh‘a IHRbLfredoRt RFdvafseaPpar at us of
claiml, erelrn sal I rst wafer tranhsporter, said second wafer

t ransport eslong tiedCES stationd 681 In thasispondr cthe CBRirobat 16(f may hécesmater
transporter are, confiqured to define an arransgerrentfgiﬁg whi ch a total wafer

t ransf er IB‘zﬁ’ﬂeﬁs_%‘g%%*{%i“itQFlsiFoé‘d&Eﬂc}‘)“aF%F?‘? TP SEAROFYCERIY first wafer
transgorte roc?sginggﬁfo%“fko"@d%e ghﬁ‘ﬂ?{g% Eﬁ%@ette%% the BES Graliph §65 1L anspor ter,
and said four er transporter. . The wafer processing apparatus of

claim1l, whepmr mtedadé F45is ladjacentwatierproceamstaton ¢80 abindludecansI waf er
transporter, said third wafer transporter and said fourth wafer transporter

al | i ncl udeobpt l4GandmbulferyhsSp petiesbuftes 135 psovidest bffgeene fargvafemsar at us of

claim1l, erein .each ,of | d L LEY..Gf ¢ [ S| npdul es in each
of said p},\ﬁ?%ﬂ‘ .iﬁet8f'“\%§¥°é$%r%gée°§g %'al%f‘géﬁweg %’Rﬁgiﬂ% a ryy accessi bl e.
15 16. A V\@ﬁﬁ‘r[ga%zﬁﬁ@&%fMr@%ﬁgy?ouﬁﬁ}pméism%bo@ﬂ@hﬁl&la\d@és?r transporter;
a process station coupled to sai irst wafer transporter, said process

st atilén i nwafedprogessing inodulep cantained yn the fopitie tagh detodtrangfer wafds, each of
idplurality 20 of wafer . i ng stacks.ipcl udi lity of waf

o ocebs nabsul e Pragras SauBR JRG E0APE Sppern tiscRee M dpte Ry 1 O

plurality pfooVi(Rts it REKIE Dr BeneiRiie rQttabRAGRIObeitbdviedidkht Y of waf er

processi ng nodul es "adj acent, and accessi ble by, Said second wafer
t ransport efreedondto traverse along the stepper interface up to the buffer zone. In this

[2

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)-1 §4(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
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25 a third wafer transporter coupled to said process statlon wher ei n any
of said plurality of wafer processing nodules in any of sl dJlﬂJ 2081 ity of
waf er prwoessizieg stacks can be accessed by at |east two aBEBTSM 2808 er
transporters selected fromthe group consisting of said first wafer
transporter n t er
transporter’unﬁ)%laqvgé‘:f&O gce%génlgﬁg%%%ﬁ&%}?zﬁ%%ﬂg Quc%tgg?g%%%g‘%i%i The waf er
processi ng appad dicmodblecl8a{an 16, vvherel n said second wafer transporter

transports only wafers of a s te selected from r consi stin

of hegt ed and ﬁnﬁé@t%ﬁluﬂiﬁtes E’FN‘@%% Wé%|%§>°éﬁﬁ%f+té %@ng'ﬂgﬁfpali-_m 16, ’

further CO”W%?fePﬁxaﬁ/ dﬁﬂfé&lg% t%gﬁcﬁ-t‘e?'fﬂﬂn%{eaéw&aﬁ&&'%ﬁ % Po?a' d first
sald third wafer trans he wa

waf er transpor er a porter

processi Ng appwd Gimbreovapot pifie oduldicinaitranafeo bpkratien labeledby tiel cr oss-tal k
bet ween waf ers does not reduire one or nore dedicated transfer arns. t o

