WD 2006/ 069341 PCT/ US2005/ 046877 CLUSTER TOOL ARCH TECTURE FOR PROCESSI NG A
SUBSTRATE BACKGROUND OF THE | NVENTI ON Fi el d of the Invention [0001]

Enbodi ments of the invention generally relate to an integrated processing
syst em cont awai 20gs/080d41 i pl e processi ng stations and robot spdtesoesscapabl e
of processing nultiple substrates in parallel. Description of the Rel ated
Art [0002] The process of formng electronic devices is commonly done in a
mul ti - chamber processing system(e.g., a cluster tool) that has the
capability to sequentially process substrates, (e.g., sem conductor wafers)
in a controlled QOLUSTFESN NQOLNARCHITMEOTURE FORIRROCESSING ASUBSTRATEL 0
deposit (i.e., coat) and develop a photoresist material, commonly known as
a track |ithogar@gKXEROUND OF THE INVENTIONa nmai nfranme that houses at | east one
substrate transfer robot which transports substrates between a pod/cassette
mount i ng devi ppidoftkainveptien Processi ng chanbers that are connected to the
mai nframe. Cluster tools are often used so that substrates can be processed
in a repeat ab[o@m\avaambadrﬁué%%toﬁqhé%erm@cg%%m @wbrtenmmtegﬁté@@wc%k.ﬁg
processing environnent has many benefits ~ which include mnimzing

cont ani nat i onsystemheorfaining anwtigar pracessindstatignsr and frebotenthatdarei pgpable of

conpl eti on of bst e. sing steps. Processing in a

controlled eneloggﬁérﬂr@é]tnq{%ﬁﬂég é‘ﬂﬁé%' agg'ﬁeanber of generated defects and

i nproves device |eI d TQ ffectiveness of a substrate fabrication
%94% H

process is of 8RC r’rB%\g Pé | ated and i nportant factors, which are
device yield andt se factors gre L nport

St
since they di P8 Iﬁ"%fplr%?ﬁsst R (EfHE'?g P@ecﬂg’ﬂﬁué%‘”%% % 1CQBYPOHY IR It & T 4

thus a devi cecl@nbéRgrodeking GO5RAT | (bigvenRestustdr td®) Rakeias Rh&C&apabiigy @90,
while affected by a nunber of factors, is greatly affected by the system

and chanber t PeBIRGHPIN Propess rﬁplby‘tr@tﬁé, r{a@oeﬁemcomygwawéerg)erm haugontrolled
processed usi p%c@sﬁﬁg'é oRMBAESSA ng?.éﬁqaﬁ&%? to6t BEEF §5°5d Heﬂ%e Lcan) and
generally defined a e sequence evice fabrication te s, or process
reci pe steps, demjmqoIaeplmztoreslsjnnatmmahmomrpwrdxcémswngasmatrbek énthqgram tololy swidr

tool. A proces clude V\sza?n %/rrqggﬁéltl hlgggésU% Olggs Ogggqubstrate transfer robot which

transports substrates between a pod/cassette mounting device and multiple
processing chambers that are connected to the mainframe. Cluster tools are often
used so that substrates can be processed in a repeatable way in a controlled
processing environment. A controlled processing environment has many benefits
which include minimizing contamination of the substrate surfaces during transfer and
during compietion of the various substrate processing steps. Processing in a
controlled environment thus reduces the number of generated defects and improves
device yield.

[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
{CoQ). 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 CoOQO, 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



sequence may generally contain various substrate (or wafer) electronic
device fabrication processing steps, In an effort to reduce CoQ, electronic
device manufacturers often spend a |arge anount of tine trying to optim ze
the process” S¥HEAEE and chanmber processing tine to achT%Véswﬁ%MSVéatest
substrate throughput possible given the cluster tool architecture
limtations and the chanber processing tines. In track |ithography type
cluster tools, since the chanber processing tines tend to be rather short,
(e.g., about a mnute to co ete the roces nd, t he mher , of. processi ng
st eps requi rE@UEBCE JHPY &e@egaq{yyﬁ?@gin ﬁ?@?}?ﬁugééﬁﬁe@ée""?{éﬂl EEQH,O"'& device
significant faprddteR BfodelSingi BRpkt tIAKkER &fforE aBPk&iRet DO, PERERSSIL NBevice
sequence is taken up transferring the substrates between the various

processi ng dRamyfagtarera aftasi epgnd adetge anaLYr afpliedniee e oplifirenthe RIacess
general ly i t f ] : Si-t 1. g Qne I NLf

phot or esi st glygﬁgesi gs]ﬁ %%@%Q%éﬁé%ﬁggsﬂr actlg o#glgieggutt)@%r tg,?es,‘[t'hé%&ftmte

t ransf er ri nghtdughputbpossitble givdn thfe ¢lhstec kamd tagchitettoé livdtatiose pad dbe champper or

tool t tt t h b t f b [ .th h I st
Tayer 1o a pHBERAE Sretod 1y IAGK dee AENRGHR | SUStEHTas P o Nincea e Ehamoer
devel opi ng thscaaidetined RAat@r BSirather ael, (bl tauaubsiinaieed bBopaipwe i n a

cluster tool is not robot limted, the | ongest process recipe step wll
gener al | y | irfPgesshandithe sudimenof pocesEng Fiees sevipdkioqipariate anw&af)@rogsw ly
not the case.d : |4 hogr.ah: r i t

processi ng ﬁéﬁggﬁgﬁggllg&%% %uﬁg@pgargf Bgﬁgﬁeégm%qgﬁ%nga%%ﬁ%aﬁélgﬁke

t hr oughput fpocedsig sequericeoindbkémalopi tansfemng ghe cabstrstesshativeas the tvaagls

|'i thography tool running a typical proce will generall be het ween

100- 190 subdtprerehainds: *Rohaas etic R oormbby £l cregbenes wih bR A

cal cul ati on jagladé hige $HRENG sRIpsallepodiind@Bfe GYRbRNUKIRIrTBhotbhRsR (bArdHstp are
very inportant to a cluster tool's profitability and/or useful ness, since
the | onger t'Aerspsiteesugacmabn subgraie dhen dragsiesingthesubgiatergit of theneystes

lost by the wygef, du eﬁé’raié;;%ltjé e? PPOAEPIbY o0 pBItOPEHR SUBSTAB §itacB by he

|
cluster tool. T ere?ore, r tool users and manufacturers spenc?cg tI)arge
anount of tiexposingithg photatesiel laper @l & abbtrgrigiopsditing electratiagnétar tgiatienand

e SR EARb R PSR b A b o
processi ng sheger tadrismed rstt lifted thenaidesnpice e adcigy stepavill geneally lithe
causer the 1 ahptt ot e Shrabassing shqoonce: ‘Thid 3" usublly ot The" (Hsd"n & '@
the 2 ghp P g sequ y
lithography process sequences, due to the short processing times and large number
of processing steps. Typical system throughput for the conventional fabrication
processes, such as a track lithography tool running a typical process, will generally
be between 100-120 substrates per hour.
foooa] Other important factors in the CoO calculation are the system reliability and
system uptime. These factors are very important to a cluster tool's profitability
and/or usefulness, since the longer the system is unable to process substrates the
more money is lost by the user due to the lost opportunity to process substrates in
the cluster tool. Therefore, cluster tool users and manufacturers spend a large
amount of time trying to develop reliable processes, reliable hardware and reliable
systems that have increased uptime.
[0005] 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
2



WO 2006/ 069341 PCT/ US2005/ 046877 shrinking size of sem conductor devices
and the ever increasing device perfornmance requirenents, the allowable
variability of the device fabrication process uniformty and repeatability
has great | yWY§e¥PeE®E8HY. To nmininize process variability afCT/ESBEYMERT fact or
in the track lithography processing sequences is the issue of assuring that
every substrate run through a cluster tool has the sane "wafer history." A
substrate's wafer history is generally nonitored and controlled by process
engi neers to assure that all of the device fabrication.processin% vari abl es
that may | &e@pKing sizeof gepuspnguctor geYiEet ARthHS el IRGRRSIBG deyice PETTPRRANCS |

substrates yﬁmaﬁeﬁﬁgge?ﬂb%b?é Qaﬁémg ?Jf ﬁﬁé’%@%%dfabheatﬁﬁ{rﬁrdé@i’s uﬁﬁﬁt"f’tﬁﬁ“r €

that each subStrate ha: e sane Istory” requires that eac
substrat e erpdriepeetadilithehaargreatypaigcrasised. sulsstmiaireizpr presss nrigbiibs ape. g.

consi stent coat | rpcess, consj t r ke. process, consistent chil
rocess. et ROt BREF o, Wk ALEMenl ik Siod sPEdEesns Ol b S he
sane for eaabsigingshaeéwry lshbé;taagéa@h;hrbwg?eadm'teneoomaatsrth@@hh@n'm@ﬁmsgS' can
be especially sensitive to variations in process recipe variables and the

timng bet wleSUPHEIE scinglers histry (s 0BRE@IY RPNoraris 3b8 sCotEled sby vaPFassi | ity
and ul ti mat ghyingdend BadErd MaTRNG ind RRURE EBricatioR! iSE&IscP Adriathel, 1akRA/ 1 N

appar at us cap pertormng a process sequenc nimzes process
vari abi | i t yladerdaftdeb avdavicals petfgrmance e coniroltpd) sobanalps drtrate ssindgps sage

performing Bobur e eEpleESerdl g HRAR U R RETIENE s B ARARE e

repeat abl e pameesafdranstbiy’ raliiites thatbagty sltgstatslespstshcaphhé saie fepeataplaput
i s al so needed. [Iooosl Therefore, there is a need for a system a nethod and

an appar at u§UPHE® PAFFESSINGCEERS A8 u FNBIRI SOatnG Proqess afOMEReNt ArdrRaGi r ed
the. pronessPaRae B BB ol RN T, PR erP Mo Daffouseduce
i tnvte_nt i on gemeﬁ‘&i?g fﬂﬁp?i tdedha &ﬂrg?t@rfemh scbatrateni nklgitf_mglrampd ﬁyrimrdw'@sjsi ng
statl ons an r S a re ca e r S nul_t.l e S strate In
baral |l . THOTGRIRT Browsstt far Be deBelrid s8ifTve 10 oBralinhy TudoG s eEpe
substrate paggssiand thbaimiag, baawees ahgl recips tsteise ik efratig atibatsigocess

wherein the second substrate processing chanber is a fixed vertical
di st ance f r YaRAHRY f and uitielaly evice REFREBRRGE chd BERTOrea R hflketes uigst rrade

processi ng ghsiiifing apphriifid RapHBRt 6@pErforfing a process sequence that minimizes
process variability and the variability in the timing between process steps is heeded.
Also, a cluster tool and supporting apparatus that is capable of performing a device
fabrication process that delivers a uniform and repeatable process result, while
achieving a desired substrate throughput is also needed.
[ooos] Therefore, there is a need for a system, a method and an apparatus that can
process a substrate so that it can meet the required device performance goals and
increase the system throughput and thus reduce the process sequence CoO.
SUMMARY OF THE INVENTION

[0007] The present invention generally provides a cluster too! 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



WD 2006/ 069341 PCT/ U520051046877 processi ng chanber, wherein the fourth
substrate processing chanber is positioned a fixed vertical di stance from
the third suybstrate quce35|ng chanber, a first robot % pb(é adapted to
access the f198P8MErate processi ng chanber and the se@ S UL Y at e
processi ng chanber, and a second robot assenbly adapted to receive one or
nore substrates fromthe first substrate processing chanber and one or nore
substrates fromthe second substrate processing chanber substantially

si mul t aneous| and t hen dep sit. the,o e _subst.rat from

substrate . pPleadSin s ERRRD AT HE S §bsRlE P RS P8 b uRE Futtisck ana
the one or nﬁrfﬁedSJéhﬁiall distanded POt the third Gudssatesiroatssing ehamdend dRaTbIest | n
the fourth substrate processing chanber substantially sinmultanegusly

[ oooa] EnbodAssamilly gAariRd tp apeets Bie fral subsirals rrpreesing ehaoper apd e wpnd

processi N9 asusifafd ptkces MM afald kStor 983 IRAnAPKIIAETS Rocive

plurality of vertic substrate processing chanbers, a secon
processi ng raok Ohmwrmgumstmtem %tcbnntt;ze bifst substrate pregess macﬂtemtmu astaae®r more

Dl ade, and o MG o8t bMese SR, S S BREC R iRT chifie” slbdhmig”

conprise: a §|ﬁﬁ£ﬂﬁde¢d§l¥?fanﬂ|tﬁéﬁdepo@ﬁm@rlﬁhel’@hﬂbréﬂtmwéﬁ hamahe firdiguBbtRatet he
first robot bl ade assenbly and a second robot bl ade assenbly are vertically

posi ti oned aPicREH"G peafahecemalbarm"%ﬁab%%e BEOcegpAA £hampenapf zbe oge oy more
posi ti oned bé’ubéﬁ% cfofrortnhﬁ\ef éécﬁndrﬁﬁﬁﬁra@ gﬂﬁeééihb'aéh%hﬂ%rr iR hﬁe%@ﬁﬁﬁ‘@uh@t}?&l&

bl ade act uat or, 6-axis articul ated robot “connected to the first robot
bl ade assenbply)caming bearpbensubstaitiatly simdtdeeasstenbl y, wherein the first robot

o o e Se M ool bR EO B e ROt ineBREAE 8§ AifeCRRT it Bipbt S oot

are adapt ed glqbﬁrtabesto@nipraidgyasarmﬁrbeé@mgs}ackame@saqjlmtswadfafemm?lstackaed in
the two vertically stacked substrate processing chanbers in the fir

processing r slehstigre Wé'r’i‘ﬂl ahabelsma ﬁﬁ?&f@uET%Feéﬁ'E'Ss%acgu'b%\t"ﬁgitaeé"%%'gy t9foned
in the two Vé‘r‘iu&él@a ?&%‘ﬁ'ﬁ@ﬁ’at%“ %Je@%lﬁ?pémbng ﬁ?!s?”r’%%ts blddel Qgse?ﬁB@”d

processi ng rack. Enbodi nents o he T nvention further provid
cluster tool ccbmprle,ﬁ @cfgsts fabgt hladeubsd raafiret rqb@hp!ad§| ajuatar, oaasemnderobhablads

firet procesarig uekerty oL LR, TadiondohR blafie SRlugE ISR °
chanbers st athieefirst robbt utide @abediblyesid @nsec&)nﬁlembd bmbesdmm areorgpidatigs: a
second pr ocessi ng rack that COfT'pI’I ses two or nore Qljbzpr ate Processi ngu

chanbers st aBREWPNed 3 fived didtance apait @ngdrcanbg jseparat "é@%‘éHibIP?S'éla%‘?ﬂ

use of the first robot blade actuator or the second robot blade actuator, and 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 substantially simultaneously access substrates
positioned in the two vertically stacked substrate processing chambers in the first
processing rack or substantially simultaneously access substrates positioned in the
two vertically stacked substrate processing chambers in the second processing rack.
[0009] Embodiments of the invention further provide a ciuster tool 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
4



4 WD 20061069341 PCT! US2005! 046877 to access a substrate positioned in at

| east one substrate processing chanber in each of the first and second
processi ng racks and the cassette, and a second robot assenbly conprises: a
robot, a fir¥0PHWP3HB| ade connected to the robot, and a PSEEFW/HMEHHt bl ade
connected to the robot and positioned a fixed distance apart fromthe first
robot bl ade, wherein the second robot is adapted to access a substrate
positioned in at |east one substrate processing chanber in each of the first
and second processing racks and_ the firsﬁ and sec%nd robot bl ades are

adapted to stBtﬁftCSFﬁ BafyRstatepesitinaed, &) qaéth‘érs_,” ﬁIrEWuBm&ﬁﬁ?'BQ CE‘PB}P—%F"?
the substrat egchoidhe fits?@anl deBn ghﬁféé@ih@ rREHRACHTPINRCAEh8AD A A Reb&td I rdlot t he

first and second processing racks. [cold[ Enbodi nents of the invention
further proviassembly gemerisessod robet, gt st gebeigblade seanpectedeto renpebadi agd a
first process] o I ni fi.r Lcal : f e e
processi ng chéae%gréﬁ5 28&3; tﬁlgpgtcgln gg%t? datgatf)\%ergsgtghfj@gﬁg@@ﬁg%oasUgcflragsiterg?ctteoa%an
substrate prdess shelystrobobeladenwhbeeird thessecpndcelsatiingdapstel to acsessansubstrate

processing rack, containing a first vertical stack of substrat rocessi ng
chanbers, a REBIEAIBA! € aam%&UEstratﬁawe?%%s"w Eliutbebim spemdhe drerShd

substrate pragRsad rtﬂo@é’&%iﬁbehdk@ AP the Hét akd QEEST Mebdtabkded Grd SdHpedd & e
processi ng chanber i n the“second processing rack, a controller that iIs

adapt ed t o opubstantialiyheintaeeeusly toansfére pickupt ard/er drewatjhthehsubstratest iraat

Coupled to t NERaanbRIBre ke Ruld st efin SERRSLERT SedBaee T Ui

havi ng a conpdtly.- r eadabl e program enbodi ed therein for directing the
operation of the cluster tool, the conputer-readable Pr ogram conpri si ng:

computer i ndPHAL EBRRAMENE Rt the|inyamsion; fudher ygyide i glustet dael foo PERCERBIPEENt
COMPr i 51 nG:  SUALIA8, RMrRingi™ FraQTEBREAATS. LoRalit, 1o ik Jophoh Ak of

second robot Int ry, - review command tasks irst robot retalned
i n the nmenor subskateepvocesaieghdhambkes, & Hrst Jebanadantedto tansfenetl sibstrdte to a

menory, and no o nd tasks fromthe.first r. tQ th econd raob or
The second r oUBeTEE TGS o g 1o it ReasTRE Moy, & seafid BiGressnBdhs
robot. [ootl feohmmiad refitss veftichhetack v rdubsiateuprobessiny eMambers, &l ssdopid tobot
for processing a substrate, conprising: a cassette that is adapted t

contain two 2RO ARSIeTA substrae ppgens ée%%éat%@@%éﬁmscﬁhamhﬂrﬂgﬂaeoﬁrst

vertical stagkoQsstDakbk ahg ASBRGaR! RBcSSMPERdmber in the second processing rack,
a controller that is adapted to optimize the movements of the substrate through the
first and second processing rack using the first robot or second robot, and a
memory, coupled to the controller, the memory comprising a computer-readable
medium having a computer-readable program embodied therein for directing the
operation of the cluster tool, the computer-readable program comprising: computer
instructions to control the first robot and second robot movement comprising: storing
one or more command tasks for the first robot and second robot in the memory,
review command tasks for first robot retained in the memory, review command tasks
for second robot retained in the memory, and 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.
[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
5



and having a first side extending along a first direction to access the
substrate 5 WD 20061069341 PCT1US20051046877 processi ng chanbers

t her et hr ough, processing rack containing a vertic

substrate prOE@%@ﬁﬁgagﬁanbers and having a first side exteﬁ%?“%hgﬁgﬁgga
second direction to access the substrate processing chanbers therethrough,
wherein the first side and the second side are spaced a di stance apart, a
first robot having a base that is in a fixed position between the first

side of the second . processing rack and the fi,rst side of .the,f.irst .
processing r aE’fZ’,CE\ﬁ)ﬁ'QBéﬁ_ ﬁ"ﬁ’r?és %??FE _'9‘@5'0@ S?CQ"gdHB?%qf'rf%_rqcﬁ(a(ﬁ)@ae'wng LUBdiERht e
to a substrat gtk f eRdialeCHAITESing BhaMBels &5d haPhgGe fifdt REdd afléndingeaisng and
processing rack and the cassette, a third %OCGSSI ng  rack containing

a
vertical stackeeinds fyectien doppeeesssithly substaler Pragresing ichgmbers rteeretiypugh,
extending alo gAY Llgectl t r S}
chanbers t hepg'te ﬂ?‘%l%‘{]ﬁrsg%@uﬁfﬁmﬁr%@ggg?ﬁ% %%ﬁﬁggﬁka%ﬁﬂgé %B\%QP ?irﬁgsélmg?tack
of substrate hpvingesdiasg thaarbensa dixdd hpnsitio hefweest the diestesidendi the sdamg a

fourth direction to access, the substrate processing chanmbers therethrough,
wherein t he.t AEESSnadidhan InfcnBbareist die lrel s tadaa arahoge diehreboiang
a second robo{s aagREdItY tr&@MY A Skibstrate’ RDAtsUbBMARIpRCBESIAG tdMambe? ih Nha firstxed
position between the first side of the third processing rack and the first

si de of the f8RCERsSiPEdaelssthagseacant pracassing: rackiastd the earselionadbire dreesssing
bot, and ohat i
e di ot anc R ARNG s YorlCR SERGSBCR Biges ML ARersPiR] hafig s

second robot bidedegerating akbaptae thitdodisadchisth amtceddsythei sublstratecproségsitg amahbers
nbers in the first, second, third

substrates tq t ch and fourt

processi ng ra@)@é%f‘ﬁ@%ﬂ? ERWYYiRIRTRSS NG r%%CPﬂR?gW_?Q dh Vﬁﬂﬁaﬂé’acg‘r 8€i QS'_éate
cluster tool bRiceR§iAGRBRNTHEre andURMAAE FirstCOHIR 'dxiidig 8lohSH ®bdrth HinddtiohSto
adapted to contain tWwo or nore substrates, a first procesSsing chanber that

i s adapt ed toapgegssdhensubstratetpreeessingschamiers tharethagegh, wheseipdhe thirbeide sinlg
chanber that | 0, pe e ein
the first probBs WA St BB toddd 3 IR BPARCIDAD Spafiiliobd, dssdtl
subst anti al | ycamipasenta ioboehalingthterse thaf lsun d fikesipsositiongbetwans thééitst iskle of

adapted to fluidly communi cate wth first substrate posi.tioned in the
i rot pr ocessiigl At o Marach A58 domfrsb 5B o e et P BRRRG FRekna Mt ool
processi ng chppagrconhb&ERitd tt?{ﬁniboftﬂédea dbSRRI oY b%ﬁ@ﬁ@@?f}ég:tg%é rébot lanbid

source, a nozzle that is in d conmmuni cation wt source, a
fluid deliver positienss aHied distapaptandrt bomelhevigst robot blade, wherein the first and

second robot blades are adapted to substantially simuitaneously transfer substrates
to two chambers in the first, second, third and fourth processing racks.

[0012) 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 chamber that is adapted to perform a first process on a substrate,
a second processing chamber that is adapted to perform a second process on a
substrate, wherein the first processing chamber and the second processing chamber
are substantially adjacent to each other, a fluid dispensing means that is adapted to
fluidly communicate with a first substrate positicned 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 nozzie, a moveable shutter adapted to isolate the

first processing chamber from the second processing chamber, and a robot adapted
€



fluid fromthe fluid source to the nozzle, a noveable shutter adapted to
isolate the first processing chanber fromthe second processi ng chanber

and a robot agaplethsef WO 2006/ 069341 PCT/ US2005/ 046877 t Opd/gddadsRlissd
substrate between the cassette, the first processing chanber and the second
processi ng chanber. [0013] Enbodi nents of the invention further provide a
cluster tool for processing a substrate, conprising: a first processing
rack conprising: a first processing nodule conprising: a first processing

crorber e RS s B LA,y S PR oS A8

substrate, whegeeond pleetsingichampeassi ng chanber and the second processing

chanber are substantial]y adjacent to each other, a fluid dispensin means
Shat T adapt depioh Eidiment iR ianuoa, e 1S aKe e bsihrdpo el B ssing &

processed in ts'aﬁgtfrég_re,seorﬂbﬂéaﬁa% gt Gr8ed8Ingaaek tcbﬁpai?gi‘aﬂg REOFREESIN AIvAITRET |

wherein the flui i spensi ng~neans conprises: a source, a nozzle that

isin fluid compisingasifost wocessirechamber thatisasdapted louperfaral a Jigst progassson

that is adapted ive ul i [ a
noveabl e shut teae? E'%Sd%g‘%’e% {egof‘éoqrgfée&ﬂ-@é#ﬁéésﬂh%} gggggﬁ%ﬂﬁ%gﬁﬁﬁ g?ﬁ: e
second pr ocessirtgesshambersubstrstec avttkreipr theefist nyocesinge chanper sanalg thea sétondl

processi ng chanber that, is adapted to perfarma first process, g .
Substrate, a MECRASHNG: SeArBEsh g URBERIAINFAIpcerldapparh SINSToar P risPensinghd

process on a_SHbals fiak. isnaBEekn K uldy ForPhaneas! M chashiatiaiaifal he barond

processing chanber are substantially adjacent to each other, a flui
di spensi ng nmed@necassad indhadipt ptbcessing hampes @ndutiec aeeond procgssingsihember,

that is bein r - -t hi 0 MQ f OUr: .
processi ng cﬁ'g%%e'ﬁ?ﬁ(gmﬁg'rd ecﬁ?f}({}%g' gfh'bélglndEP ﬁ%@%g i %(E]IﬁrreansEec'g"’r'rr'gl)rfélJs'l‘?(agtsh,a?!aé 'b Imﬁfdd
source, a nozzommuriadtionswitinthiel fluidl sowpuLailgidtdetiverwinhdrarishttaf isudda ptealtoasiver

fluid deliver ns that.is adapted to deliver fluijd fromthe fluid source
Lo"the nozs ! e EHE0R e JbithPeurghds e nogil At resvedblex i edipiest o lsidte
processing chapda(rs bFHBe%Qiﬁ S S4B PFBRE HSd %coﬁ@aﬁi’@ééssiﬂ@edh‘éhfbetr,h% s8sHRd

processing nodule is substantially adjacent to the first = processing nodul e,
and a robot adapiesdingomadaies fcempaisingbst thitck phessseing champer dhat jsr edatednty

e SBAREN AL ARE PP o T il o BT A P P,

provi de a cl uss eerfbovla $etonprroesss og aasubstrate, wherein the first processing chamber
and the second processing chamber are substantially 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, 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, and a moveable shutter
adapted to isolate the first processing chamber from the second processing
chamber, wherein the second processing module is substantially adjacent to the first
processing module, and a robot adapted to transter 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



substrate, conprising: a cassette that is adapted to contain two or nore
substrates, a processing nodule conprising: a first processing chanber that

is adapted t forma first process on a substrate in r '
region, a seg‘gﬂg&%’rog’%érqssi ng 7 WD 20061069341 PCT/ US20051 G5aaF R o

that is adapted to performa second process on a substrate in a processing
region, wherein the first processing chanber and the second processing
chanber are substantially adjacent to each other, a robot that is adapted

second pr oces oA KRG PARA IS PRTE G S5B0T0 BisTses eBe b PRIsOR S Bhe iy
actuator that regioadapkrsin tie fiPAirbé&tiridendrabat ard &Qﬁséébrid’lﬁroz:béﬁi)g @h8mber
a

second processing chanmbers, and a heat exchangibg)g devi ce t is 1n thermal
comuni cat i on #pt¥vbstaatiatyadiaseatite gaghiatherpdaftol tha! soadaried tadransfer and

Lemper at ur e of, Quaubst Lab 8RS | HA0EH st NEEEARingA U aRbBY SRIM <ok 0RO pREaRY

to transfer a'substrate between the cas t I rst processing
chanber. [ Dol sihabtendivneneirsthefrobbiecamprigesi anobolriildde, gor actuater that isisdagted ol

for processing a.,. trate onpr,jsi,ng: a, cassette that is adapted to
cont gi n t\?v(snI O%WPB%EEHQEPEP'@@?qRa{h%rf'cS%eigq ﬁ%g%dﬁﬁoge?ﬂréq IC@BW%PFSS@Sdaa ek
processi ng chaxeRangifg SRGVRAthaP o 46 35 th] Coairhedicatidl with tBeb@banbiadlel and is

adj acent to the first processing chanber, a first robot that is adapted to
access a substddapPedistantichte tefranature phe sgbelsaig Noshioned Ahgyepn.odig @ gystem

second processj Qe el bl bt b® QR hedirst hosbsdipot
bl ade assenbl ;rblé‘%tn%” Sl nggo: trgﬁ?%ré'{éupoﬁ%tt .tﬁagée, lag%]gga s%cazﬁzthfog%ttb%l éascﬁrla,
wherei n the fiaghembeobot bl ade and the second robot bl ade are spaced a

di st 1d _robat, bl.ad | i sjng: ,a third raobot
bl ade. and o tiel Erangenddns BN ICM oA 4 LM yPaliar RihdeBRBt
fourth robot kjupdratar eompasing: & casiateathatisaipted WherRain thbersesrernslibsnies,

bl ade assenbly and the first robot assenbly are spaced a fixed di stance
apart, and whet drAcessing jmedule ot PamMBKREs &d e PeeagseRg: ichpmper, a second

Br cesel g ch ipar o By pa gL B R AR ERLA, FAE o SR N BrotREAng chamter. 2
cluster tool ffiost rebotbwsiingdaptesilosacaise,a sobgiratsipogitioaed iim she firgqueséssing
oK LAt SO LRy D L SUBDE LB R e BE RO B B R
side, a secondir§iirOESSHANE abSsHbll RBNHHBMY LIRS rbbet BIAJEMHIRI 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
substantially simultaneously access the first processing chamber and the second
processing chamber.
[0016] Embodiments 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 tirst 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



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

to access th%é%@hm&ﬁ processing chanbers in the first pracesshig:s ack

fromthe first si a second robot adapted to access the substrate
processing chanbers in the first processing rack 8 W 2006/ 069341

PCT/ US2005/ 046877 fromthe second side and the substrate processing chanbers
in the second processing rack fromthe first side, and a third robot

adapted to accgess ess S | n
processing ra r% h "?%'él%éeﬁ' ag(ﬁ)d@g ? '%]‘ecgﬁngg%siredn%htan?%eﬁgﬂlﬁ\?eﬁ ?oonrc\j
further provi @eockseingsher fro@ahe fridt spfe)@Ad A thiyd aobcmmpmtte accespthessubgirate
cassette that is adapted to contalntl%/g) or mgre substr e first

processing r aé’koqeﬁﬁ'f‘g&BﬁﬂWe?eE' the SpFQRd BIOSERSRY rackdrasp t 5i44-at e
processi ng chagghs renﬁﬁo@ﬁh@q sidh tﬁ‘e Yrﬁfeh'tu@ﬁ'furﬂ’ierrggbheé‘ a Wﬂ@tre‘?'tébltfbﬁ pfoMBs§ihg 0T €

substrate processing chanbers have a first ext endi ng al ong a first
direction and suast%emmrsm&m excagséttaghatl is agantesidoqoataln twe or omre subsirales,

r obot asserrbl apt 3t n n ast
one substrate pt"@ieosrg?%sgs ﬁ%ﬁge'ﬁﬁ ﬁ&%ﬁﬁ% rsk1P r%@ggs&?\gwé a?c:}k ’%mtﬁ’tﬁggﬁ
first dSl de an@frddeesmgset@tm@ersa%tsewdn aarvemtesaid*n@crcﬁ@mhbmﬁn otngquclases ‘mare
second group O two or nore substrate processing C ers stacked In a
vertical di redtbye prRASROCREMIRE BRaR e S PHSRANS glngea Bish g resianmucs
have a first gi %oﬁ&tﬁaéi'émrﬂ,@ano@«gtBlsreeoﬁa "FHeEliG] é‘ﬁré%cr‘?:ﬁl%ﬁ aggenblwhﬁt [sat e

processing chanbers therethrou a second robot assenbly t
conpri ses: a adapied t@ Rreess aowstrbledesmaneld dn saic paat mﬁoﬁubﬂt@éﬁa ProgRSSEIgN

the first ¢ ohRb BLASWRS! BecseRndhtona ME3fs, de HAAREtadsdie 2 08ems

apart, V\/nere apted’to access™a s
posi tioned i npedceksiagtradinthat sorpiisesst @ s@r:on@gﬁiupgofdhardnmaelslubsﬂnaefpro&ssmg
processi ng rack féom t he second side . substantially sjmul taneousl% and

access a subsEhaMBEFosIACHERCE PnVaTiCReAUPCUE WARIEEL 188 ™5 O¥eB9Th P UORKRAKer
in the secondy FUC%@Q%%'Cﬂgm'b@f%(hf;\feomlﬁstﬂgldhr@x'iéhcx%#jﬂonﬁléhﬁtr@'@ﬂrb@tkdnym access the

si mul t aneousl y nbodi ments of the invention further provide a
cluster tool fsubstrat@cmge&asgwgachembsrtsr Hessthowmgpr iagdngy: SEGOQQhS'QQQtt esselmly itkat

cdapted o, SoBARRR Biald i RS st o I AREN P

of a bake charndiit bladdHvib thy seeasl aitanibéideodreasiicBd a:hlwtrdmﬂe, apart| v&herem the

Lranst eI NG S Tobor Sbsambly i€ 5pedto decdts 3 dubsiiate postionadin atleast two
substrate processing chambers in the first processing rack from the second side
substantially simultaneously and access a substrate positioned in at least one
substrate processing chamber in the second processing rack from the third side
substantially simultaneously.
[0018] 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,
12 or more coater/developer chambers, 12 or more processing chambers selected
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



adapted to access a substrate positioned in at | east one of the
coat er/ devel oper chanbers, at | east one of the processi ng chanbers and the

cassette, an%gﬁq%@g%?] robot assenbly that is adapted to 2@1 16§1{1}e)strate

positioned in one of the coater/devel oper chanb ast
one of the processing chanbers, wherein the second robot conprlses a robot,
a first robot blade connected to the 9 WD 2006/1169341 PCTJUS2005/ 046977
robot, and a second robot bl ade connected to the robot and positioned a

fixed diStanihofPAid of EOMBAd Forlah 'Hiddd 8Bhededd8 1nihabel Bnbifosiiend, 1RR4!

is adapted to cess a posi 'east two
coat er / devel ogigtanchaapaer Bomstmsmanmmitlb)acm rwﬁeramemestscomdroabt iscadépteddo

substrate positioned. .in at |east two essi chanmbers substanti,al |
si mul t aneous| §°CES8 @R} st PPEAURsHRlS Qﬁs't[) g "F‘n?él]ﬁqqséﬁw? GPRIS é[?de&; BQ?H@W%Fhod
processing SUQ%srtéHt%ﬂ% éurﬂuﬁar@o%%iyeén& QP'Ieésh%heCQIBs%féS Fﬂbﬁhéhéﬂ fh Bf RERITVBY

stations and robots that are capabl grocesm ng nmultiple substrates in
paral | el . Thepipsessitg @hambems@@sta@na"y %ii!i\bl aneausii.n a cluster tool

conpri si ng: @@ﬁg@zélgrggceseﬁ%éf th%r? e?MBﬁ thrmae? ﬁ“ﬁ‘é@e & 3hanal préc\’é%sﬁ’lﬁ s@?%ﬁ%tesa

vertically st processing rac
first robot, jr aCﬁestengoélhmamdmtmm e;sulhmietﬁmcé:Mng)rstamHm pnd)crebeﬂsnmat are

chanmbers in the first processing rack, rem)V|n he_substrates fromthe two
or nore verti¢3abe OEPH@E%”%’B‘&'&@%%SHWQ%'%P? ?'t’? Hi‘ef'?’?@lo dyocessing a

substanti al | ysgistatd #N8 QS 163} eanar.s,ﬁgcm@émhgt&tneas&ldﬂ& LS Info each of
transferring the substrates to two or nbre verfically stacked processing

chanbers in atveecomgdreredieali sigckeitRrogessing chambetsond fishetocessing ragpuosingi ng
t he substrate [ l. r.s in
t he second pr 'éés]srlbﬁ(g‘ ﬁjéoq?(%s@réq tsxjggttsréetggn'lé%}ezgﬁf%?F%%Eacrgé%gg&C ’%ﬁg&gfﬁt he
[ nv?ant ion furtheefirspprcedsing raalt h@dwcxvfngon-mﬁﬂmtnamsafrosubmt tvad er rrmre »@nmsiﬂgzlr |

t oo corrprlsm serting a east  one supstrat 1 N vertica Yy
Stacked brocctaphes BIRERBURG HATRERS e sk Bk, Supstaltiliy sTHiERepysE dsinshor |
processi ng t hgs HASHESE es%nhﬂarﬁéb%siy“ﬁ?a:%er‘ﬂ‘%Qh@%%@ﬁﬁ!e@gtocmﬁh%ré Rty

first processing rack, renoving the substrates fromthe two or nore
vertical |y ststekkat p@pea&a@@phgmbambea se¢andt processing rgnkodsing thegsecanid robot,

Subst rat ee 1 UPThAEPRSNES el bRls: B BRTRAS S el iRl SRR bRebYfe
support att acttemntiers imthesseeond praresting dagk estegthd sexonblrabet. f rom accessing a
first vertically stacked processing chanber, positioning a

[o020] Embodiments of the invention further provide 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

10



robot blade that is separately connected to the support in a second
vertically stacked processing chanber, positioning a substrate positioned

in the secondwﬁ%%img I4{y st acked processi ng chamber on tr}ﬁc /l%g&tmpés?.pe, and
renovi ng the robo ade from the second vertically stacked processing

chanber, and transferring the substrate to 10 WO 2006/ 069341
PCT/ US200/ 046877 a second set of two or nore vertically stacked processing
chanbers using the second robot. [0021] Enbodi nents of the invention

compr 1 si ng: | ResrHooa of tioRare YRuBauy dRREE bty shBerd 8o s o

nore verti cal gcsidaeket processing chanbers positioned in a cluster tool
using a first robot, processing the substrates in the processi ng chanbers,

renoving two @jo2{fDEMboEREEASL &S tHeN irfieBifiord fG@ISEM Brovidée aOettid oM proces¥ME a
vertically stacked processing chanbers substantially sinultanegusly using a

second robot , SUBStAIE ItAEHiRieniont epBpEsing:rigsarting ellpast onppebe thrare atfissta
desired posi t%ﬁﬂ ASWR%r ke %Sﬁiﬁg@ E@P%d [d43egihg %%e???[)?iti%e& [Ma cluster
er od of p g-a a

i nvention fur provi de a net rocessin subst ein a cluster
t ool conpri si ngl ustmp\a figt aobuh sproedssidg dme subslsatestie thei popcassingbatambers,

inserting a first ,substrate in firs rqcessi ng, cha r adj acent| .

oo i onod t smoud BReion e Subsiipes IBidt S R86PTh PGS e FIG SR Ble taricaly,
chanber from thRked §REEEESHPOERSHbES SIREIRIEINYSIRAtH008yNGsiRg Bhoéddid Rponeen
the first processing chanber and the second processi ng chanber, dispensing

a processi ng Binpl@ngausindranstaring theoiwa RE MmIBUbstratesdsia depierf pasitipre usingst
processi ng ch i a nozzle connected to a fluid dispensing system
inserting a s%ﬁ%ogéﬁél@?tate in the second processing chanber, and

di spensing a essing. flyid.op t f _the sec t -

positioned i nP‘{°§2§ E%‘@gﬁﬁn%{%c%s&engn%gﬂgﬁer'%ﬂegi H{?V eegng'z%gfoed's?g r{é%%sgg\g fo
the fluid di spetstiangirsysleser tboPSshpigitipdemening Dbulidiaté ireank icassdtier idieg a
provi de a met hod of F%[rtocessi substrate in a.cluster togl copprisi n%d

) . 5ing a
posi ti oni ng a'AbsELBI Gnlirgt gH‘B’%W%t‘%a flé%‘c?f&ﬁﬁw gaymeer agertiyrrgsition
processing chagrgededoR! prige i efnbYr, RESNP BRANIR o RNEhRhOSCRENG
chanber, transferring the substrate fromthe substrate exchanging device in
the first proseswidngroschesing chamber dyhzasitioning acsiuiten ebwedrate fist proasissinged

robot blade, WiGHELN A e MRN8l &7 HahbabisPERsihg a35RBEShd Auif WA he!
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.

0023} Embodiments of the invention further provide a method of processing a
substrate in a cluster tool comprising: positioning a substrate on a substrate
exchanging davice 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 controf
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.
11



the tenperature of the substrate retained thereon, transferring the
substrate to the second processing chanber using the chilled robot bl ade,
and transferrj t .Substrate to a third processing cha Lh he
chilled roboﬁ”@?%ﬁ@&”* erein the third processing chanbe?gﬁéﬁgﬁﬁgggﬁt to
t he second processing chanmber. 11 WO 2006/ 069341 PCT/ US2005/ 046877 [ 0024]
Enbodi nents of the invention further provide a nethod of processing a
substrate in a cluster tool conprising: positioning a substrate on a

substrate exchangi device in,a first. pr ing.¢chanber, th i .

adj acent | y pogP@,“grﬁﬂi‘f{C@“gn"SSgﬂg}m' %8&'885@&5363@5%{5@? ayelhey 2%?%89?%%9 a

substrate frorgubbgaeuUirsta alteresan a@hpBirde Vpssitidring he subkBhtepoacessubizgate

chanber to a substrate receivi nP surface. of a chilled robot bl ade, erein
I

the substrat e @X6BRGNGGeviceriacefiis PiRraseEd temkaithal is adiacandtinRrasiioned o
the substrate dehagyn H)c%gﬁhgogn?rltnfaépsftl%@&fe%gt NReS WBkirake ffdnt e  Saipapk

processi ng chanber uSing t ed robot bl ade,” heating the substrate in
t he second pr cxxeBamnging dhaicbeén the fiest pecsiaseithgt ahapereattarae substmats feqeaivimg) suihace

substrate to thi.rd ocessi ng chanper usi t he .chill.ed robpt . blade

wherei n the i A hilssBBAGHAGR B p St A abevid shuSee lcrieit BBty
chamber, and qrehémpelaiife &FURS sUBSEate Tetdifed ihetsbri tRERESING e altaratd @ the
desired tenperature. [0025] Enbodi nents of the invention further provide. a

met hod of prodesentgresessippsthagiteriusing bruetiiad tobst biastep Neating the pehelfalg i ng
a substrate frtﬂgk@ccgﬁfgr%{cggsinﬁ?eﬂérﬁbgﬂ% 2GS te e?at?:\'g),stte{n@ffﬁng WReEL fisttaldne

cassette is retainé cluster  tool, conpléeting a final processing
step on a subdbrattbird rpracgesoge sbambec hiaimigethe chitledhsfobot ibiagle, heheatns theatherd
fromthe processi n%.ch nber to & chitltl chanber that i.s ﬁdaBt ed torﬁ?pﬁrf rma
chill process Prarf fnrgacz‘?f'gt?erri'%a PReNIaYEe SEEA RIGHPRHRI ERRIPET ARYASEINY B he
cassette. BRI Eobbiesiehh Hl fidd GrocedbingRMAhidebtd AA8biedripdhturée manner in

whi ch the above recited features of the present invention can be understood

in detail, a 7R26) EMBJAHEAE SEHY lilenfin qﬁnhé}engidw@td Abthoddf Ehrokessing a
summari zed above, nmay be had by reference to enbodi nents, sone of which are
iIlustrated isubbleatapipeddeldstar 409'ngamplising'strapstpeingoesbsi@iRVem a kassatige

appended draw r.at i hodi f. 8. i d

e her ef or SoRBNRY 458 R fefibodb Bndt LB o e e AL A0

may admt to todtiheomehptiagla fiedlf pocessng sbepdonentsabstrate in a processing chamber,
transferring the substrate from the processing chamber to a chili chamber that is
adapted to perform a chill process, and transferring the substrate from the chill

chamber to the cassette.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] So that the manner in which the above recited features of the present
invention can be understood in detail, a more particular description of the invention,
briefly summarized above, may be had by reference to embodiments, some of which
are illustrated in the appended drawings. it is 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 equally effective embodiments.

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

embodiment of the invention.
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[0027] Figure 1A is an isonetric viewillustrating a cluster tool according
to an enbodi nent of the invention. 12 WO 2006/ 069341 PCT/ US2005/ 046877

[ 0028] Fi gur i Jplan view of the processing systemi 4 ﬁ in
Figure 1A V\he‘girl)gf’dr?ﬁ)fgﬁéppr esent invention nmay be used to acﬂ\%rﬁ@g{:})g&% 61029]
Figure 1C is another isonetric viewillustrating a view fromthe opposite
side shown in Figure 1A 10030] Figure 2Ais a plan view that illustrates

anot her enbodi nent of cluster tool that only contains a front end nodul e,
wi th a. stepper/scann

which is adapted ta.co L cat r tool. 03 Flqure
DB o n phan g FilPETY R St iy Bt it PRRESSR ANy RRvaed W iR TS
only cont ai ns wheséinnke ptadaat invemforemndy Bediskd o h@RIdhgdi gure 2C is a plan
view that illustrates another enmbodi nent of cluster tool that contains a

front end nodydRepFihude AONEIHotiErdsbrRetridhan@illistrighd 8 Vidva kroRPthel Gppdshe side
adapted to comunicate with a stepper/scanner tool. [0033] Figure 2D is a

pl an vi ew t hatshpwpwfigwredAanot her enbodi ment of cluster tool that contains
a front end nodule, a central nodule and a rear nodule, wherein the rear
modul e cont ai @938 Figuse 2Aeisr a plarceiewi gt Hwskatescanethrycembodineant of stistitagl

ool . [0034) gurlh SaRlaine aofaR' S ufodiPEmHREA Tk Sacihel B TRPRRICAE AT

Figure 1A, thateppesBtaires téolt W n coat er/ devel oper chanber 350 and integrated
bake/ chill chanber 800 wherein the present invention may be used to

advant age. [O0G@R)] Figiwes @82k & plah Ple@nthéat astrimt dndihert rabeginnoioneluster tool
enbodi nent of cluster tool that contains a front end nodul e and a central

processi ng nodidtenyganiaing acstand-alRnaifiont aRd prosetessi ng racks. [0036] Figure
2Gis a plan view that illustrates another enbodi ment of cluster tool that
contains a fr@m2efiigurdd@Q is, a déant vigw hebdwskaleg ansthareerahediment gf ciystrdsal ng

nodul e, which C i I madlfS 7, I I an
view that ill lﬁ%réaatn g@%ﬁé@é%é’%@@ﬁ%ﬁ? gao@'ﬁﬁs"? er 'o‘léﬁ'é:rbﬁ E@tﬁ %ﬁh gp%ggg
front end nodig adamed & canitnualcapy aitle astepgpensdanresr todli ch each contain two
processing racks and a slide assenbly to allow the base of the front end

and central r qpipads Figurd 2anil atptan view that illustrates another embodiment of cluster tool
that contains a front end module, a central module and a rear module, wherein the
rear module contains a first rear processing rack and a second rear processing rack

and the rear robot is adapted to communicate with a stepper/scanner tool.

[0034] Figure 2E is a pian view of a processing system illustrated in Figure 1A, that
contains a twin coater/developer chamber 350 and integrated bake/chill chamber

800 wherein the present invention may be used to advantage.

[0035] Figure 2F 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.

[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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13 WD 20061069341 PCTI US20011046877 [0036] Figure 21 is a plan view that
illustrates anot her enbodi nent of cluster tool that contains a front end

nodul e, central ssing nodul e and a rear processing qRﬂH! whi each
contain two p‘?]gczg‘g@l?’%g?r acks and two slide assenblies to al O\Asl%ﬂt"wg(’ls ‘Qse of
the front end, central robot and rear robots to translate. [0039] Figure 3A

illustrates one enbodi nent of a process sequence containing various process
reci pe steps that may be used in conjunction with the various enbodinents

of the cluster tool.desgribed herein. [D040] Figure 3B il lustrate not.her
enbodi nent  of (%3 E@&%Egﬁqq@'ﬁEé”%H}%Flﬁfﬁﬁks\@gﬂﬁf"g} gl quiqsgeera}g&éﬁgt
that may be uggftains 6OMbANEHH GRodIE N cbittal VistbtOsking eREMSE Nt & @fr thecadsingt er
t ool described herein. [0041] Figure 3C illustrates another enbodi ment of a

process sequefadu thisthpagh containoe pPeRSIRg fasks gaddwepride pasenBieLe alowd
in conjunctiog W14, 6fh§i‘fﬁ'>rn't 8H3, cenirBPRbBE acfre:?a{r rbbiis ¢ Hah&Qhtel 001 descri bed

herein, [0042] Figure is a Side viewt ' ustrat es one enbodi nent of

the front end (o] i r. or di t he t .l i [ 0043]
Figure 48 o WOBIGERRR A ifEhards, B CotbOimbnt ot MGEAY sbaiR; Slfnamity
processi ng r awkridds? peass dicepet stepbethpt espnbei mseehtn eonjunoiehwithi ther eaddsi s
a side viewthat illustrates one e di nent, of the second processing rack
154 accor di ng eMPodiReyF @ g?ﬁ“l’ﬁ@é‘?ﬁgﬁs.cq'ﬁﬁeﬁ'ﬂe"ﬁ gure 4D is a side view that
illustrates one enbodi nent of the rear processing rack 202 according to the
present i nven{t08¥. Figot &P itygitatas @Eo‘h@&"@"&é“%téalq RERCESH |S§9YeRRESOBAIBING
enbodi nent of Lk i eal.i~aP L | ithNfhePU SRR Rt

i nvention. [053@?*?&%@%’%"!"3 g@g?é@hg%&\f@%g&ﬁ ﬁﬁgteb]gjpggo%ﬁle“he%ogl ment

of the secondermdadimentsecéiw cigsteato! 8éstrihedbiedtimg t o the present invention.
[0046] Figure 4Gis. a side viewthat illustrates one enbodi nent of the
first procesgiong Figoke 308illastcaiesliangthieo ehibedpnetesfta process isequendd0dditaiRingur e
4His a side viewthat illustrates one, e nment, of the secondlh Rr ocessi ng

nbodi
rack 309 accordity PHPIERE FFEEREPP éh{'?adn.gel%exﬂd”zﬁ%wﬁé%‘w” & various
PCT/ US2005/ 04@fhbbdiments of the cluster tool described herein.
[0042) Figure 4A is a side view that illustrates one embodiment of the front end

processing rack 52 according to the present invention.

[0043] Figure 4B is a side view that illustrates one embodiment of the first

processing rack 152 according to the present invention.

[0044] Figure 4C is a side view that illustrates one embodiment of the second

processing rack 154 according to the present invention.

(0045] Figure 4D is a side view that illustrates one embodiment of the rear

processing 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.

(0049] 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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[0050] Figure 41 is a side view that illustrates one enbodi ment of the first
central processing rack 312 and the first rear processing rack 318,

according to the present invention. [0051] Figure 4J is a si/lge v/i ew7that
i | lustrates oW@228Hthent of the second central processithd’PARYEEY and

the second rear processing rack 319, according to the present invention.
[0052] Figure 4K is a side viewthat illustrates one enbodi nent of the first
processi ng rack 322 according to the present invention. [0053] Figure 5Ais

a side view that iLlustrates one enbqdinen f a coater . .cham rein the
present i nvent®¥d Hﬁk}'eoéﬁlf‘js@ds'q% vmﬁ}ﬁtg@@&rafe@ogwf e@w@egbof&\eawgfagmwlew
that illustraprzessiRg PARKOSH ITBAG tHY fidt Eé%@?%ce@@iﬁ@b@ék 38 eiRoRib e Pegsesdnt
invention may be used to advantage. [0055] Figure 5Cis a side viewthat

i |lustrates olweeliAibdi ment of a coater/devel oper chanber that contains a
shower head assenblél_ wherein the present invention may be used to advantage
[ 0056] Fi gur el089)]i kigarest llis a bigde vigvathat lilluglratestans emeodment phieetsegpnd central

[0057) Fi gur oPRRore a8k i i S SR 1P BBl M 0P adh PG TR e

fluid sourcepasesnihlontidn0058] Figure 6B is an expl oded isonetric view of
one enbodi nent of the fluid source assenbly. [0059] Figure 7A illustrates a

plan view of Eos)ergod M@Ntis 04 §deodbar tehatbstatbhadne cambadiment dfl thed first
di spense armthat has a single degree of freedom [0060] Figure 7B

i |lustrates aPiCassing EAGKoI2203S0dRD IR thertresant nvepiPer chanber that contains
a fluid dispense armthat has a two degrees of freedom [0061] Figure 8A is
a side vi ew ofoog eFiguiso?ih ieatsidss viewahatdlugtairs ore arhedingem of ehepateioieaihes a

g?:\'ll'/elcggg(r)fsigg@@%%ﬁn ?%EJ%%]L’ ii@ﬁ%ﬁiﬁ@@?@%g%%dé&é%ﬁﬁa ’ gsggéased_ to i nprove
[0065] Fi gur e Be ogfeeBi SRR BV IR ERulsthr it YBoeRietd s nilfhse:

60B that conibéiem thedausémierentiod peaybe dedcetafvaagsenbl y 1400.

[0o55] Figure 5C is a side view that illustrates one embodiment of a
coater/developer chamber that contains a showerhead assembly wherein the

present invention may be used to advantage

[0056) Figure 5D is a side view that illustrates one embodiment of a developer

chamber wherein the present invention may be used to advantage.

[0057) Figure BA is 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.

[oo60] 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 BA is a side view of one embodiment of the developer chamber 60B

that contains a developer endpoint detector assembly 1400.
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[0064] Figure 9A is a plan view of a twi n coater/devel oper chanber 350
according to the present invention. (006x] Figure 9B is a plan view of a
twi n coater/dgyel hanber 350 according to the present invention.

[ 0066] Fi gur VPRIl " T Tow that 11 Ustrates one entiSHUAROARTE chi )
chanber wherein the present invention may be used to advantage. (0067]
Figure 10Bis a side viewthat illustrates one enbodi nent of a bake chanber
wherein the present invention nmay be used to advantage. [0068] Figure 1 DC

is a side viewthat illustrates one enbpdj nent pof a HVDS process. .C er
wherein the plROSAnFiohin, BBk S GHORRS? DTIRL PO USRSl i TaBEvo DU PRI HACABD | <
a side view t Bajcekt HESdrbRUeS cOREnQPONkERUreBAa Post Exposure Bake (PEB)
chanber wherein the present invention nmay be used to advantage. [0070]

Fi gure 11A isigiflerpuRBENSt sibURdv F BRic UNLARITRBHI SFiNe Gdvefopel @harbeseah! v
that may be used 'to’rapi dlyaheat and cool a substrate. [0071] Figure 12A is
a si de vi ew othaichatamschdetsdoperRRBpeinhattectopass¢vISy 1¥00cess chanber t hat
cont ai ns one enbodi nent of a process endpoint detection system [0072]

Fi gure 12B i s[oa64i digurd Avina plarbdee of hdwirecoatPiiveiendrehambeHSBS acperdiests
chanmber that gontains.anot.her enbodi nent of the process endpoint detection
system [0073 eﬁ'&ﬁ?% msatea.- process nethod step used to inprove the

endpoi nt detection_ process described in. conjunction with Fi s 12A-B.. 16
WD 2006/ 11693@?653’&‘/5]@@2@%5% BRI MW ) G 1HD ‘F‘?"Jdﬁfp evelgper §E‘a"§%eg§g§ia89\?@f”9é°
processi ng chgigesédtadvdntibistrates one enbodi ment of a plate assenbly that
has i nproved thermal coupling and reduced contact with the substrate

surface. [007ﬁ>bsdii19iguﬁe 13Bid a saPlRW m%é{ewungratte%nb%%dmﬁz Bl atcpilpgsntdry

shown in Figure 13 [0076] Figure 13C1s a cross-sectional view of a seed
crystal i nbeddbdraimthehwesentrifivandionfmayhze péed to advestdgey shown in Figure 13A
[0077] Figure 13D is a cross-sectional view of a seed crystal inbedded in
the surface wobsx heigpieat@B &sa sitel yiewhoatrillustrafegone etdadinedritof lmalsake chamber

sel ectively d?v 8%”% ﬁ% present invention may be used to advantage.

[oo68) Figure 10C is a side view that illustrates one embodiment of a HMDS process

chamber wherein the present invention may be used to advantage.

