CLUSTER TOOL ARCH TECTURE FOR PROCESSI NG A SUBSTRATE
BACKGROUND OF THE | NVENTION Field of the Invention
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to an integrated processing systemcontaining nultiple
processing stations and robots that are capabl e of
processing nultiple substrates in parallel.
Description of the Related Art [0002] The process of
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[0003] The effectiveness of a substrate fabrication process is often measured by two
related and important factors, which are device yield and the cost of ownership
(Co0). These factors are important since they directly affect the cost to produce an
electronic device and thus a device manufacturer's competitiveness in the market
place. The CoO, while affected by a number of factors, is greatly affected by the
system and chamber throughput, or simply the number of substrates per hour
processed using a desired processing sequence. A process sequence is generally
defined as the sequence of device fabrication steps, or process recipe steps,

completed in one or more processing chambers in the cluster tool. A process
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[ooos] The push in the industry to shrink the size of semiconductor devices to
improve device processing speed and reduce the generation of heat by the device,

has caused the industry’s tolerance to process variability to diminish. Due to the
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[0007] The present invention generally provides a cluster tool containing multiple

processing stations and robots that are capable of processing multiple substrates in
parallel. The cluster tool for processing substrates, includes a first substrate
processing chamber, a second substrate processing chamber, wherein the second
substrate processing chamber is a fixed vertical distance from the first substrate

processing chamber, a third substrate processing chamber, a fourth substrate
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processi ng chanber, a third substrate processing

chanber, a fourth substrateprocessi ng chanber, wherein
wWo bmehesnt h substrate processing chanber is poRCT/USINEE046877
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two vertically stacked substrate processing chambers in the second processing rack.
[0009] Embodiments of the invention further provide a cluster too! for processing a
substrate, comprising: a cassette that is adapted to contain two or more substrates,
a first module that comprises: a first processing rack that comprises two or more
substrate processing chambers stacked in a vertical direction, a second module that
comprises: a second processing rack that comprises two or more substrate

processing chambers stacked in a vertical direction, a first robot assembly adapted
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conprises: a second processing rack that conprises two
or nore substrate processing chanbers stacked in a
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robot to the second robot or the second robot to the first robot to balance the
availability of each robot.

[0011] Embodiments of the invention further provide a cluster tool for processing a
substrate, comprising: a cassette that is adapted to contain two or more substrates,
a first processing rack containing a vertical stack of substrate processing chambers

and having a first side extending along a first direction to access the substrate
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substrate, conprising: a cassette that is adapted to
contain two or nore substrates, a first processing
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CommuUMcate With = firet sUbstrate positioned in the first processing chamber
and a second substrate positioned in the second processing chamber, wherein the
fluid dispensing means comprises: a fluid source, a nozzle that is in fluid
communication with the fluid source, a fluid delivery means that is adapted to deliver
fluid from the fluid source to the nozzle, a moveable shutter adapted to isolate the

first processing chamber from the second processing chamber, and a robot adapted
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fluid dispensing neans conprises: a fluid source, a

nozzle that is in fluid communication with the fluid
waeomroe934r fluid delivery nmeans that i s adapt eBICT/US2005/046877

deliver fluid fromthe fluid source to the nozzle, a
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o8, BRSO EATRBpb, BEPBREpA OB, B8, a socond
pidaabsing a@daple &ontprizind:0a mhirds pesedsipigo chamben taxat is adapted to

substrate, wherein the first processing chanper cL
P‘P'F@"&écfﬂﬁhpiﬂcﬁéx%@@l HgubsRiBen fapah m%%%soﬁm ah@mbert at is adapted

td géa apt e dr fPro%§P§ on & sﬁbgirgted'mﬁfé(?ﬁlﬁ' he ﬁF%fiP?tiég%hg chamber

communi caté wth a subst
andhetie sscdrel p@cpsaogmmbeﬁ atrhesubbiandauy adjasenhtg) each other, a fluid
chamher and the fourth Eroce ng chanb

aRpaInG BRens e RoartaPBarpr Tedd e hikae JIFLE Substiate that is

béiﬁézb?oderé@éd'  itRe f tHiigd U?@é@@émgtiﬂiﬁéhﬁbw tahdt ige  fouit processing
solrce, a fluid delivery neans that is adapted to

'crmmnbecerwqur@lrdthe Herick ﬁ@penang r9eane €OMpriske, ﬁofiltlﬁeSOUé‘Pﬁi a nozzle

th%lt g%irggﬁh(g cgwm%ﬁa Witfldthte ﬂwaoé ?}r&at&]qlul& ro%ﬁly]ewbrgre?ns that is

rom he Ssecond processing c

£gitd ddlieesfigidricornrtne dksd sguitedol thei riozzle) sirana inadveable shutter
jacent to the first processing nodule, and a robot
a%rasfietp tisolatenribeefirsh BIASEESRE e CHRTREE TORe the r%%cond processing

r gls %H&eﬁnﬂﬁ%ﬁﬁn%z?@&%mbdm%g@%%u%gtaqt‘l@m‘f’ 8Hjackhto the first

processi ng cha
processing module, and a robot adapted to transfer a substrate between the first

processing chamber, the second processing chamber, the third processing chamber
and the fourth processing chamber.

[0014] Embodiments of the invention further provide a cluster tool for processing a
substrate, comprising: a cassette that is adapted to contain two or more substrates,
a processing module comprising: a first processing chamber that is adapted to

perform a first process on a substrate in a processing region, a second processing
7



and the fourth processing chanber. [0014] Enbodi nents
of the invention further provide a cluster tool for
w@emeeesitng a substrate, conprising: a cassetteCT/O81005/646877

adapted to contain two or nore substrates, a

processing nodul e conprising: a first processing

chanber that is adapted to performa first process on

a substrate in a processing region, a second

cRARDBRS Hdlds Bagpred tbiifdre @dapbradipidtels o0k BulbstFe OMme processing
process on a substrate in a processing region, wherein

regiens wheteiptbe dissl pipcersingeshamner: ard gl@% sraopd drecessiyg chamber

ti.a j acen ;

ofESBte AT bhoh MlESodd BRET, Afbled B wanster ana

pouifishr at eubstratee id i thet fipstopescissinge lvhahtdreranddseecordt! processing
rocessi ng chanber, wherejn the robaot conprises:

chamber.ovberein Hie ebol £BIPTISRA: airebeldpdedn acw@&rttﬁahis adapted to
pBEﬁPrBQHQt roBbRBEadein fife fi sﬁsatndagé’ccfﬁﬁfgmjzeﬁgmgeéﬁrﬂﬂers, and a heat
cha d a evice that~is In

ers, an eat exchangi ng
ekbleaimgihg clewnenthet isoin thiarimal wemroboicatibracethatite irgbot blade and is

dapted to control the. te rature of a.substrate
afgefad Breatidl i mPer® s cubipTafacsiitpebBiéhn. and a system
rébRANEdPed t& WaREIR L s ISR htiBe s A6 BhESettNEnd ke first processing
first processing chanber. [0015] Enbodi nents of the

chawmder.i on further provide a cluster tool for

[(g)aglg?@$tﬂm%8ﬁstj gf h‘fe?{n&bg%ﬂ@{uiﬁéﬁg@tvfdaef g?&%&? 1dd13br l)is‘ocessing a

sRbSRSSS cOMPABIAGE & dd3abtte ARl issepled td 8bntAIMERS Bt Atbre substrates,
chanber, a secondégrocessi ng chanber that is

as (eEREMNtI Mpdelg) deahicorpprises 4 rfgst Mreeessinggchamber, a second
p@l}ﬁég?ﬁg[ cifarhb&Sihat %bgﬁbét?ﬁ%alw?cg?@ﬁtqg thQ .fi?&‘?tcpgrég%%sérr\g chamber, a

€ positioned in processi ng
fies1drobbte treet e ratigpted ¢s siaegss rasbbstratehpodiionddhm fhe §itst processing
t conphi ses: first _robgt | ade, ass

r ob enbl vy. )
CRBmpEr $NAd eSAPNEPPEBRRNGICAEE eénwhsf%féé*&%ﬁ"%tdeem comprises: a
fiPAﬁesotbrl\fYagé %Jseemgy Ebmplisihabatirst @86t Badiet BRd$LE&Mhd robot blade,
r obot a d

e are spaced a distance apart, a secon _
whebein thieatirst asbetblaglecangrthei sagond taviot dladsh @re [spaged a distance

and a fourth ro bl ade erein. the third ro '
RAd sefinitebPhRieR stmiyceiehsht o Hilerd¥fBlade, apd a fourtn
réR Blad¥hRheidin the tIFRS esbt'Naeé abbade faaRRTBbyt BAdetdre spaced a
first robot assenbl%ﬁare spaced a fixed distance

digtenae anedt, WNepEim HRe SePeRd OBBbtPIade ARseMmRly tand the first robot
aS¥O%b Heaédaﬁea'arw&ag@%legae[%gﬁ gﬁ‘nﬁ Wireld trhﬁtﬁrﬁt robot is adapted to

processi ng chanmber an processi ng cha
shb&thbliallybivolltereosislyf atdessi theefitst gro¢esdiree chpmiperr dndathe second
cluster tool for processing a substrate, conprising: a
PFeGessiNg take®ing rack that conprises two or nore

(063611 ERhddiments of the invention further provide a cluster tool for processing a
substrate, comprising: a first processing rack that comprises two or more vertically
stacked substrate processing chambers, wherein the first processing rack has a first
side and a second side, a second processing rack that comprises two or more
vertically stacked substrate processing chambers, wherein the second processing
rack has a first side and a second side, a first robot adapted to access the substrate
processing chambers in the first processing rack from the first side, a second robot

adapted to access the substrate processing chambers in the first processing rack
8



stacked substrate processing chanbers, wherein the
first processing rack has a first side and a second

W@ e/ N6B4second processing rack that conpri sesPCMOSIING/046877
nore vertically stacked substrate processi ng chanbers,
wherein the second processing rack has a first side
and a second side, a first robot adapted to access the
substrate processing chanbers in the first processing

froRe hé r S8dnde sfde” Hndsittele, subseg® Nstoeebsthg actadthBérst in the second
access the substrate processing chanbers in the first

pincessingiragk frapkthedirst sides aed adhyd debainrdanied 4o Bseesh e substrate

, . . :

PRESFRBRoTRZERE 48O R0 RASE AR g <oBBHa s

[obg Eriiridiratatspofodesiniventicrh furtarspronideh® chetentdol for processing a
processing rack fromthe second side.

0017
SebREPneADRIIONTt ACashen thas AdapIRd topq_[:ww]et%? ef feyg substrates,
al gt érﬁl&eﬁ@?%ﬁknﬁa@ ?H&t % fi?sqnpfdu%' 39-twd or more substrate

cassette I's adapted to contain two or nore
psgessingt esamhefs istackedodessivegicahodiradhian, odrmpeinsdlse dawo or more

ol PeSRa e BEr T S 1708 SRR3R e grecton anc
aldEoPt STBECeEERGhE adIBn§ PEREShA WiftBBREASHRAYSHG Addethbly that is
side extending along a first direction and a second

adapledela @sdess) anlsuhgtrates posiianed riacat deastaome raubstratstprocessing

EBEr bt it £FoRERHS ek Rzt ST NG cassette, a second
pfrieeEbiag rask tHie cohipilsep! chgash@grcﬁmbf fwaoon tnlbee Eubstiate processing
de and the cassette, a second processing rack that

Si . ecor ]
¢ PiSs _ééé.‘Ck@ds & A avejhierip dtif’?'@% B’l”‘eﬁQ_iF ethgy _B‘Q’Pr gf gnore substrate
S S| . . [ i .
oRFBSER PRIV SHSFLH NG S BFLUER 1 ccess o
sihizsteata grocessisg dhaendieradihegethtaryh, artchiar secbnde cebainagsembly that

access the substrate prqgessing, chanber her et hr oygh, . .
CGRRTRs  AoPt Bret Sl AT A ScaoneSebot R aifierain the firs
r{ﬂ% fb?adié’QHH RbatRon@Ndodt DRERNErd 8pRtedPha@i8iantBeaRiM wherein the

irst robot blade and the second robot bl ade are
seqk thhwt dissembpeisapdaptedibaaasiess teheubwata pasdiomed in at least two

ssenbly is adapted,to access.a, substrate sitioped .
SRS, Aroefe i bR 8 BB BN SR R DI HRE secona side
siitdtahtidyospedtdh@ousik ahdoatdde acsamstratbdgositioned in at least one

substantially simultaneously and access a substrate

sysirate dHeaessinGchagpar ipnthes 6BeANthiPEOGHSSINGS E3Gkgfrom the third side
i nd processing rack fromthe third
s@%&#ﬁa{%ﬁ% fSn I y X

e su a i mul taneously. [0018] Enbodi nments
[oofs]t Embioakraantsool ther inkentiqrr Gutiae @Erovidesa etusteroloof éor processing a

processing a substrate, conprisi n%* a cassette that

is
SURRIFAIRCABPEYAT R FaB5RIS fhahd? @0aRit loagIain two,pr Figre Substrates,
18 RtRbILEYSLARBYcI6PENBRAMbel? 12 oMRidte BirBEESThd Ghambers selected
chanbers sel ected
from a group consisting of a bake chamber, a HMDS process chamber or a PEB
chamber, and a transferring system consisting essentially of: a first robot that is
adapted to access a substrate positioned in at least one of the coater/developer
chambers, at least one of the processing chambers and the cassette, and a second
robot assembly that is adapted to access a substrate positioned in at least one of
the coater/developer chambers and at least one of the processing chambers,

wherein the second robot comprises a robot, a first robot blade connected to the
9



froma group consisting of a bake chanber, a HVDS

process chanber or a PEB chanber, and a transferring
W@ y®bee3ennsi sting essentially of: a first robetT/UBBDS/046877

is adapted to access a substrate positioned in at

| east one of the coater/devel oper chanbers, at | east

one of the processing chanbers and the cassette, and a

second robot assenbly that is adapted to access a
robubsarrdaiaesecmid irohmdbiadead:orimd doethef rabdog and positioned a fixed

coater/dev 0 hanber s | east one of e, .
iFRaEe A TERb st TARET blEte: RENBRbfne PepoRd obot is adapted to
act8eR Tolt st D Oél%stra@e Eb&ﬁlbné@ hiotat ad Giw6QFHé$§r‘}’é‘@l/éléber chambers
t her obot , a second robot bl ade connected to
subetarmaummrpuuamemmad aadf atx@castjuo@eawwaqmarnosﬁmﬂdt Ineat least two
rst ropot bl ad@jé t%I{I)r}er”el n tEe second robot is adapted
prPSGSO'Fé'l%g argpe[se% Sty pyot %reeeou& itioned in at
[001BREMbYAINTARE OF (HEMOERRST frthaiprREHdS WanbMYd Blok¥ssing substrates
simul taneously and at | east one substrate positioned
inj & clusteedeel thad perdainss Mfinie aprvepssisg belatians and, robots that are
A t t
capaPlt bf PSS H o B, sEORPAeEa8 hsflely othe, ki 9 processing a

sublstrateein haslistehddol cont@isiey:nnkéitipheatpleasesse n;glbstrate into each of
stations and robots that are capabl e of i

tweut mere: vetisatly stacked Progesaing Fhamiersin Rdistarocessing rack using
t IS : ;
a ﬂfsqqstﬁ(?ﬂhgﬂo@eﬁgﬂggfﬁeagﬁoét és G Wsd o &%o?gﬁfﬁeﬁgiﬂgrchambem in

I 'nser t one substrate into eac
thedirst peadesssialgl rack! aerkedngrtbeesgistptes froie tise itwozorf incse vertically

rocessi ng rac Si n i rst, robot, roc si.ng .t he .
StECIEE PracBes haTRe Bithmdre! st N b Ekangqusty using a
setc'aﬁdfr‘ob& HFrRAGASHILy tRsferfif Mb%ﬂs'ﬁ@té&b&tt\ﬁ/@t&‘smore vertically

fromthe two or rmre verti cal stacked processing

statkatbprosepsing lehambers in acsecamgspragessingyack using the second robot,

o] bR US4, B8 d g (HALA07 Btk processin

chain@tsei e th HePSEsHHIdgroes ¥SCK Uisifg $6€ e8cbrid abrssi ng
rack using the second robot, and depositing the

[oﬁépﬁrh%éﬁnédisté\‘etﬂé’\%\@ntﬁﬁrﬁth\I‘\%rrtbr‘éQIdey aShsthéd of processing a
processi ng chanbers in the second processing rack

substrate inhe ch@temcokmpnsmgozs?rtmbaidea@mr@ @ibstrate in two or more

veg{]cbaglgtsg%ék Ho%%%sn% c}m' gz?‘s f@p“ Sﬁtod.%rs Sr%'{:ﬁ%sﬂ’\aq a first robot,

prb€@sding® the sslitsstiadd < i r’th"emm/o)rornmbee \Wbtde@ﬁhd; )cr&haﬁéfedm the first
processing chanbers in a first processing rack u5|ng
ProcesRing Bt , repryinG e gUPREalesEe £OMaEsWa of KEoraedRally stacked

pr@é&nﬁ%%ﬁﬁﬁ@bﬁg irf (HBRE f)l[dd%stsﬁ‘ﬁ fdck%ub’%fé?ﬁ%ﬁ? IsfAuk&Tously using

renovi Bstrates from t two or
a secdmd:aibcy whamneaierpoumgsther@b(shﬂat@ehmhan cphmrfsessteposmomng a
0 rack  subst ant i neousl
roBaCBRGR Bnetisndpes rPeAR? Sfaptd PhpPHE prevent the

bI&@EMFINS YoceE§IRGSA HirtVdrlically stacked processmg chamber, positioning a
robot blade that is separately connected to the support in a second vertically stacked
processing chamber, positioning a substrate positioned in the second vertically
stacked processing chamber on the robot blade, and removing the robot blade from

the second vertically stacked processing chamber, and transferring the substrate to
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robot bl ade connected to a support attached to the
second robot to prevent the blade from accessing a
wo pooseoserti cal |y stacked processi ng chanber, PCT/US2005/046877
positioning a robot blade that is separately connected
to the support in a second vertically stacked
processi ng chanber, positioning a substrate positioned
in the second vertically stacked processi ng chanber on
a tdeRoh@bsdt 61 ale, oraRtbreevenitally shekeabsiockbsidg évambémeusing the
second vertically stacked processi ng chanber, and
sqaoafsPBPYi ng the substrate toa second set of two or
nore vertically stacked processing chanbers using the '
[0621¢ omnbodimoents 0021¢ immerdivinniuitheropravide ianveethpdnof processing a

Sl B R BT R 3, et pBHAERATRE touon a v

sigFttvat & ildre wahticallf istadkesl f@cebsihghaimbars gositioned in a cluster
vertically stacked processi ng chanbers positioned in a

toel wsing a: Hest @HohgPECGESFRY Hish Sbstsalgsels thyy Rregessing chambers,

. . _ . ¢ '

AT Br "B R3S S b T it vrtaly

statked yeoddssitld vhambekse dupsiantially simakerdoarsty using a second robot,
substantial ly is‘i nul ;t?\meously usi ng,a, second

i r obot s ,
siianeeksls tensTaTRALRE OB e (I SHATER (02 JRSUEH-RQStion Using
thﬁ%gggqg%{)&d position using the second robot. [0022]
0

Iments of the invention further provide a nethod
[ogiz&ppé%%gﬁﬁﬁgrqsaoisHﬁétiﬁ%rﬁynnf@nl‘?érupF&fidé ®Plmethod of processing a
Onprising. renbving a substrate ffoma cassette using
substiali®in aiohsstet tory canfprisiiy: seimsvingt & substaatkifrah a cassette using a
processi ng chanber adjacent| ositioned tqQ a second .
rofpbaBseTig & HiaRlost Ao g 143 RTRE0FHIRg CIaTeg aKhrpt positioned

tocgm%ﬁdfﬁl%%gaﬁ% rprié%ﬁﬁﬁfdnﬂ?e ¢PRTHBEeSing .chamber from the

positioning a shutter betwee e first procesSing )
sexdoaabprocaasing hehaseloembly posidieossing shdterdrgtweéies gbasfiray processing

a processing fluid on the surface of the. substrate. .
clBbeT FROLG Aesas prtesiiactiasiiety dispeniod TRIGsEng fluid on the
s 6f fRNBEsdtRtde tpbstidiedi i BheSMen prétkssingf EMamber using a nozzle

inserting a second substrate in the second processing

canested to arfluididipensingysysteme insesting arsagoad gvbstrate in the second
o3k 566 SRRt AT BRReRUS L BlebeBRRL BT BH the shiffie of the second

substidie pobitiodediis fien s eoond pricessingABhbdmiming theehezzlé connected
the jnvention further provide a nmethod of processing a

todhgdluiddisPeRsiRISYE¥&r t ool conprising: positioning a
substrate on a substrate exchangi ng device in a first

[0p233 cabiodinentank the Haventioradyifeamprovigpat methed el pgocessing a
S\fofsg%%j higr gﬁggjﬁé;r?g&&a@ﬁbrisihb?"b%fsﬁforn'ir{@ 4 NRLSHAR ' & substrate
exchanging device in a first processing chamber that is adjacently positioned to a
second processing chamber, transferring the substrate from the substrate
exchanging device in the first processing chamber to a substrate receiving surface
of a chilled robot blade, wherein the substrate receiving surface is adapted to control
the temperature of the substrate retained thereon, transferring the substrate to the
second processing chamber using the chilled robot blade, and transferring the
substrate to a third processing chamber using the chilled robot blade, wherein the
third processing chamber is adjacent to the second processing chamber.
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exchangi ng device in the first processing chanber to a
substrate receiving surface of a chilled robot bl ade,
wWob@606934t he substrate receiving surface i s admpr/es2008046877

control the tenperature of the substrate retained

thereon, transferring the substrate to the second

processi ng chanber using the chilled robot bl ade, and

transferring the substrate to a third processing

[eRIERRbMERES R BB [vedtib®akhbl atevidehgr @lethdd®f processing a

third processing chanber is adjacent to the second

spbslsatesim@ ctustBetoplooRmprisiig dPeEheringf at sebstratenen oa substrate
i d . nr ' . st | e

ekt baNelis ™ 8 5t SRS ipBL IR R i deRE pigitioned to a

saconds pradeg sigC hazantvey, deghseriimg atHd r slibgiraee e$@ingthe  substrate

chanber that is adjacently positioned to a second .

eyelRRaiBg KgviasaRnibe, first RIseerNOdamkersipna suksate tpeiving surface

of A& rldsiohat Ela%éf:m@géiﬁ ghé’%ﬁb&?atb%&@i@in@! duttace is adapted to control

processi ng chanmber to a substrate recelVing surface of

thee tdrnpérduneobiothebsdtrtrateetagiad thesesnibsamsferingethel subsirate to the

sstpad PiRestsRieLPHtoEhUF Barhe: RS B oo heheling P substrate in
theé sbbh P BRIRAsPGRHRPIEIGo 888 teThpérallie, fBhéfefthg the substrate
robot bl ade, heating the substrate in the second

tpradbisdi prgcessing esharnober deinigr the cbitledr sahateblade, wherein the third

transferring the s tr .rd processin .
PSRRI SRR AR 30 % Saford RS eRErEHgr, and cooling the
stbstrtelih 6@ SHidGroebasing chambad i@ aeidsired tempesatannd

processing chanber, and cooling the substrate in the
(40357 EnRBRRPt Gf CthaMRREeNtioh FuAREH IREvIHBNREMBINLE of processing a

[ 0025] Enbodi nents of the invention further provide a
spbstnale of apchistaysiany corspiiging.atrensierang |aisubstratsolfrom a cassette

conpr.isi.ng: t f ' t :

BERLGRG ohbREF Tk AsD B, M et &l BiEREL I tho cluster
t661S 86iripfeting & HirRil frdcédsindetal vat &subeirhte @PRAPpRICEBSING chamber,
final processing step on a substrate in a processi ng .
tignaiasang the AP BRI Hgm He pressassigechamhet fie a chill chamber that is

' , il . i .
oPEBSEEFL I EAATRSI Prdedll g WA tho S, AAER Hom e i
chaibnber i thef caspettbe chill chanber to the cassette. '

BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0026] So that the
BRIEFEDESCRIPTIONIOE THEDRAWINGS] features of the

present 1 nvention can be understood in detail, a nore

[0026] iU kiRt SRS GhadHdrom hidthanhe nyssVd @Bcitdd if€atuves of the present
“sunmari zed above, ma(}/ be had by reference to _ _
invendan went ke usdenstasd inhdetail aa enerel pastiewaedeserintia of the invention,

TR 251 5, o 35, A IS ARSI somo o whih
aegrlimgbtreed Sn othet Appsendattrawimgand laie to be noted, however, that the

appended drawings illustrate only typical embodiments of this invention and are

therefore not to be considered limiting of its scope, for the invention may admit to

other equaliy effective embodiments.

[0027] Figure 1A is an isometric view illustrating a cluster tool according to an

embodiment of the invention.
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therefore not to be considered limting of its scope,
for the invention may admt to other equally effective
wepwedessent s. [ 0027] Figure 1A is an isonetri CPEUI/B82005/046877
illustrating a cluster tool according to an enbodi nment
of the invention.[0028] Figure 1B is a plan view of
the processing systemillustrated in Figure 1A wherein
the present invention may be used to advantage. [0029]
[00R&UFRyuIE 1B iR0HIAAT vieWOsEIHE BrobedWing kwémamumat@d in Figure 1A
view fromthe opposite side shown in Figure 1A. [0030]
whegrip dhe presenyinyeation imay bedsed to advaniege. anot her
enbodi ment of cluster tool that only contains a front
[oorq] Figiue C ishandthesisatmgtie dievoillustrating @atiewirarn the opposite side
telﬁpeFlscan{?r tool. [0031] Figure 2B is a plan view
SEPWH 17 9K es anot her enbodi nent of cluster tool

t hat _only cont ai s a. st one front, end dul e.
opORSEIOu G & Bcoine viSwi et DhelRie-antnpy eriBadiSnt of cluster tool
tf%@cﬁrnyerco%@ﬁghal"?r%at ht @ndChieHuld, Wakh "shé‘&aﬁeatt%' 8§mﬁ1unlcate with a

front” end nod nd a central nodul e, wherein
stepper/atannetddel. i s adapted to conmunicate with a

st epper/scanner tool. [0033] Figure 2D is a plan view
[obmqt Figure 2B & a3planondswrthan‘diuslirmest ardthel eatbexdirhent of cluster tool

hat contajns a front e central nodul e and
tr}?t CBly CoRlaNE & Standiatone {]rﬂ%t f@im%ﬁ%ﬂ e contains a
first rear d)r ocessing rack and a second rear
[g?AcEiIragG icr RiAG ek thakilupbpies a&otaaasmderaent of cluster tool

tf‘%&%fﬁlﬁ@ efraﬂttéhoan?)td%%ogﬁé SCAEMR rh L\JBP%H\ tﬁ% g:gﬁﬁ'al module

I's a pllan”view of a processing sys ustra
isi addpted te cdmymurlicdte eatht ausrm)par/tsmamnerdabler/ devel oper
chanber 350 and integrated bake/chill chanmber 800

[00B®" Figuré 2 Ry assiah viewanai dostratesbandthed etrtbodiment of cluster tool
advantage. [0035] Figure 2F is a plan view that
that icostaing as r%mcﬁﬂﬁjemoé'h‘fﬁ)cﬁ penffalgnodylgsand atrgar magkie, wherein the

reca‘?gﬁ?ﬂ ME! Vﬁi&n‘iﬁ%‘g Jﬁ@re@?%ﬁ%@s\%@ﬁfbpr%cﬁ% é‘lseeéﬁ’(ﬁ?éasr' pt8cessing rack

cont rocessing rac
aﬁ@ﬂ%}eaﬁlrghons&@apsemtommnmwhmme with a steppéer/scamer tool.
anot her enbodi ment of cluster tool that contains a

[obsANFigRingl 2E0idLA planceiBivi ¢fl a prassssikigngystedullesteatdd an IFgure 1A, that
processi ng nodul e, which each contain two processin

confains. a[mppapqréigvglogqr,@ag\tpﬁra%%aﬁg\g integrated bake/chill chamber
80 WHRIrEAAS pRAGU v iBA thalPBE REA T %abs.;atageol t hat

contalns a ront en e an a centra rocessi ng
[oHPéi“kFgurMFCE Saﬁgn view that illustrates another embodiment of cluster tool

that contains a front end module and a central processing module, which each

contain two processing racks.

[0036] Figure 2G is a plan view that illustrates another embodiment of cluster tool
that contains a front end module, central processing module and a rear processing

module, which each contain two processing racks.

[0037] Figure 2H is a plan view that illustrates another embodiment of cluster tool
that contains a front end module and a central processing module, which each
contain two processing racks and a slide assembly to allow the base of the front end

and central robots to translate.
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contain two processing racks and a slide assenbly to
all ow the base of the front end and central robots to

wo eandbatie. [ 0038] Figure 2 1 is a plan view t hBCT/US2005/046877
il lustrates another enbodi ment of cluster tool that
contains a front end nodul e, central processing nodul e
and a rear processing nodul e, which each contain two
processi ng racks and two slide assenblies to allow the

[obs¥3 eFighird BEisf4 plih wed thatintstedtes @bothea b edimehobbElEster tool that
to translate. [0039] Figure 3A illustrates one

cantavai adffentopnd prdules Cb@l diieecsaind anedwlg gad idgear processing
e ; . | 0 .
BB SRS S cBEA o BrodEBS b RE Al EPBIAeRbs 0 allow
thedssei dfabe fiwntiend, ¢€itdddrotbotaardereaB rothdte o taingmtenot her
enbodi nent of a process sequence containing various

[0B39PCRigEIrd 63N [BusifReS drivatenitrydiment s da i proeess WegueAte containing
with the vari ous enbodi ments of the cluster tool

vafiousr PIRE@sReresing stery atFngyr ke 3esqd iy fonjunesioansitihdhe various
o ABBAMARE t Ho BBIAGETREAYER RErRN! @i i ng vari ous

process reci pe steps that may be used in conjunction

i th_t h ' nbodi f. th | ust t ool -
ol 0BG, SN BRFe P BIRE e Bpeiriol & 4 THeine < Faqperng containing
varldugspfctie@s it RS Rt maly béeusddmi comflrition ewhh Ble various

rack 52 according to the present invention. [0043]

empbgdiments of hexclybigs toeldgscrled heraids r at es one

enbodi nent of the first processing rack 152 accordi ng
[oe41] t Figure 8€eifiusiralesranather embodimentyefr @ piEess seqliamee containing

view that illustrates gne embodi nent, of the secaond. .
valBi bERies® i<, 2l B Ry Fs Tkt B soafiet6R Wit the various
ernBu@itierns of HHO4IBbtdritasIdeséibéd hargih de vi ew t hat

illustrates one enbodi nent of the rear processing rack

(06437 BigGRS diAngs bosidBeviBhverRRtinddiess ide ehfMddfthel MK front end
4E'is"a side view that illustrates one enbodi nent of

prokessing sacl saacpesiing ki thg prasentdogentitor di ng to the
present invention. [0047] Figure 4F is a side view
[o043at FigliteiAB aisea wide evidwdihat nillusfratelse osec embadiaent of the first

rocessi nq rack 304, accordi ng to.the present
PrORESSIRG GRCK | BB ASFOTEINE g @IFsent IRventel vi ew t hat
illustrates aqne enbodinent of the first praqocessin

(MU AP R iR FIWEnaT dlbistiates Aste PBIPOGDBAD P! the second
prokgulifia thtH #54 aBboiRing @neliRbsdhlinpdriRies _one
enmnodl t proces

nt o e second sing rack 309 according

[oé%éf/v ?ng{ ezf[ﬁnfs iamé i\f?é\/v[Qw%ggajugljr&%epﬁ?ﬁghﬁo;ﬁisrﬁélqe of the rear

| Ust'rates one e rment o
proeassiag rack 202 according to the present invention.

[0046] Figure 4E is a side view that illustrates one embodiment of the first rear

processing rack 302 according to the present invention.

[0047] Figure 4F is a side view that illustrates one embodiment of the second rear

processing rack 304 according to the present invention.

[0048] Figure 4G is a side view that illustrates one embodiment of the first

processing rack 308 according to the present invention.

[0o049] Figure 4H is a side view that illustrates one embodiment of the second

processing rack 309 according to the present invention.
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processing rack 312 and the first rear processing rack

318, according to the present invention. [0051] Figure
wddooemew4si de view that illustrates one enbodi PENUSDHDS/046877

the second central processing rack 314 and the second

rear processing rack 319, according to the present

i nvention. [0052] Figure 4K is a side viewthat

illustrates one enbodi nent of the first processing
[0059F KFig22 arC@prdside viewtthat iluesatds bAsesthbedimdr@@3he first central

Figure SAis a side viewthat illustrates one
Prea@sinrErek 312 anddbe drstdRanBEICeRABBLRRK 318, BP@%@HIQ to the present
inVdMiRRt i on nay be used to advantage. [0054] Figure 5B

IS a side view that illustrates one enbodi nent of a

t h e er.ej [ '
0T Ao RLATRER YRS R ARG T BERLLA T fnd Becond cenvra
probedsimgd Irask raueana nhe esdvonidnrzzr rocassingtrack gngelqaeerding to the
chamber that contains a showerhead assenbly wherein
PresRMIPREIAN. i nventi on may be used to advant age [ 0056]
Figure SDis a side viewthat illustrates one '
[oeszh ddgwientdkofisaadeidel oy Glaanilestraleer ena emboginerinf the first

prbB BT AR A SRS e Ol et of the

fluid source assenbly. 8 igure 6B is an, expl oded
ogs3h RoFRESA i SHE IR Rl JRiStiali 7S e dimat Shh cO8ter chamber
wt@ééﬁmthpre[s&Qﬁﬂl/erﬁicﬁﬂh%%/% iddd Rt ddisage Pl an vi ew of

one enbodi ment of a coafer chamber that contains a

I )

O o™ 158 e e IRy aB Gng SARUeR, of 2 cgpter chamber
whereirctiequieaentt ineéntiorcimay de udesthioeadvamdageont ai ns a

fluid dispense armthat has a two degrees of freedom
[0dsBPEFigurei gbCe iBA d ssialesi viewvi teat ofllustrateznbonk mentbazfiment of a

t he devel oper, chanber 60B that contains a devel oper )
coatRilsisvelonsis: EhemPeasbahttgNangoa @B@Wmaghraéssgl%?xs wherein  the

pr@éé’r?t%\?erﬂﬁinr}ﬂgg%*e%é&%%é\/énia{ﬂé’ ove the endpoint

detection process described i conjunction with Figure

tion process described 1 c |
o FHAIEISE ne, Skl MfifietorBY e MAATRA T, developer

chantyariwtierdiet thetpresarstisrvdaition1#ha) bel WEaio ddvgintageA is a
plan view of a twi n coater/devel oper chanmber 350
[00%?F Figurdg6R0is an exploded isometric view of one embodiment of the fluid

source assembly.

[0058] Figure 6B is an exploded isometric view of one embodiment of the fluid

source assembly.

[0059] Figure 7A illustrates a plan view of one embodiment of a coater chamber that

contains a fluid dispense arm that has a single degree of freedom.

[0060] Figure 7B illustrates a plan view of one embodiment of a coater chamber that

contains a fluid dispense arm that has a two degrees of freedom.

[0061] Figure 8A is a side view of one embodiment of the developer chamber 60B

that contains a developer endpoint detector assembly 1400.
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the present invention. [0065] Figure 9B is a plan view
of a tw n coater/devel oper chanber 350 according to
wa twepsssent i nvention. [0066] Figure 10A is aPGI/U2005/046877
view that illustrates one enbodi mrent of a chill
chanmber wherein the present invention may be used to
advantage. [0067] Figure 10B is a side viewthat
illustrates one enbodi mrent of a bake chanber wherein
[0deBf FAGRBESI i5NYBBesP Methyd kAepsfdd © Afyveade. ehdBfifl detection
Figure 10Cis a side viewthat illustrates one
preegssdieashibedfin gorivpelion wibddgeieslber wherein the
present invention may be used to advantage. [0069]
[odBap tigure0BT iis aasidie daewiaverichambiodiraentr oft the deneloper chamber 60B

R S i Gt PRU L REasoay ph iAo o

advant age, . [ 007 Fi 1A | i i hat .
o) Bhran kR P et S8 e aH e according to
th?g)é%éﬁ]tmubﬁ. rapi dly heat and cool a substrate.

Figure 12A is a side view of a bake chanber,

' ' ' I35 &ccording t
O5E SR 195 ARl S N R e A S fecoring to
thé Pogsint Mvgmtien12B is a side view of a bake chanber,
PEB chanber or HVDS process chanber that contains

[ods8P tFigree NI BEIHe alevt fitatpnesteges endpermbbdidedre adfizpohill chamber
system [0073] Figure 12C is process nethod step used

WHQJ'GIWSCRI@S@Wéméﬁgm may derusad 19Agyehtads described in
conjunction with Figures 12A-B.[0074] Figure 13Ais a

[oas7H Figurewl @ ima sidrowieyl gt dlughptas emaemiqdirgepteka bgke chamber

nhodi f, . i d
WP PR AT R et e, P 0o
100HHE Fig ot froh e Eow Bl as i hpPgfpd ol MBS process
chaMtblwidrei Belotbsdiit idvéritRmSmMas bl edd toddRMnBigey seed

crystal i1 nbedded in the surface of the plate assenbly

[oiéggvmglin‘é ﬁblﬁﬁ’é? s]&“vieh?@%?]llu@rﬁf&s%ﬂ@?rﬂb%dﬁnent of a PosEe Exposure

ss=sectional view o seed crystal 1 nbedded in th
Baker (RER) dfaniher wherein thesprebent iskeniron malyibguused Byadvantage.
that has a selectively deposited |layer on its surface.
[0070] Figure 11A is side view that illustrates one embodiment of a plate assembly

that may be used to rapidly heat and cool a substrate.

[0071] Figure 12A is a side view of a bake chamber, PEB chamber or HMDS
process chamber that contains one embodiment of a process endpoint detection

system.

[0072] Figure 12B is a side view of a bake chamber, PEB chamber or HMDS
process chamber that contains another embodiment of the process endpoint

detection system.

[0073] Figure 12C is process method step used to improve the endpoint detection

process described in conjunction with Figures 12A-B.
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[0078] Figure 14A is a plan view of a processing
systemillustrated in Figure 1B that illustrates a

wo ean®ésrl path of a substrate through the cl usPer/Usm0$/046877
followi ng the process sequence illustrated in Figure
3A. [0079] Figure 14B is a plan view of a processing
systemillustrated in Figure 2F that illustrates a
transfer path of a substrate through the cluster tool

(obad)! Pigurg tdre |§r@0§§§ vewuenee proddssirgicadniber Fihaurikustrates one
3A. [0080] Figure 15A is an isonetric view

emppdipent ¢hg asasHhlvdhat bas imprayeddhermal cepplingeand reduced
c@égwtqgéé E@éstfr‘aqg‘sﬁhaéea frog-leg robot. [0081]

an view of a proceSS| ng system

IOP%%JEEiQUE‘%q%%s% 720,485 T8 & e Bl 2Bl Rhown in Figure

18Al ustrati ng one enbodlnent of a frog-1eg robot
assenbly according to the present invention. [0083]

[oE#ijUF@uléQSG i3 B! @Bsd-sevtidHal avibwost l228eb8&ysb SaMRUYed in the
thé invention. [0084] Figure 16A is an isonetric

sumfecw ofl theqalatetagsgmiry seewo dn figwe dBAa dual bl ade 6-
axis articul ated robot assenbly according to the
[oprASsEigure nweDltieozm crp698BttidriajwiewléBa sead ¢rystabtimbedded in the

VI ew i ustr nmbodi nt 0 h al bl ade.. .
bt (el ety sFOWGR Ttese] 34 fhal a5 ecs Settyely deposited
|ag§paﬁt,tglsq"ﬁébgyv il ust rating one enbodi nent of the dual
I ade assenbly shown in Figure 16A. [0087] Figure 16D

bSe12Big | i
[oﬁe‘gagggf@glﬁg‘r él‘aﬁ‘r’r\’/be\{\/r dg'%lg é\ﬁ%b@ggggg?gmig%}s%%d f Figure 1B that

ilattrates atransfeapaih ¢fid shbdietetizougbibe chisterdsol foll088Ig the process
%}gq%. 6I§ illustrates.a cross-sectional view of an
AHrateddn §I9Mre Bhade assembly where a si ngl e
bl ade. has been extended to access a substr
(0828 skiguge 1ABds soplagsdewinf 2 PTOsEsaNImYsiae "E’@Hai%d iFigure 2F that
I
lllgﬂ%‘?’s 6d ﬁar.‘féf@Q’Péfh 3154 S@hdiPA ?r‘i‘r%u eﬁg:c{}]% r t8bl @II§\9V|?\%| the process

-axi s ticul ated robot a erein th
sequeswetillustveded imnRigusy 3Be used to advant age. [ 0090]
Figure 16Gis an isonetric view illustrating one
[oesd]oﬂigmwn 50f istdreispinmglie vidvadistatingldne sinbodinent of a cluster tool
gure 16F. 0091 Figure 16H is an isonetric view
Of tIhI“"‘LJ§‘t"i”351tq’h'§1 bﬁ‘éméf%”o%ﬁﬁ%‘n‘?g B4 dual bl ade 6- axis
articul ated robot assenbl¥ and slide assenbly o
[0g8 Yol @ung 158 she plareyE@y of a processing system illastrated in Figure 15A,

according to the present invention.

[0082] Figure 15C is an isometric view illustrating one embodiment of a frog-leg

robot assembly according to the present invention.
(0083} Figure 15D is a plan view of a frog-leg robot assembly of the invention.

[0084] Figure 16A is an isometric view illustrating one embodiment of a dual blade 6-

axis articulated robot assembly according to the present invention.

[ooss] Figure 16B is an isometric view illustrating one embodiment of the dual blade

assembly shown in Figure 16A.
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invention. [0092] Figure 161 illustrates a
cross-sectional view of a dual blade assenbly where
w0 bmolobades are positioned to transfer substraP@sUSI005046877
in a pair of cassettes. [0093] Figure 17A is an
isometric view of one enbodi nent of a bake chanber, a
chill chanber and a robot adapted to transfer the
substrate between the chanbers. [0094] Figure 17B is
[084b] | BIQURS N6C i¥iaPWWsOinetitevieRtingktraitly e anbidimeniaditae dual blade
a chil'l chanmber and a robot adapted to transfer the
aga@mRlly shewpdprguret Hif.chanbers. [0095] Figure 17Cis
an isonetric view showi ng the opposing side of the
[00873 WFightenih6 Dris RingiaomelricAvialyi idustratingsome eabodireento@fdhe dual blade

a adiﬁﬂi%?%&é FH0R i ol BNSME e Bl Blrh b8Gyasn ropot blades.
OB G BPE Alusiates At s PEoGr AL RIS Ayt KvesHRae] Wge dual blade
as%e‘n?olgfwﬁ@r% Y §W ReMUd Rabl BeEe cl@thadl &0 ddckustd auBstrate in a

the robot ad apte to transfer the substrate between

cadsettehmaimpodasE®ldy. Fi gure 19A is a plan view t hat

il lustrates another enbodi ment of cluster tool and
[oesggplﬁigufscaﬁnerant|90r|netnmheiew itlrstragtingpeues eadadiraent of a single blade

Earate fromthe cluster toal. The steprer/ canner
ficuiated rohet peRCRYNIBPTSA:tbgr BiGSEN iRVSNHiQE may be used to

I'scanner. [0099] Figure 19B illustrates one

ment of a process sequence containing various

e
c i e ' ;
BRSPS BT, SRR W R b SR e sl

blade Risgambhylsfowh 0DER@Ie FEGUre 20A is a SI de VI ew of
the robot illustrated in Figure 16A which is used in a

[0PF19CEiga I Y6 HAS &nqmﬁeg@rﬁéwmms&ﬂaamglcmecanbogmm df @ dual blade 6-
conformto the robot's reach. [00101] Figure 20B is an

axig onickliated ook rnseEIbly: nasdi sheet aéﬁe@bb’r seesrding toadke present
mg%n(fdrguratl on that is adapted to conformto the reach
a robot having a central nounting point. [00102]

o5 18, BT o B 3t 2RI DR wer

thei lJades drelfositorfeddioatfavdferns istidies froacieiss paig of passines.
illustrated in Figure 2 1A, according to the present

[o'béﬁi GP@U%‘WA is an isometric view of one embodiment of a bake chamber, a chill

chamber and a robot adapted to transfer the substrate between the chambers.

[0094] Figure 17B is an isometric view of one embodiment of a bake chamber, a chill

chamber and a robot adapted to transfer the substrate between the chambers.

[oo9s] Figure 17C is an isometric view showing the opposing side of the view shown
in Figure 17A which illustrates the robot adapted to transfer the substrate between

the chambers.

[0096] Figure 18A is an isometric view of one embodiment of a bake/chill chamber
800.

[0097) Figure 18B is an isometric view showing the opposing side of the view shown
in Figure 18A which illustrates the robot adapted to transfer the substrate between

the chambers.
18



[00104] Figure 2 1Cis a side view of the processing

systemillustrated in Figure 2 1A, according to the
w@e@s®eeu34i nventi on. [00105] Figure 2 1D is a sSPCBEUS108M046877

that illustrates one enbodi ment of the first

processi ng rack 460 of the cluster tool illustrated in

Figure 2 1A [00106] Figure 2 1E is a side viewthat
illustrates one enbodi nent of the second processing

[0088K Fiftlte a@r0 <l Hhar i ehatriliatiates AnetHdramboAMERT bof cluster tool
Fi gure 2 1F illustrates gne enbodi nent of a process

a8d RiepReY/SEaRNar mqigwhafe s SiaPpeEscanneyi iseseaaé@@dtfm the cluster

Y BfeUs ng
Y LSS EAATERL R N 40 I Qe rrted mo
sfeppe@8tamiagure 2 1Gis an isonetric viewill ust rat| ng

one enbodi nent of a robot that nay be adapted to

[dovgin Ficire SIUB tilgstRfies Hneatimbosinesmodi reptscest $éfuence containing
cluster tool.[Q0109] Fi %;re 2 IHis an iIsonetric view

VRNPUSs ragessy er@e eﬁ%@%.t hinayf bg pearbiin strsukNGtionFvghr e various
Erhb]o(alﬁlgﬁfs ditthd IR R¥ertodl SHtvh ﬁ\r LRPPEA. N this view

e encl osure conponents have en renoved. [00110]

B & AR OB 4 o LB R, v oo
irta @%(ﬁe?ss%gl@c&lwnﬁgllﬂdtloh @Rl koRfigured 18 %nfdrh}lﬁi thatreBot’s reach.
an isometric view of processing chanbers retained in a

[db'i@ﬁ ERRI8 RORGK ahhBbnitNE view dRstHet @mB@éirﬁérﬁnofea r[:S?lbcessmg rack
det ectlon and correction systems nounted outside each

configuration dhaisngdapteeTial caromEScRhPTIe@RN| @foa rebpt MiAeing a central
”ﬁ%ﬁﬁ@ ri}venu on gener ally provides an apparatus and
RS processi ng substrates using a multi-chanber
rocessin stem.(e. a cl. ster t ool ), that has an
BB SR AR oo e iR Fingeander Bmbodment of a cluster

tdcﬁlolfg{ginlvgm,o,{mre repeat abl e wafer processing history
(or wafer history) within the cluster tool, and also a

[Joﬁgig @EE %thOE' é‘i}lla‘?‘f vu%“ﬁoﬁh@%r@&és%{; sgét'én?ﬂ%s}rated in Figure 21A,

uster tool to performa
atearding tiotthegregpdnt ipvesdions i n which a substrate is
coated with a photosensitive material, is then

[doned) Efgere &d G i & skiecpiper dfstharprecessihg chstexp duistratetein Figure 21A,
phot osensjtive nmaterial to some formof radiation to
aF?RrﬁirEQ tﬁé&‘?é’ﬁﬁs?m IRYROUOR0t osensi tive material, and
then certain _portions of t hot osensi tive mat eri al )
[09195] Figs@ ed 1P nisa ad side dﬁﬁ"ﬁg‘hﬁf dw@@t@%n@n%t@abpﬁmm of the first

AR oo A g e o

[o0106]Figure 21E is a side view that illustrates one embodiment of the second

processing rack 480 according to the present invention.

[00107]Figure 21F illustrates one embodiment of a process sequence containing
various process recipe steps that may be used in conjunction with the various

embodiments of the cluster tool described herein.

[00108] Figure 21G is an isometric view illustrating one embodiment of a robot that

may be adapted to transfer substrates in various embodiments of the cluster tool.
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that illustrates a nunber of the aspects of the

present invention that may be used to advantage. One
weeowedessent of the cluster tool 10, as il ustretBUSions/ 046877

Fi gures 1A and 1C, contains a front end nodul e 50, a

central nodul e 150, and a rear nodul e 200. The front

end nodul e 50 generally contains one or nore pod

assenblies 105 (e.g., itens 105A-D), a front end robot

[0b@6o) Erdue e HLB) an foehetrit Muw |I©@damﬁ?’©ﬁ§9énm§bdlméht BPa robot shown
The central nodule 150 will generally contain a first

incEigureP 16y ihab ytiizes & sipgleramm r%b@ed@mjs ¥igyy thg enclosure components
h%@%%ﬁ rggw(/gak 154, and a central robot 107 (Figure

e rear nmodule 200 will generally contain a rear

B PERIURTR et it viialuo o 0% smbfhleont 3 a norzomtal

nidtiontagseenblp BROWAGS Faglaes 2dG an@etEiss processi ng
chanbers in the front end processing rack52; a central

[doQ’PﬁFlgmg Zﬁﬂluéﬁat@g%\‘ﬁ REnicri@ees8f Bfo%@@ﬁﬁg%ambers retained in a
chanbers in the front end processing rack
pragessingenachalthal dewes Angubsicate 1 positioheewer siedeation ramd correction

essin d ar processing rack
Sgﬁgﬁ’ arﬁaugtelgg%lhsﬁgbeoa}%%gﬁglﬁgﬁepiggdapt ed to access
wi B in the rear processing rack 202
change substrates with a
%Fq_ er/ scanner_ 5 (Figure 18} I n one enbodi nent,
[%’H 1Th

e PEsent 1'5!@)6"%0"!3&%1%@% ProYidasrat appaRiust é§d method for
pﬂ?cte‘é@ﬁ@ dél)&tr%'ieémélﬁ %dh@ﬁ%“arﬂf)&cﬁl%%bg %2 ?(? g5 8 cluster tool)
retarndd 1n one of Hore processi ng rac
tretd hps oaps giongaseat ksysismf thTsUqumnt rlabreyasedes;wtam rrah:kblllty, more
152, etc. I n one .enmhodi e a frant sur e
roseta e rbier oRBSRG oD G MRRTSRIond: BRI HeocluSter tool, and
afs'boé‘tre&ﬁ&d ME)I’IH{O& t%@zdclb%\‘\@@él LiR€oRO @it ifiBhi, @ Eiister tool is
d front end processing rack 52. [00114] Figure 1B
adap@ﬁttom@&)rm pltrack itagraphy peocess aaliwkeeh aisubgtrateaiseapated with a

PhPisasdefiln Hiwetel. il ot ameB g andoPherdphel Wicf gposes the

phoieehsitite Reft@idli @ $emEi @it dfBradibgo r@)ntfoﬁﬁda pattern in the
nodul e 50 general ly contains_one or nore
pa@@éﬁﬁﬁlﬂé@ majsrialy anﬂdhenmawrbeeftlomsvfaha Péi'of‘?%ﬂﬁ‘ﬁ't'éﬁdnate“a' are

hRIETH §ackark %fgé%?%%gﬁ‘ﬁf‘%* BB ' o
[(}%Eghj [:@ébrg%gn X1t n na eﬁ&ﬁgttrng Se%g@ Prg}?%gm%&%?rﬁ%ﬁfegf algﬁjstertool 10

thaafilerstratéhatnuaitsertaf the agpecssfabe ipreddit lrWemibﬁrthtaD@iay be used to
10. The front end proceSS| ng rack 52 contains nultip

agyyuagsi fgne rathssirgenkoiythe guwter KpAibeas Jistiated Flgures 1A and
18N 2BREGINSY fréitt end ﬁw'%@hleaégoé‘q:gﬂ rSP' Quféeﬁg(?r%d H&ear module 200.

Various processing ste e Substra
Tbedmﬁsandgnsdqwfo‘,generally contains one or more pod assembhes 105 (e.g.,

items 105A-D), a front end robot 108 (Figure 1B), and a front end processing rack
52. The central module 150 will generally contain a first central processing rack
152, a second central processing rack 154, and a central robot 107 (Figure 1B).
The rear module 200 will generally contain a rear processing rack 202 and a rear
robot 109 (Figure 1B). In one embodiment, the cluster tool 10 contains: a front end

robot 108 adapted to access processing chambers in the front end processing rack
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In one enbodi nent, the front end robot 108 is adapted
to transfer substrates between a cassette nounted in a
w@oncacsenbl y 105 and between the one or nore PCT/US2005/046877
processi ng chanbers retained in the front end
processing rack 52. [001 15] The central nodul e 150
generally contains a central robot 107, a first
central processing rack 152 and a second centra
5B 9CepthnbAclo71fvdt isTheaptiedsto asistgropeseing shambiers lin the front
152 and a second central processing rack 154 contain

eRAPreRRSSIID Eads PRg thah S erantiad Rocessing sagtidwel gy second central
prt%ﬁggagp éggla 1 gtﬂg%ﬁgmefeﬁ%r?%sﬁﬁaqr RRAMSS: B4 2 §EEr dobot 109 that

0 perfor I OUS™ processi ng
issadgpted doratcess tphecensiyj chambprooets rearsmguessieg rack 202 and in
one enbodi nt, the central. robot 107 is adapt to
SQPa HEe. SXthbrias: odbEHts M Ao StaPBRl/sEanTcs. BER 1B). In one

emBBHlineht, bhéhdthis 35661 1 @lis BUapRIId Hahdtek sibdtraleBSetween two or
second central processing rack 154 and/or the rear

more edisient praveissing:hambers adetadnrd in ondor srarerprbcessing racks (e.g.,

107 i ositioned in entral, l.ocation. bet wee he
front; epd BREPSPING: (Relke BPng i ERntaD PRRFSTIno Ly (©2ncagy:  In one
ebedresitng frdwtkerddénelostiie 108n$ dedn@dedritrol 3Re dri¥ftdnment around
16] The rear nodule 200 generally contains a rear

theolient g deliota 1P8aandr brtwesnnihe fad 2gsemblies r g and front end

r [ ck 202 generally contains processing
p'@’ﬁ%ﬁ%@?ﬁ?‘eég coat er/ devel oper chanber 60, bake
er 9 hill. chanper .80, etc.) that are.adapted .
ofAERRe (B, REbaleR G BRE deuLe NP SriimBLRUTrRRERdn Fioure 1
whBidhstshmsP e SEtal cTesveitsie. plodesd &hariset edrtiguratihs found in
rear robot 109 is adapted to_transfer substrates

agRackeehtheninvestien-pRatedisiorlg frigere 2B2thentont end module 50 generally
cortank€ne %?Qﬂ(?lre So%g-r%g%n%jéggplﬁ?ésacfgpﬂééﬂé 3’8@@{’ ?@% a front end

e purchased from
pidckssingrrack S2on Thecone@forBabrepbd d3senadslieASMS,US; frontsend opening

of Tenpe, izona, is a |jthographic projection
U%%‘Arpé’ﬂﬁs(ﬁéé?)’ % %ﬁ&@‘yéé)%gmeg A %ﬁﬁﬂ# 98¢ (B dngie cassettes 106
thiat! GRAICHAL B riork 'stbbtrat e‘_\/\?’f} PRI RS reltBYe Processed in

exposes a photosensitive material (photoresist),
theegloster ¢éablotD.t fbesfubrterxt praaessing raickiZcontagis mudtiple processing

ATPRRIS: (B0t RAHE CorPI o f: 5 AhbPh A S61 Rl up adapted to

p&forihéhd DhASHSPPSLHsIry slep6! folnd el ithe subshigtd provedsifg sequence.
e Ssubstrate surrtace. n one e oal nent, a

th bst r at f [08117] | nbod t

Ins p5e epmbediment dhe 1tmant endseaipot ol @brie raganied tef trapefer substrates
b{rg{&}}”ae %s?%%{bd mMEuRtsd ﬁfér&%égéﬁ‘gl&' 1bs! Eﬁﬁj y‘b'eHﬁé&E tl'gé)?lae or more

he "System contrt o ener al adapt e

proeessing chtmbairs hethim@dsih g &ohs ead pescdssiniack@2. and
control aspects of the processes performed in the

[061185Ties cbARAl AHBduRNHS0 Fendalyefbntdins a central robot 107, a first central
processing rack 152 and a second central processing rack 154. The first central
processing rack 152 and a second central processing rack 154 contain various
processing chambers (e.g., coater/developer chamber 60, bake chamber 90, chill
chamber 80, etc.) that are adapted to perform the various processing steps found in
the substrate processing sequence. In one embodiment, the central robot 107 is

adapted to transfer substrates between the front end processing rack 52, the first
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control all aspects of the conplete substrate

processi ng sequence. The systemcontroller 101 , which
WO s00bp@i3erl |y a m croprocessor-based control | ePCT/S2005/046877

configured to receive inputs froma user and/or

vari ous sensors in one of the processing chanbers and

appropriately control the processing chanber

conmponents in accordance with the various inputs and

cémtdIRrocedsisd Faukt 15m3he %teeom&denmalt precessihg ehtlen 54 and/or the rear
menory. The system control | 101 gener al I%/ cont.ai ns
i

PIRERBFINOAAGK 20PN MR ASPRRNYIE.GRTEI 4980107 i Besitignadhis a central
Io%g%ﬁ WdiFech® tﬁ&tfﬂ'ls c%ﬁ%ﬂapgasroeé%@nﬁckpﬁgﬁeﬁﬁdt Qese%ond central

prograns, and execu rograns” when necessary
pmeesmg(raolﬂsh@fvtﬁe tentcaimnedled 500 t he CPU, and may be
one or nore of a readily avail able nenory, such as

[00RB]The g Smotai 300 igeiMerallyegdntzimy areear yrobBOMQ9 and a rear
fl oppydi sk, hard_di sk, or any other formof digital

P'@P@ﬁﬁ'@@ rapks @2 0T GRBE BIOCSSFINGaIACKi 204 BaperaCoRtains processing
| e ug{é Q Y c?%%‘?@rg%%{)ﬁ Ch&fhbY 60, BakB& rygés, ﬁ{g\% ghamber 80,

he "support ¢ircuits
etat)ethat a@ adaptedtte petformhibe CROG® procgssongt $tegs fféwend in the substrate

rocessor n a convent na The s 1
PRPEaPDSeabin e (T H80 CreMimaBhdRe seAnIGHRY 108 i§ @gapted to transfer
s@{tFéﬁé% %etdv@@#%é’%ﬁ“br@éés%iﬁd FaYok suPsHRd @NSteppBisddifher 5. The

known in the art. A program (or conputer
snepser/acanrmné) whictdetslydbebpunchasey §oanCanan libA cinclofiSan Jose, CA,

Bl RERTHiEn Ji Bt ERE G GARBEUSE S, e oPhempe. Arizona, is a
litpoGaiice pFopssipl aﬁad@a\(ambms‘éﬂsfcﬁfé)@ﬁmlé ohltee rM&dufadidre of integrated

i ncl udes instructions to monitor and control the
cigpuise §€Shas ddveorscapnerielgrpar dgokdd exRpses datRhotperysitgle material

(@%%Vg?iﬁé &%?o%lt?ha ré\r/fh%w Pg%at'el krt‘stcon{:lﬁgte?nfbto efo ;some form of

100 arns a
elestfomagnktic tddiatian to gendiate heatrcui ;ialtterrsbenpepdmimglttean individual

front end. nod Olnthl confi ration nma
'%hpgﬁ intagralen %VHH"R@ evmso%ﬁ Bied @ph %t?:%gaé?%afface
rack 52, and a rear robot 109A, whi ch is in
[0a\7ilmPBat eBROdIMent; I@eswtéﬂb@pme%ﬁrnéw gs ysed ke gontrol all of the

c%rﬁﬁ{)hgr’ﬁéaéd ?rotcpgség Blofthgq R Erfeenglﬁ'sféq tf).é‘lq(O SFhe system controller

'ns nu e pr ceSS|ng C ers
100a¢ gehdeallgl a:dzﬁpte«t hardmmmﬁﬂnpatmkﬁhctharshepp@@scarimlek I5, monitor and

cha er 80, that are, adapfed. to perf the .
oo GEpegREbe frgoarssb s Ed i e bSiBE faltio, and is adapted to

S | t
OB BRSNS o i SISl S, s Tho st

c@retmv@eﬁ 0d, wducdeist ypibady momitrepracessomsbaisesssemivlier.liszeonfigured to
ne, or nore Eroc /SSI chanbers retained

R S o Aol Aa PRoTehS APEESTs] ) At o' the processing
cl@nbbauUraid apprbgridtedy ddhbr@l tHeO AdrbsesHitapt earhber components in

accordance with the various inputs and software instructions retained in the
controller's memory. The system controller 101 generally contains memory and a
CPU (not shown) which are utilized by the controller to retain various programs,
process the programs, and execute the programs when necessary. The memory
(not shown) is connected to the CPU, and may be one or more of a readily available

memory, such as random access memory (RAM), read only memory (ROM), floppy
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transfer substrates between the front end processing

rack 52 and a stepper/scanner 5. In one enbodi nent, a
wWGEbubhb®s4r obot 110 is adapted to transfer subsPCBRUS®05/046877

bet ween two or nore adjacent processing chanbers

retained in one or nore processing racks (e.g., front

end processing rack 52, first central processing rack

152 (Figure 1B), etc.). In one enbodi nent, the cluster
dislgohartiOdiskntoni arsy otteerf foomt of idgitab dtbrage, Iodaltordmoheot Software
. contain a rear robot 109A and does not jnterface, w
|n§tﬁgzt§p§m¢%t@mpe godF@@f Qtoqug\uglynggelrge@o@( EPrF mstructmg the

plew figat g BPtdHRwr BRI JIBAt o ttsrtrﬂeo CPU f
C Hovvn rll;l% SIé'IFJ ure%&hﬁfh@t i's non? adapt ed %ongglr[r%ﬁm cate U for
sumpbhl@dwestmppess!osrcmmaeCOWeﬂtlpnahunsammf [ thleasupporttm@wts may
. clyster, tool nd.al one too
i eRGh BowEss TaReh: ook el B SRl osystems, and
th@NiRE &FISwEN RABRNSn GRS TH. nA%)rb@rdrﬁG(of EOMbuRIIdnHIr@RRHS) Peadable by

rack 52. [001201] Figure 2Cis a plan view that
the isystem apeksoast C&ndﬂeémlr@mlmmhémkswret pryfamahlen thsoprocessing

cHRA )1 35/ ReP Tod HPraf TS RGRRE, PudfRlfem controlier

1GANANG éoli@ssl ildyruchiens tenioretd andbedntid3hapdotdss based on defined
central robot 107. In one enbodi nent, the central

rulesid inpyt dataadapt ed to transfer substrates between
the front end processing rack 52, the first central

[opraHugeierdA ims blamyiew that Justatescanather embegisaentref cluster tool 10

b Gt £ P Epl T db BRREINA 1288y d e Beprsaaner s The
frénksidr mbealebs0 e eiis lconfiguration enaylcaseint afratassi rpot 108, a front

chanbers retained in one or nore grocessn ng racks
endepipcessingack Se. ARGk ERANTELPLRIS WhIch ig N CeRiPgnication with the

st%?é@rﬁﬁ:%hﬂ@r CI'ﬁ ﬂ#szco r)ah%rg %Qmsnt OPQ”{%{%C@% r§ck 52 contains

an view of yet anot
multiple ﬂ)ﬁ)delsamgcmnrabes te gntcoaw/dm/@idpmraﬂ)arabmeﬁo,r bhke chamber

o0y caikdumger oieaaRataBoranied &0 PeHORDAna Ariaus pragessing steps

foﬁﬁ@fn {MeCK A5l pF RS ss Rfifénde S i B8 cbﬁﬁéur@h@ﬁ@ﬁéfrﬁﬁt end robot
rack 304. In thls configuration the rear Tobot 10

may
108cisaddapted tootransies fssibsiatest betweent am%hﬁefmﬁsmounted in a pod

central ~pr.oc in c 5 e

as§BBL IPRGTERE B8 et Prock Sl a8 Heliheg.ig the front end
pré€dssirid) acie 62N dAlsealin PhieCesfighgatiorc the3zhr ﬂobet deBAr i3l adapted to
robot 107, and/or the stepper/scanner 5. Also, in thi

transtan iBekaIebe B THN BHIO2eSS NG JAHE52 Algh b atepger/scanner
t
.r@%géPﬁpﬁéé@tZ%%ﬁgﬁﬂé)mbW%f) id 3Ua6ak15 ‘%langféfﬁfb%{rﬁ%s between

central roceSS|n rack
twbi osimoreaadjpcecke psogegsingc kh@bBers Mamaa:ionﬁ oneaor more processing
raglzso ée_zsifpcg‘trgnc p?’o%déss%gdrac[( gf eTlrs'[ central processing rack 152 (Figure
1B), etc.). In one embodiment, the cluster tool 10 contains the front end module 50,
but does not contain a rear robot 109A and does not interface with the

stepper/scanner 5.