20. The waf @amsrabene ¥iHin agissleatlirg (S obgt HOEansppres be hvaé“%nta Opf Pht
plurality of C sporter are
configured to\égt’géorfg;rﬁﬁgaﬁhg%ntg &aﬁ%{%%grlr‘%%géa%ﬁga%n fuér prg‘cagsa ng
appar at us ofirgleamie0afervhey Cieh sabiedubntlyste Pbugdby the ntdin Yetoe 1 5@fOCcessi ng
stacks and said second wafer transporter are 15 configured to define a

cl ose pack ®n¢angenerasist ogatingraodidesdin aﬁr@é@séqbﬁlgdépmm awsrabﬁuw ai m 21,

wher el sal d.first ur, waf e second
waf er t¥ans %{hﬂ%? %EE% c?a ﬂ?‘i%ﬁget&ctwﬁﬁég?yﬁg %’gﬁegc%gg g%é gﬂ%k
arrangerrent (SBPmodiiRs 8Ho8dd By Semfiehdl foRPaAfIah dsirele. thélsmé&t MMperein all of
said 20 fi rst waf er transporter, said second wafer transporter and said

third waf er thanameyesrthe wafardo Qd@Opmmwﬂ@kplcbﬂl platg modudes lablet by and sai d
second wafer, trans ter s st.at.i o r rd to er traverse. 24.
The waf er pﬁ%%‘gg?fﬁgﬁéﬁw% o g,Sirgde- ?F}%{X’ﬁ%‘gﬁ@ayvﬁ%ﬁéqw B%Jtﬁ“é‘ﬁ%c? first wafer
Lranspor t er erSatelrab0 Yedidn1a5 SingANSPRIbEIAA IS AbSKER (hot showiypr sabl e 25
25. The wafer "processing apparat us of claim16, further conprisi’ng an

interface sectathe buﬂl‘cphmb na tsemsférﬂabekdd byaixenuxrwzahsmmttmactrehed interface
section includin one sette s ation., 26, The wafer processing

appar atus of cl ai I;G2§a§° Py th ec graphing) Ya??i?f’ﬁ’é‘rw?fﬁ’f ®ey Bedragsportedn coupl ed
to said thir leStedpe AR %Eetlo?xal'4‘3 t@'aﬁé BPmortpdsPL:fiokaebakECt | ON

I ncl udi ng at Teast € 1 nput/ out put
modules by the SI robot 140 ina 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 c;f 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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] .
18 3 1 J1IL 20p3 WD 00/41222 , PCT/US99/ 28753 27. The wafer processing

apparatus of claim26, further conprising a stepper coupl egl1t Qs
input/ow(pdb?ﬂmrt. 28. The wafer processing apparatus of pghaiddyagrss wherein

all stroke lengths defined by said first wafer transporter and said third
waf er transporter, 5 are substanti eqgual . The waf er .processi ng
appar atus of cl aﬁ-m Hr@f:eswﬁgragpq{arélaﬁhbﬁpsrcgiﬁeé\gxfé%.grlgng%@mtgc},og ¥d second
wafer trans >3k Harl B &5hrd@ABd 1Hat BRI She BpFarsR8 100 WALd tO
define an a?%%géeer%ﬁttgg?rﬁ wh:ful;cﬁ‘l n@raddi tional §3'?wafeer %Df\S/;gag are required
beyond a mi bé¢ expandediyerddofg additenahproesss satided mxkt to/thastatignVid0 df o process

‘flow. 30. The wafer praqcessin ratus of claim 16, erejlh said first
waf er transEJcQ-tlerThuéé‘iaﬁo%égQ)HgFﬁﬁ COMSHE BFRCESS Stahn ‘6¢e ]%‘ISPfed“-vvafer

transporterar fi: f At ok ich a total wafer
transf gr I oggls?gﬁgﬁlg‘gﬁﬁﬁgéwy&%qﬂdgﬁsg%?g i}l@%m g%’n%hsai d first wafer
transporter, sai BIGedtiosirates 4 prbcessingapparams 00 having afidstprocesshi rd waf er

transporter. 31. The wafer processing a&garat us of claim 16, wherein said

first waferstetiem2§frnddysecand roaess siatonaser  TheRsbaracess daPs28Qist hird waf er
transporter?&gépgpm%kggﬁﬁﬁng[ﬂobm ’g‘?“g%?g‘[@g pg%:es %}?§§/@ggéagr ocessi ng