[oo69] Figure 10D is a side view that illustrates one embodiment of a Post Exposure

Bake (PEB) chamber wherein the present invention may be used to advantage.

[oo7o] 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.

o072} 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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| ayer on its surface. [0078] Figure 14A is a plan view of a processing
systemillustrated in Figure 1B that illustrates a transfer path of a
substrate thr & f! uster tool follow ng the process

illustrated i‘gﬁglﬂ)gﬁt?r e4 A. [0079] Figure 14B is a plan vi evﬁﬂ}ég&%@f)ﬁggssi ng
systemillustrated in Figure 2F that illustrates a transfer path of a
substrate through the cluster tool follow ng the process sequence
illustrated in Figure 3A. [0080] Figure 15A is an isonetric view
illustrating e 'rq[%ﬂt-f -] r¢t00Q] -the i .an

contains a frg%b-e’?]eg%rQj g%o . ['8(?8%0%Fi9%8\’r38f 1£%r?%e%fgm Igrr]\érﬂygﬂ\;'vtt% QE%f%gsésqsr}eng
system i | | ust rattedimentFofoa ptatd 8sembalyctbatihag impravee themsa rdoupling ahd saduced
[0082] Figure 15C [s.an isaonetric viewillustrating one enbodi nent of a
frog-1eg rob&Pn'é’*gL@WBﬂ‘f %@F&ﬁa&‘? ﬁ*(ﬂ¥at°8'the present invention. [0083] Figure
15D is a plan view_of a frog-|eg rabot assenbli; of the inventi %g ['OOI§'4L
Fi gure 16A is (0975l i (188 §iaRan Yiewtal 4be dep ShiheriRirRRGTIDIShRwa Rl Fighigde
6- axis articyhated robot assenbly according to the present invention.
[0085] Figure 16B is an isonetric viewillustrating one enbodi ment of the
dual blade a I i &ebf 4 0 li :

PCT/ US2005/ 042@?677’%%@6‘3%6'}%%'%uafgwfrg%e%s&éar%1%2%\%%2% gé‘%f% 13l Mbedded o the,
enbodi nent of stitiecalofathelplatd @ssemblyrshlownghdvguré A3Ri gure 16A. [ 0087] Figure
16D is an isonetric view illustrating one enbodi ment of the dual bl ade
assenbly showporn Figyus e13064s tahatosatdestisnal viewi afbhesenrd chystat ivbexddedbiot the

over | under Ly PETGAP! BPAEe ASSERIN 5 Mo & hhdnel st REECRRIh EReSietea

to access a sylel balitd suffade. Cassette in a pod assenbly. [0089] Figure 16F is

an isometric viewillustrating one enbodi ment of a single blade 6-axis
articul ated rohol RRefETRLX YAGIS Dieh & PpREEEING BYSBR MistPRYd e FigeRd 18Qhat
advant age. [0090] Fi'gure 16Gis an isonetric view illustrating one

enbodi nent of ilusatesagiransté palle ohe sehbirate dhrough ithe Ellister tool GRlowiraDbe]Pre¢eas: e
16H i s an |sor§g(t]l5éncce\/ih§s\‘\/raltéd Hmngigr;@rte'd}g one enbodi nent of a dual bl ade 6-

[0079] Figure 14B is a plan view of a processing system illustrated in Figure 2F that
illustrates a transfer path of a substrate through the cluster tool following the process

sequence illustrated in Figure 3A.

{ocso] Figure 15A is an isometric view illustrating one embodiment of a cluster tool

of the invention that contains a frog-leg robot.

[0081] Figure 15B is a plan view of a processing system illustrated in Figure 15A,

according to the present invention.

foos2) 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.

[c085] Figure 16B is an isometric view illustrating one embodiment of the dual blade

assembly shown in Figure 16A.
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axis articul ated robot assenbly and slide assenbly according to the present
invention. [0092] Figure 161 illustrates a cross-sectional view of a dual

bl ade assenbl e t he bl ades are positioned to transfer strates from
YodliGhfad Horivrghe

in a pair of [0093] Figure 17A is an isonetric

enbodi mrent of a bake chanber, a chill chanber and a robot adapted to
transfer the substrate between the chanbers. [0094] Figure 17B is an
i sonetric view of one enbodi nent of a bake chanmber, a chill chanber and a

robot adapted to transf t he substrate bet n the ch ers 09 jqure
17C is an i soff@t%; E'g{ﬂee@gg AN ARPTRHEC HE&o'ﬁFﬁqgﬂﬁeo?mgﬁ&"\ﬂ%ﬁ} @‘ﬁoﬂ‘?' Elaﬂle
Figure 17A whisdbrhbly 8RbWAtEFidune 16RPOt adapted to transfer the substrate
bet ween the chanbers. [0096]  Figure 18A is an isonetric view of one

embodi ment  of {o%aﬁakgbﬁi"léﬂ) ié?gﬁfﬂ%?ﬁ 89w i[l@&ﬁa?ih %r&%rﬁbé&ﬁnén?oﬁmeicﬁgﬂﬁtaﬁbc

etri
vi ew showi ng t he "opposing side of the view sho In Figure 18A whi

illustrates thesaropshadnin Eigure 16A dmaifallows laevasiablst pitthebedwe e eabot plagles.
chanbers. 18 R O 2006/ 069341 PCT/ US2005/ 046877 [0096] Figure 19A is a plan
view that il {0988 aFigereah@it likistretdscdcneesrsectonal vieweo! aroover/undér type dual blade

st epper/scanner_togl, where the ste r/scanner, s, separated fromihe .
cluster tool ?Ssﬁ?gggt‘@'b%@r?s%réﬁﬁeqlaﬁegg'aét g?eéhgpe&qga Baﬁq?éﬁb%rwbﬁ{rat&rgtgd
into the steppsyottesnan@d adsef®P). Figure 196 illustrates one enbodi ment of a
process sequence containing various process recipe steps that may be used

i n conj uncti opopdt highhe18rid W%oneém@sﬁeWein@Qr&fn?tdm &rhbsdiftent 8Pk sHyBlalde
Figure 19A. [oo0io0o] Figure 20A is a side view of the robot illustrated in

Fi gure 16A whPeis artigyated irebd anseabds whgreindhe qussejuindentisn maxtbe sised to
confi gured toa&@éﬁt? dnto the robot's reach. [ooioi]Figure 20B is an
i sonetric view another enbodi nent of a processing rack configuration that

is adapted to form.t h Q. ] a t i

o e o0 b AL Bl 208 A 686 ey et o BRLEy WO 4l
enbodi ment of badelassémbly sheoln infFigdre 16Rvent i on. [ooi 03] Figure 21B is a plan
view of the processing systemillustrated in Figure 21 A

[o091] Figure 16H is an isometric view illustrating one embodiment of a dual biade 6-
axis articulated robot assembly and slide assembly according to the present

invention.

foo92] Figure 161 illustrates a cross-sectional view of a dual blade assembly where

the blades are positioned to transfer substrates from in a pair of cassettes.

[0093) Figure 17A 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.

foo94) 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.

{0095] 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.
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according to the present invention. 100104] Figure 21Cis a side view of the
processing systemillustrated in Figure 21 A, according to the present

i nvention. [%ég@é@@ggure 21D is a side view that illust r@?&&ég@gofﬁﬁ 7odi ment
r

of the first |1ng rack 460 of the cluster tool ill Fi gure
21 A. [00106] Figure 21 Eis a side viewthat illustrates one enbodi nent of
the second processing rack 480 according to the present invention.
[ 00107] Figure 21F illustrates one enbodi nent of a process sequence

contai ning various.process. recjpe st fhat may be used i.n caqnjunction

with the vari df88] gh‘ﬁBﬁi@zﬂ&aB _"t‘fi%wii??s}s’_@ ralt%%gn@gg[:_? é’&'”P%ﬁedfr‘r‘?“*‘ﬁ‘%fo‘PB'e]
Figure 21G is gma dtepp@idchnd R, I Wl ets thékidppelscarial slisBpavatedf frémr BB dludibat
may be adapted to transfer substrates in various enbodi nents of the cluster

tool . 19 WO 2008/ 0984 stepomy/ssroes/fas68ly feas eoe0 FEB-ichambep intagradedrinto the
i sonetric vi e‘@tédsdepéf:ér%érng one enbodi nent of a robot shown in Figure 21 G
that utilizes a'singlfé armrobot. In this view the enclosure conponents

have been re . (001 Eiagure 211 i | ric view illustrati.ng.one
ebodt ment  of WOoRLFISER e Thitofs dl uROmaBlH bt soudfe fgding
[00111] Fi gur eaf@ds iprocislisr Aicgfe afepsShBaRhidyC by @3edoin REALAEEON QvitbhiEbeasous
retained in a processi n(% rack that have a substrate position error

det ecti on and SFqdipents T the eluslies tagh ahRWiINdtigdiedt®ach of their openings.
DETAI LED DESCRI PTI ON (00112] The present invention generally gr ovi des an
appar at us and [RfeNEEUe 20AGE Geeide iviey eLihstrobetaBusirited imFigyra 168 ndrgeis used

processing sy 8B Aok buRIRhalRahl: s Lo a3 1 BaNBAAGARRT OBYSL Rlln

t hroughput, increase water proocessing

hi story (or i I i £ Qi | rat oo I r.edy
footprint of Ogagf}@ﬁgr%tbog %’bl'%rﬁoér}gcg%ﬁ%ﬁ%‘ﬁ ,%‘%@@FG@P@? @88?%%?%@(
adapt ed to perconfigoratién &ext ikiddapgrdphyorfome s thé reiéh oh aarabioh SHavimigea icentral
coated with a photosensitive material, is then transferred to a

st epper / scannéPOUNKREPRMxposes the photosensitive material to sone form of
radiation to forma pattern in the photosensitive material, and then
certain porti ¥308Figure 23 Ads Gdeisemetntevigytibystrating aaothes fiyiedimgnhole st ng

process conpl s ads i ihbentdust er tool .

[00103)Figure 21B is a plan view of the processing system illustrated in Figure 21A,

according to the present invention.

[oo104) Figure 21C is a side view of the processing system illustrated in Figure 21A,

according to the present invention.

[0oo105]Figure 21D is a side view that illustrates one embodiment of the first

processing rack 460 of the cluster tool illustrated in Figure 21A.

[00106]) Figure 21E is a side view that illustrates one embodiment of the second
processing rack 480 according to the present invention.

[0e1071Figure 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.

[oa108)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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[00113] Figures 1A and 1C are isonetric views of one enbodi ment of a cluster
tool 10 that illustrates a nunber of the aspects of the present invention
that may be used to advantage. One enbodi nent of the cluster tool 10, as
illustrated WOROHURY 1A and 1C, contains a front end nBHEUUE2BHME cent ral
nmodul e 150, and a rear nodule 200. The front end nodul e 50 generally
contains one or nore pod assenblies 105 (e.g., itens 105A-D), a front end
robot 108 (Figure 1B), and a front end processing rack 52. The central
modul e 150 will generally contain a first_central processing rack 152, a
second cent r aloop9BEigsEs RyHriser iasuetrig viewilbatrating oneogrobodiorent pf guelot sheyn
The rear noduleg: ) : i r A i a
rear robot 106 PR AR 2 ko forly RANENARTIE LhlpaE bogitentit
contains: a fhaw beedremotmt. 108 adapted to access processing chanbers in
the front end processing rack 20 WO 2006/ 069341 PCT/ US2005/ 046877 52; a

central robot [¢b@10] Figate 23] arlaptiesmevicadersibudirating sienemebairet f iah hbhigoritdlont
end processing rack 52, the first central processing rack 152, the second
central procEioAgspaBRly1swwa/fdgurepeloeid dttbcessi ng rack 202; and a rear
robot 109 that is_adapted to access processing chanbers in the rear
processi ng ratd@1oBigurRI224 illustatesaals Bamekihdayof prerassimgahambers gtained in a

st epper/ scann FLg ) n.o odi nent , S r.aho . .S
adapted to trgﬁ%cg gr'ﬁéut%c? r é}agshan‘)eet ﬁegﬁb?t\%@ o&%r & ng(rij %%{%%ttoq]pra ggeé%’ijr%égmh
chanber s r et akypstdmsmounted buttitfecequhoatalssit ogeniagks (e.g., front end
processing rack 52, first central processing rack 152, etc.). In one

enbodi nent, aDETAILEDDESCRIPHON: 104 is used to control the environnent
around the front end robot 108 and between the pod assenblies 105 and front

end processi f@1{24FKe Srresé MOl eAfibrd Wenetdlyl ptovddsabRSagpdthiz ¥h&Vmefhodnfor
enbodi nent illustrated in Figure 1A," which contains nore detail of possible
process chanb@rocessing gubsiraten&singinmuitichambssprecassinghey stam épgi, areluster ¥ehi ng

to Figure 1 B h rant. 0 I ali DT d
assenbl i es 10g1,attaﬁ?§r oaﬁf 13%%%2%93%65 EM;@J@{D?#’%QN%\% Spgggggﬁﬁ%b"r CET]CE%
The one or norepaatablasadebpiceesdifg, histonf (awnwafentistaghiwithin the tiustkr podls and
(FOUPs), are ner al apted tp accept on r nore cassett 106, that. may
contai n one ogFSﬁ'lﬂée SgﬁPgﬁpaet 0‘3\')‘,3 %Pgﬁhf%?s?” CR&C™ 'Wanbzﬁ%fc@@é%§8a n
the cluster taghptdfto pBRofA AtkackNEhRYraSIBEBloREsS ROkhieR aCsibsirhitsis MehiddPhith a
processi ng chanbers (e.g., bake chanber” 90, chill chanber 80, etc.) that
are adapt ed t photosensitive material, is then transferred to a stepper/scanner, which exposes the
photosensitive materiali to some form of radiation to form a pattern in the
photosensitive material, and then certain portions of the photosensitive material are

removed in a developing process completed in the cluster tool.

[00113] Figures 1A and 1C are isometric views of one embodiment of a cluster tool 10
that illustrates a number of the aspects of the present invention that may be used to
advantage. One embodiment of the cluster tool 10, as illustrated in Figures 1A and
1C, contains a front end module 50, a central module 150, and a rear module 200.
The front end module 50 generally contains one or more pod assemblies 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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performthe various processing steps found in the substrate processing
sequence. |In one enbodinent, the front end robot 108 is adapted to transfer
substrates between a cassette nmounted in a pod assenbly 105 and between the
one or nore WY 834hg chanbers retained in the front eRFTHFBREL4EAY rack
52. [00115] The central nodul e 150 generally contains 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 chanbers ge.g., coat er/ devel oper chamber 60,
bake chamber 5502 egitral robdiaiFethabis, adanied la pegessriroaerfN®: aNABLYES P dhenfioRk
vari ous proc | : S : CRRXCTeIFITala TS one
enbodi nment , ﬁi@ @%ﬁ?%%ﬁ&rr% 0?518{% flgh%gﬂg%t e@@%%nﬁ E%Q?Z?Q’Stur%st rat gscebngdta\l/veen
t he front endgrocessewsiach 15dcdndid, the lrearf proséessirky rad® 200 endeo 824t robot 109 that
PCT/ US200S/ 046877 . central processing.,rack 152. the second centr .
processi ng rd%@dggtgddﬁoqc&psgwéoqegapg $ihie fRar BeoesSing E?r%aio{?p%q MNthe

central robotsolft/ chSeP@gENdrRRESUBShatesC @ith! @lstegpReaEaHbrPRRAR: 1BS. finr sie
central proceSS|n8 rack 152 "and a second central processing rack 154 of the

central nodul&nb®gnen@gs]itieeobalab hiscadeptebty fensieaisuhsteras Hiehean wenpr
robot 109 an r q : r i nQ:

Generai Iy contariisesk pRERSShOEHEARE: Riainch biZlor e PRSI TRbrlEro g
bake chanber fam e procelaimgeracR052, fitst.dentrahpresedsmdapdokd 162, ptx)f orlm driee
vari ous processing steps, found in the substrate  processing sequence. |n, one
enbodi ment . (EREPGIRFTY GuisPN I PROIGRHIR M t0ieRRERaTol i Sp PG éiralh
the rear progessidid & koBH2188%ami TeARPST RS FFULasSembiies 195CRRE TG gHET
5, which may be purchased from Canon USA, Inc. of San Jose, CA, N kon

Preci si on | n®roggsspalraenb2. CA, or ASML US, Inc. of Tenpe, Arizona, is a
| i t hographi c projection apparatus used, for exanple, in the manufacture of
integrated domediFigure 18sijlustiates acpianoieve bbppe embogimentaiysieaded in Figure 1A,

Gl ustor ool g sBhlae, Bl 3L Hobnbln RS Siptes e SgEEbS g W0
circuit patt eispesterof @smvehtich.t Re&nrih?:d:i Figduah B, tryesntadnd d‘m@dhletﬁf@i@dlly

circuit (1C) device to be formed on the substrate surface. 00117] 1 n one
enbodi nent,  &CBiAISANE ShtPoE RAd agsemiliegsERP. 13 ireshend rokgt) 105 apg@ front end

S ey e L o B
5, nonitor anaified pods (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 front end processing rack 52 contains multiple processing
chambers (e.g., 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 front end robot 108 is adapted to transfer substrates
between a cassette mounted in a pod assembly 105 and between the one or more

processing chambers retained in the front end processing rack 52.

[00115] The central module 150 generally contains 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 aspects of the processes perfornmed in the cluster tool 10, and is
adapted to control all aspects of the conplete substrate processing
sequence. The system controller 101, which is typical

m cr opr ocessYO-8d6¥P4tontrol ler, is configured to recerﬂ%ﬁWﬁBﬂP§“ﬁanta
user and/or various sensors in one of the processing chanbers and
appropriately control the processing chanber conponents in accordance with
the various inputs and software instructions retained in the controller S
menory. The system controller 101 generally contains nenory and (not
shown) whi ch G@nlralROressiRg ekt e, @tﬁtﬁ?@ﬂp&enﬁél rar@t:awngaaqkotﬁﬁ w@@r Té‘ﬁs’eaf

process the X Qﬁfﬁa En rE?ﬁl?
(not shown) %8((%)5%n crtag %OE ﬁﬁ%w% ﬁ% er\/}gﬁéé\ 1(;{5r3f3§ re'o a rea lal
avai |l abl e neowatipn bermteeas thearfulstnrantczdsarormeammg aBAM 52 r @ad a)mleyomdammyral

(ROM, floppy 22 WO 200 41 [ US2005/,036877 di sk, hard di sk, or any
ot her formofpra?egﬁst”éﬂlraglfgﬁgﬁg%‘ Qﬁ'f‘grlglro M. Software instructions and

data can be coded_and stored within the ry for instructi the, CPU. The
suppor t i r cUPRISSITABE reatoepuls 208) gBneraliv.dontaing ¢ (RE" bRt JBO &N A ERhg

the processor, rb&a@rr@%\éﬁ@dzoﬁﬂke rﬁ@arrrt%ces?h@t PRPIIA g&hdraly bSntamy p m@@ééfﬁ

cache, power ‘su clock circulits /outputcircuitry, subsyst
and the Ii ke:hambewe(e gknomrfrdavelheeracrhambterrﬁﬁn@ahmwemb@o@Qupoﬂ chamber 80,

are por f or natite) M Blrcegiriet S pRESHE RerpRIbE prissEnd der ot AR pibeihefe
sof tware reagabtadshy ddtgepyst embsebinbobingant, the keantbonsbadeadamed tathnges to

nonitor and control the process based on defined rules and input data
[ 00i i €] Fi gur subgalrates petwasn Jhe ieamRaiocessing rack 892 Ansk ﬁeﬁtemﬁdeeﬁmt of fhe

cluster {00l ddbhpcRain B! Akh Aaf bEMGRLCIREH aRh Ll 1he AsaRcied, ¢A, the

st epper/ scanner front en I's configuration may

contai n a fr d¥ikorefiecisibotind.08f BalrmierdnCA, emdAPiMbcESsilmy ofatempe, Adpehaa is ear
robot 109A, | ni cation wth the ) n hi s
Cont 1 gurat | o e oI APae LT Hod 18 BSmmid RS bl oL i Qieledl g
chanbers (e. GircuiePqlCy)/ davel epgfinafstepper 1©61 Soakposdrbghotddensiate | hawhiamber
80, etc.) that are adapted to performthe various processing steps  found in
t he subst rat dPipteEesisdi ndproshed nee the substratec fhithgurlestebrioelhdor R AR Pbbot

108 is adapt egy @r&éﬁ@@ %%dl&ﬁ’c}?ﬁttor%teeﬁtg%tc‘ﬁﬁ:%ﬂ pﬁétt%ﬁﬁéﬁ) oi'n@ﬁﬁ ”EB‘é’PrQﬁG'wfdﬂﬁe

pod assenbly 1 e one or re processing c a|ne
front end layer of the integrated circuit (IC}) device to be formed on the substrate surface.

[00117]In one embodiment, a system controller 101 is used to control all of the
components and processes performed in the cluster tool 10. The system controller
101 is generally adapted to communicate with the stepper/scanner 5, monitor and
control aspects of the processes performed in the cluster tool 10, and is adapted to
control all aspects of the complete substrate processing sequence. The system
controller 101, which is typically a microprocessor-based controller, is configured to
receive inputs from a user andfor various sensors in one of the processing
chambers and appropriately controf the processing chamber 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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processing rack 52. Also, in this configuration the rear robot 109A is
adapted to transfer substrates between the front end processing rack 52 and
a stepper/scanner 5. In one enbodinment, a shuttle robot 110 is adapted to
transfer sub¥Or296d$94et ween two or nore adjacent procesAGTEEHARMSIS
retained in one or nore processing racks (e.g., front end processing rack
52, first central processing rack 152 (Figure 113), etc.). In one

enbodi nent, the cluster tool 10 contains the front end nDduIe 50, but does
not contain a rear robot 109A and does(gq%g“nterface W th t

st epper / scanfisk: Bard giskq ®1 Yy phep o i) shoraget I'%a' |qu'8§"t°r‘%tt e0fWaieher
enbodi ment  ofofd BSIrR andPda@ A bd Eoc'l:écgéﬁc?st%%d Wieh th 6Pifn%ﬁu<§tﬁ1 the,

conmuni cate with the st epper/ scanner . hi s con ura io the ust er
tool 10 may Eé’wseﬁihassuapmhndcmtsomott ermcbwm oarQalmmemﬂ%nlhe CPU for

PCT/ US2005/ 046877 rforma desired uence t| | i g the process
chanbers conﬁﬂ?%oéﬁné)ﬁh? rPéOC‘rsrscS’ﬁt'”e%aCOﬁP’%@ i‘%f rsng}rfék %— @f@of"‘fﬂ‘au?‘@yzc
is a plan vigiddeadachk| pehéad 8Hligst cleskadiRatts anpadiuvmnicirehitt/heulsyyrihey, anbool
10 that contains a front end nodule 50 and a central nopdule 150 that are

attached to ih?e'“@t@bb’é“ kaewnRriethe agn BEAGIRBLET BYMPHIEET iRSictiang readritle bys
and the cengfal s'iém%’bnfgglrer 10 Srnﬁﬁgg%ﬁﬁr\%ské Ql%eﬁéé'fbtrﬁl%bler RRARL pidLe E‘s@g

adapted to tran fer strates etvveen t ront processi ng rac
the first cenlnaraberr()ss oclesdenably, theec profgBsem is Beﬂww@meddablntbyalhepsy@ms:rontyolteack

154 and/ t / 5. hutt | bot. 110
ooy 0 ¢ B SEPRSLARS PO s oS B o o o edd” o
chanber s r et giigednd mpAhgat@r nore processing racks (e.g., front end

processing rack 52, first central processing rack 152, etc.). [001211 Figure
2D is a pl aniggi ﬁY\F@ﬁreV@A |§E%U£€Uleﬁqhm||@r%ﬁesoén5th@r é‘l’nH&Hlﬁfentt @Pblu&t@r id?ﬁitm
cont ai ns front end " nodul e a central nodul e , a rear nodul e 300

where the rthat cpriainssainegt eadimatie 58 thalrs agacked tmtr@osieramef/s&anmrsﬁ Tbar

processi g, ok NP meBlf 0 HPEANU L BRIRORED SUAT 50?8y Lot U6 2 font

configurati trans rates from
the first ceahd@koqersgmg&acmgzramiralrﬁas rdbbemsecwhrdhd@m cornmunizadss iwig theck
154, the first rear processin rac e secona rear rocEs in rack
304, the cenBieRPef %8?%@7 Inthigs & @H@“@E‘é B dionk egd prpcessi 4 FORtains

confi gurati opyithfe ?%He"s@rhgr&%bérm f%}’c&ﬁemkﬁﬁrtc‘PraHtﬁz’ﬂﬁoerba%Ethﬂ{ahﬂie‘?s

fromthe first central processing rac the second central processi ng
rack 154, 90, chill chamber 80, etc.) that are adapted to perform the various processing steps

found in the substrate processing sequence. In this configuration the front end robot
108 is adapted to transfer substrates between a cassette 106 mounted in a pod
assembly 105 and the one or more processing chambers retained in the front end
processing rack 52. Also, in this configuration the rear robot 109A is adapted to
transfer substrates between the front end processing rack 52 and a stepper/scanner
5. In one embodiment, a shuttle robot 110 is adapted to transfer substrates between
two or more adjacent processing chambers retained in one or more processing
racks (e.g., front end processing rack 52, first central processing rack 152 (Figure
1B), etc.). in one embodiment, the cluster tool 10 contains the front end moduie 50,
but does not contain a rear robot 109A and does not interface with the

stepper/scanner 5.

[00119]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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the first rear processing rack 302, the second rear processing rack 304,
and/or the rear robot 109. In one enbodinent, a shuttle robot 110 is
adapted to transfer substrates between two or nore adjacent processing
chanmbers ret 22 P4bne or nore processing racks (e.g. ,PCfTr"bﬁ't’”s@ﬁ@W
processing rack 52, first central processing rack 152, etc.). [00122]
Figure 2E illustrates a plan view of one enbodinent illustrated in Figure
1B, which contains a twin coater/devel oper chanmber 350 (Fi gures 9A-B)

nounted in the , second central processing. rack 314 (Fiqure 4J), that, .

Rapt ed {0 pararioih BISHIRG PRI AaRce STIZSTEES Ripr o Qembe e OaNEA A op
step 550 (Fi gprendPrédesking ragk Boof the process chanmbers 370. This
configuration is advant agegus since it allows sone of the commobn conponents

found in the G[BMO]WQ@S%’E ] ﬁ&?ev@ﬁ%tﬁlf&strgt‘ésp?nnéﬁ&ﬁéP@%%éin?ﬂ/opﬁ%o%étgf‘ 68

7 7 be shared thus ducli ng e system cost, exity and footprint of the
tool, Fi gur deob0 Bhatdesrdainbeal fioal @nd mbdulst $Gitams a heeniral imadsleadpBcthst afe t he

twin coater/devel oper,. chanber, 350, FEiqure 2. L sq, cqont ai n hi, Ll
Chanber 800 ARGPAL ihe HeppeLscanbar par i festiediengns JTsh8 BepClifL ol e
that may be asgmpabebbod 10PENH @he drilfodiMenh Wse bakealSbBPS1{Risgadames to Bamsiebake
step 512, PEB step 540, etc. gFi ures 3A-C)) and chill steps (e. post

) . g., pcC

BARC chi || st®ipsiiates briweemine dignl lendirigeessing ragke52,( theglinsk sentilgirpeessinthe
desired proc I S aml i hiscs bg| ow
in conjuncti gﬁél{(/viqtg % @lggl%;& gﬁd fgﬁﬁ%l%%%%% Ecﬂsg"%g/?gﬁ%g %?%é\lﬁ&%ébv of 'ygt
anot her enbodimeeernbodiment asugtierotadl1018 adapleddh teostei substiates Metweardtwo
nodul e 306, and_a ce{’).tral nodul e 318. bn this (gnbodi ment the front endl§5|
modul e 306 ey '8t APACEMRTPSTSIIBERRTPRE (PAARCSHE LR MOk PEME PN JBES ng
rack 309, andetferdiftidhtiprodBadingaadd 62 'yt cepiiabprdcasding SACkCESR, el,). processi ng
rack 312 and a second central processing rack 314. The front end robot 108

i's adapted t Qodp@Rdure 2BHRSH plah YW st YR Motdr apRRIdiRedSt tARGRIsRS thé 1@ tRad
assenbly 105, the first processing rack 308, the second processing rack 309,

the first celontains ipaicerssineguledid Bagntral modue: H5Q ansha rear PeddesBonyhetck
314, and/or tthé%agr??ééest%nrgﬁ%% Ré%c @%u?ﬂt‘o&%mtéiﬂ*&%ﬁﬁ%ggb?otcggﬁgé%’okt 2

transfer substr [ S processi ng rac con
processi ng r atkl 86&ondhreaf prosessiemtackl 304prindieis Sonfiguratién 8i2reat ebat ¢ 0B meky

central processi rack 314, the front_end ropot 108, and/ar the
ct oppor / Scant: A8tER 18 1RSI otHARHIES TRE Ieoliet 6RO LBOLCSDR0 At 152, the

second central processing rack 154, the first rear processing rack 302, the second
rear processing rack 304, the central robot 107, and/or the stepper/scanner 5. Also,
in this configuration the central robot 107 may be adapted to transfer substrates
from the first central processing rack 152, the second central processing rack 154,
the first rear processing rack 302, the second rear processing rack 304, and/or the
rear robot 109. In one embodiment, a shuttle robot 110 is adapted to transfer
substrates between two or more adjacent processing chambers retained in one or
more processing racks {e.g., front end processing rack 52, first central 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 configuration is advantageous since it
allows some of the common components found in the two process chambers 370 to
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the central robot 107 are articul ated robots (described below). In one
enbodi nent, a shuttle robot 110 is adapted to transfer substrates between
two or nore adjacent processing chanbers retained in one or nore processing
racks (e.g., MQYe069piocessi ng rack 308, first central priEESIEEIB8aTL 312,
etc.). In one aspect, the front end robot 108 is positioned in a central

| ocati on between the first processing rack 308 and a second processing rack
309 of the front end nodule 306. In another aspect, the central robot 107
is positioned in a central |ocation between the first central processin
rack 312 and esehased tbentreducing dbesyisiain ressk eamplekity kedcogtprian ofnibeutcs

310. [00124) Eigpre ¢od sqaMhan BERY, OfiuflitntidYarpRodipzaL of thgef_wm

cluster tool which’'is'sim odi ne n Figure
with the addi t:bamr/déveiopiaaahanﬂfer\MOZOa@b%EBlhlsdDEEMthJﬁ%O@beGBmI:hambn@uI8®0316

which may be attached to a stepper/scanner 5 this iment t f ront
end modul e S0BMRIPEEBr A1 csmrrglrep%%sa&%ﬁ% Figuracuattial sk Ajepted 0
processing rapkr&@9thd NiculMakalstéfmd ?&Q HERC GRRE aldp e1é iPst stepiddletc.
processing rack 312 and a second centra rocessi ng rack 314, and the rear

modul e 316 rnayFlg@reﬁt% -&))aanid ehitl stensr egﬂo@@@ﬁﬁcﬁcrc&tﬂkstsm@én@oat BEBahl stear
processi ng 3 r-oNnknend t
substrates \%\%e%%a Cg@ree{ :&‘{J?B i tﬁeogie%lr&d)fprgé%%ﬁ?ggssggr%rfcy.18'9% :E’F%ée/fsplr"st

processing r aclkaraﬂ& 8001ie descitel betowdre ssmjogetionokittBPRurdashes8A-Br st central
processing rack 312, the second central processing rack 314, and/or the

central robot jchey F@bﬁé @R raaplaholel ctOkt ottt drasodiinent bR eluskuhssIr #3,es
bet ween t he flrst proce35|ng rack 308, the second processin rack 309, the
R

first central WicHcEQRMRIY Aativntz £nd MREuge 88d aBEnar egntiH d@@g‘é'fanaw aclh thiss,
he fi h
the Tirst reaé?ﬁ%ggr,?&g frB @%gdulel?ﬁ)estﬁ%ggm%@aé fu%'i ro%@g é%gfﬁ?sgér?d athe

front end rob or the rear robot he re
adapted to tsecmsideprosessirig ack309%etng dime térard! inmoedule 8MO rnavéy pordaiess first) cemtedd
312, the second central i the firs r.ocessi,n rack

k 314
318 the sccof®rsund o RILFRTS Pland Sdural processiarafk Bfo mhBEPHT S ot e

st epper/scanngpg Js adaprRactceiedbmBiMstraté BeWedhDi &atbettd18 06T @BUNteAdNrDPBY
108, the central robot 107, and the rear robot 109 are articul ated robots

(descri bed beB&sgMbly i 08n&hexfitsd aTorassingagh 308! ther serondinrgcessing dagh: 30P.tthe
transfer subs .st‘E&%treﬁ fre!l%%emg"}ﬁcr?é@% s@? o E&Nt aqr?&d:e§§fn@gra8lb§@ea(rﬁ‘j¢or18§

retained in one or e proceéssing rac st processing rac
first central central robot 107. The central robot 107 is adapted to transfer substrates between

the first processing rack 308, the second processing rack 309, the first centrai
processing rack 312, the second central processing rack 314, the front end robot
108, and/or the stepper/scanner 5. In one embodiment, the front end robot 108, and
the central rcbot 107 are articulated robots (described below). In one embodiment,
a shuttle robot 110 is adapted to transfer substrates between two or more adjacent
processing chambers retained in one or more processing racks (e.g., first
processing rack 308, first central processing rack 312, etc.). In one aspect, the front
end robot 108 is positioned in a central location between the first processing rack
308 and a second processing rack 309 of the front end meodule 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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processing rack 312, etc.). In one aspect, the rear robot 109 is positioned
in a central location between the first rear processing rack 318 and a
second rear processing rack 319 of the rear nodule 316. [001251The

enbodi nent s MO20e406%ed i n Fi gures 2F and 2G may be advarRCAJéeHs/048ihce t he
gap formed between the processing racks forns a relatively open space that
w Il allow mai ntenance personnel access to cluster tool conponents that have
become i noperable. 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 mvéiughg%whiqhempy beatlarhed toae Bieppsy/peannsy St dmtbisanhadireentribie

system avai | )i [ i r t o S ] r m.pi f a
o ven ool TR Sh¥, FoGuie, TBLHAD cHRIB A" Bk plikeSThE HER LGS iRt
access and rrp;[dﬂ:bai;ingtrhl@( 808 sthercenaal modulpcﬁﬂ@wmaymi@mmirara fadw?ﬁmggrmeﬁingt her
rior art confiqurations. [0Q126] Figure 2H is an view o t ot her
gmlt)odi ment Ofacltk%gmcqirlgélaesrec%)a&cembgll g’\%ﬁ??ﬁ‘f‘q iacgfqﬁ%lé’f‘d;/t e}[’}’ﬁ%r @ﬁﬁ%‘&i a¥hown
in Figure 2Fconthinta fif3€ e Piréd28ingfradk 318 88d aawe8A® kdar prdcdsirguask 364) Thei ch

allows the base of the front end robot 108 and the central robot 107 to
transl ate al bagt ene fobaytN8(ist adeptad tantanger subpleates \hgtypenfa cassettd (186er

tool. This C%‘;uh%()l&'% | mognga%Q%szMqOB??ﬁé" ifiky %?tﬁc%sgﬁgf Ip:fc;(r %Pg:[ é copg

i nproves the t ove overlap is a robo
access procergesgng haoke3dd, ithet fist peotrels provgssiagkrack ®tdethenvelrdnescemtdll e

Figure 2H illustrates the front end rohot 108 _and the central robot 107 on
a single sliBECESYAQFRFK3 T Ang{qdhe éﬁ'ﬂ)tbagith@ﬁnnn&'q ?ﬁﬂt[?gé"t??é\}ioﬁds adepieds

the robots ( i i of
he T obot s Mo e R 0 e Pk gc

or system fr eaak, 364, the first centrahgrotessing ravk ichplee secomd cemval mroeassingOBLR 7]

Fi 21 i Vi f yet.anot di f | l, 10,
nen’: 2"t palhBYt Bt R PR Cl TR S R Sk AP LRk AR 0
two slide afsetdhd esbof 1¥08; Bnate Ibe irb@drabot FOgUrEhel eddr robor hoRlid adsptbbieo base

of the front end robot 108 and the base of the central robot 107 and rear
robot 109 to"@'f‘%ﬁ%?léﬁséfaéﬁ%weﬁﬂéh? Hﬁ%‘bf’?ﬂt(Q'tpé‘Pﬁ?Sﬂ,”S ragk 3hé the sergheentralel y)

of the cl UStSFocEQﬂh? 19k WY ltRe FitAYE& PrdceddiddBlckad18S td'Seddr@teal PrbckolRg 108
asse y 714 r

on one slide 14A"and the central robot 107 and the rear robot 109
on a singl e sckdd Sadseaditial Tak®, 105t Aod/oe theostieppeart/scanner 5. In one embodiment,

one or more of the front end robot 108, the central robot 107, and the rear robot 109
are articulated robots (described below). In one embodiment, a shuttle robot 110 is
adapted to transfer substrates between two or more adjacent processing chambers
retained in one or more processing racks (e.g., first processing rack 308, first central
processing rack 312, elc.). In one aspect, the rear robot 109 is positioned in a
central location between the first rear processing rack 318 and a second rear

processing rack 319 of the rear module 316.

[00125] The embodiments illustrated in Figures 2F and 2G may be advantageocus
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 CoQ for a given tool, the ability to easily
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may i nclude having one or nore of the robots (Itens 107, 108 and 109) on
their owmm slide assenbly (not shown), on a shared slide assenbly or al
three on a single slide assenbly (not shown), w thout varying fromthe
scope of theWMOAMRPHAK. Photol it hography Process SequenceP(TPROBI04487 ur e 3A
illustrates one enbodi nent of a series of nethod steps 501 that nmay be used
to deposit, expose and develop a photoresist material |ayer fornmed on a
substrate surface. The |ithographic process may generally contain the
following: a renove substrate frompod 508A step, a BARC coat step 510, a
post BARC bakecesst &l Bigintain fuss clugigRaoeheompenants Siare an pdvaires ioyer ofar

step 520, a L coat bake step 522, a post photoresist chill
step 524, anBﬁ(?)%?rgg&f%g@%tesad removal 27 WD 2006/ 069341 PCT/ US2005/ 046877

& post pep BRTIe BB PES € g ary wf AfRBles RGN AL Trd KoBlen 6l

5088. I n ot hehichagkadidrantthe ditodifgnestetvroin Figare eF hailh Ihepaditiod omayslide
rearranged, altered one or nor nmove WO Oor nore steps

[ e ste?s may be re d, or t
may be conbi AeeMBlY §14 (Figuryit eHEwaishllpws e bass phierrantend sobnsios awldhe of
the inventio ] SHERH a&ﬁ@ﬁb f b 1y
defined as t %ntﬁ)%?g%geogsmﬁ;@ t?]avi ng t %gﬁfgtgégénpgggté%g@z'%ﬁ%\%§%%%§tér ate
from a cassetluetet 6ok esthisigcanfigutationoéxtends poel rasstend| ach th3he Arobatssente

106, containing one,or .mre suhstra "W iS aced. on_ the d,_assenbly
105 by the LEGORE UBeriel SPRARP Gevicet albiad Indnd)0ur tia ToRd GIRERR os
can be procepgrrdssing tdhambens irgthd @edcetdingyragk Ws estherdglodorRd. swhikrriggre 2H
processi ng sequence controll ed bé software retained in the system

control | er 18¥stratepihe]trond enkaobelad 08 s Hirp ceBiralptrobm tnen- 7 efnde slige
coati ng procﬁ%rﬁtﬂf?%foﬁ re ; enfssmtégﬁcﬁ%?gﬁagﬁ%&?&%ﬂﬁbtro@&sfi’lﬁ%ﬁ?ﬁ@?

mat eri al over a surface of the substra ayer 1s typic y an
or gani ¢ coat amg) 108pon itiseinpyhistide @arssemblyeorsarths bnetoé thepratmts trountes phatstidesi st
| ayer to absorb light that otherws uld be reflected frao he surface of
Lo subst rat BT R ghe iy BOUHEE e fodny TisTE a0, e RepL By 1
performed i niHehopboPRRY inG6dper 5. |f these reflections are not prevented,
optical standing waves will be established in the photoresist |ayer, which

cause feat ur@o1FiRig(R) 2f & % P1An MAMoPRBt hasHEr @mBRiimBat bethedensedit @) t he
| ocal thickness of 'the photoresist |ayer. The BARC | ayer may al so be used
to | evel (orwpichnapimiley ta e embodiment shown in Figure 2G, with the addition of two slide

assemblies 714A-B (described in Figure 16H) which allows the base of the front end

robot 108 and the base of the central robot 107 and rear robot 109 to translate along

the length (items A4, Az and A, respectively) of the cluster tool 10. While Figure 2|

illustrates the front end robot 108 on one slide assembly 714A and the central robot

107 and the rear robot 109 on a single slide assembly 714B, other embodiments

may include having one or more of the robots (Items 107, 108 and 109) on their own

slide assembly (not shown), on a shared slide assembly or all three on a single slide

assembly (not shown), without varying from the scope of the invention.

Photolithography Process Sequence

[oo128]Figure 3A illustrates one embodiment of a series of method steps 501 that
may be used 1o 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 chili 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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substrate surface topography, since surface topography variations are

I nvariably present after conpleting multiple electronic device fabrication
steps. The BARC material fills around and over the features to create a
flatter surf %2069 Mot oresi st application and reduces TO¢&i2044#483% i ons in
phot oresi st thickness. The BARC coat step 510 is typically performed using
a conventional spin-on photoresist dispense process in which an anount of
the BARC material is deposited on the surface of the substrate while the

substrate i s bei rotated, which causes a solvent in the BARC_nmterial to
evapor at e and(QElrﬁf% 8036, AREXPAS SIS HEP &3§pérﬂq3é§x6¢’31{fﬁé’ad@d8§|5t Step Bk

material to c i t

D006 0ooaas Heo) LER,GIF seinds. S UBInHARSD, S Pt pldtenicbd' st SOREY, IrEHNEP
control the sahbediments)dne saﬂmmepmfdhesnethadckteﬁsasm oneeyr be eearoangdde altalge@r
formed on the substrate surfac The post BARC bake, ste

step used to Y¥s'EO {%aﬁepaﬂ‘%get'%@g%‘?l\}’éﬁwo sm?r@nﬂ%ﬁ MR £H bﬁ‘@ dgﬁot%d

BARC | ayer i nsihdle sRARGIKAAVaBfifPfréhQhe BASicisBos® BEtheGAgafioh0 pronot e adhesion
of the BARC | ayer to the surface of the substrate. The tenperature of the

post BARC bakfﬁoﬁb]emme%ﬁwdvé suepradeRIm 98d BbsAtsYé}ﬁscgean@ defmbe "a*sfl‘lhe RRR2ESS t ed

on the surface of the substrate, but will generally I'ess t han out 250

C. The tinme rdd@vingdhedrandepeekot 108 f}?ﬁ'SIVeBiAR@&S@k%f@tTé@ cassetig 106 "Qfé'ﬂﬁmj on

goner al 1y be 128 haBoSRHEaHS 15, A0eadss e 158, oSty i Ak e pHbofhies
514, is a steWyseglated amstheepddassenttsly tOGELY the umbmgame exteriad| d£'Vlce (not

t enper ature ahove anbjient te rature i s control]ed so that eve substrate
So0s 1 he - sameeTONT SockaEIng STRSAG FRa b2 HaCoRask Bobeyalirah el p by 3 user

m ni mzed. Vaddibh O8bstratd fkﬁo%ﬁg"%@ﬁ@é&é ORI B akbfiRaier Ptalred W'th‘@ i's
a conponent of a substrate's wafer history, can have an effect on the

properties ofsystem carifller 164 filmlayer and thus is often controlled to
mnimze process variability. The post BARC chill step 514, is typically
used to cool [HMeolissBARCecat stop $He qn@gttommm reflekiévescagling ocassehereatter

P ot v A ST T R ERRISSe FeTef SSUhES R SRR ©
substrate exiTHBARIE ldyestis BARGIpadre ofjapic cbattng\mHalt igapelied bytdthd sssstitaian
about 30 seconds. [00133] The photoresi st ,coa}’ St 520“|,s Iabztre éJtSEdr tmo
deposit a phd{r@,ré%,t phalpggsist layer to absorb light that otherwise would eflected tro
the surface of the substrate back into the photoresist during the exposure step 538
performed in the stepper/scanner 5. If these reflections are not prevented, optical
standing waves will be established in the photoresist layer, which cause feature
size(s) to vary from one location to another depending on the local thickness of the
photoresist layer. The BARC layer may also be used to level (or planarize) the
substrate surface topography, since surface topography variations are invariably
present after completing multiple electronic device fabrication steps. The BARC
material fills around and over the features to create a flatter surface 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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over a surface of the substrate. The photoresist |ayer deposited during the
phot oresi st coat step 520 is typically a light sensitive organic coating

that is applied.  onto the substrate and is |ater exposed in the
st epper/ scani&F 284683 or m the patterned features on the SulFREE%7T he

substrate. The photoresist coat step 520 is a typically perfornmed using
conventional spin-on photoresist dispense process in which an anobunt of the
photoresi st material is deposited on the surface of the substrate while the

substrate is being.rotated, thus causing a solvent in the hot or. esi st
material to e@@ﬁﬁgsé‘?%c ﬂ'ﬁi‘g?ﬁés %?%FP%VO'%FO‘B«&?Q’WQE the S?'H%"‘d%%lﬁ’é'??‘é‘a‘ process

photoresi st | gupihol BopbRBRes inbG S brhdddh Mkl didhatsluddaaw rate in the
photoresi st 29 WD 20061069341 10520051046877 processing chanber is

trolled t j zapi '
controlle O[foﬁfb'?}fr%l pbABATRE HERE syegpﬂ?r,ﬁﬁé ISQp @géaq%sa%samﬂmtabtsu ggi;r@@\ﬁén?s

of the layer forned on the substrat ce. I n sone cases i .
necessary to isoamoged frioe therddpabitgn BASWT ayer intthe BARW enat step510hand irbsamart e

surface to contrql the vaparizati sol t fromt t Si

dur i ng the. protsra ool el b el dar 1 sLRRR Bl R BT  The
and/ or by i njeeipeigure sDtheepbstnBARCE bake stepss raatsedspariceat onRAk aypeé vf BARC
Figure 5A to conplete the photoresist coat stelp 520 the substrate is first

posi ti oned onMatesis AeRPRIGH AP SHare Bhihg: sulrdiptRroWoml! .ggneh%lyd}e lese dhar
the spin Chucgbﬁﬂ?z%oa@ S]tH%Sf@at,%qWPé& fo Ebﬁﬁp@?é’ttﬁé PRSEBART BaRO RS 12 Uil O
e n angul a

the center of t substrate. The rotation inparts r torque onto the
phot or esi st, dépertd drothedsmpheatyrieaif dihee siitsstrate duiing therpost BARG baks $tep, but will

ultimately coverin t he substra 00134] The post photoresi st coat bake
step 522 is agps’}eéﬁl%ﬁeegs? %@Qf’r“é%pﬁ%f"o %t, if not all, of the solvent is

renoved fromthe osite otoresi st | ayer in the hot or esji st coat ep
50, and | n sORE2C B0t OARERERE Semadtol BretheiERdBorstrSnal B ce e he
BARC | ayer. TamstratrratatethftratuReabedt aBbrhptedsperhtf® & chirloliedisoRhabevdry S
dependent on the ti/pe of Ehot oresist material deposited on the surface o

e

the substrat&ubshate &ieep semg Jinsetaepesaiura npratisit thps oproceshevariahiiity is
e _ . . 5 _
required to r%m?ﬂﬂlz%fh%rg%t ORlinPR SARS B{Oﬁgeﬁg@%@%ﬁﬁérmréﬁofg%,klévhgﬁpé”é’ on

the tenperature o e strate during or esi ep, but
wi | | gener al | goriyporiess of & kabstratb'suwtaféOhisoagds,have @n3Fiethen plos proplediesrad dhet

o creipstedi Fhet B ik S70e orle-L bRy B hesly ol
post BARC chill step 514, is typically used to cool the substrate after the post BARC
bake step 512 to a temperature at or near ambient temperature. The time required
to complete the post BARC chill step 514 will depend on the temperature of the
substrate exiting the post BARC bake step, but will generally be less than about 30

seconds.

[00133] The photoresist coat step 520 is a step used to deposit a photoresist layer
over a surface of the substrate. The photoresist layer deposited during the
photoresist coat step 520 is typically a light sensitive organic coating that is applied
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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sees the sanme tinme-tenperature profile and thus process variability is
mnimzed. Variations in the tinme-tenperature profile can have an affect on
properties of the deposited filmlayer and thus is often controlled to
mnimze proPesM0ePI4Abi 1 ity. The tenperature of the postCHWBISNES St chil |
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
time required to conplete the post photoresist chill step 524 will depend
on the tenperature of the substrate exiti n(gdt he R{ost phot or esi st bake st

but will gendafqspingechagaerihqantapisdiio sonkeldbmgslvenbvaRoraatl) Be§sss and the "
PCT/ 152005/ Oﬁg‘;{%niei %%?@@ngcgmadcaa tt&dﬁ%ﬁﬁa@ sUREQY Al 66FBRastt aPmaythe | S

a process us expose eposli te t sensitive phOt or esi st
| ayer (s), sudtecassahito tcantesldhé partedipragavieny thésolyrot ovarshe subeieate stidacesRr0

and the BARC | a formed. durin he BA coat 510, . L. jatian
Sour ce. (notSRONRD teo R AlRg AR A ol oy B PhGiRra3T bl Tk MRk R
edge of the sishstieptty esrirdiing Bdahakst i adte indldrebydidrsing @dsolVeay ekar ¢an be
nore uniformy controll|ed. The wavelength and intensity of the radiation

used to expos¥beiesuripgee Fefering I biiskie g{\etq,ﬁqnppiat@ﬁgﬁé)h@pprgﬁg AR tepro20sarc
and phot or esiggd sHBét?egé igﬁpée?o%mepea' opmeﬁiw%@eﬁ 10331iRG S4tSH ERdrRberbOEBR
, for e, TromUS Inc. Cy

t ool can be purchase xanp I O Aneri ca, . press, CA

[ 00137] The expasuraatesdpe 5p® ¢huck 1038 sylistrateowbijle the photstesist apgispensdsy a
it hographi c projectign apparatu €. Gy, S er scanner. 5), to form

pat tern i cioane bty BPREE Sosded . Hris, BT BRCTRRRCT podyipt i Rt the
exposur e st ephdfifedist, Which fordezUthk phpRiré€isior o kaagiandirediono ukimatéigdicyvstiny

| ayer of the integrated circuit (1 C) device on the substrate surface, by
exposi ng t he e @Ri ti ve materials, such as, the photoresist |ayer

formed during the ghotoresi st coat step 520 and the BARC | ayer forned
during the BARE3YdAE PoskphBeresishiseriohas dep 582 isamter vsad Wrasserethat meghifet i ¢

radiation. T ef/.s r..n i on,
Nkon, o AUt F00TEpTRAVER 1= ALl IR (RE Bitihad ThcldyRlisL SRR e
to heat a sulpbbtaesst coarstdbipadad), yndin some tasexipgron®is hdipe HE&B ol the ghdearesist
stinulate diffusion of t hotgactive conpound(s) and reduce t ef fects
of standing JRFELS TS BARC fbtor B Larimeralr SERHE RbefBiwola SanhPrfs afFP
phot or esi st, sohes BEFerdi® onltBe tFRUSIShotsteSigt mhayrRf depeiicddn theatihed of {hat
changes the solubility of the photoresist. The _

substrate, but will generally be less than about 250 °C. The time required to

complete the post photoresist coat bake step 522 will depend on the temperature of

the substrate during the post photoresist bake step, but will generally be less than

about 60 seconds.

[00135] The post photoresist chill step 524, is a step used to control the time the
substrate is at a temperature above ambient temperature so that every substrate
sees the same time-temperature profile and thus process variability is minimized.
Variations in the time-temperature profile can have an affect on properties of the
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 of the tenperature during the PEB is critical to critical dinension
(CD) control. The tenperature of the PEB step 540 is dependent on the type
of photoresist nmaterial deposited on the surface of the substrate, but wll
general |y beWO406pHAn about 250 C. The tine required toPENPBPEIOEFhe PEB

step 540 will depend on the tenperature of the substrate during the FEB
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 tine

the substrate is at a tenperature above anbient tenperature is controll ed,
so 31 WD 20qev1069d41opTh tg2bead remave OEBR) tshert 586ery as phinesatuseslelss

the sanme tine-te rature.prqfi|l e and t r SS ariabiljty is

m nim zed. Va‘?ﬁpgg‘?g?we Pﬁpﬁf%dﬁ»@ﬁl B?%%@s?s%%@-s @g?ﬁyg'r(gil,lﬁugﬁparsoﬁh?elIgyecr%omheadve
an effect on duriagahé ipkstdresitheoepss 62@dntithenBARC Na@widoirhets dusn@tHeeBARC
controlled to mnimze process variability. The tenperature of the post PEB
chill step 5423t gtepmid, tq adadiption selrce haotsihouny) o dhatiqither R OBHAYYELANMD t o

a tenperatur r i, eqpt . thED ' [ ete
mp ereﬁlrolv ] fwtrﬁ gagnéfal? thé %GB&Fété%ahtehEt g%é Qﬁcl[JQElHoéfetflﬁtdépB 1

the post PEB c step depend on t erature e substrate
exiting the P&Rrsta, bbummovd lunifgenlgredntipllede Tl svavedengiivaartd Blersityooldthe

100140] The deyel.op st 550 i.s pracess.i,n which .a sglyent is used to
cause a cher{?g'ﬁ}'orgrl"sﬁﬁggiEff‘glosﬁﬁﬁﬁgsé' fe° tottléh%fﬂb?é eo‘Pmu‘X%‘;?ﬁgs%fa %gfp(?r 8fsi st
and BARC | ay@aRCtahdeptiisesishyead HEpasitb@ ot BuiifaBg of ife SYPNRE € ARt @BBEBS.
The devel op process may be a spray or immersion or puddle type process that
is used to dpeiFapde pyieharade fassxaMpi. et USHIO dieerdiG b frRtesst Chne devel op
step 550, after the solvent has been dispensed on the surface of the
substrate a P38 TEeepxprsyrdestepebdBrifed itbogiapbis priedisiny siap dppled Ay & om

th f : - : ' L.t i '
of “the subst ridstEpe BRlcof apbAfls 156, sRBPYF solhvic SPRIRf EPah whied Roe
[ 00141] The i nsedtto niemutadbsreriatiegrated pioclitst(Eps)S5TBB eéxpogerestap 588 derhisedirast t he

process of haying the front end ropo 8 return.the substrat 0 _a
Prosette 106 FeUelT Agespongig Bran ey dexet s the aheseted Sisibfickdgtiee o
i lTustrates apotdidistrarEbaeditaeat b* Nexokil fhes PhbRSeRSitiV@ta@riakeRuch582 tHeat
may be used to performa track |thograph|c process on the substrate

surface. The Ahiotdiegjslalghieiciosmed esingrihe pbotasesisldceatetep 569 anshthai BARG! layeyt
the steps formed during the BARC coat step 510 (photoresist) of some form of
electromagnetic radiation. The stepper/scanner 5, which may be purchased from

Cannon, Nikon, or ASML.