[oo119]Figure 2B is a plan view that illustrates another embodiment of cluster 10
shown in Figure 2A, that is not adapted to communicate with the stepper/scanner 5.

In this configuration, the cluster tool 10 may be used as a stand alone tool to
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rear robot 109. In one enbodi nent, a shuttle robot 110

is adapted to transfer substrates between two or nore
wW@a)oaoesst1 pr ocessi ng chanbers retained i n one BCT/IIBI005/046877

processing racks {e.g., front end processing rack 52,

first central processing rack 152, etc.). [00122]

Figure 2E illustrates a plan view of one enbodi nent

illustrated in Figure 1B, which contains a twin

peAaire &/ disvrelqiretesthesquaicaaflilizingahe §foSdsFghambatsagbnitained in the
the second central Broce33|ng rack 314 (Figure 43J),
froptendrlpcegsipgdack 82per f orm a phot oresi st coat step

520 (Figures 3A-C) or a devel op step 550 (Figures
[092e0T¥igune BEx il agplanhee\fgﬁb@teglgstcaigwgt angther emiiogliment of the cluster

tqqi dcg'%m%érﬂ Hﬁ o%zﬂqnqné S ps dbjc?ulé %be: %\ﬂoaac#é(gmg@ rﬁ%ﬁeq 50 that are

aﬂaafﬂtﬁfcsth’éwteppb&scdmreets thd Sehaded Iblyghtefffbrﬁyéﬁdembot 108 and the
cost, n]gl exity and footprint of the tool. Fig
cemtral roaek o7 bé@ anel empodinendt the eantfaldobat 1%@8 agﬁe'adsto transfer

{
Qe LTS T AT G PREGSIP R85, o] B ARal processing
rafokr 32 dbetsteabn@rcen&alspng:esamb ra2k 158 and/er tHé) steppat/scanner 5. In
op% eén Y cﬁl@ggt ed ok O 21,(5 aa;%;é utgttg%sgqosuﬁgs?r@tes between two

ok ’r:'r‘u&b”&ﬁa&ﬁwtcarbcé@éingrUHamt?é@pr%te(lﬁe@ in dPn‘éS&r BAJFE $rBLbbdsing racks
step 51 post PEB c step 542, etc. (Figures

(8-, Gont endtph@ce$emgrr@@k;ﬁ%ti@@eng’alslér@aeﬁ@eg ragle 152, etc.).
bake/chil|l chanmber 800 is described below in
[ooozi] Bigutre @D isid plaRivdew e yEBAn&thel @aiiRRIimEnyof the2ifuster ool 10 that
cl uster

CBLB RS Sl ER T ST T ol ThE LU el v
th‘“eelg%rr ?'rod&@wg;raéﬂ@oﬂ i8 cbhf@ur%@h@@dﬁ?é]h d fidt féa‘?rﬁro@é%m rack 302

contain a first processi ng rack
and sesamoddpeacpsieagingaekk 309, ltaﬁmismeflg@rmlﬂalthammn r@bot 109 may

310 f t t 2

o8 AR S8 el S Bhe SRUF SyePliBE S50U3P phssiPrack 152, tne
s€¢6hd e&ettal If8cessing adkedsa, Oth*efﬁrﬁﬁfﬁr |roBessing eack 302 the second
bet ween a cassette 106 nounted in_a pod assenbly

10
raa@ToseSAINg Faskeald, Woe Fapkalonot 1Az %@H@hﬂwepﬁ‘»t@@e%ﬁswgmer 5. Also,
il # ¢ §gﬁguutal?i8 fthEStefifiitoBbt HE? ri\%? gpgp{%cﬁ@cgtrahg%r substrates

secon Atral processing rac e central
frbnbme Q¥ centnal prepessihg rabiotl 520the semmpt:eldtralq:rocessmg rack 154,

SRS (97 ROBBRHBr S0 nine SHOTSDAT FRECTIAIA P Ap4 andlor the

rézarr%%%%'m I 3¢ korl @mBdfmeRE CA G He @Y rré‘ﬂ)otp'i m%sadzﬂ)ted to transfer
rack 314, the front end robot 108, and/or th

subsiaies fostweeTetws . orlmotmedjacrbotipmﬂssmgh@wambems kotained in one or
38 oS B M BT o B hbod i B! A AR processing
rack 152, etc.).

[00122] Figure 2E illustrates a plan view of one embodiment illustrated in Figure 1B,
which contains a twin coater/developer chamber 350 (Figures 9A-B) mounted in the
second central processing rack 314 (Figure 4J), that may adapted to perform a
photoresist coat step 520 (Figures 3A-C) or a develop step 550 (Figures 3A-C) in
both of the process chambers 370. This cbnfiguration is advantageous since it
allows some of the common components found in the two process chambers 370 to
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a shuttle robot 110 is adapted to transfer substrates
bet ween two or nore adjacent processing chanbers

WO edoaioessdll i N one or nore processing racks (e. gpCT/U5708%/046877
processing rack 308, first central processing rack
312, etc.). In one aspect, the front end robot 108 is
positioned in a central |ocation between the first
processi ng rack 308 and a second processing rack 309

bef shheed tiomg redetingdhbesy@iém tostaninisiexias et fodtprnt of the tool.
central robot 107 1s positioned in a central |ocation

FigerRee A Be desatibededalaw. dluteades nﬁ‘er a@arioyso agpgcty of the twin

c%%ﬁé’rflfev%%)ter %6‘8%61@93 g@%@%%gsop{:%rﬁgﬁsga O;(@)Chl" chamber 800

raouwitbdrin enfist icortral plocebsinglrask 822t ( GcguréCAK)vvthaihnag be adapted to

RRABT bR GrionS LBk AITRR Lo 92 o PAR G igkp 5tk 1EnBEE! FEp 540, etc
(ﬁlg%?@@@ﬂ"—@‘)ﬁ%@ﬁlll%tedé" éP PRYBARORMI §2p éf@gﬁos?mf-EB chill step

modul e 306 'may contain a Tirst rocessing rack
525 etondFiguozesiéi-6) imdke 3desirachpreeassing seguanee.31dhe bake/chill

cga?éfm%b@rf? sty ',stﬁ%i@é@%%ogi’%"a@%ﬁ 'ﬁﬁngﬁﬁeis s °
Irst

SaSIEaE 2ed i Reayo; obuet rgfEs dmsadend 3 1he fuster tool 10,

viitih T @thind OF frénta%@lt pebdute LEGAISRRE & UBSHFAL fddule 310. In this
bet ween a cassette 106 nmounted in a pod assenbly 105,

erleodimest ther foorets@]d@odawS%)mayt ¢rntgipcficst pr@memgwr@ck 308 and a

SERBA ey kSl P ST 3P o oal g ot convr

ﬂr@&éﬁsnr@?ack'@@ Qr%lbfs'écohaQ@htr&%rdc‘és@ﬂ@ﬂh@kj 34a. The front end robot
transfer substrates between the first processing rack

198sis adeptsddoniianiiet sybsirtes exweeo, a tasselte sk0cEmunigd in a pod
a%%%%ggjagt Lrgecﬁsfﬁocéélﬁq%%&ﬁéoz?e{ﬁef gﬁo%%hgﬂg rack 309, the

rac rear processi’ng r Atk
fisstazmmdral peocegsibgaask 13d 21 thakseddhd d:ehﬁrél lpmrtessrrtg ragh@14, and/or the

108, and/ or__t rear robot 9.. The r robot
C&&Hﬁ ot J O gﬁé @P"%'b@%n"éﬁgz 'Bét%@ {%Ha'FH"fP&tsugs"ates between
thE MrERbrdies Paﬁg( @@Sktﬁé%ecbhﬁ SRee8&ing eflckas09, Lhesflrst central

processing ra 4, he first rear proc SSI1 Nng rac
pr8cessireg m@amz,rm smambssmhn@ pracksgng, ratk 3 1denbe dtont end robot

oo e SBRESst A PR ae FRBRE . M Beng robot 108, and
thbeeRBAL foblot 10PCire Lculard fobets fifé’sch@b@‘bekﬁl@ alnone embodiment,

articul ated robots (described be In one
aepidtie ﬁ@lﬁ@t 110 shadapted rt@tsetnSielrmubsstraéeﬁobequ%I WwapEMare adjacent

p?ﬁg%oe é}hﬁt})%erﬁe&%o‘”mm&hé %‘#J Asat g%ccé‘s%ﬁ'@g%cks (e.g., first

hed T'n one or NOre proces
precassing rerdkt3(m fiecstsenhgl packessSiog, raék BdL, eter)t rlalone aspect the front
processing rack 312, etc.

e,ngblaboidgg is Rs&tmes'n'@da gengar location Betw tween tne first’ processmg rack

308 and a second processing rack 309 of the front end module 306. In another
aspect, the central robot 107 is positioned in a central location between the first
central processing rack 312 and a second central processing rack 314 of the central
module 310.

[00124] Figure 2G is a plan view of yet another embodiment of the cluster tool 10,

which is similar to the embodiment shown in Figure 2F, with the addition of a rear
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central |ocation between the first rear processing
rack 318 and a second rear processing rack 319 of the

w0 zmn/06p3dul e 316. [ 00125] The enbodi nents il | uBtT/E$®05/046877
in Figures 2F and 2G may be advant ageous since the gap
formed between the processing racks forns a relatively
open space that wll allow maintenance personnel
access to cluster tool conponents that have becone

mbdWp S 1@ WRichABap bevattachelitgur aepaér/&mhn%ﬁs i Im thiseembodiment the
aspect of the invention, the ? is as wde as {)
foﬂéa@‘éd sBedklen 3phemay oed¥aimg FiEdkRroghasing Facdkh3bReand a second

prgﬁ%%gg ?%crﬁ g@% %gg@{rﬁl‘an DR 31 0%52 Ton¥aih ea{‘?lg?‘é’@nltrélni?rocessmg

I'ty are inporta conponents iIn
racleB42namd agsdcbad(&e@trbbprmcegsmnralchcﬂm temel thlel ﬂaarynozdyle 316 may
easi | yaccess and nai nt akrér@he | ust er .t ool onen
t

CORIAIR LfHShERAL P AeRSSELIAC f gPegpd ’%%’rﬁ’Pﬁﬁ 319. The

frc{rﬁoér?@]roﬁbgqb% gHalapedP k@ NraHsey @ﬁbé’t%te@n@étWéren a cassette 106
enmbodi nent of the cluster tool 10, which is simlar to

motrtednirodi et asisembly n108, gthee first, prpadssinge radeli 30&nthe second

of a.slide ly.714 (FEi i ¢h I t
prifcesing ik FREn el Afet et hRoasgho BkoaTra e sgipnd central
pré8dsdify S Atghdrdbohe ddhtral etgit N 0L t e cédtr@ndbéf107 is adapted
respectively) of the cluster tool. This configuration

toémr@ffarssqnﬁséraﬁ%bﬁtwﬁene@@mr@? prasessipadask 308, thepserrng processing
raIr‘, ?ﬁ ?lrsqvc%rnltrap rod%%g g I%\H‘R I‘%50192"0 thé s%@ﬁn@@en'tr%yg@cce@smg rack

access pr cess n roces
31r4aqke dfrstotdmrprﬁoeisdn@g: rachthigh e, megueeori’dHredad psnwaslag nahla 319, the
front end robot nd the centr obot 107
o 18860

fragit rRilck rehqt kOB e7eat GoRgt 108 oliendsarsTahg) 109 is adapted to
trdﬂ%?éﬂ%s%‘(é@@?ﬁ%“ejﬁ #k fir n%\ecérﬁl%q’g%&é ratR B12N¢he 88dond central
'y or

on their own s e asse of t he robots
provestingl rack 314 thedirslssanprgcessing ra@k&‘rﬁsrthens@noedj rgay processing

ragl a2 B eRrsiobRl ) oh el gty seayr &. aMpa embodiment,
ond @f\/\fn@f'e BetheAMeitEeid RIFYP4DBEMe ééntidﬁ@o&dtum?eranUQﬁé rd& robot 109
whi is simlar to the enbodi nent shown in Figur

2G
arwamcula@dar@@pts MeS@flbed\@e&w)dénagseeﬁmbpégnerntmmtﬂe robot 110 is

PR 'L RAPe158 st H Bt b B 158 Bl sUBEF BfocB s Thambers

refdifediimdorie ar nfdlb@trodé&lrtg)retckarQnge,tf&sﬂ;bmgsmhg rhﬂn@()& first central
(items Al, A2 and A3, es(gectivel %% of the clgg
ProgRISIng . ra%ﬁﬂ@ 1% hr dn2end [asBeth D geaRaopeioHPS dnpositioned in a

cern%?tlo%%& r?"théieflr@tsﬁ’@é@?o? oc7es¥fhg Pk @38 884 &econd rear

obot rear robot 109 on single slide
prasessitg yack atEBof thelrear sodoti 3E®Ht s may i ncl ude havi ng
one or nore of the robots (Itens 107, 108 and 109) on
[od126] Thedwmbodiments illustrated in Figures 2F and 2G may be advantageous

since the gap formed between the processing racks forms a relatively open space
that will allow maintenance personnel access to cluster tool components that have
become inoperable. As shown in Figures 2F and 2G, in one aspect of the invention,
the gap is as wide as the space between the processing racks and as high the
height of the processing racks. Since system down-time and system availability are

important components in determining the CoO for a given tool, the ability to easily
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slide assenbly (not shown), on a shared slide assenbly
or all three on a single slide assenbly (not shown),
wowrdhoes4varyi ng fromthe scope of the inventiBOT/US2005/046877
Phot ol i t hogr aphy Process Sequence [00128] Figure 3A
illustrates one enbodi nent of a series of nethod steps
501 that may be used to deposit, expose and devel op a
photoresi st material |layer formed on a substrate
actdsd 3@ mEMRald IHOSIARY fodPrepfsehefy HawBeamlddvantage over other
contain the follow ng: a renove substrate from pod
prisp8n eandiguratioBARC coat step 510, a post BARC bake step
512, a post BARC chill step 514, a photoresist coat
[oogtze]gfi@me 2l ipes plaghteoy ot iyst aooﬁtertﬁihbodinwtaﬂp_theazluster tool 10,

B SROLESESE P P, A2 B A of i
as@éﬁW?% Rigard PER) wHidPalfils the ipasd oFfRR fedntldndsiobBt 108 and the

develop step 550, and a place in pod step 508B.

centrabtqmt 187dedransiate, along t&%tﬁmﬁfe dteyps heant Ano@speepely) of the

o0, TR, SRR, 1D Y 658 oot an

m@a@ié&gtk@ Sitobot \M'vai’lapt” VBD%otngvérIIapmst hge betsilitg ?fcaple)bof to access

the invention. [001 29] The renpve_substrate fro

PreeRssing gban@eg%mrértaewoa%ﬁ'maa% of 1h e Frasidest WhEe' Figure 2+

il uEst g t&?efré {08hd %%of Ofpfat ai'sQStHee Hﬁalaréﬁthsﬁéﬁtcﬁm ff @Mgle slide
a casset 6 resting in one of e pod assenbl i es

ass6mbhA7 tammnmbwmmmammn@derwamg aacte of thestabatse dtems 107

argioV\‘{]%B '3 lqigggvggﬁdgeas(spﬁgf%lgfqge y ége %gél?g "ol %&surﬁgﬂntgd on a slide
asSHRBIY 8h8hE ¥hdremBUARRERCHl flbdrtt fstish Qfarﬁé’o\lvltﬁ&t%rymg from
a userdefined substrate processing sSequence contr ol
thegceps piwhesinventitmed in the systemcontroller 101 .
[00130] The BARC coat step 5 10, or bottom
[oErtiFgwe! 2is aeplaoatiéwgofpye!cessth(—:-h@lnaiafdimlenBAR@le dlgster tool 10,

step used to, deposit.an or ani ¢ ter
whiGh FSir 19 Hie STBeHiaEn S 26, witthe 3egitjon,pf two siide
as3Bnlig3 712 ACB e Sibduah Fl?Uf@MH)‘»’WhféﬁteﬂloW%e(hétlia%br@ttﬁe front end
prior to the photoresist Tayer to absorb |ight that

robetht8vaed the base b thee¢erdral sobst A ane rearrrphek 169 ta tianslate along
| I St
e Y

|Ilds‘traité’§&% freft @sd rols 1&)860m0hew1|6l§€asked\blpm 4Aaind the central robot

tandi ng waves will be established in the %(Doresi st i
1q7a?’é¢ thawipah rekalstOe eatasinale Alfe)assgmply Jp 1B, Atkpreembodiments

m%;?ﬁ@%de&énhé\ﬂng%ﬂ%qﬁ'r g%"@lﬂﬂ#ﬁ%b@ﬁ&é@ﬁ]é P(??a|168hér‘?d( ﬁ‘@%)son their own

hot oY esi st ayer. may al so
slide exstsembll)e@mdt shownpl amarshaegd slive asﬂ:fsnblatcnf aluhfeecen a single slide

as%%&&ﬂ &E{%ho?vlns] Cv(\?ltr%lurtfv%(r:ﬁné ?1%979{ élop\éacgfl tﬁg Ilr%)\pesnn%F\e

Photolithoqgraphy Process Sequence

[00128] Figure 3A illustrates one embodiment of a series of method steps 501 that
may be used to deposit, expose and develop a photoresist material layer formed on
a substrate surface. The lithographic process may generally contain the following: a
remove substrate from pod 508A step, a BARC coat step 510, a post BARC bake
step 512, a post BARC chill step 514, a photoresist coat step 520, a post photoresist

coat bake step 522, a post photoresist chill step 524, an optical edge bead removal
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present after conpleting nultiple electronic device

fabrication steps. The BARC material fills around and
Wo@@r/0643¢1 f eat ures to create a flatter surfacePdDUS2005/046877

phot oresi st application and reduces |ocal variations

i n photoresist thickness. The BARC coat step 5 10 is

typically performed using a conventional spin-on

phot oresi st di spense process in which an anount of the

@PBR) 688! ahexpoBas tep 538 LAPostek réfbdkee(PEB) step 540, a
(subsgraJ§ whi | e gﬁ% subs??%te |s©be|ng@§§{ated &hlg P

peshRieB chilkyen &42, Rrievelonsrire FhQ @ndza plasedn sk siek 5988. In other
RS Tid Sl e RBATId SEpsobal Il TSR Aflgeg. e

onatoe nnasretdtepﬁhmobecremweg ohawder mareadteps ntpnbe @ohdsined into a
to contrql the sol vent orization process and the

sipplgpRiep vathogt vaping %9'& gﬁ%&dSQﬂP% plohe iBeartiofe
surface. [00131] The post BARC bake step 512, is

[08129p Thie sermpve sybsiraterfran padi 5Q8A siep is generallyi @fmﬁl@ﬁetﬂ'e process

oL EROEATG TR | S 32268 05 s

ovhay)éthhet pod Patssegghgsﬁ%f A bassemsﬂ Og,t @ont;a;im%g ené@rhaﬁmm&substrates
1 t B te ndent on t

“V%dé Riabashie hamad QSS%BB&51 Q%aydhetetﬁs@rsq?rsoag% eferpakdevice (not

sl%mt ﬁé‘ttﬁat {Hel sibdttatgeRanab n%r@@eés%ﬁsmt m@nclgggcttggﬁ% by a user-

e time required to conpl ete the post
dsflrﬁ?gd Supstald pdegassing rseience npentetliede byf software retained in the
bstra e du g the post BARC bake step, but w Il
sﬁgﬂ@r%ﬂ’] 'S?"Be ¢)£ss t han about 60 seconds. [00132] The

BA step_514, is a step ysed to assure
(oBF3 Th BARGHooRh 81eLB L Grkoticin 2nTellasiier caaling Dsees (hereafter
Bﬂﬁ@ el Bégnﬂe%‘t'drc?esﬁ |t%ﬂ%§%h‘ceﬂa§é}latl Bkr §\% 'iﬁéce of the substrate.
ees the sane ti t hus

sub trate tenperature pro
The chb‘B@ Iaael iblypicallyi an mrgami zehtingathah is @pplledm dﬂh@ the substrate

PG pres iper B, absothaiet Hiattine(ss dubdiathe reflected from
thef duefdceost thBesubsears bhelk ib thE HdeRnasist adrih lthe lexpBSure step 538
and thus is often controlled to m nimze process

perdemasl in the steppepeeanreare dhinesegelipetins afesnot prevented, optical

stéﬁ&a@baé é'?/ﬁﬁl tff‘{fg%gﬂ"gf‘?‘? in %Hat 5!‘?&8&% &fa pewH?T:ﬁt cayse feature

o8t ep enper at'ure
sizeEp s aboy #omldee lddaaoneqtarfoﬂdert @epm}mhﬁ@bﬁ thbeo(mlshlckness of the

PGSRV S, o 108 BARY (RETJ08) ARG SREIJpelsveb (@ planarize) the
LY!L&( atd Qe 1 Bgrdgﬁﬁlz difan sghﬁb‘é t8 oér%%‘ﬁgd%ne{t%(ﬁ%sﬂe invariably

epotoreS|s 1S a
pr@eposaﬁeacphm:ﬂeimnmltlplay@ecmc deviag ﬁatma:abrbnt $teps. The BARC

ma erlatl flﬁs arou hde aRg %tv%{'?ﬁl ?eat sto gree% 5! tf?aqteorlusrurfgl%e for photoresist
application and reduces local variations in photoresist thickness. The BARC coat
step 510 is typically performed using a conventional spin-on photoresist dispense
process in which an amount of the BARC material is deposited on the surface of the
substrate while the substrate is being rotated, which causes a solvent in the BARC
material to evaporate and thus causes the material properties of the deposited

BARC material to change. The air flow and exhaust flow rate in the BARC
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phot oresi st coat step 520 is typically a |ight

sensitive organic coating that is applied onto the
waeabsheste and is | ater exposed in the stepperPCDHSINEF 046877

5to formthe patterned features on the surface of the

substrate. The photoresist coat step 520 is a

typically performed using conventional spin-on

phot or esi st di spense process in which an anount of the

pRiviseingStisdmbat RY bfién iconttess it edntrd! tHeessivehaeap@ization process
the substrate while the substrate is being rotated,

apf (ke pEapartigs af tel laver formed pe thasubsatessurfageeri al to
evaporate and the material properties of the deposited
[aomat] dhegiast BARE bake sterahie. isEheteqi use tovassuee tiat allxf the solvent

el oo’ dBR B BRTC BlrRif Wi BAFC 2PREHep Q. epd in some
casesk thprametecddieksornbf tHeBARC layleptotise garfabe of the substrate. The
substrate surface. In sone cases it nmay be necessar

tarBpeHiTEcy! Necppsl BARC Brke iR 53R ierdsrasdpshonoine ype of BARC
o V r .

e PdsReR e Erinte SF o Sueite: A A YdrRay be less than
apbot 86@siGst Theatimset requbgd dondoropletethe pest BARG tbakleostep 512 will
rate,and/ or by inject,i a sol vent near th rate ,
deRPFa 8. NRUATBDPIAY A (BE SUPRTalR SurnelmsIost BAHLG Dake Step, but wil
gQHQan’IF/‘B%' 18bs BRA1 alBdRBPetohig, substrate is first

positioned on a spin chuck 1033 in a coater chamber

r ! C n :

i Ther RO BARCELR 106 S o Had RS BhaENe tme the
stibstratabis tat attempEnatur® abbve ambipatr tesnpatatung id aontralfeguiso that every
onto the photoresist, which forces the photoresist out . .. .
SHRSUERIPagPRY W S TMETETREIANE RIGET nuphBrocess  variabiliy is
mitEekE@t evalidih34h tHeeBRERE RBSESY ARl tersitrhtta srofifeeRvhich is a

522 1's a step used to assure that nost, if not all, of
composehtefn sulbstrataiswafer histonyh can bpus ianeeffqst ondhegirgperties of the

layer jn the photaqresist, coat st 520, .and in N
dediSled i Rh ABU IS s et ORI BTl PRLGEN Vegaviity. The
pbBEBRARCchil¥&sp 5T 6is tyiealaissetootod! ke BaBétrate after the post BARC

phot oresi st coat bake step 522 is dependent on the

h
balypstart Spade erlesmraratvie &t aneas padiertdepparpra. fihgdime required
t&%gh{b?%tégtﬂgtcﬁgé}ﬁ%AF@ Kl éte?eé‘ﬁf i ﬂeﬁ_gpbeosnc' tﬁé]"{‘%gg{arature of the

a I'me required to co ete the

spbstirate exditirly theapodidkeREt legkebR2pynbut willegerataliy beHess than about 30

tggs)cfﬁtature of the substrate during the post

5B esi st bake step, but will generally be |ess than

about_ 60 seconds. [00135]5 The post photoresist chill .

[097 33 Thehqteresistcogt $ieRISEE igshetap Userd te ideposih@ photoresist layer
r S tu a 3af! : :

ofd ik b thd pREEAE! (el PASRASR! Wer deposited during the

photeesishpeatattew &20ristypiealynal lighusemsiteesggarda cadting that is applied

is mnimzed, . .

onto the substrate and is later exposed in the stepper/scanner 5 to form the

patterned features on the surface of the substrate. The photoresist coat step 520 is

a typically performed using conventional spin-on photoresist dispense process in

which an amount of the photoresist material is deposited on the surface of the

substrate while the substrate is being rotated, thus causing a solvent in the

photoresist material to evaporate and the material properties of the deposited

photoresist layer to change. The air flow and exhaust flow rate in the photoresist
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Variations in the tine-tenperature profile can have an
af fect on properties of the deposited filmlayer and
wo bws/06s4nft en controlled to mininmze process PCT/US2005/046877
variability. The tenperature of the post photoresist
chill step 524, is thus used to cool the substrate
after the post photoresist coat bake step 522 to a
tenperature at or near anbient tenperature. The tine
prbeqsmng«thambmne)bemteoltddetomsﬁrthm soleshisvapvizatios pegcess and the
524 wi ﬂ@pend n the te L,gture of .the substrate
pr@iepm%%goft Byst 'gmrcdhrad aiates peghaceuin wome cases it may be
n&%@%ﬁ@) l'oyccg}ﬁ db‘fﬁé phRAN p?%’él‘e‘ﬁe %@tl?eeg&vgﬁt o 1BElsub8fate surface to
optical edge bead renova step 536, is a
cqmmdébs \w@@dnzanoreqbdbe mmemumewhotgmlsmlr@ the photoresist

cci)aR estt Slocfoté\érog% tg‘n sucp gg@ tgﬂeej al{lﬁy erré);d%joe?cg@gréj gglivgﬁt near the
sdwm sdnad:@gntelr@nﬁg\ﬁ@ﬁgwb 54,98 cottblefetha prrfb@kiseBoat step 520

source (not shown) So that ei ther or both l'ayers can

theesubstrale is flﬁsa)rnosﬁ@nedgm afspimehyelhd0Bdtie andaterehaaper 60A. A
m‘Bﬁﬂrgfal n?é‘t ﬁb tﬂ?c% 13% gnb@éjﬁgﬁa *Pg tﬁg)EJROtOF?SIStOI]S dispensed
oritbetheafbrﬁén oﬁthéedbitﬁatexpm@ rbllaeoﬁ um‘paa:te a:xﬁ aihbalar torque onto the
substrate w || depend on the ty ?
P*HH@EQ?#%SWQF | fayeassthgapnipresist on e rgqaaf QE%Ctéﬁ” {ufimately covering
th% {Eﬁe An OEBR tool can be purchased, for exanple,
I O Anmerica, Inc. Cypress, CA. [00137] The
[ogfégff §ltpgrp tgf’%cl)étﬁzgg ék%%g{pecﬁ 2 IS ap ﬁgﬁ%& ) %gﬁﬂe that most, if
nGtt appef theamieenﬁls tremfovem fatomameerdepdsneh pisotosssistt ayer in the

manuf act ur e |nt5¥%rlat ed circuits (ICs The exposure
f&t@f?sﬁgoﬁbﬂ%’ iANEN SOPR ¢a5a§ t@d}fpg*é)é% ﬁéhﬁ‘g‘of‘ &f $he photoresist

|ag@,d Bl REY &Y erof ThEGeinpERALAL BF 11 bsﬁte bhétoresisteddftthake step

Vi
e substrate surface, by exposing t
S%Mdmmmant va thatygre af photsl:&mstaeatelrﬂaédppmitﬁcberh the surface of the

er rired durin hot eS| ep--520
it BeBOl Tk SnslvBE BER JaR o B8R T <L TS e required to
cdrﬁﬁl@fé’ﬂ%sbéét)pnbftor%@@ cbaf Bél@sf s 89522 WTﬁSé‘[ﬁ‘én& on the temperature of
radi ati on. The stepper/scanner

theusubistretal duripentioamesh phaicesist bake\stﬂp l{tmom":mpeww be less than

e e bake (PEB) step 540 is a step used to
tgoggtsoag%ugﬁ%rate i mredi ately after the exposure step

538 n ord St te di sion of the oto ct
oF R BeS] PRl ch fePersboben oo bea o cARiULFe tme the
sdl:fétrfah? i AP O IR Bp SratdraYove-Bmblerth@Mpgethiuye eyaolnaft ie8dry substrate
photoresist, the PEB step al so causes a catal yzed

sa,qﬁsemecaameeta@ert@mneh@tur%nangemdw&wopmelsﬁt\gar@bmﬁm@ minimized.

%&@ ang cr| t'm?etﬁﬁ%gfé lre Z{ro@gecéneﬁg%a Bﬂe&%h rﬁoﬁgﬁles of the

B A0 T I'mensi on (CD)
deposited film layer and thus is often controlled to minimize process variability. The

temperature of the post photoresist chill step 524, is thus used to cool the substrate
after the post photoresist coat bake step 522 to a temperature at or near ambient
temperature. The time required to complete the post photoresist chill step 524 will
depend on the temperature of the substrate exiting the post photoresist bake step,

but will generally be less than about 30 seconds.
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control. The tenperature of the PEB step 540 is
dependent on the type of photoresist nmateri al

walepesstsed on the surface of the substrate, bupCE1005/046877
generally be | ess than about 250 OC. The tinme required
to conplete the PEB step 540 will depend on the
tenperature of the substrate during the PEB step, but
will generally be |less than about 60 seconds. [00139]

(0611 PRS tofRicRP iR Bake reRial QUHBRES &) 88, 1is @ @bedss used to

used to assure that the tine the substrate is at

expafseingt derositedVighhsensitive pBpinsesist layer(s) catalhy as ngﬁ layers formed
oA R, BHGlote 8041 318p 3960aid fnc? B | AT BIREG G the BARC

us” pr oC 68 Vali abi
cc‘)éarsta;b 500, tovatrhdiafb spumee@®t shown) sonikataeitiier qrrbaith l@yers can be

can e an effect on properties of the deposited film .
g HRE 16998 i iherPBHEIS AEdNEodeh Foss it 6l st deposited

Ia!@Fé 28h! béymoﬁ@%n‘ifﬁ i %Htrrtﬂléaf e Wel@@hcghalmﬁns:ty of the

tep 542 Is thus useda’'to cool the substrate after
raeiERicst eped40 etxpoaette&pmréaqer ef the subsitate wilbdepend on the type of

BAEE 8hl Ahcleres s Iavell cePauiihan dfe ShRre dhdiyPStiaee. A OEBR

tdoNBak BeJurath &K idr Yhnmpie, frem YSHID AtHEridd, lThe. @Y&’eaé,l GA.
be Iess than about 30 seconds. [00140] The develo

[oﬁhe/ETﬁéoeJt(ﬁbm r@lré’%ﬁs?b%njs\é‘k% @%gﬁh\‘:e% bétldﬁeéieboa;r)plled by a

physi eto t e exposed
htboqu@d)meurqwmtooramasattar(@ g3Aﬂ€ppa5/e¢@rtem EE)xp(beren ahattern which is

u§ e st drayARe ou BORYr TaiaoRiie sibaffomms a circuit
patYd éﬁr%‘s‘b‘b‘hdtﬁbafo hf iHGiIORIuBP [P RENRE ihtegratey Qin‘éﬂﬂr(lC) device on

solvent. I'n one enbodi nent of "‘the devel op step
thef substrale suifeeait biiagxprsing dhgpﬁh@@@eoﬁltwﬁem@mrfaé%eswh as, the

phASrYRSHLES Bufheld A hRP OB LSPESHO0EE LA Pahl 18 BARC layer

fosmlesit rduiring Tihe rBARE sedatt istep dISSDer(ﬁhdtcﬁ@3|§i)e cﬁursbatee form  of
of the substrate rmy contain deioni zed water and/or
elegireriagnatic ragdigtion.1] Thestanpesiscannrr Supbichamay; be Mchased from

Eﬁ@nﬁ@iﬁﬁn §rggmr ally defined as the process of

aV| n' ront end robot 108 return the substrate to

BT M5S0 0L8] 0% RGP BHEY o vt
mrﬁedhltéliil atearetieeexpbsomt bap S38pin TAet In@tsth‘ﬂlylatse difaggion of the

performa track |ithographi ro ess on
PRGIBBEHME cSarPPUILS) ﬁmwe@He@rérﬁﬁ' %ce%sstaﬂdmee waves in the

R0, £ T SRS s
apmalymhbak@als‘eaptlon that changes the solublllty of the photoresist. The
control of the temperature during the PEB is critical to critical dimension (CD)
control. The temperature of the PEB step 540 is dependent on the type of
photoresist material deposited on the surface of the substrate, but will generally be
less than about 250 °C. The time required to complete the PEB step 540 will
depend on the temperature of the substrate during the PEB step, but will generally

be less than about 60 seconds.

[00139] The post exposure bake (PEB) chill step 542 is a step used to assure that the
time the substrate is at a temperature above ambient temperature is controlled, so
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512 wth a hexanet hyl di sil azane (hereafter HVDS)
processing step 5 11 and a post HWVDS chill step 513.
WO o6vévss1 enbodi ments, the series of the net horRCBUS085/046877
502 may be rearranged, altered, one or nore steps my
be renoved or two or nore steps may be conbined into a
single step with out varying fromthe basic scope of
the invention. [00143] The HVDS processing step 5 11
thgereoen/ lsubswaticakass tthe sampstimie- tbaqieiramré hﬁomebahdaHmS process
to a tenperature greater than &S@m 125 0C an
vagiaBiity ifgminmizadhs Iaiﬁlﬁgo'f‘d% 9“@%?3930%9 é?WPﬁ@atHF? profile can
I off
e e AR Jgﬁ%é’%gﬁﬁ?%é (IR RYRE R thas™R, iirdontrolled t
mmubszbrmbee%nvmajmrye TashtesipeTabire tofi¢he postoP EBI atill B@;De542 is thus

us%egtcg:cge at;ﬁ ﬁtirgtlet QE%P ! oc% @e%%ﬁep gdtedv%élg%ngrgeat or near
aﬁxl@@nﬂé‘?ﬁﬂ&ﬁluréseﬂ\e’ time Q@d}l&!ﬂé‘d {oPEorvbleke fH’éepcb‘@@@B chill step 542 will

processi ng step 11 he HMDS processi n% ste 11 is
dap@adtort ﬂwewtarep@r@ngea@fl tpecsa@@trat@eean@g #e PEB siap, |bewi will generally

utilized to prepare and dry the
béglllr? %?555\3%0 §%%°§1[q%ate to pronote adhesion of the
[o&hot resi st us the use .of t.h

of U
ApLTHes BeVeIopattEn B5% i a1 ProREaR eV i SN Fgsff to cause a

cheRfc8ICaPBh lcélr&]drfg\éefﬂ tHRNexpdbPOE ufdgESsddhBhofssist and BARC
step is called a "vapor prinme" steps. [00144] The post

laygveSocexpdsestheppatigmnetanmedl during: the eppesurer sfepf 53the The develop

o B0 AT 52 Byl IPHIELR, 5P TOLRL B Wipse syt s used 1o

digsrRshiendeVets it SUa. IHameaémbalménttdifethtaem@lcqi glep 550, after
of the substrate entering the photoresist coat

the sglvesh hap beendispensad en g setfaghobinsprastrate a?r"‘teSﬁestep may be
pe(#o‘?tq%'dtt‘a%r{éel ! s%f\%ntgﬂgﬁehgpﬁo h%féuﬁ'féc%oé}ttheléuﬁgtr 2. The rinse

mnimze process vari e tenperature o
soﬂlﬂ&in didp8neéd |dn $heesuthde cofsthehslsbsisaiel mayoamitamhéelomzed water
bstrate after the HVDS processing step 5 11 to a
Wp%ﬁ%lffﬂ‘f't@ bt or near anmbient tenperature. The tlrre

required to conplete the post HVDS chill stea 513 W
[OQi'ébbW @ﬁeftﬁbetsé'ﬁﬁ@?@t ifrROb$teprRO8E isgenaralle efﬂn%a§ Ha,ﬂ process

I
of A HRE FoR} BAITERAL 0B Jo it mitisysBRREIT casiBup OB resting i
oraneft theipoeindeseimitdies 1@5. a process sequence, or net hod
steps 503, that may be used to performa track

[od1abjRigu@PBBdllyBtetes anothdremisodisianttre whidte a serles of method steps
| it hographi c process rray gener al IH% contain r enpv

502 HatppaysbeAisedelp PRrgFE- BARRSK: fiinograghit pg@@essaOBAﬂse substrate
sUrRRE. SEHRPIitOGraphi® BrdccR8RE théktetRb&Rteps 502 contains all of the steps

found in Figure 3A, but replaces the BARC coat step 510 and post BARC bake step
512 with a hexamethyldisilazane (hereafter HMDS) processing step 511 and a post
HMDS chill step 513. In other embodiments, the series of the method steps 502
may be rearranged, altered, one or more steps may be removed or two or more
steps may be combined into a single step with out varying from the basic scope of

the invention.

[00143] The HMDS processing step 511 generally contains the éteps of heating the

substrate to a temperature greater than about 125 °C and exposing the substrate to
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512, a post BARC chill step 514, a photoresist coat

step 520, a post photoresist coat bake step 522, a
w@owb/o@iket oresi st chill step 524, an anti -ref | BCL/UY®05/046877

top coat step 530, a post top coat bake step 532, a

post top coat chill step 534, an optical edge bead

renmoval (OEBR) step 536, an exposure step 538, a post

exposure bake (PEB) step 540, a post PEB chill step

a prd2ess gas \cohedinidh e 55\@unaoBHM[ES'vab8h fornk skers ipetiolidfime (e.g.,
for Enhanced Resol ution) coat step

< 1RO eeepndsi ke psergesu dey tbss&ur@@%}fdbe @Hbﬁﬂfg@tt@ﬂ)@@@te adhesion
I
of F pRoRI S jr e DAL Y8R 1P T 1ok b Rg SRR Ae” pATNe uso of
HNMDSFgpioreis3épedfichllgddissdribedaah dvec ik etbei eheentiopl osed in conjunction
St th tt t 532,.th .
i s bS8 BEERE R Bl SeBSLie moam
m&ep%eﬁ'{ergﬁ)’%%lﬁé"'é Ictass!t isimmdr protekSss Bty béQﬂﬂlzed to prepare

17 I'n other enbodinments, the sequence of th
anxﬂedrryomesswfm:eﬁotatheayub@rate tarprompse adhiesinnedf tmhﬁh@horeﬂst layer.

THIBBe s ST e e KPR B ¥ abeRraticR sl iR Bible i imiting of

th®@sbse BF ERLiMENtiGR. IM¥enid oased HRIMODT b gplfsarafﬂéﬂi(é “vapor prime”
chill step 509 controls the tenperature of the

stepfhstrate so that all substrates entering the BARC

processing step are at the sane initial processi n%
[oaiasiddreapasteHMIRS ichill step 513 cchptrolsnibher emperatifretaidhe substrate so

i st BeFalBP e ilo JHE poiisRiip SodinlStart Bfp AP 3ame it

pro@dding? féinﬁé‘rﬁ&xrbs PirRidnedntthe tém eteﬂum ol miezﬁju&h@(@éﬁtenng the
variabilit The tenperature of t pre- BARC

phetwesist coalsien£2d. candwwe dAramatis @ﬁ@ctsqrbgfcrpﬁr‘@es ;f the deposited
filrh ngaﬂﬁeneéﬁ&dtﬁdso@ tJfFer{?%n‘u%uéthdfﬂﬁfn 1£6e p%cé%{s VeRbbilty. The

t tenperature he tinme require ete
temperdddiCofcihiel post HNIDSOhilstep ﬂﬁpemmumuwtétd equethalsubstrate after
of th§ substrates in the cassette

theyd#dPA PiPasesNgsyepmt T GuleraRsSuER 10T n%%flawﬂen’rﬁ@mpefawfe
THE itre! Et%(ilﬁr“etd' ¥Ech Ié%@"’lhesé@di ﬁ@@)@rchflpﬁtep 513 will depend on the

anti-r ective co tlng process (hereafter TARC), iS a
tempepatu@cbft thed spbsirateaexsingatie HMD@umbcmmgmep 511, but will

h t de ed, d th hot t
e o
o e B St Py T hEELed 10 or methoo

stépy 1903, L&t SR Sb’é eus%toel@o Sp&iaes forpRdk 'hfhdd?‘&phlc process on the

St epper/ scanne If these reflections are not
supstratent Bl Iltmgranhlc sregasismgangessrallyl dontrin gsteamovestie pod S08A

s, & Wi BARETST) ol 816! 5 BAKEDGEA!58P1 5.4 Bl BAAC bale st
51¢e pgitdt BARO chilestbpGal, bhihb‘kﬂ@@ﬁst @bat ‘h@prﬂm armsit photoresist coat
bake step 522, a post photoresist chill step 524, an anti-reflective top coat step 530,
a post top coat bake step 532, a post top coat chill step 534, an optical edge bead
removal (OEBR) step 536, an exposure step 538, a post exposure bake (PEB) step
540, a post PEB chill step 542, a develop step 550, a SAFIER™ (Shrink Assist Film
for Enhanced Resolution) coat step 551, a post develop bake step 552, a post

develop chill step 554, and a place in pod step 508B. The lithographic process in
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| ayer. The TARC | ayer may al so be used to |evel (or
pl anari zi ng) the substrate surface topography, which
WO 300608811 abl y present on the device substrat ePC82005/046877
antireflective top coat step 530 is a typically
performed using conventional spin-on photoresist
di spense process in which an anmount of the TARC
material is deposited on the surface of the substrate
thdimethod stepstBI3 eéreaing diiedfribe stdpad fodndhin Figure 876 saral adds the anti-
solvent in the TARC material to eva&grate and

h
rAARIVPYOP FOATAIRD PAQAN® PSS 19 COR BIKB ALPRoARBLDE RISHIPP coat chil
s'i B3N 4 tESstC 8l &bp S ste 5693‘2' 2 pOst HQJ/éISS (ﬁﬁll step 554 and the

ntral eso vent vaporlz ion process and
swaﬁa "Viceat efep: 5&1 | &y ethefr emmtsatlimentsh éhe sbgquemceof the method steps

f 001 t bake st 532
P30 B o ragransih 2Erak OnPIoT PO BireBe RS TP Ob o or more
| siéﬁ?s“?ria'?eoéjéﬁﬁrﬂlﬁ&ﬂlnﬂ\%(éth@&é%tep Wit 8uBQatyirEfrbRftHe/Basic scope of
coat step 530. The tenperature of the post top

ﬂ@@&tvebﬂﬂ@ step 532 is dependent on the type of TARC
mat eri al deposited on the surface of the substrate,
[@n186)viihel preeB&RE] ¢hill bepl 883 comtanls dhe tempatare. ofthe suibstrate so that

ol S SARBIS FABE A58 b Best e Tl processing
té’r%bbf!ﬂurteh evRfRstiorsOR 1R8abmbalkitufd 8Pthebilibstialtd cBRIMPIGAMEYBARC coat
| ess than about 60 seconds. [001 49] The post top

s&eﬁaﬁ%cam have ggamatic affecepn Lpgelem@smrihmenqwemfﬂ@ layer and
{
hulfiscoteil pEhFalets B rrEAPEloers TRaBG SRk TPhperatyre of the pre-

BAFBCSQGF 30978s AP elsatutoecdslodi warmnthet sutsstrato aesssferred from the
variability is mninmzed. Variations in the TARC
PrQ c¥s@ fﬁmﬁe@#&eﬁhﬂﬁr'éefﬂr émh'@“t {negratueg Jd}?pé'ﬁlﬁqtrequ'red to

B éﬁetéuﬁfé "L esanef Eﬁmhéﬁ‘é O5g G 1B d@ ﬁdaSnatf % ﬁmgé‘rature of the

properties of the depoOsite ayer an
subsealtesonwhieabassiatttem 086, rh:utrmlbg@meraéys beVass Hian attgut 30seconds.
post top coat chill step 534, is typically used to

[(aaT] THeeahtiHpsfidaive tabt esatt KteppS30 droepc aati-réfdativet eégating process

532 to a tenperature at or near_anbi ent tenperature. i

(hereafterd ARCu s 8 $teR UgehiP 8eROShan syganicgpatesial ke, the photoresist
I d t 0

e arFEPRR RGP 928, “ThE RiAG layey s typically

used| togabsorl Ilghbmdtesmenhlae wbolgt ba0reflectattidrony @bé &0face of the

{ | 552 | t d .
HBSURE bk inp Mo PPERRHED dhifa e Hpofire SEP.a3s pgrfomed in the
sié;iﬁ@rﬁs@&nﬁ@r"@' Itith8sd RetlcRtiBRs ake héb/&revéﬁfe%f obhsama@dnﬁe waves will

step 550. The tenperature of the post develop b

bt e@aaweobmd&pem@mesm layer, twhieh @faugadeew@u%ze to vary from one
I%c[ﬂt%wtslan%?ﬁé) (Brg ﬁ1de & chlpgeEéHJar?ﬁ Sn%e Iggaﬁ%%ééag &t the photoresist

layer. The TARC layer may also be used to level (or planarizing) the substrate
surface topography, which is invariably present on the device substrate. The anti-
reflective top coat step 530 is a typically performed using conventional spin-on
photoresist dispense process in which an amount of the TARC material is deposited
on the surface of the substrate while the substrate is being rotated which causes a
solvent in the TARC material to evaporate and thus densify the TARC layer. The air

flow and exhaust flow rate in the coater chamber 60A is controlled to control the
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generally be | ess than about 250 OC. The tinme required
to conplete the post devel op bake step 552 w |l depend
wo@oblesstenper at ure of the substrate during theCpPUS1005/046877
phot oresi st bake step, but will generally be |l ess than
about 60 seconds. [00i 5i] The post develop chill step
554 is a step used to control and assure that the tine
the substrate is at a tenperature above anbi ent
dotvert vapurigatich pastesslanedhs properties ot tiye tayes fomied epdise substrate
the sane tine-tenperature profile and thus process
C&bility is minimzed. Variations in the devel op
process time-tenperature profile,can have an effect on
[p¥gEThe posbitop veatidsbsi $tea 539 s ragiep Hped ttaugssuse that all of the

006 PRI i I TSR 5Bl bbectlAop coat step
330Js Ths @dmberatand of the poditop abat bbhkestéd 63 ds ideeneddrtpon the type
bake step 552 to a terrqperaturgagt 023 near anbi ent

qfepBlamaterialgrpasitad SR sHEaER o JhpIRbstefR hidsyill generally be
4l bep Bndtimil
S5 fiaPaciut 250 (CF Trettifle eqHRRT I GOMEICS (hETRAL Y EBat bake step
¥ willbdepenid on tentmapérature df dses prdrassaboulur@g the postitnp coat bake
00152] .The SAFI ER' (Shrink assist filmfor enhanced
HE8 il GpnEtall T lebS i sbSE U tectidls Tn whi o a
material is deposited over the renaini ngﬁphot oresi s

[0arsal The thost ttae eralefhif Her IS 4hFiem e&a&%&qmﬁ Hge time the
be%&ragfféeétoé’ t%ﬂ?@ra?ﬁn%patﬁﬁ% a%@%nﬁsﬁﬁ'ﬁﬁmﬂfé&?&%&iﬁled so that every

typi cal 'y used to cause physi age o
dubstrale pats ethessameatimartdmpenatace pnafilesand tthuy gargcess variability is

little deteriarati.on of rofile.and al so .inprov L
Ml edge VasalRfe 48 Bk HC Ristase e teBReralbEh Piaffe. which is a
Aot ) lay st fa@e IRAfIHIRB nE QANEHEVECAR bffeBI 6n 8k properties of the
phot oresi st di spense process in which an anount of the

dpsited filmtlayéraand thugdp edtlenaapngiolled do sninfaige pspcegsevariability. The

ASIAE B, e BT 08 FS e g o ot o

doatVisakef stepesszhoth nempeaftu it ontneainchrnbietessmperatack The time
52, a first central processing. rack 152, a second

k
reaHired o srawkatsithy Postloriseat chilt gigp Hiowikderrnd ge the temperature
&%e Sidstiatd e&Eiﬂgdﬁ,Eog@{t%ﬂ%oﬁﬁﬁﬁké%r% %ng%%gg\glﬁ %gherally be less

processing rac i r'st processi
than@bdupBOcesendgy rack 309, a first central processing
rack 312, a second central processing rack 314, a

001591 THe posprdeveRp baks atép TE2 wnd stepeasad to exgsure that all of the
processing rack 3 19, that contain nultipl e_s;ibstrz%t e
ISyt anrineved frgat ther ianaining Rholerrsist Jayar qrigs the develop

t ' @ deVBlopeH S biept B2 is d dent on the
SHR S ToO BRI SERUGRR ARSI i 552 1 aepencer
type of photoresist material deposited on the surface of the substrate, but will
generally be less than about 250 °C. The time required to complete the post
develop bake step 552 will depend on the temperature of the substrate during the

post photoresist bake step, but will generally be less than about 60 seconds.

[00151] The post develop chill step 554 is a step used to control and assure that the
time the substrate is at a temperature above ambient temperature is controlled so
that every substrate sees the same time-temperature profile and thus process

variability is minimized. Variations in the develop process time-temperature profile,
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may contain one or nore process chanbers, such as, one
or nore coater chanbers 60A, one or nore devel oper
w@ baaiessst 60B, one or nore chill chanbers 80, BCEUSI05/046877
nore bake chanbers 90, one or nore PEB chanbers 130,
one or nore support chanbers 65, one or nore OEBR
chanbers 62, one or nore tw n coater/devel oper
chanbers 350, one or nore bake/chill chanbers 800,
d e e i S Ay f i
A e, 2B gl P T R S PRE nadisilll iy faer HHATPUs is often
cantiolledrteemimimipe poeess olaiabiie Thewemperathee 61 therpest develop chill

stépos RS LoD G cal e sl A 175 pofdfBIGRBARe Slep 55210 2
té’rﬁBbF&ﬁ?reeéTbﬂq{éﬁ%h%i@ﬁt fehfberatmat TRR-timd rétifired to complete the post
enpbodi nent, as shown in Figures 4A-J, the process

dedelopechill step §6écwujqdmrtd palthg tempesture Rh MR SUPstrate exiting the
PBEEHRLIDR BaRE STt P Tl i B8F D B BSs A ut dPseconds.

(80 PSR Bt el et 1 U 4P 6o BRI G Rea R heodt S8p 551, is @
pROEdEORt which £ hddeRAcE ddfdshed oveRehé fi*éﬁihﬁfind% $hotoresist layer after
positioned parti al Ig/ above anot her chanber, to hel

(v leverae Sttt 560 eand then bekedanpihecpes! Aevéler ibaksasiep 552 The

me_or r r di Sd
ST Rlraf® R, BRRHIE B eh poleft, SHhysfR 0 ffkagg ot 10 tronen
paREme idgae rcomtant rHoleaith, vérpdittia setepioratin pf twepeofile and also
chanbers do not share a, common_pl ane. _apg/or are

imBraveolina edoes rawgiutess, (Wafdk e ENGIRAFIBR a grajcelep 551 is typically
perRrRe gﬂgﬁ‘ber. enpaﬁﬁ. Qpiﬁ-cﬂmﬁ)ﬂo 856t WiddendBOpiREss in which an

process c nim zing the cluster tool footprint
ansourfttof ntheuSARER' Y anatefiatisodepasitdd el ihpi swgfacectfitheaubstrate while
tool, since the clean room space, where the cluster

the sHbsHRteHR PPING™RIaeH, is often linited and very

expensjve to build and maintain. [00154] Figure 4A

Rrocessing Backs sj de vi ew of the front end processing

rack 52 as viewed fromoutside the cluster tool 10 and

[0a1531Figurest 4Ank ifusirates sidel ivews 09 \inen emkedigiepheof a front end

I 0 oL A . . _
o Rl SRRl thing e 182, Aot eNi&¥rocessig
recio 084 e réar processmg rack FOZu firsé Aeartdrecéssimg rackd302, a second rear
processi ng rack 52 contains four 58 ter/ devel

, oper .
PERRRASEIG rBY 04 e REREESSIYg raclePUe: 8 AecPng RiRBesng;pack 309, a
- X .
L ot s A SR o A b tal 18] st e
Aro€essiig FadkuB 8 4Rdi 4 Isesbndtrear araiedsingi rekdd 19, itbaf contain multiple

central processing rack 152 as viewed.from outside the

SUPBeEr HBGTSSINP WhAraor 5o PERETE enEral roBbrL0d dH substrate
Prbtsssitd se§@entd. den \YehBrdihthe' pRI¥eBERYYakRs filubtiasd ¥ \FRures 4A-J
and Fidgures 2A-C. In one

may contain one or more process chambers, such as, one or more coater chambers
60A, one or more developer chambers 60B, one or more chill chambers 80, one or
more bake chambers 90, one or more PEB chambers 130, one or more support
chambers 65, one or more OEBR chambers 62, one or more twin coater/developer
chambers 350, one or more bake/chill chambers 800, and/or one or more HMDS
chambers 70, which are further described below. The orientation, type, positioning
and number of process chambers shown in the Figures 4A-J are not intended to be
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enbodi nent, as shown in Figure 4B, the first centra
processing rack 152 contains twelve chill chanbers 80

W@ b@bmbwsai C 1- 12) and twenty four bake chanberBCP0S2005/046877
(l abeled B 1-24). [00156] Figure 4Cillustrates a side
vi ew of the second central processing rack 154 as
viewed fromoutside the cluster tool 10 while facing

the central robot 107 and thus will coincide with the
hPHrrE@ éEQW}hb%d@gguéfeﬁleliﬁvénﬁ&q ButO&fEhtiidd td rlldéﬂﬁte the various
d hown 1 n Figure 4C, the second central

epbmoirasntsgofr thekintértgamt & neefarobodiventr 4sishewopsrFigures 4A-J, the

pChaeggg{p%pg%g la?g%ac(é(pﬁm 3%&2%&%8{%:@%[] rl% 8&?'%%&1 substantially
aBBPP UnbtieradHghiSe6 20 &ééué@ﬁﬁ@‘f@&gﬂhi bf ﬂ'@bluster tool 10. In another
coat er / devel oper chanbers 60 157 ure 4D

emboghimeat dee ghembery istagkef \termcalkmo aict e firagesR% chambers are

oR SRt B A Mo 08 el e e

abbge \drdtiserstitamben ol kelpemaké- rﬁowféfﬂalgur@se?&f the mroeessing rack
enbodi ment, as shown in Fi gure 4D, the rear pr.ocessi

n
spaex VEN OBAt @ ﬁsorﬁoqhare%%rﬁeavedétﬁ&f@p}ep YHeatizes-edn Jet another

anﬁt QP% aﬁiﬁ)ce nﬁé?ng)@g% nﬁ)hgel egﬁgé l/?ukh%%ﬁﬂ the base of the

pfEd3iE s athantesrs cﬁ>2hc(t|sddaedz acbcﬁBEm- plane,amtl/gi areHfidBizontally staggered,

hanbers 130 (I abel 6 58
WO Spea 2 PEGRESVRATTBRT G605 PPF SHAiEba 03?%‘8895?% with another
p s%n%rv'lﬁ‘ﬁﬁﬁlzfﬁ&meoélwtbg fodl W@ot?hHﬁFsfotérth irhBortant factor in
l'e facing the rear” robot 109 hus wi Il coincide

dm/elbptﬂgea vlustersholwsinice theglgan mom spaesavhbeisobieraluster tool may be

'rs%@f’e@ﬁeﬁ g il Bcecy Piaontighd B REFERREH 1 2

| a
B Fide FA L ER S G vigwidh B Bont 2yl PRoseoRsarack 52 as
@M@ﬁbﬁ QdsicbaRe! gkt 95@311049)% iAMforitiof tEBoay¥BAIblies 105 when
130 (Il abel ed PEB1-6). [00159] Figure 4F illustrates a

faginig tlve eantiél tdhmt s@c?oadd tleas Wil coisilenyithdbr \dew shown in Figures

18 SFRLFOR B PA o0 Tk FESHFfartcEp Bl Rgl R ne front end

pYdEYsHiOVMtKk 82 Foptiifs Z6ur tbateneicesiopdi teambers &h@abeled CD1-4),
in Fiqure 4F, the second rear Srocesa ng rack 304

twelvea¢tik ahamibersBQledelrs Set 2 intake eoampatse PAq(labeled B1-6)
bel ed
afifor s R PR %etswﬁ%éefg%%é o Pl bers 65 are

one e our support

[Joqgel;] gure\%é hIIus?rléEc-:-ng\aé 85/ v(ije%\v/eclfqngrﬁrgpégpt%lspl%gessmg rack 152 as

viewed from outside the cluster tool 10 while facing the central robot 107 and thus
will coincide with the view shown in Figures 1A-B and Figures 2A-C. In one
embodiment, as shown in Figure 4B, the first central processing rack 152 contains
twelve chill chambers 80 (labeled C1-12) and twenty four bake chambers 90
(labeled B1-24).

[00156] Figure 4C illustrates a side view of the second central processing rack 154 as

viewed from outside the cluster tool 10 while facing the central robot 107 and thus

will coincide with the view shown in Figures 1A-B and Figures 2A-C. In one

embodiment, as shown in Figure 4C, the second central processing rack 154
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[00160] Figure 4Gillustrates a side view of the first
processing rack 308 as viewed from outside the cluster
wWo owb/0dB4Whi | e facing the front end robot 108 mrmMUsiv0S046877
will coincide with the views shown in Figures 2F-G 1In
one enbodi nent, as shown in Figure 4G the first
processi ng rack 308 contains twel ve bake/chill
chanbers 800 (| abeled BCl -12) which are descri bed
&ﬁté’ws' fbu?%éteﬁaé\%]ow f&hﬁhwr@ o8- [a%l&jl]crﬁwyr@ndwour support

ustrates a side view of the second processi ng rack
G@@ntasrsxﬁfeaweledcﬁm é),ut ki ore embodirnente the tmir suppartighambers 65 are

fafi ré?’ t.n]e ront bot %08 band hus wi Il coincide
BPEareEe™, OéWCQﬁ eivﬁ BEGIPRYOSEE Y 1 n one
P HEh R SPARRSRISS e Hiew ehinectsar aF PReyng sagk 202 as viewed

f?&ﬁrqlgélaeﬁﬂe HL%*P&J 86| Pl 1addgfiee 'beﬁHQIH%bbt ¢b2ERARuUs coincides

beled S 1-4). In one enbodi nent, the four
wmpm& vlemaa’rtmvrslna*'agarags tAR acdfigure |QB‘ olirone embodiment, as shown

FOPAGH 45850 DGR g 2 g T aovelopr chambors

@@s @BERANGDA K effh? .chill chidiBbérsr 8¢ (|aa@redpmxaasmm@ak@@hambers 90
as viewed fromoutside the cluster tool

10
%Qﬁlﬁ@] Bhe24erfornl OEBBbtchaowers 62 HabelgdoORBE] Adndand six PEB
é@q@g\dﬁl{ﬁ@ég}%&i@%f the views shown in Figures
e

n on odimen as shown in F| gure 41, the

f tral . k 3

PR ER L ISR h e S i Tod bRl ok 302 as
(ibakalfesh Gltdidle thedlistsnobRke wiHilRNaeny ta@ r(ebab@cbcﬁmd@ and thus will
1, B2, B3, B5, B6, B7, etc.), four OEBR chanbers 62

QCPla@idEe'ﬂ“UEBRieWéﬁhOVﬁhtﬂ‘ RigurepRE. dAAseeBbedNeNtape sbgwn in Figure
EEB{he irst r@aﬁ@%c%%mﬁ%ﬁ??'s’@néont{:\mg folf %Bafe‘?f&feﬁ@oper r Shambers 60

ocessing Ta rear processing
@d@elemoma)aergmgmu Ichhmtielne 8o (ihbgledaCil é8), two bake chambers 90

iahsiedr 81 g arlaut wORBH (oA heiRe oontaberd SEERacHogna six PEB
5559%&5%0 {}ég@éa@i@ SI de vi ew of the second

central protessing rack’ 314, or the second rear

d. ¢ t .
GPISTERME 4P Hietdfe £ 58 SURCH DB RULD ey Khsaing ook 04 o
vieaedrfadmtout£lad thediusterstoot 10 witlenfacihg tetreat hebati Wesand thus will

hown in Fi F-G | di t
SoIgaRE W1 USRI EeHOR 25 JBaas HgbpaERSilsAS sypwn in Figure

LPeiREOHhd g-,%\r/ erﬁ o PECK 80K cHhthing PolirdkdtRef/@8Veloper chambers

tW| n coater/ er chanbers 350, which contain four
@@u (Iabejéd pEBYed)s arfthifber sSUppPOrt ichameys beS coaeledr 8§3-4). In one

at 3 oﬁgea{'(ﬁlé rszvgport chamberg %50 R re%haacrg%ewﬁh oS &gater/developer

chambers 60.