apparatus o erern eac ura waf er

processi ng Weﬁivi&fh@@@rﬁﬂ@xfaixﬁ@bdtlﬂwr dhhe maiPfobeRf 250 aNdaXsBRashng st acks is
bidirectionally accessible. 33. A wafer processing apparatus, conprising. a
first 0af er mainnobpioatations 231 andsds lfa)oeepestively dropivetabls pick and pldcd first waf er

v o pr ocelePRgdt kel Py BReEeRanlf | Pah BReirRRon 380,28 "t ocesst ng
stacks i ncl yiags Afifs Water Btodesting stadd 20920652, BSOLRASATEr ﬁ%@éﬂsﬁﬁ% and a
second wafer transporter coupled to said first plurality of wafer 30
processi ng sthackkss, 265 la third saifet progessing btackaR253, 225d, and adoumph veafarsi ng nodul es
A e e siash 255 2age “ehete Soch Wter proctssing Stack contaiis 4 ©  + 0o 273
VD 00/ 41222PrOCEssiARISE98 25d 53
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
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a second process station coupled to said first wafer transporter, said
second process station including: a second plurality of w&ﬂe#UlprZessi ng

st acks weagh2ef said second plurality of wafer processi rEEUSIORS7s3nc| udi ng
a second plurality of wafer processing nodules, and a third wafer
transporte I s S @ VA | s, each of
sai d secongseg‘ﬁﬂl?g I F{l/&g?l a7!/\/\1/21} )géd{%@ é%é?%afé@ngﬁﬁf%{s&gﬁfggc@g%ﬁésgﬁg accessi bl e
by, said t hieddoret purposaotapaking photamaltac fadisy otthediker Ttheeenmport er coupled to
both said first process station and said second progess statjon, wherein
each of savielly snumerblasuses forthe mvariiprsall g g’@@éﬁ’&"%l”@&@%é“@‘ﬂ%i on are

i ndi vi dual hgresym"retri cal with regard to wafer transporter access on both an
X axis and a' Y axis. 34. The wafer processing apparatus of claim 33,

wher eisn saiAdvantiges of thefthuvemalont y of waf er processing stacks and said second
waf er transporter are configured to define a _polygonal arrangenent. 35. The
waf er processi né WHEFRAEISENE SYHERil @0k reprpeninga amgodiment opfhgr al ity of

waf er processing stac i ” re configured to
define a CFB’%%“‘_%H%?R 5??%%8%%@%&%?9%%%%?%} &rﬁaggggé@éﬁé appar at us of
claim 35, vdaesMi The dvédnfibd BélpPledued tobyt GVer waliRkioRr TheSAVéMiofhafpks and said
second wafer transporter are configured to define a hexagonal close pack

ar r angenenteduggyarition imthe preyprasesssindyr apyiaresesstines.cThe mvastiomher ei n all of
said first wafer trans ter aid second fer transporter, said third
waf er'%25 tF‘léﬂgfe)]zB? ioe’ig?u%ﬁhe gtéﬁo&ﬁ? BUFRRCRarY °rt1?°a§ﬁ'§b°cﬁ¢f§gmieﬁcl ude pivotabl e
pi ck and phaesial-@RARiLS giddisdRbiteSTiptoceaitislod@bser transporter and said
third wafer transporter are stationary with regard to |ateral traverse. 38.

The waf er proceddlithgdiapipsadagnalsodimentt af the 3Wentibre describbd hhresmeah e r st waf er
transporter and, said fourth wafer, transporter a | aterally traversable, 20
3 ~Ju 206@%9&9 %@/Paﬁlfeffst‘;ﬁ}l@ég@ﬁ%?’s@“%&ﬁ%aﬁﬁ& @%gthp'ihﬁéééép appar at us

of clalm 33¢ cdridd il PRI BnRpl ALFEY BEIABEL g@%xgalupéa%ow said first

waf er transporter, saird interface section | east one cassette

statipn. 4@ractiteofthd mveqtioncie ast ingitepharead. uscakrdiaglyi, oAl bé urt her conpri sing
5 another interface section coupled to said fourth wafer transporter, said
anot her i neBRTFgated bb&qswlﬂllﬁ%rw@mgt%&t thedg¥sntiogpangpriprastiegsut port. 41. The

waf er pr ocg&§hgl o QR?§%;egﬁ-cgﬁ%g%t&hg%gﬂerﬁlprther conprising a stepper

coupled to said i npu ut pht e wafer processing apparatus of
cl ai m 33, wher eFér éhinpid, Hekiadividiaboghpshete et fotihe foamdd id thet waf er

P OT € alosed shapes, or assamblad i the disciosed configaration. bt could b 012!