{00138] The post exposure bake (PEB) step 540 is a step used to heat a substrate
immediately after the exposure step 538 in order to stimulate diffusion of the
photoactive compound(s) and reduce the effects of standing waves in the
photoresist layer. For a chemically amplified photoresist, the PEB step also causes
a catalyzed chemical reaction that changes the solubility 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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found in Figure 3A, but replaces the BARC coat step 510 and post BARC bake
step 512 with a hexanethyl disilazane (hereafter HVDS) processing step 511
and a post step 513. In other enbodi nents, the series of _the

| |1
met hod steps%g(}(’%%%}“be rearranged, altered, one or norePStEFPMEYBe

renoved or two or nore steps may be conbi ned into a single step with out
varying fromthe basic scope of the invention. [00143] The HVDS processi ng
step 511 generally contains the steps of heating the substrate to a

2006/ 060341 F) GLBH0R TS 78 s cRte, BERABPArAR, BIAI BHIHG: Py

vapor for a shpiabilipelsi @ihimfzet rmartaﬁtog in théﬁmpmgﬁd&te fetpzratpes profifelcahi y
the surface of the substrate tq pronote adhesjon of the hotore5|st | ayer

deposi ted | at kave; 3D effRet gpRverating okibg feneited fim '@V?’t@%@‘ésdﬁo g\ et (Pétﬁ% Ojs
specifically ﬂﬁ%fzb?ﬁ%c%@%&ﬁtaﬁmmg?%gib?’t%é‘réﬂuré‘%?ﬁlte' ﬂbs’i‘?’@yaﬁﬂ 'sfé"ﬂ) 54@ shhide

HVDS processi ng st ocessing step 5 I S nmeant nor e
gener al | y desusedbty aocll thesswuistsiaridfter the Gt stap ﬁhattonmyetm@emtuﬂel abdr tnear

prepare and dry.t surface .he substrate t not e esi f,the

phot or esi st |%{{)§|Ienp A ﬁé% 3¢ rfeﬂ'é"‘?d«; ‘tﬂt@%‘%‘ﬁetpﬁ%égg Ci'"€§q8§§4%W'lt s
not intended dépend dr et tefpebdturd bEthecapetrale ditthg NEEPER Gltep, Ibut STBetGramp
the HVDS step is called a “"vapor prime" steps. [00144] The post HVDS chill

step 513 contRless ) A SPFeEPRAST the substrate so that all substrates
entering the photoresist processing step are at the sanme initial processing
t enper at ur e. [9ephiheodevalep sk 55%@@9[90@3%% t"ﬁ'é:hs absvent ds elsedrtprrpushed

phot or esi st_caaioislieh Giflicaf Bafidy § thels oAl e O cRLAREGL S5 BhRce

deposi ted m I"ayer ten ont ro I m zeé process
vari abi l i ty. tiynas tbeagpesatibie gattern Ifmnmulsdudﬁltg}&ecmpdsuset sferb333. iThea demelcused
to cool the substrate agter t he H\D: S?prrocesm n 511 to 31&'{1 nper a

bt or near arIPEHS [EYOEE o8 LAY OFHETRSTREN, GaBUIWE UBe RsES: hatrs et 14 a/ms

chill step Sldispydrsk tHeRRVEPBY &tsueemt etﬁnﬁfeaértvtb@dtﬁtent Bsn@@étét@d StePX340, R@tef he
HVDS processing step 511, but will generally be |ess than about 30 seconds.

(00145] Fi gurleezaiven! bas begredisapnserben dimeuifasrer the sabPrade @sinsseriar Ay beor
method st epfpe“r{%?’metitﬁgtnﬂg?%é)Eotvﬁﬁ%ﬁ%naﬁﬁ&ﬂrtﬂ?e @uﬁé@&gt 1h' ot g ré%h' f’hé)Fn%éess

on the substrate hogr aphi ¢ process nay y con aln a renov
from pod 508Aolution dispensed on the surface of the substrate may contain deionized water

and/or a surfactant.

[00141] The insert the substrate in pod step 508B is generally defined as the process
of having the front end robot 108 return the substrate to a cassette 106 resting in

one of the pod assemblies 105.

[00142) Figure 3B illustrates another embhodiment in which a series of method steps
502 that may be used to perform a track lithographic process on the substrate
surface. The lithographic process in the method steps 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 steps of heating the

substrate to a temperature greater than about 125 °C and exposing the substrate to
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step, a pre-BARC chill step 509, a BARC coat step 510, a post BARC bake step
512, a post BARC chill step 514, a photoresist coat step 520, a post

phot oresi st coat bake step 522, a post photoresist chill step 524, an
anti-reflectiWBXM%B8Cbat step 530, a post top coat bake CLEENSHEH46877h0st
top coat chill step 534, an optical edge bead renoval (OEBR) step 536, an
exposure step 538, a post exposure bake (PEB) step 540, a post PEB chill
step 542, a devel op step 550, a SAFI ERTM (Shrink Assist Film for Enhanced

Resol ution) coat step 551, a . post develo step, 552, ost, .devel o

chi 11"t op. 54 ProsRgs 2 ARG BBansata BB FREOT f ROY AR S -0

33 WO 2006/ 06<9$éés5’65fr4dé§¥&9@p%4@§38 dh P RitaRE of HRPSUAtE RNbrdhidte 8lihedidn t he
steps found in Figure 3A, and adds the anti- reflective top coat step 530,
the post top ddae phatkecsistdayesippositas Iptesin thepproeegsinghsequense e VhElgghe ysp o6t
devel op bake ; . L chi t h Fl.E] -coat
step 551. In %’%ﬂﬁé&r 9%%0%%%%[@%%@%&2@ ue%é:oe@oggtﬂﬁézzéﬂeg@ﬁcgg U§F g?@&g%y{r{%@ be
re-arranged, with drecHMDB processingestepeps!, tay HMDEBeprocesking stepo5 0t isTateant $6 eps
may be conbined into single step with out varying fromthe basic scope of
the i nventi orMOe0@NEERIYERSCHPE Aeglngs efh$im"a§9@5?§tﬁ§ bahFrayIne yiieed EnBearalar e
of the substrifedsankhiliace!dt tAEREbERARSIOGTbRIOE AdhES oAt é)_rpﬁstﬁ)ﬁezéima%@p

are at the sane initial processi ng 'qerrperat ur_e._ Var | atll ons In L
t enper at ur e ofhushitbe disesafrtbe terantidiDBdn thie sBAFiTationtis net ipfersied, to deniniiting oh

cont rol | ed t 0 RRR 2EE: BRENER, bkl Pops R bR AR, p AR5 DRES, PAmBGRe

step 509, is dtépes used to cool or warmthe substrate transferred fromthe
POD to a tenperature at or near anbient tenperature. The tine required to

conpl et e t he (p§184)BABG SN HIVMDSE Il 86 B4 3 lcofRpIenHe a8mpbatirenpiethat dubetrafe $die
substrates in the cassette 106, but wll generally be |l ess than about 30

seconds. [ odhat7alirgubsirates eatariogt theephalpresishpracespingsger are @b the same initial
anti-reflecti ' Svaf | Sit
an organic r’rx‘aﬁf g?‘féagﬁ*do@g}p%{rﬁg?e;hg? ﬁ%“g‘@s"??{‘%‘f fateyer gﬁ%?lj fh e‘%g urt';é?\egg?ﬂﬁgngw
phot or esi st qetorssishcd GtepTH20, ARt dvayae dransaticygifechbhpropestiels bbthebdemobitéd ght
that ot herw uld be reflected fromthe surface.of the substrate ck
nto the: photbmelvet a1 TReoteboCialed off BRSNS (PRRs MATERDY. e
st epper / scanngmperatlife dfhRS PosEHMEE ¢1INStepr ! N R thk &¢ea k& doolané isaBstrate arel Ng

waves W ll be established in the Photoresi st layer, which cause feature
si ze to vary the dHi¥BReprocessing step 511 to a temperaturé at or near ambient temperature.

The time required to complete the post HMDS chill step 513 will depend on the

temperature of the substrate exiting the HMDS processing step 511, but will

generally be less than about 30 seconds.

[oa14s] Figure 3C illustrates another embodiment of a process sequence, or method
steps 503, that may be used to perform a track lithographic process on the
substrate. The lithographic process may generally contain a remove from pod 508A
step, a pre-BARC chill step 509, 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 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

33



| ocation to another on the circuit depending on the | ocal thickness of the
phot oresi st |ayer. The TARC | ayer may al so be used to | evel (or

pl anarizing) the substrate surface topography, which is invariably present
on the devi c&"QalePP3tle. The anti- reflective top coat stBpl/ESHI6E

typically performed using conventional spin-on photoresist di spense process
i n which an anmount of the TARC material is deposited on the surface of the
substrate while the substrate is being rotated which causes a solvent in

h RC i al d i he. TARC | . ir
llow and exhadté MG StaPE 504 Sofne At G A8 Rhb dodrtEin ¥ GUreofi i AR B i
control the 34t }5LO4 %R 5BETETR0 WD46H bakesqby 88L, thansust T68 te4t chill

process and the properties of the |layer formed on the substrate _surface.
(00148I The posten §8%cBaroshHevelppepakshstepsoel.st d9st sleyelop eyl $tep th4tang fheof
the solvent i f e i : I ' (A I | ve
top coat step NAGN The SEPEDR: BT e oakATs, BY ook Bnpd BL AR hohBly SR
dependent on 508 ng)plee rexhirrdAiRe, raitesxd, ahe depuse stegpsanay he remo¥ed er ivfo erreore

substrate, but, wll neral |. e, less than ahput 250.C. The tine.require

o compl et et FiEHsgBeEY BB peuRited i acs A e, M ur ARG O the-Ba SEA 6
of the processhd mRegtidd.Nng the post top coat bake step, but will generally
be | ess than about 60 seconds. [00149] The post top coat chill step 534 is a

step used to ¢fAkd)The phe:BAHTE chill 8teS5MBESRIGE (he 1BpRratGrPS RE 4UBSRAE%S that
anbi ent tenperature. is controlled so that every substrate sees the sane

ti me-t enper at @ supsiates entaringt the SARG eecessingi Hep lare at the samaiinitialadocessing
Variations in | - ' ' '

component of L Egefe, MaEH5Es A8 GRIBRIGE  TEsBitde MUY hF FARC coa
properties of stdpe51@eqamshdveda fdramatianéfectaort ptdpastiass oothicede mmited dilrh dalydraand

mnimze process varjability. The .post top coat chill step 534, is
Cypi cai 1y usedE S canolén e FuriB s poRSEh AR 1 IS E0REAESIhe e

to a tenperat W@ty 5062l MBI @l foCERSTRIWAEn tHSubbti@e FABHIFRANDA the
conplete the post top coat chill step 534 will depend on the tenperature of

t he substrat e P& ttong tenpepaute vbprcrear amkiensitempssRureputThe timegeeriirgd| o be
| ess than ab onds 0 ] t .de kg S | S ca,step
used to assar ORe JEBEBARC RTLTEE ROy ePerg DR feclfibctifn ortrd

remai ni ng photsabsigites inl thyg eassdtteet06, vt diMpnepallydieciesd Ban dibeut BGorseeormdur e of
t he post devel op bake step 552 is dependent on the

[00147) The anti-reflective top coat step 530 or top anti-reflective coating process
(hereafter TARC), is a step used to deposit an organic material over the photoresist
layer deposited during the photoresist coat step 520. The TARC layer is typically
used to absorb light that otherwise would be reflected from the surface of the
substrate back into the photoresist during the exposure step 538 performed in the
stepper/scanner 5. If these reflections are not prevented, optical standing waves wilt
be established in the photoresist layer, which cause feature size to vary from one
location to another on the circuit depending on the local thickness of 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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type of photoresist material deposited on the surface of the substrate, but

wll generally be |less than about 250 C. The tine required to conplete the
post devel op_bake step 552 will depend on the tenperature of the substrate
during the p8Se*BREPYt esist bake step, but will general | yCRYSHEEHaN

about 60 seconds. [ool 5t1 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 tenperature is controlled so that every substrate sees the sane
time-tenperatur rofile and thus progess variabjlity is mnimzed.
Varat one. | saelaaRpSrtER s BEEsTarE e dnpheties BLins: Byer e s substrate
2006/ 069341 PCJtd22005/ 046877 can have an effect on properties of the
deposited filmlayer and thus is often controlled to m ninm ze process

variability. R?@Mtaﬂ‘mﬁb@&tuf Bbatt hskePSeh 58V @ apstepidded & 395@%4({13’3 gll tdiUpe

used to cool e substrate after the post devel op bake step 55-
t enper at ur e at sayeménreraonsiddemiteergepesited d ARG iaver iretheaanli-redective top spatkstep

t he post deve I ] 5 ] t r at f
Subsirate o cray T epReERyB A 4 bReiiGPEpE Bk Uep SN Arthioar 1%, iype
| ess than abousf BARCesatdial depoditedlor iee SAFAdEROMI{SBubstkatasbutswillf gérmaralby be
enhanced resol ution) coat step 551, is a lgéﬁgcess in [ a material is

' ) h
deposi t ed over'e_ﬁﬁ ARAUWi239 Shol e delesearisgeio eqmelete | I Cp%\;‘é‘? gpathaks 33‘_3@
and t hen bakedsszﬂwtnftrespgagthondﬁgq{amgﬁg%e &WP@%SS Imﬁdw%;cih%%% RIpPERs Bake

typically used to cau ysi ca rinkage of IC trenc patterns, vias and
contact hol es stephbutavigenerallebe dassithar alb¢wdBOafeconds.profil e and al so

i nprove |ine edge roughness (LER). The SAFI ERTM coat step 551 is typically
per f or med usi ngoweMenpoen&p span<cbii ghptTHde s st stips peed do pcadres dhe timdithd
an anount of the SAFIERTM material is deppsifed on the.surface of fhe
Substrate whi | SESEE A s L abds SRErbEmrailS i i REe S0 heey
Figures 4A-J idlbssrhtcabBesitis sahiineiteriperaieopiointanaf thasf probéssePakiability is
processing rack 52, a first central processing rack 152, a second central

processi ng ra®inimzad. aVadalonss bctesTAGCr BoresH fimastempasature rofie o wbighi isga
rack 302, a se ' : LSt ' r a
second pr ovessi iy et bR BHBERARL Wi ARtoR] San Roll o atficPOR TG bRt o e
central procesdepogitedblkn Blér aad thussis oflearconpolerbsmingmizaciro8dss earthbiitys e Cloend

rear processing rack 319, .1 hat ntajn miltiple s trate processin

chanbers to pe‘?‘?sé?‘?ﬂ 9%?]‘ic8\HLQ[§E %t is ypica ”§%ng( ﬁ:%cﬁgﬁe sGbSiedté aiEF the plost top
coat bake step 532 to a temperature at or near ambient temperature. The time
required to complete the post top coat chili step 534 will depend on the temperature
of the substrate exiting the post top coat bake step 532, but will generally be less

than about 30 seconds.

[00150) The post develop bake step 552 is a step used to assure that all of the
developer solvent is removed from the remaining photoresist layer after the develop
step 550. The temperature of the post develop bake step 552 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 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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processi ng sequence. In general, the processing racks illustrated in Figures
4A-J may contain one or nore process chanbers, such as, one or nore coater
chanbers 60A, one or nore devel oper chanbers 60B, one or nore chill
chanbers 80, WHAMSH03Hpr e bake chanbers 90, one or nore PERBTEKANE46877130,
one or nore support chanbers 65, one or nore CEBR chanbers 62, one or nore
tw n coater/devel oper chanbers 350, one or nore bake/chill chanbers 800, .
and/ or one or nmore HVDS chanbers 70, which are further described bel ow. The
orientation, type, positioning and nunber of process chanbers shown in the
Fi gures 4A-J ame hate iant effetsdort riymerti@d dﬂ\[ﬂwéOcﬂ)éijdéﬁw4ﬂ:nPﬁ1y'éO§260tﬁme4i§88ern
limting as to t ope. of . the inventj re intend to il

the various [}8“ m@'W'ZPI‘%'OF?ﬁ?eYﬁriagﬂny Iﬁh% REHB ?r’?gﬂTe pod CJSBNS(BR
Figures 4A-J, sﬁé}&‘SStDﬁQﬂﬁJ%SJS%HQH%bﬁhérs@bﬁéé‘é‘ﬂ@rM@rﬁdﬁabbé‘lop%k@ P

IS positi oned substantially above another chanber, to reduce the footpri nt
of the cl ust etempefature at onnaavembient iamrsiatent T he H@eorawed  erariRiedhe post
vertically so t I 0 |y
ot agger ed pat 105 aop ot Sle-ESE WAL AEhAE Bh N Emp BTN by A SybsRalelblimRy
chanber, to helost dedetoprbale stbpisseenat MBgeDérallhbeﬂE&Sdbasiabgutrm:kecomace when
one or nore chanbers are different physical sizes. In yet another

embodi ment, t hevipr)ahe SARIBRTB¢Shrinkaysdia firh Agoaitedcye résataldny coateepase, iefa
the process chanbers do not share a conmon plane, and/or are hori zontal I'y
staggered, wPEPEess iajwhicha "Eaiﬂ”éb@s@ewﬁ%égeﬂlﬂes'ei’i'aﬁ'"@ﬁaﬂr@t%’eé‘éhmﬁ’ Bitahe
W t h anot her C Htgg’ t I I i

often an mpor“tl?%(ryté%%ﬁgtaé 0 ever%?ﬁﬂgg |@QB§t;}ebr%¥ %g%ﬁes?én%ggl{éﬁe@? eZTnhe
room space, WHARERNS wbqe;ssens ttmmbaltyaysmé toi eatsel pbysicalssiinkagel ofmlﬁlememlrd

Vi ew of Ttne 1 RaNBrnias, ARECTAR' Ruts wub ke et s R Bl B d el

tool 10 and i n‘mﬁmet lif edbe r@qghme(r_tﬁm)es THS SWreER ™ acatﬂgtetthSCG@tW@bal baly
robot 107 and thus will coincide with the view shown in Figures 1A-B
Fi gures 2A- C. PeRopRed disigdcapyantional spiBvy photprwed'awn&eharqceéﬁtm éwach an

processing ra Hek r /
CD1-4), twel \%%éﬁllt IBF chaﬁgleé;@m rgﬁf(éfﬁggfs d%?%gl@@%' Si %ke c gﬁé@%hlle
(1 abel ed B1- 6)he ambhtrate wsibeimfVRBatedocess chanmbers 70 (| abel ed Pl 6) .
[ool ss]Figure 4B illustrates a side view of the first central processing
rack 152 as \Hrewvesbihgdackst si de the cluster tool 10 while facing the
central robot 107 and thus

foo153]Figures 4A-J illustrate side views of one embodiment of a front end

processing rack 52, a first central processing rack 152, a second central processing
rack 154, a rear processing rack 202, a first rear processing rack 302, a second rear
processing rack 304, a first processing rack 308, a second processing rack 309, a
first central processing rack 312, a second central processing rack 314, a first rear
processing rack 318 and a second rear processing rack 319, that contain multiple
substrate processing chambers to perform various aspects of the substrate
processing sequence. In general, the processing racks illustrated in Figures 4A-J
may contain one or more process chambers, such as, one or more coater chambers
B60A, one or more developer chambers 60B, one or more chill chambers 80, cne 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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will coincide with the view shown in Figures 1A-B and Figures 2A-C. In one
enbodi nent, as shown in Figure 4B, the first central processing rack 152
cont ai ns \/\QH{ chanbers 80 (| abeled C1-12) and tvventé f our

chanbers 90 %98“81 24). [00156] Figure 4C illustrat&T %"i"ﬁ%‘ﬁi’/”ew of

t he second central processing rack 154 as viewed from outside the cluster
tool 10 while facing the central robot 107 and thus wll coincide with the
view shown in Figures 1A-B and Figures 2A-C. In one enbodiment, as shown in
Figure 4C, the second central processing rack 154 37 WO 2006/ 069341 -
PCT/ US200 5/ 0 limdingras te dhr srere pbifte yantien, duddrepetendadipdiustigte theapariaug
CD1-4) and fo 5 ) el he
four support %@bﬁ#@ﬁ%ﬁté@f?ﬁ@%ﬁﬁ rgcggb\a\ngt I-"?[%our @‘o:?i‘ egrh develeﬂg&%(rﬁg‘} thre
60. [00157] F|pgmuees4:Bamlbbu§arrea$taekai wartieally emormé cmdtmbere;arpqsnmedsubganmjly
202 as viewed  from out he cl uster to 10 [ facin cenr

robot 107 and @PRYR 3B6f (:l g@gmtbewtphregH%e \V?ee m l" qtsder ? aher
Figure 2B. | ncampdpidtRdtHEES amBers Siaenad ueranc@@%be\hépthetﬁ%cé@@ﬁ Eﬁ%@éﬁ;‘é‘rﬁ
rack 202 contains four coater/devel oper chanbers 0 (labeled CID1-4), eight
chi || chanber pogitionediiserdiprzonyly sttaﬁge@%mé)aaﬁmﬁscmanrl ighRaséipned-paayally
four CEBR cha | CEBRI-.4 i ed
PEBL- 6) . [omggﬁfé aﬁrateh(%gﬂ?heb%é’t E’aﬁ%&’ %‘a‘é‘?g‘g"% ééﬁvbggﬁ‘ “%Qa‘#m%spra’é&s g Rtk
processi ng rasbac&ﬂﬂvh@s orve ewadorer cmrobérsi ate difierent yhysicak siabs.10nwet| andtiaari ng

t he rear robot 9an S |1 coincide th the ew. sh in Figure 2C
1 one-enbod FETOOTRES HiRArdoE S chamber My, B H06red Gameaoabedass %l b

302 contains P%Hes%ﬁér%é%ee!@h@ﬂo@ﬂaréf&admﬂ%n Bfine( hadrel afb ﬁalzofﬂﬂan edt@j}jer@@l I I
chanbers 80 (Il abeled Cl1-8), two bake chambers 90 (I abel ed Bl- 24)y four
chanbers 62 (MWhge ecitEBRE-Arpcesmehamierrdu®s rotshese & qcanmpnaw@m@dmbmr@r

[ 00159] Fi gure I e i d i ck
e oe] e e L8, S A Bl bR P IR R L
109 and thus we{/dalopmglarmmer toiot, fsirtdeethaf|ce;an3bompatcengareethéﬁ‘zlusiter tookmay be

enbodi nment , S qur e, t he second r processi ng rack 304

cont ai ns four' @Qlﬁgn'lsﬁg’\?@l"%ﬁ'@rd amgmﬁépewe( P%@a@@d@ﬁm@ N.and four support
chanbers 65 (labeled S1-4), In one enbodinment, the four support chanbers 65
are replaced WOIHIFigyre 6&at”§ﬁf@1@§eqld§ﬂﬂg view of the front end processing rack 52 as

viewed from outside the cluster tool 10 and in front of the pod assemblies 105 when

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 4A, the front end
processing rack 52 contains four coater/developer chambers 60 (labeled CD1-4),
twelve chill chambers 80 (labeled C1-12), six bake chambers 90 (labeled B1-6)
and/or six HMDS process chambers 70 (labeled P1-6).

[00155]) Figure 4B illustrates a side view of the first central processing 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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chanbers 60. [00160] Figure 4G illustrates a side view of the first
processing rack 308 as viewed fromoutside the cluster tool 10 while facing

the front end robot 108 and thus will coincide with the views shown in
Fi gures 2F- GWQ#9P@3dnbodi nent, as shown in Figure 4G PHEUSIPRI68TT
processing rack 308 contains twelve bake/chill chanbers 800 (I abeled

BC1-12) which are described below in conjunction with Figure 18. 38 WD

2006/ 069341 PCT1US20051046877 [00161] Figure 4H illustrates a side view of
t he second processing rack 309 as viewed fromoutside the cluster tool 10
whi | e facing tdeetdfin®riourecdatesdeveldfd ahamberss 6Gi ({abeledi CRI dl¢ and Houheuppaty

shown in Figures 2F- ln .o dj ment s ,sho econd
processing rac ag%@f%’gﬁt @Pﬁ@% %ﬂQP a?"éer?'ﬁg%'mﬂ he@%‘ﬁrﬁb’% ﬁ&ﬁ%t’%gse‘?iafe
CD1-4) and fouepkidedaith i6iveddaesriddibldpenbigdrfge’s’504) . 1 n one enbodi ment, the
four support chanbers 65 are replaced with four coater/devel oper chamber s

60. [00162] Fig¢se Fidurt!dDISlusabERS eﬂsﬁfedﬁewlo@%@freémoteéﬁﬁ%eﬁdkt 26 as VIewed
processing rack 312, or the first rear Procesm ng rack as viewed from

out si de the clftnseeptsideiherdusir tosl 1%@4% aqingetheeaentral rqb@béof 20¢ thusy cqirgides
robot 109, andyfhis Jiyd sﬁc%rgﬂ ﬁlrﬁu}@i P%d"rz U SHIOW,nd Bm'BbS*rHé?ﬁ a%Fsr%vY(rl n

one enbodi nent, as shown he i st central ~processing rac
312, or the flmangurealD mtn@tmfrs]ro@stsmghaaliaozconﬂamsrfsuecgﬂ‘tbr/déndtdmer@haniberss

20 (Lebel =, ChlandBITAFER, SUE SIETRPt <R e e

130 (| abel ed REpbR) -B1-24)2nRubeDEsrD @HaRBBES Gzhglabbreﬁt CEBRY al), RHEC XS PEB
rack 312, or the first rear proce53|ng rack may be arranged i ke the

confi gur ati on chambgss 13@ dabelad BERIFE). 4G whi ch contains twel ve chill
chanbers 80 and twenty four bake chanbers 90. [00163] Figure 4J illustrates
a side vi ew offcqiael Figure ik diéustnatgs pr%d@%ﬁmg)frta@kflfstllﬁaroﬁfocemngé%@héol?eaﬁ

processing ra [

facing the ceﬁ\{(r %dgfrgﬁo?')%ggq?e Cur%eigarﬁ lszog‘&hi%%c%;n aspo\?éolt Ijieg@:p@cthgsew\}u th
the views shawihdide Witlythesgie@FshHown in Figerethoth mémbaemsdrmms Biovim UFigurs),
the second central processing rack 314, or the second rear processing rack

319, contai néEdie firsliTRaE BEACERSIRG RFHAR? CoRtaselaur saBteridRyeIRPRIAIAMBETS Gk
pairs of  proqppgid@mies)s et diPtniRKeRCs6 RbEeRY €9-8)5 160 aRE GEAIRGE B0

60A, as
(labeled B1-24), four OEBR chambers 62 (labeled OEBR1-4), and six PEB
chambers 130 (labeled PEB1-6).

[oo159}Figure 4F illustrates a side view of the second rear processing rack 304 as
viewed from outside the cluster tool 10 while facing the rear robot 109 and thus will
coincide with the view shown in Figure 2C. In one embodiment, as shown in Figure
4F, the second rear processing rack 304 contains four coater/developer chambers
60 (labeled CD1-4) and four support chambers 65 (labeled S1-4). In one
embodiment, the four suppont chambers 65 are replaced with four coater/developér
chambers 60.

[oo1e0]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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devel oper chanbers 60B or conbinations thereof. [00164]Figure 4K illustrates
a side view of the first processing rack 322 as viewed fromoutside the
cluster tool \Xi‘? V\hwﬁ’e facing the front end robot 108 and thus will coincide
with the views’ 8i8U1h Figure 2E. I'n one enbodinent, as EhBURIPH*EGur e

4K, the first processing rack 322 contains twelve bake/ chi || chanmbers 800

(I abel ed BCl-12) which are described below in conjunction with Figures
18A-B. 39 WD 2006/ 069341 PCT/ US2005/ 046877 Coat er/ Devel oper Chamber

[ 0016s] The coat er/develo er chanber 60 is rocessi ng chanber that my be
adapt ed to perl8tet] Figie 4% divsiratesnude ey didhe segqr@pp@fess'@%@%rﬁwcﬁse\éwed

coat step 52% ?rggﬁ?‘,nﬁﬂé'thé R s&t @?16%.% LingtRB frott: er{Ell Pob@?w%%d%gﬁ w0

and/ or the M coat step whi ch are“shown I'n gures 3A-C

coat er/ devel opmnnaddnamlb\emeGGewashcgener Eiguyesb@Ffﬁnnfln qureeembndinenhoasrahown in
types of chanb oat er nber 60A, s n Figu A an

devel oper cha feG(fg? %Wﬁeqor? Flpé%eés'nQDrfcgﬁ%sscé)ﬂ'gad%? 0 ‘f‘??g‘i%é‘i”ﬁf%f e
5A, is a vertl@admtﬁagtsoqweréﬂ e 1) Dol dmarmergfw(mu@fsmmam@he
60A, that may be adapted to performthe BARC coat step 510, the photoresist

coat step and @'ﬁ@oﬁmeim:rt@?lf%ﬁwoﬂd‘@a@@ﬁfs §5@d€53@30%é"tbdat‘re‘ﬁoaéW@ﬁY@iOPe@SOA
may contain an g pe 1001, a gas flow distribution system 1040, a coater
cup assenbly 1 a fluid dispense system 1025. The encl osure 1001

generally Conolgwﬁ] ﬁg&% M@Ill ?ra}e%o%%eavv\ﬁﬁ%ﬁtﬁwir té&'ﬂpatl ﬁrocae@gm r&&PSY\@ c!r the

1001C. The er’ cup assem contai ns roc ssSing f'egion
1004 i n whi ch firbereas phgiessing récWSi& a&r@@e@csedn @ltside dmtlastestcmidOpvh]J@O&cm@
rotatabl e spin chuck 103Q. The, rot bl e spin

4 d | f
Chuck 2094 penBPERyaLBReL1 & of Tepl fPbob ATGAndlgS Wl cARFceNapNa R Shown

rotation mot Orlnlﬂgﬂ:resaﬂﬁ -@ VAL oHE érﬂ%&%ae%@lés shbe FPIFGUEURK tHOJRst YhHkD
is attached to thé rotation nmotor 1031 through the shaft™ 1032, contains a

seal i ng surf acwotesdny rack 312, adapeetirst seamoptbcensing uiask ritée sdnitains aighs chill

10334 by use of AR el Getl IR e, Al i eled B B0 B35
manuf act ured fB®MBA érat)erduaIOEBm:haaﬁaersaEs@I abtled OEBEN mal ahe stk PEBTdFambars\,

pol ypr opyl ene, PVDF et a ceram ¢ HB.I'[_‘_‘%I’I al, a nmetal coated with a plastic
mterial  (e.d @?W%B r6)sdr apgkies gmAcdiment: thefirghasptral progessing @“@ 318y

other materi al@r M@ %irst rear processing rack 318, may be arranged like the configuration
illustrated in Figure 4G, which contains twelve chill chambers 80 and twenty four
bake chambers 90.

[00163)Figure 4J illustrates a side view of the second central processing rack 314, or
the second rear processing rack 319, as viewed from outside the cluster tool 10
while facing the central robot 107 (or rear robot 109) and thus will coincide with the
views shown in Figures 2F-G. In one embodiment, as shown in Figure 4J, the
second central processing rack 314, or the second rear processing rack 319,
contains four twin coater/developer chambers 350, which contain four pairs of
process chambers 370 that may be configured as coater chambers 60A, as

developer chambers 608 or combinations thereof.

[oo164] 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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is conpatible with the processing fluids delivered fromthe fluid dispense
system 1025. In one enbodinent, the rotation notor 1031 is adapted to
rotate a 300mm sem conductor substrate between about 1 revol ution per

m nut e ( RPM) WAV 4000 RPM (00167] The |ift assenblRETIERIOSWe8ET al | y
contains an actuator (not shown), such as an air cylinder or servonotor,
and a guide (not shown), such as a linear ball bearing 40 WO 2006/ 069341
PCT/ 052005/ 046877 slide, which are adapted to raise and |lower the rotatable
spin chuck 1034 to.-a desired position. The lift assenbly 1030 is thus
adapt ed t o pofboatentDavetoparGhamber nounted on the rotatable spin chuck 1034
in the cup 1005 during processing and also lift the substrate above the top
of the cup 106151 Theexohtengevélbpers ahambat &0wist b pmnewmgarafnamheobbat (rmygbe

f t d robot 10 tral bot 107, t 109
Chown) posi ¢ | SHISHIR BFHRT 0 SrEnRIE. e SRS oA Fopct! ChISERREIEN S ARRLREbs

attached to they exfcelndlref] NcBAE st lipgugey Istepr hahé8r th
access port 1002 f r?eg rlené}%?iﬁg t"so? de vvalS 51?05(??(:1 [001€;6*Q,S)Theﬁggsrémfi?l rme

di stribution §9§t&ﬁn 1e080 step Shpleidh tase gbpivadn Figuias Bérn fThﬁAﬁQﬂtedde\@é@

t hrough t he e vl t a

system 1012. n o g @n’%‘ggs@ﬁﬁﬁ%HYﬁg 3&%’5\5"%8\&’?@:?2? rrf{%%? Bﬁﬁ%%§é?§%8§%4g§ﬁo§teé
HEPA filter esaeadr s0AMBhelwngs FgakISA, cowl £ doselopdidPAnibdriedB, 584Wndm Fidure
filter enclosure  1044. The HEPA filter 1041 and filter enclosure 1044 form
a pl enum 10425@Rdiecusgeldifowdne gas entering fromthe gas source 1043 to
uniformy flow through the HEPA filter 1041, the enclosure 1001 and the
coater cup asetfs] EIQQT@OQA lis) B werticahseetianahtview 16 opes eahadimentoal thes caatast ed

to deliver a?r?a?n t e atHyr e
processi ng region %fog% %‘8%@%%@%%0 pense fshl)ébs mo %msqréa)r@g}o? the
cont ai ns one photosest thati siepcanddlee aasseﬁlﬂmltwemmedéi sAbpéBOd@hie\materrmambemDre
solution to t surface of a s strat nmount on .t spin ch 1033.
ur e BA L1 | BEA PR Rai8, appeclerb o (OduAds (o SR o et dRdon caries

di schar ge nozgle ak82dblya160PPANd tdBRidl Gpengde fydten 2L, ardd lenelsd2lood
suck back valve 1020 and a fluid source 1019. The support arm actuator 1028

|ds adagt ed t ogensvally ¢antains siderwallsnti e aleme wald1 QHE, anidsplomswalht@R 1D2Théo a
e 0128 Ml BRSO P v

di schar ge noz! n ce O
substrate “W" is processed, also contains a cup 1005, a rotatable spin chuck 1034

and a lift assembly 1030. The rotatable spin chuck 1034 generally contains a spin
chuck 1033, a shaft 1032 and a rotation motor 1031, and a vacuum source 1015.
The spin chuck 1033, which is attached to the rotation motor 1031 through the shaft
1032, contains a sealing surface 1033A that is adapted to hold the substrate while
the substrate is being rotated. The substrate may be held to the sealing surface
1033A by use of a vacuum generated by the vacuum scurce 1015. The cup 1005
manufactured from a material, such as, a plastic material (e.g., PTFE, PFA,
polypropylene, PVDF, etc), 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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substrate. The processing fluid may be delivered to the di scharge nozzle
1024 by use of a punp 1022. The punp 1022 renoves a processing fluid from
the fluid source 1019 and di scharges the processing fluid through the
filter 1021, wougtedsedsk val ve 1020 and di scharge nozzl e AU/ 0680 t he
surface of the substrate. The processing solution discharged fromthe

di scharge nozzl e 1024 may be di spensed onto the substrate "W while it is
rotated by the spin chuck 1033. The suck back 41 WD 2006/ 069341 ,
PCT/ US2005/ 046877 val ve 1020 is adapted to draw back an anount of sol ution

fromthe di scélaegavhicizale adapied ®f tdise andelsweedharotanibl®fspir ehesisi1084 fioua d
is dispensed on the substrate to prevent d_riﬁpi ng of unwanted materjal on

the surface ofexd RAFIONr afle lifrRsseaplptoilis s Eapiath s BPYtPHHG SURTIAE of f
the edge of tMEU%BS&{ ?Heerotﬂ%lleeﬁ}iﬁ’@h %k 108G ekl 1@65?&&%@% Oq'i‘glqd
ul t t o ystem 1 .

diverted to a drarn 1011 an timately a waste ol I ection
Phot or esi st Talsa kit éss s bsiriatep A bBteatie dop pOE7Rp FOHd te exBhargaths sl stratenwitt

e 7o B A Ao 08 ol AP 9, . o

the anti-reflggithve ddEhedal posriBned dutsihe tesTRAdiosBit 1060V rbbotFblads &15B 1S
adapted to forman encl osure around a substrate during one or_ nore phases

of the deposiW¥high istalached teother extetnad rabetp &ntas dheoenglomirg ol AN threpgmthe ne
sur face of th{cc’é@é?Bha\loog‘?méiﬁqvt?gid%fﬁalls%w. ate surface to inprove the
S.

t hi ckness unitformty process resu raditionally, thickness uniformty

The rotat on EhR oo SutiRgh S99 AR aRs ey TRt SBEM B

VﬁpOII‘( i zation gés tmeugmitrﬁ%)reﬁctogum‘ 100¢e ar:fd o@éte?ieppséstsedmdl;aw@gs t“éht;]ecefﬁam of
t hi ckness uniformty is dependent on the air w across the_ substr

surface duri nyStgR 1éﬂ%cé@;§ ﬁg%f%%ﬂanew@er%sé{qw)aww@@an&Mﬁeﬁg‘8‘&9 E?c%?bﬁjrfg is
commonly | overed a%§ertnh§/ \th@ﬁf‘q&{eré}g ddHRaif ! RS HERPEHIREORRES 8 IafitdeonFRAET
chanmber 60A is increased due To the increased |ikelihood of aerodynamc

vari ati ons act@s The HEPAGterof0dihand liker eaglesyre. 144 famansgipleawm 1a43 that

e Lo, RN 63 o s b B85 BAR0ATE AR plaE e
radi us due toHERA fileumedmgthel émedsure Cias exhdothet duatemomn bysernbipardosd trootdie

air fromits interaction with the substrate surface. One issue that arises
is that the t$RROiIMephitle gas seyirs s it REarigdito deliypr a gas (e.g., air) at a desired

temperature and humidity to the processing region 1004,

[00169] The fluid dispense system 1025 generally contains one or more fluid source
assemblies 1023 which deliver one or more solution to the surface of a substrate
mounted on the spin chuck 1033. Figure 5A illustrates a single fluid source
assembly 1023 which contains a discharge nozzle 1024, a supply tube 1026, a
pump 1022, a filter 1021, a suck back valve 1020 and a fluid source 1019. The
support amm actuator 1028 is adapted to move the discharge nozzle 1024 and the
dispense arm 1027 to a desired position so that a processing fluid can be 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
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depends on the ability to spread out and renove the required amount of
solvent fromthe thinning photoresist |layer, which is a function of the
rotation speed of the substrate. The higher the rotation speed the shorter
t he processi W X06H89341 Therefore, in one enbodi nent, an eRITH&UPBHS7D| aced
around the substrate to control the environnment around the surface of the
substrate to inprove the thickness wuniformty control for |arger substrate
sizes, The inproved uniformty control is 42 WD 20061069341

PCT/ US2005/ 046877 believed to be due to the control of the vaporization of
t he sol vent, siaheelG20gs adapleddardea® bankdn armound of salutierbomdhe disshatgetnpzzie
prevent of ga W acr t ce of th bstrate us

t he phot or esi 305 Eeﬁreb 85'6?#35}9‘5'; 8?8500635'893& (gtﬁ é"sé’ﬁﬁﬁ%c?%gfh oﬁ"\?éh?t%h\l@s
evaporat ed frgiidte @ipiny asi ehwahted lmaferiiherc tled edurfaldanbie thed Gbbktratehi SThe
enbodi nent generally contains an enclosure 1001, a gas flow distribution

system 1040, &iseased rEegessngesIttjon sospurpRff tb?cﬁf@@sﬁnﬁ‘eewsﬁﬂﬁ éoﬁ%%téﬁthyy
1050, and a fI; t \»

Figure 58 cont iAo RN B, SU7 80N b RS L BRI D L BTN o Raste,
t he coater chaobertiodGistbasd0i®ed in Figure 5A and thus the reference
nunbers for the sane or simlar conponents have been reused in Figure 5B
for clarity. IRhctbrasgist TracknéssiCohtrol Chanthgrn chuck 1033 illustrated in
Figure 5Ais replaced, in this enbodi nent, by the enclosure coater chuck

1056 that has [mmwlyulr@sgr@ & Sidbaliew bu@hoﬁn@abmn@dmﬁtaﬁahé%%r eRambeeBoA he
substrate rests and a chuck base region 1056B, [00172] Fiqure 5B |IIustrat es

t he processind @nmadsbeea%%@wpyp%@m |fﬁ"t¢?@mﬁi?o&% ARCperatt steR. ©1Q. t
shoul d be not ?ﬂo&ﬁ'@&st‘ Q?étllqe SENRRISRRAbE RN top( «%gaﬁt S8Ry, ﬁ'ﬁ@ dﬂ"ﬁé’ﬁte

lid 1052 is s rat ed omt echuck ase relo 56B so t hat substrate
can be transf eshowd i &rigure SEhis| adapted tromrmrarchnrdkswe%omd awbeifrata duwipgtone

bl ade 611 hed | rob Q... f d_robot, 108 |
Pobot 107, - et hore pRadts Sbe g LR st ia SaautliBP b BN R i el b
encl osure |idthd Qudad@dhft the ettislal bdsRsiedi oM tH ToBstitieC Bufiemtd iPpRVESHIeNd

regi on 1051 around the substrate so that_the processing environnment can be

control | ed duthiggpasstyndioEnily ppeese sewiitst nradigapalig t@pﬁmsumfvﬁ@tspp@aiéﬂsn g
| 5
O oo™ SHY PRt BRI orGRRL RIS G ETERENEEIL! R 2pel iy 0 "

assenbl y 1054 sgbsteataldnd exretust flswarate fat ccaﬂtalalne)wamﬂﬁzhuon of the uniformity of the

final deposited layer. The control of thickness uniformity is dependent on the air flow

across the substrate surface during the processing step. The rotation speed during
processing is commonly lowered as the diameter of the substrate processed in the
coater chamber 60A is increased due to the increased likelihood of aerodynamic
variations across the surface of the substrate (e.g., transition from laminar to
turbulent flow). It is believed that the aerodynamic variations arise due to the
variation in air velocity as a function of substrate radius due to the “pumping effect”
caused by the momentum imparted to the air from its interaction with the substrate
surface. One issue 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 lift mounting bracket 1053 which may be attached to a rotation assenbly
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 servonotor,
and a gui de VROPYS/6Wdhn), such as a linear ball bearing NGTASEREB7r e
adapted to raise and lower all of the conponents contained in the
processi ng encl osure assenbly 1050, except the spin chuck 1033. 43 WO

2006/ 069341 PCT/ 1J52005/ 046877 [00173] The rotati on assenbly 1055 generally
contains one or nore rotation bearings xénot shown) and a housi ng 1055A t hat
are adapt ed t beligvedviot he @-ﬂﬁ:ﬂ@siheecdm@l 3he tvapopzatiant &f dbie :solvemd since dbear e

coater chuck , 0 i
rotated as thég(gg?dr{gcfﬁ%ga 1%§§A@§|9$§ §E€%Q g%etorofg' a?r:ﬂoﬁfshog ﬂ%%%g}gﬁ ‘Hﬁe
to friction cseddoedobthet ighstiang, agrid bﬁ!‘swbm.fst fhe shstdbr@sist go IspckatOb befdrd BR
chuck base regi on ;LgSGB The encl osure lid 10(2?@I s attached to the rotation
beari ngs t hr oBgPreEiRBIe argoun £f solvgabhas gyapgrated HEBHIhERCIOTRIS! cont act bet ween
the enclosure lid 1052 and the chuck base region 1056B is initiated by the
novenent of EOHEHWQ cealgeaimbanGRA in this embedinesd gengraliy 5anignsHst ﬂnq'wtre

assenbl i es ”DY?] cﬁu %etffaw -distAUich i;g:g%@”%%b%db@?@ cdﬂ‘%@sérﬂﬁlyeﬁ‘é QSHEE

lid 1052 and t base region are in contact, a sea
t hus creati ngpmeemng mlbsplr@(asssmb{y 1@5%,i amdhree fitidadispadse haesisaubéoeat eThen
one enbodi nment

rather small '8“085 I“H{r?rff@%f’a Flgi'g‘? BeSSIQ' Sregp%ﬁ{l ? 10(5’ﬁﬁ°ﬁ‘8”§h& 'bgflst

on the surfacgpéle inhefsehsd tathe, ccfa@ér Ehaaiitr BOAL 6sBiBBd iIPFigReBAL &ed BilgltRgur e
lid 1052 and/or the chuck base region 1056B to the substrate my be about 3

nm [ 00175] | nred¢reneerhudibeEntor the saBeRsimiar Gamraneats havelbeew epusgdtin Figise
i t ; t
Showny 1 n-the tia cidilyy f GiRigBe hlathhal B o shad. o Eaea R Figte BaSee

regi on 1056B eepdaded, m:dhrtsaembadimelnhemsultnstematosures cbeiengchusk atGad H‘tateha‘& ast

t at I In th t ' ill. tend t t. d
Lo the cent 1 PP gals’ GPHER sEaing SRR, T4 ofopmieh SRS s iRaecls aa £

phot or esi st' scraljklids¥ regorN@BeB. properties is restricted due to the
formati on of a solvent rich vapor over the surface of the substrate. After

di spensi ng tfB@ﬁI@fﬂb@rree%BStllhﬁshl%t@@OIh@SHFd%eL:élﬁg 18Roae @RSEMBIY Q0S0alEMhe

chuck 1056 may then
processmg posmon It should be noted that in the “exchange position” (not shown)
the enclosure lid 1052 is separated from the chuck base region 1056B so that a
substrate can be transferred to the enclosure coater chuck 1056 by use of a robot
blade 611 attached to an external robot (e.g., front end robot 108, central robot 107,
etc.). The processing enclosure assembly 1050 which contains an enclosure lid
1052 and the chuck base region 10568 which form a processing region 1051 around
the substrate so that the processing environment can be controlled during different
phases of the coating process. The processing enclosure assembly 1050 generally
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 iift 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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rotated at a second rotational speed until the photoresist is thinned to a
desired thickness at which tinme the enclosure |id 1052 is lifted fromthe
surface of the enclosure coater chuck 1056, to allow the sol vent remaining
in the phot oWO&6¢H1 escape and thus conpl ete the finalPEGISa5{046877
vaporization process. [00176]In another enbodi ment, the photoresist is

di spensed using a conventional extrusion dispense process (e.g., sSweep a
phot or esi st di spensing arm (not shown) 44 WD 2006/ 069341 PCT/ US200S/ 046877
across a stationary substrate), after which the substrate is enclosed in the
processi ng enc{bujmjr'ﬁaeas%inbla;ss@@ﬁ@ 56 geantendllyccontains dasior etbre petation beadigseve
a uniforml ayer

been achi eved th%oé‘mlaa Il?:tggqs;['@ ﬁ%@‘sﬁét A;@’;)i @ﬁ%cgtq‘%w ¢ th %Fjgegﬁfé@% er

chuck 1056 to R fotted taliethe amelodlR YeRer tRaki 15606 rbmedsoln/ené ehiboairhéi, the
photoresist. [00177] In one enbodi nent of the enclosure Iid 1052, a

plurality of HUsEIILSHA isr wiatedrarethe) $pin whughd 883 warretatsd bydhe fRiptiaumoten d
1052 to allow {dag a;f&?&ﬁ.oﬂbﬂtc%ﬁéa 5& the coRkt ?«%t%eﬂﬁﬁ&%ﬁél‘ogﬂrerlﬁﬂi@akcéefpdgﬂwet e

during processing I'S con tion arr OW across t sur
substrate is s:lhublk tmsevmgnmdmsﬁﬁl niThe zesdlabwee thd 188X infatt@ched tor hearodhton
exit points f oW .n uratlon

t.h f tQ t
centrifugal 13{?@588% "PUgn g_ﬁaa éhﬁﬁb% Og'i"!?) BodiM et g'll‘J?eWrﬁ?dzb%u‘g%erlH@m
to flow out ofgrnchRRuRok®$0538RE Bhe éﬂlﬁkMa@é%@@SnH@SBBQs RIRAES B ek Fr%%@n@ntlgﬁl
will drop bel ow anbient pressure. |In one ehbodi ment, the pressure in the

processi ng redh%ri'firrWSQfébWaﬂ@%(b theu fift nepsentihe ridhd phé@é@ lifff assrRMbliegc Bwyindo
control the vqﬁgé hératl on of the photoresist, by varying the rotation speed
of the substra &ncl osure Iid 1052 and enclosure coater chuck 1056.

[00178] In on 1 i | vent ' i .
processing reg?tﬁzB 8@% ﬁﬂ}ﬂo%dﬁgntawﬁgpéh§ﬁn¥f§§8 Iﬁjsy?]gﬂr sﬁqg@iﬁﬁl@% %% reglon
processi ng to 1086Br ate irheohiaesl a ddai dkﬁeﬁﬁe@,ntﬂmusnd:rbafm‘ig tan ehclobed Proteysery st
| ayer. Showerhead Fluid D spensing stem For Sol vent/ Devel oper Disp ensg_@

[00179] I n an SEVieRmenty aseuidle aSuhstats m Hhdnee fehedinennbeoveymsa afa
on the surf a‘b?o%sn@g%gﬁhr%q is Wtér?&eoat'btbéjt%ﬁ}é?%%enﬁ\é%oﬁ%m%'\%Egrlieﬁi%n%?%' gn

of the coater up geonetry, net spinning the subStrate
varying the aisolvehbfromt tiveopittoreisist pnotbewrfageroéghe)tsut;ﬁrataefoﬂmqabmie thadjap

g?gbgg;?ggpilﬁéa%&ﬁ%%nsﬁ@ @Foesng%p(?m% %d@& gwgk baBE ?é’gezgn hbBss TS the substrate

may be about 3 mm.

[00175)In one embodiment, a photoresist material is delivered to the processing
region 1051 through a tube (not shown) in a clearance hole (not shown) in the lid
shaft 1052A, while the enclosure lid 1052 and chuck base region 1056B are in
contact and the substrate is being rotated at a first rotational speed. In this step the
photoresist will tend to spread out due to the centrifugal force effects caused by the
rotation, but the photoresist's ability to change properties is restricted due to the
formation of a solvent rich vapor over the surface of the substrate. After 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 enciosure 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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achieve one |level of uniformty at varying |levels of conplexity and cost.
Due to the need to reduce CoO and the ever increasing process uniformty
requi renents further inprovenent is needed. [001s0] Figure 5Cillustrates
one enbodi neMtO Y6 1coat er/ devel oper chanber 60, whi chPEBRYAINS6EIT f | ui d
di stribution device 1070 that is adapted to deliver a fluid to the 45 WO
2006/ 069341 PCT/ US20051046877 surface of the substrate during the coating
process, to enhance the process uniformty results. In one aspect of the
invention, the fluid is a solvent found in the photoresist |ayer so that
t he evapor at i 8¢rops oz estationary beulzstrate)o| afted. whight thes substiaiegis aanciasedhén fthei d

subst rate sur PRtsayd hdcsie, Al ey BFRE A T haelonde Gk @
bet ween t he f Lnifatmdiagér dfeutesiredaricknessl OXerand debred thidknees bis tieen sachiriveat e

can be achieved so that the surface of the deposited Ia%er can_be uniformy
sat urated wit fe endogyre hddog if sgparated, frgpethe SwER coateR €hyeth 1936 iR allpén

about 0.5 nm @{%ggfwggﬁé\,ahgp?gnonT&qhé EBIE%WWé’pH&Zés&?neral ly contains a

lift actuator nount 1 ng brac 1073 which may be attached to
a shower head I ! h I - i

act uat or 1074@8}2 Ier%lﬂe]lg%ggﬁ] alnr%g)f?rr]g EQ@? %Lgrtgoﬁrd ﬁ)n%]%sﬂgv,ﬁévﬁﬁ &Qﬁ%ﬁs -aq;bg%érj] afz;(lgr
cylinder or Diermedumities outer avadl cd tigeiedeloguretlid Hit@vio)glosutblke exsess photeagsidiad |
bearing slide, L at are adapted tg(#ﬁi se and | ower abl3 of tre c%) oneﬁuts
contained in PHEMY RIAFESPEEEAN P LigUTRe PIRFATS NG00 i Higicgphguration air tlow

i I'Tustrates thgoks tHedstksder bIAHE I RBsHENI iS till BrdVehibd SemiiRERadU0to IRSS bf ARN.
The fluid distribution device 1070 contai ns a showerhead assenbly 1075

whi ch forns aepnoareder exjt pagisdar therpwirg asel thisecanfigytatiaon edugmte thasentrifigal

di stribution [ ca: 10 0. - ' Ll

controll ed du&?%égga'cﬁgf%gtrhgn# %ﬁ% égt%é '$@®0§ﬁ Ii %%%r‘@@ggg&'om‘%?ﬁ?%m'es

di stribution tesds;ethe) preggarerial the pearisaings regiehoMEihedt drss edloy athbient a
fluid source 1077 and a lift a serrblx 1074, .[?0ﬁ182 The. shower head, assenbl y
1075 gener al | PreE8eai'RONG LRNREMREL AN REssUrRhe pr PITEFOR MAY by varie

shower head pl gfiggl@tetent FH@S&h&fﬂwejﬂ?g%si 8 cdhirachedapbfzatth shavghbeaEsisase
1072 and has a center hole 1072B fornmed in the shaft to allow fluid

del i vered froby tvaeing thed ratatiore speed pf tle Subsiratat enelopirenidn! 49 Andf enalesyre

wi thin the shgg&&p&%kqﬁgg 1072. The shower head plate 1072D, which is
attached '

[00178]In one embodiment, a solvent rich vapor is injected into the processing region
1051 through a hole in the lid shaft 1052A during processing to control the final

thickness and uniformity of the photoresist layer.

Showerhead Fluid Dispensing System For Solvent/Developer Dispense

[00179] In an effort to achieve a uniform and repeatable photoresist layer on the
surface of a substrate, prior art designs have emphasized the design of the coater
chamber cup geometry, method of spinning the substrate, varying 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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to the showerhead base 1072, contains a plurality of holes 1072F forned
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
processi ng f WR #6934 spensed fromthe fluid source 1077P¢T{Fg2“9514€6§:7ént er
hol e 1072B, where it enters the plenum 1072C and then flows through the
plurality of holes 1072F and into the 46 WD 2006/ 069341 PCT/ US2005/ 046877
processi ng region 1071 formed between the substrate and the | ower surface
1072E, I n one enbodi nent, the hole size, nunber of holes and distribution
of the plural isugfagg ofhtheesuboiTRp dering $he eoadingweroceasl 91 #nbancr e aprecess

desi gned to unjf.Qr del.iver the 0 I Juid tp.the I -regi on
10717 anot MorSmhY ety ™ pre e 1RE KVenlintcellid, 32 SOREATRLAG

di stribution ghotdiesisl Wyl § that hed asvapOrélibnaproeess tdim behovetrdiledd phaths
1072D are uneven]y spaced across the showerhead g;gte 1072D to deliver a

desired non- ukPndgYR P the T distristion devised0igay Pairaised af‘ﬁéo"berrﬁeé%@ﬁYﬁgto
region 1071. %@@b%@ét@oémynaﬁgﬁb%y Pt USREH b1 078! §8Ghatt BE SptinfliR

vari ations causetlilJ aero . or other effects that may cause thickhess

vari ati ons i n betweerdtheolluit etistpbigticor devics 104§ @nd the sLefate [of thasulsttadelicanrite,

t he shower head assenhbl vy, 1075 cont ai a ot o 072G and a.rotar l, 1072H
Lhat “are. adapCSlv el o aRCE SPRER e OB Sled ey G ot Be wRrb AT BBt 2
assenbly 1075 tiiidigpe@npé@IRES | MY ondhembedimeyit, shal gapOis2irbta@yn eboat 0y Aefighd i P
seal, or other simlar device that are well known in the ar%. Phot or esi st

Nozzl e Rinse K, LY [rm_lghqﬂittgéﬁ@gbtm-@*age@er%mms _@i'iﬁ\% uatert 107/ ARG T e
one enbodi ”E“fmélfntiﬁpfb'ré%l@t 16%‘%%%32%'%%@ to %%ﬁ%gm%‘éd QURbIy ftfs S0
contai ns an encapsufating vessel ass Iy . To reduce the possibility
of cont ami nat isosustdcet hethd soblasgre hd2L| elhel B2 Actuadot 19744 gemevadlyt carti@ins an

processing fluid in th uppl y tube 1026 fr.om dryj out and/qr_to ,clean
vari ous conpoﬁ&ﬁ{aéoroéﬂofﬁﬁo‘gﬁhisd'c ot 8 aé{scéygﬂg%@o%.@%s?rgpaopr, 8[‘@&18&”88 (no
nozzl e 1024, %H@Whﬁ sudh@safiner bhl BeAsin@biide), thatlre R@ap@daotrhideainarioRet yresmn
processi ng steps the discharge nozzle 1024 is positioned over the vessel

openi ng 1095Mq sxrBpeEnenis soptaineddn thy tivid distiuten|deyiceefi7@n in t he
environnment region 1099. This configuration nmay be advant ageous where the
processi ng fl (godas1l§igore £C ifsdratese thestfluid disiglwionsdaviee i t070ain dagiprgcansingand

fl 2k causi 09 826 eIy Ao e AR AL Sheudeda sSsBBIYSIY7s

over the substrate surface in s
which forms a processing region 1071 between the substrate and the fluid

distribution device 1070 so that the processing environment can be controlled during
different phases of the coating process. The fluid distribution device 1070 generally
contains a showerhead assembly 1075, a fluid source 1077 and a lift assembly
1074.