[oo160] Figure 4G illustrates a side view of the first processing rack 308 as viewed
from outside the cluster tool 10 while facing the front end robot 108 and thus will
coincide with the views shown in Figures 2F-G. In one embodiment, as shown in
Figure 4G, the first processing rack 308 contains twelve bake/chill chambers 800

(labeled BC1-12) which are described below in conjunction with Figure 18.
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[00164] Figure 4K illustrates a side view of the first
processing rack 322 as viewed from outside the cluster

wWo owb/0dB4Whi | e facing the front end robot 108 mrmMUsiv0S046877

will coincide with the views shown in Figure 2E. In
one enbodi nent, as shown in Figure 4K, the first
processing rack 322 contains twel ve bake/chill
chanbers 800 (| abel ed BCl-12) which are descri bed

[*166 ‘gFi'ggré QR |Hﬁ‘§(¥ét@§ aMild vievdBf 8% second processing rack 309 as viewed
at er/ Devel oper Chanber [00165] 'Ip

fromt eutsittey tleoplustarHanbdp wiild facing the éost @@dcmﬁbé% and thus will

SolBbioBT i a8 ARk ol BF EIGRR 22 SHERRESembffigRitCas shown in
E@bre r 8H| eflel \scofl pREdes3irRP radk, 3096 cdmafﬁhs)pfoat' epoater/developer
and/ or the SAFI coat step , which are

@,mmheﬁﬁwlggel@@l @Wet) mf%z&uepwa@@@mﬁm 66Hiahsisd §3-4)- Inone
ﬁﬁ'&{tallﬂé/ f %\gm %%%\Q%‘ %Yé’réﬁé %ﬁﬂ%gﬁéoater/developer

cha ers;’a coater own |n I gure
etnamBerbesE:| oper chanber 60B, shown in Figure 5D
(di scussed below). [00166] Figure 5A, is a vertical

PO¥62] Pidake i Mustrhtedng srRiEdIWGE the @fsttdwtrtaOptc&Tessimgrfbek 312, or the
60A, that may be adapted to performthe BARC coat st
firsbreariopessing sagks3 1@ st vieweg frony obtpidey e clpgler &eqli 1§kwhile facing

fh%oce%faatl rBE&ph(gig%r AP r R0, 856@?[% vﬁp@blﬂellﬁec\ﬁim fdviews shown

an enclosure gas flow distribution syst
ihOFiyuras R Gr krupnasembbbynérﬁloas ahdwa inl Elgiireh%lpdheeflrst central

SiaseSaRl ok ZAOT hBaliST UGB! PIBGASHETG HaK o8 TopCauiins eght ohil
é%b&s é"BG(Ia‘b%?éoemCa')D f@é&@éfbb&ké%%mb@%@@ 5&56@5@1 B2, B3, B5,

e processing region 04 in which the substrate "
Bs B7oets) ddur QIERR matrmans 6@ (ctatpala@@EBant andisie PEB chambers

?@39 glﬁﬁsfégHD%@ﬁA@ﬁﬁg _any 4{ edTé g\lelny t%%i'%at Cﬁg?rgl boc&ssmg rack 312,
6h4RK fi@BJIeal &Bééésnr}%%%cﬂnm@ hedyatbeoar EO;@{‘J ﬂlQa?Jthe configuration

and a vacuum source 15. The spin chuck 1
flustaatedcinetiiguse e whicht q:QmaWéttmel\@smI"t quew& ﬁ% and twenty four

B g Mpars O B s 8 o i o e sobatr s 18
' b
B RIS T TustfeS A0E Blel BFhe el Gebtal Phacsssing rack 314, or

fHéesé@@wné@Opm@sémgSracEm@m wmonw@nf @Qtsﬁd@dhé ralwster tool 10
a material, such as, plastic materi

e faging ghe 9nEALIObOVIRY (@f Esar wbeby ARl anikdies Wil coicide with the
| @st t g
GN%S %ﬁg mh&saQ? |r]g\<}BE_ &hgﬁh nf@nett (z:as) %dm r?HrT-"n?ure 4J, the
ﬁ@(tcﬂfd a:leatrbhzmocessmgmatk 34, wott lthe I’Beqmndcml ngcessmg rack 319,
fluid
corletlainss odrI }/ﬁl;\ego;tré?fn ebglgpfelr lf:lhgllmcl)erg egg ?cﬁﬁergontain four pairs of
process chambers 370 that may be configured as coater chambers 60A, as

developer chambers 60B or combinations thereof.

[00164] Figure 4K illustrates a side view of the first processing rack 322 as viewed
from outside the cluster tool 10 while facing the front end robot 108 and thus will
coincide with the views shown in Figure 2E. In one embodiment, as shown in Figure
4K, the first processing rack 322 contains twelve bake/chill chambers 800 (labeled
BC1-12) which are described below in conjunction with Figures 18A-B.
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1025. I n one enbodi nent, the rotation notor 1031 is

adapted to rotate a 300mm sem conductor substrate
whedodmess4vbout 1 revol ution per mnute (RPV apdr/abmod/ 46877

4000 RPM [00167] The lift assenbly 1030 generally

contai ns an actuator (not shown), such as an air

cylinder or servonotor, and a guide (not shown), such

as a |inear ball bearingslide, which are adapted to

d&d@ﬁo@(}@d%@hgmgepot atabl e spin chuck 1034 to a
esired posi e [ift assenbly 1030 is thus
t gat :
FHPEIEE) LoaBPReloBRe! TR 600S AP TEEE G, Jtiber that may be

aplaptesktoi prgf@rrrd fat sxarhple, tivdn Bﬁﬁfbs:baasmpaﬂntﬁ/ dghe Im@otarpsst coat step

f
20, dPRaPTFOBIRCIE. (PP GaPnTioBndoPoUDE SBHSIOBeREPABS0, andior the
IAHER™Qbat 583 55 PPRhick0fre Sidwn W F‘(@Jr& It Shﬁé\ﬁébater/developer

posi tioned outside the enclosure 10 A robot bl ade
cbamber i oAy igenarallydeeconfigured inde twp magjor bimes, of aasilers, a coater

chAMERL S0P Shufn TSR, 56d B 6 HESq Reidmilcy B0t *SAGih in Figure

58 G&disdUpebl ®RIcy)st em 1040 is adapted to deliver a
uniformflow of a gas through the encl osure 1001 and

[60386) g reP5AS $& T e i S dcPiohAe vRW & S6n & YThBSaiAERE - of the coater

I'n one embodi nent the gas flow distribution system
cherberr S6GAHERA rialyt be adaptedl ip mﬁ@mgmmmé coat step 510, the

TR 5oL R0 e 8 rbEngE, ol A 0B P i ggatorchamber

60A Mag ddreaiHnanl 8Adlobliad 1801 Oavgalshovg aistemition Sgstémond40, a coater
the gas source 1043 to uniformy flowthro%gh t he HEPA

cup| @éﬁ"enlbl&ﬂ 003.hangna| taidr élsmeoae aY§taMel@dat efheupnclosure 1001
gRRRR (1];9[13 éjﬁnwg{ge 165984 ?a% wélf‘?o@ﬂé £96p Sn%ﬂ% 001C. The

I'ver a gas
cbalm&n@t agsenaig 1008 dihich tontains l}blequresessngg rregonrﬂ 004 in which the
1004. 69] The i d di spense
syeRuRs y’l@oﬂ PRSet 1SS CORERES i citl 1008, & dotataipspin ghuck 1034

a%92§ hW‘Hb h¥8H. ke Ritaliie s éHdd’Rn1 b3y geﬁel%lﬂ{/fc%ﬁ?ams a spin
0 strat’e nounted on the spin chuck 1033. Figure

chack 11038t mashedt 4032 ragidea frotationsootasel &3513@«@ § vBgR8m source 1015.

5 SRR 2 R BE8335 o HBlon BEOYL Bon e shar

10820 con@ir®s hlddafing @uffaee HOBIA tHag is uaRptdd wmtaqhgawnfstrate while
1028 is adapted to nove the di scharge nozzle 1024 and

the, éubﬁgﬁ@ng?eb%mﬁw rotpted { olhke gubpirale Payi be hield o thrsegling surface
1%%§g‘le®?¥ggﬁf o a d | re pg@isﬁéo%é%r?nb %gugdlf??g@ée'ggthe cup 1005

rdveufactosdd atmn Ahmaperdale ssichg ab| W dlastic meateehl (erged PTFE, PFA,
to the di scmbge zzle 1024 Iy

polypropylene, , ()) a ceramic material, a metal coated with a plastic material
(e.g., aluminum or SST coated with either PVDF, Halar, etc.), or other materials that
is compatible with the processing fluids delivered from the fluid dispense system
1025. In one embodiment, the rotation motor 1031 is adapted to rotate a 300mm
semiconductor substrate between about 1 revolution per minute (RPM) and about

4000 RPM.

[00167] The lift assembly 1030 generally contains an actuator (not shown), such as
an air cylinder or servomotor, and a guide (not shown), such as a linear ball bearing
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use of a punp 1022. The punp 1022 renobves a processing

fluid fromthe fluid source 1019 and di scharges the
w@emeoesitng fluid through the filter 1021 , suPKT/DSIKS/046877

val ve 1020 and di scharge nozzle 1024 and onto the

surface of the substrate. The processing sol ution

di scharged fromthe discharge nozzl e 1024 nmay be

di spensed onto the substrate "W while it is rotated

smetWﬁ.oﬁphrb %@as@dlﬂﬁa.séh@néu@webw\fa{awméos?&nIéhuck 1034 to a

apted to draw back an anount of solution fromt
dessemuogmonozihe liftoessealolg r1 G30dissthue cadapibeh to @fosntlon the substrate

R RTES Brofheltstolss selhsaRRRs ol i i 248 SobB' Gy ify, processing and

affo |tfhﬂ>1essmgh(aeé Bbovd theticpnsithe Gupr USASIoEkchahgkithe slubstrate with
spun off the edge of the substrate, collected by inn

ape@rterns robrt (G, 1r905eaﬁoroap\/é%e@emtaalaroama’lﬂ7,1(¢311r0b0t 109, etc.

g I
Bk 5 Do SBlek BoSERRACSER (R0 RUBLHR, 108 grobet blade 611,
whith $s atisicHed Vicetheolextemalhesbat)rieatBraethe ehclbh@recdat)darthrough the
chanber GOA t hat  ay be adapted . to perform for
aggasRPt 10A% fermped kfb'ﬁ? sidey 11(9%1t°‘he phot or esi st coat
step_and the anti-reflective top coat step 530. The
[l dheegas fave distititiongysters 8 049 iaadppied tp&qhaefraawform flow of a

SSFERRAE S Rt B S8 SRS RTE B o3 extaus

syétens 00 v2ntin fonererhbedimertt aice gat fldvedistitrrtioal sydégrasiGdedis a HEPA
on the subst{’"&%e surf ce to.inpro

the thij ness ..
filias perembly W e@%n%r@ Coutaing Bt anfiten Mﬁiaagn%éétef enclosure
16894 O‘i'HétléﬂlEPR”ﬁIfé}' 1644 anbyit aéncﬁ@éd?eofbiﬂ%n?%ab@?ﬂlm 1042 that

process relies on e control of the rotation speed of
atlhwssibbsgasateet@rmg ehatise dalsospuraeel 343 (o@mmformtyhﬁow through the

HER IR HOTE fhe g iia, adhabs i Ftn £Gp 38R F803. in one
cARRRIABAL 198 ghB&oalde ﬂd)mvlsagdmédttmeﬁv@% gak egj«'fé@‘?@t a desired
during the C{)roces& ng step. The rotation spee uring

tgmpewdyienand Bumishtydalthe Povgasstngaegiate! et er of the
substrate processed in the coater chanber 60A is |
[aon69]dhedtlid wispemse rystaro riéRSegenarally chowinsobne or more fiuid source

o3r/BPHEs d0Ba “GhicR dEr BRGTETma 1satefr S, B iffaneeql 2 substrate
nmMdudd di theé Hshi evatk 108B. t IRg@er sdy NREtratesl @l @tngwsmud source

arise due to the variation in air velocit
apseeblyoh038 whiph tgantaing sajidischavige trts)ztzlﬁeméﬂmﬁi Pigpply tube 1026, a

pﬁmg %gscgufﬁt%? 1@&1t hae H@ﬁﬁ?éﬁ@a‘l@%é %ntdoatfnﬁd %'o rcee 1019. The

Nt eracti on e substr e surfa
su;ssm drimahctantos el02A8sist Mptedieotmmée the Uaslcbarge:)nozzle 1024 and the
Ietethe coat ste ends gthe abilit

{. .
dsme@aa ag 1 GaTe @ HBs e Heghﬂea sorbat amserrssitg Ugfsambe dispensed

from the discharge nozzle 1024 onto a desired position on the surface of the
substrate. The processing fluid may be delivered to the discharge nozzle 1024 by
use of a pump 1022. The pump 1022 removes a processing fluid from the fluid
source 1019 and discharges the processing fluid through the filter 1021, suck back
valve 1020 and discharge nozzle 1024 and onto the surface of the substrate. The
processing solution discharged from the discharge nozzle 1024 may be dispensed

onto the substrate “W” while it is rotated by the spin chuck 1033. The suck back

41



fromthe thinning photoresist |layer, which is a

function of the rotation speed of the substrate. The
whe@h®eeosthe rotati on speed the shorter the proPEEBESINGS/046877

time. Therefore, in one enbodi ment, an enclosure is

pl aced around the substrate to control the environnment

around the surface of the substrate to i nprove the

t hi ckness uniformty control for |arger substrate

%&E@%q 020he aHHBfe?JVt%CHrlﬁﬂli BeRkMart ¥eRnt bPEoIhﬁ@ﬁ:cfﬂofﬂVhﬂéﬁ diScharge nozzle

ue to the control of the vaporization o

024 efter asdasieed lenaurd| efsproeessingdliidiis glispanised on the substrate to

substrate tends to preven : OW acr oss,t
SRl it o BB B Markla U R, W 1S fFEhgt hE substrate.  The
BBpERs&Rs pedcdseirPEsRtloRUs s?)@hom 1he ety eF trablsabaratenicollected by
of solvent has evaporated fromthe photoresist.

inoet malis Tefetheoavie r1 WOFaand divyed e endnieiKbdi aedtultimately a waste
%&%%Eighlsyst‘éﬂmlail S an encl osure 1001 , a gas flow
[ a

Stri

ron syst'em 1040, a coater cup assenbly 1003,
j 1050, and a fluid

ng, encl o urLe 1SS bl
H z efooar-nent illustrated in

B qnre 5B cantal ns. A nunh t i bed
RaaFigire SPopeh ek, Govna wusiier SEReNRBr e A ghpmber 60A,
iHAt Fhayr Be SAYAREGt R petiBem! e appIBUTRE BARD cbBE step 510, the

same of simlar conponents have been reused in Figure _
pilotboesist] eadtt steplands M laotitrefleaivedtophaeat: slepsp3d ckhec kmbodiment

033 il t d in Fi A I d,in thi .
ST e et TR BB Hovhl e Birate curing one
8P oPE Pﬁﬁﬁé@éﬂth% dSpdsitioncitapd 16 eahirdiahe WvhperatibiiAheBolvent from
whi ch the substrate rests and a chuck base region

thesearfageoai7the majarial gsppsitagsianathe substrpiesbdacago improve the

- . | 50 .t L. ' i ti : :
RSB RISl ! MoBHRER7 EPRS) bt contro n
ybivan spinhen g/ped osating priodedd iliesorsteacarited of trerdtation speed of the
chuck base regi on 1056B so that

bstr. b . .
SRS ArGLOTIEA S d1oBh 718 40 Tioh Ha¢ VARQUZAtRILE! Hg?ea%orm'ty of the
%algiép%?f?éd tﬁly%?'.e Thekbnbl 8cihf%nkss l@%ﬂif@%ﬁiﬁf ﬁadeﬂéh@%hg on the air flow

ront “end robot 108, central robot” 107, etc _
dtrespthe ssbstnatesswfaceudwingsthentiopes9b9 sien.c Ahe ontadionsspeed during

an enclosure lid 1052 angd the chuck. ba region 10568 .
ReBRSIn g eamib SR gAY et o OBl 2 g S8 et pioRessed in the
SOHISE CARMbEP 607 0s iitPeREAr @88 fadtHRNrcksuYBRNikelidBoleof aerodynamic
controll ed during different phases of the coatin

YRiidions. agesspthsc sysieag @fnémq)mng@dmg.yt@\g@io% from laminar to
BR096R el BBy, hBBRS s aue 1o e

warietionl i difbdlocithasla functiss efidupstrfedragiivedat Ity the “pumping effect”
contains a lift actuator 1054A and |ift noun

tin .
SRURSEERY 1 QRERINNPHediq g all frmdtsy 'BE%{?FW%‘ with the substrate
S8 YO RRue that arises is that the time it takes to complete the coat step

depends on the ability to spread out and remove the required amount of solvent
from the thinning photoresist layer, which is a function of the rotation speed of the
substrate. The higher the rotation speed the shorter the processing time.
Therefore, in one embodiment, an enclosure is placed around the substrate to
control the environment around the surface of the substrate to improve the thickness

uniformity control for larger substrate sizes. The improved uniformity control is
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and a surface of the enclosure 1001 . The lift
actuator 1054A generally contains an actuator (not
W@ bmanygz4such as an air cylinder or DC servonorPOY/USENE046877
a guide (not shown), such as a linear ball bearing
slide, that are adapted to raise and |lower all of the
conponents contained in the processing enclosure
assenbly 1050, except the spin chuck 1033.[00173] The
Hebdbd B BESQItY theSeomipaIehlthy \ié@i@)‘i’lébfk&n Qether sBNERL, since the
rotation bearings (not shown) and a housi ng 1055A t hat
enciosage forded caralndvihehsubsieite sands tbdpregsat ©h gss flow across the

BRI BB tRE, ER GutaThES 158 e B4l iy before an
dpipréciablecdmadGaofisdlverit Ak @vaoidied frohftheashdtoiadist1031
due to friction created by the contact between the

[&Fﬁ'l]oﬁ#é" &étbﬂcﬂ%geﬁBdAtlhth@@r‘ﬁlko&ﬁﬁa%t b@ﬁbﬁ&]lty]éb?@ﬁns an enclosure

The ‘encl osure lid is attached to the rofation
1994 | mggas moaughstrlhetwm systernt 104824, cpatesneup assembly 1003, an

TS sl e ¥R o Ot chd &° B kpkhSs, bisetofozs. he

grbEdiRRint Afustiated iid FigweesB| sont&ing,a tnlnuenlderfdsf eérﬁﬁﬁibéryts described
1054 or both Iift assenblies noving together.

aheverie retaseagerihine apRigr chambre |6<9AJ¢%sqrub@d1lodi9'aWd5/r\r?@d thus the
r%patllgﬁ%é’ﬁ? HeP It é%@\% af Si ﬁhrccgﬁﬁ 36 ent§ h368bdeh reused in Figure

s crea I'ng an encl ose cessi ng
SBhiorratavitgntlt shiculd dbet meted ubatt thetspln bhudnéOBB‘mlhxhtmd in Figure 5A is

EBA6E0 Mt HaP SRS oo i SORloSYiE GORKE PG OgS that has an
eHOERE LaRIP dHiRKPRTIIRG R RiceT04e)E ohtivhRRethe! sdti®rate rests and a

substrate, for exanple, the gap between the enclosure

dhiugk base regiohol056Be chuck base regi on 1056B to the

substrate nay be about 3 mm [00175] In one

[enwe)Higwet 5B ilusttatessited protessing eacldeliiescassentidy t h@50 in the

F@{Dggsﬁé;ggﬁl a qﬂg%géﬁﬁé&gq% htp%g}quﬁ“@ %ﬂ(g%@nqebgg utiioﬂ” ?not shown)
H@'ér%ldshu‘?e qiICh ©52!1& sbpdratoP 2R dné f&l‘ﬁ]&kb@a%% F@@bm 056B so that a

are in contact and the substrate is being
swsaaajcan be transferredttatihe eaiclaspe goalan attick &E@pby nee of a robot

483 BT BN NSRBI o5 ek g, oyl root 107

dth§. Phed Presessing enbidsutey a%@embwﬂg%of\mm@htdd?ﬁamg an enclosure lid
restricted due to the formation of a solvent rich

\RBganbifierchuek %ﬁr&@@ndOEﬁE’ew@t%\sfprrataepro,&eﬁémg region 1051 around
1k SPESRARTSS Mg b hg EREISIALAPHAR bl Eorkiedliting different

osure coater ¢

phaces df tied gbatimppragesed The ptocebsinglentatosese sissemsbly 1050 generally
t hinned to zi\ desi.redO . .

contains an enclosure lid 1052, the spin chuck 1033, a rotation assembly 1055, and
a lift assembly 1054. The lift assembly 1054 generally contains a lift actuator 1054A
and lift mounting bracket 1053 which may be attached to a rotation assembly 1055
and a surface of the enclosure 1001. The lift actuator 1054A generally contains an
actuator (not shown), such as an air cylinder or DC servomotor, and a guide (not
shown), such as a linear ball bearing slide, that are adapted to raise and lower all of
the components contained in the processing enclosure assembly 1050, except the

spin chuck 1033.
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t hi ckness at which tinme the enclosure lid 1052 is

lifted fromthe surface of the enclosure coater chuck
wda.owe/o6w3a1 al | ow t he solvent remaining in the PCT/US2005/046877

photoresi st to escape and thus conplete the fina

sol vent vaporization process. [00176] In another

enbodi nent, the photoresist is dispensed using a

conventional extrusion dispense process (e.g., sweep a

i . acr . .
T e I 100 GeR e e T ROHRAS chEorinare rotation bearings
ot Isbswl) andteniroysing 4855 A dhatrarecadaptediis alidv hel esglosuwg lid 1052 to

ot af ed, at desired speed to achj.eve a,yni,fqQrmla .

be Bl B fe iitidante OSH chiioR USRS, Pl Th BreliRbodiment, the
H@ésih?eﬂ)%%hisei«&éte(jh@s e [sprERUEK 403852 rbfats@ T thleefbtation motor
fromithe encl osure coater chuck 1056 to allow the

t0%bl dueta, tijsbion caeated f theneordaetegtwvepndhetanslosure lid 1052 and the
ist. [0 ' £.h :
BHBAEEREL (b bBeb, ' AL SrERORL D 0% Kl ftached to tho rotation

bearmgh ihrotidgie thuti@ shuhl 1052/, t Ineoms ehisidirmehi, dhd @bAtaco between the
all ow the excess photoresjst to exit tggépr,ocess' n

) [
eagirawrenliss 1098 and ghey Bl BRRR reginn t1IRPSBCis Hifighedy the movement of
4 ikl S e r bgtr 1 ' i ;
T, PRPEER~ 080 AT HE SR BNpY DGOSR 1 Sehiies maving

ogethgroi nts for the flowing air. In this

configuration, due to the centrifugal force acting on

tdoe7Ain ond @nithsdlimeas i witerwihiec Bngloblireckis 052 laewh the dHuaw base region
out of the holes 1052B, the pressure in the groce sin

# 05pBrare0 8L CRNIACtdPo el HitS] ciSp@aifean | snaloted processing
EHW&%rﬂEﬁF gr&@r‘?‘d ptﬁ%s%ﬁbgtrét'é. the, RRESSHLOGIMRR] e "Blume of the

e varied during different phases of the process to
partiessingtregionat@i i sdbiendedfto tieerairertsonals taseontin) the vaporization of a

LR O BE e S A RSB P 5| S, e gap

BEfveIHPE diRdsurd 1i8aI052Hnd/bcihe\dHiek Hasel rBhRA! FIbEBothe substrate
the processing region 1051 through a hole rn the lid

glayfhe abe@/B oumi ng processing to control the final

t hi ckness and uniformty of the photoresist |ayer.

Boors imene Embiodindestpen photpreyist ematBdal is delivered to the processing
Sol.vent/ el oper O spense [00179] In an effort to . .
PR IL50 TR BY b PEpSaRaB) € piriTyABgs Lot Lgetrshgym) in the li
Ehart Sshac aviife the Whsldsate lidP1052 aiid cHESk BaseN@yon 1056B are in
enphasi zed the design of the coater chanber cup

gedtast and the:subsirate i peing otatedat auliyst relationa) spgpfg In this step the
L f f ' [-m t

bRGioBsis! Wildtehd e e SuPass MY e BRIRI fetbe|cifocts caused by the

tdtation, Mputothes photoeesist’ D hibilitys perbange tprepphiesoisewistricted due to the

| ayer. These desi gns achieve one | evel of uniformt . .

farmaoyi ol SeVeNIG vaRRRAMSE MR SuAce otihe suRstiates iiter dispensing
the photoresist the enclosure lid 1052 and enclosure coater chuck 1056 may then be
rotated at a second rotational speed until the photoresist is thinned to a desired
thickness at which time the enclosure lid 1052 is lifted from the surface of the
enclosure coater chuck 1056, to allow the solvent remaining in the photoresist to

escape and thus complete the final solvent vaporization process.

[00176]In another embodiment, the photoresist is dispensed using a conventional
extrusion dispense process (e.g., sweep a photoresist dispensing arm (not shown)
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need to reduce CoO and the ever increasing process
uniformty requirenents further inprovenent is needed.
WO 0E8aB4Fi gure 5C il lustrates one enbodi ment BET/UB®05/046877
coat er/ devel oper chanber 60, which contains a fluid
di stribution device 1070 that is adapted to deliver a
fluid to thesurface of the substrate during the
coating process, to enhance the process uniformty
aE:r%%%' S stathrianf aifEke)0f aftére WHIMEMHeOBubbhstef 'lé“éhdlésed in the
a solvent found in the photoresist layer so that the
pewcasemt enclogurecassemizy 1950camd rotatest at pndeditedd speed to achieve a

uration,the fluid distributign.de
RS FE5 s Aipesier birPefar rUEr e ARa ikt hatBeen achieved
te EhalesuRY il 38592fis Bephfdte@Iemitthy chRibduf® cbak chick 1056 to allow
opti mum gap between the fluid distribution device 1070
theheomplete yapaidzation affiee salyent ea hgrphstorgsisteved so
that the surface of the deposited | ayer can be
[aon7F1b7 ohg erabodiatend ofithér enklosdre hd e, al plbdlity af bales 10528 are

SRRE R o208 DR 118% Pl R Hhotoresi o

ekit fthe%dé;%éiﬁ ¥edibh 2081 |during"progebsitighr Bras cudfiguration air flow
whi may be attached to a showerhead assenbly 1075

aamsdhgtwrfa@@ affthe iseibshateoisustdl pregentedteraminimized due to lack of an
|
egﬁg\%m%;d?cfrs Aﬁ;t%tggﬁre{h% #Ié(nnﬁgnra d'g'rlﬂgrrti@%eﬂglétrf%tn%t é?@to the centrifugal

farcguicting (dﬂﬂhe&iiomtﬂ thtﬂ?bsnaSwanohi witl iaubalthernearflovgout of the holes
slide, that are adapted to raise and | owe

1@6%%orteﬁt RressHiRi Retha PrEFRSSNQi ragmrgﬂﬂfiﬂuwalt)rfiraevt%@vv ambient
SQITe [ Waﬁé]en%&}lﬁ%ng%bldré‘§idr@tlﬁsthé ??ocfés%lng;sreglon may be varied

stribution device i'n t processi ng i t1on.
dﬂihag fdifterentplsasasooft thenprdeess ¢ mcﬁmoldbat\aimﬂzatlon of the photoresist,

shower head a senb 1 forns _a proce

0y RO 1071 SRR SHOER sV s TR P e RRSHE| [ 092 and enclosure
CghﬁﬁthgRHQQGdEVIce 1070 so that the processing

envi ronnent can be controlled during different phases

[(%877%“?058%% iMeAt 9a3§olvé_r'i‘terufﬂ \Pa;ﬂ)rqé il éétQHtlr'\tBr’(hQ?Ybé‘&smg region

genera cont'ai ns a shower sse
1060 thrauaghv aehdlé?im thedlid shaftt1sz&be|dbrlpgm4ese{|0@1082:]ntrol the final

The sho SS enerally contains a

t@ﬁ'ﬂ‘v@esrs gg@ati'(??gb ﬁhgﬁﬁ??' YI8¥S'A and a shower head
D | ate 1072D The shaf.t .
lyid. Dispensing ent/DevelppeDispense

formed [ nthe shaft to aI | ow fI uid delivered fromthe
[gon 7] dnsam refiert by Achigvel awiniiery ang| repeatablsy pbotasesigy layer on the

S B DR S8 DR FREEE 1 e comer
chambar nmupa geburedtyi, trpetifodh of @)ldrﬂﬁgﬁhéosmtmirateewaryﬁng the air flow

through the processing region of the chamber, and designing photoresist dispensing

hardware that improves process of dispensing the photoresist layer. These designs
achieve one level of uniformity at varying levels of complexity and cost. Due to the
need to reduce CoO and the ever increasing process uniformity requirements further

improvement is needed.

[oo180] Figure 5C illustrates one embodiment of the coater/developer chamber 60,

which contains a fluid distribution device 1070 that is adapted to deliver a fluid to the
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that connect the plenum 1072C, and thus the fluid
source 1077, to the | ower surface 1072E of the
wae bweoedsend pl ate 1072D. During processing, a PCT/US2005/046877
processing fluid is dispensed fromthe fluid source
1077 into the center hole 1072B, where it enters the
pl enum 1072C and then flows through the plurality of
hol es 1072F and into theprocessing region 1071 forned

Ripfaneeps t H@ §%Fiét ﬁuﬁf%j thEerm p?HEéé&etolQ%%Encé Nthe process

one enbo I ment ol € si ze er of holes and
Lmlfs)rrmtbmesmts ofn ohe agpectadii the invemtiinedha imzFisaz selyent found in the
shower head plate 1072D a desi gned to unif .
Ao Y RIS Sob B I BT s w2y B’ Bafidied. 1n this
c%@lﬂéuratl'oﬂ tABIIURE HistFAdhBRIVice 1 00 hedyebs irdiSed AHANSWeRId relative to

hol és and distribution of the plurality of holes 1072F

thersdstiate suitaser by adsepicht@ liftoassemply aﬂé’f}ew yhabapegptimum gap
bﬁeg\ﬁlgu mtﬁ%“afl%?ég(&gfjﬁgﬁ}% 8&\% HY625hd ‘i’héjghh%ﬂ% iog tﬁ%%{uhgﬁ’ate can be

1 on a processin

dohiesisso thatape aurfhdé bof. thé deposiied ﬂatyernqw be mmfumylytmtu rated with
useful to correct the thij céness vari ations cause

therdisnananccflgd. olheneamBedidqiathergiPcig RIWERNRRRIED-5 mm and
‘%Ut %'rﬂﬁgogﬁb fiff 8 s SERBR/ L gﬁg%@ﬂﬁ%bﬁms;\x?g%i@ﬁaﬁiﬂdw\ and lift

4 ond e iment, the’s asse
mouanhtingbraackebdl @73 mmanaydaeaahtaHWO%ahowerdeta@embly 1075 and

dapt t tat d | Ui A
§55eRERN e RoCR-BAC BT, T YR P RS TERRA S g gorams an
L ALY (ﬁ&aéh ﬁ%u@ﬁyadoanaa.%gmm& orl DCS&@vortoRtdher a guide (not
simlar device that are wel nown in the art.

shlovtryr suths as Roindas bril ihearisgsiide et 284 pdEpied tegaise @d lower all of
hat o | f
e Folriprenty fataf¥big: 1" dg&gﬁ@i&‘ BRGER0R. " e °

al so. conta . nca | n ssenb 096, .
et e iB6uETEs e, Mun "dslBiiPRad R0 of 01hdn he processing
pHshitar FRe TRAF URstdiSidfbn Bé’wéé)"lOVQ dUrftaifBta 5Réwerhead assembly 1075
processing fluid in the supply tube 1026 from dryin

which torarsora tpyoeessing viggiaus! Yonatwaes Hie tsubsirata and the fluid

@%ﬁlbyﬁoq §§¥n‘guﬁq7§)023@%gxge g{odceégfﬂgr&%lﬂaﬂﬁﬁn? C%R%% controlled during

difé \eRE PhRESS BF g Goatingsrocbss. diTheltanig eistdzrtion dddde n 970 generally
positi oned over the vessel eni 1095A (see Figure

C@N}a'f‘é g shewerkead aspembly é@?én 3 ﬁwfﬂh%mérﬁ@. Hiene a lift assembly
Vgﬁgl_on 1099. This configuration my be advant ageous
ere the processing fluid, such as photoresist, is

d f '

SR "0 BN L P A% showaroad base
1072y ghshafy 8072 Aearklf Shoalethead plte 1072DuUbTle sbaft 1072A is attached
processi ng steps. In_one enbodi nent, the di s%hfarr%e )

tﬁdggs@omneag@a%owa and has a center hole 1072B formed in the shaft to
allow fluid delivered from the fluid source 1077 to flow into a plenum 1072C formed
within the showerhead base 1072. The showerhead plate 1072D, which is attached
to the showerhead base 1072, contains a plurality of holes 1072F formed therein
that connect the plenum 1072C, and thus the fluid source 1077, to the lower surface
1072E of the showerhead plate 1072D. During processing, a processing fluid is
dispensed from the fluid source 1077 into the center hole 1072B, where it enters the

plenum 1072C and then flows through the plurality of holes 1072F and into the
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Fi gures 6A-B, contains a nozzle body 1024A that is
configured to hold and support the supply tube 1026 so

WO bab/0643@1 pr ocessi ng fluid can be cleanly and PCT/US2005/046877
repeat ably di spensed through the supply tube outl et
1026A.[00185] Figure 6A illustrates a configuration
where the discharge nozzle 1024 is separated fromthe
encapsul ati ng vessel assenbly 1096 so that it can be

pfo%?éiﬁ ré?ioﬂ'ﬁ?ﬁ”l%‘?m%ﬂ%e‘i’%@ S35 SGbdtkatbhrRtnen8wer surface 1072E.
surtfacé of the substrate. The encapsul ati ng vessel

Inaaree atyibpdiroent, tenbolal dize,cumibémef foles andrdistebutions ef the plurality of

090 109 1094, .and

nQ8& o2 acipsy g SBaveret plak, 97750, 48 iR By wpiformly deliver

th@&o@@ﬁ]ﬁ?_ﬂ@ﬁj foQhE o HRin re i A07 &5 én BRother embodiment, the hole
comrmuni cation with one or nore fluid delivery sources

sizeoBunbes ofriolencund distihujioneef e Blualityi efehgles 1072F across the

oAREGA Bl B R 00 Sl SR i e 10720

toFdgivee HBesirad ABnainiforh distribation ®f @optozassiayi fluid ad thdi@rocessing
substrate during processing the di scha[é%)e no@wom .
regien d0pb1 Y RQMLENERAM pattamIBAY bedisalddrePrigrt thethikngss variations

c%suelrgéﬁg g]%lﬁ'é\}g&aﬂ% Ur%?héogg%étg %aﬁﬁ'%gﬁééa%i‘erﬁl%ﬂn%s% Reriations in the

y sources 1 whi ¢ ver one or
deposited| praotomregist tdyeri ons to the nozzles. In one
enbodi nent, the cleaning solution is a solvent that
[00 983 Iresimey erbaidirnget, thd showedieald dsslehthlgr 0Zbtodntains a motor 1072G

conpleting a di saense process. The nunber atnd ) )
and aeriotany @l dP7eHdhAbak adapiggl tdoke Angede!vsr enfocgssing fluid to
: ge 4N

R3St Bl 7L PEREESRG" TR Rradi et r2r may be o
dyreemicdipesedl Ny otheosimilae tavicedhatareheelbknown imthe art.

region 1099 of the vessel 1095 nay al so be useful to
Phb®teristiNezzle RinséiSystémui d(s) retained in the supply

tube 1026 fromdrying out. Point of Use Photo Resists

[00 PEHPEIgRes SAMBNAeOlsohAc Jidws ehasHUsRate bné fambddintént of a fluid
repeatabl e coati ng process the di s&ensed phot or esi st

sowrpassembly 1823 deseribpdaboyecthiat aifa eantaingcn eneapsulating vessel
t4 a . f.f

<S4R 85, 20 BORCE % PSSURAS SrRErBiaRH ¥ Bttloe nozet

1094, tauthy tb prsese thee proeasingefluidyn e gupplgriubad 026 from drying out,

phot oresj st to another. Therefore, .since the coat eg :

aR@RRLer Clsar YayoDompeNaNtE i ¢ the |fliid) sQyipeeassembly 1023 (e,
[ t j 0 ' i

OBERRAR ARIR2s, Qe SSIGI02BHOERSE AFERSS tmos o between

ptozepsingt steps dtie dischiirge dogder tiR4isspositiored 092G the vessel opening

163K (G6F ioyie L8 BB E0hr LG afhg BnfiRShinEn region 1099.

This configuration may be advantageous where the processing fluid, such as

photoresist, is used, since it can easily dry and flake causing particle problems as
the discharge nozzle 1024 is brought over the substrate surface in subsequent
processing steps. In one embodiment, the discharge nozzle 1024, as shown in
Figures 6A-B, contains a nozzle body 1024A that is configured to hold and support
the supply tube 1026 so that the processing fluid can be cleanly and repeatably
dispensed through the supply tube outlet 1026A.
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achi eved. Enbodi nents of the invention provide various

har dwar e and nethods for controlling the tenperature
w@booa/ogdsat or esi st before it is dispensed on theCEUsfla®@6877

of a substrate during a coat or devel op

process.[00188] In one enbodi nent, as shown in Figures

6A and 6B, the discharge nozzle 1024 contains a heat

exchangi ng device 1097 that is adapted to heat and/or

[Gdi%] FidlfeN6AZ|lIGshARY éoc?&ﬁ\gu?é\ﬁ)rﬁmré( thébélséﬂgn@eaﬁﬂzzle 1024 is

e processing fluid contained in the supply t
sepaated froom thee abcapawdating venmh easersRyntiif s ttmlvt gan be rotated to

res ive heat.er d C th
Preiefep b eonroying g bosbenific of e UG fiig: "fhe encapsuating
veBdsIcHg¥eRibly t bQG*Qé@ieraﬂM&tﬁﬁQin@g)ﬁéem ﬁﬁrd@ﬁn@elrﬂ)zizlés| 108D, a vessel
heat exchanger that is adapted to control th

e
108hpardein 4094, and qovw@égpﬁgm 199%Ay Theerigse pogelgs i 090, which
r€: . C Vi S
oLSTRRRBHUEY 1 YooY L8 RGN i i PGP more i
demé@ngmrcesa 1006t (rtwb etrb%ftowrpe‘r Eigures @&A-Bheeelitenss $09@A-B). The

uid. In another enbodi t he at. exchangi
ciriti 941 GRNBFA RSBNEEIE © RibaPEalRalon SYSIaHnt G4 o
heat or cool the processing fluid. Wile Figures 6A
[epiasléefering tonkigkEs Be ¥t RArRITaTy taierduce q@yamination of the substrate

dﬁﬁgg“ﬂﬂoﬁé%élﬂgfﬂet QlSE %?ﬁé%zq%a bfﬁj%ﬁ %ﬂad'ﬁapﬁﬁr NEbe outlet 1026A are
cleamieldgbly atseomfsoma&rrembl'e rheetn@ztésamggnghde‘are:atthﬁﬁéd to the fluid

is in contact with the sup t ube 1026 and/or the
dRUYSY eSRHEGS 1t94943Awhs° @@@cg?%rw%m@m fdeaning solutions to the

nb%%@gr aﬁ'\“f)ﬁecéf rﬁcﬁﬁsb%ﬁnfﬂgé&utléﬁ‘ |§’”aesolvent that can remove
enbodi nent, eng the supply tub i's
Iefmvperpmmresnsbmfmer eﬁebyomp@tmtg ame Qfeaess The number and

exc e to assure that al

o BBk S AR 28RN rliRbod gt el i ¥BRE b shaces of the

diseharddAgszI¥ A0pARNEOR BB IWUDe Hialcdi1DRBASRE cMaridie After cleanlng the

surface of the substrate during the next process ste

re@amm@ vapeisr dainedie rtB@ @nwiromment eeaan 19 o e&@h\é@f@@ﬂ 1095 may
9

ésg)wg g an ?tgr B‘r%v }1? {é%@fngﬂwg‘shg% O%B:&Ié grffttéécsupply tube 1026

hd;m;dryuh@duabove [00189] I n one enbodi nent, the

encapsul ati ng vessel assenbly 1096 is tenperature

Petht 6PUse PHStoREsIsEs TBAipdriturecDpstraf ure of the
nozzl e body 1024A and processing fluid in the supply

[dd*i@ﬁﬂ)o%sﬂl‘@ Ha'umfél‘rﬁ‘eﬁnét J é‘éiQEIbStc%%hnéeWégsurtﬁe dispensed
when the di scharge nozzle EOSI ti oned over

phetmeislsbmpw@turegsmf(m@gwygmr@r@ Y. sike¢ dine mmg)er@es and process

By G Be Sl GFaT by IR AR AR B P ShsBlooidiPrpsist. e
oﬁhﬁﬁﬂhedlsb@nééetémbér&nﬂé gy veayelfroh99bne Tp@ousasiet to another.

eat exchanglng devi ce 1098 may be an el ectric heater
Thereferapsinset the coater chamber 60A may contain mulfiple  fluid source

assemblies 1023 to run different process recipes containing different photore3|st
materials, the temperature of the fluid source assemblies 1023 will each need to be
independently controlled to assure desirable process results are consistently
achieved. Embodiments of the invention provide various hardware and methods for
controlling the temperature of a photoresist before it is dispensed on the surface of a
substrate during a coat or develop process.
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device and/or a fluid heat exchangi ng device, as

descri bed above, which in conjunction with the system
wa@onwbnedsker 101 is used to thus control the tenQBUSI05/@16877

of the vessel 1095.[00190] In one enbodi nent, the

tenperature of the rinse nozzles 1090 and connected to

the tubing 1090A are tenperature controlled to assure

that the cleaning solution sprayed on the discharge

[00988] IrE oA ZmBO@ M PhY sh@bl/h FhUFig%ﬁeé@N;énérGB 3the dlscharge nozzle

desired tenperature so the processing fluid in
1924 goytaintha heabexchanging deviced 08Y taalos edaptad W@&ﬁ@nd/or cool the

SR8 bRl eIy PR SRR R8T 35T R budeRbR 48 pblained in the

soesly ttube 1928 elrt baepérabofnmemt tHeheai ekchamgmg@ens:edns a resistive
on the substrate surface is preferabl

healer that|is @dapiad {enceraliths terpperuige tgnietpergcessmg fluid. In another
ﬁg)e ﬁt' She | YR )&?\Qngﬁ\ﬁ{a\?ﬁeeﬂo@ id I&eflﬂﬂsh%étfgx%nger that is

su st‘ra e surtace hotoresi s
adaptedn e ccontivértebotemperatire obrthenpfamestsimg ﬂusjoebrysese of a fluid
cont r ol

arm 1027 03| t 0. be accurate
(RPRA P, Bl SIeVie%s (o FRONRBEL GaUSES Fo MG fluid to flow
tHr§u§ﬁﬂ?@i'{)lgﬁpﬁeé{r@)@h%ﬁb¥r RP%bﬁﬂr@lnﬂh@QeHb%rQ!ﬁé RAtE processmg fluid.

nozzl e . An Issue”arises I n that I's commpn for
Ircanotber enmﬂwnentsahetheah gxehanging meewom isch theyenasdectiie slevice that

sradanpd 1§ egf PR fogh i MpBeRtbuILEL' YRR BEfes A and 6B show the
héﬁﬂ@kcﬂfﬂn@]}hgfﬂehbé 100 i commtiBRIatioPAvitt tee h@zilbfbd@ﬁreﬂ)%A other

to accurately or precisely control many di spense arns
emppdimemsr efotee wentior Embdinekisles gmfigheationservhasa the heat

e%kﬁaﬁﬁ&%@v@gw ﬁlna&%t wﬂq tﬁgastup§ 3) {dm :?O%B S‘c),nﬁf(iél'lerethe nozzle

arm easi |

bbderi©2us wnéffectivelyacontrol ihel 1elm;aéranﬂeobfaﬂh90pmessnagdhyd In one
control. In this configuration the. nult|£I e di schalregde
by use of a

eRBDSIBRN BdangibpidhersUPRlY \Waei AR sl lemperatiye sontrol
Sarmll%é ét%?geﬁ“ﬁ) t??%@@ré’"‘tﬁefi élh%f%é‘g)o%rﬁéstﬁeg?‘n%edlspensed

by use of e assenb 1180 (Figure
ptatesaiagdhvib htaimet,in zbhej sepaiydebainnet YORING 1 ﬁaaﬁtvelﬂ bsdlispensed on
f

oS PS5 BEBLE g ST e ALV b Bmperaure,

TRENdd@mtahb N ekdhengtlr| F87 A map%ea@ﬁumtcmcanéaer a thermoelectric
repeat abl e control of t he di scharge nozzle 1024

devse eingoranfiuid dgat exchanaind Apyiesi @5/ desgrihashakys: |
possi bl e substrate scrap, and the need for
[00889] br ané embddddeoR|thEieneapsTiating vaspelaasseindly 3096rie temperature

oSO Bl ol FERRBTAT TS 8 SHU M Bug processig
fitidakh thassupph MBe1026 are maintained at a consistent temperature when the
discharge nozzle 1024 is positioned over the vessel opening 1095A (see Figure 6B).
Referring to Figures 6A-B, the vessel 1095 can be heated or cooled by use of a
vessel heat exchanging device 1098 that is attached to the walls of the vessel 1095.
The vessel heat exchanging device 1098 may be an electric heater, a thermoelectric
device and/or a fluid heat exchanging device, as described above, which in
conjunction with the system controller 101 is used to thus control the temperature of
the vessel 1095.
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degree of freedom In this configuration the dispense

armsystem 1170 will generally contain a dispense arm
waswentdsyl 1190, a shuttle assenbly 1180, and aPCHU$1005/046877

assenbly 1160. The di spense arm assenbly 1190

general ly contains adi spense arm 1192, a nozzle

mounti ng position 1193 fornmed in or on the di spense

arm 1192, and an actuator 1191 . In one enbodi nent, a

@9?9701]1#1 &8s @bt Rnidetature oRdaPtifse h8z£88309bRAd connected

di scharge nozzle 1024 when it is deposited on the _

toothel eibing 0908y que $emperatareogomyoltedletosagrure dhatsthemiegning solution

1180. .The, noz.zl.e retainjn tyre 1194 na .
SHiPvg oaegrBRatias sorf ShtEbbetiefedl firsavare at desired
@nRsdratee é&%@%r@@éé‘;sih‘%‘ﬂbicf ipaherRppRNtubeet o6 Bhadtdeeated or cooled
nozzle. The actuator 119 1 is, for exanple, an air
dyringhther clean erogassdevi ce that is able to raise and
| ower the di spense arm 1192. In one enbodi nent, the

ats : pement oyistems a | i near gui de (not shown)
whi ch helps to control the placenent or novenent of
[pbea1yiT e pEssaeee aunifiotrh9andisepeatablenpveck dsr teaultaethpopositiom where the
to the other. [00193] The carrjer assenbl 160. .
GRPIEISHISh, MR s OReBISH e UPBOR DTS Suddes i Aigfagably tightly
EdMidleOUTIRE LARSATE) ¥f tHe2defdiRtbd GHY SRt FaylirsEntb@affected by the
nozzl e 1024 and supply tube 1026 (six discharge nozzle _
posiormod the sublskaterstetagesad mhicke thel pctosesistdn cigpensad. d herefore, it

g PRl I Q57 9t LA tpio b o o
heofles CORPEIRIOZepporl Gdd antlidtbel 1025 3pai abedapatipl v precisely

tube 1026 to a desired position by use of conmmands
pegitioning tbpsdisphargnt neAzle10241 An| isgue Arispseinstiat tif & common for

R R R BRI YRS 1098 SRl se mutile
tiffersftashdtbre sibt I bterigs, wﬂﬁzﬂllq@r%ﬁ%irtomeam thezzbst and complexity of
nmounti n osition 1193 on the dispense arm 1192. .The

Etwumtsgggémrﬁoﬂ eg%@?eaf‘ﬁﬁdégrﬂ%uﬁ%tewn%d?(%ﬁgy control many

éi%é@ 3érr%|§81]027. aTRBKG IS vaFiBLd b3bHitheptd 8Z Hefinvention provide an
transfer feature 1183. The nozzle transfer feature

afEdatys addphnettiotidhehgtiizeswa tsingle digpanset &en didgZnthaean be easily
ngzzle 1024 so that it can be renpved fromthe carrier .
cltbaabr s bemE orlepdirEl cBiRE AN Alshatengiel cdntrol. In this
B&Fiduratibnl #83 niuneb1é kit haegel naggles @24t findoazhe various fluid source
nmounting position 1193 to the carrier assenbly 1160

agsambligse] GFbaresexqhangsehyit e simale sisnenssraras $£9 by use of shuttle
SO0 [oBR0YA) 1, 308 o e ch YRS LA, 1362 s acaptes

sodhaooatye ohbededrett dfefraedorhl 82 gt, ca ssinlgiei lirehr pdisedtioon(z-direction))

The act uat or asserrbl¥ 1181 rmuy ,
needs to be controlled. This configuration thus allows a more accurate and a

repeatable control of the discharge nozzle 1024 position and reduces arm

complexity, system cost, possible substrate scrap, and the need for calibration.

[00192] Figure 7A is a plan view of one embodiment of a dispense arm system 1170

found in a coater chamber 60A, that utilizes a dispense arm 1192 that has a single

degree of freedom. In this configuration the dispense arm system 1170 will

generally contain a dispense arm assembly 1190, a shuttle assembly 1180, and a

carrier assembly 1160. The dispense arm assembly 1190 generally contains a
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contain, for exanple, one or nore of the follow ng
devices to conplete the lifting task tasks: an air
wa@yiosnesry DC servo notor attached to a | ead SPCBEUS2085/046877
DC servo linear notor. The actuator assenbly 1181 may
al so contain, for exanple, one or nore ofthe follow ng
devices to conplete the rotational tasks: an air
cylinder, a stepper notor or a DC servo notor. [00195]
diSh Ry afrh o gbh@ SérAd hfbumtiRy IobftidrPl #08 Fornidn 60on the dispense
horme position (see item"A" in Figure 7A) to a o
a1owi1P3n andean \btuater i 191. dpsendlenbotimenhd nesaenistaining feature

{1 sc Rt o o, P68 RaeEGPAS oo BReRf i B@Posited on the
ric¥eRe Moimting Postiort 1893 bieahdistohiry gesarily| €18002%he nozzle retaining
engages with the nozzle transfer feature 1183. Th

! € .
fenture [1d 94y bea spring leaded ardneumatically acliated dewce ydich grasps
[ z 4. fr d ri Ss I :
o FFOTAR, IEC B8 ph A AR hSEABS IR AR 1101 i, o
evample par dirosydindeher otiez |deviveuthiat isgalplestotraise dridBwar the dispense

di 1192. . Th ttl 82 . . .
AT 11851 15 Qs Pogirao it scbAbral onalsge it & sy guide (not
oW SyHIeR He@s”?é%dtl_%gtl@ﬁlh&éﬁ@nié?ﬁrov@hﬁerﬁ Retrd Gisgéﬂée arm 1192

1182 't hen noves vertically and then rotates back t

adhié ishavored drsint iooe posdenitodhe Ofktgr, The actuator 119 1

in the dispense armassenbly 1190 then noves the

[do196] By eanier Z ssetnblya 1468 igeperallyscdntainsav apzzlbesupport 1161, two or

surface of the substrate (see item"W.), that t
Bois PO urosssently NSt soplagna ddenaiis 3eiel U24 and supply

tdbe G2BARIXN@&éh&rgbUrskZd $054 BRA R sbQiceXR@mblies 1023 are shown)
reverse. [ 00196] “Figure 7B illustrates anot her

antbadiatent aofuatdre(rdit sshewey. afhesptaynactua®r ishadaptedhdo rotate the

S SoEod AL 330 S B 5008 e AR s

duppBRtubEoreEs @ 4 rRedem pasiton ast iues) of @Behranv® fiokflthe system
degree of freedom (z-direction). The di spense arm

condiliel ¥01.190, which was a part of the embodi nent
shown in Figure 7A, is not a part of the dispense arm
[e9touEThel shottiel assambly etit 8thisFadapled7®, pickug eedigeharge nozzle 1024

the conplexity of .th at f e .

e o eATer 2SsBnd SHEBCH 607 BAEs 30" arete LV, dscngroe nozzle
10240128 62216 nfduhtingepshitishan g8 onoihz! dispél¥se amen 192, The shuttle
Is positioned in the nozzle transfer feature

1183.
Fusgmidy 7388) genarpllyi soniainssan ratvRlpr g6s8amBlye1181, a shuttle arm 1182
afrﬁi%'rﬂ)% erHsfgﬁ f%ﬁﬁré‘?ﬁ@(%.eﬁ%tﬁd%@gaﬁ ¥ Qukel §483 is adapted to
at may u or hol'ding an t he

e use in transferring
aligagjeawitie ongzadrethE0@idéchangeamenzidg i 024 sbhdhahitiicahdearemoved from the

QBTG BS3EDDo | LEB8R rPIETER @ OZ2le MegPUBgqangiop 1183 and then
rekfRe@Mbrh RE® NBRYIBSmounting position 1193 to the carrier assembly 1160 after
the process is complete. The actuator assembly 1181 generally contains one or
more actuators that are adapted to raise and lower the shuttle assembly 1180 and
rotate the shuttle arm 1182 to a desired position. The actuator assembly 1181 may
contain, for example, one or more of the following devices to complete the lifting task
tasks: an air cylinder, DC servo motor attached to a lead screw, a DC servo linear

motor. The actuator assembly 1181 may also contain, for example, one or more of
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vertically until it reaches a nozzle pickup position
(not shown). The carrier assenbly 1160 then rotates
W@ swe/0693¢m " B") so that the discharge nozzl e 1BCHUS2005/046877

engages with the nozzle transfer feature 1183. The

shuttle arm 1182 then noves vertically toseparate the

di scharge nozzle 1024 fromthe carrier assenbly 1160

and then rotates until the discharge nozzle 1024 is
tReSolibRIMRd deviees etod@&hF@@e RRE rbtAdnAY e4sKsh s dirf @aiddef, a stepper
the substrate. The shuttle arm 1182 noves vertically

roatarloriat DEservemadodesi red position over the surface

of the substrate (se item"W), so that the substrate

[po1sHB pegatidrethecsinutie girm. 1182 radatesdrarndtsdisubpogition (see item “A”

.ngzzl e 24 the steps are followed in r se., . ] 00197 .
g ZAkidc REARIONLIVET Ui PRIeT desembhy) T158 8RN moves vertioall
GRiMiidacheB! 4 ndkilbYpiekus poaRion! @ot ReoWRY S ethasapidl agsembly 1160
1096 (not shown in Figures 7A-B (see Figures 6AB)) i
thanciotates (seeptanat Bk sootnat dhe edisehiarge sigzzle HAR4t elegages with the

R T el e B e Hinf PR 1O%s vertcaly to

sepashettheldidohapgs abirle W24l feorhhiey carriereistitly 1 060 and then rotates
transferred to the shuttle assenbly 1180 and bro

ht
wiihe dischaigediezzs 1024 ispesitionedoverthe nazele RAAHEg position 1193
ARG B0 eI TR L1 s Rl M oeposs e

disghdrge adapleetD2400n¢iné aorzlefrmourtingnpdstion hé98evidleoghuttle arm 1182
step 550, and élhe AFl ER' co

thep Gﬁ?Yﬁec'n‘fe,le g]e@pr@,tatgﬁ %}qﬁéftg géﬁé@ﬁéc%itfg%e(see item “A”). The
ﬁg@gg ?ﬁgﬁ,&"‘ gg% d{s?%n§8'§?r?1”§§§e$nt99"1t1§br’(ﬁgn iMovdetheddit&arge nozzle

us sone conponents of the devel oper
tohmdesired @B sitioan overethehsudacee obthes stbétaatet (seehitere “W”), so that the

described with reference to t devel oper. chanber 608
HESGale, 8 adhins e, Rk Gon el o Ty oV Ae g ar Geragte 1024 the
feps aHsRMowearis revssepri ate. [00199] In one

enbodi nent, the devel oper chanber 60B contains a fluid

[?%@SLFF?HF& 7B ifGMtit8s HPbtherdGnbbdiRftht P WE didperddaihedystem 1170,

ver a uniformflow of a devel oper processin
wheriedthieodishenseiaiacasssmblyel b bas dive degrerg afniseedom, such as, a

RERiBoRr §rdwh Sefestorn; of AR ear SpafesfL g o Gftirection), and
A0t Aall@dgrecastaratring (£dirketioh)i fTHdHspeate wen ddtembly 1190, which
devel oper processing fluid to the processing region

Way @ ast fedeprmprdimatshowssinrigereat, tSH@tb%JP@'ESgrﬂf the dispense arm
SHASFL hAF' SR 1B S G By of tho coater
chamber 60A. In one embodiment, a nozzle retaining feature 1184 is adapted to
grasp or retain the discharge nozzle 1024 when it is positioned in the nozzle transfer
feature 1183. Figure 7B also illustrates another possible configuration of the nozzle
retaining feature 1184 that may be useful for holding and transferring the discharge
nozzle 1024. In operation the shuttle arm 1182 rotates from its home position (see
item “A” in Figure 7B) to a position over the carrier assembly 1160 and then moves
vertically until it reaches a nozzle pickup position (not shown). The carrier assembly
1160 then rotates (see item “B”) so that the discharge nozzle 1024 engages with the

nozzle transfer feature 1183. The shuttle arm 1182 then moves vertically to
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hol es and di stribution of the plurality of holes 1072F

are designed to deliver a non- uniformdistribution of
w@2aemedsaper processing fluid to the processi nBCT/E8§10051046877

1071f orned between the substrate and the bottom

surface of the fluid distribution device 1070.

Devel oper Endpoi nt Detecti on Mechani sm [00200] Fi gure

8A is a side view of one enbodi nent of the devel oper

seharkerthd ichipde AOFAIAH024ardiR VIR ER%ier ABSARAbIY 1160 and then rotates
detect or assenbly 1400. The devel oper endpoi nt

ureil the dischargemsizylel HORY isseesitioriegsaver andesirasl pesitien ever the surface

JabEBRTale BRI 8771 18 Al StbaY BB Pl a cesired
pUsisH BR6E tha Surf@ee oivave | angtratefsenigrh edvnadicathiainthe substrate
or beam (see item"A") froma | aser 1401 i npi nges

. _ on
Rracessing step 6aNthRIIBULER rameverhei digchargexperr) 1024 the steps are
f{}ﬂ%&g ﬁrﬁ}eﬁer%eayer thereon, at an angle that is |ess
an

nor ma 0 the surface of the substrate. The beam

fis7] A P G meRE s Falh 3Bty 1f0° ) EOhEF X pluray of
dﬁb@@blﬁdn?)oeés@lﬁs%@amieé4ﬂ©6 (hot shewe il Gigures t7A-Bheee Figures 6A-
detector 1410 is oriented to receive the prinm

Blerwhieh ia6n temperatHee saptralied ihassivgsthiag the it@’ﬂ@r&¥WE% of the nozzle
ﬁJuzﬁf Haﬁme{g&q ﬁ)i@é%énsgngg:ﬂ’uitf whg_n&myr 3%6% Lg@zé %t NRaintained at a

surface an irection
donmsistérer mpefatiree edhile hthelymprengiaiting etambantranbierred to the shuttle

attern forned.in the photoresist ring the exposure

%@@@%\eé]% ﬁegihﬁ%g@ict rifie sy a%?@@‘ﬁeﬁi&%@%ti on will
vary as the devel op step 550 progresses. The variation
lape Iy of the reflected radiation is created

when the devel oper di ssolves the sol uble portions of
[oresReferings ta tFiguia B, t WhicheiseRopidst Wpws5 8D onenggnbodiment of the

BT R hg  E Ae S T, B e v
stéerssoorand tHie SARIERM et astep 15951t hen pinet enisidiment, the developer

pattern _causes scattering of the inpingi nq beam  whi ch
B0 egrnaratn Gontaife afhh thereareporeNts eantpiged In the coater

c\‘zﬁi’r‘?&ére@oA IR dOfRGs %Ut?ﬁgic%one%@ of M AEDLIoher @ﬁ%ﬁg%‘? ‘b%yOB that are

en the change 1I'n ected 1 ntensity neasu
thosadet ecsionlal i thossydgscobed alithyrefgrpnecathtre devatoper chamber 60B,

LA MR AMTERSE: o P OHIENG. KR IrIaDs hgve bodh used where

b64ted, is defined as the detection area. In one
afeyr?go'g@rrent, the size of the detection area is varied

(1SS ) LBindlving BB, GEPU S ceP o8 SO 'S uiddstuton
dbvicec 1 70, sdepraibedaabdve, is adapted to deliver a uniform flow of a developer
processing fluid to the surface of the substrate during the developing process. In
one embodiment, the hole size, number of holes and distribution of the plurality of
holes 1072F are designed to uniformly deliver the developer processing fluid to the
processing region 1071 formed between the substrate and the bottom surface of the
fluid distribution device 1070. In another embodiment, the hole size, number of
holes and distribution of the plurality of holes 1072F are designed to deliver a non-

uniform distribution of a developer processing fluid to the processing region 1071
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generated due to the variation in the pattern topol ogy
seen by the detection area during processing.[00202]
wo moenes3enbodi nent, a tunable |aser is used i nP@EI/ES®OD046877
a single wavel ength |aser to nore easily detect the
change in the sharpness of the photoresist pattern as
t he devel op process progresses. The anount of
interference will depend on the size of the forned
fofth8d ibRBveéi thd BEb 3B | 0B Kdttdrm8utfaeé & Me fluid distribution device
radi ation. In another enbodinent, a plurality of
WHlectors (see itens 1410-1412) that are able to
detect the primary reflection and the anmount of
Bewdloper & ndpdiiat DetedtiorhMeghdeismni ne t he devel op
endpoi nt. In another enbodi nent a CCD (charge coupl ed
[06200RiguRy 8AYisi s sideedeivoofnome epibddiveent at tey degelaper chamber 60B
shift 1n intensity of the reflected radiatjon.