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
exclt\xsive.

30 It will be manifest that various additions, modifications and

rearrangements of the features of the invention may be made without deviating
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43. The wafer processing apparatus of claim 33, wherein all stroke |engths
defi ned bé sai d second wafer transporter and said third m&%ﬁ_&g%l?gﬂ?orter
are subs¥Q Rty equal. t5 44. The wafer processing appa %8 'ef ai m 33,
wherein said first wafer transporter, said second wafer transporter, said
t hird waf er fronatteppiriteand seopt of dhelundanlying inaertivet qoanepiodtieintendedgbatf i gur ed
to define an arran nt in which.no addition fer es are required
beyond a mi ﬁ%“?ﬁﬁ?ﬁ’ﬁgg{r}grm t%?éﬁeﬁl&ﬁ%@' ﬁaa?’@ﬂd\é@@ﬁﬁggﬁ\?gn process fl ow.

20 45. The %&ﬁagafs%eérzalrm%cﬁa@@mawsn&&iﬁeétﬁjn@] e ﬁfg\%ﬂh@néah%fi rst wafer

transporter, ‘sald secon er transporter, said thir er transporter,
and sai d fowppéndedicEims agnepar beintapeetabasfingludag heardefiusafanetiorar r angenent
in which a total,K wafer transfer load.is substantially equally distributed
anong sai d AiRiGatioRg est Suahsplimftation g%aﬁxaﬁ@@adﬁﬁt%fl@rgwm@msera , said
third wafer {gonkhansRonk $6n " FE&Q ﬁ%t@é@%&%&t@@%ﬂfe ih{}él}’lﬁﬂ%é er. 46. The

waf er pr ocesm%g apparatus o ?al m 33, erein sard first wafer
transport er diffaentised by thevsppardetisabepims er, said third wafer transporter
and said fourth wafer transporter all include plural wafer grippers. 47.
The wafer processing apparatus of claim 33, wherein each of said 30
plurality of wafer processing nodules in each of said plurality of wafer
processing stacks is bidirectionally accessible. 2~ . A A lr. AH?. A@Q . A@

.A9. AHlg Ar. AIL. A9. AS.AIS. A% A a_ . A .Af.Ay. A% A% AS. A -: le@Bn2

#/ <Ki {vgkfa\ W ca] ca] ca]c

aU] ca] cRa] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”?
a] ca] ca] cal] ca] ca!

Eg7wZ8@e| w mhc”Y] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca
U]l ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]ca]calcaljcal HA| r

PG {#HWYREA M ['] ', **+,9----A .. zupkfa\Wca] ca] ca] ca] ca] ca]ca] ca]ca]ca]caU
] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca! . OEORO
_0a0w000$1$324451 8N8Z8v88$; | ;

<<<=w=55| >??<AAAAB~yt 0j e ZU] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]c
a] cal] ca] ca] ca] ca] ca] ca] ca] cal] ca] cal] ca] cal] ca] ca] ca] ca! BVBBBDESEEEEHF{ GGG
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a)J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]cal YA
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] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]calc
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><~. {vqgl gb] X]]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
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<<<=dBdY: ys109%& () - s! 1a0 ﬁ/fzst&plg.&alit)% %t/(\zwafer processing stacks, each of said first

1

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.

2. The wafer processing apparatus of claim 1, wherein said first
plurality of wafer processing stacks and said second wafer transporter are

30 configured to define a polygonal arrangement.