[00182) The showerhead assembly 1075 generally contains a showerhead base
1072, a shaft 1072A and a showerhead plate 1072D. The shaft 1072A is attached
to the showerhead base 1072 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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processing steps. In one enbodi nent, the discharge nozzle 1024, as shown in
Fi gures 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 repeat abMy Oﬁq"iﬁﬁﬁ'ﬁsed through the supply tube outlet PHOBERIOAHSHD

2006/ 069341 PCT/ US2005/ 046877 [001851Figure 6A illustrates a configuration
where the discharge nozzle 1024 is separated fromthe encapsul ati ng vessel
assenbly 1096 so that it can be rotated to dispense the processing fluid on

the surface of the substrate. The encapsul ati ng vessel assenbly 1096
general | y corra¢essingnegsn Horldformed betveen the subsitateangddbs dpwenpuiace s 0degi n
1094, and a v I el e rl i .
connect ed 1o TRECIRT Eo 4 MG 4% b RRFelAGE: SRofitioulth! e Blairy o 4
delivery sourmdss 1085 atnss atie shbwehehd platguinZ2 DodveRiesigndd tenanifb@8BAddlver The
drain 1094 is generally connected to a waste callection system 1094A [001561
Referring to BFHIRGESERY fiulg edhepresessing r?@‘ﬂﬂé@g} oﬁ'i‘ ghethet \égﬁog]ynqrnethe ho?e

substrate duiidhuphRGESShies 1HdHR SsRBUAGH D! NRE TG ali)2d RREs SMTRFYadtd€ the
outl et 1026A are cleaned by use of one or nore rinse nozzles 1090 that are

attached to tdhewerhgad plate 10420 asounaveslyiseeedticersschr shomerrgadopiateotO7a8) e

cl eani ng sol yt.i t I | . ad] . . €] eani Ut ion
is a sol vent L{{)h W%ra% dﬁegﬁ%%g%'l{lgﬁﬁmg%tr%g@g;stq E{B%Pé$'{1 é\?@'rocgof @er&ggﬁ%%"ﬁi ng
a di spense prregieas.07Theé mrvbeiforangattedn met s usuiulad dorechivzzhieknessyvabiations
arranged so that all sides and surfac%s of the di schahgﬁ nozzl e 1024 and
elge gkn 3&5’1 S

suppl y tube SauFed by eEsadiagic oe Q. tsethat mayrfange! PR ANRGS Uy
retained in theoend pIiBRRIst f#@kon 1099 of the vessel 1095 may also be
useful to prevent the processing fluid(s) retained in the supply tube 1026
fromdrying ' h j t : 1

assure a uni ﬁ%ﬁ‘ﬁ?lgﬁgﬂégﬁbgygﬁ?@ @%gsfrﬁgéér@%%dcgss tﬁ@g?gggﬁ%ﬁ?% g{?g(?roﬁ);?sjzi&;t

t enper at ur e iandod raant sephtlDY2id dhatr arel sthptadhioerotdie aodogadiver e preredsipgdtias o
results can eat | ffect t he. tenperature_of dispen ot oresi st .
The- ot | mumtde SheRettadmssr Bl 7 ad ot B a0 TR a8 T LA Bt
Therefore, sid}ﬁsmﬁdﬁﬁ) §68! §TothERdIRRAr GO MMt SRNAVAI KndWH In tAkarf | Ui d source
assenblies 1023 to run different process recipes containing different

phot oresi st  pPrRi6FdsistNoiE HikEPSyslews € of the fluid source assenblies 1023
w || each neéd TO be

[00184] Figures 6A-B are isometric views that illustrate one embodiment of a fluid

source assembly 1023, described above, that also contains an encapsulating vessel
assembly 1096. To reduce the possibility of contamination of the discharge nozzle
1024, to try to prevent the processing fluid in the supply tube 1026 from drying out,
and/or to clean various components of the fluid source assembly 1023 (e.g.,
discharge nozzle 1024, supply tube outlet 1026A, etc.), during idle times or between
processing steps the discharge nozzle 1024 is positioned over the vessel opening
1095A (see Figure 6A) to form a controlled region in the environment 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 fiuid can be cleanly and repeatably
dispensed through the supply tube outlet 1026A.

47



i ndependently controlled to assure desirable process results are
consistently achieved. Enbodi nents of the invention provide various

har dwar e and net hods for controlling the tenperature of % Photgrngst
before it i SVAPWSENSEW on the surface of a substrate duffFhg &4 or
devel op process. 48 WD 2006/ 069741 PC F/ US2005/ 046877 [ootss]ln 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 cool

the nozzle body 1024A, the supply tube 1026 and the processing fluid .
cont ai ned i n [0H8SIFiqHIR| §A tildralep @ configuraliot yharedhe ,d'ﬁwrgf‘eé\"%zélﬁcﬁ%i'%g
device is a rgesj.sti t ihG vadap g of
t he processi nsge%? Fah%ad.ﬂoﬁﬁ%no Cﬁ@rgglgte’%gdl m%?%rﬁlﬂgqﬁggtswetgéﬂgﬁgﬁ%erggé\{/%go
1097 is a fl uispdmsatthexrbesssarg tiidton the sulgoecdf the substratd. fThe ansapsulating e

f th ing fluid.b f afluid t tur. iag devi
Chot showny - ciesreaasuong o8 feferafy Gptafis dieot: pta iem oHASY 109 £8P
exchanger to g@at KodralNe0d£L MRS aAtvdsselAfpehite) PIIBPES TheGirseunakzles! TOID) atHieH

embodi ment, the heat exchangi ng_ device is a thernoelectric device that | is
adapt ed to hee eonngelsH tonwepubings 9904 rargi i, commuricaliqguivds ¥ ahaws flithw
the heat exc ' ' L R H ' Lg heerh93abga EdyTh
1024A, ot her J@%@S&nﬁﬁ%qgt})é?ﬁé ilﬂtnévgntl or'rﬁ ﬁ%‘lrﬁgmdge%onfi guréat i Jgﬂs vvheer e
t he heat exadraingi09¢ islgenermill06Mnected tov o pasteotollactidn systers UPPHA t ube 1026
and/ or the nozzle body 1024A to effectively control the tenperature of the
processi ng flpd1ds] Raleoing to cRihwei 68 nh ,anaeff@h it redute tdoatanipptign btile dWRGrates
tenperature controlled hy use of a second t exchanger ,1097A .t sure
that all of tFHNFOPTGRESHRY (the Cﬁ?%&ﬂ%é‘ﬂzgﬁr s§?‘?1g'5”PP&i Ei‘qeei)ﬁ"%eﬁo' fHe

supply tube igdfedvsy WaB HOFRBokinhdre ihsdi fdiRNEe tog thdt hteSattdcheg t6fthé HRid
substrate during the next process step is at a desired tenperature. The

second heat eleliMemngeeuree® A% ayhish can detvarrone Rednere, clganmgr sejulienst g ¢he
devi ce and/ or | ui - i Lee, ifleschi bk e In
one enbodi rrenqo?‘z{eﬁé @ngiﬁgﬁq}ﬁg&vg&gﬁ\égg@e‘?wﬁﬁt;'/&lgsgé S tngﬁrg%tr%atrt?éﬁ'g\;d
control | ed tdefassumpbotdrasist lb&ovamiter abmpietol 4 dspeoge peodesdy THe2duinberdand

processing fluid jn the su tube 1026 ar i nt ajned at cqnsi st ent

t enper at ur e VHERRIRA °fdﬁ?'§crl¥g7r%% W@i’;?ee airéﬁgfe‘$§g§b§§ ?l‘éﬁ‘gecf 80@?”?%@/8@@@
openi ng 1095Ai{FRegdhExE 168 and BeHAY fubtbodtt FOIBIL afe SiBaRed t hﬁemééﬁhgwﬁ
can be heated or cooled by use of a "vessel heat exchanging device 1098 that

is attached tremanéngwiapesgptaings inetheeenvirggment region 1099 of the vessel 1095 may
also be useful to prevent the processing fluid(s) retained in the supply tube 1026

from drying out.

Point of Use Photo Resists Temperature Control

[00187]To assure a uniform and repeatable coating process the dispensed
photoresist temperature is often tightly controlled since the properties and process
results can be greatly affected by the temperature of dispensed photoresist. The
optimum dispense temperature may vary from one photoresist to another,
Therefore, since the coater chamber 60A may contain multiple fluid source
assemblies 1023 to run different process recipes containing different photoresist
materials, the temperature of the fluid source assembties 1023 will each need to be
independently controiled 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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The vessel heat exchangi ng device 1098 nmay be an electric heater, a
thernoel ectric device and/or a fluid heat exchangi ng device, as described

above, which_ i junction with the systemcontroller ' to thus
control the%ggﬁ%ﬁ’g{yﬁ e of the vessel 1095. 49 WO 2006/ é%%fyﬁoogfﬁ&gﬂ

PCT/ US200S/ 046877 [00190] In one enbodi nent, the tenperature of the rinse
nozzl es 1090 and connected to the tubing 1090A are tenperature controlled

to assure that the cleaning solution sprayed on the di scharge nozzle 1024

and supply tube outlet 1026A are at desire r at o the processjng
Fui o T h Y he TTBI OPaEnaoHmaNG et Lo HIA ST B At Sl lien e HUI8I BRI

process. Coatsps Rz Eh@ﬁ@%&ﬂbn@s?m%&%w Qs aaﬁ,%a t& RehoariB/ésbol the

repeat abl e process results t i on where the photoresist material is
di spensed on noadesgsyt 1Q24é, sha sumiy tupept @tepat e plagrssing flaisheantained in thee
uniformty of ed p | ay n C

position on t‘cﬁlép@u@@? 125 lT P@é %Hﬁ%d ?rﬁzth QQ%ho%)cg’ra gg ngt&lsfgceg?és%g%&st ©
Theref ore, i theates thatisdaped tbhentosihernseparaturb0F thp psoddseimgtfluid e Irnamathert el y
controlled by use, of an often e@genswe suppor. tuat or 1028 '

capabl e of p@@al?%dém?n B0 iheabfXARANYR0 de¥ERa f?oi';?"g iy exmangghggéﬁ! :es
inthat it ig ?HS)% fc‘brntrop(?ﬁé et@n‘fb'%?éml%r of qg@‘p%l‘bc@@é’iﬁ g Mlid | B &s€l éptb\?wﬁllgﬁi

nozzl es 1024 to pense I'tiple different otorestst materials
greatly incrdempsratire c@ﬂtollmgddewngl (ort tshowh) thalecaussasen wheingeflugr fidwe t o

t he need to cur r n

Ther of ore. v aPEHRE G K nedh EReREdardS Reb Bk, PRI mrB A RE S Re st uid

met hod t hat urt: lahb#es etntBidirgést, mesmsaa(caanwguﬁ dévichas acmarrbeeieaacld,ewce that
calibrated since there is only one armto ca | brat.e @nd al so ag t el
control. In thadartedleihgat at F%‘H they @ropeseingIfuicyi ?&H’ﬁr JeuR§ LA ae f Mot§d i n
the various fieyi exﬁﬂﬁgﬁ@ SASCHDYT #F AN aﬂoﬁww@%zmetboam?ﬂmqhﬁer

di spense arm 1192 uttle asse 80 (Figure 7A) n one
enbodi nent , aarrmbos#uea@te @fmmgaverwoadamsedmcwet mnflmrayoramew@r@r dee oheat

cont rol | eq. ARGy IgFacR8k Fi EoheROut e sPEOL NS JOBER A B ezze

control of theddi1DeRAr@eeifaivel cunté frestdnsuraring dfeﬁelcpe@c@rsmg fooampliexoriey ,
system cost, possible substrate scrap, and the need for calibration.

[00192] Fi gur @MRRdirgent, a|iength b e, FURRik tuben RG-S Hemperaturg cqntioded By Mse i fem

1170 second heat exchanger 1097A to assure that all of the volume of the dispensed
processing fluid retained in the supply tube inner volume 1026B will be dispensed on
the surface of the substrate during the next process step is at a desired temperature.
The second heat exchanger 1097A may be an electric heater, a thermoelectric

device and/or a fluid heat exchanging device, as described above.

[00189])In one embodiment, the encapsulating vessel assembly 1096 is temperature
controlled tc assure that the temperature of the nozzle body 1024A and processing
fluid in the supply tube 1026 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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found in a coater chanber 60A, that utilizes a dispense arm 1192 that has a
single degree of freedom In this configuration the di spense arm system
1170 will general contain a dispense armassenbly 1190, a shuttle
assenbly 118%0 289?6’6%’“ carrier assenbly 1160. The di spensé’cgflfﬁz%?s@m y 1190
generally contains a 50 WO 2006/ 069341 PCT/ US2005/ 046877 di spense arm 1192,
a nozzle nounting position 1193 forned in or on the dispense arm 1192, and
an actuator 1191. In one enbodiment, a nozzle retaining feature 1194 is
adapted to grasp the discharge nozzle 1024 when it is deposited on the
nozzl e rmunt i 11BN eneambod@ndny, thadermperature oém-mﬂeynqzzm 108Reanthsonnected

Gevico whi ch g b’ 05 2 fardplRe baRYGIR0 RRBHTFIR 18 oAl A

The actuator Lpfdlvedson fher dis¢harg®inezzian oaurandyduppcyenuberowlbheozmare:et tdsited s
able to raise and | ower the dlspense arm 1 .. I'n _one enbodi

act uat or 1191 'PREFaLHRSS e RIoFeSIG L@Qlfrh@e(emptply %’PSVW%P@HRE@PHSOWCSOM

control the plRcaaRi cig ent of the dispense arm 1192 as it is noved
fromone position’to thénw [ 00193] The carrier assenbly 1160 generally

contains a nogqa?elsHB%EtP'&é%EQ{%ﬂS}%‘ nore fluid source assenbly 1023 t hat
contains a di pply tube 1026 (six discharge nozzle
1024 and fl ui gqozgyﬁ'gc?sasﬁgmlfbﬁﬁ a%h %%?ab?@?:%@ests%%ﬁ‘s %gﬁr %ﬁtwﬁér%lgg%mt

shown). The r uat or 6o he ™ "nozz upport
and all of thehdiosedistr geatérﬁzazlz&;eslsﬁé)%dand thbesubsasde ciuafiaed |ssp|;epér§abltyub@1m,026

to a desired posit ds fromthe s em co | er

[ 001941The shppiralest g’?\:%flg)' fMB'O! qqéh%gab?%@dt%‘%?@k%h Y& 681 ﬁ J6‘%’0%
1024 fromt h%o‘éﬁbﬁ 'o‘ﬁﬁh@%ﬁ@ﬂ%ﬁ stkBEL BNWhiER &L pRStBIRISt & HispaSIRS THRefore, it
di scharge nozzl e he nozzle nmounting position 1193 on the di spense

arm 1192. The lssmmmoe foaﬁteedmn)@n@laam Heavepesilign tobe arewataly aentieliedbyasssedll y

1181, a shuttl 1 d z n r he.n
transfer feat urﬁe%gt% %Qéensﬁ)a% @B% é %Cglé;t\r/)\fth&%at"%rtas %%%abg g)(f:hg'r%ags'y
nozzl e 1024 s<potsﬂnahungttheadis¢mg@mmzﬂd fOZ@m Wheissgararises imasanipliy cﬂ::flrffntik:zralf‘mL

transferred to nozz|l e nmounti osition 1193 and the returned fromt
nozzl e mounti §2456ENEMBATS1G @‘g?? Bay%gﬁl{{tép,k? SEhargedifisz\ps1 MBS tor %PG”SFHBUIt'p'e

process i s COReéR: Hﬁi@re@%i H?ét@ﬁal@sﬁﬁ&fh'@feé&iﬁﬁ%c%@%%éko@ﬁ%é'd@)%\ﬁ?ébﬁty%f

nore actuators that are adapted to raise 'and 1 ower the shuttle assenbly 1180

and the coater chamber 60A, due to the need to accurately or precisely control many
dispense arms 1027. Therefore, various embodiments of the invention provide an
apparatus and method that utilizes a single dispense arm 1027 that can be easily
calibrated since there is only one arm to calibrate and aiso accurately control. In this
configuration the multiple discharge nozzles 1024 found in the various fluid source
assemblies 1023 are exchanged with the single dispense arm 1192 by use of shuttle
assembly 1180 (Figure 7A). In one embodiment, a dispense arm 1192 is adapted
so that only one degree of freedom (e.g., a single linear direction (z-direction))
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.

(oo192]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 am assembly 1190 generally contains a
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rotate the shuttle arm 1182 to a desired position. The actuator assenbly
1181 may contain, for exanple, one or nore of the foll ow ng devices to
conpl ete the I|ft|n task tasks: an air cylinder, DC servo notor attached
to a lead scVOMYPOBH servo Iinear nmotor. The actuator ASIEMBIN4EE1 nay

al so contain, for exanple, one or nore of 51 WD 2006/ 069341
PCT/U82005/046877 the followi ng devices to conplete the rotational tasks: an
air cylinder, a stepper notor or a DC servo notor. [00195] In operation the
shuttle arn11182 rotates fromits home 03|t|on see "A ure 7A)
to a positiondi§P@nsa AN JdP7i ér”%é'@é’ﬁﬁ!‘@ﬂ'”ﬂl%"‘éﬁm l%wrmsa]ég %&Pﬂﬂeéﬁg nse

until it eachi op0RRlCaPhEiiHRPATL | Aol SnHRRNE, aTREAATAEBINARRRTE! Y

1160 then rotates (see it hat t e nozzl e 1024 engages
with the nozi1#®4 is adspted tbegnaapéhe_mmﬂgeen@m 1084 awherl 182 depesitethendhe

vertically to arat the e 19 le 1024 fr |y
1160 and thenn?gﬁgf@é’n 'NHHSe Héqgag%yhgﬁgs uﬁ@z%%"ﬂ&’?%%@ T@ |ngr’?er§?a§€'g$
the nozzl e noatired 19ashay B8 alskidg loaded @rmm@bmmé&aateahﬂevmmmtregfarsms
1182 noves vertically until it deposits the discharge _nozzle 1024 on the

nozzl e nmount i Ag iMededksoith 1legturehOns g disshargs Razse- t-ﬁ'éfh FEHAY \1/3391 iBafary
and then rotapes,backntg %!ﬁdé‘locf%tﬁ%sgéw%;th%?%eabléﬁ ra@é )an T6\6er 6 ke

1191 in the dispense arm dssenb n noves t |sc arge nozzl'e to a
desired positaom1d92r lo rmesemlbammeof th@acwbzrtﬁ@ﬂealscseeniatrtsna linegr, guide (it

the substrate praoc SSI p_C To, renpove th schar nozzl
1024 the. st esSuaTEh RIS Bt PEyBs Bty EMBLe Ao RS Hitetse PR 3162
anot her enbodiagprmd n@negh@ndbﬁggagﬁo@fdmgﬂﬁ@m 1170, where the di spense arm
assenbly 1190 has two degrees of freedom such as, a rotational degree of

freedom or apgidqaghee bam%arasg@rab@a 180 déérf%‘?éi@n&c(r%mﬁs lRE6d Az Supptid1 169, YRs torcal
degree of freedom (z-direction) | spense arm assenbly 1190, which was

a part of therf@m)ﬂd'ﬂrﬁﬂwc%ﬁwnbl% 1ﬁ2@dﬂn€é cpAtam%a fiRChargsanezzig 1@%36(?1 §|g@me
arm system1 | r t

t he coater ﬁi‘%%ﬂerz%g%k &%%ré@ ngr%%gdgzz%tnd f@@\%‘%@ g%%g%gpﬁ%’n eature f 84
I s adapted toangraaspanyr acteatr (nbhehawsic hdhg eroteny zotudto2 4 wabeptedttonstate the
positioned in nozzl e t o.illustrates

th f f t 1183. F
Do her o1 B SPP YL T el G P E USHETos BPsr e P2y, Heeih asspadiad

nmay be USGfU'st&H habdli ieeeand ot Hasirdde bbsifih tye use SthadimanBo a4 the 2&stdmh
operation the sr;ut“t I $01arm 1182 rotat es fromits hone position (see
controller

[00194] The shuttle assembly 1180 is adapted to pick up a discharge nozzle 1024
from the carrier assembly 1160 and then rotate to transfer the discharge nozzle
1024 to the nozzle mounting position 1193 on the dispense arm 1192. The shuttle
assembly 1180 generally contains an actuator assembiy 1181, a shuttle arm 1182
and a nozzle transfer feature 1183. The nozzle transfer feature 1183 is adapted to
engage with or grasp the discharge nozzle 1024 so that it can be removed from the
carrier assembly 1160 and transferred to nozzle mounting position 1193 and then
returned from the nozzle mounting 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 tc 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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item"A" in Figure 7B) to a position over the carrier assenbly 1160 and then
noves vertically until it reaches a nozzle pickup position (not shown). The
carrier assenbly 1160 then rotates (see item"B") so that the discharge
nozzl e 1024 WAGEYLSI3M th the nozzle transfer feature 11FSTURRWSEHETR e arm
1182 then noves vertically to 52 WD 20061069341 PCT/ US2005/ 046877 separate
the di scharge nozzle 1024 fromthe carrier assenbly 1160 and then rotates
until the discharge nozzle 1024 is positioned over a desired position over
the surface of the substrate. The shuttle arm 1182 noves vertically until

it reaches a thesfalledingydevitem o moapletaethsurctationablaskie apuds Cybnder( sestepran
"W), so that the subLs){:rate rocessing step can begin. To renove the

di schar ge noz NP4 PHEND CTare followed in reverse. [ 00197] I n one

nbodi ment, th ' nbl y 1160 tain a.plurality.of e
encapsul at | nglEELE| SRRteBREFETIboR™ not2 KB o AP GUPEPOsi (eBdem Bir os
6A- B)) Wwhi chirariguicET®eioad Bb&iti6P BYEOheRAr e aR8EMbE 118U add thenafiPessiaHiCalgf

the nozzle body 1024A and processing fluid in the sugrply t ube 1026 are
mai nt ai ned at valll it eaohes ennozdepickupupesitign (Nt sheynhr d hgagarmiagaseerplly 1160

t f dta th thle . ; -
he subst rat e Mo (ARBS(bo 1 OBTPed yE MR LRl Hizz2Y $024 REgatEs SR e |
si de vi ew of aoEzientmdferefdatok t1he3. déhel sindtie Ananbé82 60BN moaes neytidadly to
dapted t f . | e, h I t 550 n he Fl ERT
oo ot ep 501 soRaalsbs bR RAeZIq KRS flan!Be cher Raspp N eSO adan fates
contains all QﬁtilttH@d%@ﬁ%@@QT&ﬁleCfU’EﬁE RRditibAed bﬁeﬁﬁam&zlteﬁh@mm@ gffionnd gghus

sonme conponents of the devel oper chanber 60B that are the sane or simlar
to those descini Biegende arm dfi@2enthe sbuttlearel/foperes arisely g0, it deaositst the
same nunbers. [ 1o : Hse [ :
[00199) T ond EHEHE gk 1danth BYTREER MEKTRATIEE 0T oFfe oARfp oy 168
di stribution tdavwnoeshEficaligesdrthée dotates\back its tredagrh e gosition éseevitem 8AYNniTher m
flow of a devel oper rocessing fluid to t ce of the sybstrate during
the devel opi nactpRGEad8! T fie Wikensem erambly feoh I Goves T HBera e Frirles
and di stribut{pr dsirbdPoRltidhadver XhOTsurfled 8p tHD ddibstaits (S&s itgednt)0 sy rhatohE! ¥
deliver the devel oper processing fluid to the processing region 1071 formed
bet ween the seWtiair ereaessingestaptaadnbedins ate removgidhe discharge nozzle 1024 the

steps are followed in reverse.

[00196] Figure 7B illustrates another embodiment of the dispense arm system 1170,
where the dispense arm assembly 1190 has two degrees of freedom, such as, a
rotational degree of freedom, or a single linear degree of freedom (x-direction), and
a verlical degree of freedom (2-direction). The dispense arm assembly 1190, which
was a part of the embodiment shown in Figure 7A, is not a part of the dispense arm
system 1170 illustrated in Figure 7B, thus reducing the complexity of the 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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fluid distribution device 1070. In another enbodi ment, the hole size, nunber
of holes and distribution of the plurality of holes 1072F are designed to
deliver a non- uniformdistribution of a devel oper processing fluid to the
processi ng r¥8i2BK¢HIL 53 WD 2006/ 069341 PCT/ US20051046FFF USRWA A het ween
t he substrate and the bottom surface of the fluid distribution device 1070.
Devel oper Endpoi nt Detection Mechani sm[00200] Figure 8A is a side view of
one enbodi nent of the devel oper chanber 60B that contains a devel oper
endpoi nt detector assenbly 1400. The devel oper endpoi nt detector assenbly
1400 uses a | sepataigribe disshargemnzalediizddram dhe earper %‘ifermbla 1§é8@08ﬁ6%fqt§ﬁe§ype

technique to gahe |'§8hér§§ Q?Ec’lo?hel%t%gﬁw ﬁr%&ie%‘ir@ﬂlpggﬁon olv?r%%urface

enbodi nent, a si n tion beam (see It
"A") froma | aIs’éne sluliSllratmpThgeﬂnudle aﬂrre 1362 fnamtesoiertlcbailystuﬁd;utrl@aeheshavdasgedn

d hot t t l.e that |
The surf ace oot oy die suBBes Y wRLaRAR (S5 SeRLIEY £F dnet R SHPRe of
the substratep @@@sguﬁ? stépg1E8NDe m?)h ofTot feendvef thecdisshargslirdizizient GE.H tHeS sidpk Qﬁéed

by a detector 1410 n one odi nent, the detector 1410 is oriented to
recei ve the plallawegin @veeetion fromthe surface and thus is aligned with
the incident beam (e.g., sane angle relative to the surface and the sane
direction). Di9e197Hintore iembadinertndhe IserpscasseRwly iiBAGNAY copiaimm apliraliy of

pattern forne r e t )
intensity of g'ﬂéea%ééggggegg é@igﬁ%gﬁ&\,ﬁ% @stﬁ R?—E#%Hg‘%/se Es ﬁ@%’SS 6A
progresses. TBYH wiiah iané itemperatdreecontiotds itd msgiretthat thef tem;ﬁe?dtmaabﬂ ahe aozils
created when th dev oper dlssolv s .t he sol ubl e portlgns of

phot or esi st dBPFHhdO é’l@ﬁ?%'ﬂ“ép wagn PEUPPYA iR d O 6"@'ream%a'”?9p% a
pattern to en@é%tm fdinpdteturd r\ﬁﬁ.r@%é;glaye'm.ﬁﬁg Q6e6e WradsbMed 1tbNPeNghitfle

beam Therefore, the interference with the photoresist pattern causes
scattering of aswmblmwglan@bmm oweri the sudacseef thesalisicateon in the main
reflection that is detected. In one enbodinent, the endpoint is detected
when t he chanBeveélopet Bbhamdfdrect ed i ntensity neasured by the detector 1410
asynptotically approaches zero. [00201] The area on the surface of the
substrate, onjostusiiRefehingoeaiguret3@dwhiobnis bhedé asew df46meiempmdjj'r(eot@ﬁ the s

et ned 2 o RS B 5, S, SEREAMARE gl B SR T 805551

step 550, and the SAFIER™ coat step 551. In one embodiment, the developer
chamber 60B generally contains all of the components contained in the coater
chamber 60A and thus some components of the developer chamber 60B that are
the same or similar to those described with reference to the developer chamber 60B,
have the same numbers. Accordingly, like numbers have been used where

appropriate.

[00199]In one embodiment, the developer chamber 60B contains a fluid distribution
device 1070, described above, 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 fiuid 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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contained in the detected signal is mnimzed. Noise in the detected signal
can be generated due to the variation in the pattern topol ogy seen by the
detection area during processing. 54 WO 2006/ 069341 PCT/ US20051046877
(00202] In oWe2e¢t96Withent, a tunable |laser is used in pl 2EE/WGRVOGOEBHYI e
wavel ength laser to nore easily detect the change in the sharpness of the
phot oresi st pattern as the devel op process progresses. The anpunt of
interference will depend on the size of the formed "grating"” and the

wavel ength of the incident radiation. In another enbodinent, a plurality of
det ect ors ( seborinedrietviddiOthbidiBstratendndithe dttoen sorfaies etcthe fluibdistribmtiony device
reflection an iéle anount of scattered radiation to help determ ne the
devel op endpoi % I n anot her emnbodi nent a CCD (charge coupl ed device) array
is wusedto hift in intensity of the reflected
radi ati on. | n=28¥EOPEREANGPRIRLVERENaN WAENANISN e generated fromthe

refl ection of emtted radi ation from the processing fluid retai Bed on t he

substrate sur [0§2%] %!QPien%A[ﬁ Gceide vifyy ohoae jembgadimenieot the Havglapee FRamber 0B
reflection frgr&aihé% t@&e@ﬁ&%mpou{@@é@%}o%ésﬁn%yqmlefrh@t §svelofrsr €

typically there is already a tern on the surface of the substrate, the
st eps shown |andbcgyulrdet&30nagselnmméé@@ ugeea fasec 859 on@toepsoneniﬁte.mgsmmdprmg

devel op st ep Ssoapreldty YiSFITHE RioaRhRy'fE PrbAnbbud S/ HTHR

devel op procepsoRsénistrpesd a Singleewavdléngth diaérﬁmé@ rhbiation,her bearh] [daet itam
fromthe pattern present on the substrate surface (item# 1482) Thi s net hod

may only be reeled afasend4phinpingss on Pe surtaee pétr@ews&rale |hfawﬁetar\~.@f<qqsaﬂ
h
t he 'ntens'typ?ﬂgpe@gs?%a&f‘?ﬁertet}ﬁ ?FX#EH@FHHQPE%;%SNF]B%H{%I%%@é%ég‘é Jhghe

desired, then € use e wav IS nee
i nformation ra@mﬂt&lmg 'Ithebaatdle‘rA"yasrr@ﬂestedtft@n|thg getaee oofl Yei substatenapddte

[00204] If det w edge of the patt.ern i ire i

correction (|‘Ln 1‘2‘18t d cld: g dlonfoé {Shge%SL%qﬁ \fje?tl?‘g égﬁé‘f g‘cf’f‘%n
at the devel oamboésﬁfefr@Qﬁelc@tedn@reﬂerb usBﬁi@nﬁm fotecéios m@e:pnmarwaﬂuaﬁcm fromn thee
variation in the devel oper fluid surface due to external vibrations, and

wor ks by havi sigfassl andtheisgsmaligned withte meidamt beaps(e. @ 7sameaangiaifalalivei i the
position to C%u’ﬁ%séﬁc?tﬁ&%aH&%f%@Bgﬁaphga@lr@hmﬂ BEC%Getvl'é% ﬁ?ﬁ‘ﬁﬁ%'ﬂgem

such mrror, know edge of rac ion
beam " A" obt abesrd andathernmjterrh famn e pethpqmmtmblat dwéragrtHd exposUE plepab3]) the

intensity of the detected radiation will vary as the develop step 550 progresses. The

variation in the intensity of the reflected radiation is created when the developer
dissolves the soluble portions of the photoresist during the develop step 550, thus
causing a “grating” type pattern to emerge which thus increasingly interferes with the
impinging beam. Therefore, the interference with the photoresist pattern causes
scattering of the impinging beam, which causes a reduction in the main reflection
that is detected. In one embodiment, the endpoint is detected when the change in
the reflected intensity measured by the detector 1410 asymptotically approaches

zZero.

[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 pattem topology seen by the detection area
during processing.
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shown. In particular, as the surface of the developer fluid nomentarily
deviates from flat and level, the normal reflection of the |aser beam (item
"C') fromlaser 1451 is detected in detector 1453, by use of bean1§PI|tter
1452. In thi YO28M%6Ydt ation the 55 WD 2006/ 069341 PCT/ USSA0SI0E8HHT
detector 1453 can be a CCD array that is able to sense the change in angle
of the reflected beamdue to the change in the angle with which the beam
"C' strikes the surface of the developer fluid. The systemcontroller 101
in conjunction with the CCD array is able to detect a change in the
position of tlAe20gHAlONen¢BRedimenbrA tlmblecta@emsr usedhindpiene $f @n@w'ﬁmmtm he

reflection a r

1425- 1427 capllg%% tQ?%%?%“i‘aa?e%h a‘% a@%&& rg';‘eﬁ& ‘ﬁ%ﬁ‘ el it ag.
can be sent ttoemieeelop processqirogiessest Bod amsuﬁﬂdf@ntbﬂfé&encelwtlrdapmq/omme sigé on
in the spati al t|o of th)s reflect correlate

devi at i ogs i n° ftﬁ'@ G’é’i’?@aoﬁ@“”ﬂi &nd %Er‘f’% eng?'ﬁéﬁe'?’ﬁr'ac gt [?sd(!:avi‘3 a'rbapf’tﬁ'ﬁfe
contr ol syst@rﬂbémeﬁst@ﬁm&#uy@f igeidcfits i(Sed R8Nk m001‘41tdzqr1éteéﬂeeam@do e

t hrough the use of actively positioned mrrors (itens 1425-1427 a spati al

correction tothermlnn@weﬁe@wn yehihe @@ﬁubtednﬁwétef%d)mgfjcrh@ B@'Pldﬁéefmm@ dhnes
1425- 1427 cany Q
avail abl e f rom #5’69 I asﬁ éﬁ%ﬁ% e%&&ngﬁtegg{ﬂ)mz&arbg%o%%ﬁ%@v Jeg&ﬁ%? din
Figure 8C forus:aldablrh@rmtoThlee acittermgrard shifs wa:meerd;ay iof tredreflectedaapiatisat i dog
variation the devel o er surface ] eadin bea | ecti des ed
Sbove.  Twi n CHRBSTMARG toavereoh arseshBares BBI0R 1SHan oL Sortes GeRpndim
views of one wERRLdRIHG Miid RefaiMcd GPHELEUIHARAR ORRice @mao foc8Sding, hﬂ&m may
contains two separate process chanbers 370 and a central™ region Thi

confi gur at i onbé ysestiipanieveid dbe reflestien fromaehehieg teneeteotonon corrponent s in the
two chanbers to be shared, thus increasing systemreliability and reducing
the system qoma]l-”cmrmbdm:tt yummtéauowrpﬂrienlypiaaily hieerel i$sakeadyoal pattewn ovre the

enbodi ment, the r QCESs er 370 ner al contai ns of, the
processi ng coﬁ’rﬁf@ﬁgrﬁ?ghe 885@’3 %etﬁ'ea%%‘?fgeh?f”rwh \94ES %35 ?ﬁ"f %4 'ﬂhetgrrocess
chanber 60A ogteske VRdiGde rmeAaTipgr theﬁﬂﬂaalemmﬂytcb'fetﬁé/\/@céﬂémbefa‘dla’ifoﬁ pAGPied
to share a fluid dispense system 1025. The central ion 395 contains a

shutter 380 aeifosminaitha develer stery Sbaditemi1# (1450) aﬂé’\e ey iedhem meafsred e
hol der assemy ¥ird9fe davefdB - ARONR Edfipdreltitd thE fRfI%fata so that the contribution

from the pattern present on the substrate surface (item # 1482). This method may
only be needed if the photoresist profile is desired. If noting that the intensity
changes over the develop processing period are all that is desired, then the use of a
single wavelength is all that is needed and the information regarding the underlying

scattering generally is not needed.

[00204] If detailed knowledge of the pattern is required, then active correction (item#
1484 in Figure 8C) for the possibly variable refraction at the developer 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
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system 1025 used in the coater or devel oper chanbers may contain one or nore
fluid source assenblies 1023 which deliver one or nore processing fluid to
the surface of a substrate nounted on the spin chuck 1033. Each nozzle 391,
56 WO 2006/ 0G9340/0pB¥ US2005/ 046877 contai ned in the fl FCA/S0p04877
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 fluid. Therefore, each

fluid source assenbly 1023 can be used in either the left or right process
chanbers 370dete¢tus 1453aan bg @ BED edapdatdy abledtoi smsettbe ichapge In pmgieeéslheng

chanber. Wil e res strate a_co f| ere . Lhe noz
hol der assert® e%tg e@%a‘é‘? E%h}q @éaf}%?z'? he agg[% {}' Vﬁ%ﬂ ﬁe F'&?E
nozzl e hol dergafzendil the 3RVeldpRy fiGRNt The sq«sieers@emrawfbm W cojaddtes With ahe
greater nunber of nozzles without varying formthe basic scope of the

i nvention. [088073r#y upkleda daleet pichangs Bwthsr Pesiton wf e paakintgasity opdhe
hanber 350 wh I t i ght
bt ocess chantiar DIy, a1 3 il RoASEER e Wiloc)ion BRGle AR Eartieef o it e
retai ned on taglespf thechctivle rihmﬁﬁs 14Iﬂe4ﬁﬁz:ahdaeaaduuatsdeaﬂni thud@be pagiticorof den an
362 d I ol di " 64. Th nbl .y, ,360
i tached to ARTBUBRAGAT 365 CHLEE SEMhdatEd of JNEFaRLrEP Salaiee: Wil 4'Re

nozzle arm asmeﬁehwr@%viano@w tlﬁ@%’pbtnél osRldPNGr T réfidictien rBeDRINEGFaIRE Lwell N
one enbodi nent, the actuator is adapted to nove the nozzle arm assenbly 360

vertical |y tovibfedaians indke ﬂewowefélurﬁbilzrfa@eaéfber@%&» byrtsesefigssiitable epitiohg
d
o oport e Sttt e BRtPcfod DEdtEA th pAsRiof i PEMRRLE BLaro frrbBgip R P of

control | er 10Cdctivelygutesiopédtrairces t(iterhs t1HR50I@RY}, | @spafialt dwerectiza lte the meflected
assenbly 360 so that the nozzl e hol di ng nechani sm 364 can pi ck-up and

dr op- of f noZ¥938% &4 P¢ MAYSt he nozzl e hol der assenbly 390. A shutter 380 is
adapted to nove verti caII to close and isol ate one grocess chanber 370
from the centlP%05] Thegagie39isross d 42RuUE2Y HRNRS EMaYr Mk EATRRSINSHEN 89 0HS8Gr9hg

Pr 0cessi ng t angr @Kdihirrof [ChRD aSAMUATIIRA QMIn0Dalldie TRUAS! T THEP IdBlN more

processing. In one aspect, the utter 80 is adapted to seal ably Isolate
one process cwe!atyesemeteﬂr oFiduee Mtfoalclafegl ohhe 3@8verdirtons sare hedesigresk to

Cears may bo GEwEERealoOSPTHERERTH Mo bBOL SHlag Jerdn cpoBoflloSfectbhs 1 P

described above.

Twin Coater and Developer Chambers

[o0206] Figures 9A-B are plan views of one embodiment of a twin coater/developer
chamber 350 that contains two separate process chambers 370 and a central region
395. This configuration is advantageous since it allows some common components
in the two chambers to be shared, thus increasing system reliability and reducing the
system cost, complexity and footprint of the cluster tool. In one embodiment, the
process chamber 370 generally contains all of the processing 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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two processing chanbers. 57 WD 2006/ 069341 PCT/ US2005/ 046877 [00208] Figure
9B is a plan view of the twin coater/devel oper chanber 350 where the nozzle
arm assenbly 360 is positioned over the |eft process chanber 370 to

di spense a pwocem®r¥gl f| uid on a substrate retained on tRETAPERWSOFETK 1033.

[ 00209] In one enbodi nent, not shown, the tw n coater/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 over the
surface of the substrate. In this configuration each process chanber coul d

process two sgopgdined @s thisflog shwrce sasemplies ¢633,nig tiypigally bynrﬁtaed m@ at beppdunp

and di spensing fromtwo different nozzle or two differ J’OCGSSI ng
fluids could® gEedlo%eﬁé@’(ﬁ"W 108ach filler {9=t acﬁ'é""rj?b%?“sf‘ vatyg I1pzé:h"‘£ d source

[ 00210] Fi gur &1¢{dAghd |@aH§p5tEHQ@|dlsSJ%ﬁ§é Qrﬁllglé“lﬁ‘é’ dff]ﬁbcééslir‘rbsﬂdlét %efé?@re each
enbodi mrent of a chill chanber be adapt ed performthe’ post

BARC chi || stfyid sgwcetaseempbstoaawmrobeyssd irceither tl@e éqjt QQﬂlghttﬁ'i@C%éﬁhamhﬂ%oat

Clep 554 The it FRbige: e g yuuanty FBanted B sllon cdtihln (VR Wiy

pl ate assenbl Figbds %@Nﬂ&trﬁtd@] at eorﬁ@ureai@d ahéid the mzﬂabhcyldeﬂ asé’dﬂably 380

enclosure 86 is forned by a plurality of walls (itens 861 m 85)
whi ch i sol at ecct"f‘@”?)r“éﬁ%é'soéé§sp%9r1f dh e ?F“P‘Pl@"@ﬁ§3 fh ecﬂ%?b"e?‘ Et?rﬁséﬁﬁnkjﬁe:igo

sur roundi ng. ey} (BRI IesbOhTnBePLPFREALE GG eB AlmbbP P2 ABR Shinotf

the invention the enclosure 1s adapted to ther l'y 1solate and mnim ze
t he possi bi | ivayyiof forat thespsér $aopeaithavinnantiasn in the chill chanber 80.

[00211] The chill plate assenbly 83 generally contains a heat exchangi ng
devi ce 83A gnekoz) Figurel9Aisa plabnlview 088 thﬂneoaila'r/ddevqdew&re:Hahthﬁ& 388Bvhese dhe

thermal |y conductive bl ock of terial that is, coo by the heat

exchangi ng def4 5& 89A ?sc?eﬂbth &ﬁﬁ?’tshgc’%) QWegﬁgvefcm% f’gﬁtr BE%ggasCh&@ceﬁy&dto
above (e.g., dEEerBARE prbidskingt fld X0a BslratBARL edihihbd drethe BJiA, chueRt1033.
photoresist chill step 524, etc.). The chill plate block 83B is thernmally

conducti ve toThﬁmﬂoé%"‘é pERpassamiie 360 msmmytadmrarhgar@r S€8sanagrozzie briding
embodi ment, g EctfNi 4nh Flat eﬁhélfifp[ ﬁ%‘? a@?é’ :{E%OHE aﬁtraeﬁéﬁﬂd‘g?ﬁ Wlat &’ rge?;ﬂlhﬁﬁ

al um numnitri ot her y Sonductive et eria one e nent ,
the chill pluataiabtecoi:to BaBsfeurahdc;mosmummel Bozzwe aont assemklyt B60he aybpositidre
"W s coated IV\f\g r}1e guide mechanism 361. In one embodiment, the actuator is adapted to
move the nozzle arm assembly 360 vertically to correctly position the nozzie 391
over the substrate during processing and also enable the nozzle holding mechanisni
364 to pick-up and drop-off the nozzles 321 from the nozzle hoider assembly 390.
The system controlier 101 is adapted to control the position of the nozzle arm
assembly 360 so that the nozzle holding mechanism 364 can pick-up and drop-off
nozzles 391 from the nozzle holder assembly 390. A shutter 380 is adapted to
move vertically to close and isolate one process chamber 370 from the central
region 395 and thus the other process chamber 370 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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a Teflon inpregnated anodi zed al um num silicon carbide or other material
that can 58 WD 20061069341 PCT/ US2005{ 046877 mnim ze particle generati on

on the backside of the substrate as it cones in contact wth the chi
pl ate bl ock WEB"Y'%$*dhe enbodi ment, the substrate "W reé’tcgf%ﬁ‘mﬁ’“%” (not

shown) enbedded in the surface of the chill plate block 83B so that only a
small gap is maintai ned between the substrate and the chill plate bl ock 83B
to reduce particle generation. In another enbodinent, as shovvn in Figure

10A, the heat exchang |na device 83A consists of a Iur al |t hannel s 83C
formed in a s{ARERIEIGHTe 9B K adhan view @tteeﬁww%@ewﬂp@ma‘@ ﬁ%QeiNQ?[ﬁ e

control | ed bygg?e %rﬁlﬁﬁsgﬁwtbfnggpglggpwtlgﬂé& @v%rh‘me %’ff‘tdrﬁ SI ¥h5ljﬂ@¥\s 3t7brtgugh

t he channel s e control i s adapt ed
control the heispensehpnoiasginig fluidion arsibstrate retmemom theps pan ehlmko‘tﬂa%BB
tenperature. The heat exchanging fluid may be, for exanple, a

per f | uor opol yaiobes) In( eng. embadideamt, hbatshbwnt ehgdnat u:loatemievelobée«thambar 350

t enperature between about 5C and abo 20 "C. .The heat a ng, fluid may
b ob be ohi | | EAMAKSEMOgRPIAR AN aseomblies BPQ TNANSE SHGHIES J6 ARERT IR
to about 20 Gg1 & Rraf i 9049 8nd blstloMBNRRRALRR tie §GFEY GTltHE Substrate.
controll ed gas, such as argon or nitrogen. [00212] In one enbodi nent of the

chill plate, ihthiheanfiguatinmeastypwsesseh@phel eouldpaprass tvo swbstratgsdisinsoinet he

substrate _rests%@% ﬁtg)cgg §uf(r1;j|@cb S%Raltlrﬁ tﬁ%e&{ B L o '"98@‘&" Wy %m‘erent

configuration geo I'me require 0 achieve
desired processzaed 3p0] ot tW@mratmpmcesad@meméea:ﬁul@met djlepermuaﬂelnmauheof the
differenti al Eet en the substrate and the chill plate block 83B. Thus if
the chill plafB2BPBBk 83B is set to a fixed tenperature and it is desired
that the substrate be cooled to that fixed tenperature it wll take a very
long tinme to &hill Chambetst few degrees to reach the fixed tenperature due
to the small tenmperature differential between the substrate and the chill
pl ate bl ock 8®210Thigute 1BAtiS eawh@a;leS%ctlaeah vigy thahustsatgs ©necgibedimest et ad

1 Lhe wemper ghiichafivel BB 1 may Hetldarte P o8 heAfdar A(C CAl'Si8p 534, 12

that a large tenp &nti A |s mal nt al ne et wee he s
and the chil pogt phcﬂortmlsistlchl%euﬁﬁnl trtehposmbptoroat ehillestpe 534 uthe pestdEB chitiear

t he desired set erat egperature of t chill
bl ate bl ock 351m S5 anelof dRe st HEyERP A Rieb i gy i B Sheb B0 senerally
overshoot in b@rﬁﬁaﬁfsaéwreﬁcwsutéﬂgesuhmtﬁlgﬁeeassemmy tgBMRe Eadpure phite tdAe HAi & lift
pl ate bl ock 83B is controlled by use of a conventi onal
assembly 87. The enclosure 86 is formed by a plurality of walls (items 86B-D and
item 85) which isolate the processes performed in the chill chamber 80 from the
surrounding environment to form a processing region 86A. In one aspect of the
invention the enclosure is adapted to thermally isolate and minimize the possibility of

atmospheric contamination in the chill chamber 80.

[00211} The chill plate assembly 83 generally contains a heat exchanging device 83A
and a chill plate block 83B. The chill plate block 83B is a thermally conductive block
of material that is cooled by the heat exchanging device 83A to perform the various
chill processes described above (e.g., pre-BARC chill step 509, post BARC chill step
514, post photoresist chill step 524, etc.). The chili 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
' 58



tenperature sensing device (e.g., thernocouple; (not shown)) that is used in
59 WO 2006/ 069341 PCT/ US2005/ 046877 conjunction with the systemcontroller
101 to vary the amount of energy renoved fromor delivered to the chill

pl at e bl ock 8030uspe3ie heat exchangi ng device 83A. Thus PCA/USKIOS0BAYOdI nment ,
t he heat exchangi ng device 83A has the ability to both heat and cool the
chill plate block 83B. In one enbodi nent, the heat exchanging device 83A is
a thernoel ectric device that is used to cool and/or heat the chill plate

bl ock 83B. In one enbodi nent, the heat exchangi ng device 83A is a heat pipe
desi gn, descrrﬂuihiadzé)ﬁhQWé geranajiomon trenbadksidet dfeth PEBbsthatetesy it £@Des whicomtacts

adapted to heat acﬁw cool the sugstrate ne e od| ment "Mt’ may al so be
advant ageous Wi§ thgighillplate bleek $g 'QrRﬂeo?mBﬂg' ?rﬁélbﬁ}{gﬂe E?&#dﬁ'&ﬂ"ﬁ ty
of the chill r(f@&taéh%w)ﬂ e%edﬁé@.ﬁ ﬁe‘éﬁ?fra@é‘%f ¥Héecrﬁibbl|aié mobraagerstortaht ér’ﬂ?asmall
substrate ternperature. [0021 ort plate 84 is general héﬂ)é\%éate t hat

suppor ][ S Lhe gahi IBIm@IhtiatllEed asmam ghessltmate apd|the exbill P'alel? biack edlme | n
84 ma
Tt er ol such R, oelip BB’ nul B P AREBMEAT MBI polla® R W peat

mat eri al zfrconlia, a

reduce ext er pathdiRfrig Hodse QBAgaahﬁsts[deZdlér]aI@aﬁ@hann@sIBGO:f‘oguee wiLé)Aurfad:eaoﬂ I ft
assenbly 87 generally contains a lift bracket 87A, an cé uﬁ"it or lift
pin plate s7@e &hdl Plteeblask #3B which #jenterapgsaiusa gont arke L@ﬁo eat

Figure 104), e%h i g e o (§rﬁ.nn§nysq|omd thngh e &ié'ﬂﬁél%abgc'fWAOfflﬁid an

ext ended robot (not shown | ace the Substrate on the surface of
the chill pltemaerlaltuelc@BBH@n(cr@t shewnplsoadagtedi¢o Isaptrolelbe hesat rexcharping hlid

openi ng a8 1 AoHauE R e BRRGToe RiEiucs i e st ofORMEfla fie el bey ™"
to substrat e for @eegse V@bbﬁtubﬂfpolywmﬁbrd@@.g@ald@n%as wb@mwraumumcbubu to a
m sal i gnnment of the substrate in

:}o amber tge robot is calip %e&l
pi ck up and dPBRedyre Pedypn ABPW ¥ ?d“é aPPH‘n%@e H’(‘)"sh??bﬁxcr\ﬁﬂ%‘ﬁ may
typically ali %eeeteh.n%dcwafewdemﬂéh Qeé"&%%ﬂeé hsmlpbfehu.@ Bétweeh Lt 5 °C to

enbodi nent, three 1Tt pins, which nove through the lift pin holes 89 in the
base 85, suppout 2Q)r’@t J redheatrekcbanging fillidtroay atsontts @ tempesatereadn‘qytoé@ld ges,

rai se and | ower éh% (%)r ate by use of the actuator 878. The actuator nay
be an air cyIsFﬁrEi r 3N HB °9%bnventi onal | y ava| I abl e nmeans of rai sing and

e, 1 Rl 36 ST e AT e e SRRl K
adapted to heat and cool the substrate resting on the surface of the chill plate block
83B. This configuration may be advantageous since the time required to achieve a
desired process set point temperature is dependent on the temperature differential
between the substrate and the chill plate block 83B. Thus if the chill plate block 83B
is set to a fixed temperature and it is desired that the substrate be cooled to that
fixed temperature it will take a very long time to cool the last few degrees to reach
the fixed temperature due to the small temperature differential between the
substrate and the chill plate block 83B. The time to achieve a desired 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
chili 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., thermocouple; (not shown)) that is used in
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90 that may be adapted to performthe post BARC bake step 512, the post 60
WO 2006/ 069341 PCT/ US200/ 046877 photoresi st coat bake step 522, the post
top coat bake step 532 and/or the post develop bake step 552. The bake
chanber 90 g¥RePU6Y34tont ai ns an encl osure 96, bake pl atRETASSUNHONBETO3, a
support plate 94, and a lift assenbly 97. The enclosure 96 generally
contains a plurality of walls (itens 96B-D and el enent 95) which tend to

i solate the processes performed in the bake chanmber 90 from the surrounding
environment to forma processing region 96A. In one aspect of the invention
the encl osumnitmcwapﬁtbdhecsyst%m rmhtrylleirsmhtoevmdhmammlr}ia)fcﬁnwwwemomm of

e emts o5 JEREpa 4 BT e S B4R L0 50 0V e bOGRABRR SahaLGaR! ' ©
pl ate bl ock 93as ﬂhausb@hao@haatrw thbqﬁéat%&awarsgn@g ideeicaedda has ahe ubitity €0 Bbark
of material that is heated ﬁ th e heat exchangi ng device 93A to Berformthe

various bake hsabapd 98! thesehill piate irake83R. dn ongslpbeslimenk dke heab gxchanging,ost
phot or esi st fce t%%‘ﬂelssé ?r%rr?u%@!ecﬁ’fccde)wce-rtlﬂﬁt Eé\!‘s% RbadB Qh@/%k h838hkeSohill plate

thermal | y conductive nprove tenperature uni ormty uring processmg In
one enbodi mivkeck 83 Uak@wq)bmb@dbhernktrQBBentaqxdbmngmedé\ncﬂnBBAum alneat pipe

graphite, al m'nu nitri or_ ot her .t her. | nducti v terial. | ne

Orroodl ment . eBan B et b ebtiFiotion Silihe B RRatEbe Fad Hrih R st

substrate "Woihsatawd @@b| thé slibgratefl IPbné BRibeamadrdit AtRddigs BeldvahtaYBbus to

silicon carbide or other material that can mnimze particle I%;eneratlon on
i

t he backsi de neipimiEe t'%%ﬁﬁsﬁaqr@/%smpteaé@ﬁ’@%thq{ma&@ﬁ[‘%‘éﬁt'VW ©h thenehif plate filegke

bl ock 93B. t sh

orbedded | n e 8 FPRAEHAR b ShoartEside (ERERIED P N0 0oL SToNY
h p!