ILn aope
thabsaniaing, at deyplapeherdoeyd detestol: aasembly (AL The developer
egrﬁ{dogﬁtdefe@ctef 3§§%bﬁd1 40idd #der %W&fe OF RioFS 8k tors to perform

urd retained on the substrate surface during
Psoattssimedry fypel tethnigyelde detennine theearetpointhaf the develop step 550.
refl ection fromreaching the detector. [00203] For .
Dot e AEEPht S ol iy s it it Bfediony o g, (see item
P& fr8fa M dr MRI0AUR I GeLbn thE sBHASE bRttfe stib&ratbSRaving an exposed
shown in Figure 8B may be used. The process steps
phatoregist haardherapn; faé annanglaithahisdass tharonotmal to the surface of the

SERAER I U 9B Sl R SHE, SR P HE Bt ano e

ifAtenisig dthehed eafd i adrgish BrdisC detsdted! Byo at Hetdctort 1410.  In one

data so that the contribution fromthe pattern present

mbedimentiberdatecionifdds crigataditorggsive thairrinasiyrgtection from the
n; Wi ' fi i :

BéeB s FRS ok M PRIRIREeBin gl nd S ptave to e
glefaekoang tioe essnangligetiond &ue w the reerfeendeshetaaden the impinging
t hen the use of afpsin l.e wav Ie&gth is all that

n

RRASBANLIG BREETOBPREIN dhe AL ES 17y LFIBOURB GPPEHEp Step 538, the
igfe?‘ltshfggﬂ%ng _I tadjdtn Wil vie§ 48dhe [RBO8RMIstbh 5t5t(])epnrogresses. The

et al edge of the pattern is required,
\@riation inotheeinténsity( oft thet rafgled madiatjon ds a@patedr whae the developer

Bt SR B8 8 yrlehf ABVELPER o8 Sop 50, thus
&SI’} A OfratiAgt ipedratire e enfdryé dvthch fragsndieasingly interferes with the
external “vibrations, and works by havin | t

nu e
impngingiheashs [hererere] A interiprenee: wWihj Wst pmw'o'?éﬁm pajfiern causes
e . n . . .
4 SO Bl o e oA, BRI, Ao main rfectn
thgaisg@etgote_tdnel_rf eiheé @gxﬁboﬁ?meﬁt,tthe e'(;m@blimriﬂ; detsnted AWhen the change in
obt al ned v] a I nput rom e endi cul a eam (item
the: Hoglegrdann. MeRspEK PRING: dstgetor ri4 1t Aubeldialy, approaches

Agyel oper fluid nmonentarily deviates from

[00201] The area on the surface of the substrate, on which the beam emitted from
the laser 1401 is projected, is defined as the detection area. In one embodiment,
the size of the detection area is varied or controlled so that the amount of noise
contained in the detected signal is minimized. Noise in the detected signal can be
generated due to the variation in the patten topology seen by the detection area
during processing.
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flat and level, the normal reflection of the | aser
beam (item"C'") fromlaser 1451 is detected in
waledoeotwn1 1453, by use of beamsplitter 1452. PpeT/UB1085/046877
configuration thedetector 1453 can be a CCD array that
is able to sense the change in angle of the reflected
beam due to the change in the angle with which the
beam "C' strikes the surface of the devel oper fl uid.
[0D3621 %Y %in@”ér?u%&fn‘i’éﬂteé t@jﬁéblbnla%’lnlsuﬂ%d o prickhoft & %lr@q‘@wavelength
array is able to detect a chan in the position of
lages tp makre aasdy sietsct dhe changTin %baranelss atitheiphntoresigt pattern as

R EPLI0B fee SoioBfeshes SrenslRatREA ulf hnepg on the size

ofNke tfbkAed MGraxpgy” tarmh el vidveldrejth esft e h@&mnt Badraaﬂnbeln another
sent to one or nore of the detectors 1410-

emhrshimant aielrality o qleﬂe@q@és §gag itemspbdiQ- ﬂ6h2)o!=hatt [frg able to detect
trﬁf gnﬁ&f qgflé&ﬂ)ﬂ %’frﬁts l éc trgd qgﬁlaﬁbh q&sr}élﬁ‘ determine the

I oper ere ore
dsuélbpbémjpnmt rlol amtbelemnbbellrdemtea:m\(aha@el ooupled device) array is
ition of the reflecte am. throu t he us fo ..
BRI angisahe SeAEenTa ARd sBTL 1N BIRDSTI R the seffScte radiation. in one
Frg%%iuﬂlent: b pr&Ydrit ol $é}?eréﬁé‘d 6inaHle REASEITASY éeﬁm@edrad.auon from

The active mrYors 25-1427 can be snal
thmppmas,slrlgjﬂthldarstanm oortherssibstrateosuiface dohing processmg, a slit may

| abl h
oo PuieleATheraldbion iR seidagnd AStaeliT o " he
mrrors are desi

t ed t t
(Papker GHoRRE. aobarage: We AvBcRLRANE® fo Aeady a patiem on the
sgﬁgbf‘btf'tﬁ’é‘ sBBsHSRC iHé’gz S%béﬁ(ﬁvn WERUERO B Ma3 8k used. The process

oper Chanbers [0 6] Figures 9A—B are’plan views
stﬁpsomml@dmddeaswnngaﬂha initiah iotemsily / ofe dlag mtemwgdratlon prior to

PAAARNBL T B0 85 SFB 08 thethcr BT qur St TBATRLY X then measured

d@ﬁﬁgﬂhé‘%@éﬁ)pspﬂé@@sé. tandldopvFare@!te tReMal GAER ik $hé Bontribution
the two chanbers to be shared, thus increasi g)sys

fiog thehPRitekn Brasentandha gubptsateysyriane: e #c ex| hig ‘method may
oﬁﬁg Eoﬂéé’ééé‘ﬁf g{ﬁ)gﬁﬁtf%gﬁ % oﬁl OE déd] e@eg?a'ﬁ?)mg%?k’the intensity

process ch Iy Contal n
chang@sevaaxgtreodm@mpmwesmglpimrd)dadneval that sodésiredt, tleen the use of a

Smgﬁ«%ﬁ‘{ar‘]’leewg‘at 5 Eﬁmgbeggd \ésln ﬁiaﬁlgggrggaeﬂlrﬂg%e underlying
sgétzﬁm‘qsgeﬁé(,%hﬁg AR edBE central regi on 395 contains

tter 380" and a plurality of nozzles 391 that are
GERR B840 PR Iai AT TR R oS ot (reme
1d84tinrFigurel 8@ Ifopeie pbasiblyr sanable aefrhalion ah¢hedewsloper surface is
needed. The active correction adjusts for the variation in the developer fluid surface
due to external vibrations, and works by having multiple small mirrors (items 1425-
27) that adjust in position to compensate for the change in angle. Figure 8C
illustrates one such mifror, with knowledge of the change in the refraction of the
incident beam “A” obtained via input from a perpendicular beam (item “C”), also
shown. In particular, as the surface of the developer fluid momentarily deviates from
flat and level, the normal reflection of the laser beam (item “C”) from laser 1451 is

detected in detector 1453, by use of beam splitter 1452. In this configuration the

55



fluid source assenblies 1023 which deliver one or nore

processing fluid to the surface of a substrate nounted
wo@obles3spi N chuck 1033. Each nozzle 391 , cont BETIES20051046877

the fluid source assenblies 1023, is typically

connected to a supply tube 1026, a punp 1022, a filter

1021 , a suck back valve 1020 and a fluid source 1019,

and is adapted to dispense a single type of processing

detatitsr 145 c8h YeLa C@thrfawmatwub[éetoa%@ttﬁé didgeCidnangle of the
be used in either the left or right process chanbers

reflested heem ddedo tlge change du it aogler wiliwhieh the ibgasni®’ strikes the

SHERES 51, RN i g SHERT A SIR i Tofrbton with the

CODtatdlsist amle todélees a3fHangd In t)tdﬁﬁbsmm‘ﬁctdlth'eméakt lmensity on the
nozzl e hol der assenbly 390 nmay contaln a | esser nunbe

D sy ard dhusa kgewhew mshhte Q?BQElaéQ'Q/\Pﬁﬁdthanged so that the
f
apgteybm Qétﬂ)etlt?u &%314‘255?%’?? cﬁft dé“&ﬂ,bgtoégfgéewmt{;{e ﬂt(;ézp@rc?lmon of the

ure an VI ew e tw
reﬂlmm@rb%ﬂ tm’ecanthe s ztce ozmermasmembqu B@0 detectors 1410-1412.
o%ééﬂagg%gv%xlgéétggt ﬁgs;?aq (progﬁl%gsg %C%IOUV should correlate well

Wittt dvigsbrRNn the d%QéIB{)éF‘HGl'd skiifdde, ﬁ"lﬁ’er@t‘&é' 18 88dMof a sunable control
assenbly 360 may contain an arm 362 and nozzl e hol di

systemathe deeted Vadatiny irl eoatmm 4 deeriseflecied heanatthmgtdthe use of
oS0 R 3 OB T2 b ST SRR e retecea

b@bﬁfbgcdmﬁe%dée mechani sm 361 . I n one enbodi nent, the
actuator is adapted to nove the nozzle arm assenbl y

(0265 TPt ActR! it GrsCAIIRE4DY daASHE isfhllt &fd ROAHD R, 3§Jch as used on
over the substrate during processing and al so enab
tmmemnmirr@rrmtlmat@llablehﬁnnsfﬁl 38Dakaspi tkxagp diey are shown more

of f_1he I es JQ
490, FiRrralse W05, BE oo R e TRE A E it Thise g tosianed to
cefipenehte her W@ﬁaﬁdrorth@f déVsloperz sLFass Neadmgnil Yool @éﬂectlon as
t hat the nozzl e hol di ng nechani sm 364 can pi ck-up and

dgpeiest abeNszzl es 391 from the nozzl e hol der assenbly

390. A shutter 380 is adapted to nove vertically to

T 2 pee Ghvambers chanber 370 fromthe

central reglon 395 and thus the other process chanber
[®206]drigurag 98- Bc:narsesplag viewprafvae embosiimeninofaaitwirt icoater/developer

EMGE T R S N - —

3050CHS c@hﬁ%ﬁ%ﬁﬁoﬁ?@awé}ﬁhg@@u§§lﬁbéaﬂ alldved §6m3%ormdn components
thus the ot process chanber 370 during processin

ircthevievet chsnabersitp g shated: thyseerepsipgsyatem reliabiidy asdgeducing the

%ﬁg@f‘eg%hg%@}pj%g ?f{ﬁ%‘ff@f‘{ ﬁp Huer gﬁ%@r} tg)ojahgrlt é)‘@%vembodlment the

pedcdsise chta/i'rtbe(eOaVer/gdﬁéfdllvp@banb@It S5aheherscdsBig components

described above in conjunction with the coater chamber 60A or developer chamber

60B, except the two chambers are adapted to share a fluid dispense system 1025.
The central region 395 contains a shutter 380 and a plurality of nozzles 391 that are
contained in a nozzle holder assembly 390. As noted above the fluid dispense
system 1025 used in the coater or developer chambers may contain one or more
fluid source assemblies 1023 which deliver one or more processing fluid to the

surface of a substrate mounted on the spin chuck 1033. Each nozzle 391,
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nozzl e arm assenbly 360 is positioned over the left

process chanber 370 to di spense a processing fluid on
w@2®aloetsnat e retai ned on the spin chuck 1033. PODRSB)S/046877

I n one enbodi ment, not shown, the twn

coat er/ devel oper chanber 350 contains two nozzle arm

assenblies 360 which are adapted to access the nozzles

391 in the central region 395 and position a nozzle

CBH%‘ néd'én $h6 rRGE sBlirddh8ssethBlidat623) i3 Iy'bic%lly connected to a supply
conf |8urat|on each process chanber coul'd process two

teheh JOPGL aspump i§2eha fitere! QAo cesutingach vakrebl02thard gyfluid source

1bq§r gﬁ%s %ﬁg?t%bsiﬁf&%é S sé g!ﬁ&ﬁé{\ﬂ/ déff ) 88%'@@%@0‘3 STﬁ(gl%fore each

fidiccsauree hssBndAE 1028 cahebec e BT sitherithk llefCoamight process chambers
%00210] Figure 10A is a vertical sectional viewthat

370} thyts rpceginshibiecieslyaraBe) refuirgdcifi in| cachHproepsEDg hamber. While
Fg@%ep ﬂ@ﬁﬁl{%‘l’r & %ergoﬂflg?Jr%ﬁSPp\%éreB Lé h%ﬁd'é? assembly 390
, t 0 chrll t op

e pos oresi s ste e post
conting Ihvélncsazlﬂs 531, |rt bmepmbétﬁawts the sxbexieSHcﬁder assembly 390
and/ or the post dev p chill step 554. The

MMaFBRIAIB@ IRSSEF UM edo?lft gp;ge%ﬁr&ar%gtgf é‘“@%’ercﬂf ppzzles without
asse%b ﬁ?ﬁfétﬂ)é/s@%oﬁe StiPRARYemio € 84, and a |ift

The enc osure 86 is fornmed by a plurality

[&fzog@ﬂ @ﬁ @A %@ mgﬂmbttﬁm ﬁéﬁtﬁ\‘@%%‘loggpkﬁérﬂbhﬂ%o where the

processes perfo rom-t

neazieoamdi argﬁeemblyrmmmpdsmdrmdrmaerpﬂm:emi rpgocw «rhamber 370 to
86A. I n one aspectf the i vent ‘;}1% encl os

digPEHERCP PEORSRIMERITH Pach sHBS inect jB the ‘spin chuck 1033.

Tl‘Pl%S%kall:-:' EYmO‘:is@érﬁBpr@%b' %é&p%ﬁfﬂnﬁ‘aéh Oﬂn'l "Béé"'earﬁ'“rldzzle holding
anbe . [002H] The chill “pl ate assenb

l'y
rn GéonTlae nezzlerayat aes@maiy Gﬁ)glswmotedsemraa@ltuator 363 that

Bl SRS S RorlaR 8 bkl AP BhRHOG Bih Ty postion

adhd free Barke ﬁ?é@héﬁ@hﬂﬁkmevlrﬁ@n@?e%médlﬁ@nf Ollh@ adt@ator is adapted to
various chill processes described above (e

meve BERO0EHRE| Ay pepembly, 360 Mertingiiy t@hfpcrrreCéb'e@O%tiqn the nozzle 391
Ogglstheo {g?%g@'lnglﬂ #:es% andals eérfclb)le t Té“ﬁoffl‘é Ihloldlng mechanism
plrate y

er rra conduc
366ntpqmak4wpeamm dtap-offtikie hozzles 39 Déresstheg notzie cm:dader assembly 390.

nbodi nent chil te bl ock 83 be..made from
TRCURYSIEM CARUBIRT 407 o ARRIAS ribL Foil BF BORUPH of the: Rozzle arm
afsgshw 'f.ao %%nmg@&hé/%oaataeﬁd@hg mecwg}ﬁsrﬁn@mbﬂﬁrﬁ.ck hbeand drop-off
chil'l ate bl ock 83B surface™wh is in contact wt

nphelesLQQs‘t frone th&Vndzglec batded a/asembhy BEOI oA Bhyitergdae dsl adapted to
carbi de or_ oth

F vEialith S8 (TARERAT PRt SheRbeBaytL i the cental
r&ioh 85 HRAthas ehathér BRITRSs ichaAMidrBF0 during processing to prevent
cross contamination of the substrates during processing. In one aspect, the shutter
380 is adapted to sealably isolate one process chamber 370 from the central region
395 and thus the other process chamber 370 during processing. Conventional o-
ring and/or other lip seals may be used to allow the shutter to sealably isolate the

two processing chambers.
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with the chill plate block 83B. In one enbodi nent, the
substrate "W rests on pins (not shown) enbedded in

wo bwemensiiace of the chill plate bl ock 83B so thet/UsIDY046877
a small gap is maintai ned between the substrate and
the chill plate block 83B to reduce particle
generation. In another enbodi nent, as shown in Figure
10A, the heat exchangi ng device 83A consists of a

[rabwarhbwe 9B i§ aﬁI\ﬁreﬁ%ﬂrﬁ@tm%daﬁeﬁdmémr@fmweaso where the
pl ate bl oc B, which are tenperature

errle dfﬁwsb?mme SﬁO #s Ipssitiomedhamel tige flefii proceas chamber 370 to
L f

FERRRE préecsshuiTan 2 Rub GG RIS oR e sfin 4@%9 1033

(3P2Rebn PBE K BBRU B P BoWTh Ao, S SRANEH YR uPRamber 350

Bhtars: tmfooﬁo%%eass%nﬁ’&fefs| 860 QRRELY aFd %Eiab%dgto, access the nozzles
Galden (r)) t is tenperature controlle

$%hp'eﬂ'\&tmrab ewuee 395t p@s’mpraamm@ovmhe@urfaﬁe of the substrate.

B, SSTRRERIGP ach rRafRRs i todl S BER S substgtes using the
é&nébﬁr@beEQnQQIuﬂhﬁy hﬂﬁinngxﬂi”@rmjrﬂ;g dndiidispensir) Snbetwo different

a tenperature controlled gas, such as argon or
moaziesg8R1, podwe ifierens msogsrsing fiuisds eduldke dispensed in each of the
ﬁlzﬂf the heat exchangi ng device 83A is adapted to

ea and cool the substrate resting on the surface of

;Eﬁ! EEI I I! ﬁl ate bl ock 83B. This configuration may be

. since the tine required to achieve a

ol Stk D86 aterbRLerkirnDerauahat HEUERS Par erdfppiment of a
&R cﬁHHb'er Boahat Rlacke %%gpteﬁ‘ibs éffofheénd Bbét' BRH@ Bhill step 514, the

block 83B is set to a fixed rrperature and
piesti phedoneisist ahilestepos24,athe m@tdoplcmtmllt ht@p $$4<etbe post PEB chill

LSBPSHZ ey balhd Jaod oHE Hebo8 B LGP0 sonerty

ddiRamBBAn dreiaiiratsd, ecHill plfe eaddembipes e supbert plate 84, and a lift
substrate and the chill pl ate bl ock 83B. The tine

asaerelle & dEbe rsglaseiip Stais fpEmedrbyba Alwaliyerf wa"& Htems 86B-D and
it SHPSS ava[?ﬂ 913 H@%hg ru:eége%t ﬁ‘pm)r‘?ﬁé(d %”Shé SChﬂFEhé(ﬁlrolélr 80 from the

contr ge tenperature ferenti a
mrcvﬂr&iumga@nb&bmm udnéosukmlpir@xt&ssargj rédien GEA.| Iplcatee aspect of the
bl ock 83B until the substrat te Iapé‘relsa

iRyation, e 226 pareds AdBBlenk o BRFE ABAFRRImigR dhe possibility of
ét?ﬁﬂé‘?fh@hb”c%npimhaﬁoﬁm {He mlﬁbﬁaMb@95083B i's adj usted

to mnimze the anbunt of undershoot or overshoot in

OFTITR! £ R EttrThcAARe st oo o
a:rmdmmhnll pllataé bl:oekr&é}Bat lhe claEHr]:slanegpldeWBBB i¢ @ thermally conductive block
SRRRET U5 PR Y B ot SR S RS S SH P tre varous
SRR bEYcds8ER WRLcribed above (e.g., pre-BARC chill step 509, post BARC chill step
514, post photoresist chill step 524, etc.). The chill plate block 83B is thermally
conductive to improve temperature uniformity during processing. In one
embodiment, the chill plate block 83B may be made from aluminum, graphite,
aluminum-nitride, or other thermally conductive material. In one embodiment, the
chill plate block 83B surface which is in contact with the substrate “W” is coated with

a Teflon impregnated anodized aluminum, silicon carbide or other material that can
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fromor delivered to the chill plate block 83B by the
heat exchangi ng device 83A. Thus in this enbodi nent,

wo bmelest1 exchangi ng devi ce 83A has the abil i tRpCT/USivos/M6877
heat and cool the chill plate block 83B. In one
enbodi nent, the heat exchanging device 83Ais a
thernoel ectric device that is used to cool and/or heat
the chill plate block 83B. In one enbodi nent, the heat

nﬁ%ﬁhﬁ’é‘ﬁhﬁ&ledséh@r%néﬁ%d ﬁe%é&%ide%fpﬁedﬁﬁdsﬂrﬁte agsncdsorheg in contact
bel ow I n conjunction wth the PEB chanber 130, which

witb thelaqulbnlat@ braskt 83Bid Ikt @0l embodiotantr teesubstraiaéW” rests on pins

(T SRRTE Shringcled 16 38ate B RIS AR BRS Ridhich s Fh st only a smal

ghpas qﬁa.hkauﬁé@tb%t\bé@ﬁ kh& HbstrateTRhaViBiet &l atbl blkbck ®3B to reduce
control the substrate tenperature. [0021

paisjsogengraion. 84n|@cgfé¢repmhoplraepi A% Shﬁwn] %5&4«'9310%\ the heat
f
ek Afartlld bpfib8 BRATARIS b B HIaRM SUNALER B3C MR bFa surtace of

ener a

tHe @hillia plaherbhbknyBBus wmn regenmdmpératursuconiaslled dgr asecof a heat
red

oBhanging HOd7 ihass costualyn Noso JniauoRoithe | Shels 83C. A fluid
t({dp%ﬁ%@.} O%ntm '(hcgt:]srg%/?ﬁ”?' &d eS%Qf&:'tr'oY tl‘?é"F\te%t ’é§cﬁ‘ang|ng fluid

ator 8/B, a ft pin plate
aBd @husatte chill gdaterblock 83Bi tempsiratirg? [Ir(eomayt melaagmg fluid may be,

A OO o X SBIERIEH 1 SohPRRREbnroted to o
te(rﬁ@éraﬁn@thweaﬁ emcﬁﬁeych@nds aBslLf abenTheehsatldxepangihg fluid may
the c Ill@@ ate bl ock 83B once the robot bl ade has

alseche rahillesc water deliveredhaat aldesiredniempsiatmig b&JWQQBpQQQPt 5°Cto

b3R5 Ve PetrxepRETL R btk 208 RRG Bl bdrtolied gas,

sG§¢thas mageh bonitielgehr ate process variation and damage to
the substrate caused by m salignment of the substrate

[doﬁhi]h\e ofhBagkBodiniént’ 8P e ichilC Bldtd! e teh d&bﬁéngiﬁgad&nce 83A is

off a substrate froma transfer position,

aﬂ@ptte;dpipdmat ngdl Gaphéhe sebstraterestingen ihe setfase of tthr%chlll plate block

tﬁ% r&éhﬁéltprtaﬁgﬁ &) B eﬂﬁ%"\ ecfsg%glgeslrl\é% %heotrgéeregglrgg to achieve a

déslimmptodésat@t %mtaedlpdﬁaﬂulre ¥ alepenssrstndn yh@Bempelature differential
adapted to raise and |l ower the s bstra e by,
bayass e sypstraand e abidplagp! %%B husyf #}%@'“ Bfate block 83B
§é"tetro 59&%@ h&gﬁ‘éﬂh‘e Al ﬁ?@'o%ﬁﬁ@ 'iﬁalf’{‘her %tf'ét@e #Hcooled to that
S anber

| owering t trate. Bake 00215] Figure
fnﬁﬂBtempammreeit wiletakehatvery Iang tiaeds arod tleerﬂn&hfamﬂegﬁaes to reach

e RS ORS00 " BB e el B pwen the
s§l§)§?at5?a%d fhidecHIP platé %&@%B.bm fih@RoubhictdA WesirBE temperature
can be reduced if the temperature of the chill plate block 83B is actively controlled
so that a large temperature differential is maintained between the substrate and the
chill plate block 83B until the substrate temperature is at or near the desired set
point temperature and then the temperature of the chill plate block 83B is adjusted to
minimize the amount of undershoot or overshoot in temperature of the substrate.
The temperature of the chill plate block 83B is controlled by use of a conventional

temperature sensing device (e.g., themrmocouple; (not shown)) that is used in
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devel op bake step 552. The bake chamber 90 generally
contains an encl osure 96, bake plate assenbly 93, a
WwWGEappoew4pl ate 94, and a |ift assenbly 97. ThePCT/US2005/046877
encl osure 96 generally contains a plurality of walls
(itenms 96B-D and el ement 95) which tend to isolate the
processes perforned in the bake chanmber 90 fromthe
surroundi ng environnment to form a processing region

&gﬁncﬂd'h QA tﬁépé%%ierﬁfcdml%llbl“w@ﬂttb%r&hﬁe%}ﬁbﬁﬁtlbﬁehérgy removed
apted to thermally isolate and mnimze

fr@@h@lademredrtodhetcrml piate klocinB3B o the beat leeschangmg device 83A.

"SRR GBI b Sl LR e syt

hégtvase c88rthnehin piatsehbiptiataayl DCbn@@nb&@mdiﬂkmepheiﬁexchangmg
block 93B is a thermally conductive bl ock of nater

devige 834 isenthedmepladidc ﬁewpeé%thiﬁwgﬁ%gtom'@@déymet% the chil plate
oBEk SUET, oo N BRNE BETSA°ER1URRI] BEUCBORNE (s o heat pipe

débsige, eﬁésmbﬁﬁbel@m }confﬂheﬂdnakﬁhphatREB)bbambﬁB B3Dswhich is adapted
t her mal onductive to i rove te rature unifor
R o SRt TR SUEP BB Bl P hfbageous o

miffXe HRBnTRY &%/BRHRrésMA H{Brﬁﬁ%oﬁﬂé&m ?%f the chill plate block
alumnumnitride, or other thermally conductive

8aRteimprovelthe abdite thoatnalitne substrajelemplesatares] ock 93B
surface which is in contact with the substrate "W is
[oo2i3] Ele Wsuppaat TehteoB4i iprgegead|lyd aaptate z #eat asuppartsmthe chill plate

SRS G R P RS baek Aodn oot GerPpariplate 84 may

bé‘smbHe SRS a | theRrRRMAGhsUMT rﬁ;[ isteRak Sudh A abto@mil 3Raterial (e.g.,
In one enbodi nent, the substrate "W rests on pins

zifguotia, sHammna, et ptirleditica externalingatdesor gais. bake pl ate
bl ock 93B so that only a snmall gap is maintained
[0b2=t4\]\Befert|hg te igureatGA,athd Iifthasdmktdy @7agendraty Icoatm\s a lift bracket

CFROSS At E1e SShetaligh o1 cne Satod I e o oy e
alteh%ovi/rﬁrﬂlsi%@ré @Oﬂfaﬁhlél’i‘%ré’éﬂ&pt@zh%%i@b%ﬂﬁ 1BRBr tHé‘substrate “W” off

anot her enbodi nen as shown in Figure 10B, the heat
a@mm@dn@b@éblaﬁ@ @A sbows) end pace thy gubstratg @t the surface of the

crﬂ[‘ 8& elé)z%g(sé%[% qhe?gﬁ%tstflgﬁg%gscontntht{%% aeecbpll'ﬂéerob?t blade (not

sliovae)ais adphed gb _atdd theccHilhahamdet BouardugH bﬁ\/@ehh‘@aghn the side
the channels 93C. A fluid tenperature controller (not

walh &R of thexgaplostre 86colR PHvank suRelatesla: RUbRITalg ArPeess variation
h
aﬁi]ég?érﬂ§§% atﬁgltlﬁéaksfjlbgirgfe macghg%é( @é?ﬂ%ﬁ%éﬁ@g? th&N&ubstrate in the
cmmnbélutt‘reomldoyes bahbr(atecgtq pigkl @i anfirdrpptdtht substrate from a transfer
era

e contr ate erat ure, bet ween apout
P&HOTE, HhiF s b2 GG a0 b SEREE diRNGPRG ST LINE Mpins. In one
efmbdRinténtatHBETHR HhSIN RhieRTho @ tRdugRIhe i Ein Adles 89 in the base 85,
support plate 84, and chill plate assembly 83, are adapted to raise and lower the
substrate by use of the actuator 87B. The actuator may be an air cylinder or other

conventionally available means of raising and lowering the substrate.

Bake Chamber

[00215] Figure 10B is a side view that illustrates one embodiment of a bake chamber

90 that may be adapted to perform the post BARC bake step 512, the post
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argon or nitrogen. [0021 7] The support plate 94 is

generally a plate that supports the bake plate
waswentdsyl 93 and i nsulates it fromthe base 95PCT/MS2005/046877

general the support plate 94 nay be nade froma

thermally insulating material such as a ceramc

material (e.g., zirconia, alumna, etc.) to reduce

external heat |oss. [00218] Referring to Figure 10B,

phb%rééélt cESS B %te? SQQnﬂ{é”pb%t W‘E@hf‘ﬁaﬁe Istép SBpagi@br the post
97A, an actuat or B, alift pinplate 97C, and three

developrhakiei step ;55@5 ﬁh@b@baloywamheraaoegemQrMy cAntaing AR enclosure 96,

o8RE ka8 A ST o3 SRERehIER PEoANY o RISy ot e enclosure

gsrfener@ coritaing @hﬁbfa’:ﬁtyeofJWaﬂQ atepns DEBD ahdidembakes) which tend to
plate block 93B once the robot bl ade has been

isotate abee Brocessen dastasBEdEhthe thakee champep s fropmithe surrounding
eggﬂé%%rbgﬁtgfbgtbéﬂg%ﬂﬂogésﬁ Q gggiog\f’%@;gs'slg n%rfbe ggé& FPthe invention the

eadlaptnmdlst adaptedetoathe rinalbg isdlate amﬂbsmn&tueebgontamlrtzﬂlohh@f the bake
atqr 97B.. The act yator be an air cylinder or

CB@ Pregﬁ'i?é‘hf'?eoﬁ‘é"??”cﬁoﬁlepgﬁp RBhns of raising and

| owering the substrate. The robot bl ade (not shovvn?}

(Wil kakeplade q%@w@%aaﬁﬁ@llygzpmwf\é@weah exchanging device

9 | h
SSSE Sl 45 B, 1, 68 ot BAEUBE R o oy
cohdutiveattlesk @ﬁen&lle‘nad'thmns hefated HyDSepheatesehangirigedevice 93A to
péilanahe VAIHS dk e RsERRRn Cesatbach 8RAVS e gl e HORC bake step
Stége ?ﬁh@f&@?@? C%Ef"m'é {RpC8obaIRS) SOfRe PaKeBlate block 93B is

ts contained in the bake chamber 90 shown in
thargqallg codBuatine tchumpmeete@mmatmatmf@fmtthedumgsprocessmg In one
rocess C or .sinl to t

ofedeaat P prreLPtEraok SR I BLEE Biadth fofy i, graphite,

aﬂﬁﬁ.ﬁurrbﬁﬂldﬂocafeothéecﬂ%rﬁmgl donduckife tHate@RE MR \uhebe@Bodiment, the
used where appropriate 0220] The HMDS process

b@h‘arﬁb@e block98B swifren M@'Qi‘ IS tm a@@éﬁbwhﬁ etgupstiage “W” is coated
eéjTEﬁorﬁ %p}e@n%?@d gﬂogirz?ﬁ ea?&r‘ng'% c%ﬁ Z b d?a iﬂ‘fhbﬁ'@ material that

e process gas IS rvere e Su

cmlmmm&ehmtle@ QenérlaeoHWStlb@Itmom;ldeeofamseeﬂdlbgtral'é as it comes in
sserrbIBé/l 73 enera contain
n

Cﬂ’étépt WB Haﬁ éﬂal'f& lack 98 iRenty the éugistg%t@ “W” rests
of ﬁ%ﬁﬁy% béllf‘l%eeb?% Gn Qhé’@ﬁr@xgg dfsthé bake plahe bloc(lj< 93B so that

ctive block of material that is
obly a bmatiegep isxuhintginad bitweer g Aubstragerdrat thet bake plate block 93B

v?%glouz%é{\l/ag gfen%?gtl S "t SF\g pe‘?’nt()jo%smenp “?He %be% %xchangmg device 93A
is a thermoelectric device that is used to heat the bake plate block 93B. In another
embodiment, as shown in Figure 10B, the heat exchanging device 93A consists of a
plurality of channels 93C formed in a surface of the bake plate block 93B, which are
temperature controlled by use of a heat exchanging fluid that continually flows
through the channels 93C. A fluid temperature controller (not shown) is adapted to
control the heat exchanging fluid and thus the bake plate block 93B temperature.
The heat exchanging fluid may be, for example, a perfluoropolyether (e.g., Galden®)

that is temperature controlled to a temperature between about 30 °C and about 250
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plate block 73B is thermally conductive to inprove
tenperature uniformty during processing. In one

wenwedessent , t he HVDS bake pl ate bl ock 73B mayP@BUSBIE046877
fromalum num graphite, alumnumnitride, or other
thermal |y conductive material. In one enbodi nent, the
HVDS bake plate bl ock 73B surface which is in contact
with the substrate "W is coated with a Tefl on
POPI B Ak &0 RERMgRRIflalduap WRo Bkl 4 ¢OMpEaitiicd€orfolled gas, such as
other material that” can mhimze particle generation
arganher miiogem.de of the substrate as it cones in
contact with the HVDS bake plate block 73B. In one
moRtMIThensyppdre mates O4 aise gelerallgsasplate ghat sppports the bake plate
shown

BFeRRby 5 €a0 iR AlBRI T dhA RSG5 © GRliHeLcPRor plate 94 may
Betwaae fr&e §U*h%?r'i1§ﬁ)r3 ifdflatiie niiferabalieh Ph e cBlREi material (e.g.,

73B to reduce particle generation. In one enbodi nent,
zineorfiacaluminh atg) tyrefiigecxtenBal heatdossier noel ectri c

device that is used to heat the HVMDS bake pl ate bl ock

[08B18] Refexriog herFigmrbomBrEthe lifagssemobly 97/ generatly co@@ins a lift bracket

b7R A8 suiaion 828 Bt miste 'St £ 20 W3R oAbl . Y0 (only two
BRIt oW REKig(RB1 OB(ﬁ"mcﬁra?e b@HB@dﬂbWé%e% FoWérQﬁ’e BMbstrate “W” off

use of a heat exchanging fluid that continually f
ahr&z@@ﬂam@txﬂh@m@ ot 30owA) fangi place ipe sabstrate on the >'surtace of the

BRR% Bl Ripc e e M [ BRI HeS BB "hlrdebyip ¥ embodiment,

WBeﬂlﬂfmﬁé aviER - md'\?é?tl'h?@ h ﬁ)@hf@rpﬁ}t Relek| a9 ﬁlﬁ%ybehfa 95 Odfuppon plate
exanpl e erfluorog %%ejther e ., Galden (r)) t

P4, 9@@'{‘@“& Ripte assrRMblY e A Q@ﬁﬁépd@iﬁeeaﬁ tl‘?\)@@hthe substrate by
Fé) i n%oaé}‘&ﬁgic?) 78POHhe aé&atc? mE{)%eW I fgﬂgé;%rr}ﬂher conventionally

€ a tenperature’co
asallemlegmeams ofi raisigrand |QORi] thﬁﬂwbstmtasgdmblojoov blade (not shown)

en raII cont A eor nore o; . I
S3ier 0k Brka shembey 99 3honth & poation LoudhgigHe wall 96D

gfzth@eé}ﬁﬂ@gdrg%pnt ains an actuator 72B and an o-ring
seal 72D. The o-ring seal 72D is designed to isolate

HfDS! Lafessing region 77 fromthe environnment
e HVDS process chanber 70. The actuator

R BRRTOR % AFTISP I el e RIB A4 08,  riyps process
thembef V0 phdtsmay Bei dtlaiphed td f)érf@tm e HMDS prddessinglstépS11. In one
is adapted to forma seal between the HVDS base 74

eRoedirneRt. asr phgwadal Figuts 18CaithedHMPS gosess ghamps 70 contains
00mkNG M%rﬁﬁéﬁerﬁ@c&n@alﬁé’a% hBe g@%e&?dnrgﬂctarrhg@' in Figure 10B

and prevent € process gases use
pnddhssmmgwe;toempﬁmlemts‘ obihe HdPiSgroaess ¢chembidDB0 are the same or
|m|F ?o Itt? se ggscnbed with reference to the bake chamber 90, described above.

Accordingly, like numbers have been used where appropriate.

[00220] The HMDS process chamber 70 also contains a lid assembly 75 that is used
to form a sealed processing region 76 in which the processing gas is delivered to the
substrate “W” which is heated by the HMDS bake plate assembly 73. The HMDS
bake plate assembly 73 generally contains a heat exchanging device 73A and a
HMDS bake plate block 73B. The HMDS bake plate block 73B is a thermally
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[00222] During processing the actuator 72B |l owers the

lid 72A to forma seal between the lid 72A, the o-ring
wWGEe@b®6932C and t he HVDS base 74 to form a | eakPeT/4b1005/046877

seal. The process gas delivery system7 1 delivers the

process gas(es) to the processing region 76 to perform

the HMVDS processing step 5 11. To deliver the process

gas(es) an HVDS vaporization system 7 1A delivers the

Wc‘ﬁ@@%o@f‘gf I&BFial flat 38 hebfod BG tRE AR UxeHan gl gtlévice 73A to

ough an 1solation valve 7 1B and through the Tn
peridrn dherstarions t HMDIVPR dessing? stepacdesasibedealzomnet. ad&eoHMDS bake

th bst e nd out th utlet.7 1G forned jn.t . .
ifoc B 736 s BEnalY shRSuAWE B iyl Rataldte;Hfommity during
Procassifigs InSofeldnissdipher®, tHeeHMDS asdlienplate Biduk 788 may be made
froma purge gas source 7 1C after the HMDS vapor

fsomt alumingMp bR, rjuitymRdrigecar @thenibegnally copductive material.

r i NGk ' I . :
WAREETBAHEN B, LS STAKE (0I5 P18y DS ARl n conectwi
tHEDSubsRDs i“NAt isaco g @ twith @ Tiefldny imsregnéteainansdiked iatuminum, silicon
valve 7 1D. I n one enbodi nent, the purlgsg as deliv

¢316ide AE OfftargBatRLal dertr e MRz RASYG! ralRs) eaet[aé%ackside of
t‘sr'\%g%ﬁstl%té: %@Vi?%{n%{%ﬁih SRadteRith WWSS%I@E [3%e S)T&Ik 73B. In one

to contro e tenperature the injecte
embgdingerst, tHeosubdirgie SW ereBik en Gliasriest §ho9d1) Imipeddeatyin the surface

e BRI BeBe i ubSr 2Bers & o afeRaf hER S indfgined between

el dstrat@bAbiIthe HNIDS Hikd PRIEKRRRYIB B RERRS particle generation. In
conmponents in the photoresi st that contain photoaci

or;emhastimenbth@hes) eyelmanging dawicer (fhisca doermnaaiegtrie glgvice that is

HALE neREnEHVBREBESPRES phiok P NI BRRERY Bl fRfiment, as shown in
Pigate®n 66, se haxeexchanging tedce7eastoresiss @f aspluralingof channels 73C
attack of the unexposed @hotoresnst is thus affecte

d
HelmAgswiacsnobthe HéMBen brke iatenBloskcl B, whicthares temperature
Gy R RPN o, ovon e

¢hiaroeds 73CheArfalie tedhpatdtack corstrallep éndiestiovem) isvaxdapted to control the

related variaples, tjnme an rature. Th trol

et tengiig uand s A Bl ists Hladk fBRyeRpsrature. The
il iRy ' bifYiof Ret gbh e Gal t

gﬁ% éc)gﬂr}?tgrgﬁgnf?hf rom gﬁb@%ﬂ@%%ﬁ%ﬁ%? a(?peMnggi)f?’ IGnEl den) that

isrtempenaidirensnntrolierk tPEReRPeRIBrEObERVaRSY filbe @ and about 250 °C.

A6 BarheRe gt B HRERisclke peibelalfie bon RS, such as. argon

@,rmc;gﬁgnphanber 70 where a tenperature controlled gas
is delivered fromthe purge gas source 7 1Cto the

ROESFTRE M AKHNWly 75 gbReRBRicoRtaif®@ lid RAS Whet 6@kRIre o-ring seals
72C and an actuator assembly 72. The actuator assembly 72 generally contains an
actuator 72B and an o-ring seal 72D. The o-ring seal 72D is designed to isolate the
HMDS processing region 77 from the environment outside of the HMDS process
chamber 70. The actuator 72B is generally adapted to raise and lower the lid 72A
so that a substrate can be transferred to and from the lift pins 97D in the lift
assembly 97. The lid 72A is adapted to form a seal between the HMDS base 74
using the o-ring seal 72D retained in the lid 72A (or on the HMDS base 74) to form
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retai ned on the HVDS bake pl ate assenbly 73. [00225]
I n anot her enbodi nent, the PEB step 540 is perforned

WO 2008/0688881 chanber 130. Figure 10D il |l ustrates BCEUS®05/046877
vi ew of the PEB chanber 130 in which the processing
region 138 and nmass of the PEB plate assenbly 133 are
optim zed to inprove thermal uniformty, allow rapid
changes in tenperature, and/or inprove process

tHeeBRﬂ}e@.Qinbl Fe)g.orl I‘reoaﬁd %‘f‘@@@htnﬁ@t prdclss E%a%e@l @ed during the HMDS

assenbly utill zes a |l ow thernmal mass P | ate
peaseesiby\stap S 1 drna eammgxmnathguHMDMpc@sans region 77.
rapi dly heat up and/or cool down a substrate that is
[ooze2 Doming ipcatessingthehadthator G2 Bslomens thel BB I¥26ftotfhen RERal between

NP & NN T -

Tﬁé%@éédsngd gg“%e 3%#1 'ﬁtdél%rs?ltﬂépr&iérsfseg‘a% ds33b tAB processing

whi'ch t he” subst rest, a heat exchangi ng region
reghan7 640 pedobadhe mo&pmgsssmgﬁten Shpeflat 'éeb\‘het precess gas(es)

o3 RIS oS LBl AT I, ARIRSPHBY 48 g to

tHés pEbdadsrRNFaLI6H itAroulh Bnt ielasivat wilve omiB Qiddethrebogh tthe inlet 71F
vary the amount of energy delivered to the PEB p

fodg@g”mtpe tﬂgD@quqee?ﬁe@%rogg(gp,%ﬁ@a@ p@@e&pbﬁg}p and out the outlet
718%58REd T S PRIDS HERRNEY N8 o EGLBBl PP 1A dhel EbGiment, a purge

ose bet ween e supporting region
gadés Helhered 4o dine bﬁ&ﬁéssargjretglm gbdeomed berghsgas sdhee 71C after the

I—l?\/}e.@é exchangi n on 133Ais ip co
i3S nakbr exdilieg AP <bsei0anBas Ree i Urie e the Aaocessing region
td Eﬂrﬁﬁvé’%ﬁ&%ﬂ@@@ BN ONAPEF. TS @dk! §ds BB ﬁﬁ@'—?—nay be isolated

eat éexchangi ng regqi on 133A 1 s adapted to accept
froer tMlsibe%tvaemUham agsteruv 818 euse of @a isplatipnnalveeziD. In one

source 143,i.n 0 heat or_c
oFBaTPare TR BN 9P alle R Tom b GRS SPVICeL FIC is heated or
cé@l@dw us%? ef é%%ﬁvehfbrﬁ&l%]a%srmte)@ﬁahbm%l Bans l(@cﬁt sHdw) to control
mat eri;al thickness of the top surface 133F (i.

the temparatuse ohtheniniatdedh pargedahangi ng regi on 133A and
the top surface 133F), and thus the mass of the top
Post Exposups BakesChamberzed to al | ow f or rapi d heating

and cooling of the substrate. [00227] In one
[0ee#m) Diuniagt ant kepbsat eExetessgiusg eyi posithes phodgresist an insoluble
contai.n a resistive heater .or thernpel ec

p@%"ﬁ’(‘?%ﬁ“ adenal prapsiPEngd inea stidblF 2 eqaﬁ aﬁUf'ﬂgrthe exposure

pRIHead| é’@rﬂfwﬁ&ﬁshﬁ%e BHEIAELENBaf 88hATH Pﬁ&ﬁabﬂ @éma@@s (or PAGs)
to contro thetergerature of the PEB pl ate assenb

Q&Gerab@/ aumg@muc acidthadcaoratiackthe uaaxpesechatcasdf ﬂn@ photoreSIst and
aﬁﬁ%gg}et isll?a rge%l%g %HBSp;Eﬁ?émt ?oq'm%%l %Ntﬁgepﬁ&gf‘ésrlﬁt Fayer during the

exposure process. The attack of the unexposed photoresist is thus affected by the
migration of the generated photoacid, which is a diffusion dominated process. Since
the photoacid attack of the formed pattern is a diffusion dominated process, the rate
of attack is dependent on two related variables, time and temperature. The control
of these variables are thus important in assuring that the critical dimension (CD)

uniformity is acceptable and consistent from substrate to substrate.

[00224]In one embodiment, the PEB step 540 is performed in a bake chamber 90 as

shown in Figure 10B. In another embodiment, the PEB step 540 is performed in a
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133B. [00228] The PEB plate assenbly 133 may be forned

by conventional neans (e.g., machining, welding,
whe@sieg4l et c.) fromone single material or itPOEYSIHES/046877

formed froma conposite structure (e.g., structure

containing many different types of materials) that

makes the best use of each material's thernal

conductivity, thermal expansion, and thermal shock

HMPPrbEESs ERamBEM78NWABEE ABlenifcPattirélcondoledijas i&3delivered from
In one enbodi nent, the PEB plate assenbly 133 1s made

ther purige gasesotice y 1€otediiet processing rre_gipgsm fio é@aa!og aPalLine substrate
SRS AR P HBIEEE ot *exchangi

14 . ' heat .
B8 g Sk aRy 08, She SRl PEREED sy 4 pEB chamber

196! | FRIUre® ToERtinevelanal Briel Ligwd of ahé IREBegharfiehanoi imdwhich the
region 133A. In one enbodi nent, as shown in Figure

prgBssinggepisa 18& cnghgiasg of dheREB4dateopssamblyt w3 Reaoptimized to

VR PRl W, ot il B Efngd By A hnor improve
petesdirapsatablifie e ainesembodindddt, itlte PEB IPI&tat Assemhbipaiiizes a low

pi pe which is used to heat the substrate. In general a )
thesmel pase REE late\assambby 13306 2 heghexchianging seureg 43 to rapidly

h%{ri]rta é%gﬁlo?%toil Qeﬁm é@%ﬁf@% l?‘rib Fégﬁ\t =drhiuritatfohwih the top surface

uantity of a workin at transfers heat
1886 nf the PEBaplat@assembB1133% dn Meatcosfighrationghe RER plate assembly

45 B B SR G308 1o o e

183 R RhicRNhe fsubBfalPmtyNGst, |dhEatl ékdhaRgliRAfeFEHIABSA, and a base
131 and condensation of "a working fluid™i n the heat

ragierh 433Cn gl heetsinaperaBae. of ithe spbstaatecsvppesting:eagion 133B is controlled

exchangi reqion 133A is evacuat b Vac . . . .
o LSS R0l DT e BSHER  Bhiuncton v
tHd sydlemr gdrationed 100 tohearpapé anoumteoflédergy Wuliobredy RALRSPEB plate

a pressure gradi ent between the heat source 131 and

assRMBI33NceTpa $XeBanaRg 1888 1H3A pressure

gradient forces the vapor to flow to the cooler
[0o226] The heht exchanging tkgiere d 33AHe & rggiamenclpsethbetyeane substrate

sy, BB 1R 1 RS BRBRIoRC L el e SIckl Bllg 1956, The heat
eﬁcﬁﬁddirﬁ:‘f yedi6rh i18BA kshihatghmuhizatioh viith e hedB8kctangirnidigource 143
outlet line 131 B. The ten&erature of the substrate

thsepgfd PDPRY PR Biet Pests 1331 ardrane etimpye wdlebpogs 133E. The heat
oATRRIA] 1SR R0 Bt 0L BRIl fonioBRdon fid
délheredifront thenleeayexchaggingfdouncefl 48lie ovderidiortgeat lonicddl the substrate
thoell?lié \llr(1e rtr?éjrnga Jorgr?mnﬁ%tatigr)\( %\r/}%n%ien?opr g rifgcr:]e 1@%’& In one aspect of the
invention, the material thickness of the top surface 133F (i.e., distance between the
heat exchanging region 133A and the top surface 133F), and thus the mass of the
top surface 133F, is minimized to allow for rapid heating and cooling of the

substrate.

[00227] In one embodiment, the heat exchanging region 133A may contain a resistive

heater or thermoelectric device to control the temperature of the substrate. In

another embodiment the heat exchanging region 133A is adapted to control the
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[00231] I n another enbodi nent, the heat source 131
delivers a heated gas, vapor or liquid froma fluid

W@ om60693¢Not shown) to the heat exchangi ng regP@NUIBBH46877
to transfer heat to the substrate by a convective heat
transfer type process. In this configuration the
heat ed gas, vapor or liquid is delivered to the heat
exchangi ng regi on 133A through an inlet port 133D from

t@%ﬂé?bﬁﬁe'éfnﬁelﬁtBA e sehibly B3N 8gt uLx Ghangadidtion heat transfer
ghon 133A through the outlet” port 133E where it is

thag: ferdexasnplenhaliogen damps meuntsd ineday 1 substratesapperting region
g% ecti on source 142A may be a scrubber or typical
aust system [00232] In one enbodi nent, as shown in

ol nd W s heal S1ENAAOLIG SOUCE, A LR @30 onay means (0.
mBBhRIHE WadiRgt Bra?z.rsbe%té ?ﬂ'oh? BRE'sH 4(_;24@ %atbﬂaloé‘reit may be formed from
enbodi ment of 't he cool source 1 t he cooling

& composiel stuuntigre! (g @trnctumg@ntalomgh@ahmhff@neahé\r@Sngf materlaIS)

88 et 156 i LEP R S Hhe AR MRS Bbpa Gy, rermal expansion,

mtﬂmma-trﬁn@dk ROpertiebao dooh iargopimar PEGpla¥e hss@mbly 133. In one
id or vapor to _the heat exchan

chill ed u

eragpdimer r%am &@%&IaﬁqesmeWr 383, I5|ma6ﬁér%r§p@dges’na"y conductive
| [ 0 SQLLE t 0

@%gesr[r ?gﬁ tagrhall&?g'nn@gr&%;ﬁﬁe gﬁé ﬂﬁehéllu@rﬁ%erﬂg@%é owl'?mtnde and/or

otbeRditedial. anot her enbodi ment of the PEB plate

assenbly 133, a heat exchangi ng device 134 is placed

[Pt22oTEhd As€atr egtiinghdd Gdurcd el ogeresrally tdomt&iRB at aé@st one heat
assenbly 133. In one aspect of the invention, the heat

xchragiaid <Ay S5eTa Wiielhl is adepien torielivaka heégpas@hangmg fluid
340 A RLEEPiyEon B SRRk Fir 100

thiee heat |gxchandingt isverqel 1143 soatits (teol yneat/voemawging fioid dellvery

this conf] uratlonthe su rate can. be heat by the
SRS BRICHATS aforatisoures 13h et reosmng ace. 49251 and

cool ed by use of the heat exchangi ng device 134. This
[88230] lpLena Pmboﬁﬂ?e@v&%h?ﬂes%ﬁ@i fadr'st%"eorb’@é"l“Pﬂ@' heat pipe which is

%}H fbe\w%azltzthh% Qfthid. hFh |j?e°11af % é‘%_altyrﬁe R 4 dUhtYatel vessel, typically

y con ctlve p| ars regions 1n wh
dieadarciarcrbss SBatlmfsertmadnby(hm bének-Blidsk tvithtee sl popranitingof a working

f{l’LBa ar@gtttlss 5rsﬂ1%@?3r glpg hﬁg{ ggurég? 1oé>dg !h%gg\ﬁ/@rl(s(aé'g Tqﬁe substrate
sﬂﬂido?f r&QidR 1@381&'?& 'tFuYs fre gubstFB{HPe'Th@ftramslfétaéﬁhéé”@ﬂé performed
per area) that allows heatto uniformy flowto or

l:r))r thﬂ evapm@mn ekihieangiking theidiin éhe Baabselirge | 1@isancheondensation of a

%b{?ﬁ]ﬁ@gt é?{ﬁﬂﬁa gg&@%@{‘f g%gégr? Y538, U o%rgt%rmﬁ’e heat exchanging

region 133A is evacuated by a vacuum pump (not shown) and then energy is added
to a working fluid, retained in the heat source 131, which creates a pressure gradient
between the heat source 131 and the heat exchanging region 133A. This pressure
gradient forces the vapor to flow to the cooler section where it condenses, thus
giving up energy due to the latent heat of vaporization. The working fluid is then
returned to the heat source 131 by gravity, or capillary action, through the outlet port
133E and the outlet line 131B. The temperature of the substrate supporting region
133B is controlled by use of a temperature sensing device (not shown) that is used
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supporting region 133B. [00234] Referring to Figure

10D, in one aspect of the invention a lid assenbly 137
w0 sooploescsed over the substrate "W and cont act spe¢hes1009046877

surface 133F of the PEB plate assenbly 133 to forma

controll ed environnent around the substrate. The |id

assenbly generally contains the Hd 137A and a |id

actuator 139. The |id actuator 139 is a device that

TRYomBneEIPWat the Siten ésMtrdirrarnt Bﬁ \)a'rﬂnéﬂé\ aﬁﬁo@ﬁ}aénergy (e.g.

the I''ft assenbly 140 can transfer the subStrate to
thowl of theerwohkdng rflust) eelivered to dhe heahexchstnging regieh 1 83A.
top surface 133F. In one enbodinment, the |id actuator
(b8231] b amothier embadditent, thé éeat beuﬂced1 3isdelivarba heated gas, vapor or

ssm sition, as shown in Figure 10D, t
(e S aithid sepresUnphsownie thede fChgiatbg g8Gion' 1534 to transfer
REQCRS St dupgt fbeé*;"gher VeRtive unelst ttr'&‘ﬁs?éib geatpﬁoéé’ss In this

Create a contro envi ronnment.
corfigumaiiah e theatetk gasd vapelenblllgu[tﬁis dagrveredttal tuh\eaheat exchanging

s SHSRCPSASD S5 A B4 LA b d SRR e e e

SUE] Fégléﬁ 998A thivRighuRe loLabEP&® 1BBEI WNEret |’ﬂ%fdéi||vered to a waste
unlform across the substrate during processing.

c¢ile§tloarﬁmg@ﬁa deiedn tThe wieste eollertioiseyrereiaa mgygbe a scrubber or
@gic%ﬁgggég &gte?f? a heat pipe in a simlar fashion as
ve

to rapidly heat and cool the lid
asse

BRSRI da BTad A" ASRNOBEORdgH oy g6 BR 480G Ring source 143

Brbhcastamises dodlingt séific@ NERIWHIEHPSs taRiap®sd db YeowNdhe substrate to a
uniformy control "the tenperature of the substrate. In

desiratk terappisduieenin aneeembadirasthah iiehgoaking seuncer g42sthe cooling

i%@@%ec%ggrs (ma& %étrﬁggc%: Veﬂfee hggyégclge{nqﬁrﬁéééi,gn 21?3%%”9} Yemove heat

fronv @6d isubshert supposingr re@@ﬂﬂ&&&mﬂi tred ﬂte)\sebstrate. In another
[00236] | n another enbodi nent of thﬁ id as' I}/ 137,
ambegiraent; it goslng seurce delivess dhebiligd gas. (igeid of vapor to the heat

g Wé;geisw%ﬁ@cbglr M%\f@&é” 4td. 1Rl &le Qg?éctlgfm;fet iBvention the

nperature contro process fluld across
todirgulseurad ds susddade aonl thesrsubstratendol adteropératurponear ambient
137D to a waste collection device 141 B. The heated
?qmd?%fagﬁﬁrce 141 generally contain a fluid source 141

@gggag{rl{ ghgm@?%@#}%{,\?gﬁ @qﬁ’ﬁﬁtpﬁé?gggﬁﬁgé Iygg[aud b@gt exchanging
ek 100 250, W o TRk RLQUF 1038 i et e PES plte
assmublyt t38. e In loneoaspent pé dhe dfivartiioni the heab exelandingidgvice 134 is
gg%i e 143 mfggage ggélﬂgl { Qﬁ wpn N is¥in the];n%l &85 6}”84 with the substrate
supporting region 133B through a plurality of thermally conductive pillars 133H (only
two shown). In this configuration the substrate can be heated by the injection of a
hot fluid from the heat source 131 and cooled by use of the heat exchanging device
134. This configuration may avoid the need for the cooling source 142 to cool the
substrate. The plurality of thermally conductive pillars 133H are regions in which
heat can be transferred from the substrate supporting region 133B to the base
region 133C or vise versa. The conductive pillars 133H may be arranged in any
pattern, size or density (e.g., number of pillars 133H per unit area) that allows heat
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[00237] Referring to Figure 10D, the PEB chanber 130
generally contains an enclosure 136, the PEB plate

waswentdsyl 133, and a |lift assenbly 140. The enedtDESI005/046877
136 generally contains a plurality of walls (itens
136B-D and item 135) which tend to isolate the
processes perforned in the PEB chanber 130 fromthe
surroundi ng environnent. In one aspect of the
' et heq | | -
o B OB 1o o BN &Y e land anows the fluid
detiefedo riranh etheu theatingtiutge etoviundformelyt comraunicate with the substrate

asse{r:&’orls%/l 147 raI ly contains a lift bracket 140A,

SARPQEY rtegrlori ~a lift pin plate 140C, and three or

nore lift ns_140D (only two are s n

1999341 Hi%ﬁ[r @rglgga%ﬂ%) |r¥ gne aspectalyt owgntﬂq{ga lid assembly 137 is

ﬁé‘%ﬁpb@éretheV%uﬁt{?té‘nV\Pxérﬁf‘egﬁtab%b@fe RpPsafddeot 33P dMihe PEB plate

[[ace the substrate on the surface of the PEB
gesatrblysiSarie for83a cmmérotlllaé emionngridarayad theesubstrate.  The lid

L T e T A e

{dwais 4 deviee that hiySiesl agngtddoneiapst Ahanowsettulid a68Aco that the lift
the PEB pl ate assenblﬁml 3. The actuator 140B mm

be
assembly dyﬂq aae rtrasisien sybﬁ\v@tﬁt fooaaf| fjormyHig ghster tool robot (not

%\%2@ a?quotb@' t%%fﬁlrﬂlg 18 ap[lclg @H?Hpﬁ%r'é]tghgenlq QStJa?&D{SQ is an air

ddadémr wigh the lipierinnige b&ﬁrﬁssﬁngf [bmmmrdeasmlhéwri%Blgﬁre 10D, the lid
the encl osure. Vari abl e _Heat Transfer Val ve@é 0023 |]
qangante thealor surtaseyilédft ARE thusylQrs & RIAEessing region 138 that

s‘?ﬂmd‘g‘?ﬁé s%st"f‘ac}elt@tc‘?eélésae%%r‘t)’ollteh%eﬂﬁéﬂ é?’ﬁ/lﬁéﬁﬁ%ntto

rapi dl'y heat and cool a substrate he term"plate

BB e, SPRIGAIREAR PE ArbSB 137 Baf EA ¥ hoat exchanging
dé‘ﬁt@ h8¥B t@'o@hﬂoﬁ&&eﬁéhhperﬁmre tofighéd aﬁa aﬁlﬁaaﬂd eﬂsussafmhyan isothermal

or the HVDS bake ate assenbly 73 i.ch ma
qm/ggf\g}pnlt Gropbine qusgrﬁl{q 19 IRrgMe t %qml Iugﬁorrpé@f éprpiSﬁ éhe substrate

dfing S%@séﬁ@ Jhr}h%n&rg"&o&g%kﬁ?me héatpéﬂfr%ngﬁ%fggklﬁe 2%¥B adapted

contalns a c ucti ve 254 whi ch has
tolact asa Eatpipdat a isBnilar faslionals deseribed ahoventowiapldlxnheat and cool

B e BRSO BRob R i o7 and e
Hdi® e5@Rhhdiflg rrégio‘hm@ﬁﬁar@ﬁotmbﬁéptbﬁgbcﬁbt B/a haat ggfé #®t rapidly and
region 25 a fluid delivery system 275. [00

uriitermbnerigral vee igmprrapwe ofshe selstrates dpmmth@h@mbodlment the heat

?’i&%hé@b e%e\ﬁo hét7[3 Igrg@d&rg g?ggﬁhgpg}egfeﬁﬁgraaﬁé HtheNid assembly

13" byalso B irgdintivn (eid. hheae ldphpok os uedraeetivd heat Transfer means
conducti ve bl ock 254 may be nade froma thermally
(@epefikad 3Ov¥Rlt eri al such as al uni num copper,

raphite,
[gozag]ln another embodiment of the lid assembly 137, a heated fluid source 141 is

connected to the processing region 138 through a lid inlet port 137C to deliver a

temperature controlled process fluid across the substrate surface and then out the

lid outlet port 137D to a waste collection device 141B. The heated fluid source 141

generally contain a fluid source 141A, a fluid heater 141C and a waste collection

device 141B (e.g., typically an exhaust system or scrubber). The fluid source 141A

may deliver a gas or liquid during processing to control the temperature of the
68



alum numnitride, boron nitride, and/or other

material. The heating device 255 nay be a resistive
wheab®693ar a t hernoel ectric device that is useBCT/USiveR046877

the conductive bl ock 254. In another enbodi nent, the

heati ng device 255 consists of a plurality of channels

formed in a surface of the conductive bl ock 254 (not

shown), which are tenperature controlled by use of a

s@%@fra@?cﬁﬁ?\% ﬁgpé+t%fqhé hl¥erfiRAtthBYRiid XolilceWs LA FYIHeliver an inert
nels. Afluid

t he chan enperature controller (not
gasofar)exasnpidamiged, nirogent eoheliume. heat exchangi ng fl ui d

and thus the conductive bl ock 254 tenperature. The

[bo=37] RefehangitogFigure d10By the, PEBr cbamnaalrejsa generally contains an

BB b ) 155,604 h i 4o o endosrs

é‘}ﬂﬂ&/ 8beins%> Biupdity bp Gvaiﬂ§ @ﬁerﬁ§qP3€Bq_’) Rehdfiteth d 38RWhich tend to

als be & tenperature contro gas, such as, argon
igolate the)@emes[s@ezm@jfomn&d amcshe rngBe@1a§nber533Osfr@n theegurrounding

t he Iate assemnbl that ,is i1solate r.
bRy 15 s s pd GinyloBebB o ks Rdabfacyto thermally
igdlaf hAW rhifMREaomamirationadf theePEBMSHAphbere1 30 Or@kn wsurroundmg
when a conductive working fluid is delivered to

egops®nby The Hft @sseandly Vidry geperadih gordainsha lébara%et 140A, an
SCE5hEE 1408, S0 e, 1986, S0 BB Pl 3468 oy o are

stown indrigew O(DDE%IOtayaréJadapme tbrrameaandﬁlewmltlhey substrate “W” off an
conductive materjal such as al um

exteptad @boaplﬂﬂen@m shewnLend placsihaiSLSHRe o the,surface of the PEB
%@eéss'éfﬁ \?'1@'3 0 -@%eth%%hbplla@%‘ﬂé‘sebgéf’r&%t@@ Fhe lift pin holes 132

er noe ric device I's used to cool the cooling
aregiomfiglfe’l td allamdbhadift ginbodioikin actéss theosubsjralesockat it can be

265 f h
apreany vierefidtn Bhe st o3 n B Blits FESRaBiCiRY,, The actuator
RIOB HRAYPES ahWif camider & lotebyori@ntiohally SakabRX ARG 6f9'a|smg and

fluid that contlnually flows through the channels.