15



& ()-S109Z& ()-S 109&& () - SL! 109Z2& () - <=w==>| >??dEdY: ys- g

109Z& () - &10%Z& ()- 9% 109Z& ()-y#: 1092& ()- !'MO%& ()- 381 JUL 2003
GLOYZE' (o PrARAPAAABD@ <! MLO% h™ h& () - 10% h&' ()- 10Z 10Z pcT/Us9ensss
102710%2& () -5CG10%Z& ()-/t10%Z¢& () - BVBBBDESEEb@ 10% h&' ()-, 10% h& () -

) B 3 1T A o RSB R e 910K

h& ()-& -! 13: By of wrae %x%?ﬁb%sxﬁ%s%cﬂwﬁdm&dﬁoﬂ@fé?’(h’@.ﬁs;(o}terg@el()%
h& ()-PJJJITIKKL @ 10%

h& ()-5 10%ch8figyred to deﬁne a close pack arrangement

L2MWEBNQOOIB_ @ ! 10%SY, 10 () @0% v
910%& () - OCPPP3¢ QQIEL: ‘%%fi%%‘?%?sf ETORRRE o (0)f iz 3 ﬂ:%&‘(%’} Sd O -

f#310%@& () p1&Afd Wwafer processing stacks and said second wafer transporter are
10%1& () - COTRRR @H PR e e e (T o O R S () -

10%1& ()-| chafigéred Yo sar]mrheraganQIW@acxwange)mmt LI MLOY& () - @10%& () -

10m 10m 10m 710%& () -..5! 1094m& 2W\KYSz77d f 10%
v 0% ()-1" 109&' (- 108k Vate TH‘@%‘“@F _apparatus o't:‘t@]l e%ege)mall of said

* 100 % ) it 8 %‘&5% &%ﬁﬁqﬁ%’{@%@?g%%(&)t@ﬁ%%r’gs?‘@‘hﬁh Y O

10: 10%& () - Ria3forter; aid1satdtfo(th Qv‘ifes’tfénspobtéEhﬁ@&Qﬂ&téble PlcklLfifplide- , Y
109&' () - MLOY& () 109& ()-, S10%& ()- b~ bbp= Cc(deEbCSB%
109& () @,tlgcmpt@,) angyBpitpsagd 9cg@ wafer transporter and said third wafer transporter

109%&. () - 5100/ % 410%&' () -, 210%& ()-fO0
109& ()-f./ %“{"g&%%&gﬁ ?%ﬁ%%@%@w FEffffgoh =I
Snt 10988&: () - m Sng, 10%imée '&hfe rb@eslﬁxgh@paratus of claim S, wherein both said
109&' ()-y7109%& ()-f5mL0%& ( ->hh|tj KOl L} [ < =
first wafer transporter and said fourth wafer transporter are laterally traversable.
7. The wafer processing apparatus of claim 1, further comprising an
15 interface section coupled to said first wafer transporter, said interface section

including at least one cassette station.

8. The wafer processing apparatus of claim 7, further comprising
another interface section coupled to said fourth wafer transporter, said another
interface section including at least one input/output port.

20 9. The wafer processing apparatus of claim 8, further comprising a
stepper coupled to said input/output port.

10.  The wafer processing apparatus of claim 1, wherein all stroke
lengths defined by said first wafer transporter and said fourth wafer
transporter are substantially equal.

25 11.  The wafer processing apparatus of claim 1, wherein all stroke
lengths defined by said second wafer transporter and said third wafer transporter
are substantially equal.

12.  The wafer processing apparatus of claim 1, 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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15.  The wafer processing apparatus of claim 1, wherein each of said
plurality of wafer processing modules in each of said plurality of wafer
processing stacks is bidirectionally accessible. .

15 16. 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.