Jefuce par 1 HBRYTRE, Yt *b‘?aaégﬁi“éﬁ%%nﬁ%@n% Bitg et Hopofls K S b,

93A is a thasseeby@Ed and theulates it ket the basecBSt olnfm(rerellhlee bagporppiatesd Innk
93B. |In another enbodi nentbiaw?%‘ sho in F| re 1 t he heat eaghang( n

devi ce 93A cHifsmade fremaa Yi gy '”%Hﬁ?it 's aiso?l R&gamie naleral

the bake pl atzgchhi@Ckudit, evd)) l‘éheéﬁ@e e tBIMREhEAtUSSS 60gHiIRO! | ed by use of a heat
exchanging fluid that continual l | ows through the channels 93C. A fluid

excpangi ng.f 1P EEng 0 Wﬁﬁ@é U AR 87 SHREAR, TSP ackel
exchangi ng f 187iAd aneactuzdor ﬂﬂﬁi aithpp platea8per andithrep o yeeredift gias §7P @alydao( r) )
are shown in Figure 10A), which are adapted to raise and lower the substrate "W” off
an extended robot blade (not shown) and place the substrate on the surface of the
chill plate block 83B once the robot blade has been retracted. The robot blade (not
shown) is adapted to enter the chill chamber 80 through an opening 88 in the side
wall 86D of the enclosure 86. To prevent substrate to substrate process variation
and damage to the substrate caused by misalignment of the substrate in the
chamber the robot is calibrated to pick up and drop off a substrate from a transfer
position, which is typically aligned to a center point between the lift pins. In one
embodiment, three lift pins, which move through the lift pin holes 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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that is tenperature controlled to a tenperature between about 30 C and about
250 61 WD 20061069341 PCT/ US2005/ 046877 C. The heat exchanging fluid may

al so be a tenBerature controll ed gas, such as argon or nitrogen. [00217] The
support pl at¥03%6{06934bneral |y a plate that supports the ngﬂﬁgwa@@'”assenbly
93 and insulates it fromthe base 95. In general the support plate 94 may

be made froma thermally insulating material such as a ceramc materi al
(e.g., zirconia, alumna, etc.) to reduce external heat |oss. [002181
Referring to Figure 1 OB, the |lift assenmbly 97 generally contains a lift
bracket 97A phafpragisiueedrbakepsten 344 tth@)msgm 60@7®,k9aﬁépt Pieandior fhe @OB1 f t

pi ns 97D (onl r i Loy , | | and
| ower the sut%é't\/raaﬁﬁeba?\?\/%t%]f%@'aﬁgx %%d%'ﬁ%&o%%g%@(’%o g@ﬁ%&%@# p?g’ce

t he substr at datin fldte aswefmbiyedRfa siEporbplee §4,adred bliiti dss8BBlySILe Thhenchvisote

bl ade has beepn retracted. I n one enbodi ment, e lif I n i ve

t hrough t he Iq%fge”&rﬂlyrﬁﬂ”éaé"@g H"‘l‘falﬂtM@?H’égg(&%'?s é%ﬁ'g)o?'fd B{egfe@t Béhmﬁﬁge'ﬁ‘&

pl ate assenbliyy 9. thar BrRdadLPelOmidd 3¢ tA8 bdk@VBiarhbs S0bRéMathe Sitroukdhddf
the actuator 97B. The actuator may be an air cylinder or other

convent i onal lgpvireRmpentalel rimeamsocsssingi rging %R 1IBee arpechet imivertien thene

r obot bl ade 0 ' e | .90 an
openi ng 98 i (r?r}'?’ ogﬁgél \(Ii(’megc\j/\a/a[}téd gg%%rgr?a”&ﬁséag%c{'%iﬁrﬁ [e"ng%\? Cﬁ(ﬁ%ﬁ“ %tgﬁ%gﬁ %8%%%9]

Fi gure 10C i shambiet 80 YioewtHehalrraundimgteradiresmente enbodi nent of a HVDS process
chanber 70 that nmay be adapted to performthe HVDS processing step 511. In

one enbodi mgpd2:16)TheShkenplafe BsgernBly 1§ C gehbrillyMabitaii® aessatchamaagingOdevice
contains sone of the conponents contained in the bake chanber 90 shown in

Figure 10B & eRdsaskake ehipdriestt P36 tHe oRe plate dlackcRaRpler a 7geapaiv he
sane or - sl méoﬁﬁu&tﬁ’/ettﬂggf ﬁgﬁiﬁél‘liéﬁﬁat"‘fstﬁbaﬁ@é %g\e/lgEEheta‘P e&@ﬁa&% defreatan f0,

descri bed above. Accor I ke nunmbers h been use ere
appropri at e. detfoandhdvarieivdBape presassed aleberbetDabdwo (& gntpashBARG bdkeastapbl y

75 that is u to forma.seal ed processi region. 76 1 n which the .
processi ng g%@gr &%EPB&@%%S& SO‘?E‘hB esﬁgeﬁ Pg?eec%/ \ar/rnecﬁa?% pr@ﬁt%'fﬂgbfs%éq
HVDS bake pl ath&masig @BBUYctia. toﬂhq)rbw&m;b@v’amr@hmf@rrﬁiqpenﬁhgp?é’cegeing.r ahlohe
contai ns a heat exchan |ngq device 73A and a HWDS bake plate block 73B, The

HVDS bake pl &nbasipent, Fae hakegplalee biagk| §3B may be made from aluminum, graphite,
aluminum-nitride, or other thermally conductive material. In one embodiment, the

bake plate block 93B surface which is in contact with the substrate "W” is coated
with a Teflon impregnated anodized aluminum, silicon carbide or other material that
can minimize particle generation on the backside of the substrate as it comes in
contact with the bake plate block 93B. In one embodiment, the substrate “W” rests
on pins (not shown) embedded in the surface of the bake piate block 93B so that
only a small gap is maintained between the substrate and the bake plate block 93B
to reduce particle generation. In one embodiment, the heat exchanging 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 continuaily 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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62 WD 2006/ 069341 PCT/ US2005/ 046877 conductive block of material that is
heat ed by the heat exchangi ng device 73A to performthe various HVDS
processi ng steps described above. The HVMDS bake plate block 73B is

thermal | y coM@aewiogss4x o i nprove tenperature uniformty d@ETAG00HP8EsSI ng.

I n one enbodi ment, the HVDS bake plate block 73B may be made from al um num
graphite, alum numnitride, or other thermally conductive material. |n one
enbodi ment, the HVDS bake plate block 73B surface which is in contact with
the substrate "W is coated with a Teflon inpregnated anodi zed al um num
silicon carbirGe The bthtesxchahgingdluid ety alsm bei antemperapae tcooirelleglegas, atucbrason
t he backside of the substrate as it cones in contact with the HVDS bake

pl ate bl ock 78E9°N ¢ ¥HeIenbodi ment, the substrate "W rests on pins (not
shown) enbedded in_the surface of the HVDS bake plate block 73B so, that
only a small 98171 3NeesyRPaTinBES Stnde 9eNe Vs@ﬂ%’?&aﬂ@taﬁ‘ﬁ"ﬁ% ﬁ]%gabgk@ate

plate bl ock 7%,@3&9%?&“% P@,Hfa&é&' IEfroRNRE ¥als@1ys. 1A %&@%Iﬂﬁ@gﬁlﬁﬂmﬂélaté &£ nfigat
Vi Cce IS at et I S

exchangi ng de ernoel ectric devic at used to heat the
HVDS bake pl abe miadekiratBBa thermaailyt inewlatmd dadtetial suchs aghaweramic maigrieé (eQc,

he h hang i | t.a plurality of channels 73C
orma in 5 saRAle P clae TRk pate B8 UTan “uii ch are temperatur e

trolled b f a heat exchapgipg £ uid t tinual |y f1ows {hrough
The. " channel < 3t At B FEIFETOR.IE i rsem o e i ianfains SiLbredys

control the keat apeehaned 978 fd it @irapidtd 07, AmetHdOIr badte Iirl @b obbqekly 438
tenperature. The heat exchan&ng flurd may be

L f |
per f | uor opol yé@fhshowringigueal @nwhich are adapied te éwgéagéin”\@eribﬁ%pmt_r@a "Wo of
tenperature b%b"@&ého%‘&%%o?&aﬁ? gﬁ&esg%g\};@ a%gﬂcg%ceatsh‘éf‘%%g%ie §§%@@8Hé‘& & e

may al so be a tenperature con n ni trogen
[ 002211 The | i daks peatd biock D3Georereaht yolatritiadanbasabéemn rétstednin @re embedicent,ng

Cont i ns an SuERARGNS B et odh wonshipd BEpRrgE Shaf T PRy eds BRaR e’

desi gned to i9al ah@ Hake pidlEzsBRRESS] A% AGEHIEN td faibs Gfdt Bef ivd KOBSTRIE by
out side of the HMDS process chanber 70. The actuator 72B is generally

adapt ed to raiuse chie adwater PAR. [The aguatorgpay haanaiseiedereeotbahcywentionally
transferred t : I D i ft ﬁa%ﬁdﬁ 9 id
72A i s adapt egv?]%% g%b%%&;&gé%.uélhéta&ggiw?ﬁ@ h%[%ém%gé{éa' 714-1h@ESI ngH ee(%gt_ %—mA)
seal 72D r et aiswedhpted tdenter thedzke(ahiamer 0B ehidVBB dnaspeniy 98 o therside wall 96D

of the enclosure 96.

HMDS Chamber

[00219)Figure 10C is a side view that illustrates one embodiment of a HMDS process
chamber 70 that may be adapted to perform the HMDS processing step 511, In one
embodiment, as shown in Figure 10C, the HMDS process chamber 70 contains
some of the components contained in the bake chamber 90 shown in Figure 10B
and thus some components of the HMDS process chamber 70 are the same or
similar to those described 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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63 WO 20061069341 PCT/ US2005/ 046877 the processing region 76 and prevent the
process gases used during the HVDS processing step 511 from escaping into

t he HVDS progessing region 77. [002221 During processing the actuator 72B

|l owers the IV zyﬁlgPélforn1a seal between the lid 72A, fﬁ@“@upﬂﬁﬁggeals 72C
and the HVDS base 74 to forma leak tight seal. The process gas delivery
system 71 delivers the process gas(es) to the processing region 76 to
performthe HVDS processing step 511. To deliver the process gas(es) an
HVDS vapori zation system 71A delivers the HVDS vapor and a carrier gas to

t he processi n§ondustive Hogkodlgmalarial dhatds |f\9ﬁtﬂﬂab)0éhei !JBabﬁéFr‘tal’ﬂﬂlﬂQg‘P\e‘t"Fﬁamﬁltét
71F fornmed i r SURwE

out the outle eh% g‘}%)(?raﬁedf %ﬁ%ﬁ%%% é&%ﬁbgé srgreg%ber Ibgaﬂgne
enbodi nent, aplate ddockgaA3B iis tbl@inarlgrcmd\dumvtehm pnmoeesemmeraé@eotunlmeﬂycdurmg
purge gas source 71C after the 0 ai ni pr.ocessin s has
been del i ver eArA°ESEAL JPo2Ms EMRY F%?j'l“oﬂ% E'WQM Fg%‘f bigf zéérﬂﬁ%s pERET
The purge gasfrapuaktirdrf, BEaphRe, hRMimkRhitrile oot biter IhEdn angRentdéiveomn atarl.em
71A by use of an isol ation valve 71D. In one enbodi nent, the pur ge gas

del i vered frolf eneembeginesthediVbe brke nlate thiaaketBEhsuriaceovhigh wnlf@etasﬁ with
conventi onal %

femperature of & RASIEPLIE 8RS ERS 1R RYBEEaLE FRBRRE e, 5Jison
During an expoanhrda pr othes snaterialgthat pars irmlhmz@panmleageseraaon mnstthb:dohsnde of
phot or esi st terial is transfornmed into eri

exposure probEsSubstiate g5 dheames, in Fl%ptﬁﬁ W@?B@q E‘Wﬁs‘hg@ %ﬁlm‘%&h%ﬁa na)ne
generat ors (O0bmBoERentIRESHsRaftN WY Bid 6n piiroh dhowANembeasddd iMmeldirraResed
areas of the photoresist and affect the sharpness of the pattern fornmed in

t he phot or esi 8t theayMDSibake glate block i3Bssn thap oolyea smatigapaistragintaiied priween
unexposed phoy &ﬁis?rfatd §?<§ 'ﬂ'réSH@T Béﬁéjpe%’e Bia‘ék 75‘13%2&89& 8%n|[:llé§ne91%%foﬂt 9

phot oaci d, Whl usi on m na cess otoaci d
attack of theoh@rerrﬁxbdpaemtethe heataexdhéahgisg davnde)r?iBAaltsedthprmoelestnctdeeuceahet isof

attack is dependent on .t r t ed ari bl tjinme ndte rature. The
control of !to Hé%‘i%ﬁ?qtéﬂ%ﬂgwlﬁégmﬁﬁ r'?&?rk?iﬁ nrangd ?J’r?rﬂgg‘f’ﬁ‘ﬁf‘t ERShOMY N cal
di mensi on ( CD):.guw,nh bor e Hedt%xéﬁ&?d?ﬁ@@bﬁcé"?@A%%ls% 8N4 pfdr@lmr oM bﬁéﬁrfensem@
substrate. [0022 I n one enbodi nent’, the PEB step 540 is perforned in a

bake chamber gwmad insqamiface afi t@ar‘éMﬂﬂBbakﬁ phatetiiesk daBoavhiethere tereperERIet ep
540 is perforg&,ﬂ dl!@daby use of a heat exchanging fluid that continually flows through the

channels 73C. A fluid temperature controller (not shown) is adapted to control the
heat exchanging fluid and thus the HMDS bake plate block 73B 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 °C.
The heat exchanging fluid may also be a temperature controlled gas, such as, argon

or nitrogen.

[00221] The lid assembly 75 generally contains a lid 72A, one or more 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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64 WO 2006/ 069341 PCT1uS20051046877 HMOS process chanber 70 where a
tenperature controlled gas is delivered from the purge gas source 71Cto
the processing region 76, to heat or cool the substrate retained on the
HVDS bake plyd epgesenbly 73. [00225] I n anot her enbodi nenpetiBRoFRBsSt ep 540
is perforned in a PEB chanber 130. Figure 10D illustrates a side view of
the PEB chanber 130 in which the processing region 138 and mass of the PEB
pl ate assenbly 133 are optimzed to inprove thermal uniformty, allowrapid
changes in tenperature, and/or inprove process repeatability. In one

enbodi nent, e t LA [ e
assenbl y 133{%8%?%%’& reg@ﬁzsaﬁ%?h}gj @%E%rlgéﬁéﬁo%%&r g%)?%ﬁr 9@" %?gﬁ ﬁ%gﬁgr@ %%
cool down a stetsiay stdpBtl frsmi gscapimumotiad HMD Svprdesbingtrogioad7f ace  133F of
the PEB plate assenbly 133. In this configuration the PEB plate assenbly

133 will ge”ﬁibﬁdzhMuﬁ@%bﬁic@sﬁngmhét&bﬁ)r$QBp@Wéisﬂﬁeﬂiﬁgi2WItoJfB&Batslml bé&@eed top
surface 133F on which the substrate nay rest

] a heat exchangi ng regi on
133A, and a Bwslid 72Rgtheno-1ingseaime2¢ angehatiMBSdpasené4 4 b ét'%aq%ll@'goﬁela?-ng
region 133B .*rﬁe‘b%ﬁde’sg rTcJagddeh%Q)t“a%té?ﬁﬁ &qugr%rmbgrecé&n éétgf)ﬁg"thél%iéd?e%mgry

shown) that is use onjunction wth e systemcontro r to v
t he anobunt ofegorergio petforvetredHMDS preceEihgstepd 1 1askeddiver t@Sproyedshagasiesit

exchangi ng regqi 33A. 100226] ,The at ,.exchangi regi on 133A i s a region
encl ossd bet AATMPR-VARASERNG avsigtinpUs deHie s daF ShBSaEeber astta carpe je5 o
133C, and t hghespeRevsihl SreddaGhrdiigh RRakolatds RANG MIBr & HroligdAné Snlen 71F
comuni cation wth the heat exchanging source 143 through one or nore inlet

ports 133D affdmeddn dre MRS base éd. pupss thezsracepd the gubstete rntpwridhe edileln
133A i s adap ' t | | i L: r t he
heat exchang?ﬁg fé%%@e‘%ﬁ @F\)I or ee:]? ?&O%%{F'ﬁg@rgﬁo' rtﬁh%%s%@g drjléﬁ@?’di %%@B} S

i n thermal cgamsdeaerahtothelprobessinapregiont 26 o83 purden gaseocaspettC aftertthe

i tion, t terial thick of the top surface 133F (i.e., distance
bet veen ¢ he. NS VERTERRA RGO e ek DA b Ra R e i e Gigse o aA8 hus
the mass of {NRméRPamIdiseer HIRSS yaborl Theiiiede bls Aol F9C hapbe ifs@biing

and cooling of the substrate. [00227] In one enbodi nent, the heat
exchangi ng r bginothe IId¥RSreaparigation systemedtAbywse ¢fean isolasiontvadvendtl.edn ohe

the heat “excRURGPIRIE FORTGE SHs uthaledl G Bids gn® pfit PFC iERBRELT™
cooled by use of a conventional gas heat exchanging means (not shown) to control

the temperature of the injected purge gas.

Post Exposure Bake Chamber

[00223]During an exposure process using a positive photoresist an insoluble
photoresist material is transformed into a soluble materiai. During the exposure
process, components in the photoresist that contain photoacid generators {(or PAGs)
generate an organic acid that can attack the unexposed areas of the photoresist and
affect the sharpness of the pattern formed in the photoresist layer 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]tn 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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65 WO 2006/ 069341 PCT/ US20051046877 tenperature of the PEB plate assenbly
133 by use of a radiation heat transfer nethod, for exanple, hal ogen |anps
nount ed bel ow the substrate supporting region 133B. [0022s1The PEB pl ate
assenbl y 133VOPoH@34lor red by conventional neans (e.g., PEEEMORMHE7wel di ng,
brazing, etc.) fromone single material or it may be forrred from a
conposite structure (e.g., structure containing many different types of
materials) that makes the best use of each material's thermal conductivity,
t hermal expansion, and thermal shock properties to forman optinmal PEB

pl ate assenbHYDProgessmhambenysdvhers a temeemaemmt@lladmsweilsg edsframade

2l um num i ¢ eS8 SRERohicE, T e eprofesehd ot 7o W et EEGHn BB S

exchangi ng smssined dAha EIMDSbhike plainé asdwmisly 7Beast one heat exchanging fluid
delivery systemwhich is adapted to deliver a heat exchanging fluid to the

heat exchangjofghsfiadarhdr3dNbodimepnehe tEgisignE40as peenhed nn EI BEBechbider t he
heat exchang:}gg source 143 contains two heat exchanging fluid delivery
a

systems, whi riigurend@® idestrates e3sidgndey efoble Hngémr@eerlzl@O ‘PO@'Z'SUlthen
one enbodi Mep,.. L5 fq%n %%‘éré%?d frizrss i tRe %B’Eréﬁé %BeémB %33’5&%@{]{1&% t3

used to heat the s at e. general a heat 1S a uat véssel ,
typically cmpmbearthennedrwsfsrrsﬂey;t altovs rapndacthamys be teaderdturd, eahadion hnprose(al I

tity of Ki flyid that t f mth 131 t
o heat  5ink pocgss Hrkataibir Jhre euBBRIETGMEcEE P s Rsa e oW
substrate). fﬁ@ﬁnbfrﬂﬁﬁ PEBoélaﬂéec?ésehf’ol)P%Cf aﬁ@ameabéxémw@&freé lme t@fa;hdn?

working fluid in the heat source 131 and condensation of" a working fluid in

t he heat exchealgimand/eyten dogna suhstwerthat’ igrin pﬁ@nnmatmcwﬁngim@p susigren
133A
2 working. (1 4r O B el B BRI PR T dorfiod diRBinE PP Yt aB0RY

gL adi ent  bets®easl %dr%rdﬂ@fedorﬁmura(:ﬁJb‘s&hteimb;idmﬁdﬁmﬁoreX%MWtlrigsraempczmrfhaﬁﬁ.
This pressur ralet orces the vapor to flow to.the coo ec ere
it condenses%:i'%ﬁ@ whig ]"\?gs%t’é%?”@y ’gﬂeatr@al‘ ﬁé%%gé?ﬁ region 1 gé v%ﬂft?%f‘é?l on.
The working fdq Wr\d131§3t{?ﬁ@ teﬁﬁéﬂé‘flﬂ@%ﬁﬁé Elh't%trt&?éiguﬁﬁa-l‘ﬁﬁrég?fén k’?ﬁB"‘@(‘!ér{tbblleQr

capillary actlon through the outlet port 133E and e outlet line
The tenper at by gsebf ahempetsdure seasingpiryioei (ngt sl@ogm@rthatl@asedsn@@nmnollcbrewltiby

use of a tenper ALt 3RHNIY 1% Gty WPLMIAND! hERY detiviiEo the PEB plate

assembly 133 by the heat exchanging region 133A.

[00226] The heat exchanging region 133A is a region enclosed between the substrate
supporting region 133B, the base region 133C, and the side walls 133G. The heat
exchanging region 133A is in communication with the heat exchanging source 143
through one or more inlet ports 133D and one or more outlet ports 133E. The heat
exchanging region 133A is adapted to accept various heat exchanging fluids
delivered from the heat exchanging source 143 in order to heat or cool the substrate
that is in thermal communication with the top surface 133F. 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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66 WO 2006/ 069341 PCT/ 0S2005/ 046877 in conjunction with the system
controller 101 by varying the anmount energy (e.g., flow of the working
fluid) delivered to the heat exchangi ng region 133A. (00231] In another
enbodi ment, WRaMe&&B4source 131 delivers a heated gas, v&PSUSYIOSO468Yuid from
a fluid source (not shown) to the heat exchanging region 133A to transfer
heat to the substrate by a convective heat transfer type process. In this
configuration the heated gas, vapor or liquid is delivered to the heat
exchanging region 133A through an inlet port 133D froman inlet |ine 131A
and exits thetdmparatues aliadhgi MgBrpigieoasseBily t133oby lusehef aunadistioporaat 188Efer

where it is delivered to a ste coallectio urce, 6 142A . The waste .

col 1 ecti on_ solIRS 5 S P b asas Bmps mafied Beloiaeathsrd® Epufo raisnan
In one enbodi regB, as shown in Figure 10D, the heat exchangi ng source 143

al so contains a cooling source 142 which is adapted to cool the substrate to

a desired tefReiapthe PEB Pl asSEREN 18 may bd ReinfedOhy BENVEHIAS! Héédns t(@.%.
cooling source delivers li S;I d nitrogen to the heat ‘exchangi ng regi on T33A
to renove heamachinga, wekdisg, az:ageetgogwm pheginglgymateried 3Bitanay b feymeaskfrom
Substrate. In £ ' t, ' ' '

gas. 11 quid of GnsaEte SRR IR thidfrk SRt AL difhent e of Histerfs
sublst rﬁt e. Lntrmmmaiﬁpebé bekt tideeof mmhtmiatr’rﬂmermbbéni@cﬁoiw, Gleer'm(al espandion,
cool the substrate to a tenperature near anbient erature. 23 I n
anot her enbod?ﬂ&ﬁ'?erﬂ’fa' tsﬁgc'ggﬁ’_pﬁﬁéﬁsetoa@%r?& OPtmal Pég[@%&a %%?@H%l?gﬁ ?’L@\V’Pce
134 is placedeppobiffertatfe PEH platd 236emBly 1?88 i9maRPkohh@ efmBliRicBnductive
assenbly 133. In one aspect of the invention, the heat exchangi ng device 134
is used to cowterigheudage alurginom, LR, giapbie) duminunaitride, soon adtdaiani/arhe

Substrate su rting.rnegion 1336 through a plurality of thermally
conductive pi B{?%,fb"a?%ﬁl, (only two shown). In this configuration the

substrate can_he ated by the injection a_ hot fluid.fromthe heat
source 191" anoEsh] B TR SINarOPHASHUER T hangraly BRI S48 ARE neat
confi gur ati onex@nanai ftlid Belivieg dydtem wieh adaed se demer Hiedt @xeegindfuid
substrate. The l%' urality of thermnal Ig conductive pillars 133H are_regions in

whi ch heat clhthehaat gxshandingiradiom! sd dusse embodinpplbesishgwndgifdeuressid.t o

t he base regj i: : TN [ NIRY, [
arranged in g{nr%n h%éft%g?ﬁéwdg;ﬁge%g{ré%ewg]??ﬁ%ér}gg.Q\?’b nﬁ%ﬁe%@?aﬁ]& iq Erugp)lefgﬁa%er
unit area) thaysteinkowBichaad a heat source 131 and a cooling source 142.

[00230] In one embodiment, the heat source 131 is a conventional heat pipe which is
used to heat the substrate. In general a heat pipe is an evacuated vessel, typically
circular in cross sections, that may be back-filled with a small quantity of a working
fluid that transfers heat from the heat source 131 to a heat sink (e.g., the substrate
supporting region 133B and thus the substrate). The transfer of heat is performed
by the evaporation of the working fluid in the heat source 131 and condensation of a
working fluid in the heat exchanging region 133A. In operation the 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 fiuid 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
66



67 WD 2006/ 069341 PCTI US2005/ 046817 to uniformy flow to or fromthe heat
exchangi ng device 134 and allows the fluid delivered fromthe heat source
to uniformy communicate with the substrate supporting region 133B. [00234]
Referring t oM Yr®93BOD, in one aspect of the invention aPdT/ds20&desshl y 137
is placed over the substrate "W and contacts the top surface 133F of the
PEB plate assenbly 133 to forma controlled environnment around the
substrate. The lid assenbly generally contains the lid 137A and a lid
actuator 139. The lid actuator 139 is a device that may be adapted to raise

and | ower t he ihicdnjudiéhors avithhitie $yiseerhidohtrokasENbby vhe#ing aine anmansit @heigdye(e.g.,
substrate to afrd fromthe cluster tool robaot (not shown) and the top
surface 133F. flow ¢friBe &yasag Muid) delivpred tqthghesh exshanging aign 133A. ¢yl i nder .
When the lid is in the processing position, as shown in Figure 10D, the lid
contacts the tle4z38in predber sabogimenthinge heat #ouEcept e delivery aregiashgag y/apRaer

surrounds the iﬁHt&Sﬁ?rﬂtGaeflu}ig sSﬁ%%L(ﬁ?lf/sr@@{) ﬁ&kﬂ@ﬁeét@&ﬁ%gﬁ@%’ég’é&? T894 10 tARGEP]

I n one enbodi nen asse may contaln a Xxchangi ng
devi ce 137B t dhembntor dhe t $ubstratgpeayataucenvdctivhehéatd trhBir atypet puxebor mlanthis

i sothermal envitonnment aroqun he substrate tp.inprove, th | uniform.t
noross. the suseniauaton fr s stacrater ek i SRR STHE ech Sxsiiaron
exchangi ng devkgion1iBEA anelieen ihiet pekt 1B3DArG®dn RilGelinen 131 /A iaftl | Xits ftAs hiegn
as descri bed above, to rapidly heat and cool the |lid assenblyl137. In one

enbodi ment , t HxCharging rRAeM B threvak therariet apd 18RE whrratit isdelivaied Hya wagteon
133A are both d tyn@S I 0 rapi Lf

control the t e%ggé}g)ﬁuﬁée&g C‘tdﬁg' smés]?%tasgééwifeﬁhgﬂosﬁﬁgg Zﬁ%@ﬁv%ﬁ%f%gﬂg%ﬁ%@‘?r
exchangi ng deuymiealEXhBustssyattmpt ed to control the tenperature of the lid
assenbly 137 by use of a radiative (e.g., heat |lanps), or convective heat
transfer meangoo2fzidsone eetboalmen) as FROA3 B Figoreat@D tee heabexihaagingafoutdee143 d

assenbly 137, heated fluid source 141 is . cqonnected to the processin
egi on 138 t hrltRyRoRaMsya; GAQUR p?ﬂ“fcelgﬁ: Wijcidp iariapted tq sapbia spstrate Yo a

control |l ed profRzsd itbbralGeOSHh bhe sHbsdifhBhE of e géélir}]@‘%ﬁrﬁ@“i@“tthé lR8olidd d

outlet port 137D to a waste collection device 141 B. The heated fluid source
141 gener al | yovme: aglivess fiquid anitsagencle tha heat ex¢harnigingheegien 133A @ aemove hast e

collection deyj 4 icall: S ystem r ubb The

1 ui o sour ce. TPk oy oabfle) apeac B Papén Tt BN Il e RuBtrelg 5 Bhidhoery

t he tenper at uregntgfdirhbet, the cooling source delivers a chilled gas, liquid or vapor to the heat
exchanging region 133A to cool the substrate. In one aspect of the invention the
cooling source is used to cool the substrate to a temperature near ambient

temperature.

[00233]In another embodiment of the PEB plate assembly 133, a heat exchanging
device 134 is placed on the base region 133C to heat or cool the PEB plate
assembly 133. In one aspect of the invention, the heat exchanging device 134 is
used to cool the base region 133C, which is in thermal contact 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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68 WO 2006/ 069341 PCT/ US2005/ 046877 substrate. In one aspect of the
invention the fluid source 141 A may deliver an inert gas, for exanple,
argon, nitrogen, or helium 100237) Referring to Figure 10D, the PEB chanber
130 general | YVEUMYYPHE an  enclosure 136, the PEB plate a%%%%ﬂ%ﬁ“’i@é" and a
lift assenbly 140. The enclosure 136 generally contains a plurality of
walls (itenms 136B-D and item 135) which tend to isolate the processes
performed in the PEB chanmber 130 fromthe surrounding environnent. In one

aspect of the invention the enclosure is adapted to thermally isolate and
m ni mi ze cont &riupdedyn flow ther PER Hreahbal exchangingndeviee Jaf ranhallews the fluid

envi ronment . t s I 4 a t ai r

an actuator tabgred iy B Neof HouRGE R bilo i BitRuficate, bifk FERuetidg,
(only two ar e suppmting regién ¢g88B. 10D), which are adapted to raise and | ower
the substrate "W off an extended robot blade (not shown) and place the

substrate on tdmesqaefaamg o thuee ﬁ’EB inPrit Qsmsenbieymﬂz&alcsm@edtalseembwmbﬂsade
has been retracted. The [ift pin les 132 are configured to Io%éhe lift
pins 140D to 8@&8950"%8‘%%%%‘%? @nprﬁantws thentapesurfages LR AbteolE P &dater om

the surface OES&JPﬁblgEﬁB\’iﬂ@tf@r SéedﬁiﬂkrM‘lécﬁ%an&ﬁné’fﬁt RIuRH th%49ﬁ)sgl9a¥ berid @i r

cylinder or other nventlona aval nmeans o rai sin oweri ng
the substrat easﬂ&reblycgameraﬂyaatmt?\ﬂnsﬁh$ hid WY Ai andad diot aduator éﬁBerThEhbd actuator
encl osure 136 rou ning 136E.in,.the_side wall, 136 th )
oncl oear e U 1PRIg ALk E ARPRAD e Gimed 1S B8 aRE Wit we IR Sl 5P Shet e it
that illust ratae§erﬁbl9 Bhedh Medisfarf the Qbatrateass @ntll fyomt it clieter heolumbat (oot
rapl dly heat and cool a substrate. The term "plate assenbly used hereafter

i s intended t 8hgumeand the taesuripse 133F < hepe ﬁﬂ}‘i’PdB‘Fe'ﬂthﬁ‘eF’EBa‘f}Pﬁ'toé13ﬁé~°sé'ﬂﬁ!ry
133, the chill EL B evARIEME! i 83 tﬁehﬁr B G@Fé‘éug o SEEEYWh %?F.ﬁere {015, thEWRS
I apte enefit fromthis

bake pl ate asse y 73 which nmay be a ’
confi gur at i oncomettsr thendop csuHagar $33A And thusnéorerbedipiedeassing pegicre 35 dindl| v

250 contains_a k 254 whi e 254A that is
in thermal H%g_llg dgs%ﬁg E%l??tﬁq%cge@ﬁ%?lpgﬁgmwh% r‘%l ‘%Vﬁﬁ@& ing, a cooling
regi on 253, a 259 fornmed between the c ive bl o 254
ool ing reg ow%%ﬁ%'" S (R mP Bl B, T earee Yot dha GBI ZoBeaamenanang; o
del i very syst gaviédd 337B8002381rdhpeaenguedtinecofRhe Gl 1274 arkd thagdofr apub@BEimalhe
substrate, and it contains a heating device 255 which is adapted to heat a
substrat e t haEnyviEonment peeyns the substrate to improve thermal uniformity across the substrate
during processing. In this configuration the heat exchanging device 137B adapted
to act as a heat pipe in a similar fashion as described above, to rapidly heat and cool
the lid assembly137. In one embodiment, the heat exchanging device 137B and the
heat exchanging region 133A are both adapted to act as a heat pipe to rapidly and
uniformly control the temperature of the substrate. In another embodiment, the heat
exchanging device 137B is adapted to control the temperature of the lid assembly
137 by use of a radiative (e.g., heat lamps), or convective heat transfer means

(described above).

[00236] In 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 outiet 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
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69 WD 2006/ 069341 PCT/ US2005/ 046877 conmmunication with the bl ock surface
254A. The conductive bl ock 254 nay be mnade froma thernmally conductive
mat erial such as al um num copper, graphite, alumnumnitride, boron
nitride, and™Or2¥%&¥lmaterial. The heating device 255 neRET/YR0F0468%] st i ve
heater or a thernoelectric device that is used to heat the conductive bl ock
254. I n another enbodi nent, the heating device 255 consists of a plurality
of channels forned in a surface of the conductive bl ock 254 (not shown),
which are tenperature controlled by use of a heat exchanging fluid that
continual |y ffdh@drate.hiroomgs aspect o dhmisivention thied|uid Emeﬂdﬂg«@a}béﬁh\rﬁtﬂﬂnéne(‘ not
shown) is ada t t t nging fluid and thus the

a5 ToeSar B 4 Gy, 1Fodgf or RREPR

conduFtive bl 4 ure. e exchanﬁing_fluid may be, for
cont ol | ed { ol EARRMAG 1 “Fiobf ArmuoBist P58 Ehampeloutt SRR beifngcan

exchangi ng f | enclostry 136sthebRER plABReserhbIy e 3G0ahd alliftedsgmbly BAK MTiRsenclégugeon
or nitrogen. i00240JThe cool i ng region is an _area of theb:gsl)ate assenbl y

253
250 that is i 48P geerrally eeMatnga ply %@fi%'%il*%ﬁ1@@&-%%’&‘8% uchyiendite
i ntai ned at; t | kb | | ,
mal ntal nea a rs@:lallé"ﬂ]g? ﬁg&%@& gﬁéﬁoﬁﬁeegﬁ thb ISEBS%P%‘\‘IZ%%VR@ FRPK tﬁé%&lﬂgﬁﬂdlﬁ%ry

conductive worKking vered to the the flui eltv
system 275. Temvicmoientg In egiecasp@BBof theninaémtionathe caridasyrel ésy adeptad 3o thermalllg

used to cool thjs area of the p|ate assenply, 50. The .caoling region 253
my be mmde. f FOIe 2pAdPALTES coBlBeRTE o Relpre tharet 20N tnh SladRd,
graphite, al ughvitomnitntr | TRe IIPORESerbyT 141 geB@iIPrcontding a MRt BiacRét. 1408 an
cool i ng device 265 naﬁabe a thernoel ectric device that is used to cool the

cool i ng regi oActeater 1HRBaAdiRIP RiaBotidmANd thire eodora it pins L40Bdenlkdneiase s
of a pluraligy,af in;ﬂ-r"igﬂlréeWD)(, W?\‘i'chsé‘n%"}mapgﬁ tg‘jggbrén@i Ié\%{af o tlstrh VPO LRI

regi on 253, which t enper at ure cont y use of a heat exchangl ng
fluid that coextended ropot bladednohstmwgh) andeladeghasubstratefdnuthd sudape phtherkREB

controller (ngot,shown) i dapt t ngrol the heat. e angi ng fl ui nd
thus the cool PRI P35 ng @Eﬁﬁg‘? é@m@?&&f'h’éas% "% 5?8}%3%9’? PE\ 'E‘P'ﬁ%ﬁf’ge,
for exanpl e, arepedritigupidPROANSR e it @ird. 140BRkslabddss) thehilbstrafe $EIRRNEEAN B
controlled to a tenperature between about 5 C and about 20 C._ The heat

exchangi ng f 1 @%echend lwssed &og thenpetase i dhe St Blafeasgriablylish Hie aetpgion
or nitrogen. {48 may be an air cylinder or other conventionally available means of raising and

lowering the substrate. The robot blade (not shown) is adapted to enter the

enclosure 136 through an opening 136E in the side wall 136D of the enclosure.

Variable Heat Transfer Valve

[o0238]Figure 11A is side view that illustrates one embodiment of a plate assembly
that may be used to rapidly heat and cool a substrate. The term “plate assembly”
used hereafter is intended to generally describe an embodiment of the PEB plate
assembly 133, the chill plate assembly 83, the bake plate assembly 93, or the
HMDS bake plate assembly 73 which may be adapted to benefit from this
configuration. Referring to Figure 11A, in one embodiment, a piate 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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WD 2006/ 069341 PCT/ US2005/ 046877 [00241] The fluid delivery system 275
generally contains a fluid delivery source 270 that is adapted to deliver a
conductive working fluid to the gap 259 forned between the conductive bl ock
254 and the YOMIAG*¥Lgi on 253. The fluid delivery systeRAS20BMRHE Tauses

t he conductive working fluid to flow fromthe fluid delivery system 275
through the inlet region 257 into the gap 259 and then out the outlet region
258, where it is returned to the fluid delivery system 275. The conductive

working fluid is thus used to increase the_ thermal coupling between the
cool i ng regi ofOPsBINEcAionhwith dbaduiesl surfaen@R4A54Thiricongudiver BpeheopHmar Peof
t he process, hst i j.n id
may a |iquid, %\?%dgﬁbgfgg‘é‘gﬂﬁh@{ Q?gd%lpg rﬁ%%ﬁﬁlng%aggnﬁﬂﬁq%gr %ﬁéogﬁp:hﬁ%
bet ween t he cahoiotimvetrideo bkrdbHitrated antier otrarimageriale gTenhaatg devien@55 may

enbodi nment, the condyctiyve worKi fluid. is liquid, such c.a  liquid netal
ooy of gal | BB SaHeatso ¢ erimogiscule sovidh s < fige € pBay e Kt

or pol yet hyl el 28401 In dribtifaradriesdifieho dhéTBBAting 86vi6O DS ebh¥istsVair&pingality of d
is a gas, such as, helium argon, or carbon di oxide goo ) [00242] In one

2
enbodi nment , t fBapels donerkitbp\supiageiaf the sgnductiyaikiognhds4 pat shavey, wWhich argr
le, th t 4 thi af i '
FxamLe:  1he FeRbSBRTELorRBAT AP §%a ot ERoRdla il LGS opAR Ll Rkson
conductive wihrougly theé udihdnnelsf | dwilaig tempzuatord lcentyaifer 258t shdwhhis adhpted to

| i [ 253 IS | i [ i,th th ducti b 254 and
the bl ock aur FaBES bR SeRanna T EARE B g cRmiein s Sinetf lrpeafite: s
the bl ock surfragemedbdichdiRirld Mt Phayt B focOMISIE] ¥ PelRiokd gty dthat (@.éj.,seélaeﬁ%ed
and is renmoved fromthe gap 259 to decouple the cooling region 253 fromthe

conduct i ve bl & i2ERmperaluse coptipiad iwehtemperalise bewaeneatiopt 305’ CuardiabeutiZsOc e
o e ) > . Lo )
275, The condugti i BpdXSRAONE bty Lt B Slberadli€cofiforetas, skt B

heat i ng devi car@dbonnitrofera desired processing tenperature is achieved in

t he conductive bl ock 254. After maintaining the desired processing

tenperature f o24@Thercoolihgtediomass he aheata of thteplate a@semblg 2850Uthaoksfisalatdt he

conducti ve morking fluidis ﬁﬁlivered to the ga 259 to cool the conductive
B BV e e

bl ock 254 by {TRE} 888 FRIAUA Hal25%c Bhipitngabet e iid e BRI W B1'8Ek
254 and cool i Rgnp&EIRB th&%ol NE RohBGctivE UNSEN 258 Wish heaspetve dRMtinG Auid is

tenperature it i's renpbve romthe processing chanber. 71
delivered to the gap 259 by the fiuid delivery system 275. The cocling region 253
contains a cooling device 265 that is used to coo! this area of the plate assembly
250. The cooling region 253 may be made from a thermally conductive material
such as aluminum, copper, graphite, aluminum-nitride, boron nitride, and/or other
material. The cooling device 265 may be a thermoelectric device that is used to cool
the cooling region 253. In another embodiment, the cooling device 265 consists of a
plurality of channels (not shown) formed in a surface of the cooling region 253,
which are temperature controlled by use of a heat exchanging fluid that continually
flows through 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 controlied to a temperature between about 5 °C and about 20 °C.
The heat exchanging fluid may also be a temperature controlied gas, such as, argon

or nitrogen.
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WO 2006/ 4) 69341 PCT/ 1152005/ 046877 [00243] In one enbodi nent of the plate
assenbly 250, as shown in Figure 11 A the block surface 256 is purposely
roughened by use of a nechanical fabrication process, such as, bead

bl asting, knWO2%§6°4t ot her machini ng process to reduce RH&S2HNHAHSE of

t hermal shock damage to the conductive block 254 material, and increase the
surface area to couple the cooling region 253 to the conductive bl ock 254.
PEB Process Endpoint Detection System[00244] In an effort to reduce the
processing time in the bake chanber, PEB chanber and/or the HVDS process
chanber and i[mzetividet thed depesy slystem R756fgenkaliyraprdaiss ar fisdidesyerssogratpa7 it

101 T hat ¢ he ProEAcBRIE Binlers BiaiaBRPrba el b ' 23T e SPhkrhe
transferred tthelchbedwaive biddK 254 Aadriey céifing Togisn $8Si drhd ue d@ii\Féryﬂ;,s\,zﬁérrI ES

need to run the process |onger than,nece,ssaré, or "over bake", Ile still
assuring t hatthuhgausasaihsegonstistives working: Heigtatiow framsthg i delivesy sxgieet a75 v
i mportant in ; ; e | f ani c
ncr d dari ng aisghte JFISErRgEn 247, G elolls 28T her ol eCRIR RhaPn 2281,
[ 00245] To r esdhere ittisirgtuprezbioghe fiuid delvegndetim@is, ThHeecqprductreswerkimiluid is s

determ ned by, neasuring the concentration. of reyjously identified PEB
s, or banalE REeble MetdkeerBR B9 I catRirtadvBeR dhe ERothe i 24F S0l
above the suwpohagetivefbibbie 2BﬂEﬂUrmg_sdiﬁer‘éﬂt)?ﬁéé@opme_eﬁmwﬁ, toadra@eli &dol ity er .
Figure 12A illustrates one enbodi nent of an endpoint detection system 190

that is adaptt@stae. gEhespnduetivaiverkingdIuid mana liguideyager onh8apyhgioaable to
diffusing fr f S r

surf ace of ¢ nEEaE THE IR ool g, BORIRRRERorBK e LRk ZIPHRY B8 cobiig
beam (see it gagidA"I53at Irmonavemhizatiinknt, ilaé cosduaiivedvorkmg that is higuidndushsad:ya of

the signal j ved by the defector 192 is.d d due to the | ti
W tht ho. byprBaReia ARy &l BRIGE. P, i BAL6 0o oy aman aeisyd e Caliefnce

of the phot Orcﬁsd&ﬁetﬁ‘}lérhé‘@gkbﬁ M Qe & EnisddiPent] NBe WRWELENEL Woiy HibeBsd't Y
of the laser is also tuned so that the laser will not potentially cause

further expoddsesudyas, heliyMoawgosspeearbpm digxisier(804he typi cal phot or esi st
process byproducts will be, for exanple, rkl%droca_r bon containing materials
and car bon dilegeraén paoemMbodimaent: the platgrasaembly 250 isriseéddp tbpke he sdbstiatasie,

C e " o EREAAL e, Pecinalffe 3 AT R 8 g5 P s R o
the substrate is first éelivered to the block surface 254A while the conductive
working fluid is flowing through the gap 259 and thus the cooling region 253 is in
communication with the conductive block 254 and the block surface remains at a low
temperature. Once the substrate contacts the block surface 254A the tiow of the
conductive working fluid is stopped and is removed from the gap 259 to decouple
the cooling region 253 from the conductive block 254. In one embodiment, a gas
source 272 is used to force the remaining conductive working fluid back to the fluid
delivery system 275. The conductive block 254 is then heated by energy delivered
from the heating device 255 until a desired processing 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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WO 2006/ 069341 PCT1CS20051046877 inferred. The wavel ength, or wavel engths,
emtted by the |aser may be between about 500 nm and about 4000 nm |In one
enbodi ment, where carbon di oxide concentration is being detected, the
wavel engt h ofyot2b@kaser is about 1960 nm which convent iPEWAIS200888877di odes
can readily achieve. In another enbodinent, the wavelength of the beam
emtted by the laser is 4230 nm [00246] Figure 12A is a side view of a bake
chanber, PEB chanber or HVDS process chanber (see el enent 199) that
contains a laser 191 that emts a beamthat crosses just above the surface
of the phot oreeAan @aﬁteanmm@ﬁt ehinesplateaasseably R0, aBBewAiR Figuse tIHAs the

configuratio 1 a C u d
emtted beamrqlés&gglrjgﬁfgel % n p& o@ Fo(?,{gh%ﬁ%]j '?6 f tugg t 3 H%t(:a o%@g%ls aIbF"?:atlon
t he surface pbcddsessetbas, rtaaetai BIth@hlknhrlmg mredtbennﬂcbm:rtgmropéset ® mﬁseertﬁa/

193. The pl at ass for exa | at e assenbly 133
or bako. pl st dhandS BF R aRshagkamads thdhe CoRtve blask And masTEr 200 THIPASR,
the bake, _PEBhQ@uﬂfMéSareart@%@a%ae&h@eéom@%@bh%samw@co&umeetbhﬁk 254,
concentration of the evolved byproducts are the highest just above the

surface of thEEppPbeeSSERHPLIN DRNEPSBIEYERhsCtion system 190 will generally
have the hi grmﬁﬁme_s‘vﬂﬁ concentration of the
byproduct s i nodBf 1988 efBF 13 3 Qice! tRe'p I?(?]c%sgﬂgftﬂn%'fne\hb%ke%ﬂﬁn%@YW@EﬁarﬂBeFh' s

configuration 1s that by projecting’t m over the surface 'of
phot or esi st, ardérdibecdMEXd pardeas i ahaniberiandeinyirove ithe trépeaabilityf oft the pnooess  of

byproducts pagsing_thr h. the beam Quer th t eam, This
method pr ovt dBeUI” pb aBRERL HERCRE B Bednehied e fre.fg e i cl (g FVbtem
vari ations i reohfigllerproacteasthéusrotgssdis fdofiphiit o heaey ceinpldle sprthstessan {HARASE ]
I n anot her enbodi nent of the endpoint detector, a |aser is used to determ ne

t he phot or esitEnsfegiasitorthe AR ghamigr 80 nEhis Qeélaars@!@ mmlwsltha@ﬁeéﬁo run
refraction of t | I t &l th |

oy ocacs. CHi qune 'BiEeRCREER hdn IBKELdr, GEIIE B! [AnFEHR Rl fhg et the
system 198 t kkhamban mecme'nt campletes uridis pheceshos oeswcaﬂlyllayoertanhlrcmeef’ﬁB

and/ or sense change i.n,the in efracti| hot oresi st | ayer.
The ondpai e BRFBRL B 188 BrivBaESn B tseod s Rtbrb e e BUfRS s8R the 1BKT
splitter 195 aadkingded 666@0sd8Bredsofane protoeskigtent, shown in Figure 12B,
t he endpoi nt det ectlon system 198 al so contains a fiber optic cable 197

mls?'?l Oﬁ:g :Hbdi%]tlﬁe résohR tHid4 prdifaf) sl orid &mi®bmand Rt Peddtiss 18Rdpdntb®s
determined by measuring the concentration of a previously identified PEB, HMDS,
or bake chamber reaction byproducts contained in the gas, or vapor, above the
surface of the previously deposited or exposed photoresist layer. Figure 12A
illustrates one embodiment of an endpoint detection system 190 that is adapted to
detect a change the concentration of the byproducts diffusing from the surface of the
photoresist layer (not shown} on the suiface of the substrate “W". In this
configuration a laser 191 emits a beam (see item "A”) at a wavelength that is tuned
so that the intensity of the signat 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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WD 20061069341 PCT/ OS2005/ 046877 desirable distance fromthe processing
regi on 199A above the surface of the substrate. [00248] In one enbodi nent
of the endpoint detection process, the laser is designed to emt multiple
wavel engt hs ¥® 20%ei6934he phot or esi st thi ckness and/ or i ndeBCTH¥S2PESOHEET i on
changes can be nonitored during the processing. The thickness of the
photoresist is neasured by detecting a change in nmulti-wavel ength
interference patterns that will change as the photoresist thickness and

i ndex of refraction change during the process. In one enbodi ment of the
endpoi nt det ettfemed.prideewayelehgth| as evaveipnhgths temitteta@iyathiedaseromayﬂwhetween

splitter 195, r erce he T dlation enl dfr he l,.aser
194 passes di ?@h{ﬁ goﬁﬁ&%ﬁ}?n f‘ﬁ@"etbgél geornelgglbpg‘ f”hﬁg‘? cgtﬂon dioxide
cabl e197. Thecbhdmitratibh ibsingdetet®d, Rﬁbﬁﬁaﬁblén@@h%f tHielaesi istaddueTgs@ym! anrhds
the surface of the substrate. The emtted radiation is then reflected,

scattered or Camsipeal Jaser ndiodas f eare readityh@chiR¥e-or d3i aRothar @mhqdingnt; pthe
and/or the supfgeRn {h dRe pe H#ﬁsérﬁiﬁéglbg'?hé’fgs@?@t% the reflected

radi ati on then trav bac to t er optic cable 197 where it directs

the radiation Qwhpﬁugfeq@p\s%l Lt ki 5 429 o nge?ﬂ@eag}é%%bp tpfi-gtsgﬁva?gﬁé}egr HRhhect s

apercentageg e“reflected ralatlont ect dr t he
i nci dent radi ptdcess cbambee(seedklerhot2i) Tuatdentadts avaser 1 8¢ thet épiisra bedm dhat

process has occurred, usin i ther of ,the eg)bod i,ments. descrjbed t he
et oct ad o onaiossEs 1 B RecLReR of 1B PoBRGTSCRoang 26l Inbcrwliep grine
previously prggesers i cotiRfuratidh PRSI aRNHetecRPHBRMHIE IdRidd B AFHSS
nmeasurenents before the endpoint can be confidently detected may be

required. Fi gthecemited b%@tlﬁaxaé@leéaﬁ@ﬂm@sefpr@bmlmt@. the Rhrtoresistenpn the
detection proggss.ys tﬁé'sﬂgst‘géﬂeav@%ﬁr er%t%uﬁéﬁ‘bﬁ’ﬁr?é’ A h¥s Ml %§eel‘he"}@ét3rs-

The nmethod requires t oi nt Si romtwo nore su strates
recorded for aeﬁemlelplc‘fsa)mdyebstmreakamplé,hmenﬁﬁﬁrylamf aSMnblyst(iﬂmcdmake qlldter

101 (see itemA).,  The t ar nore substrates. are thenf | I r

and i nspect ed?® ??gm%%ggr WﬁDWE‘ 'ﬁb‘ﬁﬁ‘?ﬁ%p@ﬁﬁﬁ% S“?F’Bﬂtﬁ dLE'B"ert é’\ék% ‘?ﬁ i‘ﬂfﬂégal
process (see pi&@b&)stepsTd@,chﬁé@a%wnsﬁ@bahé Zoh&Ira#idA Gf tige eeéleédrbp@roabas

i deal process tine and actual endR0|nt signal, which is then used by

subsequent suB&t the bighgsbiust fbevent ?h%ma@ﬁa@fb@le phptgEsist rfhﬁeeﬂC#ﬁ’@'f'ééi%%ﬂ“O@nd
of the procesg (i54e 190 Mift) gerdérallP RO/ HBIAiheSETLhitrAPO PGB bes in the

concentration of the byproducts in the gas, or vapor in this configuration. An
advantage of this configuration is that by projecting the beam over the surtace of the
photoresist, the detected vanation in intensity is the sum of the amount of
byproducts passing through the beam over the whole length of the beam. This
method provides a lower signal to noise ratio, and also corrects for variations in the

process during different phases of the process.

[00247]In another embodiment of the endpoint detector, a laser is used to determine
the photoresist layer thickness and/or sense a change in the index 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 iaser 194, beam splitter 195 and detector 196 to be positioned a
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| nproved Heat Transfer Design Wth M ni num Contact [00250] To i ncrease the
system t hroughput, by reducing the chill chanber, bake chanber, PEB chanber
and/ or the HVDS process chanber processing tines, various methods have been
enpl oyed t o woeneass4t he t hermal coupling of the substr aicaiseoshessireat
exchangi ng device. Wiile increasing the contact between the substrate
surface and the surface of the plate assenbly (e.g., PEB plate assenbly

133, chill plate assenbly 83, etc.) will increase the thermal coupling and
reduce the tine it takes a substrate to reach the desired process

tenperature, Id@@fr@cﬂélcmgtaneerrtr@rﬁtmbspﬂj‘ctegang Eﬁinr 3bbR aboee thd stitake i GiCiRAse
the nunber of particles generated on the side of the substrate, which

can affect theubstfR8ure process results and al so device yield. [00251] To
reduce the particle generation on the backside of the substrate the contact
of the substr &oadaitn omempﬂmt@fther@qwoau@emyenbrqce@anthbéasﬁrnﬁ deamlecbtp

the plate assent PUBERaERRIRy be o307 b BNl MVakieRemoBlc i &1 eLEGRn®

generated t hey:haﬁgest endbé @ndrﬁtﬂ:@ﬁduﬁﬁ@tﬁ&@bﬁ%srr@umhb neickedssesinthe fwotoresmt
substrate and the plate assenbly. Therefore, it often desirable
nini ni ze the KeMgABUTSH qytf@‘?ﬁ‘@ﬁr%@i% P FB{WWG'@UQMB@@FGQW%%@%‘hat will

assenbly to i %Héﬁ%éa dshhet BR ﬁt%?ésn&%ﬁ%!kh@% a‘}f]‘(ﬁ' InBeR! G¥Or ng?h "t@hgﬁ?étdl}rhﬁg the
substrate w || t touch the surface o 'at e asse y. Prfor ar _
appl i cations Ipseaessy pin oak IeyansdweelntsdpbenIendp@ph@eteenctmartocase the taseed 9dremits

br ot rusi ons.  TRORILIS areart pplst: e, R AN a1 B8 Bt ife Jadeflin blifiad rgm

good hei ght camg n@éerbegmﬁ@sému%pmertﬁ@ugndthtehseauré;am%rofgst e the! fiee optic
assenbly, since it needs be for this technique to assure that

the substrat &3QRI1H7. noThQ:BlPi‘?raﬁl?t'q ﬁ%b'ﬁl 169%‘“3@5‘3?%5’@‘%?%&@ enprgy doprists Ees
ari se since %nggﬁ%%'tﬂbn&%ﬂﬁf@t P e'?rﬁﬁéﬂ "5diatiOn ertﬁbﬁ hr%fléb\éga%‘éaﬁ&@ Uges

that hold the res, or pins, are all referenced to sone reference datum
and t hus does abstrbedlkad the nudace abtinet photeresiat iager ()tem I‘Pt)lwdécurthaserfacmoi thgy

of the plate as This issu espe WA ort

nei ght of t he SOPOLHES PoRECRRGRE Phiea paed reghtah Depr i ae g e e dnlf
30 mi cronet er gableOiZ5wherseit BIréit89nd Padihtiii © thalbeawspslﬂﬁaeh@s tTRSBe &R PRitd My
I ssues, in one_ _enbodi ment, an array of accurately controlled small contact

area protrusi df8 then reflestam proes)tag oh thepetiecied adiatian 4y the detector 196 where
the incident radiation is detected.