I@Warl@gttéﬁp@umtrﬂt@ cder svbar bladet r!mo%\gwn)s l%mgp&ﬂ itg enter the
S L éggq?%ﬁ@ﬁeﬁ E uﬂ;@ﬂﬂ%%s&' iHitfe @E% \X/QF?Sé@%f‘E@@thl%sure

or e>& er fl uor opol yet her (e g., Galden
i re controlledtoaterrperature

betwe n ab .5 0C and abo 20 0C. The

ORI G Ry T i @'iRayiom Qg BlisHoIch e SrRogAt Phe Riate assembly

tgéf ai/ut&lﬂ udéd t@rrggﬂlypﬁeﬁl' &ﬁ@%@ﬁl é%@t]r]ateTh%E'tHfrﬁ “plate assembly”
ry system 275 ‘generally contains a fl

usedi verepftevis rdended tm@enealb{dd@ﬂoe@et@ @mhqxbmeat of the PEB plate

SRR B, VL T 8 nb 0SS s PR 0B sB54HBT . or e
HWDd IBdke GeiteVasyeribit ¥® ffich may be adapted to benefit from this
configuration. Referring to Figure 11A, in one embodiment, a plate assembly 250
contains a conductive block 254 which has a block surface 254A that is in thermal
communication with a substrate “W” during processing, a cooling region 253, a gap
259 formed between the conductive block 254 and the cooling region 253, an inlet

region 257, an outlet region 258, and a fluid delivery system 275.

[00239] The conductive block 254 is used to support the substrate, and it contains a

heating device 255 which is adapted to heat a substrate that is in thermal
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t hus causes the conductive working fluid to flow from

the fluid delivery system 275 through the inlet region
WwWQ@Beiew3al t he gap 259 and then out the outl et PEQUSINS/046877

258, where it is returned to the fluid delivery system

275. The conductive working fluid is thus used to

i ncrease the thermal coupling between the cooling

regi on 253 and the conductive bl ock 254 during

é’dﬁmﬁﬁfn%?attloﬁhﬁrﬁﬁsthefblbﬁﬁ RITAEBSS544.0 hﬁ@tcoaadcwluddkezm may be

Ssubstrate e conductive working fluid may a |iquid,

maperfrorm gathetratly icondbttive matadaleaweh tasealundnuml, copper, graphite,

cou n th ondu t|v bl ock .254

ST EGeoRoR e R el hBHErEF IR Ditalip pyice 265 may
M@raktés%ttzbméiateﬁoi aqneﬁngélébtr@saewcé tieutiisl uzetab reédtoue conductive
of gallium indium and tin (e. gal i nstan);

Iplpgg 2563 | lpeanotiaer g@|b9ém§,mteﬂ@ @e@tmg deyige gﬁétcmﬂsnsts of)e/a plurality of
SW}?]% &kn d 0E CQnpiet by ﬂ'mé’\gf)ﬁa@cqgfal Llﬂbgk 2(% Shown), which are
such as, on di oxI de :

Ium argon, or car

{ebtpRtaiuré ncameoliedbbgi ugentof 4 hfeaple)toeaagmgnﬂhlyi ) ¢antinually flows
used to bake the substrates in,

%Hﬂﬂart ¢ Fhsenely mA ﬁ@xd:égng@@ju&@onjrﬂ@rhf@t smown% is adapted to
ﬁéﬁ%%ﬁg@\f@sﬁu@t d thdd e cgﬁéud{ﬁ/beﬂoﬁﬁlﬂsﬁetemperature

ace conductive working f
Tbehbahem@aﬁglmgjghldtmeygmmmmmletam@rﬂumopolgetheg e.g., Galden®

e isclordne alie REVBIBR I SprRBs i kPIHet 88 ish °C and about 250
& MIPeAh &atCexcHARGiNGBuIE Uﬁé& afdEbE AMichsicratie c@nﬂ@ﬁed gas, such as,

surface 254A the ™ fl'ow of the conductive working fl ui
argostppagemd i s renoved fromthe gap 259 to decouple

the cooling region 253 fromthe conductive bl ock 254.

fon249)Ehe Toolingreegion 2550 avarez o T phtessdembly 86@dhat is isolated

h [ ' fl back to t
O 4T erTLRYve, BPth 254, Bribeegaauees vavE Soramaineg at a fow
rARAE Qe &yolaner &nhdietivy Mesk Deanvhére heshdidive working fluid is
device 255 until a desired (groces& ng tenperature is

delivesed do ithe giap 2athbuMdbe Viiibdetiveryswstem 2d6. The cooling region 253

g@tg%%i %Lc%gllirf)@‘aeﬁ%%' ﬁ@%ﬂﬁégt g@/slsécdg% égmﬂfsa%}%a o{ fﬁe Igte assembly
2@ CTHaldoblivg régioki 268 tidy Helmadelfromreedwérmetlllyeccgammlve material

259 to cool the conductive bl ock _ 254 bé rea5|n9 t he
$Urdr Aa alBUIMn§oBRSWeBAPRItR RIBRMIIETIN idgi GerorSiTigRdand/or other

P9 'I*h%%o%r\ng%%\nc% 2! @Qﬁﬁérﬁkﬁal%ﬁc WedeB&Aatis used to cool

desired tenperafure it is renoved fromthe processing
ttiearmxhng[réQMfQSE nincareotbebembodimendf theheoglingtdevice 265 consists of a

11A h b Kk . .
SEF SR 1At AU ML Oyt B BE cooing rogion 25
Wﬁféhaé}'ect%hﬂékafdré%h%llé’cﬂ %9&%% oBHHeaexch@@ging fluid that contlnually

bl asting, Knurling, or othér machining process to

ﬂ@d@(tjyougb the channels. A fluid temperature controller (not shown) is adapted to
control the heat exchanging fluid and thus the cooling region 253 temperature. The
heat exchanging fluid may be, for example, a perfluoropolyether (e.g., Galden®) that
is temperature controlled to a temperature between about 5 °C and about 20 °C.
The heat exchanging fluid may also be a temperature controlled gas, such as, argon

or nitrogen.
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chance of thermal shock damage to the conductive bl ock

254 material, and increase the surface area to couple
w0 bmeoeshi ng regi on 253 to the conducti ve bl ocRCREZ2005/046877

PEB Process Endpoint Detection System[00244] In an

effort to reduce the processing tine in the bake

chanber, PEB chanber and/or the HMDS process chanber

and i nprove the repeatability of the process results,

: t

BPATHBUNI SR B S8 2 QLAY AP L1 Edolvery source 270
that dn:adapned toadglivet @ annduetive yvoclonplfleztcbtcssma oap 260 foemed between

SLSber G ks o 28t Toh oAl 'R g0R 253 nENBAYEEIRIVER System 275
tHURNEfIselsAB dHHeRRERS )Work’ihg RNERo I@I@'ﬁﬁfrem"‘ﬂ‘ie‘ ﬂhlétdéhl\/ery system 275
assuring that the chanber "process is conplete. Thi

thyeugle dlae iirlet segion 3257y|ﬂtmibetm 2p9 arrdatmeouhmﬁa@uﬂ@meeglon 258,

s, B BEEHE LRl SEMED HhEIeT 225 S B iing fuid i

tHUBOUSHER) Bicredse0PéStheihar esaglng tdtiveenrtablcmling rnegaba 253 and the
enbodj ment, the process endpoint is determ ned

corduaiive fyoeh@5dheing Aifterent masesp@femeoesqq%ﬁd@n%em agd cool the

S5l Chhe RpHBUERORIRG (RPFIADS RURLHEH Sy qos ra s abo i
incheaga tha theval deppting d]]btweeexpesrﬂmthmmrm‘:mls%haqnm‘ the cooling

Fi'gurggﬁéﬁﬁrgyg%géﬁw%@es s n&gtwgimggewgolii&}id such as: a
Ilc?t.hériﬁétai Bfoy Qf‘gﬁﬂhfrﬁtlhcﬂﬂnpfanﬁhl% oy, ?f ‘ﬁ%l-ﬁ%fan‘?* ﬁ'\feVéﬂr?QHg Galden;

omthe surfa t he phot oresi st Iayer
oppotyethyeme glycodf Inhanatbhes emitodiment, the qcmdr_uctlve worklng fluid is a’

confiauration a | aser 19 (see item"A")
58 el el ar it or S3eATeHoRR G2 e ntensi 1y of
nal received b he det e 92 is decrease

a2 O emRanEt HER Plate ASEHEOR ARG RASS OAKE e substrates in

foq“é)a‘am | HePPERCCKARDePo ]:Séﬁ@fm tRE 4B tep SUL! ameth®f configuration
t he photoreS|st during the processing step. The

thﬁa\wbeﬁﬁ@lﬁ‘[} isafficsti delivesed ytoothe ipbodkasuerface %54900 whilee dhe cconductive
further
woine [ i R nse it 4R 0B8R, 259 e S ing {apffb gpoion 253 is i

comBiMICRIoN with BeLe6ndULHIve BiIEdks254 hhd life bfoek s@nﬁ@ﬁﬁhémalns at a low
hydr ocar bon cont ai ni mat eri al s and carbon di ox

teraeRipiurer oneadh Qeﬁqbg?rﬁtﬁw coRtacty thes plogkcaitase %§4/6 Hla,e flow of the
c @gﬂ e'WonIk ﬁQl@lclgrgtE% @'&n fis ched {fr‘?n th‘er '2“39 to decouple

ucts evo romt reS|
thmd@mnng ret_mn QéBrfhnmrted coﬁdencﬁm@llcmkgzm dn one embodlment a gas

wav el ted by the laser be betwe bout :
BB AR ISas i AT AR CORHB TN G 1R PACK to the fluid
déWeb)?%xQﬂe?d( bi§. we&ﬁa@merbw& tzsu i nsﬂea{ ﬁe&e@ by BRergy delivered
th of the laser is about whi ¢
from the heatlng device 255 until a desired processmg temperature is achieved in
the conductive block 254. After maintaining the desired processing temperature for
a period of time the heating device 255 is shut off and the conductive working fluid is
delivered to the gap 259 to cool the conductive block 254 by increasing the thermal
coupling between the conductive block 254 and cooling region 253. Once the
substrate has reached a desired temperature it is removed from the processing

chamber.
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conventional |aser diodes can readily achieve. In

anot her enbodi nent, the wavel ength of the beamemtted
whoobhesskaser is 4230 nm [00246] Figure 12A i BCHUS1008046877

vi ew of a bake chanber, PEB chanber or HVDS process

chanber (see elenent 199) that contains a laser 191

that emts a beamthat crosses just above the surface

of the photoresist contained on the surface of the

[092433 I abe embodifient ob e glatetdssanbihe 26@sas shdwnaindFigure 11A, the

re mount ed so that,the emtied beami.s o
ook Sintdoel 6 I ARG sBRabeSed B hESy bz rascanical fabrication
tawpes, such A, sedd BREtIAG, kiiRlisy st 28hinih Shod
pr(g?ai ned on the plat éﬁ%ssen‘tlalfg;Qﬁgcgaéﬁwg%lmﬁ@e%gds%ﬁbtloyreduce the

chapes e\ theemat ghockdamage ta the FERlustive @lm@%ﬁmmte_m;, and increase
e h
RNt T8 RETBlanS boolhd Beibd A4RiE S pBhAEERE g8k 254,

of : ' e..concentration of the
fd et Dets i bst just above the

B4 B BHots e Binporsniao fme witGacakecdiamary PEP chamber
an@of IR IAADI pdtss %ﬁﬁ)é@éﬁ? Nrpfodd’ %@Xg\%@%ﬁ@g& 'gg the process

the gas, or vapor in this configuration.
reguilts,hars egdpeinydetectassanse indegratedointy thet chimbeetdosatify the system

gt 151 RECuBLob% EIHBIERHFopnd BSnSAE it i cam non e

tranygiendd ¢ thepassl diill EharmBehsb hahreassigh Bud RnIMIZLthe need to run
| ength of the beam This nethod provides a | ower

thej BiPgese JORER thamtesessard, aF sevebhaket,swhide still assuring that the

iati LNt ess..: ' i.f ferent ,phases, of .
B BRSSP AEAE et LioBoe L AR A n e pes
chemolpari due tethes praventioh as eie igenurrdd topgaleit &icd Barih @ xposure from

ss and/ or sense a change in

hot oresi st | ayer thick
atFﬁ?B'q%’g‘&P’lﬁXpPéW é&?qso?lﬂg? RRECTBRISEt-or esi st | ayer to
determ ne the endpoint of the process. Figure 12B
[092451LQ rrgsRlYe Hiis cRERNRRED BRe acebegdisnent, dbee proeess endpoint s
. , th t o esi
SRR P gt R AR RIS g . s
orr ledken chambenfretbiiorp hyp avdestss cohryresd iThee Q‘:fni;?%rng%%or, above the
aser a

s e (RIPVIDYSVARBOG IR €. @APOES8. Phelcspuist layer. ~ Figure 12A
ietiResd BRBtemBE@WRL bf @ngéﬁﬁpégﬁdethgﬁorf :gggt‘ré'nﬁlggo that i3 adapted to

detection system 198 al so contains a optic ca
defert aphangecthe caricentratien bhther byygddudts atiffisging froer thk9&urface of the

o] [t desi rabl e, dj st )
prpfirelE] dEker (B8E srwhl S N, GhReRV BT L ke stipFliale o In this
cohfiguiatibata Riser 1DVGME] albeaph gshom TNkt waé\ha%régtth Othat is tuned

endPoint det ection process, the l[aser 1s designe
so that the intensity of the signal received by the detector 192 is decreased due to

the interaction with the byproducts that diffuse into the gas, or vapor, above the
surface of the photoresist during the processing step. The wavelength and intensity
of the laser is also tuned so that the laser will not potentially cause further exposure
of the photoresist. In general the typical photoresist process byproducts will be, for
example, hydrocarbon containing materials and carbon dioxide (CO,). From the
variation in intensity caused by the change in the concentration of CO, or other
organic breakdown products evolving from the photoresist, an endpoint can be
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emt nultiple wavel engths so that the photoresist

t hi ckness and/or index of refraction changes can be
woreweher3sed during the processing. The thi cknesBCDUS100&8046877

photoresi st is nmeasured by detecting a change in

mul ti-wavel ength interference patterns that wll

change as the photoresist thickness and i ndex of

refracti on change during the process. In one

igfehedl MIAE WhvEIBRgIAN G AN ANeIERGtAS! EMitteYd fb?etﬁ%, labBE may be between
| aser 194 emts radiation to a beamsplifter 195

aliost S0 par @adt abeutof 006 émadimonenemkpdineents mdrare Hearbon dioxide

o 8puy, AR Bl TEd g WERUuh RE R RERP Bt 1960 nm, which

conbbatidil fdien diotest sah headily t Actlewner dy houthedsedbediment, the
surface of the substrate. The emtted radiation is

wapalength|of dhe Beadcemitioddy e 1a8Rde ¥ed0diMt he surf ace
of the photoresist |ayer (item"P") and/or the surface
[ed246dgighdRAaise a sideeviewntohge hetket paamber,eBEEI chamber or HMDS

radi at 1,0 hen travel S [

B Finbe BebsltEef 199 B ebiifirs.# Flse el Sl a beam that
cbsdddt pist Bdve the dieritesell iHet photbPsisthesntaiplldest sha surface of the
percentage of the reflected radiation to the detector

substraieer B Hvieconfiguration theylaser d81iandydetesiasdl 92 aomgpnted so that
J t t i nt .QC -ad

8, NGB WAL e Ty BRTEE EERS6HE oy on e

sietaeetdd dhe isgbstrateayV'behichbrip aetaihed om thdplaté gaseémbly 193. The plate

GoeBIHY o BIAeE: PRIy toarEHrReEs eSHRREl; aqrfrsbake plate
bR bb,ew_ﬁiaﬂn@'u%%qarbr@@es%qrxéls%@&hbé &%ﬁ%%w AEB or HMDS

required. Figure I'Tustrates a nethod
prpcess gtiepg ddseribed pbone. dEinee thenopcardesionsf theiawglved byproducts

dat | ted,f [ I d f ) . .
e ReaMiobES! Rt e R s of JRE PR, prligyiat detection
syghwhr abes iR gemeralgd hae tied enrpest oserdtivatyoned chnges in the
the nmenory of the syStemcontroller 101 (see Ltem@A‘). )
cpreentiatirt afoihe buprodustsed dhe gafercf VRPYT it dbissserfigusation.  An

' d.to ' [ [

RIS o gty YialL plE i 1hE g o§RRine surface of the
phuggresist,othel adletettedt varniatisedint intdrsigy ris nthet fsaim defalthe amount  of
process tinme, and actual endpoint sjgnal, ich i hen .
hygé%dtwsmwugwugwé?r% Pres dbEw ofen enath eﬁéﬁﬁieam- This
rﬁ?th@ﬁ%pﬁbmdgg d Rveadigrdl 16Mi<Y rdifde aRHUSS BokrE8R fbF 98Mations in the
C) .l nproved Heat Transftfer Design Wth M ni num Cont act
drocesdiiaring diffeeard phialses of heeprackssughput , by reduci ng

the chill chanber, bake chanber, PEB chanber and/or

[bdza7HiVRB othicrceanbodineem ef tine eadpsinhdetachms a laser isused to determine

tggfp%%(gg{&g%}/?w%getnicﬁgglsg %ﬁg/c}rosénggr; % Snég S ttrrl]g rinnaielx of refraction of
the photoresist layer to determine the endpoint of the process. Figure 12B illustrates
one embodiment of a endpoint detection system 198 that can be used to measure
the photoresist layer thickness and/or sense a change in the index of refraction of
the photoresist layer. The endpoint detection system 198 generally contains a laser
194, a beam splitter 195 and a detector 196. In one embodiment, shown in Figure
12B, the endpoint detection system 198 also contains a fiber optic cable 197 which

can allow the laser 194, beam splitter 195 and detector 196 to be positioned a

73



substrate to the heat exchangi ng device. Wile

i ncreasing the contact between the substrate surface
waemehbms4sur f ace of the plate assenbly (e.g., REBUpioas/@16877

assenbly 133, chill plate assenbly 83, etc.) wll

i ncrease the thermal coupling and reduce the tine it

takes a substrate to reach the desired process

tenperature, increasing contact is often undesirable

8é41RdId tdi¥iahbe | REME RS 6rB§eé§i'rﬁ$% gRin R3O @bBFe the surface of the

generated on the backside e Substrate, which can

sfbisteatet he exposure process results and al so device

yield. [00251] To reduce the particle generation on

[bhztshucdrss dmbotiréret ca‘l]betendpeint Hetextioh gpcocexfs, theelaser is designed to

%q%ﬁfrh{ﬂﬁg@ \&qutjggg ﬁ'\gyélzﬂ%o%s ﬁhlg?rgc?egsb Fil g S(eof refraction
EghqesbSdr Bé‘?né’rﬁnforbﬁ@iu?i‘rhbﬁﬁé%r@&eésﬁﬁg phweeth@m@abloy the photoresist

Wi I'e protrusions reducethe nunber of particles
iganeasured txyrrée}em;g a ehange in ewltcwayvatenghteinterferepas patigrns that will

RIS G DB BROE PBRds R hGeR o Rtdeiop change during the

PrRicabs. M ohBerfbedifient onthd endpdinedstections @r@fes%hme Iaser 194 emits
plate assenbly to inprove the thermal coupling,
%'%%ﬁl bﬁfm isRlitteh $93.u5eraaePsicentagst Of @@cmaﬁ@n emitted from

%‘? Phq LhS s@ga%?%cglgpﬁffgbéfh {hE! BEaf Epﬁtﬁ’é}] heat g @ﬁde fiber optic

ave ypi cal'ly "use re’spheres that are presse
cablpl @x.edThenfibenmaptic mwathlendBEsthien theiits thzssaermttbgl energy towards the
surface to act, as thea_F‘rotru&

BTG 6 Pe oSttt CTRey i Dy adialip; & fian Jeligsigd. scattered or
Qﬁée&gfad%@reﬁé Qirf Wgﬁéweme Retore&sl %geagférﬁ hp”)sm/apwgurface of the

ate asse since It nee be VEery flat for
st stratec H\npementageassthe gefidried radiation tharatravels lblackdo the fiber optlc

t t f Th
SRS MR e BBt GG e PR SRS RS g e spiter
105 tiseH tareRtd aadertestagbadt thel it dsialriien, todthePdétector 196 where
are all referenced to sone reference datum and t hus

thedscident ragl@ianis slefe@e@ént the variation in the
surface topol ogy of the plate assenbly. This issue

@?g@ﬁé RABACWRLS Ynd %Bﬁ)ﬁ\?tof\(%‘ﬁfﬁsetsg%a@eb&mre% LHT?QS either of the

sions fromthe sufrace pl ate asse
albotindéhtei desumibedr aboyd) 02 Hefeeted rsigmalt maki ge_rcmrmﬁa&red with the

S e R R SRt B8R R cmbocimen

SlBt‘éTrﬂN? B8st Probass mbgﬁ%n%htéhSe@%fm@eeﬂﬁpblh? d%inattfé confldently
assenbly 170 and the substrate is biased towards

Qet&ctechgmnm%/ requifastr ebigera HG Héwstdtes auphethgd of optlmlzung the

STHRTRC TR RS 7 il B BoRRIRT i pRFouspy processed

h}z{féi§e Tole @etamlifuired akhnandisdihcsignar fedraaivoost @ibre substrates be
chucklnP devi ce or ot her

recorded for reference or be stored in the memory of the system controller 101 (see
item A). The two or more substrates are then fully processed to and inspected to
determine how the endpoint signal compared with the ideal process (see item B).
The inspection data is then used to determine the ideal process time and actual
endpoint signal, which is then used by subsequent substrates processed in the

chamber to determine the actual end of the process (see item C).
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conventional method of forcing the substrate agai nst

pl ate assenbly. The array of accurately controlled
waemblo6wsant act area protrusions 171 can be forperus3n05/046877

use of a CVD and/or PVD deposition process. By use of

a CVD and/ or PVD deposition process a thin |ayer of

material, of a controlled size, can be uniformy

deposited on the surface of the plate assenbly to a

ﬂﬁwea ﬂ@étgi%nsfé}en@ﬁwh MemaRimeCoRtacthe surface
epaeasse orm eproru3|ons 171

[?&!‘.oﬁeo $hé rbﬁ?? tﬁlbo éilgm( mrg)agl?];lvuts'dx Fé)dhéﬁr% HT?tc"Namber bake

lum tit itri denum
dhang:z&rerPEBtme)mbar aadam marMMDSabrocaaspobwambec processing times,

RRete: Bt raBliader SmRIgHSd douincrdse 4% dBoHRals Ryping of the

JubsfrteMd ﬂ@uﬁeﬁ%(cﬁﬁhéhb%éiﬁéé” Wl!@lﬂcﬁiﬂild%tﬂ@éontact between the
easi |y abraded by the interaction with acksid

substretensuiface and.the sudfaaamidhe gilatecrasemiNg (e .HBRB rajate assembly

CRL SRR AP, G R e RO EAFRLEHPElang reduce the

tPhétie talsserblsubstiateas réach hRe Chetired pbestdse feph@drature, increasing
that may be about ten tines smaller {e.g., 1/1 Oth

qomiart de Oétegttatctesefﬁbteh%na@ ft ‘@@Hﬂﬁ?@@ﬁatth@ﬁmmﬁé’ oferarticlgs generated
dr{‘t[h%rﬁeﬁcflééﬁ1 Hf{?\ | AFstittd lwhiBs s P%@E%& dstl{rﬁﬁf)@éss results and

er can Heat nuc
msmldeasetyit&dtl me that the wafer spends transiting to
the final tenperature, which reduces the variation in

6811 d fedricenthapdriedle Gehstationast inerbadksidd slaherubsRate the contact
cl oser thermal coupling between the wafer and heater,

afithe substiateds thasuriaee fithe piate ssemblhean brdnipized by use of an
aprpeﬂl ﬁpt);qgm?iédseﬁmat épg{:@?ﬁ @%&%t@gﬁgﬁe Epﬁﬁc@w"tﬁ?&gﬁe assembly.

e pro rusions magni
Wﬁlle beotmmms aickucbdb\e insinThet ud @d ritdlex gendratextitheatyrrate tend to reduce

0 |S|nver roportio to the fourth
R dheTd BB PRBISET e STt BRI o eRThl pIherefore, it is
JHPSFHiR DS tAMMifrsh lth‘é I'kh tséfk{ﬁ ng%t‘?usﬂﬁé ffoRPHR surface of the plate

protrusion 171 nom nal ly e same height fromthe
aasefrd:rhetmfmpme phatkerosd eobping, avhilet dleo aigbgtimethat it sybstrate will

RURET e WA et B3t e eB8ns K B AbSfestions ave icaly
Jsi@ar g@;bpmrea@,’sﬁ@fesf i drBepidisab@ @rsprEbE Yint n‘ié‘tﬂmned holes in plate
substrate w be uniform Therefore, this desig

asseRpY sheacentenst 86 ether PrataIsionsst this Oéf@r\cwrfjﬁugn@ mechanically
TS LAY BB gl SRR BB, e R0 B tace of e

dla{ten@ssmrhbly,asmum it heecﬂs to [b@OQén@]flaTdof mimted:fmlque to assure that the
pr ot r usi n one enbodi

{ . .
sthstiate Y"gpﬂPtaE%'?}aﬁ\/@e PR 85%6M %‘frfaccﬁ’e Ehgég%roblems anse since
tRE SRERh MY Sptrdidrige SR P o PMATREET §@¥ade? features that hold the

spheres, or pins, are all referenced to some reference datum and thus does not take
into account the variation in the surface topology of the plate assembly. This issue
becomes especially important where the height of the protrusions from the surface

of the plate assembly is about 30 micrometers.

[00252] Referring to Figure 13A, to resolve these competing issues, in one
embodiment, an array of accurately controlled small contact area protrusions 171
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be deposited on certain defined areas of the substrate
by use of features or holes forned in the nmask. In

wo bios/oessy1 t he size is controlled by the featuresT/iisrongacs?7
in the mask and the height of the protrusion is can be
controlled by assuring a certain anount of material is
deposited on the surface of the plate assenbly using a
known PVD or CVD process deposition rate. In one

AebRAMmEaNdn theSubfagk ofsthensiafe’ dsyénbly #76 PPl s@isktiite is biased
a PVD or CVD process are about 100 mcroneters thick.

tpoezds therplpte @ssembliriinesmsel thesthermal epupliesthaivrentthe substrate
s

Sl BB M BERRE T HEH A4 o EYgHEREE Pt assombly

170 bhtusel of é%&uamnéhwkirfg device f am etecrgstatic ehuking device or other

di oxi de or di armnam seed crystal 182A ] ar | s inb Fldegii

qqmenaowlam@t%e roing the UPSTaieaagRingt Riade 2ss@ he array of

5‘@ chhPeteshan cﬁﬂﬁc?g{@écémtﬂ}%né f7§ ki tée formed by use of a

con i guration a conventiona process may

@Vﬁ)paad/drdD\dll depositdry miemm t By aneof a&?‘ﬁDoandflthBdh deposition
d|0X|de F?é( dfllmo to‘ilg 182 ited
FB’F?PES% i 5‘%‘86@' 8 ;‘?s‘i‘%ﬂ ro's A?"r qar?o'%%ld’é‘ ofrﬂ‘é’ eposited on
ﬂw@%uﬁfa@b%f%é %Tﬂlé)és%éﬁ{bﬂﬁfb d 484ire@ hblit. tThe rhaferial deposﬁed on the

surface of the seed crystal is substanti al Iéfl ush
surface: ofdhpipdate assearhly y 78 de feroe therpmtrusiprenty ey die giticon dioxide

64 MR 053 PRI 85 7004, AL S L, Soposenum,
tuRgt N, efdlc ?nd ¢érabriic frhabial) 4 Ipbdlyraend ah@teass ¢aly, ypolylmlde Teflon,
surface 170A. The insertion tool should be

etaren athergmatarial ithal i hacbApeedsite withstpnd r{ﬁ%rhﬂa?ﬂ%@ farce without
% Eé%ﬁﬂa fcfé &mat[bno'ta %iefst n)%? %ﬁ%ﬁ’lkhéﬂr‘?ﬂe@ BV mtehactlon with the

I'ng surface cont act
lseddide pétthe slibstrate i( azge,r dilamond}td)ammedpilkat earzbmserdvltgpron nitride).

s cppioden bordraniagsoussigetne hoobEs! e isflisiiaitove the surface
ol {Hésbfa?é %%s@ﬁ%lf%ﬁﬁgb@%h Bé cdnieakd qe%e@ﬁtsﬂm@wayl% about ten

be used in the chill chanber 80,
tuhamsmalleo (ewghel/ teantrea stae efribeart chreflgwmn The decrease in

BoBERER, AEBP Hi fitradde, ¥ nBaP R TR itd > MR Wef tan neat much

a8t U NSO tHLEE rddifcesihies hingd @haD i ashfen spepieCRansitigy to the final
chanber 186. Th%&ﬁl ate assenbly 170 generally contains

teniesatira,7aRichpr éeaél@,@rv@r@t%m e diffusion phdichgsiiealsreaction. It
héd nsﬁﬂ% Blo¥éf %?%ﬁ@ r&‘jﬁél@?e%?nn?ﬂleyw&fg (?n'dnhégiérs which reduces
SOUr ce I's use

G il guratron the vacuu to create
taenibgahial enpactssiuother rchaheer atonionifamities. emnntﬁéflzadvantage of this

t hus caus air toflowintqg th | urali of
SARioash polnal by sing o dreiusaas 377+ Memaanidas bf thessubstrate bow

ltéﬁéﬁ %stsﬁ%eth%%%tgﬁyggﬁ {sﬁgﬂlgﬁgg)??;%&%hﬁletobﬁ@ fadrth power of
the distance between the protrusions when an external pressure is applied to the
substrate. With each protrusion 171 nominally the same height from the surface of
the plate assembly, and the substrate being uniformly held above the surface of the
plate assembly, with minimal bowing between protrusions, the thermal transfer from
the plate assembly to the substrate will be uniform. Therefore, this design brings the

temperature of the substrate quickly and uniformly to the target temperature, while
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to be biased towards to the surface of the protrusions
171 . The plate 170B nay be made froma thermally
waeondoetitve materi al such as al um num copper, PCT/US2005/046877
graphite, alum numnitride, boron nitride, and/or
other material, and is in comunication wth a heat
exchangi ng device 183A. Wiile Figure 13A illustrates a
heat exchangi ng devi ce 183A which has a different
nﬁr“ﬁ@ﬁn%fﬂﬁ% g%h@?atﬁiﬁoéﬁ‘l"‘bééksﬁd@ p&Riclds HaaERe inkstent Menormal vacuum
bake c r 90, the PEB chanber 130 and/or the HVDS
chuaksess chanber 70 drawi ngs descri bed above, this
enbodi ment is intended incorporate all of the features
[odm]'bbfednawm/protftmkﬁ%]ﬂnn i romee etrddtidineant, 4 eagh dnet shown) is

o 1 S S R o280 MR SABRE OB U matera

ld%béﬁéé? o‘Pluuéél’fEJn Qfé?lﬁ%ﬁsérﬁgs t tRE YBBiraicBy %épéir febtuigs or holes
soI vent vapors from being deposited on the pla

fosedniblthe soaskac in ttﬂ@mazyrthtelﬂzebmdz@‘\tddle@if by the taﬁﬁ@qesafpgned in the

o gsqqdaﬁlge(\rg? lfc‘% [?EF:JHEE Sérgt &d 58$Q{>| on}jg assuring a certain

afriduht épﬁfdtéﬂﬁléﬁ, U@ﬁo!’;ﬁ‘eﬁi gAshs @uﬁéee b7 thé plats @gsémbly using a known
create a positive pressure in the gas port plenum

PYP3Br GYRspesass eRasHiogatteo &neoamb@ﬂ'raem Jdha) prefrusions 171
whlcn l&%f%ﬁe&ﬁﬁ’% f’QHT&dCVF) n@%t‘ée?% Eféagﬁo&fﬂdqﬁm?bﬁ'fe?ers thick.

asse one enbod € gas source

BB B2 eSS BB BT g roces wner

a adHl&Etivek OMIDY Qbposhidndprocees T is euset! toedepdsitopigruaitapt ofl a desired
to deliver a fluid to the edge of the substrate.

heigbbsin this gaptiguration) faiaxagmrle, @sﬁqcan dip¥de g digmond seed crystal
1$§Af@?§r |%f|mtb|2=,8 Bligh ?h@%i%%qéétem % ?cé‘q 79A05¢ paté a8 mbly 170

e pro rusi ons rate one
rrmi%sfrbhe Tefiohi gmatedi alanmofumpr otin uthisoeenfigdratisf ahmmv)entlonal CVD

easuu ponts A (L SCL Shou) . ong 998 B LIt e o
dibfro fﬂn? Bﬁclﬁg s%%EIQ?r?stEh‘FS?Nr flAGRisEmbOGnRIML & seed crystal 182A is

asse 70 so that’the contact area can be mi ni m zed
'Wﬂd%'n@ammﬁmeﬁ%m%mq@ﬂ €0Ars® thak the tapesurface of the seed

eS0TI U SCUY b o BB A2 o T g aspect o

tHe PvBAtidManSHEé@6A t@6| triee shbamg if1e868Mbassife e bBEd crystal 182A
the substrate can be uniform ybi ased towards the pl ate

car berrppgatably inplalled @ndtihis flush with mwat%@smelvrsalﬂf@ce “170A. The
m%%q%otnhfwﬁ) %Sldaﬁec'%@ddé' frBH'[ Barﬁgte]rggé Péaﬁ@ﬁ%@r‘ggglble flat, and

n one enb own 1n
has laepolahea)faoé T heunsemontteollﬂ%lcﬂ $\aee|a wmk'wg )surface (not shown),
m d
M\{c,i{,q?(;rgayt\g ahrjg o%%g r&mar r;a m(gfl §ﬁt§ thi} tjh [ﬁa{e assembly, that is

at-least as hard as the material from which the seed crystal 182A is made.

[oo255) Figure 13A illustrates one embodiment of a heat/cool assembly 180 which

may be used in the chill chamber 80, the bake chamber 90, the PEB chamber 130

and/or the HMDS process chamber 70. In one embodiment, the heat/cool assembly

180 contains a plate assembly 170, and a vacuum source 175, which are mounted

in a processing chamber 186. The plate assembly 170 generally contains a plate

170B, plate assembly surface 170A, protrusions 171, and a vacuum source port
77



array "A" is smaller than the substrate dianeter and
the dianmeter of the outer array "B" is equal to or

wo 200g0693than t he substrate diameter. I n one enbOOUS®NG/)46877
a small ridge of the CVD or PVD deposited nateri al
that is used to formthe protrusions 171 (not shown)
is placed between the inner array of vacuum ports 172A
and the outer array of gas ports 173A to mnimze the

A8BHIMly A7203f ﬁﬁg%drﬁlgu%lldﬁuﬂﬁevé&ﬁuﬁdﬁﬁlr@é 17%eis used to create a
subst rate. Fi gures 13A-B also illustrate a

negative pressuse imiha wacuum iport plesembl 2B thya ¢apsing & 1o flow into the

hol e 189 cext endi n nl.at e I S

et bSOk 7R p B EREE IR, edpble aEsemoy 170
viER aesatdd %edt@@aiﬂésémemlmsmtatetmc@@auses the substrate
delivered fromthe gas source 174 is heated prior

tebiet binged fewasls tsdhe $utfaga of dhe PELEHIONS Y 1 nd N pI@F?e1 70B may be
n@%@@ Jfgmt%“?h? %ﬁ&ﬁ@&?é%a%r% SiehNgs dl&n%,ggé?%er, graphite,

the gas port plenu
etlthralrmrmmﬂde,sbomlnymfrm |a$1dttarsotgeed1at®naisaud as tirhaomnmgnication with

gsre3|de3|n he g | eoum | nough for th
& Ppat exeianaing slevisol SaR; aMrecranis, doty Busiaies @ heat exchanging
'iS‘ﬁerﬂnQﬁfr%rsea 'diffé‘réhi shapee tl%ﬁtﬁ%ﬁrsth%mﬂﬂﬁﬂhe chill chamber 80,
upport Chanber [00259] The support chanber

th@lb@kemamberéﬂg aImejPE@ ch’mybema@aadtqg th@lhﬂ\ADS process chamber 70

e e, PR BB o of o

fé@g#@@g@sm[betd@odveuster tooI 10. [0026Q In one
enbodi ment, the support chanber 65 contains various

CEDQS% él‘?\%b@rméﬂcm@ﬁat@aﬁﬁhbﬁ) £70RRIIESTRINS 4 9@k source port
spectroscopi ¢ el ['i psometry "devi ce,

aspembipgﬂdpand reefdascsauree ri7datel puagé dbe edge oértberegubptrate during

e 46 sreiti daf SyRbRuR e WIS oyt 44 Befsited on the

plAet 858nRbly aipRIReal FOA @F tN@azksidBsofi thet Sitbstrat@uedto the reduced
substrate quality. In one case a non-contact visible

rHasswe gnerated 'é%h'ﬁﬁéh?;ﬁtlbétfﬁ?ﬁ (18- GaMagum sdwicKconfiguration).  In
tﬁ? {q‘ﬁw@@}ﬁ%ﬁ%@ ts%tf?% hiyhm LoLE Fﬂ@l%?lté‘ﬁdpdéqi\feg]‘}@siyre in the gas

mson e SUbstfate Th uster to
poet bl@@umvsg thasl casind thepgas hadlod dutosh ANphoatityrafagmas ports 173A

I M | Calif .
IPRPE MR aseabe MRS GSPETE T 5eolkons Shadiept fe gas source
145l é&r;ﬁ@é‘% %eﬁ@é‘ﬂ’éﬁr?erf g!agnt&tﬂ‘i’é aaberdiaRk iswBsRAfE, such as, argon,

cl osed-l"oop control withih the |ithographic process
xeinbho belitray nitpgeo, apdértkingptaaf dihe gasi seuwedbfbmay also be adapted

Beteler 2uiRdne Soe gt FIBRAE and damge. The
[00257] Figure 13B illustrates a plan view of the surface of the plate assembly 170
with no substrate on top of the protrusions 171, to illustrate one possible
configuration of protrusions 171 (33 shown), vacuum ports 172A (~367 shown), and
gas ports 173A (~360 shown). In general, the plurality of protrusions 171 are
spaced across the surface of the plate assembly 170 so that the contact area can be
minimized and the gap between the substrate and the plate assembly surface 170A
is substantially uniform. The plurality of vacuum ports 172A are spaced across and

around the surface of the plate assembly 170 so that the substrate can be uniformly
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integration of the various process control netrol ogy

capability directly into the cluster tool wll thus
wedop/0693wr ove CD control and CoO An OCD spectPOBUSPI®046877

el lipsometry tool can be purchased from Nanonetrics

I ncorporated, MIpitas California. Wafer

Sequenci ng/ Paral | el Processing [00262] In an effort to

be nore conpetitive in the market place and thus

Blﬁgé@ ?ov@&’t@s tRb ?Htéod’ésﬁnﬁﬁ;)’ 96 dMNKL8¢he gﬁp%éﬁlééﬁ the substrate and

spend a | arge unt of tine trying to imze
tpeopjetfsaswubiycmm thodvbie supstantially mlglforrma lhgone embodlment as

chi eve-t he at est _substr te t hr ough -
Siub i rigtEe JaBH Hos? WYt BeblOoHE 7 2R 53, Refy A" is mirrored
wite aﬁ'&]i@ﬁérr9¥ ?§§ ipdetst 1782 (sektenh 2BY), Wwheh® Bica@Bisheter of the inner
type cluster since the chanber processing tinmes

arsay “A oistemaliariban dhe subsirategdiameienand the gianaetep of the outer array

rqmg et?#u%l W?)égérg;%ﬁﬂn Wt?sbggttréllg fne?ér erPSﬁésén'?&odlment a small

equ conple trac
ekthel GVD%ngEVDad@payneﬂlmanetnapmatt iosed td ftfmt ihesgpriotrusions 171
es to _process a substrate is take

(t@%béeewei; Iplaced hstween de dmnerarm PQY%@UL{% pé’"él 1/Aand the outer

t .
B et PRl 17RAE AR RERATRAR f PEIABired T Blfyo the edge of
thye sybstratengFigubss 1A ats«»g_ﬂmstmte ancbrifigunaticey havigg andt assembly 87
DR R e 1B PRt B il PRt ehimbRladfid, 170A to fift the
%r%'?@ bhftﬁél%a@étassmly asHgRs12de nunber of noves a

robot has to make to transfer a batch of substrates

l{aﬁﬁé@fm%r{é@m bAFRSH fHe %Q@Heweﬁ»edm ereegég%&frc%% i@ heated prior

obot an Increasing systemrelia
tionexdtirey Hepgas poftst tHSA tn/pmwecmra coolmag of tek edge lof ﬁlmsubﬁrate during

i s desi d so,t hat St r e e cassett

HRGRESRg: e R PraBRR Rt B ey BBATE L IHE. S0 REM el 1798 in the
Aaf BReBMBNOYPedist Q8SHALA tbNaskRE Phat ARé Zt%a{‘d PEsiE¥® i®Tthe gas port
nore substrates after being processed in the first

peoues domg encugdhorfor Abe éxyaetede gaghtm siisigntially achieve the plate
roc A, the substrates
%%rgiéégggoﬁsgtdeé ﬁgd:agrﬁ € ﬁn‘gg&t he BARC coat step
g E;!thlé configuration, the robot that serves the
a Land pl aces each substrate in the first
rocesstatlonsma si ngl e bl ade
591 Tt yPPORcAarer BBJFIRPs hatt nck 4P nande LSd to house
écﬁﬁéfnb?é gﬁ[) 0N Jdifed, iitels ahefoqﬁér §L§;%dr966m§69eﬁisaﬁlﬁ§ are useful for
emin sequent process stations, be a robot
¢drapletiogtiae process seqyencd it thet dustet tmhﬂ ﬁg devi ces
(e.g., robot blades) as there are substrates to be

@ozeopiad onEoembpdimpérd, ths sippent ichaffibgur@s oAtaing vaneus metrology

o eaqv\én {ga,é\éopg%glseérg]aéa,esirear{wgntt ?oo?eaﬂ 8%e%pte8tgg§c%pld ellipsometry

device, spectroscopic reflectometry and various scatterometry devices to detect
defects in the processed substrates, perform statistical process control, and/or allow
the system to compensate for variations in the incoming substrate quality. In one
case a non-contact visible and/or DUV reflectometry technique can be used to
perform measurements of film thickness and uniformity of the films on the substrate
in the cluster tool. A reflectometry tool can be purchased from Nanometrics

Incorporated, Milpitas California.
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robot 107 may be used. In another aspect of the
i nvention, the substrates are ungrouped before they
waewonesmsf erred i nto the stepper/scanner 5, tPENUSI005/046877
regrouped again after the perform ng the PEB step 540,
and are then ungrouped again at the | ast process
station prior to being picked up by the front end
robot 108. [00264] In one aspect of the invention, the
(OO Mhaingsg ek b)t;rsﬁe@ﬁ@sé@mstamsoﬁﬁetm%&qﬁaywubw to enable
105 and transferred through the cluster tool in
cgmpigts, fitwy g@@ra@teraahgmtapdecl@sad&pn ygrntral omithisnghe  lithographic

ral r a 1 .
oF s M G 1 PAPE 1 DAE S 228 B Arploqy ool saving
trahgpled tintdahd dlmihatisg patentiadhaadliegcontinination atridedamage The

front. end robot 108 is | oaded with a substrates,

'rﬁﬁgﬁaﬁentqf e varoys Brasess soptiplbmghotagy cargbiliby d't’%‘aly 'PEO the cluster
| RS b

gqt? "?Leq}%lgérgpat esC\I/Dvi “}%\I{?bd{tg& cge de- 8'508%@%}}6"’1.&%@% ellipsometry
tdcri ansfber pedhased romaNanometrids InberpsrategeMilpitas Oafifobnia.
[ 00265] I n one enbodi nent, the substrates are grouped
Watep Sequieneihd/PagaliélcPriocessimy r i ng process woul d
I nclude the grouping steps of single substrate
(ot 8h dffort 1® B thdre Icdmpatifice 6 tHaTaRst, plade BndYAlis reduce CoO,
substrate transfer through the system then single
ebi@!f@f\lcald@vtcﬁaﬁ‘sﬁffmfa@weiﬁdOﬁfberﬁFtelﬁlél 8t yper aresnh«af e trymg to

S d
obffe 3 BB PR R0 HIALEF frPeeRiig o o0 qgrieve e
gramestt dubstrate Omeughb@tdpdswme diven tr&ant:materrtcbb&rchﬂéctua@ limitations
shown bel ow in Figures 16A-B, contains a dual bl ade

aRd JBRENGMPES PIRRRSSEUHETPRS IAtrack Aliogsaehy Biis: Clipigadoas, since the
B Bl oSS MR SRS TENY S3c S¥s aBBy RN comptete

theo process) emndstites huatbes of nprgressisg cs‘tepmeqlhmed hd) s:omplete a typical

confi guration, rst .bl ade assenbl dth

uSGR sHI%hT nidtissut Taios” 3 sigaiaan BoTpRaY the Ik Bdakéd B process a
sabfdte igHKEn @&bg@ﬁ@@?&%sts@sbhﬁahsférinﬁ@khesgwétFwegfn a cluster tool
the two chanbers’in which the substrates are to be

bgmﬁﬁéme raiiiousc arasiessingr charebeisb sk ane erabedigestigé the sluster tool

RGN AT B M5B e an
dec@lsEmg‘lﬁe substrarach gogds bhevd oanwirer Thesionmostspdrallel processing

the CD1 and CD2 chanbers is configured to allow
”NSaﬁﬁ@f@Steisn’@eo%YStt%sﬁh‘H%liQ%sa@% regléces) thenHmber @himeves a robot
S e
EERD ke 16 (G = PR suRgTRR oot bifcessing, chambers,
trB_Redobingl westrapn thibdrobat abd increasipd systeén hadiabdity.r al
robot 107 may transfer the pair of substrates to one
[00b63] e opai asparft cfothecinvdatiohofes ttkndehite€lre é¢ alesighed so that

in the ?econd central Processn ng
substrates leave the cassette 106 mounted in the pod assemblies 105A-D one-by-

one, and are then grouped together in groups containing two or more substrates

after being processed in the first processing station. For example, when using the

process sequence shown in Figure 3A, the substrates might be grouped after

completing the BARC coat step 510. In this configuration, the robot that serves the

cassettes 106 and places each substrate in the first process stations may use a

single blade robot, but the robot (e.g., central robot 107) that picks up the substrates
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racks 154, such as chanbers CD1 and CD2, CD2 and CD3,

or CD3 and CD4. [00266] In one enbodi nent of the dual
whbadecassenbl y 705, the horizontal spaci ng of PaTES2005/046877

first blade assenbly 7 15A relative to the second

bl ade assenbly 7 15B is a fixed distance apart, which

corresponds to the horizontal spacing of the two

chanbers in which the substrates are to be grouped. In

frhinstheditst gtdcats efatidndeardd {;@begltﬁ&ﬂ |ﬁst§eguer?t probesddtations, will

the second bl ade assenbly 15B are ali in the
be i robet thatgloataing @stmany shbstmtm retslining @ymme/g 70%pot blades) as

r h 7.
i8Po 216 ST B EARENG G BRANSY, "Rk BBl s SHRRE h Figure 164, in the
sasec ivhgrotwd aibbirakis dleadebaspenped togethéy, anduilihbladed type central
second bl ade assenbly 7 15B are nmade a vari abl e

bot ke mayabe W%sén Ancifenaspariop! 11 MHeAPRA theh Substrates are
Q@OGE@H BLRYE fﬂ%?/e'g‘?éy %F@err@@nﬁ{taw e &QS{{%‘%&%BQF , then are
0 vary

adapt ed e spaci ng between e various
mgnbaned)bggmatbetdtmperfoameg the EBBnstefde540,tdnd hee then ungrouped

desi red spaci e chanbers.to h the, gr.ouped
$Gaba e Bhplitedt salbeSnamis pendiohed et (el end robot 108.
actuator 722 is nounted gn the support 720 and is

a6 boneapRrGtaf dhe inventigeohe wbégréte&s@émeygmumé together at the

é %asbém"ﬁb} %ge%dt ﬁaﬁg‘f% @g@:@g%ﬁé%s?@%m bl gkﬂgﬁ by use of a

igurat’iont & actuat n vary the spaci
Hltiphee thisecbad types $renbmmd3rcmtn 035 ecdrityal o668 1021 and wear robot 109.

EeR 1013 A5 e cbRN R, o Mt pigfied Jobdl In this case,

ShB0dhERBladd BEURC WAL 8hd dBot 308 i9116864d WlﬂhVS dub3kates, all of the
brushl ess servonotor that may be purchase from

ansfheprogsisses tofougbotiheDellieter 1tboli Isotampleterkimgeatins.  One will note

108 5 b 118 W B GRER  MBP Rt 5Bihegd. BB ransfarged one ata

el AetheWisppaiiannenswhi ch case the substrates woul d
be transferred in a group and then ungrouped to

RSEJs?anoﬁwQeeﬁﬂ)b@ﬁrﬁ@npr%e%ﬁbs@étb§raVU"g?Buéé@WnV\ﬁHIrg &8d thus the

regrouped transferred as a group. Sequenci ng W
Bansfernng raltolceas Woslp 88judenthengroaipingcsteps of Isingle substrate transfer in

{&n\\ﬁ%{] fzrﬁf) Pgooqes c@%ﬁﬂ% Ird edpéggl Lg%sﬂ%hes ?@H%%?%ar%@%h the system, then

SihgrRsEehdtrag tedredsr nﬁfafn@lr frech ehe Isf@ﬂdﬂ%c@h@@ﬁS&tﬁ@\ dual substrate
sequence are conpleted to chanbers that will per

trwésfﬁ@mrog%é*é%ﬂfﬁgnstw ﬁlﬁgﬁqéu%t@éﬁéansgersféﬂnéheéast chamber to
tﬂ% d%lrskﬂén?éhn%]l é‘*ﬁﬁ?l I%egﬂl th%ozgr#t%grr@ﬁ tolzzzié%gmri’ﬁglow in Figures
pﬁb&&mrﬁaqsmdealsmade assembly 705 that contains at least one robot blade
711A on the first blade assembly 715A and at least one robot blade 711B on the
second blade assembly 715B to transfer substrates in groups of two. In this
configuration, the first blade assembly 715A and the second blade assembly 715B
are a fixed distance apart, which corresponds to the vertical spacing of the two
chambers in which the substrates are to be grouped. For example, if the substrates
are grouped in pairs after the BARC coat step 510 is performed in CD1 and CD2 of
the front end processing rack 52 shown in Figure 4A, the spacing of the transfer

positions in the CD1 and CD2 chambers is configured to allow transferring of the
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that the robot that dropped off a substrate can
conplete other transferring steps and/or all ow other
WO elwene93tp pick up and transfer the waiting subST/US1085/046877
to anot her desired position in the system The step of
pl acing a substrate in a chanber that will not perform
t he subsequent processing step wastes tinme, decreases
the availability of the robot(s), wastes space in the

SuUbdtrhess iPMHe Candand OFaRifcHaAbB AT B dnldeBs Buke(Shambers in the
The addition of the buffering steps wll also

faaleersel prag¢essing thwki ta2.y Thetfomu @ftes thehpostrBABS&sehill step 514 has

S BB ing LB EIsBRIBIIRAS ARElh i PR Ftes o one o
thy Qﬁﬁr&&if%oﬁt&%@ldt@r%ﬁ@hﬂi&@ﬁdrbﬁm@@m hiensdoohtiesenial processing
steps will inherently have different substrate wafer

fﬁF%% 65ﬂe§JCm@ﬁ ekampgis ¢ PreandheR?, GP2 ard GRS o Q%ﬁﬁ@rcm

is controlled for everg substrate. Controlling the _
[pepesBniang embediment af ibe dvakbblade asgembiy Z@ﬁpﬂh@mrgzontal spacing of

f e hiBa ESPRRRBLE PR Dalle R0 S nipllh sl 198 15 @ fixed

diSaacuhgae, Wrcts ¥sirespéritsoegiheUtiorizdnta paclrignoft e, t\AId‘I@ambers in
maxi mum substrate throughput of the cluster tool is

\@I@;q@rﬂi@d sgbstratest afealto Mpugspd 1 oBbithispgefigusation, the first blade
H tf?)z%gﬁeal% Wée?éécc?rﬁgB%eaﬁynﬁlgeﬁts'ﬁrébéhdr?éﬁeﬁl t)% horizontal

robot  nove t takes aro
pladesso ethatothe iduals biaidey dsseimbdyd 105 raotadeasswehambers spaced
d| st anﬁe bet ween processing chanbers, substrate
harzeRrtaess concerns, and system control linitati ons

Typically the robot nove tine will not vary nmuch f
(897871 jpleTming obighirg 6B Bt Arethahambgdiaent W%m"@@ ghine first blade

AdMHIY ¥ 1506 ﬁ?e%&fo‘?\r I?ae Calsgéﬁw%i}/ 7958 atré‘?ﬁa%e a variable distance

I nherenhtl'y has” fewer rob noves t
apart:etg&usg steqa:emnwmrI722aveomtbdghertfmysil1amblade assembly 705.

e SUITPIL, LR, ShASEeL el NGl EULLES TG con th various

rﬁ]rH@éreéf ér gbédts%gtrafé@ttel dbimdilié Immhethettiés%ursq;a%trﬁyéf the chambers
he various enbodi nents of the cluster tool

tervdmh ¢ime Brojpesksubstiates willliatmniteredo dnt orsuaspect, the actuator 722

SFBOARE BB Pr 00" BBl AR ADT SRR socona bice

SaseAibIn7a sBhhak ¢ attheh&d 36 @he seBenésamate, 7208. t e this configuration
ability of the front end robot 108 to access the

thasstuatef €32 eaB vaptthenacing drthsiwspadae sreord Bladesssembly 7158
%%A? eftb ér?% ﬁ%ft% é&%rﬁﬂs‘lgfﬂ% 6;?98? hoﬁaﬁgﬁﬁ% s68a P Elrface 7208 in a

en atter processin processi ng
diteztibrr‘Bileln vae enisodioizst, rtaEEadtmntar a‘z{Bbssequmt dnve linear brushless

rocessi ng chanber {e.qg., bake harrber t .
gl airb e Boauatses 668 GRnaGT: MonbnidttWBph Dale, tinois or
A RPN O PRESbUGE, PaRTSIVTa.
[00268]In one embodiment, a batch develop process could be performed on the
substrates, in which case the substrates would be transferred in a group and then
ungrouped to perform the develop process, after which they would be regrouped

transferred as a group.
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process chanbers and/or stepper/scanners, and nultiple

robots to conplete the process sequence through the
wa@bmshess4t ool . I n sone prior art configurati onBCT/U82005/046877

exanple, it is common for a first robot to place a

substrate in a first position, where it is picked up

by second robot and placed in a second position in a

processing chanber. After being processed in the

g@é @ﬁé,hl *Buﬂ‘ faqm;sr ate is then placed back

r second robot where it is
@?%g@ﬂe%eggqé&%ﬁ %ﬁr\/eﬁﬁgﬁtthersdblgfré%eﬁgbgg%;ghg %ﬁlugnce and cluster

ano osi'tion Int
toohesé edesignpgsoctes , ther subsiraé erampsdetring stepmspemﬂmed during the

nce .1t res a separ bot to co | et
DPERSTIRD Bt e ForEIetaRGia | SRre: Reate il fierform the next

ReebidiRg staplin therpﬁGé'ésis‘?ﬁgAB@QuéﬁHé' Vehe!BrifgR @Id@é’ret%ot Sonfigurations

transfer the substrat dding extra robots and
Ganomead/ m@talh@temn staliores, azrdadfefmr@snb@rﬁ, ifetrmngtoqesamquence so

P S5 808 CIhl eGb08H ol A URRERE B plhpleE2 ey Bensterring steps

AFPEE hlloRYother betdtertousnigrupt and thansiét tHrowaliMg $ilitsstrate to another
reliability of a serial _sequence is proportional to

deniregh Refilian rthersystem. dbeisten obplasitha suhploatere 4 q’namber that will
R B D UBPDRro=Ra W et LML RE8, e avanabiny

ofpthie rabot@) neastdsespycd émtlg-dluster ft@asl, tand imerdamles the wear on the

robots each aV|n 99% up-tine is o 98. 01%

OPRUE)| T PRRAGIAN Ot e bUoHG SIars Wil AlsRadVBEaY phegkdevice yield,

i tF@rthéhHErte'as@nﬁ {HRe nOMHRE Tof Of LRSS HindB S LWeieh will increase the

required to conplete a typical process sequence IS

ahmogat oft hacksjde @artidhe @ogtqminatialm bsej gtnbsﬂratamrbgessing sequences
t he r | i abi.

rl GEREn RlifaERe sTend WihimRsiouh PaxS YR BS PR Water nistories

Gresd théoﬁ}%élkpéﬁ}elrﬁdw@r&ﬁ@? eharhBer G§ Usdritfolle80for every substrate.
conf i ?uratl on described herein is the ability of the

Cortrelfingrthe buiptng tims wdbé@sem&@sgysﬁgmcmawgy, due to an added

érﬁ’gg%ﬁ f\?%rie C%Hr)]egm‘gﬁﬁ e@gt n& m)gérlng()able substrate

tBsughpent rNala oaskiwhiedd the sycte)n tlﬁ@Ungajmsl r@bot ﬁnﬁtbd the maximum
enbodi nent shown in Figure 2F thefront end robot

SRR B UBRBUD b das SRS c RIS 1V h DY Ppsiotal number of robot
hB0LE 8 CBW&%SI' 4rro V\E{;f? éétaH@ﬁ‘@e tah@atfngctﬂﬂg |F%R%§?§nmake the robot

processi ng rack e centr
raovessT hmmnesstakgsd]mﬁmns mhaket aeje‘slredtmpve)aseeswaig limited by robot

iafiers, wracp deiers Metel'd RufihertS, Sitsats Shaniess concems,

aRfdleem @bntrbP Alitafiored. | ﬂ@plcaqlgrlh@erdb@)t IABR tidde will not vary much
aspect in preventing system robot transfer

frntanenyprof rebelde artot N vk isdairyhernsisient indeatry whidg. Therefore, a
gl&st@?'tBoIOltﬂatalnh%p@r]itly has fewer robot moves to complete the processing

sequence will have a higher system throughput than a cluster tool that requires more
moves to complete the processing sequence, such as cluster tools that contain

multiple buffering steps.

[00270]} The various embodiments of the cluster tool shown on Figures 2A-G and

14A-B have particular advantage over prior art configurations since fewer moves
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that is [imting the systemthroughput. Therefore, the

substrate throughput can be increased, a substrate's
wowrdoencdsist ory can be nade nore repeatabl e, aneCT/82005/046877

systemreliability can be inproved through the act of

bal anci ng the | oad each robot takes during the

substrate sequence. In one aspect, the system

controller 101 is adapted to adjust the substrate

dhprsler rdlﬁit? atrBrr@HQi'Fecﬁ hE trdrnsfdretheP3SRArA8 tAfbugh the system. One

opti m zed throughput or to work around processing
eteanpler is mxmbmm thedoord endorsbok 108, toTansese dbhe cassgtte(s) 106 and

AP R ko Satd M B e shrlBeP Thig @ter chamber
oWy &3 tsafled SfocBESiAGIih tFS firdt pFbCesdiny sha®beatsliver the substrate

novenents based on inputs fromthe user and various
t@erﬁ;o?rld%@ns'tem bRACEESEIRG 0 GBRBRET t (9| baker chapber T9@).  Prior art

S BFgFRAGHEN RAURT 1o S HIARBRE ihrfoe Yafind Notb8h 1AE cassetes,
asks equest et o "E4ch of the Varrous T obots
;ﬁrecess dhaariders rahd/obsteph@®/scammaésalandobtiple® robotsato complete the

robot 109, one or nore shuttle r?bots 11

tc.), ) .
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chicelon nFGLEEING PracRgSitl IR dBBesiie RIS PO vpstrate is then

pliBed YAERM fkﬁi fn%bbbé’h?zin blyGAE Gékohd reb6t WRORCE is piBRed up by the first
system contr ol 101 is further programed to nonitor

@bet cnthisl r«vtmat tﬁatheoﬁaﬁﬁfeﬁ%’ tnhcanstherc pesitign il the system.  This

PRSPl e et byl ERoR 8RRle E¥bparat robot o
@drﬁpbté qhéviedrisfer petwéen ane H&Emsltlbheam@hhéSSMd position and it
i nprove system throughput by allow ng robots

ieGiren e nanevaldfaddedenoves to Yanslsr | SUE8r¢tES|%§P'n9 extra robots
éY&bP@H&%aém fHa noﬁq%htpee ddiRHe ARVEEdcd et{@*"fg%fﬂb Que to decreased

but gener a e system contr o
$uhst|tane mmbghpmsamd ouill m‘akeabh ahistehtoal tesst relibleusBhefmportance of

arious sensor sitioned on inthe. .. .
%, R0Bof S08Y e bt e Soopy | Rl dhatshe JBuakiity of a seria
§ecﬁfén‘cb3|b%opbﬂnoﬂﬁﬁt@%i@%?odm of R GBI & d&h Eémponent in the
adapted to actively alter the notion and/ or trajector

sfquench. of heretorepp aiirgld upbeighavieg (998m sipetirpe g a;b«@xc%bey ter than two

}ognﬁgs;/ﬁia(\j/ilnﬁ g%él | ﬁ{}@ﬁﬁ«‘ ?Tglﬂfgl tﬂen%ﬁﬁeﬁgg%tﬁﬁ?&e{w@astepial robots each

having 9% QpPtideciBtorlp!ds. Gl RnsShekevweack Mhograpte Cbé)mber processing
In one aspect of the zone av0| dance system the system

¥BRS rienAeto, benfadiemhshed. an dj the ﬁﬂmﬁ&r@ BFR?%%F‘QW&?@S required to
dde?ﬂp%@nést pical ?? s% gﬁér‘l&y%lI&rd@n’(ﬁeorsysllé?r‘iia\hﬁoﬁ?ﬂ)ut can be

ne reg ons
significantly affected by the reliability of the system, the number of wafer handofts

and the non-value added moves of a robot.