@10% ()-<~. dE-@y3: @

109& () -, 109%& () - “10%& ()-f,) @O%& ()-y' s109& ()-f% ! 109& 3)- JUy 2008: / 10
10@ 1090 Q0163098 () - 4, 109%&’ () - L3LO%&' () - 1109%&’ () -/ 10%& ( PCTASIEZBISILO
&109B& ()- 109B& ()-Y 109B& ()-f109B& ()-!!y' 109BB& ()-109B& ()- 10 d2cdE7/

10 &sf10%B& () - 199B& (rhevéi?é ‘%@&ss(xhg&b %&of&laﬁhl@%&ex@)nsai&@@ém() c QdB7/
10! % 109BB& ()-f #MLOYB& ()-3"1098 109B& () -
10988&' () - 109@&r (r)ms)pozstdElTanspgns gquoq@gs(o)fa single state selected from the group

/ 10988 --10%3& UB; 09B&’ 109B& ()-> = 10! @! 10% : : :
& ()-1! (12)0 Bééa%?f’eﬁ%o‘&“‘ 69me () ()44(10%3&' (§) 270988 () - VOdoE_Z

I s
109B& 6) - - 1a9difer (ProcéSkifg stafion @uiled to both said first wafer transporter and said
third wafer transporter.

19.  The wafer processing apparatus of claim 16, wherein avoidance
of thermal cross-talk between wafers does not require one or more dedicated
transfer arms.

10 20.  The wafer processing apparatus of claim 16, wherein said first
plurality of wafer processing stacks and said second wafer transporter are
configured to define a polygonal arrangement.

21.  The wafer processing apparatus of claim 20, wherein said first
plurality of wafer processing stacks and said second wafer transporter are

15 configured to define a close pack arrangement.

22.  The wafer processing apparatus of claim 21, wherein said first
plurality of wafer processing stacks and said second wafer transporter are
configured to define a hexagonal close pack arrangement.

23,  The wafer processing apparatus of claim 16, 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.

24.  The wafer processing apparatus of claim 23, wherein both said
first wafer transporter and said fourth wafer transporter are laterally traversable.

25 25.  The wafer processing apparatus of claim 16, further comprising
an interface section coupled to said first wafer transporter, said interface section
including at least one cassette station.

26.  The wafer processing apparatus of claim 25, 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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29.  The wafer processing apparatus of claim 16, 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
process flow.

30.  The wafer processing apparatus of claim 16, 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
wafer transporter, and said third wafer transporter.

31.  The wafer processing apparatus of claim 16, wherein said first
wafer transporter, said second wafer transporter and said third wafer transporter
all include plural wafer grippers.

32.  The wafer processing apparatus of claim 16, wherein each of said
plurality of wafer processing modules in each of said plurality of wafer
processing stacks is bidirectionally accessible.

33. A wafer processing apparatus, comprising:

a first wafer transporter;

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

34.  The wafer processing apparatus of claim 33, wherein said first
plurality of wafer processing stacks and said second wafer transporter are
configured to define a polygonal arrangement.

35.  The wafer processing apparatus of claim 34, wherein said first
plurality of wafer processing stacks and said second wafer transporter are
configured to define a close pack arrangement.

36. The wafer processing apparatus of claim 35, wherein said first
plurality of wafer processing stacks and said second wafer transporter are
configured to define a hexagonal close pack arrangement.

37.  The wafer processing apparatus of claim 33, 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
robots, and both said second wafer transporter and said third wafer transporter
are stationary with regard to lateral traverse.

38.  The wafer processing apparatus of claim 37, wherein both said

first wafer transporter and said fourth wafer transporter are laterally traversable.

20
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interface section including at least one input/output port.

41.  The wafer processing apparatus of claim 40, further comprising a
stepper coupled to said input/output port.

42.  The wafer processing apparatus of claim 33, wherein all stroke

10 lengths defined by said first wafer transporter and said fourth wafer transporter
are substantially equal.

43.  The wafer processing apparatus of claim 33, wherein all stroke
lengths defined by said second wafer transporter and said third wafer transporter
are substantially equal.

15 44.  The wafer processing apparatus of claim 33, 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 45.  The wafer processing apparatus of claim 33, 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.

46.  The wafer processing apparatus of claim 33, wherein said first
wafer transporter, said second wafer transporter, said third wafer transporter and
said fourth wafer transporter all include plural wafer grippers.

47.  The wafer processing apparatus of claim 33, 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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