[00249] To detect when the endpoint of a process has occurred, using either of the
embodiments described above, the detected signal may be compared with the
signal or data collected from previously processed substrates. In one embodiment,
obtaining post process measurements before the endpoint can be confidently
detected may be required. Figure 12C illustrates a method of optimizing the
endpoint detection process by using data collected from previously processed
wafers. The method requires that endpoint signals from two or more substrates be
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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are formed on the surface of the plate assenbly 170 and the substrate is

bi ased towards the plate assenbly to increase the thermal coupling between
the substrate and the plate assenbly. The substrate may be bi ased towards

t he pl ate aswerdbinessty0 by use of a vacuum chucki ng devi aeT/E00sloedrT oSt ati
chucki ng device or other conventional nethod of forcing the substrate

agai nst plate assenbly. The array of accurately controlled small contact
area protrusions 171 can be formed by 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 gnpeIVedHéSOTaNEfer Dekigh QVith Mininw Cepastted on  the surface
of the plate assenbly to a desire el ght. e material deposited on the

surface of tg?oﬁow@_iaé@%@!tweli@,tér@ thRJUBhbE By PduePRfe Ehill famba, Ydkkcon
di oxi de (Si %Ié’ﬁSI licon (Si), a netal (€.g9., nickel, titanium titanium
nitride, nol ypeRmbes PEBnefaraber and/oy the WMPSripcogess eehamberapiasegsing i times,
material (e. Q9. 0Ql Yih I o] er | r
enough to wi tﬁg?%dﬂﬂgﬁ g‘élgélg& or 8eb\fﬁytgplo{l’?t mcg%%sregﬁeaglfégrtn&l;%%&:ﬁgfq g’ﬁ tgﬁd
I's not easil ysatmtedetd the hdut axehangicd devicav Whilehiacreagitigsthdeoafact betwagnstheat e
(e.g., dianond,, dianond-Ilike carbo or, boron nitride). This approach js
advant ageous SPRRIE@!R ﬁégﬁ%q ghd tos SPE@%P%@?L@?’S!’?%@H&)@/ (g ? L'J?'rh H%ge aé?e”f'h‘é

pl ate assenbl ys@,bﬁrﬁmﬁﬁt&a@s&%zg@@t BRIl inQedisd BalinERRAI CHRPIIMS aA@ P&dudeRe
times smaller (e.g., 1/10"") than on 'a state of the art configuration. The
decrease in pmet i ueken ehelpsiratei tol reaghribasdesited heavess rigmpeaatuieatiacregsinghe
waf er can hea fast tk ; [ nds
Cransi ting T oot eckp R fisesBile i { AALRERabIE huer S PRt el

di f f usi on andog htesrbaeksidecaicthe®ubsirate, ahigh cansaffees thel @grisutdprotsss cssufs iand
bet ween t he waf er, and ggter, whi ch reduces the thermal inpact of other
chanmber non- uRISPHCMCEINRI. Anot her advantage of this approach is that by
using nore protrusions 171, the magnitude of the substrate bow is reduced

since the subB0asl b0 Rsicedhe Radicigsnesaigion herkacksideraidne s iaipBiacontact
the distance pe st BrAL 'sUFL oDt t‘f@i‘ﬂ%tg%s%{rﬁ}nﬁn Bé ?fﬁﬁﬂﬁ%dgﬁ){ ﬁ?é"of §d to

;
the substrate. Wth each ptrotru3|on e sane romthe
surface of thsapbhpeotassmstthat spamd theesubstrster eft thebeiumapeuof therptate dsskethbhbove

th f th | at | i th_ninjmal bow t t r usi ,
Lhe Ther ¢ PubBFurPY St AR Bt ht Do PP L PR RRBEY RO e ™
uni form  Ther gfeothermallictiphes betvdhi tR8 Subttate LABMRAE plats %s@ém%? THEPStbFA s

qui ckly and uniformy to the tar qet tenPerature, while 76 2006/ 069341
PCT/ 0S2005/ 046%erydesirable to minimize the height of the protrusions from the surface of the plate

assembly to improve the thermal coupling, while also assuring that the substrate will

not touch the surface of the plate assembly. Prior ant applications have typically
used sapphire spheres that are pressed or placed into machined holes in plate
assembly surface to act as the protrusions. It is often difficult to mechanically
achieve sufficiently good height control between the spheres and the surface of the
plate assembly, since it needs to be very flat for this technique to assure that the
substrate will not contact the plate assembly surface. These problems arise since
the machining operations required to form the surface 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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m ni m zing the generati on of backside particles that are inherent in nornal
vacuum chucks. [00253] To formthe protrusions 171, in one enbodi nent, a
mask (not shown) is placed over the surface of the plate assenbly which

al | ows CVD owdPm/satderi al to be deposited on certai n defgmestosreas? of the
substrate by use of features or holes formed in the mask. In this way the
size is controlled by the features forned in the mask and the height of the
protrusion is can be controlled by assuring a certain anmount of material is
deposited on the surface of the plate assenbly using a known PVD or CVD
process deposidre dormeat en tha sunface rdhane pkité ,assbmblyr 070 wsidothe slibstratehis diasade

deposited by a PVD o process are about 1 m croneters thic
Fi gures 13C ahevd4p tf’? IRlate raé'?%mgf‘/ lodRersaseris ! ?'@Fmél frRiking eﬂ)‘?’?ﬁfhﬁ? %&’é?"é‘e

sel ective CVD g@nfg fpnaterhs%%ﬁﬁsmé sUEﬁ%té n&lePO BidscBrBivhHs m%@te a%séﬁw ed
height. In this configuration,” for exanple, a silicon dioxide or dianond

seed crystal 17924n usg ef ajvaclwbechighing revice, pheﬁl@lwﬁmmchugf@d@emﬁmﬂheﬁ

pl at e assenbl 0 n,co at Lon
D Convent 1 onatoR{ERREREAS iRl e Biirtel: BRBEbie s e e Htilol
182B of sili cercdiatdy denwéliedisraaboonthtt avearprothesisesd7 €icys thal foﬂlﬁé?d\bylusetd%ias
enbodi nent, a seed cr stal 182A is inbedded into the _plate assenbly surface
170A s0 that (D @5/ PVRcEeRAsiiaNe pigsaas. By 468101 & GYiBeangier BV, dfpeaien

with the plat ¢asseiinn Sl %F?nalgr%‘ of & cOMFoIRBPGS, &h bé Uﬁnfc?rﬂn‘{)ggéb@leérbn

insertion tool (not shown) 1s used to assure the see A can
repeat abl y i nsheabudateaofdhetplate alsBershly\AmardetSHedmﬂem Kbselmaje!yalsmpbalw arythe.

ncorpr essi bi durareor O ke s B AR ArTThEbidhyelohs iy BeStieon pinrios
have a wor ki ngSgw,f siieor( 1181), ahmardl, (e.hiniRel atamigns titatibmt RRrides aflolybiisiumh,
during insertion into the pl at e assenbl , that is at-least as hard as the

material fromiYrasten e sée‘éieréfry‘“sl‘%ﬁteri@Zﬂ PAYmate MatgHa5 - gFlwr@Idfg,é[eflon

| lustrates o t -
the'ohi 11 chabél CB0 e balee Hhanper sgooena pbeiaat B Sl onds stRER

HVDS process epprasiable Geformation anBoidi natneasilyhabtestet/ bpdheammioyl V\ijOthe
contains 20! BB SIIN i th . RS OH RN E b BRIl
plate 170B, pghw gpmeachty yhvamdqoas 5TH2A theheightof Hesprbirlisiofboe RS Yutface
source port 77 WO 2006/ 069341 PCT/ US2005/ 046877
of the plate assembly surface can be controlled to height that may be about ten
times smaller (e.g., 1/10") than on a state of the art configuration. The decrease in
protrusion height will increase the heat transfer rate, so the wafer can heat much
faster, and thus reduces the time that the wafer spends transiting to the final
temperature, which reduces the variation in the diffusion and chemical reaction. It
also ensures closer thermal coupling between the wafer and heater, which reduces
the thermal impact of other chamber non-uniformities. Another advantage of this
approach is that by using more protrusions 171, the magnitude of the substrate bow
is reduced since the substrate bow is inversely proportional to the fourth 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 assembiy, 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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assenbly 172. In this configuration the vacuum source 175 is used to create
a negative pressure in the vacuum port plenum 172B, thus causing air to
flowinto the a plurality of vacuum ports 172A formed in the surface of the
pl at e assenbWP WHPI3+hhi ch creates a reduced pressure beHIGTEHRHENLEFSL r at e
whi ch causes the substrate to be biased towards to the surface of the
protrusions 171. The plate 170B may be nade froma thermally conductive

mat erial such as al um num copper, graphite, alum numnitride, boron
nitride, and/or other material, and is in communication with a heat
exchangi ng déviniseizing3he ganierasiopi ¢f rackaida partioles that ase inhesent B xoRaRLYIRyUM
devi ce 183A lu,tb has a different shape than that shown in the chill chanber
80, the bake charber 90, the PEB chanber 130 and/or the HVDS process

chanber 70 WaTo S SGI baoye,-{ his_embodi nent s [.nten :
“ncor por ate PSR e PSRt D ST sd MRROREE ehun fon:
the pl ate asgtadaldyovkr heabgPaceodit ik ptata agasmblyusisieh pows A erPMD materane a
gas source 174 to pur&g) t he edge of the substrate during p?gq(;aeSSi n

t
prevent the dPaPRROAP ns%%%em%ﬁgeaﬁm B REr e fos e ! HAttieg Ofioless
assenbl y sur fiafed iAo Hhadk CnDRRLF hedliz REcaMRIEYy A UBak feod fifmb A AR

pressure generated behind the substrate (e.g., a vacuum chuc

confi gur at i oryask and ttihg dieightfaf ghe girdlousieomds gag bsooenteolledby asaging acettaiat e
a positive pressure,i . r,t num 17 t usi , s to
b out "of 2t B e 19 8EpodiBh o RtRedd Rhtnel peh ST NG it

pl ate assenblpvDLH.CVD proeessriiegbsition rafee Ganeoambedine, the poapiskhst 171
deliver an inert gas to the edge of the substrate, such as, ar%on, . xenon,
hel i um ni t r JGUEN AR RARGSIRY Pp@ nVDﬂﬁé?Vg%erogsa%eee gbopt 199 micEmPersdiight ed to
deliver a fluid to the ed&e of the substrate. (00257] Figure 13B illustrates
a plan vi ew ¢9026HEIRRT 236 and 132 ilyskiate enesembedimend of aimasking BIPSSSS Whereon

top of the prp i S| t ' Jaurat.d ;
prot rusi ons. T LAY EYE epbiibn afaest £ G360 ROTERBIE prbfiliibityof o B8sild |
173A (-360 shwighy. In thigenefiqratisrhdopéxamapiet § sditopdoaxides pod@miont sees crygtated

m nim zed andeeRonyRouabaBud T BRCGRG dutlul SR rdf of PERePnER, AL

170A is subsh®¥ ifhl Yefioh f euated Engmipuby, aliht thisotonfagiiatiorper tenveflidnalr eVD
spaced across and around the surface of the plate assenbly 170 so that the

substrate caf'@ReSEANAY LS 9daplgd\%®Wﬂ@'ﬁmsﬁﬂiﬁ)@?d@@ﬁoéfﬁiﬁmn dioxide or

diamond film on the seed crystal 182A. In this embodiment, a seed crystal 182A is
imbedded into the plate assembly surface 170A so that the top surface of the seed
crystal is substantially flush with the plate assembly surface 170A. In one aspect of
the invention an insertion tool (not shown) is used to assure the seed crystal 182A
can be repeatably instalied and it is flush with the plate assembly surface 170A. The
insertion tool should be made from a materiat is relatively incompressibie, flat, and
has a polished face. The insertion tool shouid have a working surface (not shown),
which contacts with the seed crystal during insention into the plate assembly, that is
at-least as hard as the material from which the seed crystal 182A is made.

[00255) 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 pont
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bi ased towards the plate assenbly 170 and thus the gap between the substrate
and the plate assenbly surface 170A is substantially uniform In one

enbodi nment , an ﬁJgown in Figure 13B an inner array of vacuum ports 172A (see
item"A") is"MPIOPEH! with an outer array of gas ports 1FFAUPLEEH LM "B,
where the dianeter of the inner array "A" is snmaller than the substrate

di aneter and the dianeter of the outer array "B" is equal to or l|arger than
the substrate dianeter. In one enbodinent, a small ridge of the CvVvD or PVD

deposited material that is used t? formthe protrusions 171 Ol5ﬁnot shown) is
pl aced bet weeASTHBOW ner 0 iy coptigwationtng MasuUUmSRURER) 1'Re'S r 10 gfeal]) aof

gas ports 173%%93@ FreBL 48 if hife GHRUNAT p&h pRARInT m,][tﬁds CRuAHE & th !rﬁwqg@ﬁh I

t he substrate. ures 13A-B also illustrate a configuration having
assenbly 87 armunaiifyt ofpvacubol port8d724tfemuiichip ther swtsicetdfdhpipdate asssety §70,

o00a0s kPl SRS GRS bohPe 4Rl B BRESRLY sBIEaRE AbRe
heat ed prior td be &idsedngwhiie tgake BOface d/BA grotriievent? 1.cTakipigeal70Bhaagdge

of the substrate duri ng processi ng. I n anot her enbodi nent, the Ien%th of
the gas port Paguliet7 BhPW‘ﬁ"WeCO’HR‘ﬁf'\ée FAIerA]| SHCD7RS jAURBYy RAPPEL daRbite
that the gas E\ﬁn?diﬁ'@%-dit'ﬂidéhﬁor%ﬁsniﬁi‘a& and?bE By nAi8riAN RIS IOEorhRfin|cati&s WaH
gas to substantially achieve the plate tenperature before It exits the gas
ports 173A. Sappattexchamging de@t25883Fhe Whilspbigure H3AbustéBes Ri heatesxchanging

cupport compofieliFe era MaHE hescs BRI aR apRIFRT inal Eh pUbe FEeftna SR
the cluster t o baddd cHLRRAL] theoPEBaiRaaTbe B0 andlte t5¢IPIMDSE pebessiehafiber 70

cont ai ns various netrol o%%/ﬁqtool s, such as, a gart,i cl e neasur enent tg)zl an
OCD spect r oscHFA%NGS |dess rApoveeis emiofimepb s dpiendeds ineeipsrter il hthe

various scattpéa?_'r}cggrd)és%goc%v%p detect defects in the processed
substrates, performstatistical process control, and/or allow the systemto

compensat e f Ofpog A DMObficdi, HBGHLNALSHIR 170 S1cBldiXs o aOlS o6 BOR 2

non-contact visible and nmetry techni que can
per f or m neasuassanitly V13 and m ghs cowess 1ahdo ynirferthe tedgef ot ke substmterduring
substrate in_the cl uzter ct one t 00 an, be

Nanometr s PHESRBH 1t GHeVa e SxaSesafing Ppa varPsPRD BaTGURpETad on e

PCT/ US2005/ 04pRde’ assembly surface 170A or the backside of the substrate due to the reduced
pressure generated behind the substrate (e.g., a vacuum chuck configuration}. In
this configuration the gas source 174 is used to create a positive pressure in the gas
port plenum 173B, thus causing the gas to flow out of a plurality of gas ports 173A
formed in the surface of the plate assembly 170. In one embodiment the gas source
174 is adapted to deliver an inert gas to the edge of the substrate, such as, argon,
xenon, helium, nitrogen, and/or krypton. The gas source 174 may also be adapted

to deliver a fluid to the edge of the substrate.

(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 pornts 172A (~367 shown), and
gas ports 173A (~360 shown). {n 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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[ 00261i An i ntegrated OCD spectroscopic ellipsonetry tool nay be used to
enable conplete filmcharacterization and cl osed-1oop control wthin the

| it hographic process wi t hout having to nove the water to a standal one

met rol ogy toBiC2084PHY transport time and eliminating poRGE@HS2BASOMEAYI i ng
contam nati on and damage. The integration of the various process control
nmetrol ogy capability directly into the cluster tool wll thus help inprove
CD control and CoO An OCD spectroscopic ellipsonmetry tool can be purchased
from Nanonetrics Incorporated, MIpitas California. \Wafer

Sequenci ng/ Parbidseditowamstsebs iptaje [a86@BRly 170 and it dhe gap betwaasy becwivplsatetande

of t e spend a T PYEE ARETRDNo1 rTcHa! 1Py apt o oy 1 SpPouteditdhlia. o

and chanber prsaeRash Figuré T8BLah REBI 8iey bhﬁactﬂlheébﬂ?§ﬂ7§)¥l?§éé Rérd “ANrio ughpted
possi bl e given the cluster tool architecture limtations and the chanber

processi ng ti MEH. an guier agry of gaHpPRHAY3A (sre ikes Bér whegs e digmeter phihe inner
chanber proceggigat i aﬁé‘rr\ﬂan% ubHE biathEE and %@dran?e@%f.tﬁe?u{fﬁgtﬁratf

conplete the process) and e nu er of processing steps require
conpl ete a typBtil equal delor d3rgeethaor heesubsiratd dingetera i gme fe'rrtbad'tmqmr aispmalof

Lranst orri ng. 1R00 o Bl PIEEE T o FREBR Sl Siash AR Bt el o pRAERERS

processing chandieghown) s placed Meawdrethe iBhet AigaE bUFAdIUN PBHs 1¥0A dritiethEdatérs
reduced by grouping substrates together and transferring and processing the

substrat es i nagayPheasPortad 78A tawiaimiag the ameurts gagranyiead torrises enedas ous
i ncreases the ygyshiamal eér“gfd; E%JLSA% fls ﬁﬂyﬁ ﬁtﬁlf@g@%@ é{ﬁﬁaésérﬂmtw

has to nmake to trans stra en thev|'o ocessl
chanbers, thasdrlédpioiboe Maremnchmgathrobgh tm\dlalmasweblngﬁm'@aseér?'OA to lift the

liability. [0 t of t tion, the track architect
< desi gned sc pRie oBIREPIIR BESormal e 4T L 106 mounted i n the pod
mbl 105A b t th
Containi ng 1w e SmBERFiaane Gt deNereH o KESapute § (L iseRLed prior

processing st g} bS?l'ﬂn%] it gS%%@HEQ?SNl@"er%MQ:obh@g opﬂfécéé"g?e SPHEeIBStral2oNMYngn
Figure 3A, the subsiratés m ght be grouped after conpleting the BARC coat

step 510. In tpmogsanlfllgmn@thememtt entbdﬂe tength efethgcgast prit pleaveel (3 intbe

d pl h t I
bl ade robot . BING RS PENE 7P (fesideh |RSRRRCS! Bis R IR fe Bre®of
substrates 8@iaANOn2006g 0@&31@11 IP&T/tMSZ:ﬁ;M:tW@%E?to substantially achieve the plate

temperature before it exits the gas ports 173A.

Support Chamber

[00259] The support chamber 65 (Figures 4C, 4F and 4H) may be used to house
containers, pumps, valves, filters and other support components that are useful for

completing the process sequence in the cluster tool 10.

[00260]In one embodiment, the support chamber 65 contains various metrology
tools, such as, a particle measurement tool, an OCD spectroscopic ellipsometry
device, spectroscopic reflectometry and various scatterometry devices to detect
defects in the processed substrates, perform statisticai 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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fromthe first process stations and places themin subsequent process
stations, will be a robot that contains as many substrate retaining devices
(e.g., robot blades) as there are substrates to be grouped. For exanple, as
shown in Fi gwoeod@kesdin the case where two substrates arRCTS2bs/0gasouped
toget her, a dual bl aded type central robot 107 nmay be used. In another
aspect of the invention, the substrates are ungrouped before they are
transferred into the stepper/scanner 5, then are regrouped again after the
perform ng the PEB step 540, and are then ungrouped again at the | ast
process stati [oorzsprAmuntegraba:l QL pispkettostpplayeltipsoriistontoct noay bboisetio®. enable

00264] In one a ect. of e i nvention,, the s bstrat r
'Eoget h]er at t$RMP Bt‘fd f'é{ESE fagtergation Ard Gesed ?‘é'%l ?cﬂﬁﬁ’ugw 'He"% 3@? aphiG |
in groups, dpﬂé@@ss)tmaoutnwé\tm@t@ nRbhRAeR hifee tér@@hn@ﬂ%né%@ﬁolﬁg@tetﬂ,egé\ﬁrg«? R

robot 107 and rear robot 109 Figures 16A-D illustrate one enbodi nent

mul ti pl e bl adénspeBdime |and: ¢linginating potestialdhansiing ciontageination ped [degideendhe
robot 108 is ; t

t hr ough t he Cl}t@ﬁﬁ)n}[’}fg é e@eslﬁbu)ssn%ro@ ?sscorﬁtlol pgeftjros &:\éﬁ@ﬂﬁf éﬂ:ecrﬂg%g féllustelrs
i kely that ttoel wilbishs Iaelesmwrd»le G centrol dmi @e@grﬁou@@dﬂ speoerostmmneﬂuesmradtryme

at a tine, at the ste Q0265] 1 n on od| t he
substrates ar®@° B?%%BB'%E S“%f'oc’“%fgcﬁ l"pt()r'%‘l’?'r(éf @qb'tfhsg BE%%S woul d
i ncl ude the roup| ng steps of s| nIe substrate transfer in to the first
process cha hat AhANE 8Ce3Ndf er t hrough the system then

singl e substrate transf er toand from the st epper/ scanner dua
substrate trigfeseEp anmgitaigle hehmoss sepetityedn dhe glaskeh phacs &"t‘%“tltse{ﬁgtli%er Cp%m

the last ch 07,
aseshg\?vn ge?g‘?vsétﬁérﬁcl g%éslg;ec?r’i%%ﬁéé%rgoyntoglgﬁs a uglnﬁgpadéerggls@ge W%@%{t t?l
cont ai ns at |emEsnizenber plocesH| sd@endd land @hamher fprpsesslutgadmeasteeamevenm\

d at | t ly 715B..t
et er oubdPaes oot olgnn g misbit odE B0 SuBled tPal e e RS

bl ade assenbl ahd’theAshahtber pfocRemctiniéade tmantaégfam@t?ypeam@ster fobkedinde shance
apart, which corresponds to the vertical spacin chanbers in

he

whi ch t he sub@tampespregessing ey ltesdgede rlamerétaa%pteeg abwtrenenuﬂetw se@pleter e

d f

Phe Front "end bradeeS) e RebQfle: Hhésphg 8 1Pt hmplote 2MpidF ©
transfer postradkosystam proees€id largd, mﬂgmﬂmanbpomonsvfctlmetttr@m mj(etsdoqubmss a

transferring subs%ratee |sE?a:tlkevr\lioup2 BO%eOS%%é‘%seFQC&’t%%% 39%90 Af16e8s7u7bstrates in a cluster tool

between the various processing chambers. In one embodiment of the cluster tool
10, the CoQO is reduced by grouping substrates together and transferring and
processing the substrates in groups of two or more. This form of parallel processing
thus increases the system throughput, and reduces the number of moves a robot
has to make to transfer a batch of substrates between the processing chambers,

thus reducing wear on the robot and increasing system reliability.

[00263]In one aspect of the invention, the track architecture is designed so that
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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substrates to the C12 and C chill chanbers or B5 and B2 bake chanbers in
the first central processing rack 152. Therefore, after the post BARC chill

step 514 has_ been corrpl eted the central robot 107 may transfer the pair of
substrates t¥ME Y34 the pairs of coater/devel oper chantf&rUBHSUBA] ned in

the second central processing racks 154, such as chanbers CD1 and CD2, CD2
and CD3, or CD3 and CD4. [00266] In one enbodi nent of the dual bl ade
assenbly 705, the horizontal spacing of the first blade assenbly 715A
relative to the second bl ade assenbly 715B is a fixed distance apart, which
corresponds t draméhentist PEAseas skaligep r@@dd:lact%ethemnm@wtumocwu Hatianise will

substrates ar t
assenbl y 715A%£1§ t etgtgée:it:%ﬁ] m% Qagﬁ%@sﬁ%ﬁh@%@%ﬁﬂpg IL%S Irr(])B%)ﬁSllﬁdes as

hori zontal plthere e subatratelsetodwagrdmlpade l%csrsemmbig}e 705 sloawmn mE@se dbantre the

spaced hori zontal 6 ef erri to Fi I n t he

embodi ment , t H&S gd‘é{érﬁdwfﬂfs”;]ﬁg Prde tB d%rouaggié%qﬁjfgef-ffSQ\uajﬂagacﬁ%tyggcchHal
bl ade assenbl WYolBdtS R AneayTBE eusedv aln Apbthedi swhabicet P avientidn Ute Slbsttes are
actuator 722 nounted on the dual bl ade assenbly 705. Generall , the

actuat or 722 iUNgEHBsde @et%evmey arfe tsnsteTrRy tefowdn fttﬁepawaaw SnuthBBr atst
grouped substrapes, Sft&et VS 6 PER SBBUA My LieeRARFESped ©
gu S h| e % t

whi ch t he group es W rred. T'n one aspec
actuator 722 dgaimaithe ﬁ!;t prodeks stalnppqmbr tb21ﬁ)enag1 dicked addytted froat pmnt rabobn08.he
second bl ade assenbly 7158 that is attached to the second surface 7208. In

t hi s confi gur gbdzedyIn bhe agpéaralf thie inREntxar) theasybstiatessipag ibegrédped rigethen at tre
second bl ade assenbly 715B_ relative to the first blade a_ssenbl 715A br?irﬂ

posi ti oni ng t MOIsASEAWIS APP AW tramterred shrough &g clustergeo! nngrgHB e%aa?
the actuator 7R2ibie Haded e %ht/%nhwasa{ 1@5ug&ﬂxﬁaﬁsrobaeﬁwranoweatrh@bomwg?e

purchased from Danaher Mtion of Wod linois or Aerotech, Inc
Pi tt sburgh, Pdngiggs iaA-a. lllt[smvtazesspe reﬂaimﬁlreﬁlbb@h amsmltlpla M@deﬂwrm&ellbﬁhlpmess

Cranst orrod i A gran g aieaof IHEHOR & s O 3P RER WIRS SEBRFEREoaTBLLE °°

after which thewstewy rdcéseeéeurroogﬁede diusaérstoer rsecbrﬁﬁleaecgrrogr@upBZ m will note
2006/ 069341 PCT/ US200 046877 Se%enc WthogiegBuffer tatlo&"i %00269 In
one aspect of B@dtishl t‘h"ﬁﬁhetSHtés‘ B tiave e feslas9royPed i HAESIEHEIANGAt Sy

time, at the stepper/scanner 5.

[00265]In one embodiment, the substrates are grouped in pairs and thus the
transferring process would include the grouping steps of single substrate transfer in
to the first process chamber, then dual substrate transfer through the system, then
single substrate transfer to and from the stepper/scanner 5, then dual substrafe
transfer through the system, and single substrate transfer from the last chamber to
the cassette. In one embodiment, the central robot 107, as shown below in Figures
16A-B, contains a dual blade 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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tool are designed so that the substrate transferring steps perforned during
the processing sequence are conpleted to chanbers that will performthe
next processing step in the processing sequence. The prior art cluster tool
confi gurati oW® 20¢@Mhly install interimstations, or buffC@IUSRHIRHETS, in

t he process sequence so that the robot that dropped off a substrate can
conplete other transferring steps and/or allow other robots to pick up and
transfer the waiting substrate to another desired position in the system

The step of placing a substrate in a chanber that will not performthe
subsequent pr 8¢lesititer tas thepCld sanelsCoj adll clirrobera sy B3 ned B2abakdchampersoh thae

robot (s), wast; in t I r 4,00 a L her

Opor () ks oo Brhdedsl MR, Hrafborl el PR Al ga 8P e
devi ce yi el d, beehueoinpldtég thercemtas eobot 10Temay nizeisiariths pagtot ajubshated ad fahevdii ch
will increase the anmount of backside lg(?afrti cle ,cocg_t am nation. Al 70, X
substrate proHEsRAisOfGoglrfenglopehgharebers S0 relingdinithg secpt coitial Propsssipat | y

have differentacryhsh! &ich ¥8ERImbESICI1 88d COMCERSaddEDk BECPBAMNI Eh4l he
buffer chanmber is controlled for every substrate. Controlling the buffering

e T { : - a3l e,
i M wi '”Cfo%gti%;lnhél]‘r:et ér%ﬁﬁ&&i?ﬂeﬁ?%ﬂ%da)fbla@é%s%@n@@t ?(%B[j,gﬁie Pﬁﬁ?&gﬁlzsﬂé?fn'lgﬁ&ae

and it wll |1k e maxi mum achi evabl e su rou

case wher e t hthesfirst blade lassemblyut1 SAsrafativetto tharsecmd iade assambln? 15Bbs arfixed

t hr oughput of ;the cluster tool is governed .the total nunber of ropot .
moves to conpPEtBiAby stiECeaissrRRts e BiitorfatsBheing B e I arEBeRdn
robot nove. WhRht tHee subsitesara foobet glodpsakelr tslestdriiduradivh, itise Upstablade
limted by robot hardware, distance between processi ng chanbers, substrate

cl eanl i ness capeanhly 7158mnd e earopditiady assamblyt/iigRsaregligned|in the Rerizoptalt
i i | h f '
nove time Wi}, Rat s¥aft'>sé[t M élfgr O%Qé‘e?és\é%lyg 7({:5?11?:%5 ta%c%é(h"tt{ﬁ%mb%?éj dphced

fairly consistent industry w erefore, uster t i nherently
has fewer robborizopnaly.t o conpl ete the processing sequence will have a
hi gher system t hroughput than a cluster tool that requires nore noves to

conpl et e t he mops7eRefeningsotigoee] 603U Anathec adbdimémothe splaaingad ttieafinst blade
mul tiple buffering s . [00270JTh ari ous iments of the, cluster tool
o o Bt gusetonbiy @8R arcig, SEORaY Bl P * LRE Sk 290 & thriapie Gistagee
confi gurati ongpgh NGE JsBVWBf a0 ¥eRiatdt3 7Y RBREO0P 3N dudiChiade2R85Hip 8706 and

fewer robots are required to transfer the substrate through the system One
exanpl e, is tfenawllyithe actuatns 30in adapted dporart dBe tspasbgeletwers haswdiovs(s)

106 and number of grouped substrates to coincide with the desired spacing of the chambers
to which the grouped substrates will be transferred. In one aspect, the actuator 722
is mounted on the support 720 and is adapted to position the second blade
assembly 715B that is attached to the second surface 720B. In this configuration
the actuator 722 can vary the spacing “A” between the second blade assembly 7158
relative to the first blade assembly 715A by positioning the second surface 720B in a
direction “B”. In one embodiment, the actuator 722 is a direct drive linear brushless
servomotor that may be purchased from Danaher Motion of Wood Dale, Illinois or

Aerotech, Inc. of Pittsburgh, Pennsyivania.

[00268]In one embodiment, a batch develop process could be performed on the
substrates, in which case the substrates wouid 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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then directly place the substrate in a first processing chanber (e.g.,
coater chanber 60A) and then after processing in the first processing
chanber deIi%§r 5he substrate to a subsequent processinﬂ)chanber €. g

bake chanber d?fmfgybr art configurations require the Y S 7
Interimstations between the cassettes, process chanbers and/or

st epper/scanners, and nultiple robots to conplete the process sequence
through the cluster tool. In some prior art configurations, for exanple, it
i's common for a f|r31 robot to place a substrate in a first position, where
it is picked SHUE - SO 1EE Pazed in a second position in a
processi ng chanber. After bei ng processed in the processing chanber the
substrate is iwmllw%éwmé)kthennvmlommsq@éyatq RIACBSEINthESHENEA AN Alster
where it is phfidfedsUuge %}é&@off[h%?tlhersﬁggﬁ Qrtrérﬁgféﬁilngog% t rl%ﬁ'neaatﬂﬁfn #h%d
t o anot her p05|t|on I n h rans errifg pro or tra

path, is vvastpfadessihgceeqmerroeqlare ecmnapleleﬂarlcat@amthmt that wdirrpbéowntme next
transfer between the first 803|t|on and the sefond ires

Lo ol Bkt asianin B pran-SRins Yeabeted o e Pl Sl bRl B cahriytigitans

and/ or incr ea&bmmdm\,emmr wedrite seidhd, FPBelerCéHaniisers Ot the HdeedsOsétfiineased
substrate throu ut- and will nmake the cluster tool |ess reliable. The

i npor t ance of ‘h H 8 rabplethat ggpasd péta é\f‘bﬁlfﬁi@r‘-"é\t”o@)QJ’“B'?‘%@f"letﬁg}ratnﬁfﬁ""?%étem
reliability O%na/&%rlb@' othé?%bedw?(% 'ﬁzckpuﬁ’%%tﬂ he \PglﬁnBrs?jgk’t?éteqta 3

reliability of each conponent sequence ore sin
havi ng 99% up<desinad pasmdnmaybelsemtem Thmstep\mbplacutgn suﬂmamtel@ ee%mpemmaewm
since the syste two serial .robots each aving 99% up-tine. .is
on'y 9. o100 Spheeai e stissleaiRp S SEP e g JetieRses e AIBDHY
rather short, opfib trdsm(st)mta@ete@fsﬁucecnﬂsmbneugteew&owaﬁanﬁ@daééls tHeO MRhelon fhe
typical process sequence is large, the systemthroughput can be

si gni fi cant | yrefiateset ddremadditipn @fetlhiedmﬁler'ﬂg siaps Wil alye adngrselyeatinghidevicefyialéf er
handof fs and g4 f of

the cluster to% E{ggﬁ '}gjg]]reg ?gﬂqﬁescrl &hsel%eslrt%pél)tshapEg@%@ﬁﬂqmﬁ%ﬁ{%@@e
or nore robot antommaobba&spde)pamslengomhmntwos (Msg,. subshiatd prmaaﬂneg s8fuendaeake
hanb 90, etc.) jn th t I dul,

306, contr al T enian pffehe siErsru BaSABNG Nev, diffanstate fAmOuRONRe
Figure 2F theyni@ds Wae2(k06/ S84k HeTbLIRZ0CRARBES 1Y dondblle®ner 0BT sliEstratan

access the processing chanbers in the first central processing rack 312 and
the second ceRopHP!lipg doe buffeing hor Wil Ancippsethentystermtgomplexity, due to an added

process variable, and it will likely hurt the maximum achievable substrate

throughput. In a case where the system throughput is robot limited, the maximum
substrate throughput of the cluster tool is governed by the total number of robot
moves to complete the process sequence and the time it takes to make the robot
move. The time it takes a robot to make a desired move is usually limited by robot
hardware, distance between processing chambers, substrate cleanliness concems,
and system control limitations. Typically the robot move time will not vary much
from one type of robot to another and is fairly consistent industry wide. Therefore, a
cluster tool that inherently 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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robot 107 can access processing chanbers in the first processing rack 308
and the second processing rack 309. The ability of a robot to access
chanbers in other main nodules, or "robot overlap,” can be an inportant
aspect in preovensioaggsisyst em robot transfer bottl enecks, EiTnseoshieat1 ows an
under utilized robot to help out a robot that is limting the system

t hroughput. Therefore, the substrate throughput can be increased, a
substrate's wafer history can be made nore repeatable, and the system
reliability can be inproved through the act of bal ancing the | oad each robot

takes during GRE fEWBE IS aFE A@INRR: tol Rartdier MePaRistratd ehrokigh eie epaterP! (Chie
101 is adapted to adjust the substrate transfer path through the cluster

based on an &p@mpiez édthenallity b e trpnt@nd/mhotdpsuﬁcacseﬁ%&@swgeaﬁ@hﬂ@ﬁmdhat
have become &HBQP&F&WEI%CEW% s%%%ﬁ’ét@ uf(? réﬁ%@xﬁsgﬁg Er‘?é%B? Qeg%é%f\er_ #ﬂtéer

allows it to optimze ogi ca

| ogi cal schedébAj apd ithoar aﬁtmqsroba@mg mathd fﬁsihﬂbmensmgmwmmmrtchelibelsted substrateut s

fromthe user . B and v®$| oUS Sensors (%tm but fd thhoquh ut ust|§r t ool .
@Gy t REK

The | ogi cal s&heduPESETHEN,PragRETING FembeLy a”bt?erf L?pb.lre Y an

requested of egsfiyuRhtidridereqairbQHE Gsebst ﬁuﬁt&‘ﬂeg intefifnOs&tatiems beftiadt thb08asseaBE I al
robot 107, rear robot 109, one or nore shuttle robots 110, etc.), which are

retained in tn@%mmﬁew k?é’dé%fsﬂ@ﬁﬁ)@fﬁ@ﬁﬂmﬂsetandt'@UH@Ieprmtﬁﬁéémetﬁoﬁ‘@
placed on eacg cfbfeséflzgfmg %ﬁrﬁbgﬁ% cléé?fro olalﬁ'éb?ﬁf ntop%l 8o utraGtFo%gr ?%ra“d

system contr mexi m ze ut| I'zati on o
cluster tool taﬂamplepncna/eorﬁn{anrfak&&rst hebatad pracle|$$mysyratmmea fiesp pasitidnd, evteend it
i nproves the s 00272], 1 n, one as

liability . th t :
control | er Py ?glrl{rpﬁglya?é‘:@lﬂparﬂt?éh ang piRgRd & @ a‘ﬁ%’r&ﬂ??'&sn fﬁza erPg‘]?‘?et?ﬁ'”(gf
the end-eff erﬁamaér alaktef %mtgspﬂoeeém .ﬁytﬁbe;srbé@s&]g cﬁmbebh%d@ubsa@&eisomén705
(Figures 16A-w£§ﬁdl ade assenbly 6 (Figure 16F-G, etc.) to avoid

col I'i sion bet thiaek Ffbb'@tfysmltiqnﬁ)blh@ sopond ekt viesa Hus pigked Iupdw tﬁg first
robots to be i gt il’f?r@i %bott WS B@Wzﬁs&&ﬁsd oy ﬁ%oﬁfb Cé\‘ﬁéif?ﬂw it Ghe! s This

avoi dance syst em but” T n’gener al Fhe
syst em cont rolriaesfeﬂrﬁ\b pimoesspbs trahﬁer paﬁal tslvmst@fhl siacd lt@éqmlhﬁ a sémiratehxbbutste of

vari ous sensor itioned on the robo in the cl e 00 ring t
Panatorrs noC brBBiRe 108 Teardler Botsp, Geglrs! Prsbie sich i seogtd W0 341

PCT/ US2005/ 04G&(ifrek o Honl RIRE QB3P IREs té tradsRl gk $ubsuatd. v AMingldxeh rbbsts
motion and/or trajectory of each of the robots during the transferring

process to avehd/oa igegeasingdheanen-uaibe mddedt meves can be costly due to decreased
substrate throughput and will make the cluster tool less reliable. The importance of

this aspect may be better understood by noting that the reliability of a serial
sequence is proportional to the product of the reliability of each component in the
sequence. Therefore, a single robot having 99% up-time is always better than two
robots having 99% up-time, since the system up-time for two serial robots each
having 99% up-time is only 98.01%. Since track lithography chamber processing
times tend to be rather short, and the number of processing steps required to
complete a typicali process sequence is large, the system throughput can be
significantly affected by the reliability of the system, the number of wafer handoffs
and the non-value added moves of a robot.

[002711One 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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transfer path length. In one enbodinent, a "zone avoi dance" systemis used
to prevent collisions between nmultiple robots. In one aspect of the zone
avoi dance system the systemcontroller, through use of its hardware and
software cowpamsness1is able to continually nonitor, updatrasandogdefi ne
regions around each robot that are "open"” or safe to nove within. The
defined "open" or safe regions are thus areas in which a robot nay nove
into, or through, without the possibility of colliding with another robot.
I n anot her enbodi nent of the collision avoidance system the system

controll er isfrggtaph@drobet OBl tah F6téss oMk BrocBYsihg PERaNHSEYS OinS thd &irdl- eentral
encoders on the various robot axes, position sensors, etc. %1 and emtters

di stributed aP@dpEsindeack 32 endiibeiserencheental pipeRssING: rRskribidowhiy thepcentral
continual 'y tfo%%ﬁmfng?p %%ngé pr%%ééélhé’ﬁh%b&%% theh lp‘%r]éc)e[%%l?lgtrggk hb‘%hﬁrthéoo'

to assure that t nore robots w cdause emto nov
into the sarresmadepranebsidigjsackcm)wl dléhe atmhtgrm aawmlttp advess ehambersiire other
tioned i,n v |ous rtical and/or horizopt

opt i cal sensors. t hat 'I% g sgP Rﬁ"
orientations TMANMRJUESsPEeO %to?vetﬂé‘pmﬁ’:i’f‘ ap HBp AT ASPRCHIN PrEXRMINGSYs
robots. In an%befraﬁereesbmeﬁ@@& rsﬁnla@t.t Albs! érsuﬁ@émﬁmee@ $olsHt Qo Hely bmr@%bd@y
use of asensmgsstemt hat is ab etotrlan%ulatet e position of each of

the various thabi linaitingdhe systepy thiseghiut.e diherelpre é'@%ﬁt'b%iﬁéﬁ thipugheutvean beis
robot corrponﬁg;e%ﬁggl gt ELYﬁstlta?e gul AdeP! & tﬁﬁ/nﬁgﬁsb Qﬁéée nﬁg | etapal%l ér% ROE-

I n one aspect nSing syste EMecont ai’ns em ters a SOrs at are RF
transmtters amdem rrela&mhtyecan b[eQﬁip?B\}d%i thwoeghlthd adt loh bblantceg thehearchteamfakd@ta

bstrate t his intended to illustrat
ubstrate 11 oBReRuIGH th G ERAE SEUBRTE-10" OFRGHESEh N SNE CPBTeT DI g

steps is m ni fixRed ab £GIR| BleekibfRtdtenthRMseS. phih i @ie RAlsler BagiRNOha4hy a
schematic representation of the path a substrate wil travel as it is noved

from one posi ¢Rtonized thiegghew! eola werk aEeunslBroseesieg shastiese thait kgye begprpe
perfornmed on st E S 'E‘R%S

a substrate f'hpﬁ%'\%u% ?ﬁtg%rg%uéeesdsf%ﬁé% ééﬁer?é}eﬁ] e(;’rsri{rclﬂb(\e‘{qmﬁEi ut%S&Aawﬁe
this enbodi nmmughbbtalssm@smrﬁ thei iegacelmmhedulér ofihe loayicehl aslsm‘dbéwprib@nﬁzéé 12g8Rk3 #
105A) by the f %gend robot 108 and,is deljvered to a coater chanber 60A

(e.g., \r3lp) BOYBINERS3RISHLPNUSPHSS 8T &1 USEE andriefinus gg(js)ors
fol I ow ng t hedl&lrnﬁﬂt%fdefhr&?éﬁbuf\'the %Rlsié?albo!f h§hBARGic&05¢hetuRR RaP beddda

conpl eted on the substrate. Once t BARC proceSs has been cohpl ete t he
review the list of future tasks requested of each of the various robots (e.g., front end
robot 108, central robot 107, rear robot 109, one or more shuttle robots 110, etc.),
which are retained in the memory of the system controller, to help balance the load
placed on each of the various robots. Use of a cluster tool architecture and system
controlier 101 to work together to maximize the utilization of the cluster tool to
improve CoO makes the wafer history more repeatable and improves the system

reliability.

[00272)in one aspect, the system controller 101 is further programmed to monitor
and control the motion of the end-effector of all robots in the system (e.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 controlier 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. n one aspect,
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substrate is then transferred to a bake chanber 90 (e.g., Bl, B3, etc.
(Figure 4B)) by the central robot 107 following the transfer path A2, where
t he post BARC bake step 512 is conpleted on the substrate. After conpleting
the post BARYOBYI6W¥#bp 512 the substrate is then transPERASEBIBHe post
BARC chill step 514 (e.g., d, C2, etc. (Figure 4B)) by a shuttle robot 110
followng the transfer path A3. After performng the post BARC chill step
514 the substrate is then transferred by the central robot 107, follow ng
the transfer path A4, to the coater chanber 60A (e.g., CD1, C02, etc.

(Fi gures 4C)) thehsystern Imen]mhlt&rds edapted doactiwlepltes20e insotiver drel/ ordchjetoyeaf each
perform ng th hooeist ste 520 the substrate i.s then tr ferred
by the centraP oqtb Slé‘?"'ngr h FWePfPF%?-FS 4 ?V%Qt%cﬁ 'o?c?ntdh@'rﬁﬁég the
chanber 90 ( etrgnsfeBpathBbn &tcm o(nEI Qﬂb@dlﬁﬁ)ﬂ Aigdres bb@ld@@@é PhRedmriesisel tgoat
bake step 522 is perforne After performng the post photoresi st coat bake
step 522 the B[ﬁ.’@f‘? gellisipas bRirean Anitink rekpts. bynap@néﬂ??cé qf dhsrzopgcavoidance

foll owi ng theg sf 6 e I 30 tc.
(Figure 4B)) shora: e %%"Sh%?'g%e"%httﬁ@ﬁ?h 95923‘35'52 '.‘é’%%{? o2 sSftuerE

performng t heorppemerphdscab@tcscordmulally moam052@dataeasdjldstlmatr@3mrss atoeind each

transferred e.central ,robot 107 QW e transf.er path A7, to
e  CEBR chantihe! 45t SFE 4t B2&Re thtfove SR B dePRbPREH & sk MelfrsdBur e
4D)) where t hgyeERBastiewhiSB% ro‘boperﬁéwmmd infbh &r IHRRIghaethioat tHee ossibility of
transferred to the stepper/scanner 5 foll ovmg% the transfer A8 usi ng

0

the rear robofolidng with anothes rekpbsUpeanatiagy smbodiment oofpihet 50' %‘H@ %V@éjranﬁébot
109 transfer Spat ﬁm Ag*?ék?é\%ﬁ\ EBnt dier '?ggdﬁﬁfé@b@r mbRftor éig%rn?roﬂm e lsensdg

the transfer ter per ormng t PEB st ep rate 'S
t hen transf er ted., lncoterss hat theevaraiust robdd ,axes) bowilng gemsots, aetsf) eanch &ittera 10,

to the chill chanber, 80 chII 52i

Ao oot or AP ARuEH el fer oS kodiaht anp i GRyBEAUD R0 RBHIRIAT Hrack
transferred byhe dQualgRssitionosfadachORboowitisianheé alusterttebl H0F9surd dt aMé Rebtioh &of
transfer path All, to the devel oper chanber 60B where the devel op step 550

i s perforned. MWF C&MeyEr lro@pm Wil DRk cages, 1 tetmpveHotthe sAme sPace and hyen
transferred b}rfr%'er '8 er\SA}}] c?blﬂé S%Q%ors fapd Eﬂféfangeggé}g thd13s LB&iiBAL A t %08

the chill cha he front endr
to be transf ewer&da!tmd/hrehpmmbn&aiswrdnﬂqhoneﬁnftbéIodmteugtaolheto tmamif déhe pasition Af 3.

T, 200t AR TA AR LTS s B8Rl B s B

by use of a sensing system that is able to triangulate the position of each of the
various robot components by use of emitters positioned on the various robot
components relative to multiple sensors positioned in the mainframe. In one aspect,
the sensing system contains emitters and sensors that are RF transmitters and

receivers.

[00273]) Figure 14A illustrates schematically a substrate transter path which is
intended to iliustrate one example of the substrate fiow through the cluster tool 10
where the number of buffering steps is 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, CDz,
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are grouped together and transferred in groups of two or nore, such that the
grouped substrates nmay nove as a group along the transfer paths Al -A7 and
Al10- Al12, As noted above this formof parallel processing will increases the
system t hr oNGRMGI934hd reduces the number of noves a roB6T/USHYSPE3Hake t o
transfer a batch of substrates between the processing chanbers, thus
reduci ng wear on the robot and increasing systemreliability. [002751in one
aspect of the cluster 10, as illustrated in Figures 14A, the transfer paths
A3, AS, and/or AlQ are conpleted by the central robot 107. |In one

enbodi nment, t&le. tfigurer4h)) frllowing thejteanstanpath &4, &y that dheBARC eoBsten 300 chat

i dapt ed t t

tovel onar - chissBPRIES oS supSERe D ONERE DRAE hiobed R Bear BofBtiéd ihe

erarrt)l e ;)f ? smtis;o meatsehfn;] erasﬁferreﬂamhbak?:ccba@bet Bet(EggtmeFemo(ﬁngmrtEng bp of
uster too e n u ste or

gorrpl etely ell ﬁ,%é\fré[jmbpf SW EOWBWE'Q ‘}‘Pg grﬁsgg,posbgﬁﬁic&a step

substrate fol 5m%ﬁnﬂ&d@f@&Wé%trﬁ@uﬂﬁéﬁcdﬁﬁﬁﬁh ﬁﬂa ?&t%mc%a%é stéﬁ‘51§h' S
enbodi nent, the substrate is renoved froma pod asse (item # 105C)

by the front tecubstate isdBemiransieraditp vre past BABCoehil é’t@cﬁd‘nﬁe@ 60AC2, etc
follow ng the Ra, ep, 5

conpl eted on Fh@'rgglﬁgpyat%ﬂht@&o&%ﬁ’ﬂ%%ﬁ@rﬁq oceds 8 5P tliewe"fil)3 céﬁﬁfggggﬁm?ﬁe
?ubstrate |);5 mleensnhsttB;ﬁa%fooﬁrllradptSG4ahbdaestgditlalrrbemr90aﬂefeged tﬁ%the&kntrﬁBrot&itc.
Fi gure 4G t ront ~en ot 108 fo tetrase pa

where the pos Vﬂ%ﬁig“es&r %rl@ah§4 Qs ‘Eﬁag%’ Cg'%'”?t??é% ¢Q1 &E]lzefa{c
conpleting t h(ﬂh%ﬂéé 4@‘)\?@%%@1&%&0%@%@ sfelrbbﬁd &l Seﬂf&rﬁéhenAhéﬁﬁéﬁ@Hnﬁ

t he post BARC step (Figure 4G ) by a shutt

robot 110 fol ﬂh@vwhnjonem@t F@&tn@eeﬁZQathh smgstréxatnertherpéraﬂ@ﬁemedd:wuhwé qeowl RARE

chill step 51 tpat a A b b
108, or centra ’r \}[sﬁ?@ [P% ? rﬁ?er{/\ﬁ%@ %\% n‘-ffrtﬁ'jléns g? %‘aweeMéd ?th'he %gogeSs
chanber 370 c(tﬂ@drguat%)()i m?]era thegiost phbrnsist @dhgxzt(()akegstepﬂifm lil(?@ﬁorﬁw Adtiee .
F 4] t t or t t st rfor
ber Por i g ¢ PO INEIa POBRYStiEsab ke RisPanzsie oS Taley A Len Fapied cd

by the centrapy é%‘&itle D6t ﬁ@'fb%‘huﬂ@@ﬁé‘@rahﬁf@ﬂgﬁﬁ{ AB I8l %érhﬁ‘eer‘ng
chanmber 90 (e.q B4 2006/ 069341 PCT/ US20051046877 I gur e

41)) where {He1pba: emwdfigwé%mﬁ)) vbate Hikpostt eotemsist shilestenr jaddis pefamed.
After performing the post photoresist chill step 524 the substrate is then transferred
by the central robot 107, following the transfer path A7, to the OEBR chamber 62
(e.g., OEBRH1, etc. (not shown in Figure 14A, see Figure 4D)) where the OEBR step
536 is performed. The substrate is then transferred to the stepper/scanner 5
following the transfer path A8 using the rear robot 109. After the exposure step 538
is complete, the rear robot 109 transfers the substrate to the PEB chamber 130
(Figure 4D) following the transfer path A9. After performing the PEB step 540 the
substrate is then transferred by the shuttle robot 110, foliowing the transfer 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

Al13.
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perform ng the post photoresist coat bake step 522 the substrate is then
transferred by a shuttle robot 110, following the transfer path A6, to the
chill chamber 80 (e.g., d, C2, etc. (Figure 41)) where the post

phot or esi st whbdoko@bap 524 is perfornmed. After perform pgriBRHOSE7
photoresist chill step 524 the substrate is then transferred by the central

robot 107, following the transfer path A7, to the CEBR chanber 62 (e.g.,
OCEBR1, etc. (Figure 41)) where the OEBR step 536 is perforned. The substrate
is then transferred to the stepper/scanner 5 followi ng the transfer path AS

using the 7 t&lst h8AC he
central robo?db% @in E)ﬁg%tsspé&sd écglllj én{‘@g %89@&?%&%@0 @ﬁgenbelr\ %Bé‘ﬁ)sl })éva ng
t he transfer apatdrovsed Mgeﬁher ped ftaansferged lire gREipss bepwb40r e sabct tidatethies
then transferred b huttle robot 110, follow n a f h, Al0,
Lo the oni i1 SEfERELS o GakRdpay Firv T e o abfpiihe Yeds/eaRatied ey rasfhalo
After performing pBendegtaddB iy fdmﬁbepaé«& pfdéésmﬁ?bﬁﬂ nﬁéreasés tHeeBystem
transferred by the central robot 107, following the transfer path Al, to

the process &WaHBRUI3R0d dBABGESUINEINUEDSY dlemerepar fc@ﬁhﬁﬁértoﬁmﬁ‘e( éo ¢ransfecey,
CD2, CD3, et godSof {delﬂe'ct}'é?e 48@&/@@@%% %Q%QEﬁe%@?ﬁ r§pth§1§0reti§cnﬂ§ né%#r Brtln

After performng 'S then 't erreq by
t he front endobmmdtindrésslng(sw;tem mgablhtg transfer path Al2, to the pod
assenbly 105. In one aspect, transfer path Al2 may be conpl eted by picking
up the subst [abes)fr on’etats@edEmemmoerustezhmrw|||6@t8atadimg:|ghaesc1a¢nrtale tirariubér

107, transferring the ubst at o the front robot 108, and th n
transferringPARS &dpsh ataBd)t’O{) gh@ HBdcyBRiEHs Tbylfﬁ? ceghalz 7909ty 1&7

the transfer spdfddliridm, Ry t%sk&r%ﬂ AP1 wtc@nwaeétﬁpﬁ émﬂﬁe reB&WM 0 vmr% the

substrates are transferred to a chill chamber 80 in the first processing
rack 308 by w@Hapledntor ibnsfebsubstoates mgtweem the shilli eharalden 80tansl s develeper
usi ng the frgn%gsgp é@bot 108. In this configuration the chill chanber 80
acts as a % 'tion where the substrate can reside w thout being
exposed to ther

hi story and %ﬁk: 'gué%ﬁftgd#hfféﬁas)r OC agga{g g@%%é%p%u%sq ¥‘él?sé; ?%\ ragsggr pa fher

posi tion nay teeugs tHieFigutd2F Rohfigurgtidrel dudsi foal €0,0nhéraithe hubriblet opbuffer®gD
(shown in | ower position of Figure 10A? or, retaining the substrate on the’

chill plate Blepsicagdr pinigizes qromplgg naminaie Ao duenra 11 4BctuiEdeD 7

L0020 FrBaRRES unafBRAE A B GRS ARTRL Bt B PELAGHD e

t hen this embodiment, the substrate is removed from a pod assembly 105 (item # 105C)
by the front end robot 108 and is delivered to a coater chamber 60A following the
transfer path A1, so that the BARC coat step 510 can be completed on the
substrate. Once the BARC process has been completed, the substrate is then
transferred to a bake chamber 90 (e.g., B1, B2, B3, etc. (Figure 4G)) by the front
end robot 108 following the transfer path A2, where the post BARC bake step 512 is
completed on the substrate. After completing the post BARC bake step 512 the
substrate is then transferred to the post BARC chill step 514 (e.g., C1, C2,
etc.(Figure 4G)) by a shuttle robot 110 following 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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transferring the substrate to the pod assenbly 105. In this configuration
the central robot 107 nay be further adapted to translate a distance al ong
the length of the <cluster tool 10 by use of a slide assenbly (not shown)
and a transM?8¢0&Euator (e.g., linear servo notor, ePETVUSHBYH&HdWN)) to
give the robot the desired reach to access the cassettes. [00279] In one
aspect of the cluster 10, as illustrated in Figures 146, the transfer paths
A3, A6, and/or AlQ0 are conpleted by the central robot 107 or the front end
robot 108. In another aspect of the cluster tool 10 illustrated in Figure
14B, the sub&iguse cd))aveergr heppast poripresist aeat thakasstep raEd® isnPeifemss. ofAfteno

Cranst or pat Horrice ol BT SUATR! BAES R KB fhsPal QT ekof

Robot Desi gn hy08280itleFiogar &1 (f.LB‘AiIcmungﬂhe mn‘efer pathv A woothecdhils tieamberod0 {dg.,

which illustr e one _enbod nt of the central ot 107..This enbodi nent
of the centrat" @%cﬁtc E*ﬂur%éweihﬁ@ tglefqogbphg@rqs%ggﬁl(s,@p aaf iseﬁ’e'%_'ﬁegr After
robot) assenb) %that pdsf pﬁ&apés%i chﬂl%té;f 805ty smw AttRsn tranertel bgrrhé he
various pr ocess cha ers contained in th front end processing rack

first centralcantiatentrid7; dellowiag the W@nsﬁcm Aderto it CbEBBe@mrmtgarrﬁﬁ:ke a54
and/or the r OGRS C 154
nas been renaEBrr S (et S0 WAt SRBEIT PG RRE TRy Rortefr yRE St ae's
corrponenag | cotgggltmﬂferreldlt fo meeﬂbpﬁemwahneﬁsffa¥dw|ng the tﬁmgﬁrq&gﬂ% ing ttl:il@
FLR assenbly rally c Ins an upper fro FL) robot a

510, o\ over ST IRt (BT) ARG xS SRS A aPIEAY. e T EG Rl S0 26,
The 1ift raitafisss i xu@s%ﬁat@%lﬁf EY chambat 750 ﬁ)ufow&th@aréns@érﬂpaﬁnﬁgam?k
rail 612. This configuration thus contains tw robot” assenblies, the upper

FL robot assepifoymgmntheanidBtsiep ISé(a/ethe Eubsisaietis dkere tiangfeard, byathiecshusties robot
adapted to oy, | BRERRTIRE ot paBR A o0l e L RRLRHD GV BREICH. 80 peB

hori zont al pl anés epen Upper
assenbly 610 hill shep snelapemi&ﬂmebomeﬂpeﬁ@bﬁm a!ﬁ;:spahl PEB26hit astbp 42, alhe €
to nmove in the vertlcalﬁglane § 90 WO 2006/ 069341

i |l
PCT/ US2005/ 048#ppi7ateaisstbpn) Yansseyed §Mdh$r‘%§“gr8f éoe% {@7artelaing e Japster a3 ¢ o
any position Afy tteemembbéémﬁémeéam Rnfigyededy atdevelttherlcHafith 698P(d.50M
commands fromthe system
CD1, CD2, CD3, etc. as (Figure 4J)) where the develop step 550 is performed. After
performing the develop step 550 the substrate is then transferred by the front end
robot 108, following the transfer path A12, to the pod assembly 105. in one aspect,
transfer path A12 may be completed by picking up the substrate from the developer
chamber 60B using the central robot 107, transferring the substrate to the front end

robot 108, and then transferring the substrate to the pod assembly 105.