[00271]One advantage of the cluster tool configuration described herein is the ability
of the two or more robots to access processing chambers (e.g., chill chamber 80,
bake chambers 90, etc.) in the different main modules (e.g., front end module 306,

central module 310, etc.). For example, in the embodiment shown in Figure 2F the
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robot that are "open" or safe to nove within. The

defi ned "open" or safe regions are thus areas in which
wa@2006/0634ay nove i nto, or through, w thout theBCT/US2005/046877

possibility of colliding with another robot. In

anot her enbodi mrent of the collision avoi dance system

the systemcontroller is adapted to nonitor and

control multiple sensors {e.g., encoders on the

fiGHt! e8g o%@?ﬁ(ﬁ?(%%’n RREbSd QHesﬁfb%@één eERamb8Rd in the first central

emtters stributed around the cl uster tool mainfrane

pncesaing Inack 8H3dtansl) theoseennd eentralyprocessing tiack8i dawvhile the central

i 1 h bot { t t .
868,107 FrdacBRS® mitria it o Tnahd T Siub8isihg rag 308 and the
SeRUAE proesdifg faYie 309t 0 ThBeatsimyEofsRaeBor sl abbekss chambers in other
collide. In one aspect, the sensors are optical

f@é'ﬁ_s’@PQUleﬁapf gobopey¥eHaneaniae aaimpagankaspediin ArRyasiting system

rpﬁf,\f ﬁ'Qr%f? b3fte f\@& 's%'?e bl ﬂ Hﬁ&?rr uliliRl %Bomhégbrout a robot
e position o o) he ro n anot her aspec

teacis limiiag thedsyistem ahnpuyhpot.s Tmeefnmllmerad)sh'ﬁtejﬂﬁoughput can be

sensing systemthat is abl e to triangyl ate the
'%§?§?6n%oﬁu'é%i&¥e§f waler Piteryysan o%tmga‘ﬁp@ﬁé%t@p%?tab'e and the

f‘eanrel?amlﬁtﬁlecraﬁ @@ﬁh{)fd@%@quhgthhﬁlevé’ét'cﬁ%aléﬁ@ﬁ theOI load each robot

rrponents elative to multipl™e sensors positi
takes niarlng rthessubistraten eequgrans. , In Imeesaspacngthsysyséem controller 101 is

SHDRLTE S04 SRR e e B0 b on o
SHinaEad 'tﬁﬁﬂdgﬁ t D¥RSt Wolke atduMs pRIceR8ING ¥hdrbelsSthat have become

d
intended to |P | ustrate one exanple of the substrate
inopavabler oUdle teadurel okthe sysiem conthkiere 1@ havhiohtsllowst it to optimize

tﬁ%{l{gﬁ\hgpg’r%@ﬁﬁaﬁh Arge @Hegulggggﬂn%;%@lsgl sec!hie@ju[@tp‘?%ﬂtizes tasks
drepisebstiatat hmeﬁfertt@eoarwdhoa miphss fne thel hsérr andlve&bus sensors
it 1s nmoved fromone position to another so th

digtribeies tireugheut tbe ¢Juster dpal- cdhepegisat ﬁ@h%&ebm%ee adapted to
rgy.ﬁw lrh%tl%ﬁﬁ}futﬁiég sks 1'&3»(%1&&'%? baLE of S VARSIt 5., front end

a substrate fo oW n e processing sequence
rdbetc 1 O®,ecentral Fobotr €0BAear mobdéti 0% ndredpnenire ghudtle robots 110, etc.),
ved from

bstr at nb 05 t
e jetained ol TRITL55INS SuERGCraTolER ruhe Ralange the load
FHREE L6 SRAITthE MArib@s JobotsPUse 602 cRister 1ol ﬁk&rﬂeétﬁ)ré and system
fol |l ow n(g)dt he transfer path A 1, so that the BARC coat

congollen 0 0d ate M@rlednge@eédOomaM@zgdbgt vilizatioonefethengluster tool to

i BAE%@ @@ﬁql{)&%st a%f I n‘Lo?y ?'g%r Fbepe%@@é raﬁ"c@gﬁﬁro\/gg The system

r& g it ?/e 4B)) by the central robot 107 foll ow ng the
trans path A2, where the post BARC bake step 512 is

[Sﬂgglﬁt(ﬁfé aspbére tﬁé’@?&fe@ﬁ onfibliar 1QPW§|f€ﬂh@Qdeg$aﬁm$éd to monitor

bake step 512 the substrate is then transferred
ansl eangrab e rT@AR@the endtafiectrpf @l rgbotsan the gysteg te.g., dual blade

assembly 705 (Figures 16A-C), blade assembly 706 (Figure 16F-G), etc.) to avoid a
collision between the robots and improve system throughput by allowing robots to be
in motion at the same time. This so called “collision avoidance system,” may be
implemented in multiple ways, but in general the system controller 101 monitors the
position of each of the robots by use of various sensor positioned on the robot or in

the cluster tool during the transferring process to avoid a collision. In one aspect,
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(Figure 4B)) by a shuttle robot 110 follow ng the

transfer path A3. After perform ng the post BARC chill

W@ b@p/0&9B41 t he substrate is then transferred byPthes2005/046877

central robot 107, following the transfer path A4, to

the coater chanber 60A (e.g., CDL , CD2, etc. (Figures

4C)) where the photoresist coat step 520 is perforned.

After perform ng the photoresist coat step 520 the

ol ROk SOEPRRL RO Ry ahAAEIALN ahiRRajoctory of each

ofhtimbmboﬂi)d@sng the Bl:anSMnngtmoc@ﬁ guagomlggl)cqmmre apganinimize the
esi st coat bake 522 S P d.

GaateP BRI It (Frahedrbodibell od pie G ke svglgm s used to

PréehNBoM&BRE FitRebh miRPIE FeLRS e Iheondlaspeshut the zone avoidance

robot 110, following the transfer path A6, to the

systen, cherbwistasn cenollerc 1hroh s, qf Fitguhardpgarie and  software

L
550405, RS TOSAAEHR B e R 80 i ety proun oac
bep tied 4ré Mepevhmtgaié ¢o hﬁovte‘wmhmr arrsf éefnr&dj topenher safe regions are

central robot 107, following the transfer path A7,
e TEBR DHMNBEIa 9DQeMRY, MOEBRTIO, G Broulbs Wihaiishenpossibilty of

cgcg?(?iég n\égﬁ‘ altﬁ)gﬁelF rGte 4P AndhEr endddRii of tRE @&@swﬁ avoidance

substrate is then transferred to
syst@petihe cysteen controlleovs agapiaaei ta agfitor gret hovNEBqumuitg)le sensors

he rear robot 09. After osur .Step 538 i .
el B VeGRUE BB (P FRED T SouTHer g and emiters
&istribied’ E%Lmaatﬁ@%uéltéptdo?h%ﬁﬁarﬁ@)aﬁd)bh e REbJtR to continually track
transfer path A9. After perfornin he PEB step 540

thecactualspositien ok eahlerliolp@tawéhlerth@ et ol dp@ssiee thedhe motion of

aﬁg&ﬁ“g,eg f%}{ﬂ? lﬁ I'iétag%q E%%&m ol %v:taelﬂtélﬁe GAhd space and thus

eslid&r Iedne Abpéett, ARS §é>rli§6r£1@ré b@tl@l&iengﬁ& mlat b#e pbaponed in various
542, the substrate is then transferred by

yerea! andyor horigantat frieptations lip7he q.lgpqeé\xpglgtq mpnltor the position of
%%&Pgevelrg%g An%‘%ﬁé’r&%& ?eé’e@hgﬁﬁk 5RGTH8%%0 SMEhR monitored

op ste or me ter perform ng
bif! eisdenfeh qensh*gosy’z’ﬂi@rrt thmt 581 tahle a0 eriarsgulatenther posifien raddeach of the
r obot the I ansf er

t he centr al #M? fo g
WU 5550t CEmPPRORI Pk s 8Ot RENESkS, PRFRPABY h (RAq various robot
H&gBMnéﬁ\@ rEfaﬂUé t@ ﬁ%lﬁ&@%n%@% pésitshdd iﬂﬂﬁfe@hélﬂﬂ'ahﬂa t iA€one aspect,

assenb l'ow ng the transfer
mss{e@@agﬁystemmtawpeemltIﬁrStm SENsersr thaéoarelﬁF transmitters and
illustrated in Figure 14A, the substrates are grouped
E&&é\ﬁeﬁ%r and transferred in groups of two or nore,

h Tt bst . .
DbemsF o « P pEsPEEe hsSer SR ATl Pici Bain which s
RN d () Hubeat® She @&éﬁidl@bf Iﬂﬁ@%@ﬁﬁ'rélﬁ v kthiodighahs astuster tool 10
the sy stemthrogg reduces the nunber of noves

wheshdhe mumber lb@lffteangr%tagqs dp minimized or completely eliminated. A
transfer path is generally a schematic representation of the path a substrate will

travel as it is moved from one position to another so that various process recipe
steps can be performed on the substrate(s). Figure 14A illustrates the transfer path
of a substrate following the processing sequence described in Figure 3A. In this
embodiment, the substrate is removed from a pod assembly 105 (item # 105A) by

the front end robot 108 and is delivered to a coater chamber 60A (e.g., CD1, CD2,
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bat ch of substrates between the processi ng chanbers,
t hus reduci ng wear on the robot and increasing system
wo edobakiaski ty. [ 00275] In one aspect of the cl uBtBUSHOS/046877
as illustrated in Figures 14A, the transfer paths A3,
A6, and/or AlO0 are conpleted by the central robot 107.
I n one enbodi nent, the transfer path A 11 is conpl eted
by a shuttle robot 110 that is adapted to transfer

SHbgtig %%A)@%IWH ttl‘?@trﬁh’sﬂe'r ﬂ@meéoaﬁaﬁﬂé BARC coat step 510 can
devel oper chanber gﬁl ure 14B il lustrates

@nemeted|qrytr@rw@rm| @nﬂe BCr prasess dastkgepeempleted, the

st Bttt Bk b 2R o8 e .1 o 88! (Fiure 4By by

thi eimtrae b bt 1©VﬁBlI(ﬂN|ﬂPyh@kﬂaﬁBf@ fpé‘th A, gitiege 1HBpost BARC bake step
illustrates the trans ath o substrate fol |l own

5%'%@%@@&@%@%%@éhé@a‘@es'ﬁﬁ*?'b%“ﬂenpgdh?eP°§ABP1FFp bake step 512
thi! rggpaf@bg%ghtnm eﬁg@g 'irgéy ng SBARP KA sgéa@ﬁ ré%ggm, C2, etc.

asse front end rob
(Figlire 1B} biyvee skattle aobot 0 80 éollowingities t@osfdr@dtioihgAftae performing

the e BARC: hifhstein.5 4 485 ubafatensdnendrasigiies byJBe entral robot
s f@ﬁcﬁmngwk@h% 8%“?A3“R§fﬁeaé@atb§cﬁ£}%eF B@Ni(fe%}' red1, CD2, etc.

to a bake“chanb , Firgure
Ed@l)reSWG)hevﬁeferthem’rwtmr@btsﬁ coas sfeyl baiiagertosmedanafter performing

BB ias ™t e o', B i SUbar e s JhRR T e by dog central robot

W@oh@%&gsfr@tén%%rtﬁﬁihwbstd aﬂs@ ba$<et Bﬁé}nbéa%feé peds2, B4, etc.
to the éﬁst BARC chill step 514

c2,
E!QWGW rherg) theppost photoresst @%tt 84&@ sten 1584 iwgpetiermed.  After

AATRRS RERSe e S B ISV, 02 ESi M vt

By arshueied rcrmhom Ol@calovﬂmg tied traabfar gath AB) To tlﬁ@lchmvwhzgnber 80 (e.g.,
the transfer to the process chanmber 37

anp?glﬂt"ed Fégurg ﬁ%ﬁt‘@he’@hg}%eps%@wt@éeﬁg Cl@ﬂ)ls’[epé?ff is performed.
/g%" E)@ﬁ&rmu(\g 't%?@sﬂﬁﬁéto%tecrﬁlh&egh%@frﬁeaéﬁﬁst%étls #Ptransferred

erf After performn ot or esi st
motte seet}nalmm HO7stdiewirsg ¢he trankien ptatlarﬁsW dorted OEBFhehamber 62

5. Gt Erelio BB sbb '8 i 4y al12bfa BRMWAFl b8 OBR step

EMB?'"@ petorRrRet  PIY @uBsirafe fPMedalehstdredd 382tHeS stepper/scanner 5

performed. After perform ng the post photoresist coat
fohqwingttbp temsfennats Afstsiag éne éeetrh“@hot GhstAdtardbe wpasure step 538

|§h%trﬁ[|ﬁlg e{ ‘}B%tr %}%Qétotlég &gﬂ% thézgunt‘?{t%te Hglt tlé&f\éE ?l;namber 130
(Fifure 4Dhefalosingothet naegesbaum\bl Attelppéﬂérmlag the PEB step 540 the
performed. After {)e‘?rform ng the ost photorojiyl st

ch
%tbéyasems ithn giapstartace by ShE RN ApReeT | aqlalpving, fhe ttansfer path
A10, to the chill chamber 80 where the post PEB chill step 542 is performed. After

performing the post PEB chill step 542, the substrate is then transferred by the rear
robot 109 (or central robot 107), following the transfer path A11, to the developer
chamber 60B where the develop step 550 is performed. After performing the
develop step 550 the substrate is then transferred by the central robot 107, following
the transfer path A12, to the chill chamber 80 where it will be picked up by the front
end robot 108 to be transferred to the pod assembly 105 following the transfer path

A13.
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central robot 107, followng the transfer path A7, to

the CEBR chanber 62 (e.g., OEBR1 , etc. (Figure 41))
wob@secwsine OEBR step 536 is perfornmed. The subBCT/HSE®0F/646877

then transferred to the stepper/scanner 5 foll ow ng

the transfer path A8 using the central robot 107.

After the exposure step 538 is conplete, the central

robot 107 transfers the substrate to the PEB chanber

[0b3P41fiR lon@Whdlbck i thé @NEhEr tdertild NstrAiblian MEUfOT1MNthe substrates
the PEB step 540 the substrate is then transferred b

armegrghued|tegewMtarlclorarrstﬂrredwnggrtoheswfam @ pwre, such that the

A10 0 e .chi h

o et SPNBEE iy TP 5 o ol Aidd M Fattse BlS A7 and Avo-
Adla | IAsshetedd4Bové hRisStoRst oRbardlrl phecedsir si Ierrli@da@as the system
the central robot 107, follow ng the transfer path A

throughput; [ndpresiiisss thadnaber3ot mQyesi yupket has ao make to transfer a
SR Ao b SRR B OFR M8 sl ol R e wear on e

ré¥dtendiacfeasingigystéra rdliatsilitgp st ep 550 the substrate is
then transferred by the front end robot 108, follow ng

[doaes)in mef aspert sl thb2clubert T® o diwrssesdliy Figdres! mmnme transfer
-aspect, transfer pat h Al2 may be conpl eted by pick

path& He3, s B6stangl/ar fAmn&rﬁecm@t%ew dhansentry o H37- In one
irﬂ:eocﬁrﬁ% e ﬂgﬂﬁfefqyladrét/&f‘{‘ e{%{nl\ﬂgtetdqusé'bs%ﬁﬁ% ﬁgb& 110 that is

ron end ro transferrin
aglaprid &3 eransfarnsulpsichtas dettegn 11H6. clilll)Q‘Z\'aﬁ}bdrn8@rand the developer
asp%g he transfer path Al2 nay be broken up into

@B (not shown) where the substrates are

transferred to a chill chanber 80 in the first
[Q??Z)ﬁigwfﬁd%H‘MSEQ@Sbiﬁhleﬁ@t@éHY PRE @xghle Bh 2 sikstiahe fransfer path

tﬁ%@ﬂﬁftﬁé F Srggaolflp &ﬁ.‘ﬁ?@éﬁ &t {:é%it%]el C({‘I %?? ngfgfbgr of buffering
saapsacérsbé efinjpoized oo ra:ovmﬂetelyf éllarnmahad. r Rigere dABribsstoaes the transfer
PRI, P8 TSGR PGPS (HECHRTRS SHALENRS IaRGTSARINE Bure 3A. In
RO B dIRchPthe s UbRfa Ry RCRARR SHERLA BbE- aséenmf €05 (item # 105C)

position nmay coincide wth hol di ng the substrat’e on
by ghedtbniti énd pibwd 1WBDaKd v delivered dnea cge@rtQMmbﬁr 60A following the

S ot h 0isd T AR BRSSP B eAoeE hieca on e

stibstirgteer CﬂﬁiehtrfélBAm PocesMast Ederb)bdhhmglelaig th@ sIdb%trate is then
substrate fromthe devel oper chanber 60B usi

"@Qﬁiﬂ’f%ﬁd loBdiakeogharnbet AR et aRds 8% |3$g etfel Fgg%r@t 4§i)eby the front
ehd r %) I?ﬁﬁrg@k% ljrgﬁsfel; Ea{fﬂ)\ﬁ wAE e'tlgi r[?éétgﬁrl\aégﬁ)ake step 512 is

cen er’ a ate
camﬂjlaédrmeﬂ@é @ugstrblte | afitgt lroadplétivey d:fheuﬁoet BARC Hdkebgtep 512 the

subrdieor (0o TTRER ot RRROPAFL Chf 6P hBbipd- C1. C2
ctO(FEhYR Ueh) P shilfiedesbdted16eRABwWIY the transfer path A3. After
performing the post BARC chill step 514 the substrate is then transferred by the
front end robot 108, or central robot 107, following the transfer path A4, to the
process chamber 370 configured as a coater chamber 60A (e.g., CD1, CD2, CD3,
etc. (Figure 4J)) where the photoresist coat step 520 is performed. After performing
the photoresist coat step 520 the substrate is then transferred by the central robot
107, following the transfer path A5, to the bake chamber 90 (e.g., B2, B4, etc.
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access the cassettes. [00279] In one aspect of the
cluster 10, as illustrated in Figures 14B, the

wo ean®ésrl pat hs A3, A6, and/or Al10 are conpl et edI/Dg20051@46877
central robot 107 or the front end robot 108. In
anot her aspect of the cluster tool 10 illustrated in
Figure 14B, the substrates are grouped together and
transferred in groups of two or nore, such that, the

%F gmeefdl )W\hﬁ;tré&hésp@y RvFegist dodtl Balke QJté’;B‘QSZZh% performed. After
ransfer paths A 1-A7 and Al10- A12. C uster Robots

mrgnng\the/@pst photoresist qrsth bakesier 82p(be supstratpuisdhen transferred

AP R 4B SR A LSBT oB Al gamoer 00 o

Thj S2estkeo(Figerd 40f whbee tentdsiphoadresisiloNill easy ajzms performed. After
frog-1l.eg robot (hereafter FLR or FL robot) ass

RePOHAY the paatamczi,arqsmqhal@ﬁe 024 thetsubstiate is taﬁ'a t%ﬁéfﬁrred by the
&é}gra}{ abb8Us P! R%%\ﬁn@ﬁé”‘?ﬁ.{ré opARl A%did thd REEBROEamber 62 (e. g.

processing rack r'st central processing
O&BR 1. ¥¢. (ﬂl@;me@QMhemmaOEﬂR)smss@ is peodBdd. The substrate is
cessi,ng rac

nd/ t.h 2. . Th .
B Ponsaretdount Steaast Shrnass [BHnede TaNsis R using the
Edritedl QoB&M 6P hipgtBl ki bxposhire! sep foast Beccﬁﬁﬁlléf@elﬂbscentral robot 107
contained in this enbodi nent. Referring to gur es

ransfers thesubsRates toeinel REBThagdes 130 fsbllewmgathﬁslrmfer path A9. After

u?’gcg{r"f"aé?'?%ffﬁ? ((%%'% 5§§ qﬁﬁbﬁt&%@%’ 5 ﬁ%% tr?n#f?%g- by the shuttle robot

asG eonbwirgRthe thhasfer foath @10, as TRETINII 6B§m@%ﬂ@0fibvh¢re the post PEB
contains a front rail 614 and a back rail 612,

@u%fst@@rfeﬁa & Perigemednt Afies nefﬁprm&@tthas@,@%?ﬁ@s cht"h%tep 542, the

0 t
S oo AP riRRATE BynECed iyl (380t 207 (Bl e, transter path
Al1etc the)phmessncﬂtmhbent B@Ovcmﬁfngoeéd asda hiﬂvek:(pmaihamber 60B (e.g.,
. h h
EBAEbR i 52 TS TR TR entBBS i rormea. Ater
wane h tﬁ@%e@@ﬁﬁb &t &m thd QuﬂﬁYﬁe i8 thBs tf‘éﬁ{s?ér?é’d by the front end

e., along [i1ft railassenbly 626),
mbet ABBefodlomngath@fteansfaepembém atpébetmdamsqwslyﬂl(k&w linrone aspect,

t he horij ne b ment, of the FL r

FPEIPEBRRRLE ORF CRa RSB BhtPaatn e SiRPRGRE the developer
EHIHbEs6dB Arsing theUsdritail ¢o|§otcmvf itEHHSPé i g thb%ﬁjb@ﬁatealdme front end
two robot assenblies, the upper FL robot assenbly 610

robet 188, anghtherrransiewingdbs plfatste, thetnestassepaRly teAt s

of the cluster tool 10 may contain three or nore robot
mweml ors aspactaibe Heansterbpathnd? nedy bieebrokastupr intedwo steps (not

wr‘;’) hege etheFLstosk?Peﬁes are transferred to a chill chamber 80 in the first
processing rack 308 by the central robot 107 and then transferred to the cassette
using the front end robot 108. In this configuration the chill chamber 80 acts as a
“safe” position where the substrate can reside without being exposed to thermal
energy or processing fluids which may affect the wafer history and amount
contamination on the processed substrate. A “safe” position may coincide with
holding the substrate on raised lift pins 87D (shown in lower position of Figure 10A)

or retaining the substrate on the chill plate block 83B (Figure 10A).
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assenbly is utilized to transfer substrates through
the cluster tool. [00281] Figure 15B is plan view of
wo bwoobasst er tool 10 in which the | ower FL robptT/US2005/046877
assenbly 620 of the FL robot assenbly 602 is
exchangi ng a substrate from a process chanber
contained in the rear processing rack 202. [00282]
Figure 15Cis an isonetric view of the central robot
[wimyml 6heha957édtghﬁa$\sfé}ega@f 120195 nEQMRN RBIFplSfedt B9 picking up the
FL robot assenbl and the |l ower FL rob
awénam yroge ghe Wemarychaﬁ@bﬂ!l’ 60Brusing d4bs eremitral Gglaoﬁ 407 and then

tﬁ%rﬁqeﬁﬁgtﬁga%@ﬁﬂlagqa chg%ﬂu' fg%w(ﬂ% _,gﬁ?wg)cfbﬂalga'ngn the central

tdbot SO7ainRy b & PMtharuadapted tontravidiste ahﬁstlahcéoél@h Gaé length of the
in the up Ber FL robot assenbly 610 or the |owe

elylsr tals thyyus2of & slidamessrmblicinadishawn)iand ; a vﬁ@slatlon actuator
w&erlmgér 8 tntﬁctnf ae‘yﬁ &\ Co‘rﬁ@\nﬁ\'?)dté lRvd fm;??o%&t tbgggt%sued reach to

Tacrng up i gur ati“ons may
scodssdise vhssattdshe upper FL robot assenbly 610 or the
| oner FL robot assenbly 620 are both facing up or

gn\mﬁ@cagpewwlm@ diisisr t1oe ascipstraedt ineFIgﬂuV@§1t1l4<BW the transfer
002 Fi gure 15D which is a pl an vi ew of

paihstARsAGNNG/0p2d0 ate compleded bo'othgh%ﬁ/vtfadapbvtaﬂ%% the front end
@%@qué%m th tan%]esr%f Wrih?é ({I@éf@ﬂticﬂ %th{%'irai&? n‘r'fﬁ?y&jre 14B, the

F obot asse ower robot assenb
Sulistraléearpgeupel togdtber and elnimlsger@lﬂlnogroube of dweror IBhore, such that,

robot asse 620 wi I | general contain a FL yobot
{ESSTNRS] SPBHBIS HEYCMBTS A0 SN GG ieRslat Patas A1-A7 and
gl’p Wyo n Figures 15A-D, the FL robot 625 has two

strate carriers (i.e., 6 11A and 6 11B) that are

ﬂ?s%leﬂob%é s&eT substrates between the various
mtessrng—s%-é'n' s, but this configuration is not
n o.I' h cope of the present invention
éi eé'{i ﬂUIﬁé&ét# §§ strate carriers or the use of
the fro e conf i uratlonls not i,nten tao lim,t ,
rpﬂ@%ﬁaﬁ SBAT AL ETeRE R SHGEABD! 1Dy willithfifbtrates one

é\*ﬂb@dmteofoﬂﬂeaeerﬁ@”ﬂé'béfyloﬂ ‘Tﬁféoénib%ﬂirﬁéntt ¥Pthe central robot 107
substrate carriers that may be adapted to benefitfrom

cordains\e frogdeg |r@b@e@weaftei FLR @@rﬁbmb;othggwﬁbw €97 thal is adapted

R@%ﬁﬁﬁe@@ﬁr{@@% i ﬁg : hélqg pigg%sse%é@hgps contained in the

ﬁa@ﬁtebudlm@eémn@tradktm rm‘eeﬂ&;thc&antmllﬁrﬁceﬁlmg erta;zk 152, the second
Exampl es of other FL robots designs that may

R RrocesHeAdRLK 12bmndiRr they &ea BFP%Sé'”@eE,%Cr‘ﬁ 884 i fhe second

SOUMRPI SRS 58150 iy PP EY b 198 Wi an

clabfyt the dorhpohents Aogtene@®) tHi9 Binbodimanit.t dtefStratge® Figures 15A-D,
t?\%t EEIEI assembly 602 generally contains an upper frog-leg (FL) robot assembly

610, a lower frog-leg (FL) robot assembly 620, and a lift rail assembly 626. The lift
rail assembly 626 generally contains a front rail 614 and a back rail 612. This
configuration thus contains two robot assemblies, the upper FL robot assembly 610
and the lower FL robot assembly 620, which are adapted to move independently of
.each other in both the vertical and horizontal planes. In this embodiment, the
independent upper FL robot assembly 610 or the independent lower FL robot

assembly 620 each are able to move in the vertical plane, (i.e., along the lift rail
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Application No. 6,379,095, entitled Robot For Handling

Sem conduct or Substrates”, filed on April 14, 2000,
wokioelesre her eby i ncorporated by reference i nP¢hes1005/046877

entireties. [00284] In one enbodi nent, where the FL

robot 625 has two substrate carriers 6 11AB, the FL

robot 625 will generally contain a dual axis notor

615, primary arnms 6 18AB, secondary arns 619A-D, wri st

| 656)0 2t Bire 28¥le St Handic? %hﬁéﬁat@sltlaAﬁnW Position in the

generay by rmverrent of the various axes of dua
!amzmmtpjan@ bysnovaement ofdhg Flr mbad G%Atmnmmménds from the system

CotutEh b B FRTLPS 18RI Hhistge R sBtliaatih th cffbins two robor
és:geahﬁblmathéiubséﬂ FIOPoBA dsebmib® 61@ andhRé Iewéer Flaksh&rassembly 620,
11A-B to a desired position. The FL robot 625 is

Wb@ht%'@b@ﬁlflﬁ@féssgbﬁb?t clgsterotoal h0 so@yocontain et @rzzmore robot

PPQRt e t y 162
SRR 3oty AL S HRP'MBERILY 625 single FL robor
asceentblly ys 6flzegitoaramisfor samgtraterssthtdsmgrswwp@usteﬁﬂcﬁnl and
the notor assenbly 6 17A, which is in comrunication

[%idiyt’@@ré MGH s plan Gdk of ik thetdrolodl 1@spewhich thelibwer FL robot

is in comunication with the back rail 612,
asfiernblr @20 of Hhat Fhciebat 1assemblys 89Rols exalmanging ansubstrate from a

GRRERY Rafohf PofiBhoRahe Tk baing FRUOROE S ¥ay

oPrsRlof SRE OB L P BHIB SIE &L*@%Q?ﬂ%‘dgﬁo{ 67 Wi Fighiights the

FABUENESAbbABNTY &iftheh@ppas BL GoBBP assémBlyl 616 Barldtte lower FL robot
secondar(%/.2 coil or "rotor" secti on% nmount ed on the

asgembly; Oaséram@agw 875 lig gap@sepmdly 6236 dgiapeunted o a central module
#rQH% nﬁ{bqegﬁclvy ?QS OpfaA %‘Pﬁh?t%t%&w%@gzg@romﬂe Figure 15A-D

conp nemnt
mmmitarﬁ?ﬁbnflgdiraﬂary nad\xmrt dgebPlUsobobBLA i disé L@Oél’ Ehswbot assembly

G0 GRtlop TeuBY Fb.rebel BeaSBRY 640 e Theing agh eier (e, the upper FL
xforb%m%fe?dul\% @Hma&ﬁ'd Qh@%‘\b%rr PL'ro@&tZDs @@ﬁ\d 0s), cHLJ?%thdjlat':énflguramons

onl'y have The guiding mechani sm 6 dir'ect drive
iniap dosr udrd) shick s wleeredhetupper rht robayas:@rpuwcﬁﬂ&)s@rdtherlower FL robot

Dana 0 od Dale, ,J1lino r Aer.ot ech nc.
SO SR g LBHIEINI AR & dPHmoUHER LRI, hErgope of the
ACEN@SPr 630 may be stepper nmotor or other type of

actuator that can be used to raise and | ower the

? ds F' UF%; 1r5‘ﬂ)°\§¥hﬁ:ﬁs?s”@ YlaPlQieW op2D IS\QEP‘FI‘_G%%t assembly 620, is

e gui ding nechanism 631 is adapted t
|9tqmtadt tcanblowrtbat yatigug @odmotnleets:Lhatoayet cqsmmb{ foundLin either the

St 398l AR RS: BTSSRk 20 9o upper L
RSt b 8EMBIYI6 BC ¥ RS Yovidr Fm%mtés@@nﬂfly 626 will generally contain a FL
robot 625 and a support assembly 624. In one embodiment, as shown in Figures
15A-D, the FL robot 625 has two substrate carriers (i.e., 611A and 611B) that are
adapted to transfer substrates between the various processing stations, but this
configuration is not intended to limit the scope of the present invention since the
number of substrate carriers or the use of the frog-leg configuration is not intended
to limit to the various aspects of the invention described herein. An example of an
exemplary FL robot having two substrate carriers that may be adapted to benefit
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FL robot assenbly 610 or FL robot assenbly 620 are
well controlled to all ow consi stent novenent and
wo ean®ésr1 of substrates. In one enbodi nent (noPCEHOSUNG/ Q46877
t he gui di ng nmechani sm 631 contains a |inear guide
whi ch supports and retains the FL robot assenbly 610
or 620 conponents. A linear guide nmay be purchased
from Danaher Motion of Wod Dale, Illinois. In another

ROROFHEERLenfich SEOUBséHbed GHT ESmARIAIP. addiGRlP Unilddl Btates Patent
attached in an orthogonal configuration to the notor

Appligationddo 65,43 A40% eotitled 'RohotaAssermblyédilachpn April 11, 1994, which

structure 618 t.0 posit n C |y ! f
St EbY BrobpaRa L B Rl Bt o R8I gBlother FL robors
d6$ighd | thab FRag P oxgipted {0 BBélit Ifrorantheasmastitionf atdiedescribed in
invention the FL robot assenbly 602 contains tw Q

eRINEoAly Agggned dities) Pedeq Bagen Am&'\%tim@\;o.@@gmrpcﬁmmed “Two-
%i? n?%@ﬁ?i{g%ﬁ&'( éggq%grrab#ﬁ,}’\fgéﬂ %mg%&% 3P 1@@494rgiéeﬁﬁe@%qates Patent

ans configurati on nay
Appliatiag edols6, 370095, entitléd Robot ¢oe Harminga®emiconductor Substrates”,

t hroughput, in the c|luster tool, In one aspect, the twq N
WPO AP 4 6990, WBihrasBinesSBy incgfySpied B riBiagIog n thelr entireties.
together so that the notion of each bl ade of the FL .

(082841 Ina@e ABINOSEM aRly adhere thi FEJRPEHBRY has twpsupstialseearriers 611A-

!gnﬂ}tehli-'l? S5t 25 \Gill R alRS R fﬁHQ abfis ﬁﬁ%opﬁj g nﬁﬁrﬁg@ arms 618A-
I stance apart and nove’in a synchronized notion. I'n
Bnsédmidang pedis, 6 197 D wrish esembliesiolil AsB ( end) substratescarriers 611A-

610, 620) are nechanically coupl ed together so . that
Bheln ggnatalibyemoyement;ofe eaYRloLs axe ei’rftt,ﬁeb al s, mgptor 615 the

E)mﬁﬁﬁka{]n%@? gA@\@aﬁrb% BRItEd irP aARHP ok MEEMRFBALth Yox®ind or retract the

each ‘ot her .g., nove I ndependently I'n the horizontal
glizstete daDd288611ArBanotrdiatechipdine samee retptionah direction to rotate the

controll er. 101 i ilized to cqontr apd syn [

S chEirs b B aiRRgt RSl nEEPErSHERES S ABunted on the
l518S 0 thd RappsHbsdderitsly G2N Wifich rsuppbes! &6 irBtains the robot

groups of two or nore. For exanple, if the central

asasIObly®25. s a FL robot assenbly 602 that contains two
robots, the transfer path A2, described in Figure 14A, _
iozasiiRbEerdngd Eigutesdyl SGsDnthea sleppabassemblydist generally contains the

STREERL P am g e i mel B ErA RSN Eotrhdhizatipn with the fron
£al106 10 AnRlr the aoke a8 s MBIy 6178, whibh ig it céfdh(rfit@tlorewith the back rail

4&) and then substantially sinultaneously drop off
ehe whisht argt bethi aifachedstor be SOt RAdbellRE Jootor agsemply 617A and

g n ot 4178, 45N BB AL R B Bouicing mocharism
631r owre driv @ngiydinenbuthealagtuaadl @B0f v eealifect abive tiwear brushless
gge)r\gllgp{gggrf E@*ﬂg‘? Tﬁgoﬁghfcor;ﬁrggﬁ%a%ign CV\%trFP {heet %agg rcrz%rr%or}\%%t 616A-B (e.g.,
secondary coil or “rotor” section), mounted on the lift rail assembly 626 components,
is adapted to independently raise or lower the attached FL robot assembly
components (e.g., items 610 or 620). In one embodiment, it may advantageous
from a cost and ease of control point of view to only have a single actuator 630
mounted to one of the lift rails (i.e., front rail 614 and a back rail 612) and the other
rail only have the guiding mechanism 631. A direct drive linear brushless

servomotor that may be purchased from Danaher Motion of Wood Dale, lllinois or
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B. Articul ated Robot [00289] Figure 16A is an

i sonetric view of one enbodi nent of the central robot
wd.eneoestri ni ng an articul ated robot assenbl y FORUS2005/046877

(hereafter AR assenbly 702). The AR assenbly 702 is

adapted to transfer substrates to and fromthe various

process chanbers contained in the front end processing

rack 52, the first central processing rack 152, the

REfRECh, Qﬁ@t6fqb|tt§6@r§;ﬁs$"eﬂgs%@§r|ﬁa15ﬂ GIRE( BMbbRfMEMS! the actuator 630

processing rack . The second central processing

may el S¢ppas rrtméemow eihev &¢per phactBatputhatiGam be usieghtoi rgige and lower

Bdatiofei oL a5 eRERER T SRRl "cont ai ns

r%%@eif%?bﬁ%i&%éé@n? 31 rieR 4P RO A drebi8Bly guide the FL

r%'bbi a45&hBr ?P@%fr RihidHdt @BBeRBIPELE RaRffbren® s they are raised and

M tsubi shi "El ectric Corporation, of Tokyo, Japan,
IKvessd i thzeblﬁtnads tg asgyre thatthegpositioroand Mccueaay of the motion of the

tauBg{ 5513?@\9' é@u aﬂ‘t r?gcot aﬁ%eg‘ﬂﬁly gérqes.%a Egnetrolled to allow

&Hﬂéﬁﬁ%o@éﬁf@@%@bﬂranﬁéf Bf sobstkatBS ann e elib®diment (not shown),
articul ated robot 710 has a robot base 7 13A and a

ﬂ?ﬁc@i&ﬁiﬂgameph@@ﬁlﬂh@@ rontzs aHineAr ayideewhiohnsuprits and retains the
t |
b 3954 B0 B0 AL RPERGH S e dPGBRE Wa{ Bphuponased from

Dhrahertibtion esPessd Daley lllindis g&nanaﬂherbhebcﬁmmmnls as shown in Figures
articul ated robot is advantageous since Lhe reach

1$@ Dyr wheglsatdd @ crttacheda i aihan r5:|onf|gura'uon to the motor
féo@% (bRRG MCohOal Léh o“r?il estﬁ]‘dtérea%qB to position and
t|p age design, the re ti
amduratellyad:cmiralaﬁdhe mationnofr thedds ront 'asserﬂbd},p61@|omcFé. tolpet assembly
%ré)él on of the end-effector, which retains and
RRMEPEeRYSe substrate(s), is not linked to notion of

t he robot base713Avvh|ch allo the robots o re .
[@p287¢n; 9Re yaspest gt dar ihvsntien R Fle rPP%@F%@fPPfY 602 ‘contains two or

ﬁ)B Fiatdbot a%@g(ﬁ?fllefs he. r'f{/ eltéﬁ\@'ém o) \X/I'i‘l@haérb' cﬁ?@rﬂzed to allow

ots exceeds nost corventional robots. [0029
simdtrdbésade lzes sopgd 708! Graneteatdd, tagathar. nsTlassWIjtguratlon may be

Aoy Sionsesngs Bl mp 2iR SRSERR i ughaiR da dnflisiyster tool. 1n one

Ad§foctahe-tivo JriofIPRAbbot/ZddehibiiReRBE physrafly csugktddegether so that
by the articulated robot 710 so that a blade in a

therroption &fieagh dbade of the Bl rahet assanaldiesi moxes dik gpison and thus are

0 aﬁﬁ%ﬂg' é’a l:h%Bro P a& bﬁ’éscbwpn 86 fiRL R YfstAnce apart and
u@ ?9 di %@ %P n{)ers

ate erent processi
mt/aim@dsyrmmomed ensliorg irmakothEnaspett; hhéﬂerdhc&rassembhes (e.g.,
r the di stance, betvveﬁn t he robot bl

lﬁ@g@g@#éﬁ?@,)@rg reeghacait tngethersgo &ﬁyt mﬁgntamed at a fixed
&lgfafn%‘éea a?rPADLﬂné’a&\eBP'ﬂﬁje FYPRIYk BI5SAYeT 4518 t?)z%veaiﬂaependently of

desi
each other (e g move independently in the horizontal plane).

[00288]In another aspect, the system controller 101 is utilized to control and

synchronize the movement of each of the two or more FL robot assemblies so that

substrates can be transferred in groups of two or more. For example, if the central

robot 107 is a FL robot assembly 602 that contains two robots, the transfer path A2,

described in Figure 14A, could be completed by using the upper FL robot assembly
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coincide with the pitch between two of the processing
chanbers retained in the processing racks. Therefore,

wo bwodéstance bet ween the transfer position of e heshaketcs?7
chanbers | abeled B 1 and B4, for exanple, in the first
central processing rack 152, would coincide with the
pitch between the coater/devel oper chanbers | abel ed
CD1 and CD2 in the front end processing rack 52, so

ST Rtarkf tes IS\Q@P'r@bbﬁ%s&@ﬁbwgﬁocﬁﬁtsu%%tlﬁﬂp éirh@ltaneously pick up
substrates could then be transferred to bake chanbers

sulistlades Bom tavadc@ter @h@mhprSe@QAI(ﬁG (o3t aBAF@DBa(E@U{;Q éﬁ) ) and then

St TR Horfaaed? i didheibsfalpid saheq beg shambers 90
(fé“% Bl1agiasBE (FigirE 4B)). aanmingdratm fn@g Heoad\hﬁntageous since it can

strate receivi ng surfaces 12A-B. |In on
dleyo gronnad moves ptptlm@r@@@rw@mut/xbyt alse %llom targack robot to move

g A e AL S A

105 is iIIustrated in conjunction wth
l?hg ?‘?‘iséi#‘g%’ Pt obot assenbl y 702, other
utili.ze the dual bla

figurat
(GRPas1 Pigh TS BRI ISORIANIE Gt O PPAGTISI T Hg Cential robot 107
&ﬂghmurﬁsﬁ%nﬁﬁmé@a roBYEASdebly 7082 bledfter a§§@r%ty 702). The AR

substrate receiving surfaces 7 12A-B are adapte
assenallyi 702 is @dleptest o prawistdrosidistiates e asidatrem( varlous process

@Péﬂmﬂ%rgs ?lgear{n 3‘3% ?l'toﬁg ﬁ:ﬁé Irp?{))#]egé rg%‘??z{@(ntﬁ%ghg I?f#]t r%? processing

ick P2 GhBBsdtaRtSEBri RN peecardiy ekt 054 al/drbeedge pcacﬁcessmg rack
the substrate at nmul tiple points poi nt s)

R dTbﬂ&eP@B@pﬁntrﬁbpr§99§$'f‘@tf@3k @%QQQPQREfFSF}qVﬁQ f[%“ Figure 16A to
|
A, 5,30 s EOSRE, <Rbg SpEgs e a

ﬁlﬁwwo’ﬂ@&)‘eragwwhmlhs atrhmtlatedsrobote?(bﬁ arat a dudddtlade assembly
ade actuators, 7 see it 21A: 721 B
mﬁe et owPleik it 710 g aralhod 4113, o ajed iipef hich can be

E &4 #86 RRSUBSAT Blebiik (EBM)O‘?&'(I&'I & Tek{o dedé% IKiaRAkki Robotics

rus ess servonotor or other equival ent devi ce 't hat

(US A lirc.tad Vixotm, I, ahd Steublb@osmdf phgicanoBCof Intdree embodiment, the
Cenerally

SRaRonR e adB0 5 2 Meoelnubbey T K9O RICHAFEE frog Staybi Corp. o

buAssH a8 CONThefaridfateab@bobl7adendseh abbyebase anenh@md a mechanical
robot blade, since it is preferred that the actuate

iptestroet FéﬁBl achich woangehiie reRet tos theclistey taqd angk e end-effector

3%%%&9!&3 pb@ﬂsrag ?g%%%g B, n#&a%%ﬂﬁw ‘?2§Sefmeto the robot,

rspeaiividy.onia geheradf the 6@@(lasaa’amdhteds rabct5i4 advhrfadédiis since the

mounted on the support bracket 722 ositioned on the .
Fea051 Ol 5 SPGB ioPRL & T30S BRR GHRVIRIANaLFobOts due to its

multiple axis and multiple linkage design, the reach of multiple articulated robots can

more easily “overlap” since the motion of the end-effector, which retains and
transfers the substrate(s), is not linked to motion of the robot base 713A which
allows the robots to more effectively avoid each other while transferring substrates,

and/or the reliability of the articulated robots exceeds most conventional robots.

[00290] The dual blade assembly 705 generally contains a support 720, and two or

more blade assemblies 715 (e.g., first blade assembly 715A, a second blade
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bl ade assenblies 7 15B and 7 15D nounted on the

support bracket 722B positioned on the second
wGeapposwsitng surface 720B. Figure 16C further PCT/US2005/046877

illustrates a configuration where robot blade 7 11B is

shown in an actuated position while the other blades

{e.qg., 7 15A and 715C-D) are shown in their retracted

position. In one aspect of the dual blade assenbly

ademb7AsBORRL ). bTREQuPpdA 720 Sttacheslbuird is g;ﬂaé@iwetﬁe articulated
in its respective bl ade assenbly 715b§;'7%5/’é 15A- D),

refgt Bé?i&@d&]@é@dbhdeynaa:{icﬁattéadwsaem angkadylade in a second
5346 R 2050 T BherF B 47 sEORS pBLEIES AR o o aiforen

pro€essiag bhambers Bdtamhedin lpiotessitl ratk.t Mhepsiichs(se®yitebe “A”), or the
cghysi ca positioned in an orientation that is

|
efBSEanbeRvesn Hoei Khnt ablpgdes isghxes dayefh%éﬂjﬁtaapﬁe?etmn the first
s\éfg)rﬁ%)hg@r g%lrf% 4 %géa?ﬁ(ﬁ lsebBhd %ﬂpFSHﬁ%dsur@%@er /7§6§,eéng is designed to

hat a substfate>can be retal ne
cedadidd | withe thae difch betweeni tveo of tbeopr@cessidgrcharalbers retained in the

confiquration e agvant ageoys,, for ex | e, where
Apees b faciae Threlirey hetisice atwerh fe Faer st of the bake
HEARGS 1RbEIRH B aRbas4 N ih@np! inStHgsﬂrEla&g}M]tEéﬁoﬂJtécessing rack 152,

processed I n the same processing chanber,
wianid repinaidé edthethiet gitdinbetbvassihe evateddewslepeihehambers labeled CD1

' r ed" bstrate to anothe a [ n anot.her

R 0B R oSkt Bl 2 REIRR BBRbIhg the BARC coat
$18p 310 the dupstrateadasul@isert Berdrsttedeto bhlke shasbed Rdeled B1 and
in groups to a desired location in the too

|. F
B4 inpomplate Ui gastBABG baks Stoptata abeterioa el Figaire 168, the pitch “A”

A f . o) l.ades. ' LQueat i :

5 R GERR Raink o BF opli, SRMAEIR thilies 71148 in o
riarates fdiecton ito the aubstrate becaivigy cupfadeby? 1@26Bpi ngené fembodiment,
or pickj ngu_gethe substrat es (ine gtapa time fromea

) . h of
thadishades em AP Arfisienge AB0UL 1 0pREY ag¢l about 1200mm,

d C PROKild
51 Pty obhads sy B 009 s Sy NS PRERAS 1% cuel i

assepitdy & 06f ist ihesttatad ris "comfjunatibot with ditke ariculétedt iodot assembly 702,

st sonfiastians mhal ifize el Hyat PlafechgearmBly 705 bn other types of
rebBESwRIRS Ut Vaghg Yol basic @¢epé bneRs inviRgordiual bl ade
assenbly 705 where a single blade (iten# 715D) has

[Q@z%quﬁﬁr%nlgg%&,oth@:&ﬁfs‘ira@e sebsitingtstirfakbs i77 2A-Bte adapted to retain

asse 05 so that 1t can be picked-up or o
alrsyystrateo frfositioniede onatiwe tladel oot Thiowng opy iuper &f i @n edge gripping

will allo rouped, transf.er. of the,.substrate rough
henaemeliel 8B dnoc iR Ear b Lorioh i 4% JRehl G The eage

d Attthainisng cainl 88 adaPpbdd ERigrath tye aeigeRsf REesubstrate at multiple
substrate at a tine e.a., cassette 106,

paiRisdery. s3 RAMSS) t9 hald anyl retain the substrate.

[00292] Referring to Figure 16B, in one embodiment, each blade assembly 715 (e.g.,
first blade assembly 715A or second blade assembly 715B), generally contains one
or more robot blade actuators 721 (see items 721A-721B) and one or more robot
blades 711 (see items 711A-711B). The robot blade actuators 721 may be a direct
drive linear brushless servomotor or other equivalent device that is able to control

the motion and position of the robot blade 711. Generally, the pitch between the
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[00295] In one aspect of the invention, to performa

single substrate transfer task using a robot that
w@owba693sl t wo or nore fixed robot bl ades, i.e.PCT/US2005/046877

contai ns no robot blade actuators 721 , the robot is

adapted to "re-position,"” e.g., flip, rotate, and/or

det ach, at |east one of the robot blades so that the

"re-positioned" blade(s) will not interfere with the

RIDRRE &Y will ﬁB?fa%bté’c‘jgb? thebadtiaish, o #HA5IAA6N " 8PBhe robot blade
blade. In this configuration a special position or

tehativiecto qrmtgzr rcmppdade @Webér%prerﬁ@ye%@w@tdapta@wat@d blade translate
brf Blang, Pl el LBt SR 08 L ansrerred

usi ng_ot her ot, hl ades. The abi t sition

B3 s asbestetpapae mBoany! e upGuRdR assembly 705 which
esfbits YREDANSf PladPH8sOMBAES 1A GRANPESS MbuAted on the support
grouped transferring sequence is not operational, and

kaeWEPArpnsnwriedvmratrm Hed supperting S'ﬂﬁf\%CEpFB@ésfmdwg second pair of

GARRDEsopBRS T H raohl ABiEon 365 360bin BFG817228 positones
SR dthed Gedohd SUFBbHING vmmwseoﬁzome efigutieergC ofurtHee lllustrates a
front end robot 108 or the rear robot 109 contai ni ng

eonfigusatiory wderg gebat blagdel a1 H is showna s @ppagtuatssl quﬁlaon while the
gl
SRR (2, 7958 SREPLSESIEEN R i RSP R RleBoston. 1none

aﬁpénfndoff tfemduaé bladé asseprbdy €205, céactbeobotc biede 7dd (eng., 711A-D),
the front. end processin ck 52 t d

Q0¥aNGH iRe e dPSRE TR PIAGS ARoABY addp” (6.0x “FTBAD), may be
ﬂd%ﬁ@ﬁ&érgﬁ gl%rate% by SRR B} Rk %93%?%Bﬁfroﬁé}e(rr{d?b§{ov¢r§ &hd its robot

108" or the rear robot
bhﬂetacasat@nﬂ%l (#08., geriér-R).| yn cmet aspectaaarshioym it &igure 16C, each

S V3o g5y B TR SHREAT a ot
Wit @s@@ﬁahﬁal@uﬁ&#@?ﬁﬂlyf Al dwairtd o othlef ahti \fertlcal ,X spaced apart

Cor por ati on, Tokyo, "Japan, Kawasaki Robotics
(aften tesmegy )Qymr/um:ier’ seenfigugatian), eorthat @f suRstEHn, can be retained on

%%r{ 0!958%1?{?%8% M8 Lt 9¥hE g)@%{%ﬁ@& lBIéa%e cgn'*ﬁ@m%n may be

gehe y co arns a suppor and a

agearhlyous] Sof exgumplé) whierdlthderohes drasl jo ?éﬁné)/e a substrate from a
descri bed above. The ﬁ%%)rt 718 attaches t

Brace&sing Charrbes Rrick (e 9 Psopent JpaTe tebems rpda?ﬁssed in the same
g%&ggs%glégéﬁib@r bl afeut Yo! 1dave’ Eﬂ% Pagle WoshiY % move the

ce a“substrat’e In a proce S ng chanber retained in
‘aemwedssuhgratadb anotheynehasntberdi imeanqthehaspectgthis bbatiguration may

ul ated,.rapot as Ly 703 cqnt ai.n pai, r

L B FRED AR ok s PRl in aroups t
Q%é&ﬂ@d%cétmh iPtheSobl. | P& ERArBGIe S F‘i@ﬁ'@rw@%urnsubstrates could be
conjunction with Figure 16C.
transferred on the four blades. This configuration also has a further advantage that
allows substrates transferred in groups to be ungrouped by dropping-off or picking-
up the substrates one at a time from each of the blades 711A-D. In other
embodiments, three or more stacked blades mounted on each of the supporting
surfaces (e.g., 720A and 720B Figure 16B) may be used in place of the “pairs” of

robot blades to further facilitate the transfer of multiple substrates in groups.
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[00298] In one enbodinent, the front end robot 108 or
the rear robot 109 are a dual bl ade assenbly 705 as

WO bdoamtasat ed and descri bed above in conjuncti oPCTMIE1005/046877
Fi gures 16A-D and 14A-B. This configuration will allow
grouped transfer of the substrates throughout the
system and thus increase throughput, CoO and system
reliability. [00299] Figure 16H is an isonmetric view
@f)zﬂi‘ﬁgﬁF@QéE%@treﬂés 2 dFBé’@—@Bbtﬂ)rﬁil K/Ie%' behRGveRBRber type dual blade
(e.g., "AR assenbly 702 is shown) t I's adapted to
asdembly H®Sawherailaasingler biade (Basw! '771@31 bab@eternaastleaded to access a

G108 SR By 135%, ol €8 B Bt sgppectot i
et t8d8eRee 6.0 bMHis %ﬁﬂgd@&ohwmmm?&ﬂmw ﬂranéféfr Wwitthe substrates
assenbly 717 of the slide assenbl

@mﬂremet ays%@mearﬂci]@wems'ag@eﬁmpyof?@zdf% mclaeauqfesalbstrates in stations

e syst QC&%? dﬂﬁué&ﬁg @&8% a‘c(géi;f aé;és%gﬁgnfb%?%%er/scanner 5,

general | y contains an actuat or assenbly 717, a cover
(not shown), and a base 716. The base 7 16 supports

@bshsPRUBHE ddpech\Bf aRs eAvéntior) 2o apet s @esmgt‘ee@’ubwate transfer task
conponents to the cluster tool. The cover, not shown

egng @ sehatythal sonteins twe e dnereclixack rekat hledes, os@ eRNiRins no robot
El%&efé}{i %topar 3! ile r@?&egbé &s&ttgr‘?é pbe.t.epgvggf flip, rotate, and/or

genera bles om maki'ng their "way
fetacksal least bae‘mértlse aodotpbladestsodthattfe tre-pdeitined” blade(s) will not

I;’lgqa r?(ey?l i‘gﬁie:s cggé%?r% egﬁé@g}q%?%rﬁbgrqpoél?‘er roygteblade In this

A 23@?5’6 n é..)i‘i%@la"l‘ lei’ér\"%r“@ﬁﬂﬁnﬁbﬁnﬂe@ s(LﬁJp%We'&hémbers) may be

and 723 I'n ‘one enbodi ment, as shown in Fig
ddihted e raceuataalrob’otllgade aanddrep@@ttlonr lt\maal de&;aﬂd orlentatlon to allow

bru %Ié%e%ts%gervongtr%id fg&g( hépFo%og (ge;nsrm?bglq il {(‘té)Mré -position one
orr ﬁfo@é of mmw)bumm@ wegb&:lﬂﬂﬁﬁséfuﬂﬁ/h@ﬁd}rﬁa 6t indes processing
B (e.g., stator), is adapted to nove the AR

dmh@nswnmz;rgum@ tnanéfqran@ﬁeqyen@ms 8pt geerationgh| 3nd thus will not

%]go% .alAbPadree eggéfr t‘F\e %@%gﬁb’\%{g r0§% go\é@{%l?mtother adjacent

be purc Ta$ rom

;brlolcesghg chamir positions tobe willizéd t t sbur gh,
Pennsyl vani a. I n other enbodinents, the actuator 719

W@%GEElg&P@&W@F AP0 TBG @ e AIMSHE WREVOBE 866 eaibydimnBat of the front end
can be used to position the robot. The guiding

raboh al9i8s AT 108 ear Hpbek 489t PNIRBINGadeSIng amle. typgsagiculated robot

%‘% %2%@3 ?Pguélq gﬁ%@ﬁg |'%%9H ESSL%H{W %gal(t%}gafter SA robot

mmysmsms adaptbe ta transdear sb!aétfatbeamargj &loimd dise eariaus process
TS ESUSTRAInOH T SrTG0T End BFPeaSH FAGKeR2 &G iy PRd assembly 105,
SORR 1B PHbESs iRy Tk 8bd A PsepPBl/¥canner 5, depending on whether the
robot is a front end robot 108 or the rear robot 109. The SA robot assembly 703
generally contains a articulated robot 710 and a blade assembly 706. The
articulated robot 710 is generally a 6-axis articulated robot which can be purchased
from Mitsubishi Electric Corporation, of Tokyo, Japan, Kawasaki Robotics (USA),
Inc., of Wixom, MI, and Staubli Corp. of Duncan, SC.
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714, in other enbodinments two or nore robots may be
affi xed to the sane slide assenbly. This configuration
wa@2ameneduce cost by reduci ng the nunber of rederEs1005/046877

parts and i nprove the precise notion of each of the

robots rel ative each other. Also, while Figure 16H

illustrates a dual blade articul ated robot nmounted to

the slide assenbly 714, the type of robot or nunber of
[BbAFFRefebrintplo F h?é‘qléé tie BadkidSsbhitly 206 ideRefaRRONMins a support

the 1 nvention. Figure 161 illustrates a
Zthend seebta;der@ssemlm 96 (@, Erasdirdrassembly 7 bk described above.

TR 0012 1blatnR 36 Bl Bl PR ShRIRRe Poih 0 that robot

edéi Tl liy & tiaade hspembis asbtaeididap and/ohiace a substrate in a
configuration the nmultiple bladed robot is adapted

rgm@ﬁssmg gharmiierdetained N 3USCPSHIRG rdsi N QHQ&mHO@'H@m the smg'e
 SHEATAEEE S E01 500 Bhat opldind pEpTFiago aggomblos 715
(set@r iteansd7 V5 A tamel 2hSICPEutinassoms of e pairandgratedg@nd described in
sequence. | n_one 3% ect, the cassettes and t hus pod
IOt Figuse, a distance "A' apart so that a

robot can access the substrates jn simlar positions
[0pR98HErPRE gTodimenty th ogk gRErObGh 08 oF the £83r whet 109 are a dual

5530558t 905 44 IR0 o gESLSEtbosd s win Figwres
Waad d¥40x-BbeThiy andigotatidmewdt akbow gresped ¢mnsteralfltbes substrates

hat h bl ad
Brihous tng preiamy iR Inggar e Jueua Bt GAQ ABHYStem reliability.

causing a collision with a second fi xed robot bl ade
[aﬁ%?%FIQP(%ﬂ el is @l isquetricrdewcef W@Peﬁ@entrpf@n@oveable articulated

fo gggé ."f‘fﬁgt'sgé‘m%@é 702 [Bhdih) ftﬂéﬂtnsda& e&{j kOWIE RGNS 'aﬁﬁ,lulated robot

0 access a p03|t|on I'n ower casset
ﬂwmm bedtdralatad anlepdsitiwredodladg tﬁe 1drigjth of entlester mrpl by use of

|on731 t hout collidi wi.th the [l 731 C. .

ke eshinBlvi g1, | IncPis,coahduiskig s aftuptgi crdot hase 713 is
Efictdd RASS abtubléy @s.s@’n"?olfl '7>Wdofttﬁetsh§e is8BRbly 34 fWeRA is adapted
720A-B of the support 720, and thus do not utilize

tar olove halB assamblyr70210 a desiead paditiannianthe ¢lugtengool by use of

r obot uat b

ETB Mandh P fie S et et 397 M Wig Sl P generaly
toNdR2lanFh@uars ab€émBly 711 c@iar (Maf slenisn)gribadi basd $16. The base
of a shuttle robot 110 that can be adapted to transfer

Bl supperis apdpeis 30 £2 assemBihE03 aﬂﬁ slide assemhly components to
tﬁr LOG6SERY Vﬁolr a%KS-colBP ﬁ&sérﬂf%rh%xe Igﬁfﬂl he Rdyagt %ﬁcﬁ&é@ the actuator
or use Su akKe

en transfterrin stra bet ween a

@ssmasly 7dRaarizbothie stide absdamblyheatwes &0 prévdDE genecsd particles from

wg, tgﬁzgyaeﬁ%Bthghp%gggsrsmg cham%ers) ar?cri] %rgve%rt] Idamageatnbtﬁese features
durlng maintenance of the cluster tool. The actuator assembly 717 may generally
contain an actuator 719 and a guiding mechanism 723 (elements 723A and 723B).
In one embodiment, as shown in Figure 16H, the actuator 719 is a direct drive linear
brushless servomotor, which through communication with the base component 719A
(e.g., secondary coil or “rotor” section) mounted on the base 716 and a slider 719B
(e.g., stator), is adapted to move the AR assembly 702 along the length of the slide

assembly 714. A direct drive linear brushless servomotor that may be purchased
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used in subsequent processing steps, for exanple,
bet ween t he post BARC bake step 512 and the post BARC
wa@bkiobloestep 514 and t he post photoresi st coat PERESEIEMGS77

522 and the post photoresist chill step 524. The

shuttle robot 110 is thus used to reduce the work | oad

on the various systemrobots, such as, the front end

robot 108, the central robot 107, and the rear robot

ﬂr@ﬁ) Barkhed! MINoRT of NE/oRS TRlle T PRASIE bP Aeropddier mcas&sfs Pittsburgh,
whi | e the ot her processing steps are conpleted on the

FPebpsylvania. [rOOBEB]ermhediments, Ahesacinaios ofx may be stepper motor or

e confi [ ich the s tle robo
s “Bae, L Rris el et e befllly esliBRolnd,dpbt  The guiding
ﬁfe%aﬁl%hngzehgnﬁ@medauqheafasl@en@andhmsbakt@ glwﬂmeaﬁd guide the
90 and a chill chanber 80. This configuration may _t

FbQiseel ibds vpeyed fadengthapeagthy obdke eliteniassembly 714 > The guide
cenk\ Wi‘%@rmg}/ Joeagqinggkggﬁ%%ﬁb slﬁaﬁ’s g'?)ﬁ%'éﬂ@\(érﬁbnal linear guide,

processfng rac own=in

MBEBO4re Welpkmewd #Bthesardn | sonetric view of one
configuration in which the shuttle robot 110 is used

{003d0) WsileE Fighivd StoHRiIRB tragssMaesing MO rabstjt AR etihtedr RCBES klide assembly
chanbers, such as between a bake chanber 90 and a

i in etherrmbedimerts swe it Mgie dpbeis may ha@ifined tpsthe same slide

BELUED: 8 0o RaA0,ELRBEE0, Bk BOPE Wbbog o recurcn

parts hadrimprove '@\lerp?eétée raotidrBofbedah ct’rtaatreboBE:Blhtlaecbach other. Also,
chil | _chamber cont ai ng i Q t he rea%é [ OCesSSi n
yal 5@

ack .
vihge Srgire ,1,§I-1:|||bxl§prgte@Da lAagesamicy reRah e to the slide
405bhb HM:'?IZ%BRJ rbb6PBF ALRBSr of bides! |§ ‘P\BY nﬁé‘ﬁ’ded to be limiting of

proces ing r 2 shown 1n Figure 4A. [00305] Figure
theCséapeanf the amwentioo. vi ew of t he backsi de of t he

adj acent processing chanbers shown in Figures 17A or
fodBomAiguine i 161 iillustradesl a oraslsesgctipnahbiedi okoheoémbbdiment of a robot

shuttle robot, 110. The shuttl.e robot 11 ene
BaWNgi the fquo!a@@eaﬁaatearmaﬁaorae i Pl 6 cubstritas positioned in

%5 B0 1 phdfle v%rﬁcyfﬁ-l'lgtétﬁ daﬁéé?fﬁﬂfesaﬁ&?”t?h Mhﬂszébnflguratlon the

general I y cont al ns ade actuator 112, a slidé
ardtiptd IbjadeBrabad is adeptsd wrpmb-tmsamr‘brsdrqngﬁ sUbstratsisopositioned in

el gasslf Bt B LR BICH LIRSS s GhBHE fHpstering process

{8k PorfbkRd & the Aagarforl the sfdof 1 adestidtd t?é‘rﬁifeﬂn‘is\g sequence.
used to attach the robot blade 111 to the robot bl ade

!an:puat pect Aheseasspiiananti s, Pathassemdlies @se spagedi s glistance “A”

Sﬁ s%)]tp'lﬁtug%b& prése%g {1 %gétré'to%saln %ﬂﬂuﬁmdsﬁ‘ﬁﬂ{s in.e: each cassette.

cuum chuck vvh a vac genera
Boune easpeot, v&ﬂ‘ewmt) leakboheldhsaettellfoig aitem dlDaA)gstrm reqwred various

BRI b OIS 731 de B Bl M NE6Y B094R Sadiicpelow one of the
b cab8Std LU low a robot that has a fixed blades to access a first cassette with
a first fixed robot blade without causing a collision with a second fixed robot blade
and a cluster tool wall 731C. Therefore, in one aspect a region 731B may be formed
to allow the first blade 711A to access a position in the lower cassette 106B while
allowing the lower blade 711B to enter the region 731B without colliding with the wall
731C. While Figure 16l illustrates a configuration where the robot blades 711A-B
are fixed to the support surfaces 720A-B of the support 720, and thus do not utilize a
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bl ade 111 so that the substrate can be transferred
from one processing chanber to another. In one
wendvemdsasent , t he robot bl ade actuator 112 is aPCEHIUS2005/046877

cylinder. In one enbodi ment, a linear actuator {e.g.,

i near brushl ess servo notor (not shown)) is nounted

bet ween the robot blade actuator 112 and the robot

bl ade 111, so that the robot blade 111 can be extended

@W‘P}radee'éﬁﬁj‘éi@r@éﬁ &her e dMheM8t h&ing rFSb@thB‘IB’@@re)ctl'jlé’(ors can be
l'ete the substrate transfer process wWth the |if

psseﬂswdhoot\ra;cymgdm the basistssope o) theiventien.i n t he

processi ng chanber. [00306] In one enbodi nent, the

€l Bheatite Roboty 113 is a |inear ball bearing slide that

gui des the shuttle robot 110 as it transfers the

PUSRY Fiuess heAVE dfustiate variowsismbodirasstis g a:bamluerrsbot 110 that can
The slide assenbly 113 generally contains a sh

msad%meolm%ﬂraméerr s4bstraeadeeMaana Bgiacend qfsambers in the various
@f&%ﬁ%ﬁga trﬁé—'t%el b@;&%;bb?h%r%eMrég%et&ﬁ%ﬁ?@bdsﬁ?x%%ﬂ& transferring

bot drive asse
subsitdtesv bhdteeenbat bake roasse rdhlaynbiet9(e.g., nibaie tdhamber 90, HMDS

é%%%é?é}%deqﬂl%@?s&ﬁeen tE \ég{)l oﬁ.‘f) gg Cesg\mglﬁmber 80 which are
%‘I”r? stibSequidif ﬂr@@@ésﬁ%'sY(ﬁJsa?féle@éérY\p@%étﬁeén RREtpBARC bake

ey ty esstem is used nove the robot along
stlee 5*@190& th ppthé\IHGjehaﬁemﬁng an3thel postrheotoresist coat bake step

SO SR o0 Aol QRFS T LKE 25 STRE ot Wkl 110 i s usea to

Reluicethé Witk |GadTBh Be ﬂtéﬁodsh@}stem ddary, edch @sdfhe\/ffﬂomr@d robot 108,
control the position of the robot. In one enbodi nent

theecenstad rohats10% apdihesieal soRAYOGith s aFPW'ﬁQéBPa%YéEPm robots to do
f?\cé?gﬂ (éq c%t 896%%@511 QAL e fegotrf% geﬁ)c?ﬁ‘tﬁ%e@ strates.

ack € po itiron o l'ero

é’%%]t:}gél 39?%5@31%%%@@ ? @ r?\%téeﬂ'ﬁ%gj %[qna@e\gﬁ’ %ﬁ?ﬁé ¥.huttle robot

il 0 gstuséd t&tﬁahﬁi@@rsdb&uaféseﬁétwfeﬁnvmtaMdjéctéﬁt psmy‘,eb@ng chambers,
pur chased from Danaher Mtion of Wod Dale, Illingis

sUchegp Hebyee kwp @ﬁkelcheﬁm%%ﬁo[m@@r'"ﬁfw n@Q\ This configuration
HLag n@hg %%O%se?ﬁﬁ?tmﬂd dgeél}éae 028 paRE ePLATRG é’ﬁ‘?ﬁmPﬁHéﬂ‘nber C1 and

h conjunction w't
bake obamesbBaiinting ﬁrsrbbehtn&l mbosssng rack 152 shgendn kigure 4B.
the integrated bake/chill chanmber 800 has three major

[Wo9sa3 FRjURG 1780k @nSisometridNigiv dfegieocorfiidiratiorcini wiich the shuttle robot
8|on 810 and a bake region 820, which are adapted to

0 forsed i Hrapeies sg%%f[féﬁé@e&m%%*%ﬁﬂ&?@nba@eﬁéknﬁ&@ambers such
%%%Nan dgobrakgh talnﬁ#?%eo?%l&g Sbglg%@gbefﬁ? $hRRorfiQuration may thus

be used between, for example, a bake chamber B1 and chill chamber C7 contained
in the front end processing rack 52 shown in Figure 4A, a PEB bake chamber PEB1
and chill chamber C3 contained in the rear processing rack 202 shown in Figure 4D,
or a HMDS process chamber P1 and chill chamber C1 contained in the front end

processing rack 52 shown in Figure 4A.