[002771In one aspect, the transfer path A12 may be broken up into two steps (not
shown) where the substrates 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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controller 101. Wile Figures 15A-Dillustrate a configuration that contains
two robot assenblies, the upper FL robot assenbly 610 and the | ower FL
robot assenbly 620, other enbodinents of the cluster tool 10 may contain
three or norgobRbeissyassenblies. I n another enbodi ment obcthhgrsisgsRsr toot
10, a single FL robot assenbly is utilized to transfer substrates through
the cluster tool. [00281] Figure 15B is plan view of the cluster tool 10 in
which the | ower FL robot assenbly 620 of the FL robot assenbly 602 is
exchanging a substrate froma process chanber contained in the rear
processing r . i IAS 2@ FhahS O inki al
robot 107 m?@ﬁzﬁﬁghﬁ%%@%&k?%% é§§ é\irzrpg]nz Bgﬁéém@e}’éo‘a‘ﬂgeémfgﬁsr(E);Egbé
assenbly 610 armtratmfrbovme Bevelobart chamstsar s uGiD@. thﬁypemmllrpbmhéiﬂ iaht! then|

assenbly 626 unt d to ent r al dule  fr 1 S
of the central@HHl'd H%é”b%q?éo Fi%Rrd ageinkly 1%gedéq$'§t %’H a?.ﬁ'ﬁ?r?t
which the FL fobapt0B2hay bet faRthePBEAPIEY tqu%laiésd%GMta\hce6&l@n€rthéh@ndtﬁ%rthgl—
robot assenbly 620 are facing each other robot is

faci ng down aflstenéeql fkeby mEerqibanswes aﬁ%ﬁm% (0pY sheje) a@%@rtr%ﬂwcgua@wa@ms
may be used, wWsy, e t S Vi r I L

r obot assenbﬁé;& 65@5aarr e bgtnh&ﬁ 33‘9 E ("Sglsgpwﬁgmtﬁ@wgqﬁ%lf? g%/tgtrh% déd d @%ﬁ 15
scope of the atoeeetia casseft®0283] Figure 15D, which is a plan VI ew of a Iovver
FL robot assenbly 620, is intended to show that various conmponents that are
conmonl y f oungodre]iei driecaspéded ofupaeafluﬁér nopas nmmméd n ﬂ&ﬁ'res& 1t4Ee thowansfel

r obot assenbl 620._ The up robot . as 10 or ovver FL robot
hosarbly 620 Rahs Agerilh ARIPT AR a1 CaMBlETod Bhdie 9avaiabal S0b 6 ke F55bABty
624. 1n one emaefi'm@ntnn Qf%tﬁ@%‘&bédﬁ eI R sterli®Ar Do |flth"§rdféd n@b@gur@%&m%etm
substrate carriers (1.e., 1A and 611B) that are adapted to transfer
substrat es besmyatqsrme\gawmtogeMeaeﬂ trgnsfesrer dmgroupstoftwp ©r mayaf suphrthas on
is not inten e

namber of sungeraPePedpied iRBmBle 235 B Rbol MEHL Bk HE MY pac
intended to Ai@WAti2t 0 the various aspects of the invention described herein.
An exanple of an exenplary FL robot having two substrate carriers that my
be adapted toChater! Robot31De¥IlqA006/ 069341 PCTI US2005/ 046877 from t he
invention is described In conmonly assigned United States Patent

Application Na, Vertddal R4IPRoBBt DesRM " Robot Assenbly" filed on April 11,
1994, which

[00280] Figure 15A is an isometric view of cluster tool 10 which illustrates one

embodiment of the central robot 107. This embodiment of the central robot 107
contains a frog-leg robot (hereafter FLR or FL robot) assembly 602 that is adapted
to transfer substrates to and from the various process chambers contained in the
front end processing rack 52, the first central processing rack 152, the second
central processing rack 154 and/or the rear processing rack 202. The second
central processing rack 154 has been removed from the Figure 15A to highlight and
clarify the components contained in this embodiment. Referring to Figures 15A-D,
the FLR 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 rai
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is hereby incorporated by reference in its entirety. Exanples of other FL
robots designs that nay be adapted to benefit fromthe invention are
described in commonly assigned United States Patent Application No.
5,469,035, entitled "Two- axis magnetically coupled robot”, filed on August
30, 1994 an¥ UYWLt ates Patent Application No. 6, 37FIES206H87T ed Robot
For Handling Sem conductor Substrates", filed on April 14, 2000, which are
hereby incorporated by reference in their entireties. [00284] In one

enbodi nent, where the FL robot 625 has two substrate carriers 611A- B, the
FL robot 625 will generally contain a dual axis notor 615, primary arns
618A- B, secasdamplyab@s) carshare ahie 4o Wansienthesubgitdted, toaady pasitonaine the

carriers 611A- B, | eneral b Vv nt, of , t vari ous_axe t dual
oxi s moror e tergpntal R ThayamER I hodibas Fn it AXETs Bhmulf sysem
di rection to cextrenst 1@, rehii@Figuidie1 5 AObigtstadte acnfigerasion 1Ha-cBniing Micaiopdt | N
the sane rotational direction to rotate the substrate carriers 611 A-B to a

desi red posi tas§AMbiigfe the upperdtl B0t pgsemlinedl apd thedower ot a3serphly 6RE.
support asse ] S t t gpn t 6

[ 00285] Ref e;zjr&il‘é/nrg@ta{obo I g%'ﬁ}gswiq@%}%‘,Jatgﬁet&gluggoﬁat‘);?soé y‘h%@%ggﬁle"?‘%l 'I%?Ot
cont ai ns t he assempbes. 6lh3 anathdr temebadiment af deerbdiystéd Tagl Whi ehsinglei AL robot

communi cation with, the front rajl 614 ang th tqr assepbly 6178, which
T communAsaEmg incHiee tpater saprratd] Srough B deBRERR Y achod to the
support 613. The nmotor assenbly 617A and notor assenbly 617B general |

contai n an ad?Q38t&i9usd %ﬂf laguyie iy tﬁﬁtﬂ%’ﬁ?%mc’?é@ﬂ” Y"K'CB eé%{ﬂﬁﬁfﬁe’ﬁ%?‘ t he
actuator 630 4 i t LVE 14 I ; aqg&pr{ Ly i t h
comuni cat i or%Ei S\?\ne‘?qlgwt ﬁgébcgg@'ecglﬁprgﬂgﬁ? S%ng‘%?Bﬁ%z.'sg.%?éNs coﬁgarsgi/mé%ﬁ fFOE{n?UeQ
"rotor' sect ipspdgssrbantbed contaired ihithe reaaprocassiegiihgk 825 conponents, s

adapted to independently raise or lower the attached FL robot assenbly
conponent s ( goa8?] Figuzed S5€1i8 ar is62@}ric Viawmidhe wbottalmebdt 107 winich bidhlgttateous

froma cost and ease of control point of viewto I av ingl e act uat or
530" mount ed PHOGREOBIPORRE) o1 ef s Rl rabof Hesgmply, 414" 365 e rbher Bucbph
612) and the kb@bly 620. T9plckinhaeelift Rl Sd8cfibNg 608G MBFHTRE S a derftlial Afddutll | ve
| i near brushl ess servonotor that may be purchased from Danaher_ Mdtion of

Wood Dal e, | Iffampi(Botoshown thet 29 @ari0ebthel cemtral usedals 62& 8 A hiladrigrechoA-Phe.

ot epper ot oSN AkenTguatal o AhRE R RIS RES in E oL PL 2000 Rec Y, o
610 or the lower FL robot assembly 620 are facing each other (i.e., the upper FL
robot is facing down and the lower FL robot is facing up), but other configurations
may be used, such as where the upper FL robot assembly 610 or the lower FL robot
assembly 620 are both facing up or down, without varying from the scope of the

invention.

[ooz83} Figure 15D, which is a plan view of a lower FL robot assembly 620, is
intended to show that various components that are commonly found in either the
upper FL robot assembly 610 or the lower FL robot assembly 620. The upper FL
robot assembly 610 or the lower FL robot assembly 620 will generaily 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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t he various FL robot assenmbly 610 or 620 conponents. [00286] The gui ding
mechani sm 631 is adapted to support and precisely guide the FL robot
assenbly 610 or FL robot assenbly 620 conponents as they are rai sed and

| owered on the lift rails to assure that the position and accuracy of the
motion of tH& PRYPHbot assenbly 610 or FL robot assenbl BCEOHNE04087E] |
controlled to allow consistent novenent and transfer of substrates. In one
enbodi ment (not shown), the guiding nmechanism 631 contains a |inear guide
whi ch supports and retains the FL robot assenbly 610 or 620 conponents. A

| i near gui de may be purchased from Danaher Mtion of Wod Dale, Illinois.
I n anot her erft5di feninvegtor HewAesaribedgity €ommely passignad éJ"B‘fg Statest PaleAkd

n_an or t NoganslicSRI NGUE Aol Bnfilks TRIRE AsSSRBRP HERCoR RO Pr 30b4 Aficrpn 2

t-shaped rail "str 18 to position and accurate y contr ol
noti on of thes Ferelbincogssatet lyy Gtorence Fh rtsobmnreafsséubtmole%mott\cnﬁnmuom

[ 00287] In on aspe t.,of the in ent he .FL. robgt assenbly

two or nore gb&ata@%r&?l 3 E’ E‘éﬁ%t"%‘foﬂ‘eefb\je%?cwe %850%9%
synchr oni zed dorabhlp\ssigHba tUrmteQSStbtésmatgﬁpmp@ctaaaﬁ NJ. BS6E03% britigeg t NR6-
This configuration nay be advantageous since it will inprove substrate

t hroughput i rﬁxt%@aGF%Mﬁa@Y couplpd rebptodted e pagust 3t d 9dmreh UnitrdeStates Batgnt
assenbl i es arg, pays n@FJ g, ﬁ@‘b@lsegnﬁt%%eﬁgﬁ& e dﬁ{@c{}lngt%@ﬁ&%opéufﬁ%%“lsade

of the FL robdt” asse AMOVES "1 n uni son an s¥are grouped
case the robdﬂechs:sép‘nlMaQOﬁﬂ)Owhmp aoe harebymcbrporatethioe redp@nte antheirrentieeties. a
synchroni zed notion. In another aspect, the FL robot assenblies (e.g.,

items 610, szzaqmeoneehmﬁd@ﬁéd\tywnetqoﬂhedm et B2 hae tibalbsthaty carlens il ned at
a fixed distance apart, but_each of the FL ropots 625 are able to mve

i ndependent | yB.dfe Féaeh%fi%wm(g@nsra ly ¢80kin A ALBEMHR MAtY 6 1P PREVARGAIDD AT 8A-
pl ane). [ OOZ@Ié&o%hﬁhst whiBa SR i G2ALB! hied sd06krdts cHFrieL—é aWAI 0

control and synchr ze the novenent of each of the two or nore r obot
assenbl i es sd.t Hatgersw sy aaysmeah obdhe rvanetﬂsaraued af rthgrdusqbsaxcsrmm G)‘rS ther e.

For exanple, if the c g L t 1 rob a
Cont ot aat v Wrmsy GnE 1 BR6, 8F BB el o orposlit lecTBR WlBkend O sl e |
be conpl et ed dapsustencartid® 6PRSB &ilrotgtedtinahe eyaphey rotdBo VD RRBHHHBO Idthte the
PCT/ US2005/ 046877 610 and the | ower robot assen{)’gFGZO t o substanti al |

si mul t aneous|SyOBIRR Gapriers @i friaiea depisr POBIUba Erahpes ismeyrtedon Y'@Dl
and CD2 (Fi gu8pdA)ad1 P BE thd'&lpport assembly 624 which supports and retains the robot

assembly 625.

[oo285) Referring to Figures 15C-D, the support assembly 624 generally contains the
support 613, and the motor assembly 617A, which is in communication with the front
rail 614, and the motor assembly 617B, which is in communication with the back rail
612, which are both attached to the support 613. The motor assembly 617A and
motor assembly 617B generally contain an actuator 630 and a guiding mechanism
631. In one embodiment, the actuator 630 is a direct drive linear brushless
servomotor, which through communication with the base component 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 rait 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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substantially sinmultaneously drop off the substrates into desired bake
chanbers 90 (e.g., Bl and B5 (Figure 4B)). This configuration may be
advant ageous since it can allow grouped noves to inprove throughput, but
al so al I ow P&Y2084MB4 opot to nove independently if need'é‘éiwﬁ’}"@g” tte sonme
other desired task. B. Articul ated Robot [00289] Figure 16A is an isonetric
vi ew of one enbodi nent of the central robot 107 containing an articul ated
robot assenbly 702 (hereafter AR assenbly 702). The AR assenbly 702 is
adapted to transfer substrates to_and fromthe various process chanbers
cont ai ned i n Aatetech.olic. ehbittsbuigbs Epngsyivania. s othpeembpgimerdmtthalachiaderedil ng

rack 152, thenaPROULAEPYIAL, B ARES TR BRI RaPRg B 8 1058k BHATGRSI N0

rack 202. The 'second central proce €ENn renove

Fi gure 16A t dhe haghls Eihtotmhdssdrably o) Otdn €20 eoppoestts. contai ned in this
enbodi ment. The AR assenbly 702 generally contains articul ated robot 710
and a dual bliewdes)aseeyuidiyg mddhaniShecdr ki adabmidetd supboit ahtiQpresiselgeidd thy RL

6-axis articul ated ro%?t whi cr‘]__kg%g be %ngéed from M tsubi shi Electric
Cor por at i on, "BPOURIEFEIONIEHA0F ShRPSHRVYBLFLLOMRITENS AxdNeYor eViRIESR M |
and Staubli GoreedYn RENERAIs Rasdute MR tﬁé"’ﬁ@ﬁti@ﬁ%}ad aféggra&;%?’fﬁ%unﬁ%h %Pg%t ed

robot is a nodel nunmber TX90 purchased from Staubli p. ncan,

The arti cul atfdd retshcasserin£9 Oaok dbototivhassernRlx 8AQ arenweh agtintralled itatallovace
7138, which ¢

assomdly (o. Gonegtiny MR s cokleder Gl Bl 8C oty SRBEMF LG S B

robot, respaleé igurling meshgeiser 631 chinain6-alnenr yuide whitheslppeletandsretains the
advant ageous since the reach of the articulated robot is far superior from

convent i onal fo9BPEagrRgkhp G1P0r G2 GamIAeElE: sA ARBMINIER 1Y P RREHESRRYPHH,
the reach of madhbPh@tigh bk WORE BSe! MPRES lﬁ%otH@?%‘ﬁwmhbb{t, éegtﬁ%dgam%' FRjuRGe

the notion of the end-effector, which retains an transfers
subst r at e(s) ,15GDnothdelniEd® tace mitacbed oh ameorthulgonabaesfiguratiomibctie aidtaws

the robots tq nore.eff ivyely aypid each her ile.tra erring,.

SUbst rates,  STATBIES 167 Pe Tang B o2 b ohiT el T Bl OB ok kB Ruan g
conventi onal acetetdy cohe®Zahd eotidualt thd Adeolasabmply/§10 geRErabdtyaseembii ns
a support 720, and two or nore blade assenblies 715 (e.g., first bl ade
assenbl y 715ﬁ?oém§§E@ﬁ8“%lade 94 WD 2006/ 069341 PCT/ US2005/ 046877 assenbly
7158, etc.). The support 720 attaches to and is guided by the artjcul ated
robot 710 so [003871!m OB ARPechohthg inventipmihe Bk ol gssembly £ sompingdwienor

second more FL robot assemblies (e.g., items 610, 620) which are synchronized to aliow
substrates to be grouped and transferred together. This configuration may be
advantageous since it will improve substrate throughput in the ciuster tool. In one
aspect, the two or more FL robot assemblies are physically coupled together so that
the motion of each blade of the FL robot assemblies moves in unison and thus are
grouped. In this case the robot assemblies 610 may be a fixed distance apart and
move in a synchronized motion. In another aspect, the FL robot assemblies (e.g.,
items 610, 620) are mechanically coupled together so that they maintained at a fixed
distance apart, but each of the FL robots 625 are able to move independently of

each other (e.g., move independently in the horizontal plane).

[oo288}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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bl ade assenbly 715B can each pick-up and/or place a substrate in a two
different processing chanbers retained in a processing rack. The pitch (see
item"A"), or the distance, between the robot blades is fixed by the

di stance beREWARHBf i rst  supporting surface 720A and BEUBREOMUMIDrti ng
surface 7208, and is designed to coincide with the pitch between two of the
processi ng chanbers retained in the processing racks. Therefore, the

di stance between the transfer position of the bake chanbers |abeled Bl and
B4, for exanple, in the first central processing rack 152, would coincide
with the pitdidhendedr lowercohot sseublyof2d t@rmtgﬁsmmlmmemar@ysiyanidk@[m in

the front en fter | j ] at
Slep 520 t o WBEERES AW LG EdaB endflad ARl dl RO bt B g in.
Bﬁ and E4 tA Csubsmpliaﬂyesihflﬁtaﬁgél?slﬁéﬁﬁ bfaktﬁe §¢él;ﬂlra5és?intcﬁﬂ‘e§iﬁ'éd bgkd Ohfhﬁeﬂs@ﬁlGﬁ,
the pitch "A" is_genera efined_as the di stance, or spacing, between the
bl ades 711A. H6ith BT ARG HeFIGHTP AB)). R B SODRGUIARIL M2kike AEINAGERYS SHIcedbean

712A-B. In o ' t | ' WRAG) allg gt en
Zbour 100 ad Apanes IseD B/ kol Bl afolalovE(dh B RtoRRE

about 700nm iv#gpesdenty dugeded tadeomplsteesame othes desiréd lagkt rat ed i n
conjunction with the articul ated robot assenbly 702, other configurations
may utilize thedigalatetiRbbatssenbly 705 on other types of robots without
varying fromthe basic scope of the invention. (00291) In one aspect, the
substrat e r eqeo2ed)iigsertitdcmsary kdfdiriaviewantagrieedmbodinedraioh the centipa trolbdte107

iti d t bl ade (nqt, sh b i ppi i
Phat holds. ¢ FEMGAHEE AdaricatsadpEruas oo eDs GBBem e 48 2o aebRdgey. £oo ABl ng
mechani sm carhdagmfapb2ds tfiapiedPtd RansIdaguBErdtEae 16 Uef frafnetal vaRHUsi PloBess
points (e.g., 3 points) to hold and retain the substrate. (00292|] ef erring

to Fi gure 16&hambesheortaingdiimihe froebent progaesiag sagtobss the dirgteceptral processing

bl ad nbl d I '

or or o ohorie 182 B SERARCMAN BAZSOHE ol A8Ran AR Rl ALY pRRBLANG S ®

lr3 obot i bl aslesQéJ‘E_lIr Hessseontierbtrillgrodeskirg Bk 1Hhdas dzenh rbimaded &otruigores1 62 may
e a direct dri

Chat 15 abl e NOGBhBH clarRe o PRI o1 Pie SFORBI BT add PP AT
Gener all . iseinbs o2 Generl horials YRodARe! RBSRI10RGH SHADBIRUREL b

bl ades will not affecte e actuation, or translation, of one robot
bl ade rel at iA98. t Bhaapdichiated st 70048 @eneialiy @ §-axisarpedatedrrebot whichcias be

actuated bl a%r&{a%@ﬁlﬂ%tn‘?Mitsubishi Electric Corporation, of Tokyo, Japan, Kawasaki Robotics
(USA), Inc. of Wixom, M, and Staubli Corp. of Duncan, SC. In one embodiment, the
8-axis articulated robot is a model number TX90 purchased from Staubli Corp. of
Duncan, SC. The articulated robot 710 has a robot base 713A and a mechanical
interfface 713B, which connect the robot to the cluster tool and the end-effector
assembly (e.g., dual blade assembly 705, blade assembly 706, etc.) to the robot,
respectively. In general, the 6-axis articulated robot is advantageous since the
reach of the articulated robot is far superior from conventicnal robots 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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in a plane that is parallel to the other robot blade. [00293] Figure 16C

Il lustrates one enbodi nent of the dual blade assenbly 705 which contains
one pair of blade assenblies 715A and 715C nounted on the support bracket
722A positi S8 *Hhe first supporting surface 720A andP(angg'eQ?ﬁ’d“ﬂbi r of

bl ade assenblies 715B and 715D nounted on the support bracket 722B
positioned on the second supporting surface 7206. Figure 16C further
illustrates a configuration where robot blade 711B is shown in an actuated
position while the other blades (e.g., 715A and 715C-D) are shown in their
retracted pogisse®hly 1vbbtoedc.).adpestppert YR altaghedioaand issgeded py man@ataked

798 (e R a0 i oRks in ST RER adbelrel 7SR Bl DRy 3385
control | er (m¥desassmmblard5Btaar eddt picklupdandiot platera gdistiate th a tWaldiédkent | n

one aspect, as shown |n Figure 16 each robot plade 711 in eac
e o PorrrSa g dnAmbeds relgiid in & IAcRRSTE Pski dH6 mhHSre Temnerhat 1 1 y

hori zont al |y «fdiagiee hélW@En eReh R &fladeld i/ ehbl CBY lthle SHGREe aRARben (1AET M5t
termed "over/under” configuration), so that a substrate can be retai ned on

each bl ade atsuppertisgrasriacend 20%hendseeonshenapaninglsurtase 7B agndis desigmed to
advant ageous ¢l a1, YRS o ACE Gl HRDOY WS AR SLRRONG A SUBSIIALE ] G 2

processi ng ck3 prior-t'o placing t e processed |
the same pr qm:msmg rablesTbEheremréhnmtduhammgeMehaaueralnts&rl@@smon fob $het bama to

nove t he tr r chanber. | n another aspect, this
coni gurat | o MAEPErAPBIEck b GRE IPborampieuR e rsh M iy SerBsariaC Has
transfer the mﬁi&%&blﬁ&@é with fHeOBiRh b&wedndgs 'cb@fér/d@@é]&b&nchd?nﬁé}@ 1A9éd O

exanple, in Figure 16C four substrates could be transferred on the four
bl ades. Thi s apdriiDYinr theifeont gnd processingirack hdrsaaltrahaiterpemmeting el BARC coat

b the- subst Paee e Byt B Bt RELTUPRT  balt ERBpBGabolgl eff 8 "

up the subst P one rom eac
enbodi nent s, B4htbemmp1et§uhe pSL‘BB,kEd: bekadsep ml)mnﬂedarnng enFiyued 16BetheypitporAt ng
surfaces (e '

720A 0B J 168 b d | f the,
"pairs" ?%Sﬁﬂerﬁflhg’gg F%?fgétgﬂ%i % @Q?rPé?\t??%[#&}f‘gP CeS?ﬁ}ﬂﬁ %I"éa
substrat eS | MothQUEiPectidh t%@@@l@’s@@@&eﬁ@l&ﬁ?&%/ PAoSE 7 ln[&ﬁb?%ﬂboﬁingéme

16E illustrates a cross-sectional view of an over/under type dual bl ade
assenbly 705 theheiteh ésesi itgyh A ixde distaresbatyeen atmut J88rmexartdboutt R0ouess a

substrate Vool 6ly BERREEA UbP358 HUnd boSa"786im]. oiFl e lual biade

assembly 705 is iilustrated in conjunction with the articulated robot assembly 702,
other configurations may utilize the dual blade assembly 705 on other types of

robots without varying from the basic scope of the invention.

[00291]In one aspect, the substrate receiving surfaces 712A-B are adapted to retain
a substrate positioned on the blade (not shown) by use of an edge gripping
mechanism that holds the substrate in position on the robot blade. The edge
gripping mechanism can be adapted to grab the edge of the substrate at multiple
points (e.g., 3 points) to hold and retain the substrate.

[00292] Referring to Figure 16B, in one embodiment, each blade assembly 715 (e.g.,
first biade 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 controi

the motion and position of the robot blade 711. Generally, the pitch between the
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the cassette 106. This configuration wll allow grouped transfer of the
substrates through the system and then single drop-off and/or pick-up of
substrates in stations that can only accept one substrate at a tine (e.qg.,

cassette 10G. nhGRPEL/ scanner 5, etc.). [00295] In one ‘acs‘p@ﬁm% sshe
I nvention, to performa single substrate transfer task wusing a robot t hat

contains two or nore fixed robot blades, i.e., contains no robot bl ade
actuators 721, the robot is adapted to "re-position," e.g., flip, rotate,
and/ or detach, at |east one of the robot blades so that the "re-positioned"

o o) o1 oy 51 HEE Mot 0 BERRROR.of FARSHEAT. Ao AR gl "

(e.g., supporrklati@rbenstheffabopBladedsipted it prafened igatahé abniatdy aldeemdslate
reposition it in a desired orientation to allow substrates to be

transferred URARRANA Wat isrrasaliel tp HgedhermebBobladety to re- position one or
nore of the robot blades may be especially useful when one or

processi ng dMRABEIRIre 68 '@'#Si[?é%o't‘? aﬂ@Pémrﬁ@f%d@w&acﬂ%aﬁ%ﬁm@bépémmﬁm
and thus w | 'cr?HPean .%Heoﬁf%ﬁoplb?efb% B&e‘ﬁ%lﬁ"sn{ﬁ% RhgC %Womg eS'sU%?orlt
adj acen e ut|

will allow ot processing c p05| lons to | z€
[ 00296] Fi gurtrzsckb@l?ZﬁAcbobﬁi(énade)d tenfgst supparvg soffacng2@ktandi arsacoraf paihef

front end 10 r. t ear , t 10 ont i ni n sin ade. .t

o1 cutated TR 2Sseotiies ) SB8Td FRD s 7ot Shierfiorashil 722 BREHo S 5
(hereafter Shyr ahet se&ﬁ@emhﬁomg) shﬂa@éjaPZ(@ tCanlrr@nsnfsw faHRet rimisatds and
fromthe various process anbers contained in the front end processing

rack 52 and tq@@flwav%m¢yol;%blad@rﬂﬂﬁelSr@mwrpfrb@@s%thefiaa@ﬂmzwaﬂﬁj the
t / 08
stepper Sca“fb?ﬁeﬁm%g@soﬁé;ﬁé?giﬁe gt assg%ﬁfshé\gg% thed rPettfa]cfHHpm . OMO8net

or the rear robot eral contal ns a
articul at ed rasbett Bfl(bhardi:aa Uiﬂcmjasa@nbhbeQS 7ésch Thbot blatiecﬁl‘at (ed).r abOA-D)10

is generally a 6- s ar. |cuI at whi ch urch from

Mt oonrent | LiRelained gt depaeciver Sile (RESAAR"7RE PO SR DI L SR g
Inc., of W Xxagnde nde Aind aStuatdd by GeEf thE d?dt%@ﬁ%onﬁ&ler9(hov\@waﬂﬂﬁéﬂﬁQtﬁ%bot
PCT/ 0s2005/ 0468 [ 00297 Referrl ng to Figure 16G the bl ade assenbly 706

general |l y cor’nl%ﬁmctaaghﬁ rte.g.77818MY). alnbergiaseedensd|spownsin kigyre 164+ sach

gui ded byt nabadiiale ZHZ3F el br DI B ko YRRGEAIY TOHAAACR T bliodtor ©

assenbly 715 thatns mubktanpalamdrmonmllwaﬁgmcs ot eadheother and vertically spaced apart
{(often termed “over/under’ configuration), so that a substrate can be retained on
each blade at the same time. The over/under blade configuration may be
advantageous, for example, where the robot has to remove a substrate from a
processing chamber prior to placing the next substrate to be processed in the same
processing chamber, without having to leave its basic position to move the
“removed"” substrate to another chamber. In another aspect, this configuration may
allow the robot to fill up all of the blades and then transfer the substrates in groups to
a desired location in the tool. For example, in Figure 16C four substrates couid be
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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processi ng chanber retained in a processing rack. In one enbodi nent, the
single blade articul ated robot assenbly 703 may contain a pair of bl ade
assenblies 715 (e.g., items 715A and 715C) such as one of the pairs

i1l ustratedylodsssni bed in conjunction with Figure 16 n one
enbodi rrent,“ftﬂe ?r on4t1 end robot 108 or the rear robot 10 g@%‘&ﬁs%ﬁ%sg% bl ade

assenbly 705 as illustrated and descri bed above in conjunction wth Figures
16A-D and 14A-B. This configuration will allow grouped transfer of the
substrates throughout the system and thus increase throughput, CoO and

systemreliabill . 0, Fiqure 16H is.an_jsonetric view, of on '
enboai ment  oftodzeiiaus e ATRS B OSBRI TS An oy B ERR YR Surlbiai e
that is adaptedetrdiyald®WHde ssihgrublade ditarapat sofw@e bekh &gehded tRaGEses
and positioned along the length of a cluster tool by use of a slide

assenbl y 714.substrate $Veihaingdraasestb'y @S serthatuit &?Ecpyer Bisked-ya<E dreppgdsoff in
g rhe ar . rS
connected to ag c%%ﬁée&?éAgbsas‘Pﬁg%}ﬁf}%%Z‘%M wiln &G g&fj%egf AR5 %y 61 4he ‘é’t]?%ts t%$

adapted to nove t asse 0 a desir tron 1n the c
tool by use dhrougbrthersgstenr end then sipgleatrop-ofitarsl/érepick-0p . of Babstsdtesén atetiend| y

714 generally, contai,ns an actuator ass ly 717, a cover.(not shown), and a
base 716, Thangbed SYY e Bt Skt aCRTR (i nefssErine Mprier B
assenbly compfpgnts to the cluster tool. The cover, not shown for clarity,
is used to enclose the actuator assenbly 717 and other slide assenbly

features to QpR¢sM dBRNESFIEDfRAE ihddriion! I Bbrfomiianginglesibstrite ttRinsRS task
processi ng chanbers and prevent danage to these features during maintenance

of the cl ust etsindalrobghahepntgins tws S Marg fixed relagt jades. 4 4. ycordains dionroket

S o 1 008 A 12 TN R TP 28 8P, bere

enbodi nent , own 1n gure I's a“direct

| i near br ushletsch, ¢ leastwinerof thbirchottbladesgbo tattie reapositionsdt bladeés) lval @ot

conmponent 719 e.g., . Secondary _coil _or "rotor" sectio nmount ed .on the

base 716 and iRedpfeith 1S BoceRs g FRowaig 4 SHEE Sk e Trave! BIRRS Al s

assembly 702 @Jnfgratibe & espdichal Ohodith ki SlRMATSEITR)! Ysupbbrt hahbest Whay Vise

| i near brushl ess servomotor that may be purchased 98 WO 2006/ 069341

PCTI US2005/ 048RPpied iofacelgah épbaitladsm apd repestianaitdy 2 desiresh arientatiosy ot alaw

I nc. of Pittshur ' : ‘ b t uat:

may be st eppeér%rsrg or tgﬁb%”%%rl]s‘é@ﬂ%c%ghgfo %aégter é%‘?‘g@ 8? %ﬁhgﬁ b[)"?f hoz%dblc?%t%]oéﬁi on

the robot. The rgoredsfrie robathamdeMay bei sspeviatly edefubwhbe dnese Mé@ prodessingised

to support anc%agn%egse ir;[ rallegrouped transferring sequence is not operational, and thus will not
allow a blade to enter the processing chamber, since ‘it will allow other adjacent

processing chamber positions to be utilized.

[oo296] Figures 16F and 16G are isometric views of one embodiment of the front end
robot 108 or the rear robot 109 containing a single blade type articulated robot
assembly 703. The single articulated robot assembly 703 (hereafter SA robot
assembly 703) is adapted to transfer substrates to and from the various process
chambers contained in the front end processing rack 52 and the pod assembly 105,
or the rear processing rack 202 and stepper/scanner 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 Staubii Corp. of Duncan, SC.
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robot as it is noved along the length of the slide assenbly 714. The gui de
mechani sm 723 may be a linear ball bearing slides or a conventional |inear
guide, which are well known in the art. [00300) Wile Figure 16H

illustrates | > robot nounted to the slide assenbly i her
enbodi nent s“?)v\%bég)(f%ﬁére robots may be affixed to the san%céﬂsﬁ&%mg%g;senbl y.

This configuration can reduce cost by reducing the nunber of redundant
parts and inprove the precise notion of each of the robots relative each
other. Also, while Figure 16H illustrates a dual blade articul ated robot

mounted to the Lde .assepbl - e of .r t or nunber.of blades is
not int ended??')&g‘}ﬁgeﬁfrﬂw ?‘?18%8¥e Y%ﬁethggg%iélg seftly ?Hgé’ﬁf‘?ﬁﬂy CPRBEB A SR e

161 illustrat7ag ehdca %ﬁjesmeinm@b'wiééxg.,qfrsmed@ra‘@@ahmm1smt), 8esiBel ablbayi ng
two fixed blades that are positioned to pick-up two substrates positioned in

the two separldesuppptti’d8) atiacheaitkand fsogrided byie agicylated rabot il so that robot
configuratio e t] I o} ' e ick-up .
drop- of f subs%tlatrdaét Zévﬁ}&s‘% ﬁl%%%g@?%ﬂb{yhgpé fgﬂ@g@@h ggcﬁ@lr 'EH é%%#g Tg%ﬁ/a% n§
al | ow gr oupegrengssingatranbeansfainad imga pravessisg rack.bén pee fanimatimant, thee stk t

and/ or the en f t.he supstrate tran rring sequence. .ln one aspect,_ the
chsset tes andadh e poaTRC Cipl preen Bl ChRRL TR & G o' ac? Spibies 118a; a
robot can acgegs iehes FYHAtARYE PRSC)Nsiidhnad ahe RAThé ipaNs illustRdsd afadettiited in' N
one aspect, when at | east one cassette (e.g., item 106A) is not required

various regicoRneonywith Figake 1681A 7318, etc.) may fornmed above and/ or
bel ow one of the other cassettes to allow a robot that has a fixed bl ades
to access a f90re8]incare emhoditnent, the fromtsand ioket 18® oo the reatgobptt HLarecadohg a

11isi i i . | : 00l val. _
col 15100 v g 38500, 18 alFlad PSRk 2 ELIT Lo R FBIE
bl ade 711A tdéacbess wA8si Thisrcanfiglifatoh avikalloassetped fr@68enbt the sulldtrawsng

the lower blade 711 B to enter the region 731 w thaout collidin i.th the
a1 0051 & WEnpeoueat ettt And s Mo thciohpiiy St pa SkitEmY el o boy

bl ades 711A-B are fixed to the support surfaces 720A-B of the support 720,
and thus do M9RUTIQUre d6H is g9 isemelno giensolone enbpdigyantof 84seveableddeuiBledde

act uat or 721’ro%tng{?fh%%g%éﬁﬂlgs?dﬁgisﬂSwﬁfﬁ%f st e d fd SRR & RRd HE&d

wi t hout varying fr asi C scope of e I nvention. e Robot .

1003021Fi gur dasd 7A3® bkl testsiaded andpositisnedrblodp tieaiength oha shuster|teolrybuege ¢f10
that can a slide assembly 714. In this configuration the articulated robot base 713 is
connected to an actuator assembly 717 of the slide assembly 714, which is adapted
to move the AR assembly 702 to a desired position in the cluster tool by use of
commands from the system controller 101. The slide assembly 714 generally
contains an actuator assembly 717, a cover {not shown), and a base 716. The base
716 supports and mounts the AR assembly 702 and slide assembly components to
the cluster tool. The cover, not shown for clarity, is used to enclose the actuator
assembly 717 and other slide assembly features to prevent generated particles from
making their way to the processing chambers and prevent damage to these features
during 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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be adapted to transfer substrates between adjacent chanbers in the various
processi ng racks. The design here may be advantageous for use when
transferringﬂ substrat es between a bake process chanberd&ﬁqgﬁ bake chanber
90, HVDS pPOARRELYHEnher 70, PEB chamber 130, etc.) and@/ERMSMSRamber 80
whi ch are used in subsequent processing steps, for exanple, between the
post BARC bake step 512 and the post BARC chill step 514 and the post
photoresi st coat bake step 522 and the post photoresist chill step 524. The

shuttle robot 110 _is thus used to reduce the work | oad on the varj ous
syst em r obot o3 yPanaRer Madiop, shiWesd Palgotlilinglg, or (Arroteshy rlas- ©bpBittsbergh, and

the rear roDGbertRGhahiSnablRHcAhddifeS HRMKBRRE 7 1o0nfl9 b LBRet Ais: WP | ©

the other processing steps are co I gure
17A is an isokeer ﬁscpa/uoévaccbrﬂatonéh@tonamgba atsedntd rpqamoohtrteheotscﬂut t'lffw Quiting

chanber 5. - sUBRHEBRT Ao R ke T At 0 aBC 4R N oS s PORR ARG e ther <

configurati orrob@taxastnhU§ rR6vats @fbrige thie eghgtit @t lﬁéa@ﬂdeeas@erbaﬂye‘fmaﬂbl@é diilde
chill chanber and _bake chanmber B2 in the first central \Broces& ng rack

152 shown in WW"A@QC"[’D@B@&]E‘ tnearrkallibasring slides 96 fegenvenipray Geapguide,
configurati oqug,&\é@ &8I k&GS Mkl robot 110 is used to transfer substrates

bet ween two adj acent processing chanbers, such as between a bake chanber 90
and a ch|II t

exanpl e, E% chan% gﬁé 29&9@&5&%\%%%%@@)’ J(;gﬁ %’?ﬁggéqﬂeb‘ﬁﬁ en{ (H'Eand
pr ocessi ng raZ:1|4 w2 o@imvembmlﬁegw BvalAr nmr@EBbbtskmagttwrbﬁume@EEB]&he esmhe:lslldd
chanmber C3 contain n the.rear proce un in Fi

2 FNDS pr oceABSEmBibel P O Bl PATL bG8 PoB Ok BALAIGade M of Feindahty '
processi Ng r gdftsBhdSAPEVd telprédlse mblion lbpeaesbf th Gub&s tiative eddh dHBREAISbC
view of the backside of the adjacent processing chanbers shown in Figures

17A or 17B wivitle Figuret1Shidlstrates hdwuah bladsoanisblated gebath@moyntedt Yoethepslide
110. The shut
2006/ oagszluéﬁﬁf?@%ﬁs“ éﬁ%@% Q*%‘y%ﬁ‘&{“’é i bga‘{egg%bﬁg'lt”gé}%géyéﬁﬁ%%ﬁ%"f

shutt| e robotthastop ofrthassemtidy. 120 general I y contains a robot bl ade
actuator 112, a slide assenbly 113 and a robot drive assenbly 119. The

robot bl ade Jddsogéigural 16} ihosttatdsha @ossibedtioabEvieet of ohmgmlm@aeﬁtldmaamdoa

nounting region 111 B, The n lon 1118 is an area of the ro

bl ade 131 ¢ ndvirg (et b afpadiat ate Resoes (G pickium Mo SR ten BOSHPAR
the two separate vertically stacked pod assemblies 105. In this configuration the
multiple bladed robot is adapted to pick-up and/or drop-off substrates positioned in
the two cassettes (item #s 106A-B) to allow grouped substrate transferring process
to be performed at the start and/or the end of the substrate transferring sequence.
In one aspect, the cassettes and thus pod assemblies are spaced a distance “A”
apart so that a robot can access the substrates in similar positions in each cassette.
In one aspect, when at least one cassette (e.g., item 106A) is not required various
regions (e.g., items 731A, 731B, etc.) may formed above and/or below one of the
other cassettes to aliow 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 16! 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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actuator 112 (see nount 112A). The substrate retaining area 111A may be
adapted to act as a conventional vacuum chuck, which is attached to a
vacuum generating source (not shown), to hold a substrate during the
substrate t WAh¥PEPIHAg process. The robot bl ade act uat oPCTHUS20$5H4687Tevi ce
that is used to raise and | ower the robot blade 111 so that the substrate
can be transferred fromone processing chanber to another. In one

enbodi ment, the robot blade actuator 112 is an air cylinder. In one

enbodi ment, a |inear actuator (e.g., linear brushless servo notor (not
shown)) is mobeot lelddeetcv\m YIt‘e otbéxoembbdidtenmhmwrrotidizbladei achmatorelman te ade
111, so that th(ﬁ gt blae an be ext ded apd/or retracted (e.qg.,

into or out dJfsePdthay “trB % '%?%Optan@( ﬁfﬁytef‘ P transfer process Wi th

the Iift pins,Qq substrate retaining features in the processing
chanber . [003%6((}'?‘1'1"&'8%"%0d| ment, the slide assenbly 113 is a Iinear bal |
bearing slide that.  qguides the shuttle r obot 0 as it transfers

substrates bdPRRL! 'Q‘h'@s V&P e ilstraieoarioys r%)“tl‘ﬁi}!ﬁﬁ@'tssm arplauttle jrerot 1s’§)etﬁﬂl §ANL13

generally co [ t 1 aAdserachu S
attached. Th(raH %dgrér}g%fs Wltgér%;%rdgﬁ%sq%ﬁ%@ﬁ%\%meaﬁn%? Ii eQJllSAr?o'ht ﬁ{eobeﬁt 117

of the robot mie¢assirgsmekbl Yhe tesigo here ovayt hreaduimagaiisver use wbebtiansfegring

T e erboa HoR 4T e R, o AN IR e, EVRERE S, R
a belt and ptﬂrb@esstmmnbyﬁY@ﬁPEBlcﬂﬁmtieruﬁﬂﬂ gy antdhe chmba’ﬁarﬁtbérngofvhﬁcH argt h
of the slide assenbly 113. In this configuration the robot drive assenbly

210 w 11 gendiSai ) SUSBATURT RIABPSSINtHBIRRS | B exampia. dipiwaar Aoespost BARC Bake and
115
a ot or Lhe 5&?%\@6}% Bldst BREE! LA sRAL COMA Mo bOR HRRIbLINoER HaRE siapot

I n one enbodi ‘ er vonot or an I ntegrate
encoder so t t‘EﬂQ amtéttsa,/pmﬁmfmreslel thill stepl524n Thleeii‘plttter mﬂot dfl Oaadhmﬂoused)to t he

position of th ttIerob | n_anot her r t,drive
Posenbly 110, o0 el wSuiaRDtn ik varidls SRt bl 456 Fophsdinst ARgsaRt 06!
PCT1US2005104R8 ¢éntralepbarc egl7, driditha réar eebt tr9, ieusd ane@ahg blﬁél% tefsSrobetsvierday or

that may be purchased from Danaher Mtion of Wod Dale, IIlinois.
I nt egrat ed BaRBPCASKS WeiliRstheRIgemsIRIeRs atscqamplgtad on the sstraleBodi ment
of an integrated bake/chill chanber 800 that may be used in conjunction

with the var ilersasi&idodilfénis angsometsic yiays pkene configuration in which the shuttle robot
110 is used to transfer substrates between three adjacent processing chambers,

such as between two bake chambers 90 and a chill chamber 80. This configuration
may thus be used between, for example, a bake chamber B1, chill chamber C1 and

bake chamber B2 in the first centrai processing rack 152 shown in Figure 4B.

[00304] Figure 178 is an isometric view of one configuration in which the shuttle robot
110 is used to transfer substrates between two adjacent processing chambers, such
as between a bake chamber 90 and a chill chamber 80. This configuration 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.

[oo305] 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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tool. In general the integrated bake/chill chanber 800 has three nmgjor
processing regions: an input region 830, a chill region 810 and a bake
region 820, which are adapted to performa process sequence where vari ous
bake met hodWex28¥d6¢dl g post BARC bake step 512, PEB SRENBAG/04GIT. )
and/or chilled nethod steps (e.g., post BARC chill step 514, post PEB chill
step 542, etc.) are perforned. The integrated bake/chill chanber 800 may
contain two or nore access ports 802 (two shown in Figure 18A) in the

encl osure 804, which are adapted to allow an external robot (e.g., front
end robot 10&ndtchehdtiatrotadt acdbator agsemidy d20( rvbtshsttlevm)a):t actuatot @ssemblyet Anput

region 830 and/or ,the chill reqi 10 .t o or dro ff, ,gubs rat

The encl osur@e%’?%@ﬁ’@faén? a 'E?gﬁk %r ‘Hu?tﬁBL] sf"a‘?'id&na E‘rbg%d‘é AY. §°t
chill chanbekiverebaabliyel f4Bnhandbet blake 1ah Falf6drRainE & Silsktratd F@hmafge
adapted to isolate the various regions of the integrated bake/chill chanber

800. [00309) Riedhd1A @ISR maHntingHedieApk B edhemasdinggedivad! 118 seabara of
substrate frem @%t%@é R3h th QPR uself® AR 1HeCRIBP bBRfS | 1 eSRRS ?cLbl asbt’a[bl :

encl osed region t contai ns a substrate exchangi ng device, suc

pi ns 836 or sotmtomtﬁér(seemmduaﬂ 118Ay.i The substtate setanimg akat 10l 1A rlnayvbaradaptwr nal
robot to piclt< ugto rf { g ubstr&ite in E] tnte ted bake/ chi | |
chanber 800. '&# ?%Bu‘%O veplionalgaguyra djugly wWhich;iy &t 88“ °§|‘1‘38W'§ ey
transfer ar msgageniby sBewn}, QoMdik aUsuthated o @tie sSubsttdtatiemstdrang phetesh) ft
pi ns 836. (00310) The chill ed transfer arm assenbl y 832 generally contains a

chilled bl adJ hsarstt blage mgtuatopl haids aclaviopi that isuvsatto gnse and lavgs thedpbely of
cut-outs 835 Jb%t A So Bﬁaiq %‘?‘.Gb thhat8lchR Wel tRhsFdtrdd fGmP %r?éj?ro%ég’s ﬁgcﬂér%etut%

retain and drop o f su rom the various substrate exchangl ng
devices in ttaeottmrl truenepemb@@snerg t’reglobatsblatﬂe ahbteatarnti@ges anedr ddikdéc hinldne
chanber 800. one i nent, the, chi

transfer armé é’l‘ﬁi‘f’ §3 ec%rﬂdé??tgr éeﬂeé‘f‘eg&gﬁ‘gﬁgqsﬁgs%?nr%é}géwaﬁoé‘h"r))e's

186) that is mdurkétebsRlechQRBLObGEIAGNatUbId 11 é@‘kjaﬂe rbBSEINEN Y1 5 Ud Maetd34
so that 102 WO 2006/ 069341 PCT/US2 00 5 /0 468 7 7 the tenperature of a

substrate pospkqtdirde bh! cae b %end%b@d/prn@tegwﬂateeg gisuo gpAUbe thmhgetbet)ur e
controlled. kn %épfh%t sul}sfl?aée SRRt gfo%eg{ .ﬁHet Fh pRS h@ngtr{&ﬂ gttbf‘ee
n e ng

837 is nonitore contro by use urecon evice
838 (Fi gure 18Bjniriiahatires imtheqrotesseal chambart h the system control | er 101.
The heat exchanging device 837 nay be a thermal electric device and/or
enbedded heafdoags]in one embodiment, the slide assembly 113 is a linear ball bearing slide that

guides the shuttle robot 110 as it transfers the substrates between the various
processing chambers. The slide assembly 113 generally contains a shuttle 113A on
which the robot blade actuator 112 is attached. The clamp 118 is used to attach the
shuttle 113A to the belt 117 of the robot drive assembly 119 to allow the robot drive
assembly 119 to move the robot blade 111 between the various processing

chambers.

[00307] In one embodiment, as shown in Figure 17C, the robot drive assembly 119 is
a belt and pulley type system which is used move 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 115is 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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el ements so that the tenperature of the substrate can be controlled. In one
aspect, the heat exchangi ng device 837 may contain a plurality of fluid
channel s (not shown that are enbedded in the chilled blade 833, that are
confi gured Y® APYBH*4 tenperature controll ed heat exchafdi¥g45%8d7 to 1 ow
t her et hrough. The bl ade receiving surface 834 may contain nechani cal
features (not shown) to retain a substrate on the receiving surface. In one
aspect, the blade receiving surface 834 nmay contain a plurality of vacuum
ports (not shown) that are connected to a vacuum source (not shown) to
retai n the sueaced withadieest driee linpar barshlessrreseameter siatrimahke pyghasedfremand
the bl ade reggj.vi JFigure 18B illustrates one

enbodi nment o?fatn éggwﬁﬁﬁigf;wogﬁé?aelé’c@ﬁé!sassenbl y 832 that utilizes a chilled
bl ade act uat tes 339 imlar to the shuttle robot actuator assenbly

el

120 descri bed gHETeSRAKEL with Figure 17C, which is used to
control the position

of th..éhilled bl ade .ass ly 832 in an f .the various
processi ng r aPEHEFE (158 'ﬁH?téﬂfaﬁtoé‘ﬁ 94 %‘?’WPFSP@%‘a'H‘ge&’a@Ggpa’l@Z@"b\fﬁ?m Bt e,
for claritygogaranmaytte usé€in REARAEForPvith NRe GARBDS hetmentsSofudgtiidlet he
chilled blade actuator assenbly 839 and shuttle robot actuator assenbly 120
have not bedepicHarggaaral|the integradgsk bakesehil kbagker BEA hasdhesgemaigrhrasessing vy
832, the sys : hs bl it G and
nor | zont ai |y EaRes ot Pul Fegidbebia Sl <6, 5% BB 4 baRe rpbf 828 W wke
processi ng r egapted tof pérffremi at prgresedetpadoesbchinére varfmusbieakeBo@thdthetephi (elgd

bl ade 833 i s positi d by, us f chil bl ade act uat or S I 39, on
which is muﬁBéﬁééH?]E?k%}e@ ghff %@%sc’t?ﬁ lsgﬁ'eeﬁcﬁt at glyheq)gnigg/ﬁ%(ﬁg%p\éc #Hroer
800. Referri pgst BARMWHAS sfcpAsB4, bbst PEE eRlrflefOBUT ORE3 A% PerferimiRl iThe of
encl osure cut-outs 806, which allow the chilled bl ade 833 to transfer a

substrat e betWegntachbakeiehih gbamber 88QiMRY cYRBNVLP! MoEe agcess Berty802 (two
bake/ chil | : ] 0 4
Referring to Rounis Fidite BAT e pRocld ub), BRI R AMRIER] fuo A Elddnal o

conponent s i Irblhustt(eat eftoranehdd exbot 1108 dthencerafad relat el 470 effic.gmok sidwn)) to aocoess
aspect of the chill r.eqgi 810, the epclasure 804B contains ong or nore
encl osure cutMHIPY! 1838 tagaa YR ir}‘?ecr&' i"F9'en 8t1r0aWsP'8E U B Qﬁ%oeﬂﬁlsgy%é@eﬁo

facilitate thpet egedae 804 enekdl§t EGHtEInECANBRHULL BRLIYAT &GS PE BRIFS | DT hill
regions of the integrated bake/chill chanber 800.
chamber enclosure 804B and a bake chamber enclosure 804C, that are adapted to

isolate the various regions of the integrated bake/chill chamber 800.