[00305] Figure 17C is an isometric view of the backside of the adjacent processing
chambers shown in Figures 17A or 17B which is intended to show an embodiment

of the shuttle robot 110. The shuttle robot 110 generally contains a robot blade 111
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post BARC chill step 514, post PEB chill step 542,

etc.) are perforned. The integrated bake/chill chanber
W@odomnsos4ront ain two or nore access ports 802 PCTMS2005/046877

shown in Figure 18A) in the enclosure 804, which are

adapted to allow an external robot (e.g., front end

robot 108, the central robot 107, etc. (not shown)) to

access the input region 830 and/or the chill region

s atshubile kot ftustoPRseEMbRLPSH ! 3 8RuttiENRLBN abRRASEassembly 120
804 generally contains an input station enclosure

gmesallyy contains a@neobiod iblade laetiater 3ddBaasligleaassarably 113 and a robot

G BSherB P ot e, 115 AR R el Sbsate retaining
&’ean‘bﬂrA 8Ad.a lag legiomet eBbOTheTBtﬁrSunthberelgWUﬂ 11B is an area of
ion 830 is used to receive a substrate

t@%t r@bﬁhbla@oéﬂ takis Hped 1o &diash BSoopst @éafsﬂ@r MWO&HG robot blade
G437 992 (585 Mo mtm%?”t f&b%u%@%étéﬁﬁ SXEDP Pr&’ay be adapted
e Lf as g

Vi ce, I ft or sone other sim
tdeamczes, atdmNenBOMaFHcedm ohatk, ovhieln m)attachadi to @bmﬁcuum generating
e in

d ff bst )
Eitce RovEniahin: haid o SoRst ki die s b RL T artgring process.
ﬂ?élfréwrtgadé %cﬁje\tei’ﬁ%qg'd HeGct nRasisClised 1B Asis€MMdYlower the robot

pi ck-up and drop off substrates fromthe lift
Wade 193630 [msm]suﬂsh@ateman bel tltanaf&:feed frarmone peedsisging chamber to

Sséegen@@% %Eiﬁf\‘%a” 25 lﬁ%ggﬁraﬁé |8fe§n Q@ yﬁhder In one

&Hbo@m&lt8§5llﬁé@tacﬁ0§toaqa@ eﬁnéa& Bidsﬁ!@s%h&arvbld'nbﬁﬁ (not shown)) is
bl ade 833 to pick-up retain and drop-of f substr

mpBrtecHastwaendhs f@bb%b'ﬁé?@%ﬁéﬁé? g ddeeirebet blﬁdﬁﬁé1 so that the
BBELPRREPT PERATRIoHBHS8 3rilr abrEI! il or g of p chamben

tbl admpiid thfﬁ bblestedte| tradsfer gretess avith dss diftb hins8 32 other substrate
cont ai ns eat exchangi.ng device 837 (Figure 18B)
ORAPINGdoAtre® &Y 1101 PIOGRRING CBATBR i t h ¢ he bl ade

recei ving surface 834 so thatthe tenperature of a

(903961 Inane pebiodiroaek the stide agsemblyr bERis A digean pab bearing slide that

é‘e&%ﬂ b&u& 8f 448 591 rll%lntsf‘e% t 8 Qﬂfst Hetwb8% the various
{HPRe s s

enperature o heat “exchang
pimnessﬂn@dhanﬁ)e@@nﬂ' heldlidd dsxsembdy m13 geherablqroamwins a shuttle 113A on

\@&%{jﬁl@ léélr? q I %th%%gr ﬂ/:i%ur 7 eeplaiﬁ!%)l% 18 i§,ysed to attach the

é(]ﬁﬁ‘ﬂe ‘i"féhl QhB Gty £6f frerobBy dH@e %swﬁbryai 1@k@sn<5w %he robot drive
evi ce an or enbedded heating el enents so that the

assepariat U2 tof move shestabat eblade b1 cletwesnl dhe \:anoolneprocessmg

éﬁeth t he heat exchangi ng device 837 may contain a
%] by Pty of fluid channels (not shown) that are

(8502 Incae-STbRGicRei A8 SgHA D) T BWenkEe . BRCRRRGAHYE B5Sembly 119 s
4 beithridPpdiledtybBasyatdh Auabh isT08e@ sl the robot along the length of the
slide assembly 113. In this configuration the robot drive assembly 119 will generally
contain two or more idler pulleys 116A-B, a belt 117 and a motor 115 that is adapted
to drive and control the position of the robot. In one embodiment, the motor 115 is a
DC servomotor with an integrated encoder so that the system controller 101 can
keep track of and control the position of the shuttle robot 110. In another

embodiment of the robot drive assembly 119, the belt and pulley type system is
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recei ving surface 834 nmay contain nmechani cal features

(not shown) to retain a substrate on the receiving
we0ba6s41 | N one aspect, the bl ade receivi ng seCcT/EHE®05/046877

834 may contain a plurality of vacuum ports (not

shown) that are connected to a vacuum source (not

shown) to retain the substrate and assure intinate

contact between the substrate and the bl ade receiving

r% fafcée%ﬁ?’é dn[egpaﬁ\}é I|EéM|%sﬂl%§s 'sb'r\ib?ﬁél%ﬁ'@ﬁ’at%ﬁy be furchased from

odi nent of led transfer arm assenbly

IbarmheItMMlczreef onhi IDaIechIMca@Le act uat or assenbly 839

simlar to the shuttle robot actuator assenbly 120
ledbsoraitéct B akiefOhill @hambenncti on with Figure 17C, which

is used to control the position of the chilled bl ade
[a6sveHigure3 38AI iustiantesforidembadiest pf @ﬁemsengtdcegaWShlll chamber

of the integrated bake/chill chanber 800. gm

84 éwatfraaycheausw iR cBBStiop Hth t“é?nvﬁ[!%%r%“%‘? imeats of the cluster

[

B8 o RE pE RGBS 8 ettty BICREIIF N e BOg IR e Tgjor processing
r’egumsnah |bpah rexfiom @30, aI dutbrregmp&b@ aof atbakernelgicaml820 which are
d:aans e% assenbl }é stem contrg | er ]1P11d
3ARlRd P RRIINEY BRIOCESS, Subhces HerEaYqripUsnRake method steps (e.g.,
;ﬁ%’t'B“mCalBé% stdpe5 D] PEBdst@basiﬁ) aétéqr@{d/oﬁaﬁméa rABthodl steps (e.g.,

e varl ous rocessi ng regli ons of the int egrate
mekeBAHo |chd|hatecpe61eomos1rr%lah¢hlll slepl A 8’3 age performed. The

B Viahelshl SFnfloe? P meT N R vETbY Bl GR8ERgohs g02 (wo

éHHvﬂg fref r@ﬁ'@ﬂ) Ghithé epbBRIsDAY 8680wWhRef grer ad@tbd to allow an external
igures 18A-B, the enclosure 804 contajns plurality

r@bObﬁ@gosfm@ end rehats! o dhe \gental sebaivl Q7he9t6h(r]qt es@own ) to access
aiﬂéu? ?e%&? é&{oﬁ%@é o? t{?ﬁ%‘ﬁh? Je(gt; ! egt %ﬁéﬁ}(c loYacfrbB b substrates.

ei1n

'Dﬂimr‘émjloﬁﬁ@ @O 3jeterditf eontaigs tan Mputr statibA, end:iesmiei'BmA, a chill
region 810 contains t

nb
AT Ao R UABL 8P e P SRR L ALEIOP SR e abare adapted to
églﬁafgé‘ﬁ'\ea\%qﬁﬂs eidn3cfGhé ||ﬂte%n"a%@8a§e/$9rll drenisargaes ur e

contal ns one or nore enhcl osure cut outs 806 to

g:lcog nttﬂfe 8?‘@0@‘9%@;?}‘{@ rf‘#ut %ngs il e %?v\??e L(%et“ﬁe a substrate from

araréxterhaprobets si Trege nagmtoreaglorﬁ 33 is rgergrallyechn enclosed region that
bake/ chil | chanber 800. [0031 3 The ke rggéon 82
GRIYaIRs i sHbSIEAP QchaReingdiRYite Sisdfe other similar

é’%mé"% |§ (fh‘éﬁ?éd ARG an Kol ?bbDoEEb H@("ﬁg‘ﬁbr 4rfp-8% a substrate in

ustr at d described in reference to Figures
theBnmgranedobw@isté@thambetrr&m;ar(berlegutaregs@m 830nis also configured to

050 3P T RS e B FRARPHIS S8 rom e

lift pins 836.

[00310] The chilled transfer arm assembly 832 generally contains a chilled blade 833
that has a blade receiving surface 834 and a plurality of cut-outs 835 that are
adapted to allow the chilled blade 833 to pick-up, retain and drop-off substrates from
the various substrate exchanging devices in the various processing regions of the
integrated bake/chill chamber 800. In one embodiment, the chilled blade 833 of the
chilled transfer arm assembly 832 contains a heat exchanging device 837 (Figure

18B) that is in thermal communication with the blade receiving surface 834 so that
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assenbly 832 to transfer a substrate between the
vari ous processing regions of the integrated

whaehedsil | chanber 800. [00314] When the i nt eBCBRUSINNG/046877
bake/ chill chanber 800 is in use, an external robot
delivers the substrate to the lift pins 836 of the
i nput region 830 through an access port 802. The
chilled blade 833, which is positioned below the Iift

e eniRbaturd o0 aMRIBHaKEpbsifiGhéd ohqhé Wréc@ﬁnn% surface 834 can be
substrate fromthe lift pins 836 and positions the

tamearatire eonttdiiedbl d@necaspedtndhe demperatgpy of the heat exchanging

hi.ll | ad h to t [ : ,
Rupe s mpn e gortnd 20RuERE Y et 66 4 80T LERLE Sofifiing device
BBSIQF@mé $8Bhehak e eefintuhiCadnswith fisd s?st@ﬁk@orﬁ!f@lleesis‘ﬂ The heat
can be perfornmed on the substrate. After the bake

9*@!%‘@@91dgv'ﬁé&$7pfé1|aﬁ/d?€hédh9H’@alc%'PPﬂ”éode‘eﬁjéné/@él gskgdded heating
%lr fieSe p%'l%ﬁJ? f’ﬂheesu (8 c%?ugae EG&?&fe%r S’In one aspect,

e su toa's e exchanging device In
th lhéatreaghanglii@;@iev&mBSmEmny&)drita;mtdﬂplucdhty bf ﬂmglablanaé[s (not shown)

Af f
et handesl gy cher Lol BIAcR: 805, dhrbiara: gonligagnto allow a
fé?ﬁpé}%ﬁﬁésc&ﬂgéue%o%egv é*%ﬁaﬁ%mghﬁmaxkﬁrfw tﬁé’r*é‘i’r‘iroubﬁ The blade

one aspect ter the chil cess has been perforned
teveivitg |duefdch| &3k 833 qoptainemethanisab&atutes {nadnshawn) to retain a

Sy 58 80 HABEE 25 B PRI g suriace o3
ARy dhtaif\plLARP B vat IR ﬁd'm@ abt showegihan ai’el@omﬁedred@o a vacuum
avai l able to conplete a ch rocess on a ne

seurser(apkshewnoto retta1a|th@wybtstf@ N agaurer Iﬁbmat¢ gontact between the
osition that it
glétg }s%q? 35% tﬁ%%ﬁéc{?ge?:g[\/r?@s@@%crez ed gcanner/ St eppe:r

{obihaFiadie 88 fhaee b priigThnBlal i Emlpd fhlifor 8 assemby

88Y eRAl Qiized ABhilBd dI&de ScRiatdOasserAbyBIB samﬂémd fHe shuttle robot
tool 10A and a stepper/scanner 5A. Inthis

aciatqyuasasndly o 20edeseribask abgee (n cenjunstigReapith figure 17C, which is
g eppe? Htrg‘bt%epis,&li anéP rfwece)aq tled ’Bldd%t ggge%&g é:&t i an\hggthe various

scanner per scanner-is det

bgdwlss:hg rdgmsebfh tl@@lintb@ﬁateama(amn|cgwmgroaoma30aa will note, for
advant age over the r art since the throughput of
?ﬁétst%apﬁS’é‘?/ e iy hiimbsrs oh the, SPMMARSOFRRIEALS Ls8H in the chilled

g% el 6tBHg£pé’§se?r§bl§/ had %ﬂekslﬁ}{% &8bbY B%t@t%h@ée%@@' 120 have not

di cating one stepper/scanner to a sin
beat Ichaygedzmlrvvasewp'ehteoétl‘@pqzmﬂeds transfer’ asmemrsbly 832, the system

Sorpali 0 45 RS Yopd i TR My Bnd G Rr Tl e chitied biade

sbddrBbi! 832 & ahy lof 2h& Y atibas [PreESSshsd %?laﬁé of the mtegrated bake/chill
erform n& t he exposure process by ormin
n

gln@rpbgaao d herhil blapg@&aqusmosgtqudgnmq;e]o? Behilled blade actuator
5&&9‘98&// 8585 which is mounted one or more surfaces of the integrated

bake/chill chamber 800. Referring to Figures 18A-B, the enclosure 804 contains a
plurality of enclosure cut-outs 806, which allow the chilled blade 833 to transfer a
substrate between the various processing regions of the integrated bake/chill
chamber 800.
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[00316] In one enbodi nent, as shown in Figure 19A, the

cluster tool 10A may contain the front end nodul e 50,
w@2mensa3al nodul e 150, and a rear nodul e 200 aBCT/US2005/046877

illustrated and descri bed above in relation to Figures

1B. In this configuration, the cluster tool 10A is not

integrated with the stepper/scanner and thus the rear

robot 109 (shown in Figure 2E) has been renpved from

[tob:?lzf RéferARg ¥ &i 19A s e cRllSfegittf 81 @ BrRaiRY Th€MBhIll chamber 80
conplexity. In other embodiments, the cluster tool 10A

p@mntanlmsiraded Rededascibagdn referenase tas Eiguge JRAnblY gne aspect of

%%Sémﬁ (BBEG. Wle' FRISste 04 BB GG df B Bhclosure cut-outs

806 ftd GA! e chiledstramsfer /a$maa§§ém5lr9r 882 |t09‘a6|¢ifaaé|the transfer of a
contain one or nore PEB chanbers 5C and one or nor

syhstiate esiwees B (vasious; PEIROSSINGo£9IPBE (Ol oy dntegrated bake/chil
&ﬁérﬁg A)). The nunber of PEB chanbers and chill

chanbers that are required is dependent on the

BPERLERP R BREIcR o2 EnBLEBRIH BREFIRE cdfMpPEnt & @ bake chamber

90,39MDS: ptdtesPiERapi b Tey, ®r E,\CPchtlrramtséMdo ad dlbeatdobBand described
may act as an i nput stage and/or an outg st age of
'f‘h’@f%f?@%é‘? FiguandPB-Dsdniane asrashof the Bake regigp §20, the enclosure

ﬁés c%nfée“@% 8%rb} ngﬁ(abgur%' &h\t’ﬁrt@%@Grt@t%@% (ﬂ%aacr;r}‘glrzlzerd transfer arm

tra n one e ment e the
@emblamttedrarcsf@roa lsubstrateapetweeal the harisub sroeassing regions of the

d tt PEB chamb b
'i(nrﬁe%{é&t%%e?ﬁf %"ﬁ'@% fégéltser/s\c/:\gnner |Cnat hgr;orsrﬂll o(rers
5B and 5C, not shown in Figure 19A. In one enbodi nent,
iRpaatWhes theg intagrated %q/ ilh ehamRert 809 d8 HAcWse af external robot
S%R) rr{)g b §Hl9§tte{t@t18 ﬂ('rg?ﬁ 63&Q\48)rn?r?tn eﬁrcﬁf‘%@"ﬁﬁrough an access
scanner b.

rated t st eppe
& BDZ] FthLumlletBBlardlel 8&3 r\ahreb iereositivnedi below tife lift pins 836, then

DOUBS VORRAINS TR AT URBIGREn PO S 1P aad gosiions the

étﬂﬁtral@ﬁnatﬂ@ B G PEEdiviRg HiPfaceB34. | vRé fcﬁtll%@ BIAE 18388 then moved
n this enpbodi nent, the processing sequence can

meth'emane fegian 82O amareshe mnepabla@e 8BRcderiosis dhne substrate and then

B0 taeb BB R R SPGB Bas 3R H R LR Fn e substate
AREr i@ GRK8| ﬁ@cshsmscba@hep@@brhﬁrdorm lzkilled blade 834 picks up the
transferred to the stepper/scanner tool which ma

suhatie: framy dhoy Bakebedian <540.0 HiApsieTsOte SUDsIrale daRe substrate
rg)gd?]talnﬁ rfggdg\é(?%frrﬁth%(’(ﬂ{rl reqiot ?ﬁbggﬁ{l ﬁpﬁrﬁé%gszlgﬁemﬁ %{Aﬁ?mo After a
@hwpmmsétamhmn barkern%cﬁﬂhé%ﬁbsﬁaﬂeostrerphaedrfm the chill region 810
@?@L& g%?egggééap?ﬁ gg)gt q!)rzﬁlﬁg&qqge be(?(?edrngFro Vo?.l I&%%Rgspect, after the
chill process has been performed the chilled blade 833 removes the substrate from
the chill region 810 and deposits the substrate on the lift pins 836 in the input region.
This configuration may be advantageous since the chill region 810 is made available
to complete a chill process on a new substrate and/or it allows the external robot to

pickup the substrate from the same position that it deposited the substrate.
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step 508B. The pod of substrates is then renoved from

the cluster tool 10A and placed on the stepper/scanner
wh20s06W3mat t he stepper scanner can perform i t BCT/US2005/046877

processi ng steps which may include: a renove substrate

from pod 508A step, an exposure step 538, a post

exposure bake (PEB) step 540, a post PEB chill step

542, and a place in pod step 508B. The pod of

%@@a Scatinkr/Steppé EWHERE Br ORIstEET 5 bECBAlIGHEAIOE

e cluster tool phase 2 steps can be

pﬁﬁa VyigiaC h|élgﬁ’¥tésn5| Mgﬁ vnéwpbfi‘bﬁe' ?nﬂ%@né@tﬁ'&oﬂ@ invention in

op step ost devel op step 554 and
whpha&elusﬁerpmol soeqanﬁosazlustﬁr maidrOPeabdoa mﬂpsr/scamer 5A. In this

SR o S R d A AR s 1000 i

|ﬁfb’g¢a@de|ﬂ&> H%fe&@e.m@ah@egAl APt Sleppef sSh@feMs [didadhed from the
varying fromthe basic scope of the invention. Oval

@ystteé fedotIA. ngfm p@nflgtvggqg]hasu Yuegyantpgepoyer thetprigreart since the

! t t rg Ié? COHSH qﬂjnes} réeﬂe%'a?\r}hél?ﬁroughput of
tg? é‘ﬁ %‘h%lggg é a| ne@él N Ne VEY

PEORESIS ispStenf ey sa cﬂmetddll &mg@unes d%détlhg one steppdtr/scanner to a
end processing rack 52, the first central processi n%
$'aﬁ|@ tagk systern) wasies the stepnesiscaaners EXPRSTLUNOUGI aApacity. This

SHfbpBfer dIBRASE R ErBeReraTRL 16 Sehibe Mtble fack stems while
a:lbarsit&bmzmg thén photdnesistoaftergsarfamind the erposige process by performing
ositions Ln_a proces . diff |t f
FREh 3o oo 3eRE 521 EBol 68T b e
greater armextension to fullyutilize all of
[gg:glle] lane gr@g@glmqfﬁ, as '§hgwpérpn '@"831;99,90 itae p&pster tool 10A may contain

lﬂ'éqggrﬁ@ltd' r‘ﬁoﬁ@@ﬁ) teh@ ral‘?ﬁbéul@ﬁ (?OC ‘élntathag%(ﬁr‘m%lﬁeaéf'@ as illustrated

used since t reach stance
and dascridedpabone inTiedatpmotol légut&scblﬁesln rthisecqnfignatiooe the cluster tool

R SR e R e B 0 i
Pﬁ%h?&f‘@@} HaSSHEEIE Perhb0sR tideh NP PbaC RiYdRle 200MoC/EPEsst and reduce

is"out of the reach of the robot cannot be
systervseamplaxity helrpodhers smigdinentshdhg hgluster Joake 10Asegy contain a

ﬂ@éregli-t B efsf uogﬁogé%%@f %Hﬁgkgg gﬂé%g /p?&égbl@q ractks without deviating

REPaRs Uabﬁﬁﬁ:dp@&ﬂhﬁé&we‘hﬂbﬁh i ncreases the cost and
footprint of the tool. [00320] In one enbodi nent, as

ﬁbﬁwm' this DrfigurEdn e §lép®@ﬂ'§bér¥r%r05AeWﬂIagbﬁéra'll?yc&ﬂain one or
used to allow robot to access the process chanbers

mere FEPaghaabesnsE aadeenaaar anie chilbgharabensdiB ihelterd80 described

S LBATIH B B BB i bbmpers ot are
tcly@irpt as efpebldanbensthel tabmigithut need of the stepper/scanner 5A and the

processing time in the PEB and chill chambers. In practice the PEB chambers 5C

and/or chill chamber 5B may act as an input stage and/or an output stage of the

stepper/scanners, so the stepper/scanner robot (not shown) has a place to pickup

and return substrates. In one embodiment, where the PEB chamber 5C is adapted

to both heat and cool the substrate (described above), at least two PEB chambers

may be integrated into the stepper/scanner in the positions 5B and 5C, not shown in

Figure 19A. In one embodiment, where the PEB chamber 5C is adapted to both
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PML -12) that are in a hem spherical shape. In this
configuration the top-nbst and bottom nost stations in
wo bmeoesmer stacks can be noved in toward the BPENUSI008046877

the track, further reducing the distance the robot
needs to nove to service them In this case, the
corner stacks are cascaded in a staircase pattern from
center to top and fromcenter to bottom The result is
héatart 98 thersubshate etanbé’é%bb@é‘)C %nfﬁ@n@@l&@@ﬁa@ﬁdr is integrated
the reduced reach distances will |ower the robot
intmthe stgppéenssanned®321] Fi gure 2CB illustrates an
i sonetric view of one enbodi ment of a plurality of
[oe3ts] Eigure moﬂubtmtesewm regniddimsat sof( Inedtbbeé dsteps 504 containing
18) are arranged about a .cent oi nt of the.roba

{aTlasi GrgcRoq yeCieratebs it GaY e BRed i Sonkiouhe aglb the cluster tool
i@ﬁ? anherd épgiﬂr/s\é@ﬁketafsﬁalll%ﬁéﬂe@eﬁ\ %Lﬂeﬁ'r@\(' SIn this embodiment, the
articul at r obot bringing the "corner" stacks
p,rroosemng@aqmencemaerb@fsphthetq tuee distinet pgrishthe elastestool phase 1,

R, 2hBPelScHne BbeBRgand 18 sdisten Bl P8RS TaB 5l tool phase 1

iRcthdeBdaR B} fHee phodetethd @tépy Gomplatad| béfors Wisg qednsferred to the
partial spherical or hem spherical orientation of th

@iﬁ@@@gwaf@eéﬁgwb\@h@hguay mﬁmehga fqmov%gebstﬁierfm@@d "508A step, a
BAACISLARES 511 & DA JBY B0 £BbY BRACENiN step 514, a
tTans trnme

proceSS|ng reduce t

%Ig@t?wstmomesep 8%(% gdil@g‘p&pbot@&rzmsltwdmmlkemsﬁ @2, a post photoresist
nf i gurat| on i gur.es ustr .

bt Saftoani GRIRAT 40¢ REBE TagINA! [IBPFIF R AoR, aada place in pod

2 Et SRES rﬂﬁohﬁdtd?astub%frﬁté‘so@ffhgwr%%d\)'édafrgﬁlr M 8luster tool 10A and

cessing configuration ar ound t he various pr ocessi ng
placéd ao thaasteppedsianaer A ces $hatgthee gleppee scannpe can perform its

d. | nbodi h ||
BieeRain-atpB U Sk Melieks ¢ onopte (hbaffeid; 4B 34 BbeA step, an
Kb sEdpPBB8 | pEhtBNpRsdrel Bakd (PR 54D, \aqudst@ﬁs chill step 542,

(hereafter defined as the z-directi ong! and paral |
8

and ecplasadntretheleps808Be The p@dsafpﬁt@@ tasngrecHigRp@moved from the
§PBRDEArey S SBIRSERE! QBRI PSS Ay b Compieted wich

eeyfingudet a fplade&ntﬂw 508A step, afdé\lw)pr sﬂ@@tSSO ra pdwst develop chill step
central region 425 breaks or is tak 0

3%4 \And Agplase iRyRadefiePanV8R; | In em.erm@%%%c@gssequence of the
ﬁ'%kﬂ% Ryt 0
advant agggoéf&t h| %B%gupgyy’gﬁé%g Pﬁg @Fﬁé’%ﬁétgp%rﬁ%ay be removed,

aptiud ar reorehsteps troaye bal dambinetidntosaersingle sterf ithoet varying from the
unber of P ocessi ng chambers, processing racks, and

5‘?‘%‘85’9@??@ '5‘%’9”‘."8@. red to meet the throughput

needs of the user. [00324] Figure 2 1A is an isonetric

Qual,SystamGonfiguration o enbodi ment of the cl uster

[00319] Figures 20A-B illustrate another embodiment of the cluster tool 10 in which
the processing chambers contained in the various processing racks, shown in
Figures 4A-K (e.g., front end processing rack 52, the first central processing rack
152, etc.), are not oriented in a linear fashion but are arranged around a common
central point in the system. One drawback of the linear orientation of the chambers
is that the top-most and bottom-most positions in a processing rack can be difficult
for the robot to reach or requires a larger robot with greater arm extension to fully
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tool 10 which contains three robots that are adapted

to access the various process chanbers that are
waet@meked4vertically in a first processing rackrpdB0SBENE046877

a second processing rack 480. A stepper/scanner 5

which is typically attached to the rear region 445 is

not shown in Figure 2 1A. [00325] Figures 2 1B-C are

pl an and side views of the enbodi nent of the cluster

Jtified ailQ)fWWalldblé;bﬁﬂéé’ i“hibAproBIéBHi@és;?edélfpr@b%matlc where the 6-

intended to illustrate sone of the various ‘robot and

i edioslathd rbbetscaiel Uged aincentbeirhgachey limtagsieyl the, distance from a

c%gﬂl‘ay g%\g? i Qrﬂgfegﬁ ﬁg?é&%g dﬁgl%t BrolnBrJf] %é Hv&eé? Ithe chamber is at the

6P inall 4t tﬁefefr@m}f @nﬂeamgaﬁan@ rack SiABé tigésd @Imrﬂbe%e the farthest
and a rear region 445. The ont end region 405

digtaeeafrom élawrabwsc@ﬁer orAer@*éarpBar thad deiaut ©f thegeaghy of the robot
RobEPEb Bga£8 L 00 cHAErRTAEE HERIA R IBrEo PRSI S o be uly

utitized.cadaet msbléﬁﬁ tlmhsatnemysmwaaddmorealochambers and/or robots to
substrat es fers, that are to proce [
SRBSE RSB aHbRerS: phor pciaasbedns Fagt i e B f9pl

contains a first central robot 420, a second central
[pesBatin /e embodiment @st shawn #hEigwaR0A, 3n ajemative orientation may

A Q&P S@ﬂ)v& Aot 16 G cRBSk @espg@eags BRAGBRR @ﬂ.cfharﬁg %%%é)ns.dered an

processing rac a secon proce
ovat khdi® oc hetrdspherizal shspe. OE egise QQAahammeesne(ve og an oval cluster tool
co gt er/ deveL%{)er cha 60, bake chanber

AHEtiogoWhets: 2 rqb,% 1% aBIR, R SGCPBS 5@? fpép?l"?sisn g#\amber s (labeled
P’r@lﬁ'@g%haf 8REFSh %n%*s?_ﬁénéé?%pbn I'hhf?nssb'gﬁﬁ%lﬁhﬁon the top-most and

processi ng sequence front end robot
kenditann -eub st @tatmssﬁ dhe soisen staelss ban eemosed & teward the center of the

nounted in asse

R bbtherde Ryt 45 BTRMR, HETIcRRY phff B ee, Redvigg grom. in tis
Rlsed tfee6Mbr @tétﬂ@wen@asro&@&détﬁch btancasd waRetd frohd @8fiter to top and
end reg%on 405. [00326] The first central robot 420

frare ceatarie beant aT he spit 83bat asmallse rebqt withcless reach can be used

arnQPtWe red0c8d ?eﬁﬁiuacﬂét‘éaﬂc%_g will Adrehe 55 tﬂaﬁqﬁﬁgﬁlﬂmééqe

varl ous processi ng ers contal ne

BTSSR 55H e A LATR BLRRESFBRghSt gy = prratty of

viesticligpsegbddd pfrdicﬁi?s%frfg cﬁlahﬁ:tdr@t(%é)@dl weien -1g8)eafd lastanged about a
processi ng rack and the second processing rack

cester P@DBQ?]‘h@éP'é@tr (lﬂ@elea i1 gurfdis capfigyratiem dakgs,adyantage of the

C, [ t R “ ’
Fhel P PRI Bl S 6280 Gl aRE o887 ohbrnging fhe “oomer
snaidcsedea;efrgorthe iceAtsd of nlmenrack Jraakingahemseatier fer the rablokto reach.
first side 471 , as shown. In another aspect, the

(669118 drRNhEPéct! Sibile HFBniion, athapt@digueatigeliastried in Figures 20A
processi ng chanbers in the first

and 20B are merged to form a complete spherical, partial spherical or hemispherical
orientation of the processing chambers surrounding the robot to reduce the distance

the robot needs to move to service the processing chambers and reduce the transfer

time between processing chambers.
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processing rack 460 from at | east one side, and the

second processing rack 480 from at | east one side,
we2@s/0643me second side 472 of the first procesBCTySI008646877

and the first side 473 of the second processing rack

480. In one aspect, the third central robot 450 is

adapted to access the processing chanbers in the

second processing rack 480 from at | east one side,

Gaﬂtrly ﬁ&@oﬁﬂé&i@ ébﬂﬁgﬁ?é‘taoﬁs shown. In one aspect,
'rst processing rack 460,

7 .
RO 70,05t SRSl 0 s
rmntipléheokzds tmat @k donfigdreat int & easaltsd pdogrssies somfiguratidn around the

VSRS GRoRPSSIaA rekeass Al Aadted BlAcERs Baasuieggp o be performed.

IﬁaBHeoémbBQmYéHt' WS parans ﬁ%@’@in‘geéoﬁﬁglﬁ'&tlorﬁ'dfcﬁ'ttams three robots
central robot 420, second central “robot” 430, third

(lemsr 4ROy 4B6t amdse%o sbownsin Figusee2 thbtheiteve inheertical (hereafter

Al 80 7 ety ol dindcPlfe 10 et Bk Wiy processing

sHranbersetamed rethd procbesihy ratka aloggths pardlfed direction. One
and a second processing rack 480 that abut the rear

qdgindage 96 thisasysteme pRaiguation ds tlgat[ bomwopf theupkots impthe central
ﬂelgkdfrc‘ WhBLSR AR %rjg dé{k@ﬂv R vﬁfgﬁﬁ*adg% s?%tgh? i%raé'tgtﬁlt continue to

prrocessing rack as vi ewe
Process ssutgstratek yEitg Winel eotis¢artdiongolbotst heAabthercbdmage of this

"Eﬁo"t ;Qr&?q{t@%%g% ?lgﬁlg%nanabm regrcgngqh?éj Sqq\’]\“@é }hq. g@er %o conflgure the
RirRBER 8 Bﬂ)c'égglhlgﬁtff%n% s, E?d?%rsgingyra‘é%‘téﬁ@ p%k%s%fnd%tﬁ)ts required

coater devel ope ers 60, oné or nmore chil

tolragekths tBhughpet oeedmotethbaj&erchanbers 90, one or npbre

OEBR chanbers 62, one or nore PEB chanbers 130, one or

[tmtrze] Bigpeoft Ads ambisomebic vievditat itustrates aorembiMiiBient of the cluster

C ?%nglggpthgrp% egglrlr% gtlfsa E% Eégggglﬁ&%\gnwl gc&%%%g v2arious process

I I4a:
S g0 B s 0 r 0 o

rakessihgrbek 890 Al sleppeds&Inrd@yr, 5 gvmchEBtmcaaib'ea@aqlw to the rear
| abel ed. PEBL - 6) . t hambers 62 (1 abel ed 62
ﬁb‘?‘b‘l"?gf&” nﬁﬂ%"‘iﬂ@cﬂw%r%gﬁﬁ?rge?s %S(Iabél od PI. 6). :

RZSi BufRs 3] 51 87 plasn o FBlec e ' e e oy oL gy cluster tool

Y‘@‘%OWW%QEJ?@ SEK ONHigtr&F €9-00afAiteASEd WH ill§strate some of the
standi ng on the side closest to the third central

vartoots 0Ot andproeess ehambeoceorfigiratipns thatangy &asusasbimnconjunction
ggfp]gf}'%e{" od?m%A\.Cin tﬁ%ecéng‘éﬂpé{ JN (&S %&éteptorozf“ib Wi ﬁ%eW'e ellly contain a
front end region 405, a central region 425 and a rear region 445. The front end
region 405 generally contains one or more pod assemblies 105 and a front end
robot 410. The one or more pod assemblies 105, or FOUPs, are generally adapted
to accept one or more cassettes 106 that may contain one or more substrates “W”,
or wafers, that are to be processed in the cluster tool 10. The central region 425
generally contains a first central robot 420, a second central robot 430, a third
central robot 440, a first processing rack 460 and a second processing rack 480.
The first processing rack 460 and a second processing rack 480 contain various
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contain one or nore coater/devel oper chanbers 60, one

or nore chill chanbers 80, one or nore bake chanbers
wO@oepess4Dr nore OEBR chanbers 62, one or nor eP®EBS2005/046877

chanbers 130, one or nore support chanbers 65, and/or

one or nore HVMDS chanmbers 70. In one enbodi nent, as

shown in Figure 2 1E, the second processing rack 480

contai ns four coater/devel oper chanbers 60 (I abel ed

&@éeé@in?t%b(erfso(‘ér g.Clbhlerd2Blper Banidatsd, ashke chamber 90, chill
1- 24 wel ve bake Thanbers 90 (| abel ed B1-12), six

eEBnbendBeets.) 16at Freasisnied nEBerfeym ahelveriogs preagssing steps found in

BRSTURUR Bran S tdtiepe Sy DB hoddBo8l 4 1FRed to wanster

$tidigd betveenld\chssdtte ﬁ\@hntdﬂ Bl pad tagsbmbly M0% iand tAs one or more
to the scope of the invention, but are intended to

pnopa§$mat0é1amh~,eream mﬁjé'f%r%@%ﬁﬁ‘ﬁm& gacks 46001 p\aagengprocessing rack
h

VSO el i feglth A8 LDE BroBeps 19 STEPS

@F%&f@ﬁglﬂ ttlj:%?\”é {CH’ ét?ﬁt h ogﬁscegﬁe‘é}l éﬂ?é\}? 0 arﬁd the third central

idblot D2k e atlBptedoty’ BansféAsbibstfaesn®@t thedvaiicus pﬁ&%%smg chambers
510, 550 and 508B encl osed in the box | abeled "A" ar

ewtaineddnihetfifst prosaseing ragk d60.An! th%sw%mﬁﬁiﬁatrack 480. In
6*‘& %@%ﬂ HeBe dg‘clilnf]gj t%réﬁ@nmb%tt & 1 ads {%tdefq(trilgafer substrates

nount e rst processing rac

bét&teeakthéélrd;th:&oéewmg equk 460and thDSecdref procesging sack 480.
Figures 2 1B, 2 1D and 2 1F, the front end robot 410

[063EYREfRring b6 Figire 41R)Mhaorikodspesd @fhhy idntiendhel fasesentral robot
the substrate in one of the coater chanbers 60A

420bis adapted teracoessithe triecqssing chambessimigier sk prgessing rack 460
a t St 0

KAREREICRST oROOBLTBY B AR AR, L S Sy aspect e

sycpheissanteal rrabat Mmadaﬂnedstecamésgnm psecasgingactkarBers in the first

t hat abuts hef ont end region 405. this .

RiveeaP RErAck 480 fraTkeblpast es%léenayd ﬁp§eéi°é‘81 prpcgssing rack 480
|

At s, BV e g r v

finst silebdd@B mérthe secongdrpoesssing rackard8Per ni e @@D@Gtr dbeghird central

EREEILRATE T I e p—

ek B ﬂﬁ@mfatfléést@iéw@é é.gbake é@@or@cﬂdldbhﬁ@ %@;mewn In one aspect,
central robot 430 and the chanbers contained in

thier finst pmcézs},.qﬁghe diext progessing 4ask SO, é'h%@@Pﬁ%‘ﬁtS'dQ Aé2 of the first
Bl%&?g? 60%@1}’??“ %Q%W?chtt%%ggggf%@egéﬁﬁg 1%@( 480 and the

@éubrfdlﬁde ekmrmf the aeesnd mo¢mhg4&a:ks¢8(1 aat alaabgriabhbng a direction
parallel to the horizontal motion assembly 490 (described below) of each of the
various robot assemblies (i.e., first central robot 420, second central robot 430, third

central robot 450).

[00328] In one embodiment, the rear region 445 contains a rear robot 440 which is
adapted to transfer substrates between the processing chambers retained in the first
processing racks 460 and a second processing rack 480 that abut the rear region

445 and a stepper/scanner 5.
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chanbers in these racks can be used as required to

neet the process sequence requirenents. [00334] In one
weniwedessent , t he process of transferring substPEL/ES2005/046877

bet ween the processing steps 536 through 550, which

are enclosed in the box labeled "C', are conpl eted

using the rear robot 450. In one enbodi nent, the OEBR

step 536 is conpleted in a OEBR chamber 62 nounted in

[*ob@Qi Fig&ke PA 90m§§t'rélﬁs r2§ieMNibwt dfadne Bribodirient 6Rthe first processing
gl on~445. Referring to Fi %ures 2 1B and 2 1D, the

r4600a9 vieysal wban\fe@mg the st RroeesgingrapeAE MWBstanding on the

6 C e r/

e e BT BB 44T AT ISP REERY Wit ho views
Sy e Frgy:réah@m)(posmenrst processinglrack 480 wmﬂgehe@@ contain one or
renoves the substrate from stepper/scanner 5 and

MO £9aterileygloper ghambers 69, one; premoEs coHbGpaipgers 80, one or more
4%%6%}?&"{155%196 GRETRIrRGE Oﬁéﬁ%héhﬁ%&; BFogggarqﬂoF@PEB chambers

€ 'second processing rac I'n one
t3haniensntnore bepporbckambefs 65,aared/er onegr sndysthilD&schambers 70. In

BT Gt & eV 2 21 AL B, B 400 comain
éi;hf‘@oéfé‘?/o%%fag@r RS r@ﬁ@hbéfé@ @[ﬁ S)heéléllﬂleéﬁ éHPhambers 80

and thechanbers contained in the second
(alaied T hd 8), aellght'r@@kelchmbﬁrhe% dlabetidrErit8), tsie P&l ehambers 130

Eubd efPR), Gl R, alfifite 2 pBRBLSRI Moy sixoMDS process

@{ujnbél@ Eeaapslegrocepsi ng rack 480 so that avail able
chanbers in these racks can be used as required to

[gBﬁO]Fl @ré’r@P@Sﬁiu%ﬁ%nﬁesfo%QWIé\@”Bﬂtcﬁ'ne [Ss@iment of the second
eferrifng to Figures 2 1B, and 2 1F, after

RroepsEing rrgck H@Opasaa@wdswbpn Haangﬁbefsmndemwm rack 480 while

%tgogfnggﬁ} "e[ﬁqn%ﬁ%% thesgoe% hg@% r%gg%%‘iﬁbp%gg éhl.ﬁqu" coincide with

Hebibwatshowh int BiguRsP2EAIT.e Thedsasielilogeddihg ré@l@'&%@]wnl generally
glygure 2 1Gillustrates an enbodi nent of a ro

aifpPre gr more m@t&rﬁ%pvs@p@a&b@weﬁ@ﬁougeeﬁ nﬂW@ ghilbghambers 80,

530 840t 0L 50T O Gy 257 mors e
¢Heembesr 180b@8e45ﬂ m%r’eesumhxm cﬁ%alsrmbyG& and/germvealor ynore HMDS
SO BLLad JRBSL e iere, sSgbLY 18, & N0 LEOals rocessing
AR 4801 8ohialHl fdﬂﬁ%‘%‘é@rﬁé‘éﬁﬁi@'dﬁaﬂ%rg%@?ﬂé‘ﬁéléd CD1-4), twenty four

contai ns a conventional selectively conpliant
chill ichahdhiars G(bﬂabeladn@(QGARNyelv@H;mkec@mrabensn@Ot (labeled B1-12), six

bgge&endgertsl ¥ad ﬂabel%ldl [9@!3? Eﬁrarﬁsd/ bt gIX ssuppopl chambers 65 (labeled S1-
6).

[00331] The orientation, positioning and number of process chambers shown in the
Figures 21A-E are not intended to be limiting as to the scope of the invention, but

are intended to illustrate the various embodiments of the invention.

[00332] Figure 21F illustrates the processing steps which each of the cluster tool

robots will service in the completion of the method steps 501, shown in Figure 3A,

using the cluster tool configuration illustrated in Figures 21A-D. The method steps

508A, 510, 550 and 508B enclosed in the box labeled “A” are serviced by the front
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anot her enbodi mrent, as shown in Figure 2 1H a single
bl ade type robot hardware assenbly 485 is used to
WO ea@n®é®sn1 substrates. A dual bl ade robot may bBCT/US2005/046877
advant ageous, for exanple, where the robot has to
renmove a substrate from a processing chanber prior to
pl aci ng the next substrate in the sane processing
chanber. An exenplary dual bl aded robot nay be
BHd GBBSed 16T oM Oy EmBSdifERk OBt BART ol iép 5% is completed in a
[00338] In one enbodi nent of the cluster tooI 10, the
¢oatat chambeo GOA maintedhén the dirstquacessing gack 4690that geuts the front

gﬁ ?ggloﬁhéﬁ# e ﬁefgr&)ﬁwtgtt g@u&% Zgg' rgﬂgg?ﬂé ?1]3: ttﬁ%%&qn‘%&d robot 410

ffhGlds2h &ubstraty ﬁuﬁﬁacﬁod h\@sémblleDT@S tiadi plRcey thd Babstrate in one of
system t hr oughput Bara | el processing the

thepeoatar eham @I‘S éQén"E gled; @D GQBe‘Ettheé"ﬁbBES-‘tceSS'ng rack 460. In
gﬁ’&h?t hﬁ%dﬁ‘ﬁleh{ Rhg I?Rﬁ%osgglﬁgtte 5 ”§. rc%'rﬁ);ﬁ@#e@ in a coater chamber

ar ns use 0 picC uraI|

Smmmmﬁed i treniat p?oueablngyraok 460@1‘rehe isegondh ard:mzwmm@ck 480 that
t es. i

th sf d d h b
8P e o cad JeaipdeAd pr b BUS [P emRger e Rvelpe step 550 may
nﬁl%fted e Hp@hah%éfdﬁph%hﬁté’d h Ge WecBhd Cb’r@@eﬁufig rack 480 that

aneous y using an armthat has nultiple blades
ahms the rospanddegiodeddr ed di st ance, or pitch, apart
For exanple, the front end robot 410, the first
pesa3) i onebembbtiment)ethee peobsseot rtaalnsm)biog d@istratbe between the
th| rd central robot 440 gﬂg/or the rear

ddsﬁgsr 1 typygh 5365 ¢h age englog egnla t eltygﬁen rfﬁ\é labeled “B”,
H@&rﬁﬂle@’éﬂ Qsﬁbjﬁﬁé’?ﬁst@@ntrﬁﬁw 420 dridPiteesechh- c@ntrtah?ébot 430 and

I's attached an end RA robot's i1 ndependently
thmcmmhbaltsl eomameﬂblha'rdjlesﬁrst prcm@sm@r raa:gpféaﬁ In renothgyogmbodiment,

ada t ed %%ﬁ@&ﬂ 4;{0 el %y%(??k%%fgﬁ}p r%ns gr [%s.gqsg{ag Eq and from the

fn%t qﬂa@éeﬁhg Padit WeoUBN@ thEbSddondepttieBsing fddks#8@rdB that available
or blade, froma first chanber and then nove to second

gharpbers ingthesgnigeks canpbe iused as sematachia meattheprocess sequence
%@9%%6%@ or blade, so that they can be transferred
ropped off in a group. [00339] Referring to

i s 21G | e hor, zont al n.a I 4
R &Y cpecambgoRBedt bRCPHGineE ob SRS TR usitiatep gpotween the
ﬂ&%esgmpomps SBBRAFdU mssofwmh%ré eficlbsd® i tisd bdg |418aed “C”, are
and cab ui de asse 492. The linear slide 4

@@mp@ited mg\gothenmaer Irqmiéﬁobam opeaehgdisnente she QE%R step 536 is

Ee?(%c’i My rdféace &#‘&?éjrem trﬁé‘ﬁnt@{i ﬂet?letﬁ‘r% ?acemgarq%pk 460 that

up ort inte , robo ase |n
ab@etthbaedme@oa%blﬁefd@ﬁgam Figutesa@sBearsd 211®, the rear robot 450

RS aTEIS The R SOlRdAs 550 PUAGRRRRIRS bt i ho
SebpBrbédifRl PIHER BRSeFINFERIY 538 is completed. After completing the
exposure step 538 the rear robot 450 removes the substrate from stepper/scanner 5
and places the substrate in one of the PEB chambers labeled PEB1-6 contained in

the first processing rack 460 or the second processing rack 480.

[00335}In one embodiment, the process of transferring substrates between the

processing steps 540 through 550, which are enclosed in the box labeled “D”, are

completed using the second central robot 430 and the third robot 440, and the
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illustrated in Figure 2 11, which is adapted to nove
the robot support interface 487 relative to the |linear

W@ kiod®69388 nount ed on the support structure 48BCDUS1008046877
enclosure 491 . Figure 2 1H illustrates one enbodi nent
of the horizontal notion assenbly 490 in which a notor
489A {e.g., DC servo notor, stepper notor, etc.), a
belt (not shown) and pulley system (not shown) which

EnHRbBRS Edaineld! i MeosktdnldeptarBesiRg dhck BANOIM 2ABtHEr embodiment,
notion assenbly 490, are adapted to transfer and

ihessacond aenéral st 4§@ppf@v e uﬁeeﬂoate@&tsmwosqm@ates to and from the
AR ShORShE aafbrich Y 1RG" SHLohP] BERBSLG BRTERT Bont avatabie

shamberls ianthesbodick®hndbie asedbd repieabioy mket thé pvtess sequence
in Figure 2 1Gthat is intended to illustrate the

feQUEERENtEonponent s contai ned in the horizontal notion
assenbly 490 and vertical notion assenblies 495. The
wmsﬂ Beferring iterFiguesndl1 5, 29D are &4 1aftes siaraplating the farocess step

80 n @ BRTH 850180 LRI 55, clveloper

ﬁhagﬂb@rsZIaBé)ed 1! bf tCDh2I Andigsiacd | thie 40Gstenat i i‘ts l@spectlve pod
structural support 496 and a gui de nechanism 494 to
23RN W5 ai se and | ower the horizontal

not i onassenbl y 490. The structural support 496 is a
vers7Ehiguem 21 Gsillualsatesan easgimestughageobahassesplin 411 that may be
%(?)eﬂﬁég 8Fﬂggra§b{h%0%§@t:%%cf ?5@4&1@1% th I}?gt &&tpﬁ%gﬁﬁg%@ﬁhe second

&drivdd)robot 43@, mbuhtrdrcetrmal rdifbtaaud angfperie trbar mjoghmso The robot
and | oads created by the vertical notion assenbly 4

asREE At iganarally KOS s s pawr%%%ﬁmw»/s“%rh@ horizontal
lgulé'llgﬁ JSESHN 350 %%1 RYvdificd ﬁb?ﬁ@?s?@hgkﬁﬁ%nqrﬁl It hardware

or a convent’l onal |inear gui to al
mmlgm&'ielgﬁngtalwecmmlrisoal canveationalt selectly rdmlnyph@% articulated

Pk ar (RCAHAT ol sotegiipd Wb Hachinognlly sABLMRA Arpp/olades. In

AMSth¥e BhibRimBRL 'a%nstﬂﬁﬁr?rfbi:}’g\ﬂggmH he slridié bRedelBipR! robot hardware
495B contai ns a notor 495C e%% " servom)tor
statasa

assepplely  ABS ofs, usedotmetramgi@re t of) duahtblade usdot may be

RG0S 80 S8 MEblo 00 B REpTETHAPIE] et trom o

@osestihy GRineedpridbs t6 PrREingnthe. néxt sulsithaee |anb@dsamt processing
of the vertical notion assenbly 495 (not shown),
¢hambelct udorexeoyHanys dyad; t?'é@?d dfqb@é Maye e tﬂ‘ﬁ%‘?ﬂ@s from Asyst

BB L PR G P e embod ment of ¢ he. r obot

@8:?3:3%' ne l?irt}%c%cﬁ%%gb\é?rﬂﬁé %ﬂlstgpfdo?q 023Ré '?Rln\f e%%”Poado‘PSuo, the first
central robot 420, the second central robot 430, the third central robot 440 and/or
the rear robot 450 may be adapted to transfer substrates in groups of two or more to
improve the system throughput by parallel processing the substrates. For example,
in one aspect, a robot containing multiple independently controllable arms/blades is
used to pick up a plurality of substrates from a plurality of processing chambers and
then transfer and deposit the substrates in a plurality of subsequent processing
chambers. In one aspect, the robot is adapted to pick-up or drop off simultaneously
using an arm that has multiple blades that are spaced a desired distance, or pitch,
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to raise and |l ower the horizontal notion assenbly 490

and ot her supporting conponents. |In another enbodi nent
wo@booblessnpbot assenbly 4 11, a single |ift actPer/v82005/046877
495B nmounted to one of the two vertical notion

assenblies 495 and the other vertical notion assenbly

495 only contains the guiding nmechani sm 494. [00342]

Figure 2 1lillustrates an isonetric view of one

S diFgpdikaRipld, *‘tﬁe%ﬁﬂt%%b@?%@oﬂ{@ﬁ%@@ehﬁd f#ot 420, the second
hori zont al mg) ti'on assenbl . The enclosure 491 is

carat eqboto43<a;vtbe third oguppgrabqt HedOcamglionthe gedrmobh450 may have a

eih ke i Aweraiee: T b et diee BonbfEh flpron 720 (shown in

Eig0RIAIBGANB) Iha0 RHHaEhee Ry aheen8YofmeC FBARAI robot's independently
conponents that roll, slide, or contact each other, it

santialible amps/bladess ih @npter asrect dig sokaitis adapiesdo separately pick-
:}%r {rérQQE?l Fjwfﬂgg’s & s%%tra?é%d qiosroe)ienﬁpl\ée rd lt\ﬁ@' arm robot is

I on asse not cause defects
addpstéd ad gckabp Iaesmtiswedsel lisingah gisstadren, tdralﬂacﬂ@rﬁr@rd a first chamber and

throu%h the cluster tool. The encl osure 491 generally

tBRLEOHS 1 $HAAS PW%?'“M*}%“?%%@ PickriP 203HEIFBIS fsing a second
Ss A de. Xd e} ey ifoe WahER i dRRAIEREUATER 4 GRIA!

it mnlmzest et at generated particle

['()Qﬁgfjl-e{e{) lﬁnitqél_ﬁ%wees %30.- fmth Fgﬁicfnt&faégttﬁnt Q§se?H6|§/a£§o generally

e supportstructure 4

&intaiek udrdlenoiishes 400, \ahnotbbt abruated 1489 491rol§eruppﬂ0t)hnterface 487, a
actuator 489, robot hardvvare assemb and

lineag sdlidg 498, And fable. ﬁu'qeoewb*}*wb‘?% aff h@n'?"tea&?é'd?é% may contain
frge;‘oug@rg HindaPBaRbbalif® Shdds % (dieRlEhRSIERr Gite, that guides the

an port ormed in one o
robet euppat interfd@l 48 de. gughbst base iptertacedlaatigobot hardware assembly

t th { t

b5 it @iegng Subsated aekBhahg Saudis BriodsSing iasibers. in one
ériBodimiitetnd oot lébtubidr t4BgsisCaMitedy fcﬁlivbolme%rflﬁl]sﬂi@@é servomotor,
contained in the fan unit 493, is designed to create a

ihegjeateddn drigereu? &l, iwhichiés edapiescioomave thgirobet sHapordiinterface 487

24y q the §né Fél Ui | uﬂ ead'\@nltﬁ'é a&‘tgnﬁét%éu% 0? e enclosure
FHFEIRhe AnCRoRlim e (upietBn 1k Py iz

par ti gener ated

49% Frgroteildstatesand emlbbdgnemtof the mﬁoﬁrﬂbmbtlmnassembly 490
the filter not shovvn) i s a HEPA t}/pe filter or othe ;
mywl@'c@f af Moty 4894t (&@n DentRneotetYesteppesgmotor, etc.), a belt (not

gur e&i@i}%ﬁ? ) né\' $ho n!p \gﬁ%ﬂf I‘L&‘érﬁéﬁz‘&'ﬂltéfyo%ngrihe length of

trat S an e I ment where the
mhrlwnzfoatalunohm égsembb/t 4%0,ecaresadhpted do dvanasfar airld)posahen the robot

| 0s.
THPOTCPletane 4" b LA cen 5 Gafilpaedibelidsn ¢ processing
Hams&iaf i guration, as shown, w thout varying formthe
scope of the i nvent i on. [00344] In one enbodi nent of

[2%\2}1 Iﬁibhré B 1H SRg&aPREY 495HBonetd@ ViR bf 4#3 dfiBddiment of a robot
assembly 411 shown in Figure 21G that is intended to illustrate the internal
components contained in the horizontal motion assembly 490 and vertical motion
assemblies 495. The vertical motion assembly 495 generally contains a lift rail
assembly 495A, a lift actuator 495B, and a vertical enclosure 495D (see Figure 21G,
not shown in Figure 21H). The lift rail assembly 495A contains a structural support

496 and a guide mechanism 494 to precisely raise and lower the horizontal motion
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is adapted to draw air frominside each of the
vertical enclosures 495D to m nim ze the chance that

wo bmepeasti cl es generated inside the vertical nBtT/O82005/046877
assenbly 495 will cause defects on the devices forned
on the surface of the substrate. Substrate Center
Fi ndi ng Device [00345] In an effort to be nore
conpetitive in the market place and thus reduce CoQ
£eeiBIPR00. A SrucBRYEaSHAH 298 i9hicdRvaRfAhI 3thufl& member, such
amount” of tine trying to inprove the system uptinme and
asyan &Hpean) paodthier common sldueiural gosipaneat.dbatis ned to connect the

‘oBEf EGuPNatd) ® BB IR s i i R uster ool 10 ang
sipploetmhiepiveight and 108ts akddted byl thet Wertidhismlotion esembly 495 and the
substrates in the various processing chanbers which

hafizoptal yaotioihasserphlydtithgempenants. cHig guiste, meghanisay 494 may be a
5P op B s BPRCAR o IREAR BRI 545 1o alon nc
preciskly gaideithé lhorizontat ssatibnsadrssmialy 290 a$ @amovée vertically along the
af f ect eg chamber (s) and then restart the process

Qlide, anigm 4P8ading to significant system downtime

and cost. Typically, to prevent substrate to substrate
[peaRefeyrng i Figurard Hidnene embedimentnet thet werticalJagtion assembly

495, thaait ARHRRL 9§5Bh&)rﬁéﬂi9§té %ﬁlghb%g?:;{)’ ?tgﬁg,hBC servomotor, stepper

processi ng chanbers, or other c¢ r obot
mefazabe dthercigpe ofadatdaton) thiat lis wgednd cbmpynaiioh with a belt and pulley

substrate froma transfer itiop. The t f
GudRLT ot BROwR LD Bt ahe owerdhe gerisb itiopeasaegbly 490 and
i{élqgor@?%@ﬁt%. ngg’fg]thek idmbdtlimeneof tRE \/é@l'iﬁa@rm&%mbs%mbly 495 (not

uck. [0 To solve these problens, in one
shevayi thenlift attuater 492 isa diest diive linegubsushdess servomotor that may

osition error detectign.and rr i,on stem. 1200 .
i Bl e R s tongR Gy PRI T LM Th S gbodiment of
thb Gub6t 2ermibll USitir aker veRidas adtionl £s96 @onta@s a lift actuator 4958
adj acent process chanmbers 1220 (e.g., bake chanber 90,

tenhraise canpgrewesothec batizentab veetigie rasseaier 499, and other supporting
' in i d t h t r . .

dfbgoidfls oL G B REAL dthelRifor MESFRETA1F. a single it
aycatenstobBOhotmted &l onet ofi tthe ®ar hedicat heationogssemiglies 495 and the
88. Figure 22A illustrates one emhodinent. of the
otberyRiTicomalion 268EMRIVAIE A IFOntaIEs 1R SHiding ToGhanisw 494.
nounted to _a top support 1204 and the detectors 1205
[B9392Huiguteed Thillashatesn Sameifie viewPhane smbasirgent of the enclosure

t. . .
PT80S SRR IR BhrAp sl 9 gkt 1 s acaptea
teoudasitar adred soppors thetcombmorierdam spdhé harizontdl mddomsassembly 490, for

el?ters r exits the odpeni 88 foug
safety and contamination reduction Yeasons.

i%cienpe}rtrl]cﬁe generation is commonly
generated by mechanical components that roll, slide, or contact each other, it is
important to assure that the components in the horizontal motion assembly 490, and
also the vertical motion assembly 495, do not cause defects on the substrates while
the substrates are transferred through the cluster tool. The enclosure 491 generally
contains a plurality of walls (see items 491A-F) and a support structure 486, which
form an enclosed region that minimizes the chance that generated particles inside

the enclosure can make their way to the surface of a substrate. The support
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vari ous processing chanbers and corrects for any error
by repositioning the robot blade 1210 i n subsequent
WO ean®ésrr i ng steps. The SPEDAC system 1200 utPCT/EE®0R046877
pair of beans (item"A") sent fromtwo pairs of
transmtters 1206 to detectors 1205 to detect the
position of the substrate as it passes through the
beans and adjusts the robot position to conpensate for
QﬂthSFer 886 i al IRicBIHRP heMbiSertoRRsich it wallBedd fA-F, robot actuator 489,
substrate position error is detected, the system
whbiot hatdvearetassemlye 485 odnd lireari lides gﬂﬁmﬂtatm corrects
such misalignment, if correctable, by the novenent of
[ohmsn ThefarbLaidd98ds iataptedito drher ais fram imseteather ericddosure 491 through
erator intervention. Further SC of a
SRaht goRbTosect Rane o g walg Shliertdefis g and pushes the
?é‘rl%ﬁfa?é @oﬂaﬁﬂh%%%%uggﬂatfmﬁr m(ﬂdﬁ\ow 3ttBQ‘ehﬂﬁ/@tpérﬁcles before it is
urther describéd in U'S. Pat : 798, entitled
exkdustedr(saia itemi TA)) WQttbmciustgsm 1©ct In tzhls pggﬁgumatlgn a fan 493A,

Pat,. . .. 3,138 titled
elitainkRLin AN Ui 48506 dlonsl FLEPRR &, Peb e, bif¥fsgure inside the
&haohae, 491 souttht kN oubide U39 @ncrizdrd)isSdrahanto the enclosure thus
Application No. 5,980,194, issued Nov. 9, 1999, to
|Fﬂélélgkt§e mssahlhty %PEHHC'QS@qmﬁﬁdﬂﬁ'ﬂédhﬁyeﬁfé@%ﬁén‘t% from leaking
the

nte Igrdé'{seegwb o sc %ttggr}ée hﬁnle@to?%?\%g id Qﬁ%ﬁsAﬁ%ﬁé‘a?I{}&f bfother type of
filtdrhibet tcanc@maowve th@lgahemledtpmncmatést from thébainr affbe configuration
position. is furt@_ler descri bed in U.

N infigre | iblsistesan emgg@g@nAmhergbﬁg%)@§ fryee fan units 493
tﬁ??%?@ WseBitoddraw WHiifdhnithe! dHeRIRPE atlﬁdaﬂﬁfhéﬁéﬁfb%ﬂﬁﬁehtn a single or

eir entirety to the extent not inconsistent with
guadanturdi systersunay b@ esed inPpleceiddra thgeé da3 481t Z)Qﬁ)t:tmfrguratlon as

mbodi h
Wit Yot M5 S0e TREPERD! n Substiat o
GoSE, s By S S S 25 AT 5 L 80t s
%{%@gté’@@o GIPAW %@Ffr@ﬁwr R5Rie! éhcthhﬁf Pesidri®d é?'fclégiﬁeé Q@@D to minimize

and/ or the position of e substrate. In th
thendhagweahabthe parictgsogrrierptesi insioki thg \ceetcaltmomomyss@nbly 495 will
to de

' h

?%%Pfs‘?&ﬁ?‘é J fheoi%t'ceisgg‘?%%?éoiﬂg%sﬁe R P dhp atbBies
te \ T , iti I

Suafrale CoPten SNRTORER < Do 11 0n 1o provi ded by

i ncor porati n% encoders on shafts of drive notors for
083451 efprtdeibe morcompghitive imibegparkat placs a@q’]@us reduce CoO,

gi%f:f?{)m@ngieﬂeé IR R ks QQFe'nt' Enef tl'%‘?% O‘Qﬂgurt?ll df&ime trying to
ctual position may vary fr mthere ort
ipgsove dhedsgestem aplimesand syslenn gelisdiilitgclo tdduceasulosirate scrap and

|(rj1%|revaesect?19 topa?nstygfem nﬁr%%gﬁputr bOtwgfaers gF rFsr pgre \t/vlégk). One factor that

can affect the system uptime and reliability is the misplacement of substrates in the

various processing chambers which can cause substrate damage (e.g., chipping,
substrate breakage, etc.). Damage to the substrates will cause the user to shut
down the current process, scrap all of the partially processed substrates, clean the
affected chamber(s) and then restart the process sequence, all leading to significant
system downtime and cost. Typically, to prevent substrate to substrate process

variation and damage to the substrate caused by misalignment of the substrate in
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robot positional control drift, undetected notion

failures, and hardware collisions that may occur.
wab@eeéore, to resolve these issues, enbodi mTenPGI/U8200H1€46877

i nvention can be used to track the actual position of

t he robot bl ade, and thus substrate position. In one

enbodi nent, a gl obal positioning device 1300 and a

comuni cating system{e.g., RF transmtter 1302,

SRl & R rocéssihdt @GS, |dgH @tﬁéaecﬁémebrsblﬁ%er@tsot is repeatedly

robot to measure and feedback its position to the
@q.ltbrainﬂdorrtltrloupeamdmmp Oﬁ‘laewi:deﬂaée yn gdeansffer position. The transfer

melor e Yor SEarBR i R R BB ngvﬁé SH B GroE¥SS Efhmber it pins
SR8 Wentsr pYiftedf tHe\chaek. t he system control | er can
correct errors in the blade position by adjusting the

[B6:546] T NsAe t1tRBs¥ apioPlms O RPtorRAhshodiM@nt AIothed@ldster tool 10, a
are positioned by use of conventional control means

sulistiaterppsitionl erter datestien arghdomedtion gysteaed2pe dhpeatter SPEDAC

f%@ nfgl](\eg\%vﬁ (IeQ) équ‘gﬁ%%é\c ﬁgh%&h Egﬁj r% %%g |H§§P$§%tr?&ogometnc view of two

adjasbhac bredesshenbindées Pl i (ely. c dakee chambep! gsheﬁmbschamber 80,
t he communi cation of the global positioning devic

AR OPETo CHAMBBTAG Q180 | IBHRINPY HNad FTOPeEsiag rapls that have two
%&%}Cgaféog r‘l{;ﬁﬁa&@\%ﬂhlﬁt %ﬁﬁekgp%t@éti%ﬂeaq%%@rteﬁgiﬂ systems 1200 mounted

mruni ca recei ver
outsideneach e theit lopehimgsy88.erfrigoret A | iBustidiés .onEhembodiment of the

SREDAY Sustepbdzod imvarcrl 8 tramg e s0s arg inouiisd foa top support
idétl) Bﬁdctﬁmgaérmébslére BbuAiddas 80RO il 1203 which are all

fting and ['ures due to undetected hardware
dannegtexbto theqBeCksd chambeeh22@i nent, the system
controller 101 uses the GPS system and t he SPEDAC
[Bysi7ENnd ZREDACs systeat 1200vdgtermines: thec prédemceobbt substrate on a

B A PLACEIEN 85 ' Rl SUERALTHE et biouns i o

WRAlst ﬁro%@éélﬁﬁtcﬁa‘i’ﬁbé@khﬂd 8RB AL TR erfor g%fie;%smomng the robot

nmovenent of e substrate relative to'the r
hlade 3L Omusuéseneembtrargsjerrg\g stepsr dldiee8PEDAGIsyatame 1260 utilizes a

She RS YA SBhL S B ey Bk, 2961 deector 1205

tdedhRetl fHe position lvf thasubsBaePgs ithRixek, thedgH the B6aPE and adjusts
thereof is determ ned by the clains that follow W

thealiokpt position|taompansate fojr amy BEEs & the §uB§tfatatSeeosmon When a
ﬁfﬁgl’lra(ltjé S&gslt férFoSrt isS Wapdtali € ths O ?eﬁ'hngefé?ﬁ'ﬁ?ﬁf th& extent of the

secon ate processing cha nb where

mEatigdmenb shdat@rrects ceehi misatipamieet, if coaettabdel by the movement of
tngr Eolb%?lblgclies tp%ns%%nf E)(r)rglcterrt]se afnI réf)terastgrb?érr gf)gra%rofn?gr%eﬂgon Further
description of an exemplary method of detecting and compensating for substrate
misplacement on the blade of the robot is further described in U.S. Pat. No.
5,563,798, entitled "Wafer Positioning System," issued Oct. 8, 1996, U.S. Pat. No.
5,483,138, entitled "System and Method for Automated Positioning of a Substrate in
a Processing Chamber," issued Jan. 9, 1996, and U.S. Patent Application No.
5,980,194, issued Nov. 9, 1999, to Freerks, et al., which are incorporated by

reference in their entirety to the extent not inconsistent with the present disclosure.
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chanber; a third substrate processing chanber; a
fourth substrate processi ng chanber, wherein the

wo osbp3gubst rat e processi ng chanber i s positiBOBEUSAS/046877
fixed vertical distance fromthe third substrate
processing chanber; a first robot assenbly adapted to
access the first substrate processing chanber and the
second substrate processing chanber; and a second

ARRSlanANE BTLAY exEaiIRY metHRE’ ¥Bn®BErdYot IFYsition and thus substrate
substrates fromthe first substrate Eéagcesm ng chanber

peritiohés Byrthasrdessiibed iatleS. fRaant ApplicationdNeuBs1a6:8%7, issued Apr.

lioqgr & ,% age\nﬁfcﬂli Yc%ir A6 VoteYe c%niﬂ tﬁ@i?%ntirety to the
e€posi t'HE Core” &F @ore SuPSI TR &8 TT0 N5 St

SxBAL natincPisisteAtwil tied prazent discidseré.hird substrate
processi ng chanber and the one or nore substrates from

GlsbAPTesiflohitgt rat e processing chanber in the fourth
substrate processi ng chanber generally sinultaneously.

[%034-5T§n%%?re%6b°dirﬂfen?miidﬁ thay"heu8ka 16 h@ptdvesthe system uptime and
second, third and fourth subsStrate processing chanbers
systervelreliakilityf bympoeeerding: rubstrateoviiamgaga {egt.erchipping, substrate

chapber, . a,d | nh .a H

SEARASE) isntimtise of SotbAl b ionit VRGPS Jnf L3RR} to track and
& ekrordhig e PokiinSEaRE dobSBada R theCigdatiors 85 the substrate.
a robot; a first robot blade connected to the robot; a

ethi;m ¢opbipeationathe elohak ppsitioning: detectionsysiem dpased tq define the

I.8§anc ro enfl{Ls . an e di i
@S?t@ﬂn&a{?&??’ tﬁcgobf;%j]eahsdm asbogﬁ O?Zg)(s}oﬁrﬁa@ %@é&ﬁ) t\ﬁl‘tﬁ'grespect to a
pieRietarmisedfsysienh Malumwh@ypically, posiberen deedbatk of the robot blade’s
assenbly conprises; a 6-axis articul at e?@robot; .a
POSINON iHRERVIHPANY BEAMRl CHCOHRSeoR,8NaltS i diiyesmajors for each
SRk B0 PERLIh Q00kR A 46 SR9BEHASAME W) posiion of e
tobet bladet Bhadetuab poJitien appavatyfsomf thel rapartéd peisiiosi due to a loose
t he .secor}d rob&t assenbl,y conprises; two or nore,of
SURINDCRFMEB o iP U A1y CAIMROBSELS: JHIPPRHOIOtGY Rftameter setup,
ﬁ?g)t oSHiBhA& drtol ARRPLSStbEtetaRbHM AliRiréd) ariPhar@Wadé collisions that

wo or nore frog-1leg ) _ . )
may occur. Therefore, to resolve these issues, embodiments of the invention can be

used to track the actual position of the robot blade, and thus substrate position. In
one embodiment, a global positioning device 1300 and a communicating system
(e.g., RF transmitter 1302, cable, etc.) is integrated into the robot blade or robot to
measure and feedback its position to the system controller 101. Therefore, by use
of previously collected 3-dimensional coordinate system measurements of each
transfer position, using the GPS sensor or other device, the system controller can
correct errors in the blade position by adjusting the position of the various robot
parts. The robot parts are positioned by use of conventional control means which
may include encoders and other devices feedback type device used to control the

robot’s position.

[00349] In one embodiment, real-time positional feedback of the blade position can be
accomplished by the communication of the global positioning device 1300 which is
in communication with a RF transmitter 1302 mounted near the robot blade, that is
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robots. 6. The apparatus of claim1l1l, wherein the
second robot assenbly conprises: a robot; a horizonta

wWo ean®ésrr i ng device that is adapted to positiBOT/UB®05/046877
robot in a direction generally perpendicular to the
vertical direction; and a vertical transferring device
that is adapted to transfer the robot in a direction
generally parallel to the vertical direction. 7. The

iR RS AR aBibn Clvitth Bnl RAMiEESTSY 1 BE3 IBEOREMMAAEates with the system
assenbly further conprises: a support connected to the

qooitieller 401 ad’haafeedb@@mfemegiow nqwlosum)dewcealsppregkows the actual

p;qf@ﬁr}g \rﬁ?%cge gcb})ga%ogﬁp%r%gp@r@&gﬂanl%\gg? ;g(?sn aon eliminating

el aﬂfﬁn@ édbefaaatessaiwtoambdlémeagwaadwai@faﬁlat@
recei ving surface, wherein a gap is forned bet ween t he

[b4d58f Inf RPEMBbLAREeRN the %téﬁ%&ﬁirdl@qu bJs@@QhérG'PS hgstem and the
actuator is adapted to ange bet ween t
SPEPAG aysteat aaao tidesrribed abcue\)sto aonta@brthe mbot pOSItlonal placement

4%512? Szlhng%u%ﬁr&?%ﬁ ?Sl??/l @%Hg erb% é@ﬁmynéfzﬁ%t s PrRfCEfb3diment thus

cHbBé uaka t@k@ﬁr@&ﬁfdﬁ%u@)bﬁa@pﬁcemeﬁﬁéﬂbﬁt pr ARRBHETY of the substrate
rack having a plurality of vertically stacked

relativertatiee phtdladeng chanbers; a first robot bl ade
assenbly conprise: a first r obot bl ade; and a first
[peg5ar Whila the faregaingris daesteddn@mbﬁﬁmebtsaqfethaﬁéﬁ@ntynvention other

SR TBF enthRfBRRt saRpInE 05l BEIRYS o] ERripg from the

RGO B6o f@h&trebf el tafésswpbyth@r@mgrdeumhhyd mahtelcamds that follow.
a fixed distance apart and can be separately

hori zontal ly positioned by use of the first robot
bl ade actuator or the second robot bl ade actuator;
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and a 6-axis articul ated robot connected to the first

robot bl ade assenbly and the second robot bl ade
was®entizyy wherein the first robot bl ade assenbdyusawds/ 046877

t he second robot bl ade assenbly are spaced a fi xed

di stance apart and with cooperative notion of the
6-axis articul ated robot are adapted to generally

si mul t aneously access substrates positioned in the two

Wé@l?ﬁﬁ!'y stacked substrate processing chanbers in

the Tirst processing rack or generally sinultaneously
cces [ L] j : tically

g‘t ac k'g § ﬁ}ség%tstg) rgtﬁ)z pg(?%écséks@%gogé%éé Z:ro W}?Y'ﬁ] e second

pr oces filshgubstedte (Focdsesingphambeys of claim8 |,

wherein: the first robot assenbly further conprises: a
fi r st2 BREAshsyREte ProgRssinchehampen whesgin Biseeere substrate

. EQ&i@%EH%‘%} 94 ﬁgﬁg gehhﬁl bistatice fPhAtthe |fi?§%®§ﬁateaprocessing

I'rst ttom robot e are vertically positione
dhavatoergdi st ance apart and. can be separately

hori zopt.aJ | ositioned. by use of the first actuator
or tf%&'#@%%@??gﬁ?c&s?b MR second robot assenbl y
furt hefouriitsifte pfoGeMfcHithbarnwheleih thé asiath smsktaate

second bottom robot bl ade "actuator; wherein the second
probessing shiambet ispeglianebatfiuad veninal distancedirem the third substrate

vertijcall itioned a fixed distance apart and can
%"8"8,%%’%8%8%%&0“ zontal ly positioned by use of the

seconglfigt roltdtalssemblpadapeand deettd theafitstisilpstratéd prodessing
cluster tool for processing a substrate, conprisi ng: a

chamlertand hersecondustata Bracshsiag APy afdr e

substy gt &siqg f"bt{gt %%E?%yéﬁaﬁtaatto FQBNd 8RS or hdrk stbstrates from the
processing rack that conpri'ses two or nore substrate
firsbsutsstiate podeassgrgsclstrmbéreahd ane ov erdre sabsttatesdtoronhe second
second nodul e. t hat conprises: a second processi ng,rack

etrale, Ripcessn hardrer e b S lagoprSkestd figh'adstsh the one or
hBATBES Stratb bRt ¥Rt ¥@hdtidialpréidsafg dHamBer ihithé third substrate
robot assenbly adapted to access a substrate
posessinoneHambesanddhe one or more substrates from the second substrate
processing chamber in the fourth substrate processing chamber generally

simuitaneously.

2. The apparatus of claim 1, wherein the first, second, third and fourth substrate
processing chambers are selected from one of the following: a coater chamber, a

developer chamber, a HMDS process chamber, a chill chamber or a bake chamber

3. The apparatus of claim 1, wherein the second robot assembly comprises:

a robot;

a first robot blade connected to the robot;

a second robot blade connected to the robot and spaced a distance from the
first blade; and

the distance being between about 100 mm and about 1200 mm.
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one substrate processing chanber in each of the first

and second processing racks and the cassette; and a
w@ewene3npbot assenbly conprises: a robot; a fPCBHUS2005/046877

robot bl ade connected to the robot; and a second robot

bl ade connected to the robot and positioned a fixed

di stance apart fromthe first robot blade; wherein the

second robot is adapted to access a substrate

positioned in at |east one substrate processing

chamber in each of the first and second processinP _

4.acksThenadpparatys efselaighd, wheesinl theperonsl wipes agsembly comprises:

adapt ed | i,jrul t aneously transfer, pickup

and/6}gé§%hgggﬁkﬁ%ixgﬁg3trates in at least two

substd fise raicd bisde bonredtaed & thel 6-agBcaTtiofilatdtbrdbiot;sdndand
second processing racks. 11. The apparatus of claim

10, wheeand roket plasegonmnseted torthe &spxis asticiialeg robot and spaced a
FMUBRLS Hofh MHLGEEBIgag. chambers in each of the first and

second processing racks are selected froma group
consisting of: a coater chanber, a devel oper chanber,

ke TIahes 2 of Ga ! owErisin 17 S0CoHeLraBRt s SaRBR omprises:
cl ai mwdGbr mbry 61 f?odgﬁ-lr’%qnﬁbb% ea&bﬁavaﬁgcétué&st PReqBEof 91R8E; and

are an articul ate , Wherein the articul ated

r obota tenteolier adaptest to engrdinate thebootion of thEnwvappanose {reg-leg

ro% %I aim 10, wherein the first robot and the second

P8BSt ar e gantry robots, wherein each gantry robot

conprises: a robot; a horizontal transferring device

that is adapted to position the robot in a direction .

&enerldha JPprAEef daimi . whetaie thapegangl oot ageemhly cameprises:

a ver%}%l[. transferring device that is adapted to

transtfer the robot in a direction generally parall el

t o t hehodzdritaltrardifeiogi devicelthat Ehadapipdtapositioh tieé aobot in a
Wwherein each of the horizont.al '(fﬁr ansferring device

dflirr?‘,ﬁ’?t'%Q%@F%'ﬁy&ﬁfp??%lﬁglﬁéfqV]’r‘gved'é% 'ePEJP%%’_Pd
€ OREAREBIS By i Wy | B0 S0 O 108 it
denerallyppaviatiéldndbe grtidaédirection. one or nore wall s
form ng an encl osure that surrounds the notor and
7. The apparatus of claim 1, wherein the second robot assembly further
comprises:

a support connected to the robot;

an actuator connected to the support;

a first robot blade connected to the support and having a substrate receiving
surface; and

a second robot blade connected to the actuator and having a substrate
receiving surface, wherein a gap is formed between the first robot blade and the
second robot blade and the actuator is adapted to change the gap between the first

and second blade.
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slide; and a fan nounted to one of the one or nore

walls. 15. A cluster tool for processing a substrate,
w@ewpnesitng: a first processing rack contai ni nECEUS1005046877

vertical stack of substrate processing chanbers; a

first robot adapted to transfer a substrate to a

substrate processing chanber in the first processing

rack; a second processing rack containing a first

gertigdlustéapbl B SR £ sOhSrARSEOGpFAGbers; a
second robot adapted to transfer a substrate between a

substa first precassing iagk daxingea pluralityef vertically staskediswstrate

Kk substrate processing chanber in the second
é’?’g‘éﬁsﬁﬁgﬁﬁa ck¥a controller that is adapted to

opt i n ggcéieproveesmptraciohating églh%lﬁ@bﬁvéﬂﬁb@ﬂwbtabh@d substrate
first and second processing rack using the first robot

RIPCeEBa EhRBBSIS; and a menory, coupled to the
cont r 2kl G hopdiadE TBLImEH BSIA @ computer r eadabl e

medi um having a conputer-rea program enbodi ed
therein for di rafitstngbdthdadgexrat i on of the cluster

tool, the conputer-readabl rogram conpri si ng:
conput er instr&ﬁf%ﬁ%bqtg’kr%‘g%g%!%tqrhe first robot and

second seehid rdeY%%a&éé%l?%bﬂﬂjrisQ&) storing one or

nmore conmmand tasks for the first robot and second
robot in the neasegond rabot badeew command t asks for

first robot retained in,th nor.y;. (iii) review
command t asks f%Feg%Q:doW&)oria?g% ?@ﬁ%oﬁ’ed in the menory;
and (WhereifPue fenTobM biarfkesdenstly tahe d s6&dnd @BRL bidele assembly

the second robot or the second robot to the first .
arepertieallyasitinrediantixed distaisie apayt and ean hersapsratedyshorizontally

SR s PP SERR B RS B e SEURIA WP actuaor
abstrates;

a 6-axis articulated robot connected to the first robot blade assembly and the
second robot blade assembly, wherein the first robot blade assembly and the
second robot blade assembly are spaced a fixed distance apart and with
cooperative motion of the 6-axis articulated robot are adapted to generally
simultaneously access substrates positioned in the two vertically stacked substrate
processing chambers in the first processing rack or generally simultaneously access
substrates positioned in the two vertically stacked substrate processing chambers in

the second processing rack.

9. The apparatus of claim 8, wherein:
the first robot assembly further comprises:
a first bottom robot blade; and
a first bottom robot blade actuator;
wherein the first robot blade and first bottom robot blade are vertically
positioned a fixed distance apart and can be separately horizontally positioned by

use of the first actuator or the first bottom actuator;
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a first processing rack containing a vertical stack of
substrate processi ng chanbers and having a first side
we@xdoenaizmg al ong a first direction to access tPeT/US2005/046877

substrate processi ng chanbers therethrough; a second
processing rack containing a vertical stack of
substrate processi ng chanbers and having a second side
extending al ong a second direction to access the
substifatsecBhA ¢615&t LG ehTyRRHEr CBRIRIsBEOUgh, wherein
the first side and the second side are spaced a
di stance apart ;a ae¢ondbottgpdebeldiade andbase that is in
a fixed positio ' [ .the second
processi ng racﬁy3§§&$ﬁ§8¥@£§?6é{@édéﬁgﬁﬁg5?irst
pr oceglénadh thacdecondabbbnblbie andrsscondliattons raba blade 4@ vertically
transfer a substrate to a substrate processin cranbet
Rasitignec & fixed distrnoesapayt ARd Kanhiessenaraley B?r&cg%' Ynpsitioned by
U ABLCLBRA GRARAL! 6 o' dUcbHd ROABRPALDGIrACK
containing a vertical stack of substrate processing
chanbers and having a third side extending along a
%ﬂird dL{ ctiop to access the substrate .processing

amtfe CUStR PRt IoF BIRAESSNG & ST P oCUBRIIHRIT ack
cont a4 Bhdubtfe thaf Is' &dtlpted & KothirStRSéF Rlofe BUBSIEREENT
chanbers and having a fourth side extending al ong a
f our tanfigit madule thateoayuises: t he substrate processing

o o AR L 6 i v

robot asseset¥ssiagrhaf®ers stackdin Haehial dirbetson;t hat
is in a fixed position between the first side of the

t hi r i peeRbBIORyle thak Cam@riseE first side of the fourth
processing rack, (s)%c rid:) é{)otcfagggg erQJ:l@ﬁ%t %Bﬂﬁﬁﬁggiitﬁé%rrgﬁ%re substrate

robot: and a sec connecte t
and posi t i preedssing ickamhbérs stacked apanverticabdiredtéort;i r st
robot hl ade; wherein the first and secgnd robot. . bl

are RIHP s RsgEMAMAIIPEA IR ACERRHASU sttr?tgrquétllone%di%Sat least
%é@ﬁﬁ?&?ﬁ PO ¥ aRMRBESInidacht thé fitdt andieeRBAd fﬁrBééé?sing racks

ourth processing racks. 17. The apparatus o
ardihe dBsetthpard n each of the first robot and the
second robot is.a 6- aéis aréi.cul_at ed robot. 18. The

apparaPEEOT FAHCAARPEPONGRIPRY

¥ he first robot further
conpri ses: a robot; :

a first robot blade connected to the robot; and
a second robot blade connected to the robot and positioned a
fixed distance apart from the first robot blade;
wherein the second robot is adapted to access a substrate positioned in at
least one substrate processing chamber in each of the first and second processing
racks and the first and second robot blades are adapted to generally simultaneously
transfer, pickup and/or drop-off the substrates in at least two substrate processing

chambers in each of the first and second processing racks.

11.  The apparatus of claim 10, wherein the two or more vertically stacked
substrate processing chambers in each of the first and second proceésing racks are

selected from a group consisting of: a coater chamber, a developer chamber, a
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a slide assenbly positioned between the first side of
first processing rack and the first side of the second
w@emeoesitng rack, and between the first side OPCT/82005/046877
third processing rack and the first side of the fourth
processing rack, wherein the slide is adapted to

position the second robot in a fifth direction that is
generally parallel to the first direction, second

HAMIDS Grb&eks ERHmBediar @it ERAMBBE postiexposlire Bake@hambfdr or a bake
The apparatus of claim 16, wherein the first, second,
chaimber.and fourth substrate processing chanbers are
selected fromone of the follow ng: a coater chanber

a devel oper chanber, a HVDS process chanber, a chil

1ghantree apparatdslet cRiani wibreilltBedpptabbbtian@thes@dond robot are
16, wherein the first robot and the second robot are

ap-artisylategropet vtasain ths Ariculalied reBrbisiaPrixis artighladrd robot.
assenbly positioned between the first side of first
processing rack and the first side of the second

1Br ocFasiapparatak ohdgimetD, twhegyemi thedinsttiobof and the séaxind mobot are

a fifth direction generall arallel to the first
ganineEebdR, Wherelnes 'EIQBPW&/?&EO"QP'E%A cluster tool

for grgegssing a substrate, conprising: a cassette
that is adapted to contain two or nmore substrates; a
fi r sa harizootad tragstantnd devicadbati is aglapadid pesitier theriebat in a

first process on a substrate; a.second.processing

dyr ﬁﬁmse??@ﬁy P§ rpa?cf‘_fiﬁ“i%’ tpghﬁé( Fﬁbﬁaﬁlggegtécgb rﬁﬂ‘%;r ocess on
advSriest frahsteriiip dRivitet tatfisr adape@ctesrhngfet tAe®boldl a direction
t he second processi ng chanber are generally adjacent

genewdly pasalied to the yerticyl difestieRsi ng means that is

adapted to fluidly communicate with a first substrate
positioned in the first processing chanber and a
1gdecoMtesipparatat of eReint 13 vtbrein déduh sfethembrigontad ransigrring device
chanber, wherein the fl ui I Spensi ng nmeans conpri ses:

. t d

apdithe varticg|irapsteging,9syiee ?Lifﬁleri‘?@"?ﬁf' ui d

comruni ' ' hai : fluid delivery

means tigdt%h%gﬁiﬁﬁ?%k%gﬁ?:ﬁgﬁ'ﬂﬁf{'ﬁ t’f romthe fluid

sour ce 4a slidenthah czadapted toguittithe rehat aeit ispaptieded by the motor;
isolate the first r"ocessi rgl’g chanmber frt%n}the segor}ﬁl t d
process‘?rﬁ’g OF O RHS: Ma gnfgrmm an enclosure that surrounds the motor an
slide; and

a fan mounted to one of the one or more walls.

15. A cluster tool for processing a substrate, comprising:

a first processing rack containing a first vertical stack of substrate processing
chambers;

a first robot adapted to transfer a substrate to a substrate processing
chamber in the first processing rack;

a second processing rack containing a first vertical stack of substrate
processing chambers;

a second robot adapted to transfer a substrate between a substrate
processing chamber in the first processing rack and a substrate processing chamber

in the second processing rack;
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a robot adapted to transfer a substrate between the

cassette, the first processing chanber and the second
w@emeoesitng chanber. 22. A cluster tool for prBCEESINg046877

a substrate, conprising: a first processing rack

conprising: a first processing nodule conprising:a

first processing chanber that is adapted to performa

first process on a substrate; a second processing

chanhebntrBRér that RARRIED IPoPRhIZRItHE nSREREStSIUT WS 8EbSFate
a subst Pa{te,r wherein the f?lfmg? rocessi ng cﬁan‘oer and

thrbeghs Beofirgt pnd sesend grasessingrragk esipgribedirstyrobat acegrond robot;
at(g each other; a fluid dispensing neans that is
£\ apted to fluidly communicate with a substrate that

i s bgimémBrReeaprRd torthé kenfrollert ther meaRs RONPIBINILA canbuter-
the second processi ng chanber, wherein the fluid ]
refdablmBiadi mewN g AEMPYtar-regdablg pogmm egbogdigghtharain for
[ . i :
atSting thedheiratod of B RAREPIdoR It lbd i fcadaBl i
chmnpriginfgr om t he fluid source to the nozzle; and a
noveabl e shutter Jot ed tg isolate th

d first
processi n@OWRHFﬁieﬁ‘S?PGH?@%éOSEQ'?)tﬁ%f H’feo§5§'lsirra*§°tcﬁgﬁbéﬁ,°°nd robot
a Seﬁ%@n@rﬁ%@ﬁr@ﬂ'rﬁﬂw%‘odm e conprising: a third
anber tha

processing ch t is adapted to performa first

process on a @ubsttorngona dromoré coryoand itasks frantberfirst robot and

that is adapted tﬁ. qﬁrform a . second process on a
subst r at ECAHPBPHNAE FEPEDY: pr ocessi ng chanber and

: geeg ﬁﬁ og?h g:é;HFeﬁ'él/iﬁg/ SR tasies B miestabbyt REiA6E M the memory;
(iii) review command tasks for second robot retained in the
memory; and
(iv) move command tasks from the first robot to the second
robot or the second robot to the first robot to balance the availability of

each robot.

16. A cluster tool for processing a substrate, comprising:

a cassette that is adapted to contain two or more substrates;

a first processing rack containing a vertical stack of substrate processing
chambers and having a first side extending along a first direction to access the
substrate processing chambers therethrough;

a second processing rack containing a vertical stack of substrate processing
chambers and having a second side extending along a second direction to access
the substrate processing chambers therethrough, wherein the first side and the
second side are spaced a distance apart;

a first robot having a base that is in a fixed position between the first side of
the second processing rack and the first side of the first processing rack, wherein
the first robot is adapted to transfer a substrate to a substrate processing chamber in

the first processing rack, the second processing rack and the cassette;
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a fluid dispensing neans that is adapted to fluidly
communi cate with a substrate that is being processed

WO 2oobles3thi rd processi ng chanber and the fourthCT/US2005/046877
processi ng chanber, wherein the fluid dispensing neans
conprises; a fluid source;a nozzle that is in fluid
communi cation with the fluid source; a fluid delivery
neans that is adapted to deliver fluid fromthe fluid

Sour @&hfr@ g@@@eé},ﬂ?gz}a%k cdnthiRINGRY FSRCE) StAsk bf'&‘éut%ilfﬁt’é Bfbcessing

to isolate the first processing chanber fromthe
chambeds pnd@amgmgtrumﬂ@ extexsding alongreethirdctiragtion to access the

ssing nodul ener dj acent to the first
B("Bté%gﬁrﬂ e%%fzﬁamgﬁ% Q]%F%E'B%’ gi]dapt ed to transfer a
substriatigh rbe@Rihg Rekfdontdinipgas esticaustatirobsubstidie processing
second processing chanber, the third processing

chaawiess and daving a fawrthrsige extandingjalongriqurthxdirectin to access the
s@ﬁgtﬁ%t%tﬁﬁcgéa é@hg?n?)%rs Wé‘?étﬁhﬂJdal'E%vﬁér HhBHAFE S’ Mhd the fourth

rs"vertrcall'y di spose ove e third

sitfeoaresspavg dehdistaicearphrt; kedsecond processi ng chanber
i's vertlcall dIS ose above the fourth processing
chanmBetecopd %&ﬂ%\t? YCODRSECE] ai m 22, further

conprising: a 3 aBBt R&Yh§ % @as’%‘tﬂﬁ?@m@ﬁﬁed‘ﬁ‘@snﬁorﬁ béﬁ\ﬁeen the first

robot bl ade an second”robot bl ade that are adapted

t o gener alside ofithelthizs pracsisgingoaek sindutbe firsttside of the fourth
positioned in two of the processing chanbers sel ected
froma gr BMFSSSHY &kng of the first, second, third or

fourth processigtgscipobBlatie cihnebted t‘ebsth@rrob@lebnﬂor
processing a substrate, conprising: a cassette that is

adapted to coneasasonggobet bisde coppeetesitashe gobot and positioned a

processin 0 essi ng

chanber t g' Egiaigt{gr&épg’g%h fﬂgﬂgtehr af(')'];S#nF(g) ft:B!as "process on

a subgigreihahk irst dossidngboelliades are adapted to generally
simultaneously transfer substrates to two chambers in the first, second, third and

fourth processing racks.

17.  The apparatus of claim 16, wherein each of the first robot and the second

robot is a 6-axis articulated robot.

18.  The apparatus of claim 17, wherein the first robot further comprises:

a slide assembly positioned between the first side of first processing rack and
the first side of the second processing rack, and between the first side of the third
processing rack and the first side of the fourth processing rack, wherein the slide is
adapted to position the second robot in a fifth direction that is generally parallel to

the first direction, second direction, third direction and fourth direction.

19.  The apparatus of claim 16, wherein the first, second, third and fourth
substrate processing chambers are selected from one of the following: a coater
chamber, a developer chamber, a HMDS process chamber, a chill chamber or a

bake chamber
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a second processing chanber that is adapted to perform
a second process on a substrate in a processing
WO e@boes34ivherein the firstprocessing chanber andr/Usm®o05/046877
second processing chanber are generally adjacent to
each other; a robot that is adapted to transfer and
position a substrate in the first processing chanber
and second processing chanber, wherein the robot
conprises: a robot blade; an actuator that is adapted
to position the robot blade in the first and second
20r oc bei appachiasiod claimatfl whéreint thexiubtiogiohgnd dhe secanthrobot are 6-

is in therml communication with the robot bl ade and

axis %ﬂ%ﬂ?%&oﬁ%mdoqom'ﬁ%s'?%ﬁper ature of a substrate

posi i fiaethssBALAP PosibHed bensdsrmteofet siagdantiest processing rack and
transfer a substrate between the cassette and the

the fiest sislecefdbe isegorth prerassinmsrackpslapishioRaitigrt the fishyobot in a

oSS b e S 1SR} BRESOTRRE oty Bbbion.
HVDS process chanmber or a PEB chanber. 27. The

apparatus of claim 25, further conprising: a second
processi ng nodul e positioned adjacent to the first

oRr oc Sah%rm%reprg\é’t@%iﬁg% SUBLRE B HREGS ST Ng

nodul e conpri ses: processi ng chanber that is
adapiacchssette déndtds mdapfad wtcqntaindwe arrmaressiiztradess i n a
processi ng regi.on;  a fourth .processjng chanber. that is

Do Bt Grop8rop hamit dhet 18 ASRBEY Bhegbe firsbeest on a
sAbBireessi ng region, wherein the third processing

chanber and the fourth processing chanmber are
generaddopnddjracesaing chambar thaids adaptedieerfiean g second process

oL R AR El MREPRERE PR AL Aftohirocessing
chBaibee are YoRERIID dditreant kD bacioBIHers es:

a fluid dispensing means that is adapted to fluidly communicate with a first
substrate positioned in the first processing chamber and a second substrate ,
positioned in the second processing chamber, wherein the fluid dispensing means
comprises:

a fluid source;

a nozzle that is in fluid communication with the fluid source;

a fluid delivery means that is adapted to deliver fluid from the
fluid source to the nozzle,

a moveable shutter adapted to isolate the first processing chamber from the
second processing chamber; and

a robot adapted to transfer a substrate between the cassette, the first

processing chamber and the second processing chamber.

22.  Acluster tool for processing a substrate, comprising:
a first processing rack comprising:

a first processing module comprising:
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a robot bl ade; an actuator that is adapted to position

the robot blade in the first and second processing
waeb@aessst and a heat exchangi ng devi ce that iBCT/IIS2005/046877

t hermal conmunication with the robot blade and is

adapted to control the tenperature of a substrate

positioned thereon; and the systemrobot is adapted to

transfer a substrate between the cassette and the

first, second, third and Jf?r%fbfbo@'s@i‘h 'd’r‘ﬁbéﬂ}ﬁﬁi)@rafdaptedto
28. A cluster tool for processing a Substrate,

conpri sing: a cassetpesfarimea firsd paekgsiseah asubstiate n t wo
or nore substrates; a processi

ng. nodul.e t hat . ‘
conprises: a first pr ocesas?%cgoné’?%r%g??mg CE%%W&that is adapted to

processing chamber tfeorkiSa 98661 plateddjonte Bubdttatthwherein the
first processing chanber; a first robot that is

adapted to access a fssiioeassngs5ambenanditie speomd peacessing

orocessi ng charber sudridl SESRRd- Al RIS T%o AATSRRer

wherein the first compr r obot

assenbly conprising: a fid fhidrdidpensinguaeananidatis selaptet! to fluidly
robot bl ade, wherein the fjrst robot bl ade and E)h,e )
second robot bl ade foa@yaKale Withiassuhstate tiatds bging processed in

second robot bl ade qﬁégiggl%?g%égm%hmmpaﬁgi% Féggﬁgprocessmg

bl ade; and a fourth robot ereint

robot bl ade and t he dhaumhdr, whbugin thetleidadispensing themans comprises;
di stance apart; wherein the second rgbat bl ade

assenmbly and the first robot assentﬂ@u' rPUHaced a

fixed distance apart; and wherein tgotié $hati®PHuids

adapted to generally sinultaneously access the first

processi ng chanber and the sec®mmMpnisadioniwit the fluid source;

chanmber.29. A cluster tool for procegsi . :
conprising: a first processing rackaﬁﬁ'g{&é'g ri %éégitﬂi% 1S

or nore vertically stacked subsfapédto deliver fluid from the fluid source
to the nozzle; and

a moveable shutter adapted to isolate the first
processing chamber from the second processing
chamber;

a second processing module comprising:

a third processing chamber that is adapted to
perform a first process on a substrate;

a fourth processing chamber that is adapted to
perform a second process on a substrate, wherein the
first processing chamber and the second processing
chamber are generally adjacent to each other;

a fluid dispensing means that is adapted to fluidly
communicate with a substrate that is being processed in
the third processing chamber and the fourth processing
chamber, wherein the fluid dispensing means comprises;

a fluid source;
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processi ng chanbers, wherein the first processing rack
has a first side and a second side; a second
w@emeoesitng rack that conprises two or nore veprtT/Usi00y046877
stacked substrate processing chanbers, wherein the
second processing rack has a first side and a second
side; a first robot adapted to access the substrate
processi ng chanbers in the first processing rack from
the first side; a second robot adaptgshzieothat weipSidide
substrate processing chanbers in the f[rst.ﬁrocessing
rack fromthe second side andcorengripatiomwith the fldigdssaigce;
chanbers in the second processing r fr ' .
side; and a third robot adapted toaﬁ@@%ggﬁgﬁgmﬁeéﬂgﬁﬁnls

substrate processing chanber s adaptdtetoststivadflpddees sherfluid source
rack fromthe second side. 30. The apparatus of claim
29, wherein the first robot, $QHEhWECEABANND third

robot each have a first %%U@ééﬁle%ﬂgtt@r §8§}5}BQ to isolate the first
S apted to

actuator, wherein the fir actuator 1s a

nmove the first roboprocessonpcharboer foomtthe sdcomnd ptodessing
the vertical directi po nd the second actuator is
adapted to the firsf PE%@(', second robot or third

robot in a dir gHdr&R thBakcbid PRSctssMg hedlikas idehetalQradjacent to
second sides of the first or second processing racks.

3 1. The #Hpptirshpuecessing modutgdandherein the first

A R R T R —

t Se¥ndBioRe¥ih Thderf Biethitd pPosdsefiy €harmber sditHd@urth
encl osure has an internal region where the first and

psegassingRamber s are positioned; one or nore fan

assenblies that are in conmunication with the internal

regi on of the enclosure, wherein the fan assenblies

231 e Jthepippdratusdf avaimi 22, fwlereintbiedistofrotéssiegchasibee js vertically

and a filter positioned to generall eceive the air

cfiPasRd PbGE (e (il RIREPSIG T BRIRSS AVHES S8EaRa PLRcsgsing chamber
iﬂ&hﬁ?ﬂ@%is@@é&gaowﬁ]éfohﬁh Cp?rbéés chigpeecond si des

of the t an e

fir second processing Tacks are on
opposite sides of the substrate processi ng chanbers on

the spective racks. . cluster .tool for
2ﬁr ocesEi arpé)aéaté'ﬁ@gtcraé?’ezfiéﬂ@ﬂ ri%cfrﬂar:'s"ag'c assette that is
adaphadbbPhaAng al Suppt that ARS 8 fRsKBbbabkge and a second robot blade
that are adapted to generally simultaneously access substrates positioned in two of
the processing chambers selected from a group consisting of the first, second, third

or fourth processing chambers.

25. A cluster tool for processing a substrate, comprising:
a cassette that is adapted to contain two or more substrates;
a processing module comprising:
a first processing chamber that is adapted to perform a first
process on a substrate in a processing region;
a second processing chamber that is adapted to perform a

second process on a substrate in a processing region, wherein the first
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a first processing rack that conprises: a first group
of two or nore substrate processing chanbers stacked
WO 00a/0g9sit i cal direction, wherein the two or NPCEUS2005/046877
substrate processing chanbers have a first side
extending along a first direction and a second side
extendi ng along a second direction; a first robot
assenbly that is adapted to access a substrate
posi ti onegrocBsdihg lcAafTbeP BAJIHE SEESAE pPERBEMY dHamber are
chanber in the first processing rack fromthe first
si de and gmera&ssaéiap@mtt@mmtgeﬁr ocessing rack that
conprises: a s (o} t.rate .
processi ng ch a%’g(g&g t@%ta'g %Q%Ef‘%d,\% t\%ﬁ{lg{:%fé H Bglééﬁitao%lfbsvate in the
wher ei n tigt piizessing@hanibdhsindadezoptiqressdsitg chamber,svherein the
have a first side extending along a third direction to
access t h@®betiBaMPHERS:pr ocessi ng chanbers t her et hr ough;
and a second robot asse onprises: a robot; a
first robot bl ade; and ggt%%%n c#gbot bl ade, wherein
the first robot bl ade anah abasedbatlisradaptedtapesitiorthe robot

d a di st t; wherein th 1d_r obot
2Seenbly i's adapt edae i ickShAanReesa] BrisssRasambers; and

in at |east two Substrat&h@é?éﬁ&ﬁd&q@&éﬂ@@ﬂ%ﬂi@irfih%rmal

first processing rack fromthe second side generally

si mul t aneousl y and ecwoeswicationtysth tecropot bladerardl isradapted to
| east one substrate_processing ch er..in,.th |
processing rack fro thiﬁ?%#ﬁf'gp%ﬁa@grggoéﬁe?%%t%@Sgg'ﬂgned

si mul t aneously. 34.thArédrisingr tool for processing a
substrate, conprising: a cassette that is adapted to

cont aiskstebrahot agrptesiipdransfersa spbgratadhetween the cassette and the

: r/gd chanbers; 12 or nore processing
f'%ﬁé%ﬁg'ﬂ§§h§c &d from a group consisting of a bake

chanber, a HVDS process chanber or a PEB chanber; and
a transferring system consi st.i ssenti al | f. a . .
26 rsthe aeea@%ﬁ FlaimaaprBaTID 13k HEd oropess ﬁzﬁfebef is & chill
cli)frﬁ!r)r%ﬂ Mfthd %ﬁnd'&%ﬁbé}% aBake hdRBE e/ 19D PRREss chamber or
chanbers, at |east one of the
a PEB chamber.

27.  The apparatus of claim 25, further comprising:
a second processing module positioned adjacent to the first processing
module, wherein the second processing module comprises:

a third processing chamber that is adapted to perform a first
process on a substrate in a processing region;

a fourth processing chamber that is adapted to perform a
second process on a substrate in a processing region, wherein the
third processing chamber and the fourth processing chamber are
generally adjacent to each other;

a robot that is adapted to transfer and position a substrate in the
third processing chamber and fourth processing chamber, wherein the
robot comprises:

a robot blade;
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processi ng chanbers and the cassette; and a second

robot assenbly that is adapted to access a substrate
woposi/dbomed i n at | east one of the coater/ develCapmsr005/046877

chanbers and at | east one of the processing chanbers,

wherein the second robot conprises: a robot; a first

robot bl ade connected to the robot; and a second robot

bl ade connected to the robot and positioned a fixed

di stance apart fromthe HjiiudioP®lat B adkptehe p8ifioh fise robot

second robot is adapted to access at | east one

substrate positionetlade inth¢ §ead anthaecood pep¢ersing epambers; and

chanbers general ly sinmultaneousl,y. and ] Qr

substrate positioned in étghqa 55?%%”%?%@8%36%&%thermal

chambers general |y ghiluraceRimsith throbdt BRideoshdfs adapted to
processing a substrate in a cluster tool conprisin

i nserting at |east @Q@@'db@ﬂ?@?@fqthwfe%@lﬂpﬂfat?\%Sgiioned

nore vertically st a%ggm?r&ﬁfssi ng chanmbers in a first
processing rack using a fiitrst robot; processing the

substheagetemrobbeistasiapted totrangfena saibsingtedbetnieendhe cassette and
the first processing rack; renovin Ehe substrates

the st tsesopdothBd erguvgm%%ﬁ%m %"t‘%@ 8% pr ocessi ng
chanbers in the first rack substantially

si mul taneously using a second robot; sinultaneously
28r anéf dustentpd Fer pabsssing esubstrates comprising:vertical |y

stacked processi.ng chamhers in second procgessing
ackadasRGT A e denaeRdnGontaln v 8 Fire BB AR
SubshIbESssiny dRiuleMhaPEorpiigeyertical ly stacked
processi ng chanbers in the second processing rack

usi ng the secoadirstqyeceseng thampethod of clai m 35, '
wherein the pr ggs%{%éag %&%%Sgﬁ]éé%r{lggr tﬂ%?%ﬁiea*éggl:ly %djacent to th

chanbers is se oup consi's

HVDS pr ocfigs précdsegostaaeiser; a BARC process, a
phot or esi st coat  process, a devel op process,

cEBRagigdebst thatis adrpiad thaacess %rsamaés,pqsmq?%éﬁg the first
p@d&@{éﬁ@?i cﬂ%ﬂgt%egrgb‘g dtﬂ%rs%géggﬁ}ﬁg@é&iﬁd BB, Wi r8in R st robot
comprises:
a first robot blade assembly comprising:
a first robot blade; and
a second robot blade, wherein the first robot blade
and the second robot blade are spaced a distance apart;
a second robot blade assembly comprising:
a third robot blade; and
a fourth robot blade, wherein the third robot blade
and the fourth robot blade are spaced a distance apart;
wherein the second robot blade assembly and the first robot
assembly are spaced a fixed distance apart; and
wherein the first robot is adapted to generally simultaneously access the first

processing chamber and the second processing chamber.
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chanbers in the second processing rack using a third
robot; and inserting the substrate in two or nore
woeobioeshl y st acked processing chanbers in a thCT/US2005/046877
processing rack using the third robot. 38. The nethod
of claim 35, wherein sinultaneously transferring the
substrates to two or nore vertically stacked
processi ng chanbers in a second processing rack using
Johe FeeRBfbreagbr sm&esmg% sisHdté HMgrigding:obot  base
along a first direction by use of a slide assenbly;
and polést protesging ragkthatgompsises tiverpsdnaone ertieallytstacked substrate

Pl B B, el BR T BPAGer g BitkHiSs Rrthleh e a second

siggrovi ng the substrates fromthe two or nore
vertically stacked processing chanbers in the first

r ack assgeanEhRoaessingiragl thaheempriges e gr maje veriFally stacked

. o . . . ; ; o
SRERAReEhE Tt AT ek BdFoR LA e et i
aelcopdcorabsidebl ade rel ative to the support by use of a

robot bl ade actuator; positi.oni a first substrate ) .
oot @ WSLPha ogapladio rvees 488 RUDKTMRBECase B EhaInpets in the firs
p‘?ﬁé@&‘ﬂ%’r KAFEMaRg fistsffend substrate positioned in

t he secon

processi ng chanber on the second extended
bl ada $sconakiobobadaptetiie asapgothe suhstrate prboessingechambers in the
second robot ; d retracting.the first robot bl ade an .
P BeRTTIeD FAom Bacersnd AdsetbirecutsTale et Snd thambers i
tREREESRE Brddsaing rask flont A firePSiBE! ahdlg: i nserting at
| east one substrate in two or nore vertically stacked

pr oc éstirdgobpbadapteditp agcess the spbstratespingessibr chembgra in the
fir robot ' rates in the two or
Sr?ﬁ?ﬁé’ﬁlf‘g%esﬂ'}qg'rga%%ﬁ% %E?ﬁoﬁ%ﬁ%i rst processing rack;
renmovi ng the substrates fromthe two or nore

vertically stacked processing chanbers in the

g. [ first .
3% oc 4t fiepaTatue fiaimna? Wnerpinsina irehiabotsigFongiragotand third
rS6GCESEH R a fiPelcRldtof ﬁm‘é@%@oﬁa%lc St rV\?He‘i"'éinftljétfii’ﬁractuator is
conprises: repositioning a robot blade connected to a
aiaptet to mbyadie tirdt sobdte ssemwhbobbothitdoropotirethie wemmécal direction
a?xldatﬂg sfercgrqnd %%fueaﬁg} ggadaapftéé tsot th\é%rrgtl r%%lo{,ysecond robot or third robot in a
direction that is parallel to the first or second sides of the first or second processing

racks.

31.  The apparatus of claim 30, wherein the first actuator and the second actuator
are each housed in a separate enclosure, wherein each enclosure comprises:

one or more walls that form an enclosure, wherein the enclosure has an
internal region where the first and second actuators are positioned,

one or more fan assemblies that are in communication with the internal region
of the enclosure, wherein the fan assemblies are adapted to draw air from inside of
the enclosure; and

a filter positioned to generally receive the air drawn from the internal region.
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stacked processing chanber; positioning a robot bl ade

that is separately connected to the support in a
waewenesvertical ly stacked processi ng chanber ; PCT/US2005/046877

positioning a substrate positioned in the second

vertically stacked processing chanber on the robot

bl ade; and renoving the robot blade fromthe second

vertically stacked processi ng chanber; and

33 r anghen PFQE?&@ 8f eldhaPoalvpet@inans BPARSHESRbd Bl §¥60r@f sides of the
nore ver 'y stacked processing chanbers using the

firstaond @ecmprooesﬁmgﬁ(anbs heioniopprsite sisienf ahe auksiraie orocessing
her fool.comprising: inserting at |east one
C%B@?rrsacf% heesBERIE H():F%t side of two or nore

vertically stacked processing chambers positioned in a
cluster tool using a first robot processing the
3&ubsh rchtster 1ol fafdrpeeselitgasyb §HﬁW@§P§‘P“|SEWQDV| ng two or

mor €, Syl étfea I'fé? id Fﬁ%ﬁgg 18 cORBAN VG LI Ah suBStrhiR; O

nor e ver ca DrOCESSI NG CHATBEr'S
subsaamtlmbd:essmgrtdwahabcmhvnm ng a second robot;

'si mul taneously transferring the two E nor e substrah S
to a desired pBdrTiBAURSE HEP OhBQIE SHRANTAISHRIOSeSENG Fhambers

met hod of t%bfi‘émrﬁa%eﬂ!@é?ﬁﬁé&udrh%vr@r@ﬁﬁﬁé R8I JrPhoR& U trate

the processing the substrates step is selected from a '
group conpuwtassnggcnﬁ*san&b&ﬂ&/lbﬁvp mdaressmeaexmsbln@e@@ a farst direction

BARC process, a t oresj st .coat, process, .a.deye

process, 33#%@8& sbci%g)étggdmégsaloﬁg fetarghdgrec 6

pr OC§$|$§tri9bét S4HPBIR At 9 adapledstordccesdla Wtép@@tloned in at
removing a substrate froma cassette using a rob

leagkene supstsateiprecessing ehamber th therfirplprogestieg éa%from the first
ha tly positioned to a second processing
S@ﬁaﬁlﬁgie‘beac%ég%g% ng the first processing chanber from
the seee00d praseeskighack teatmrsezosi tioning a shutter
between the first processing chanber and the second

processi ng chafiSEFONYQEPENRT N @ HOsR 84URStFRjeMracepsHy chambers
the surf agﬁcﬁé% g verR3 Hﬁ‘é&l&p%l{ér@i‘?ﬁﬂe'tw tdiendie’ s'ﬁ}bstrate

processing ¢ using a nozzle connecte to a
di spensi ngr(x:yesmeg]chambers have a first side extending along a third direction

to access the substrate processing chambers therethrough; and
a second robot assembly that comprises:
a robot;
a first robot blade; and
a second robot blade, wherein the first robot blade and the
second robot blade are spaced a distance apan;
wherein the second robot assembly is adapted to access a substrate
positioned in at least two substrate processing chambers in the first processing rack
from the second side generally simuitaneously and access a substrate positioned in
at least one substrate processing chamber in the second processing rack from the

third side generally simultaneously.

34. A cluster tool for processing a substrate, comprising:

a cassette that is adapted to contain two or more substrates;
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inserting a second substrate in the second processing

chanber; and di spensing a processing fluid on the
waewbaes4nf the second substrate positioned i nP¢ES2005/046877

second processing chanber using the nozzl e connected

to the fluid dispensing system 44. A nethod of

processing a substrate in a cluster tool conprising:

positioning a substrate on a substrate exchangi ng

devi [ fd gﬁﬁﬁi megdber that is

adjaggﬁ¥ﬁyﬂgé§#§§%g§¥§ to gﬂgecond processi ng chanber;

t r an$2 er morg prbeessing chambefs setectied frarh st graup consisting of a bake

exchangi vice in,the first ogessi ng _chanber to a
BB & BRIES bl iess RbMs e et PEBIRAT A pif0r bl ade.

wher gitfanisi@rifg 3§étedt BonSiSiny eskriialy age i s adapted to

control the tenperature of the substrate retained

t her eon; transadirstiragot that isiadanted &0 aecessea subgirate positioned in

Pr 002! iy OB ol S st ot e

chanber upioegsting chlamberd ahdlthe chksetes; amter ei n t he
third processing chanber is adjacent to the second
processi ng chafiseFong robotassaBPh:thasisadarieddo access a substrate

Subst r at eppdiignGh HehAEabifle GOFRIdoRtéioVeRidr Haisbrd and at

substrate on a substrate exchanging device 'in a first

pr ocessi nkpashandef thehpitocessiadjchaartdry, whariein theesecamdarobot
second processing chanber; transferring the substrate
from the SYUPBI'PEYe exchangi ng device in the first

processi ng chanber to a gygpét ate recei ving surface of

a chilled robot blade, wherein the substrate receiving
surface is adapted to coaffirgdrobpbladasenaected tefthe iebot; and

ot he-second pr ocessi ngoCRENBRrSNEHHIP REATaEIT4 1R fobot and

robot bl ade; heati ngosifiensd bgixedtdistancé apagdrmithe first robot
processi ng chanber to a desired tenperature,;

transferring the subd€ate to a third processing

chamber using Wﬂgrﬁniﬂl.é €dcd owlisﬁgg?%\é’?%%weé gt least one

third processi ng chanber 1Is adjace he 'secon
processi ngulsdteatbpositiandddoal leagt tie ceatesdentlepenchamabers
third pr °8§r‘?§’r’aﬂ9 sﬁ'rlmqu ?;oneeroutsﬁl gnéj gts Ile[agtd one substrate positioned in at

least two processing chambers generally simultaneously.

35. A method of processing a substrate in a cluster tool comprising:

inserting at least one substrate into each of two or more vertically stacked
processing chambers in a first processing rack using a first robot;

processing the substrates in the two or more processing chambers in the first
processing rack;

removing the substrates from the two or more vertically stacked processing
chambers in the first rack substantially simultaneously using a second robot;

simultaneously transferring the substrates to two or more vertically stacked
processing chambers in a second processing rack using the second robot; and

depositing the substrates in the two or more vertically stacked processing

chambers in the second processing rack using the second robot.
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tenperature. 46. A nethod of processing a substrate in
a cluster tool conprising: transferring a substrate

WO e@aneo3eassett e contai ning two or nore subst rBtBEES2005/046877
wherein the cassette is retained in the cluster tool;
conpleting a final processing step on a substrate in a
processi ng chanber; transferring the substrate from

the processing chanber to a chill chanber that is
adapted to performa chill process; and transferring
the substrate fromthe chill chanber to the cassette.

36. The method of claim 35, wherein the process performed in the processing
chambers is selected from a group consisting of: a HMDS process, a PEB process,
a BARC process, a photoresist coat process, a develop process, or an OEBR

process.

37. The method of claim 35, further comprising:

removing a substrate from the two or more vertically stacked processing
chambers in the second processing rack using a third robot; and

inserting the substrate in two or more vertically stacked processing chambers

in a third processing rack using the third robot.

38. The method of claim 35, wherein simultaneously transferring the substrates to
two or more vertically stacked processing chambers in a second processing rack
using the second robot comprises:
positioning a robot base along a first direction by use of a slide assembly; and
positioning a substrate positioned on a robot blade relative to the robot base

by use of a 6-axis articulated robot.

39. The method of claim 35, wherein removing the substrates from the two or
more vertically stacked processing chambers in the first rack substantially
simuitaneously using a second robot comprises:‘

extending a first robot blade relative to a support by use of a robot blade
actuator;

extending a second robot blade relative to the support by use of a robot blade
actuator, _

positioning a first substrate positioned in a first processing chamber on the
first extended blade and a second substrate positioned in the second processing
chamber on the second extended blade by positioning the support connected to the
second robot; and

retracting the first robot blade and the second robot blade.
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40. A method of processing a substrate in a cluster tool comprising:
inserting at least one substrate in two or more vertically stacked processing
chambers in a first processing rack using a first robot,
processing the substrates in the two or more processing chambers in the first
processing rack;-
removing the substrates from the two or more vertically stacked processing
chambers in the first processing rack substantially simultaneously using a second
robot, wherein removing the substrates further comprises:
repositioning a robot blade connected to a support attached to
the second robot to prevent the blade from accessing a first vertically
stacked processing chamber;
positioning a robot blade that is separately connected to the
support in a second vertically stacked processing chamber;
positioning a substrate positioned in the second vertically
stacked processing chamber on the robot blade; and
removing the robot blade from the second vertically stacked
processing chamber; and
transferring the substrate to a second set of two or more vertically stacked

processing chambers using the second robot.

41. A method of processing a substrate in a cluster tool comprising:

inserting at least one substrate through a first side of two or more vertically
stacked processing chambers positioned in a cluster tool using a first robot;

processing the substrates in the processing chambers;

removing two or more substrates through a second side of the two or more
vertically stacked processing chambers substantially simultaneously using a second
robot;

simultaneously transferring the two or more substrates to a desired position

using the second robot.

42. The method of claim 41, wherein the process performed in the processing the

substrates step is selected from a group consisting of: a HMDS process, a PEB
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process, a BARC process, a photoresist coat process, a develop process, or an

OEBR process.

43. A method of processing a substrate in a cluster tool comprising:

removing a substrate from a cassette using a robot;

inserting a first substrate in a first processing chamber adjacently positioned
to a second processing chamber;

isolating the first processing chamber from the second processing chamber
by positioning a shutter between the first processing chamber and the second
processing chamber;

dispensing a processing fluid on the surface of the substrate positioned in the
first processing chamber using a nozzle connected to a fluid dispensing system;

inserting a second substrate in the second processing chamber; and

dispensing a processing fluid on the surface of the second substrate
positioned in the second processing chamber using the nozzle connected to the fluid

dispensing system.

44. A method of processing a substrate in a cluster tool comprising:

positioning a substrate on a substrate exchanging device in a first processing
chamber that is adjacently positioned to a second processing chamber,

transferring the substrate from the substrate exchanging device in the first
processing chamber to a substrate receiving surface of a chilled robot blade,
wherein the substrate receiving surface is adapted to control the temperature of the
substrate retained thereon;

transferring the substrate to the second processing chamber using the chilled
robot blade; and

transferring the substrate to a third processing chamber using the chilled
robot blade, wherein the third processing chamber is adjacent to the second

processing chamber.

136



WO 2006/069341 PCT/US2005/046877

45. A method of processing a substrate in a cluster tool comprising:

positioning a substrate on a substrate exchanging device in a first processing
chamber that is adjacently positioned to a second processing chamber;

transferring the substrate from the substrate exchanging device in the first
processing chamber to a substrate receiving surface of a chilled robot blade,
wherein the substrate receiving surface is adapted to control the temperature of the
substrate retained thereon;

transferring the substrate to the second processing chamber using the chilled
robot blade;

heating the substrate in the second processing chamber to a desired
temperature,

transferring the substrate to a third processing chamber using the chilled
robot blade, wherein the third processing chamber is adjacent to the second
processing chamber; and

cooling the substrate in the third processing chamber to a desired

temperature.

46. A method of processing a substrate in a cluster tool comprising:

tranéferring a substrate from a cassette containing two or more substrates,
wherein the cassette is retained in the cluster tool,

completing a final processing step on a substrate in a processing chamber;

transferring the substrate from the processing chamber to a chill chamber that
is adapted to perform a chill process; and

transferring the substrate from the chill chamber to the cassette.
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