[00309}In one embodiment, the input region 830 is used to receive a substrate from
an external robot. The input region 830 is generally an enclosed region that
contains a substrate exchanging device, such as lift pins 836 or some other similar
device, that is adapted to allow an external robot to pick up or drop-off a substrate in
the integrated bake/chill chamber 800. The input region 830 is also configured to
allow a chilled transfer arm assembly 832 to pick-up and drop off substrates from the
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/chili chamber 800. In one embodiment, the chilled blade 833 of the
chilled transter arm assembiy 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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[ 00313] The bake region 820 may contain all of the conponents of a bake
chanber 90, HVDS process chanber 70, or a PEB chanber 130 as illustrated
and described in reference to Figures 10B-0. I n one aspect of the bake
regi on 820, WOrR80a#4bsure 804C contai ns one or nore end@EuMesHwiBIdut s 806
to allowthe chilled transfer arm assenbly 832 to transfer a substrate

bet ween the various processing regions of the integrated bake/chill chanber
800. [00314] When the integrated bake/chill chanber 800 is in use, an
external robot delivers the substrate to the lift pins 836 of the input
regi on 830 t Hhetahpemtiue obasubplrate @ERiongdendhé blat detceidmgsaaiacatiddhcanshe
positioned below the lift pins 836, then ves vertical tQ renove the
Bubst rate f rorrPRetser tomdleds o8 dha 1oert Bderveratufb ot the Beah RiiEnatye
recei ving surdeake &%is MbaiterBl!dredcditatied B33udesof BasmperRdre ésntidiitgbddiee
regi on 820 where the chill ed bl ade 833 deposits the substrate and then

exits the balS8(Eigusn 18BDaY it Narorambaikation wiBdRe sxstemecqsdiolier Ml dhe teat
substrate. /’thsﬁ%ngﬁiﬁ'g dg%s a%&‘}ﬁsﬁ %e@ﬁme%sr‘elegg%%%% 5@&%‘%@9@@%@ 34
substrate e , stra

pi cks up the rom-t bake region transfers the su to
a substrate elerobetsgorthatiteitemperattieeofdhe Islbstege ean&iEOcordmded.hdémosaiaspedthe
chill region 810. After a chill ocess has been perfornme t he suybstrate
"< renoved 1 BmnERCeRRning davsh TGRS Frdagi b e peBLd Bhamnelo g shaudl o
the external irgbate drib&tRdasPaké . clidEbiddee 838hithht Rr@C&sTHighas BeeMow a
performed the chilled blade 833 renoves the substrate from the chill region

810 and depodemperai¢resapniialiadehent exehanging fuidstadiew tharpdirougiut Flegyitdade
Thi s confi gurré&éiﬂﬂge”{%a*aascﬁéfﬁ%xQS%ﬁ\ HdMEn AP dtlites {n%g's‘ﬂgyvﬁi'q?'tréga{ﬁgf\;\s

avai lable to conp ocess on a new substrate an

t he external subbivatetan thel ekapingheurfachstinadne dspect, tthe bideergueing surfadeai34 t
deposited the substrate. 104 2006/ 069341, PCC/ 005/ 046877, |.ntegrated
Scanner / St eppedY G\?Qtﬁ'n@”@q‘&‘s‘\f’/&wwm p?’%‘nﬂobﬁrﬂ%‘?"igﬁﬁat BELAENeRieg P @ ‘%? um

iIlustrates aoRld@(n6t SMoVH) tonetiaed simsttatd® hnd A8sidViefthhRNcdilactBiithBer the
cluster tool contains a cluster tool 10A and a stepper/scanner 5A. In this

confi gur at i orfulst#B anddhe bladsaeceivieg sudperBat- 130 descri bed above (Figure
10D)) is integrated into a stepper/scanner 5A and the stepper scanner is
det ached frori9a3m8 Figire 88y ilugitates one ernbediment phtheachited Hassfen agnasseaily

o L1 o g BBRE A usd BSHSNRoP S D ERPSLAR BTG o BB
tool, and thugtutet asdanigy ai2e sdésepped/aboaarnerconfunation with Figure 17C, which is
used to control the position of the chilled blade assembly 832 in any of the various
processing regions of the integrated bake/chill chamber 800. One will note, for
clarity reasons, the item numbers of the common components used in the chilled
blade actuator assembly 839 and shuttle robot actuator assembly 120 have not
been changed. In one aspect of the chilled transfer arm assembly 832, the system
controiler 101 is utilized to position, both vertically and horizontally, the chilled blade
assembly 832 in any of the various processing regions of the integrated bake/chill
chamber 800. The chilled blade 833 is positioned by use of a chilled blade actuator
assembly 8389, on 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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single track system wastes the stepper/scanner's excess throughput capacity.
This enbodi nent allows a single stepper/scanner to service multiple track
systens while also stabilizing the photoresist after performng the

exposure prQees performng the FEB step 540 and the ; i1l step
542 in the stepg%@}%ganner. [ 00316) In one enbodi nent, as ﬁ%z&%%?%sgﬂi gure

19A, the cluster tool 10A may contain the front end nodul e 50, a central
nodul e 150, and a rear nodule 200 as illustrated and described above in
relation to Figures 1 B. In this configuration, the cluster tool 10A is not

Fgare 26) nAesBEReRRBIE L aTaN FhFRCath! It B1BGE 14 Mo AR &l

syst em conpl eximponehtd iltidietedanddicseribed int faterehes te Figup® 1 0A0Anrane sspdlcon a
di fferent nunber of processing chanbers and/ or processing racks w thout
deviating frfchicresian 81QchBeensiosurr BPARSANAIRS ongo1Prer epflpgure cut-outs

configuratio h / ot | -l FEB
Chamber s 5C oy on SNEPRGE CRRRRNinctd it asIBREhrba GG, HE Lheic
above (Fi gur subsite. batweeanu tire rvanibuPaBocesarigeregians chithé iotegraied sbakeathilar e
required is dcﬁ\ endﬁ‘gb on the throughput need of the stepper/scanner 5A and
the processi 5“‘3’ P'n the PEB and chill chanbers. In practice the FEB

chanbers 5C and/ hill cha 56 may .ac an i nput stage, and/or an
out put st age (BT Rk OISR, MEV-Contain Al ot dbE GmeDenfta = PakeEhemBE"
shown) has a gp), #DE Prodess Whaned 70ebta PERIGMEMBEER0 Adil0seatedand dBRbfibed
where the PEB chanber 5C is adapted to both heat and cool the substrate

(described abivvefprenge tp &dgures WOBHEB It pagisspect aidlje bake regien 82@dherangloskes

one arbod: mottAC fhrhdfp R desOR chbiodtl cboul e W fe il Fagiéh ark!
2006/ 069341 REHEMBROSEY Ab8ETeh® stibstrale betednibesiatiots aracesdingatgioad ochbiave) ,

only one PEB chanber is integrated _into the stepper/scanner 5.
[ 00318] Fi gur d"iegiaieqd Pﬁ'éq/?ré{b 883'3 8" 8Mhodi ment of method steps 504 contai ning
ynction wth the

i uster Fool IOEOATIHD 4e BesiebhREL/oB FIartias SR I eguaro SHSAal iabeh s
The cl ust e CanorSiae S0guMao R WPIR PIfBac Br i input Ry D uUF afGeoll) =
phase 2. The poru8tar Theothiligtablade 833nathickels positiasfed: beloyribediisping 836e en
conpl eted b efr%\?esb\%mgalfyrt%n%fn%vreeﬂ\et gut%s'?l%te from the lift pins 836 and positions the
substrate on the blade receiving surface 834. The chilled blade 833 is then moved
to the bake region 820 where the chilled blade 833 deposits the substrate and then
exits the bake region 820 so that a bake process can be performed on the substrate.
After the bake process has been performed the chilled blade 834 picks up the
substrate from the bake region 820, transfers the substrate to a substrate
exchanging device in the chill region 810, and then exits the chill region 810. After a
chill process has been performed, the substrate is removed from the chill region 810
through the access port 802 by use of the external robot. In one aspect, 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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st epper/scanner tool which may include: a renove 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 sist chill step 524, an optical edge b (OEBR)
step 536, awg’hzﬁ&g‘tﬁgéé in pod step 508B. The pod of subs‘tCrTa‘tség":’fOé(‘s%en
renoved fromthe cluster tool 10A and placed on the stepper/scanner 5A so
that the stepper scanner can performits processing steps which may

i nclude: a renobve substrate from pod 508A step, an exposure step 538, a
post exposur e bake WZ and a pl ace
in pod step 3@iggrate ol t 4O t he
stepper/scanner 5A S0 that t he cl uster t ool phase 2 steps can be conpl eted

which may i fRIBIRIEIGuze JI9%4 dlustiates A DA Vieve B! Oa'edéwpg‘ﬁ‘eﬂ‘éﬂ ‘QSO‘“V%me’@st”
devel op chil 'wt?él‘?ﬁ cl@ﬁ@r dc@nt@lr@cﬁclu@te‘?qg%lsf(ﬁ@ and8Bste gﬂeﬁ%éﬁheﬁﬂo‘jﬂnnﬁ@ S,

t he sequence o d steps 5 e rearrange ered, one or
nmore steps rmwnm_lramm&&ﬁB quﬂmbwﬁbf! emﬂignst\et)’ﬂ) described abob (reigurientQiD)his

single step w th e of the inve

Syatem Cont i JUPRAsHROS Sepre STpae AR o SCPPel soantir it fEBrhER ol oy

the cluster tcmsterlteou OAI TS ctarhtfgurﬁém\eﬁas ag mama@e%mnh@lpmedanrsm&bethe
vari ous processing racks, shown in gures 4A-K (e.g., end proceSS|ng

rack 52, thettrpps'tplaaﬁmeatteapaéwenﬁrgsPQ@R maytimas ar%ateréhénﬂathmqm bef i

a linear fas t u

system One éa\?\%ggksyoe thjﬁa?ﬁlg%ﬁéﬁ %ﬂ?gp?gn@% at'ﬁg cﬁtéa%%egpgnéﬁdgﬁfhg t he
t op- most  and single taskepdteposadtesite steppensoacssss rEcasadkramghpbecatiakity.c This

for the robot to reach re es a | robot with greater arm exte S|on
Lo iy CroemradsBe wbwsla Shak etk Brte s vite Mt Toik sRuckS
space. This FallsfbbétgmltlﬁgWﬁﬁbt@tés\(st@ﬂ@bbéﬂﬁﬁmﬁ e eRpddife @ro@ss%yq;ewmtr@t ed
robots are used since their reach limted il?et he di stance froma central

poi nt. The pﬁ%PEE\%@éﬂ%enMﬂepwf&ﬁﬁ;ﬁ%m intthe stappereeannerat the top
and at the end of a linearly arrangg‘jwrack since these chanmbers are the
farthest di $208H3E en®aMbREIMaIHAs rein. Figurg GfattreclusteatodldOdunayeontaia
reach of the C CR3S! '

Come cases miu® RO ePIhi S, A aEooRf fetf ARHACRAT EI@ o0 BS ) fltralc
addi ti onal ctaanbmsentmﬂémwer inbreiatioh to Fapres 38t Hadkis doafipeaton, VWEa:tustefrotoelases

t he cost andf rint of the
R ot :rr]'ntegrated with t?ne stepper/scanner and thus the rear robot 109 (shown in

Figure 2E) has been removed from the rear module 200 to save cost and reduce
system complexity. In other embodiments, the cluster tool 10A may contain a
different number of processing chambers and/or processing racks without deviating

from the basic scope of the invention.

[(00317]in this configuration the stepper/scanner 5A will generally contain one or
more PEB chambers 5C and one or more chill chambers 5B (i.e., item 80 described
above (Figure 10A)). The number of PEB chambers and chill chambers that are
required is dependent on the throughput need of the stepper/scanner 5A and the
processing time in the PEB and chili 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 embediment, 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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(00320] In one enbodi nent, as shown in Figure 20A, an alternative
orientation may be used to allow robot to access the process chambers which
may be considered an oval shape or hemi spherical shape. ure 20Ais a

si de view ofY &84 cl uster tool configuration where af qgﬁ%’“#@i@% able to
access the process chanbers (|l abeled PML-12) that are in a hem spheri cal
shape. In this configuration the top-nbst and bottom nost stations in the
corner stacks can be noved in toward the center of the track, further
reduci ng the di stance the robot needs to nove to service them In this

case, the corhfét agdgerbther wibshiateadlescinedaakavai. randy enp AR EAMbeS dtrgeted o
top and fro%&qﬁggfer@%{/ﬁgéﬁr%ms The result is that a smaller robot with | ess

reach can be use e reduced reach di stances w || Iovver t he robot
handl i ng ti ] u iddu n i o
enbodi nment g}ﬁﬁcgn%]%)ﬁ f]" ﬁ)@ IESt?aqg |A0Aael I%Hbghgﬁ% Bfr ?ﬁée{gé&l] n% C efrcgﬂl?ﬁ‘é%%l

PML- 18) are aaanangepxdoem;eutac@e slem érat pmmbe afsetitie doojupicti¢rh ashndal ted oMigter ool s

configuration take dvant a e of WO area, praovided b

6-axis articul®t ar%ﬁ%’i’e' BRFh a?\ §U?‘P?Ee§ fﬁgure g‘%ck'é‘ gg}botdgne e{i‘he
center of therbéassing eraﬁetdae.raeegﬁnmtoftﬁreetdﬂenrrc@%hst the' @asibr tod BR3ZLh | n
one aspect of t he |nve ion, the configurations illustrated in Figures 20A

and 20B are ﬁbeg@@nedwmrmra)r@@ﬁpaed thesplHeter tedl phpae 2 afhe slvstarde! prase 1
hem spher i cal, n%, ste%ﬁiaéf ﬂg]ke%froéoééén %§§ L ISRATBE e SHYiA e(f"l'ﬂ%fegretdhﬁ) kPOt

to reduce the ance” t Ve t0 service the processing
chanber s and stephar&chheerttoahwhieh may imeludet aeemope eobsmtagromln@ndbét)SA stép, aND

20061069341 PCT1US20051046877 Gan bot Desj gn Conf | fion (00323)
oot 00 o AR G RlPD Thed mos! BREGHPRE 510815 et BPaenRl: 4l s ol
uses multi p'pﬁldi&@%ﬁcéé”{%ttep“s?o C&BbstHRkebiBt é‘ozlﬁfa@eb's%p BE@%%@ét%otoresmt
confi guratl on around th varl ous processi ng racks so that a desired

processi ng sedilestep S2dn abeomrealr edgeebiead rameied (QFBHYistemb36t ard pariage il pod
proceSS|ng cQ t gl I n 5
shown in Fi guér?éﬁ’ g’?é? t ha rBrQVOZ SPU%S{r/%r %gﬁé}t Ler ea ﬁgﬁl t(?i%f |I%S§§Ptoao qﬁﬂ :Qnd
z-direction) masedpanathkeestegpedsdannas S0 saahats thet lsmpper isgeangr ogreirfiogn its
chanbers retained in the pr ned al ong

Qcessin cks ali t he r el

GiTect] on. - ORIOCERAENEEBS WUHCk 11y ybBnacBM B ALRIBHE e PO STPAGHEP. AN ( he
robots int h%)(lﬁ%ﬁrreaétep 5881 #PoZxpBE@RITaKe(PEB) blpeodabst PEBS&TWM@L') mgot he
system can sti continue to process subst r at es usi ng the other two robots.
Anot her advargngg@ PiFcet i rod step 508B. The pod of substrates are then removed from the

steppet/scanner 5A so that the cluster tool phase 2 steps can be completed which

may include: a place in pod 508A step, a develop step 550, a post develop chill step

554 and a place in pod step 508B. In other embodiments, the sequence of the

method steps 504 may be rearranged, altered, one or more steps may be removed,

or two or more steps may be combined into a single step without varying from the

basic scope of the invention.

Qval System Confiquration

[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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configuration is the flexible and nodul ar architecture allows the user to
configure the nunber of processing chanbers, processing racks, and

processing robots required to neet the throughput needs of the user.
[00324) Fi g% an i sometric view that illustratesP@UBM88%Ent of

the cluster tool 10 which contains three robots that are adapted to access
the various process chanbers that are stacked vertically in a first
processi ng rack 460 and a second processing rack 480. A stepper/scanner 5

which is typically attached to the rear region 445 is not shown in Figure
21A. [00325] Uh#@@r/'b%f th gvailahie spacth Hia Peie™ s efrecrlivimeblemsdaivhes thst6 he

cluster tool axi\lsoar?a?ﬁ%di gabg{sgé&reeug%ﬂgmgé g\lari@%a%ﬂﬁéq% o8 B IRNE8EANLE from a

illustrate sone of t vari ous robot and process chanber” configurations
that may be gertalipvirdorljhenmoblem begarhes hiose pravedinned whera thenthmnalzarfis guthet i on

the cluster {ool i1l generally contain front end region 405
central regi E)(?P i’é‘%g%ﬁ\ﬂa eapcg%faq fu?%ad Oq{ralp@gd r?ﬁésPPgmeSeen%'a%lg@ﬁe ﬁ't%fa?thest
general | y codistarite fosre the robstecdragr, agagchhimder 104 iandt af tieactngt the abbbt

410. The one or nore pod assenblies 105, or FOUPs, are generally adapted to
accept one oFaRMMIMPERCESFEGsSOIHE RINGRSSHEY KA BSOS CarASMaYIpst Patdly

W, or vaf gfifed! haﬁhi@&ﬁol{al@n@%&r %%@és%%‘a}ésnaHBiﬁoﬁéluéﬁ:ﬁﬁb%@%n%r idb&s to
central region A?ZS generally contains a tirst central robot 420, a second
central roboacdss these phardbersewhichlingrobers he@oshard footprint of thestonly rack 460
and a second processing rack 480. The first processing rack 460 and a
second procesmazyin ank edB@denentaian shawnaod-igl@820A0 a0aBedada:! drientation may

PCT/ US2005/ 046877 rpcessi chanmbers (e.qg., coater/devel oper chanber, 60,
bake. chanber D8Gedif A5 spbtie AOGES 108 erdcetianaaiPeS ahEhaal BF pERTar AP e
vari ous procegal élﬂgé_to?m%nfiwichﬂshatpbe FgURetaoa! i 5186 &fsw B0ars 60AlNRter tdie
front end robot 410 is adapted to transfer substrates between a cassette

mﬁun]'E ed in acpoiipualisTwhgrel@srobat Rhis able tgragesse themseeassi epmetrimtiabsledn
the Tront ongfaehihal 35 §ibsRtorirRar Oihd REMRS b fon, BRAGhBROL IR

central robobod@@;mastdstativmstihithel coever stdcks rcabhdte dhéOed iretcadag tieel ceémtet obef er
substrates to th ari oys .processin anhers ontained in the first . .
orocesel ng r ek dutheriadusis S5 RlAeabe et pepBt o Rste o ot ob i
the second cegid ahe'cobfdr dadksi sreaftRPAGSH InOa tstafitake paRbhsirbmt &htetrdt top &ihdt he
first processing rack 460 and_t he second processing rack 480.

from center to bottom. The result is that a smaller robot with less reach can be used

and the reduced reach distances will lower the robot handling times.

[00321] Figure 20B illustrates an isometric view of one embodiment of a plurality of
vertically spaced processing chambers (labeled PM1-18) are arranged about a
center point of the robot (labeled R1). This configuration takes advantage of the
spherical work area provided by a 6-axis articulated robot by bringing the “comer”
stacks closer to the center of the track, making them easier for the robot to reach.

[00322]In one aspect of the invention, the configurations illustrated in Figures 20A
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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[00327] Referring to Figure 21B, in one aspect of the invention the first
central robot 420 is adapted to access the processing chanbers in the first
processing rack 460 fromat |east one side, e.g., the first side 471, as
shown. | n aftt HEH0@3lect, the second central robot 430 PSVHFARYM#To access
t he processing chanbers in the first processing rack 460 fromat |east one
side, and the second processing rack 480 fromat |east one side, e.g., the
second side 472 of the first processing rack and the first side 473 of the
second processing rack 480. In one aspect, the third central robot 450 is
adapted to acaaRy me-uéue~: onfiguration s in the second processing rack 480
fromat | east one side, e.g., the second side 474, as shown. In one aspect,
the first S| d@oaarﬂflgﬁres BRAD fisstratecanotsrembasiventd the ishistesdorld Oswiigh 43es of

the first 0 S ng
ack 480 and TP ECBRelsdRe) B oprBGed i el AHotafind B RREAh BEREATRL
al i gned al ongratiods pesdeiseing raa{sa‘scb eHattaodédnedrnvotmntgai;equmcercaammﬂgrmao
(descri bed beI og‘%e of each of E' e various rqbot a (t Sb
central robotN49te esekastgetteribs dparg OPVOEQ?)S'”Q tﬁol"‘ﬁg“"@gﬂ'i‘ r&n ?'B?}dbre@SEﬁ ots
[00328] In ongemebosl el anbgsd %ﬁéwﬁqalﬂgufé@epmﬁﬁl Mové |he@értléé?b(ﬂbre‘h‘ﬂtgr
which is adapted to transfer substrates between the processing chanbers
retai ned i n tdebingdrastthe-dicestionh gnd sekalleh guectipnsdoaasensl th yardals PGCestiny 480

t hat abut the,r | .4 r I 0 41
PCT/ US2005/ 04X ert ffalles ?“ﬁeu‘?‘%gﬁﬁé FRRE (ig 68 Bngrine HovaliPurodin® Grs
enbodi nent ofadvhatafgieraftthw epgsteni nqwflguaallom&omas ifvoesved thbéanbbiacinnhet dentdal r st
processi ng rack, 460% i st andi g on the side closest to the hhlr central
robot 440, ard89PRA2 a éd?fn'éu‘ag IPHWNL 1RE SENGIRI ‘%%%eﬂhcﬁ”gﬁj &OnYYe K

The first pr%@§§ds“%ub§t?é?eéf6ﬁ’slﬁ\g|‘heg%ﬂﬂé’rahhd/ r‘éBsta' ”AﬂB#ve@rad\FB?ﬁzﬁge of this
coat er/ devel oper chanbers 60, ohe or nore ch chanbers 80, one or nore

bake chanber sconfiguratien i thedlesibEEaR mmrascmtzctwﬁ@"@ws the userp contigrse the
130, one or r o]

In one enbog:m %L{ffﬁ&é%%m%"&ea eggr%'%g%%q ﬁé&fs I ‘%g ;5‘?%%%@3 ’ﬁ’gg‘gg%ﬁa %8
contai ns ei gbimenatethroeyrluopeedcbiahbeser.60 (| abel ed CD1-8), eighteen chill
chanbers 80 (| abel ed Cl1-18), eight bake chanmbers 90 (| abel ed B1-8), six PEB
chanbers 130 [odaeairedued 2RBEBS-4) isonstriciBR thhnilbsiiste§ 2n(drabediakn6d) trenclister Si X

HVMDS process . chanmbers 70 (| abel ed P1- 6% _
tool 10 which contains three robots that are adapted to access the various process

chambers that are stacked vertically in a first processing rack 460 and a second
processing rack 480. A stepper/scanner 5 which is typically attached to the rear
region 445 is not shown in Figure 21A.

(00325} Figures 21B-C are plan and side views of the embodiment of the cluster too!
10 shown in Figure 21A. Figures 21A-C are intended to illustrate some of the
various robot and process chamber configurations that may be used in conjunction
with this embodiment. In this configuration the cluster tool 10 will generally 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 assemblias 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 centrai 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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[ COB8301Fi gure 21E illustrates a side view of one enbodi nent of the second
processi ng rack 480 as viewed when facing the second processing rack 480
while standing on the side closest to the third central robot 440, and thus
will coinci d’%oaﬂ“f R6934the views shown in Figures 21A-C. ThEBCTSHRHM§$3cessi ng
rack 480 will generally contain one or nore coater/devel oper chanbers 60,
one or nore chill chanbers 80, one or nore bake chanbers 90, one or nore
CEBR chanbers 62, one or nore PEB chanbers 130, one or nore support
chanbers 65, and/or one or nore HVDS chanbers 70. I n _one enbodi

shown in Fi guP¥®cessing chagbess énd. w@tﬁé@gwﬁlgperr sbamB0 600 ARk ABamBer 90, ohil

coater/devel o I 80
(1 abel ed Ci- Z%H,mt?vve ve %23&% héﬁgée‘ﬂgd %E)?I abe ed\?éé% ff%%ces.%mg' étﬁggﬂw?ﬁbérs
130 (| abel ed fRAERLB)ratenpiooessng sequpwet Hkmfrbmrmcﬁﬁab(olt abélleadalted@) transfer
00331] The or on osition and nber ers shown i
{he F? gur es %‘:’?Dﬁtt id %étﬂ}épn:aréaéﬁlaté%n}oam f‘larﬁcfcfﬂbg C|¥§BP IS}B%BBG&" "?CH@I

i nvention, buproc8éding Bhemeers thé|f||réﬁl?ﬁr6@és%ur¢gh%cK§ﬁ69lb$ £HAdROESssifg faldR

i nvention. [003321Fi gure 21F illustrates the processing steps which each of

the cluster tﬂﬁﬁthaﬁé gsghegfront erd tagian 40b.t he conpl etion of the method steps
501, shown in Figure 3A, using the cluster tool configuration illustrated
in Figures 21m0:zas]w@fnr@épmmlso@@s4205ﬁwps,eosmd cegBal what $8BRNshHibedRiedicemralihe

box | abel ed LSoSSLV /
PCT/ US2095/ 04@?‘?;4 O%Qcaqu%%o E‘J%ﬁs%ﬁgﬂé%%’é X‘%@%ﬁo@%ﬁ@e&:’,g dambers,
is conpleted a:dshtalnedmattmaf firsh prdueis siHQAaoio 460 endi the tdeeohd Ipsdcassingerask #EOr dak

460 that abuts the front end region 405. Referring t{o. Figures 21B, 21D and
31F, the froneneRmaasBBEnt 100 seRd, GeniRsigbot ASDdS adARen TodeReEERuPsTaigs

and pl aces t hgeipdRAthéfiRsy EFbc‘é@ﬁanracl%m &P seeBAT PSR sEAG rhabgged CDL or
CD2 in the first processing rack anot her enbodi nent, the BARC coat

step 510 is Cﬁg%gg@fgrﬁdbr]\% £igaeSs 18 NATER as rP@Q 4@8&%’1 lth'%e\‘ggt' &cttral robot

processing rac cond processi uts the tront
end regi on 40820 Isnaddrited ¢orbockasethe pro@sd@/@iampbarseﬂptisesﬁrSMyoceselnplrecled%n a

o 11 chambery 88 SMALeA B SR Bl SARCETL "k HOSHD L8 A Bher AT b0

substrates begawpa ddntral rmatohqdosé aBapted Qo B estieTHBceddime bhanbeera ies ekt i N

t he broken line |abeled '
processing rack 460 from at least one side, and the second processing rack 480
from at least one side, e.g., the second side 472 of the first processing rack 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 chambers in the second processing
rack 480 from at least one side, e.g., the second side 474, as shown. In one aspect,
the first side 471 of the first processing rack 460, the second side 472 of the first
processing rack 460, the first side 473 of the second processing rack 480 and the
second side 474 of the second processing rack 480 are all aligned along 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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are conpleted using the first central robot 420 and the second central robot
430 and the chanbers contained in the first processing rack 460. |In another
enbodi ment, the second central robot 430 may be used to transfer the
substrates twoapoksem the first processing rack 460 angdiR6ce936
processing rack 480 so that available chanbers in these racks can be used
as required to neet the process sequence requirenents. [00334]1n one

enbodi ment, the process of transferring substrates between the processing
steps 536 through 550, which are enclosed in the box |abeled "C', are

conpl eted usi SNE; nhpd t

conpleted in g& %é&&g@ﬁ@%gﬁp@traﬁﬁtéé%b P’%%tﬁ i F@%%ﬂ?ﬁﬁgﬁﬁcﬁ&%g%
abuts the realracrke{:ﬁ(bas 4isvedRefien fading the fifstgrnoeessinies rankdi 801 Bhile blandisgrorm thigot

450 renoves a. strate fro BR, C r nd,.exchanges . .ustratein
t he stepper/gg%na %@peﬂ%e&r E&F‘g %@gp%g’lﬁs @o‘%ﬂﬁ%bgﬁv Qrev
conpl eti ng t hghowi PPFiGupesP ER-C3Bhé fikst pesdessing AackBE0 Mn@&r@aﬂ)heor&ahh&irfeaére
from st epper/ scanner and places the substrate in one of the PEB chanbers

| abel ed PEB1- G‘(H%rﬂoélq{@@VP'ﬁpef plaamnberst 6t raneesMeEe chkchastess 80nene ¥ gnere
processing ra earbash r

substrates beﬁﬁéﬁﬂ?wgggsp%i%%s?ﬂgmst eps Fﬁgé'{"ﬁrhggﬁgﬁ gﬁéﬁm%tﬁﬁgﬁgﬁékosed
in the box | aldDeehe @ moea eupnmmhamtmﬂs 65 angd/ohens ecomode tMRT ahambbrst 704 31D

and the third robot, 440 nd the /06 341 PCTJUS2005/ 877
chanbers. cont SMRaMRePRRL S5 i, i ity 2B 408 "l roras St 40k, SReh 00N
the second ceaightlcoati@ievédidfeimaarBeisSed! (labeledaDbf 8), klypitsarbshill ahambeds aod
fromthe first processi ng rack 460 and the second roce55| ng@raok 480 so

that avai | abl dabelrdbtr’8).i eighhbake FhambersaPo tf@b@?é'd 48y suPEBLhabaset130he
process seque qﬁg@, S Rbh |

21F, after co@%ﬁee‘flang t gygwgcggsb@gt ep b@%o t#ég??%?tﬁé‘ﬂ‘gyﬁsb’g%?%wﬂ
renoves the sgbambatse7d (atmlechB1ed). t he devel oper chanbers | abel ed CD1 or CD2
and place the substrate in its respective pod assenbly 105. [00337] Fi gure
21G il lustrat gmamF@ubmomrﬁariﬂusmfat% raoteide aseenti yonél entbioatmenty obdhe askexringd
for use as the front end r 410, ,the first central ,robot 420, second
Contrar £ obot PressSeRdack B8 Asaevar When ethaghe hrard PrRessd TaghAaRo e

The robot standing on the side closest to the third central robot 440, and thus will coincide with

the views shown in Figures 21A-C. The second processing rack 480 will generally
contain one or more coater/developer chambers 60, one or more chill chambers 80,
one or more bake chambers 90, one or more OEBR chambers 62, one or more PEB
chambers 130, one or more support chambers 65, and/or one or more HMDS
chambers 70. In one embodiment, as shown in Figure 21E, the second processing
rack 480 contains four coater/developer chambers 60 (labeled CD1-4), twenty four
chill chambers 80 (labeled C1-24), twelve bake chambers 90 (labeled B1-12), six
PEB chambers 130 (labeled PEB1-6) and/or six support 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 1o iliustrate 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 5088 enclosed in the box labeled “A" are serviced by the front
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assenbly 411 generally contains a robot hardware assenbly 485, a horizontal
notion assenbly 490 and two vertical notion assenblies 495. The robot

har dware assenbly 485 generally contains a conventional selectively
conpl i ant arwiocwbeatsesdt robot arm ( SCARA) robot contai ni ngedmes:zbosgdegendent |y
controll able arns/blades. In another enbodi nent, as shown in Figure 21H, a
single blade type robot hardware assenbly 485 is used to transfer
substrates. A dual bl ade robot may be advantageous, for exanple, where the
robot has to renove a substrate froma processing chanber prior to placing

the next substgnt @boh4t1be BRBEe RINEREHREMY th@'ﬁ%hoaﬁ%té’f:X‘MD' @rcb bd bh afed
robot may be purchased from Asyst Technol ogies in Frenont, 38]’I n

one enbodi nentcogtertghamiey £0& mayptediin, theHist prosesEng f@@fb&ﬁozﬂlﬂi al?lﬁ% the frept
central robot 4\%0r yﬁ% C(ﬁbqeﬁﬁgttfjfa Lﬁr@§°§18432q10 %P& I rtﬁl ?%H { Ak r695}0410440

and/or the rear 450 may to transter subs rates In
of two or nor getoves Hmtmsﬁatmﬁromyaslpemaslsembg/nmﬂ aby placed thel s@sﬁammlm@ bhe

substrat es. exa t. C ntal ning nultiple
heenondon | v e FOREF oambets AOR iAMEE bt ol EDY n PR B hrltetSind 1t 480, o
substrates f r@ﬁoﬁd@'éﬁﬁ@ddlﬁ%nﬂfm@r@m@%d&g stdpaphens c@ﬁﬂ)letbbﬁﬁl d taqsf @ﬁarﬁBé’r
deposit the substrates in a {;'I urality of subsequent processing chanbers. In

one aspect, tHROA®HBEAteddn gl ﬁbﬁrwsss;mkathw@rordh@ﬁe@wd BiOGAF$1AG k48P that

using an arm ; d S or
ot on, 112 WDl oG, EhbeRaBhanTE s F EnaRARRE Po Rl s Py
end robot 410,conipdeted nsta cka'lhtchambeolﬂﬁtmdmﬁledtmehe@eoonld pcmussab rack @#B80486t,

the third centra and/ the rear robot 450 nay have a pair of
bl ade assenbl %Y 37%'82 rogh gn 8 ?rgélf-’n ed on a support 720 (shown in Figures

16A-B) that is attached to i f a SCARA raqbot | ndepe

cont rol 1 abl o SPAIET dies SMERIRBTndre duBEERs. of HENStmERS SEslaiReatvsen the
separately pi qﬁetha@,sté s ﬁfroa@d 5960wr1rafnfar€1&ﬁcld%le@ if RS toreker S lind RibeR¥aM] €,
a two armrobot is apted to PIC -up a substrate using a first arm_ or

bl ade, from a&#¢ p@mp@h@dmsng Aritirst ﬁ%’ﬁifﬁjrﬁvféott“@()s%‘@dﬁé sseore ssniy rebeirfsdrand

i ck- b d h
Pl 1P, 2. SRS EmHal SoaP TR ATy Bios b S " ohOBY: BB,
the hori zont altherseccom essmirtdbot 430 nggnise abégto tamifed the substraeisasand frbadthea

robot actuator,. 489, a robot s ort nterface 487, a ear. sli e 488 d
Cob e oui o adedipbgBss Taett 4B g 1 SatSibarackys Re feak Hd0 So'het avaiaBle

chambers in these racks can be used as required to meet the process sequence

requirements.

[00334]In one embodiment, the process of transferring substrates between the
processing steps 536 through 550, which are enclosed in the box labeled “C", are
completed using the rear robot 450. In one embodiment, the OEBR step 536 is
completed in a OEBR chamber 62 mounted in the first processing rack 460 that
abuts the rear region 445. Referring to Figures 21B and 21D, the rear robot 450
removes a substrate from OEBR chamber 62 and exchanges the substrate in the
stepper/scanner 5 where the exposure step 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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one or nore |inear ball bearing slides, or a conventional |inear guide, that
gui des the robot support interface 487 (e.g., robot base interface) and
robot hardware assenbly 485 as it transfers the substrates between the

vari ous processuegpeshanbers. I n one enbodi nent, the robatctaghualasrA89 is a
direct drive |linear brushless servonotor, illustrated in Figure 211, which
is adapted to nove the robot support interface 487 relative to the linear
slide 488 nounted on the support structure 486 of the enclosure 491. Figure
21 Hillustrates one enbodi nent of the horizontal notion assenbly 490 in

whi ch a ot or cAgbet<Eclntained |ﬁ&h¥%e@ﬁ@rpfoc%s§ﬁg%cmr irehGother @mBelimdritot
shown) and pulley system (not shown) which runs horizontally along the

length of thdhhseeansheantrahinbiosd3a saanes ysebty, trapsderthgpubatrateste aﬁgﬁ@m hed
osition the I r 4 t
Itor:tlns:‘ erred be’tg ’Brocé%g'p%rr%%ﬂegé?n%ﬁpﬁ}? %%ers b%%ﬁﬂ?%?gu@ gql—h I Yj%ltarb%at es

an i sonetric vhambefs anthesbadcke nan die madobmtrequi@etmbmenﬂﬂe prooess iseqéeryer e
21G that is intended to illustrate the internal conponents contained in the
hori zontal notFHH eé'%%rgﬁ'bly 490 and vertical noti on assenbl i es 495. The
lift rall senb@g 495A,
Ss

ertical notion as 495 ner al | ont
\z; | i :‘t act ua!t (59033@%':9’5[%91 g F\)&H"ﬁ?@éla 2%1 ar?é 49?5‘@(@@8’ ginsute prpc
shown in Fi gursfso?tﬂabbfronmﬁdlrbt&mthe%s'%ﬁtmbg 1S 3 Qo SRIIE 3RS oae%frth'&tj@tﬂbper

support 496 and a gui de nechanism 494 to precisely raise and | ower t

hori zont al rmtchembenﬂﬂaamdzml 0B98HP ROT/ P8eo0bL OAEBEIAte dr sitvespestde pride
structural %Bg %R@g@ | s a conventional structural nenber, such as an

| - beam or ot héP % Struct ural conponent that is designed to connect t he
robot assenbl 10,and

oo b T s Fioe P ERTTRER 8 47B0aR LRl puBpotSesesiPb iR g st

the horizont alda lf@ﬂ uaé%%mhbwrdf@%n@m@mm Sthe"fhﬁ EBhtee romsa o, $18 48<bnmy
be a linear ball beari ngQ. % te or a conventional |inear guide that is able
e

to align and cgpkalrebpy4 biié cRBiraiZehebd 40rBndion e searfrhouded-adnetokelves
Iy al 4 Ei H
vertically a %eger'hB@ ?Eg'q}%m@aﬁaha% é’%b&toﬂgf’dyargg s,% ik |4iter@’f 4 SPhSorhd

in one enbodi nent o tron asse actuat or
495B cont ai ns neotiont assed®iCl 9@ agd twﬁ)@eueat/mmnmm:assmblﬂgse#gs ndherpbairhandwane

cont i gur at i on “CRUTP SR pela Y etk 4 Sharryea e dfea FOmtTYStevaies

490 and robot arm (SCARA) robot containing two independently controllable arms/blades. In
another embodiment, as shown in Figure 21H, a single blade type robot hardware
assembly 485 is used to transfer substrates. A dual blade robot may be
advantageous, for example, where the robot has to remove a substrate from a
processing chamber prior to placing the next substrate in the same processing
chamber. An exemplary dual bladed robot may be purchased from Asyst

Technologies in Fremont, CA.

[00338)In one embodiment of the cluster tool 10, the front end robot 410, 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 muttiple 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 muitiple blades that are spaced a desired distance, or pitch,
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Its conponents. In another enbodi nent of the vertical notion assenbly 495
(not shown), the lift actuator 495B is a direct drive |inear brushless
servonotor that nay be purchased from Danaher Mdtion of Wod Dal e,

I11inois. | nWEo8Y &Y ment of the robot assenbly 411, SATHIUSOFSA] ot i on
assenbly contains a lift actuator 495B to raise and Iomer t he hori zontal
noti on assenbly 490 and ot her supporting conponents. |In another enbodi nent
of the robot assenbly 411, a single |ift actuator 495B nounted to one of
the two vertical notion assenblies 495 and the other vertical notion
assenbly 495 enhg. duntexample Hbe dionteng rokal el ta Yot centog3abet 430y dhe: segand

1 ustrates anchoRBhE £a0 iR Bl 0BRGN FRIL Bl RS EPSHERUES rdThave o

contained in ori ZOI’I I ONn asse e enc osure
adapted to ccpuerofahlddemerrtbhbkleﬂmmmw mouhte bnra zsuppauh 780 (shown in

assenbly 490, for safe and cont ation redu t|

particle genef@ures 1od- é%rﬂ?ﬁtnl'sy atta &0 & spdng ﬁ‘a HB%@?&QGPH%'?”V
roll, slide, @bnGOMHAEhRFBRAJESNH andthet éspécmﬁéfr@fm id Qd@pﬁgaﬁ@séﬁms@mck-
corrponents in the horizontal notion assenbly 490, and also the verti'cal

not i on assenblup, 488 sfed antbdrapn ol emdltipiec subsirateshe FRibexnamples avwio armtmbot is

substrates ar e t.h th I e I I

generai 1y confapfe 0 TpCHar PR g = BhCm) Shoadt T L5 Y e
structure 486xhemhrrwWe tfoosemoa:ﬂ mcém@chagbemd b&k -Up aigubseate bsing kasesoridnat
generated particles inside the enclosure, can their way to the surface
of a subst rat &MTRELgR R that they %@d%’fﬁ%@@cﬁ%W%‘é@&‘V‘ééﬂﬁ%@pﬁ structure
486 is a structural menber to which the walls 491A-F, robot actuator 489
robot har dwar &033% Befargnads Figues| ZHéeIr thy hgezoniglgmelipn AASSEEIPlY FEO VeeTRlly

fan unit 493 is,adapedibpsdianon & SEaAMARAbARe8 NS BIG! AR Atlibbraoh

fan port 491 ornmed in one of e encl osure and pus t he
particul at e ctin¢ai slidegdd8 and Iuablegguidefasbemny(m Jhevimeat slide#88 engpacomtaines
before it is _exhauste

Dont T our at | onoge fanarsdrtatBal béinab et (612 ¢8R eDlipda Thes R doat Rudes fe

create a negatobi sRppss iHterfadts4gR(d ferobrnBhasintérA2] af@ rétthaddware Wssemelyt he
enclosure is drawn I1nto the enclosure thus limting the possibility of

particles genéPatdedt iransters tbﬁé“@ﬁ@‘@%QPIéVe@;‘)‘l"h?WéHPIJ%BIQCHQSI“QGf'amPﬁFSGHE one
il ter that comcearmeh. HREromlalabPaso ey oy e rlpy Sl sdifoft
confi gur at i onillustiatend inrFigiigu? H, Whichi is| adsiptet tes mawve dhbadbotesiippaticnteriaherdd7ar e
three fan uni treﬁat‘f'vge?’to the linear slide 488 mounted on the support structure 486 of the enclosure
491. Figure 21H illustrates one embodiment of the horizontal motion assembly 490
in which a motor 489A (e.g., DC servo motor, stepper motor, etc.), a belt (not
shown) and pulley system (not shown)} which runs horizontally along the length of
the horizontal motion assembly 490, are adapted to transfer and position the robot
support interface 487 so that substrates can be transferred between the processing

chambers.

[00340]Figure 21H illustrates an isometric view of an embodiment 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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that are used to draw air fromthe enclosure. In another enbodinent, a
single or dual fan unit systemmy be used in place of a three fan unit 493
configuration, as shown, w thout varying formthe scope of the invention.
[00344] I n om® mobadiment of the |ift rail assenbly 495A, rer/lismoosumedr7 493
(not shown) is adapted to draw air frominside each of the vertical

encl osures 495D to mnimze the chance that the particles generated inside
the vertical notion assenbly 495 will cause defects on the devices forned
on the surface of the substrate. Substrate Center Finding Device [003451 In

an effort to hesembly 4901PEME trRuiahsligriggeketa poraeatiand strovtural eckinpberCetth
el ectroni c device manufacturers often spend a | arge anount of tine tryi

| ( ng to
i nprove the syPStAhRRRAT 9 OHIRA COPRAhFIabPITPYEY, thatisdesansdite 5?%”%‘69'%?)
and increase bhg 4 bl?y@t1te[?erahfr9r“9hﬂgﬁ1b_(9'r-(ﬁob SH\@\fvﬁf ghﬁ@@lﬁt&%og’qgk%d

One factor that can affect systemuptine and reli Ity is th

m spl acement suppoibdhe ateightiandt ihads gegated by phe vedisahmotina raseembiym Ihandthe

o the subst r JPUCORr ol desoREVBIoM mp it BhSURE BEFmth e el BB

scrap all of tiheapaal ibdakigpelideess adcahvbaticradl dmeat Igaide tHie isadtiead edign and
chanber(s) and then restart the process sequenfe all | eadi ng to si%nificant
syst em downt i rECERRlY S9ite theharizanta) matign assemkly 49Mhas itaneves vetisaly alpaa the
process vari iR mafshignada to the substrate caused by msalignnent of the
substrate in %thS 2006/ 069341 PCT/ U52005/ 046877 one of the processing

hanber s, > : : _ .

and drop of i SBTIEFETREHS £ SIBEH ohd driRRANEA! ¥t LeRld i bl epfyf P

may be, for ex&8pites liftrectcatat ¢85P ciantaibe tweetort 425® r(eqrsBCe bembrptdrj steppens
th t int_of the chuyck. [0Q3461T ve these. prohl i

embod: ot of "HRBNCULDET IpEGH AN (ERLE: YL R REP oA Tk 2 Piftand

correction sysbafigdrdfith (fgsRavhEio alReliMd 1owdPNe harewhl nibtiohaidsemBRA90 4nd

used. Figure 22A Tllustrates an isonetric view of two adjacent process

chanbers 1220 itsecagpongake énanper soboginent efihrii@rticd motinsagssantdy 408 dapt
chamber 60, erpoévnS,%bé'uﬁea tydlota SUE 15°2 ArBk J@%Nin%%?%r@ﬁss&%boﬁgﬁg@g‘Fnay

substrate positiron”erfor detection and correction sys
out si de each &k purehaseapiromniQander Wotipur ef Aadi Dalesilliaties o rneecTbioatdiment obf

the SPEDAC YRl 8ot 200hBy o0t ek aNRBSH SE8ert) SoRin R MR RS, AosePP
to raise and lower the horizontal motion assembly 490 and other supporting
components. In another embodiment of the robot assembly 411, a single lift
actuator 4958 mounted to one of the two vertical motion assemblies 495 and the

other vertical motion assembly 495 only contains the guiding mechanism 494.

[00342] Figure 21l illustrates an isometric view of one embodiment of the enclosure
491 contained in the horizontal motion assembly 490. The enclosure 491 is adapted
to cover and support the components in the horizontal motion assembly 490, for
safety and contamination reduction reasons. Since particle 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
aiso the vertical motion assembly 495, do not cause defects on the su‘bstrates 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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1204 and the detectors 1205 are nmounted n a bottom support 1203 which are
all connected to the process chanber 1220. [00347] The SPEDAC system 1200
determ nes the presence of a substrate on a substrate transport robot bl ade
as it enters V¥ 284%P49%841t he openi ng 88 found in the vari ouBCPUBWETGIH]
chanbers and corrects for any error by repositioning the robot blade 1210

I n subsequent transferring steps. The SPEDAC system 1200 utilizes a 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 rmhﬁﬂurpo@&ﬁsmstmtomm&ammraofvdﬂcmﬂye wallnd491 A-R, hebct dotiatat 48%

posi tion. Wen ubstrate po n_error the system

det er ni nes therog’f? é%rtdwgfe ?ﬁ%ep gﬁ' QB @'Hﬁr@?ﬁa éﬁ %ﬁ@@?g Qhch nisal i gnnent,

i f correctable e novenent. of, the robot bl ade sition or alerts a
operator for oﬁ?@?‘\élﬁ?e fan Wit A isddariad-terrsaw aéfefé‘%rf‘l'b{)‘i?%fﬂh%?”%lﬂs%ﬁéﬁﬁlﬂé’toygh
met hod of det e&"férﬁ‘%oﬁn@@’f&%&ﬁ?d Ble fo‘f’ﬁhé%% ro@"tl‘i*e éﬁbfb@b?&ﬂ@?@nd%éh'&@ the
bl ade of the robot is further described in

entitled "Vaf eparbedate enritaigingyait twough a dilterd( n'@téhowsn) tpgwowg wmﬂaﬁ beNme it is

5,483, 138, ent b t f
Substrate in éiriér ocgs%lﬁhg nﬂwgnﬂgsci%ed&} 16, qrqigg?otn ﬁ'g 39}8%% fIggt r?tA’
Appl i cation Nocont&in®8@n Hextfan asitddl N@\/desi@neiﬂ%g;reate dFnegate prsssade. insidbithd
are incorporated erence in their entirety to the extent not

hcons ot ant - wPHdPRE 4B eseiat it cufis e endsdip BBroga e Sciosure thus
PCT/ US2005/ 046ifing\ih& p98bfityobt é&l&é@r@éhéfaxe@msrwtﬂé)eﬁ(ﬂﬂéﬁr@49’109% leaking
position and thus Substrate “position i's further described in U S. Patent

Appl i cation Nooute,!BmEegaThodiment dhapiter ( nQQSh@UGBStad"EPéetM’Qﬁfﬂtelt oradther type o

i s incorporate Vi I T t t
I nconsi st ent wﬂel? tpéeg%lr; Zgrglﬁf’é ghég%ggﬂarg& p&ﬁ %'aqttg% |a‘r?1€ [ng?,%@f lf'1ra' er
enbodi ment  whi stiowrain Bigutesetl liostratps avenibhwimygst wheneptherm apnthres Y& anits 493

reliability by preventi substrat e damage chi ppi ng, substrate
br eakage) 1 1Bl BEUsd th SER asdET tanERgosyer el FeRBET BDOCKREAING S78'e ack

and correct ecﬂliaqrfa%n LRt tspﬁeﬁpﬁia&'&nuégd inRaéeBPA tI'?r'e@%an?'ﬁV 493 Eo1i gBPa‘iioh' a8

of the substrate. In this confrguration, the global positioning detection
system is usedshawrdedithaet vanging|forathieoseopt of e invetiorbl ade (substrate or
robot end effector) with respect to a predeterm ned system datum

Typi cal | y, posloedsayinloneesdbadinent ot the lifbtadtasbemily 495A, a fan unit 483 (not shown)

is adapted to draw air from inside each of the vertical enclosures 495D to minimize
the chance that the particles generated inside the vertical motion assembly 495 will

cause defects on the devices formed on the surface of the substrate.

Substrate Center Finding Device

[00345]In an effort to be more competitive in the market place and thus reduce CoQ,
electronic device manufacturers often spend a large amount of time trying to
improve the system uptime and system reliability to reduce substrate scrap and
increase the total system throughput (i.e., wafers starts per week). 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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position is provided by incorporating encoders on shafts of drive notors for
each control axis, that report the position of the notor and not the actual

position of t bl ade. The actual position nay var t eported
position due \?gzrgmﬁébgis]e coupling between the various dri éngg% @438{73,

| nproper robot paranmeter setup, robot positional control drift, undetected
notion failures, and hardware collisions that may occur. Therefore, to
resol ve these issues, enbodi nents of the invention can be used to track the

t ual t bot bl ade d th bst r at ition. .|
oot oot Broia, o7 e, SoBBherthen e B i JerBioy
(e.g., RF trangaiprates td 3k uﬁahaem@bﬁ ) sisstraty ﬁ@r“naé adnifat otifien.r Thetirdpkfge

or robot to nmeasure and feedback its position to the systemcontroller 101.
Therefore, by pestioromaybeyfaexaypis|the cerigr goial helneieniae reerssaichambeslftpiam

measur enent s Ogrm@%@nteﬁ foﬂhe"&ﬁ]c‘k' on, using the GPS sensor or other
devi ce, the syStemcon can correct errors in the blade position by

adj ustng the" pasiifon ")Je rreesevgraér&%ﬂgr 2, SRR LR e ot e s

posi ti oned by con tion con Eans
and ot her devi gﬂ:strta\eeaﬂbamkn teyipe détadtion arfdedormmr@nrwstdmtneo (hebxifies SPEDAC

position. [0034 one, epbodi nent,, real -tine sitional feedback of the
bl ade posi ti on' 12401, howniecy D81 Shns b5o8 hEIGER AR TILSTART 41 FOMETEH YawIo! two
posi tioni ng deyjiggent3PRcebE Cé‘hdn%erk “1%“%}@ CahkONcHihberd 9BF dhitpREmMbEETS0,
1302 nount ed near t he robot bl ade, that 117 WO 2006/ 069341

PCT/ US2005/ 046men/de\@dnnﬂnmr@amberrﬁm eth arretamred dr @ pecessing rtalqlatthat have two

et oning desARr S BETRRE RoSHRR Bler Hetectn oTF ebERRCE it 120 iBiga
conpared to theutsidemeautiedf ey dpering 881 rl%igrhregQZApdlmlstrawaad)neienfbtodrmgerami the
failures due t un%&ect ed hardware fail ures, 1n one enbodi nent, the

syst em cont roI sypde® 1499 'Gl*@'%ﬂ/glee'ﬁ%ﬁw ‘{Eﬁem BA(@OEQ'@E’éﬂ]alt?BCFUPPO”

(descri bed aboy)s hRJ 498 rd‘é?éctérger J08b&e rBBﬁhthQP@' bdlcas @UBRS 1209 RSP ah?%ll
substrate to robot blade m salignnment errors. This enbodi nent thus can be

used to corr eceorfrectesitbdbe aracess sbambat 122G.ors or novenent of the substrate
relative to the robot blade. [00351]Wiile the foregoing is directed to
enbodi nent s of [003u2] Three SERDAQ vaystanonl 206t Hetermiard tharpreeenaenbbdi amalmt&)fontare

et on Ty 0% 8 gl R SRRRL PSS B RS RSB FURASR e
various processing chambers and corrects for any error by repositioning the robot
blade 1210 in subsequent transferring steps. The SPEDAC system 1200 utilizes a
pair of beams (item “A”) sent from two pairs of transmitters 1206 to detectors 1205
to detect the position of the substrate as it passes through the beams and adjusts
the robot position to compensate for any error in the substrate’s position. When a
substrate position error is detected, the system determines the extent of the
misalignment and corrects such misalignment, if correctable, by the movement of
the robot blade position or alerts an operator for operator intervention. 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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118 W claim 1. A cluster tool for processing substrates, conprising: a
cassette that is configured to contain two or nore substrates; a processing
nodul e conprising:. a first processing chanber that is confi ured_to_Perform
a chill procgggﬂgﬁm§$“substrate supported above a surfacePS%”é”@H?W?7plate
in a first processing region; a second processing chanber that is configured
to performa bake process on the substrate supported above a surface of a
bake plate in a second processing region; and an input chamber, wherein the

first processing chanber, the second pr ocessigfgolcharrber, and the input
ko

chanber are suPBtexampie 1o} andpxareriant Betachioos rabeloBetitiam andithug sHP$UAIR ed
to receive the | H t ali Litd he
substrate in t’lzle | rgﬁ&gpgggégﬁygagﬁa%@g?ﬂgﬁg @@gﬁ%éﬁﬁ%&%ﬁ]ﬁ%ﬂ?ﬁ%&%ogg?ﬁ
wher ei n t he r o23t20081tp Freersan setbbwhichliaheorpmmatadtbyaetarentenin their eotifelygtortbe
to position the robot .blade . in t first d _second processing chanbers:
and a heat exc?fﬁﬁ@i r?'?d nFns e HvétF%p% P{%epﬂa'ﬁﬁlg&’&,mmm cation with the robot
blade and is & rfilg,ured t.o control the tenperature of a substrate

posi ti oned t he PERRIERASMONIAG: he heat exchangi ng device conprises a chilled

transfer arm assenb]y; and a 6-axis.articul ated robot configured to.
transfer the s@%@}%{%h%’e@\%@ﬁ”}eﬁéw 8yt W}%@Rrﬂb%ﬂ‘%g%@rgpt@e #Ae

appar atus of = céyakdm LreldBaHE! By { fevéntingf SRDSESRS idaeh ., ichigpisd! kslibstrat
chanber and th% secgen_d pr%c@ss‘%}%é ct??n‘ger_ is a bakégéggg%er, l@r § psr {)ac%ss
chanber or a IPEBKagrinbdhe uwBe ofrgiokal osiioningosystemi(RPS) (hat shewnktnpiacks ang:
a second process| ul e |t on | | . S|

nodul e, vvhere?c%}ﬁgwégsckntgegcfosl(i:dé)g's(ﬁﬂgg?f% ufﬂgﬁ%%%%é/?gteié bggiltl‘ﬁf ggﬁ%r%d(ﬁztg’gg}ehg
chanber that ik ®antorfigueationo tiee gfobampasitibnihg detextieassysterh ie usedhstdetihe the

supported above a surface of a second chill late in.a thir r 0CesSsi n
reggoon' 119 location o; the ro[)ot b?ade (substrate oP robot end e ector(i| \Buth respect qo a

predetermined system datum. Typically, positiona! feedback of the robot blade’s
position is provided by incorporating encoders on shafts of drive motors for each
control axis, that report the position of the motor and not the actual position of the
robot blade. The actual position may vary from the reported position due to a loose
coupling between the various drive components, improper robot parameter setup,
robot positional control drift, undetected motion failures, and hardware collisions that
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., BRF 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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a fourth processing chanber that is configured to performa bake process on
a substrate supported above a surface of a second bake plate in a fourth-
processi ng rggQi erein the third processi ng chanber th
processi ng cﬁgg @@mg&@. substantially adjacent to each otﬁggakgﬁﬁagy&obot
that is configured to transfer and position a substrate in the third
processi ng chanber and fourth processi ng chanber, wherein the robot
conprises: a robot blade; an actuator that is configured to position the

robot blade in the third.and.fourt r Qcessj chanmbers:. apd a. t

e ohanoi ng. deuneePromancausy Wil e B BTl o e picats, Bt Bt systernng

i's configured dgeht@net 1®1. THE fdRIBRAEK 8f tHeeylSbal HosHiBAINGalewidRORIN0 AR thE iR

wherein the 6-axis articulated robot is configuredto transfer the

substrate bet vweasitiame bgsiobet bladaria beneornpared tpribe eommandadp@dion glimingling

apparatus of chqBrdy WhRRGNalkARS! i Id\hddhecisu Raldahe rhighueen the casset te
g nber conpr I ng € subs

and the third processin ﬁa I'ses renov ‘rate fromthe
third processi e i t S C e

appar at us of E[Pglgrqﬁ Q%\Arﬁkgeérné%ﬁ%ggxttﬁ‘fgrs %%%%‘i@'%ﬁ%ﬁas %&ei §§§ “;té}ﬁlﬁqnl1 2‘(r:]H:'!l}t‘r:%er
and the fourthSPEDAESsysiemciBdlbiiestribedl dledue) tdaobect, the robyBSppsitares plackeadner
or a PEB chanbeyr. 6. The aP aratug of claim3 further conprising an access
port di sposed alsodhe rsybstrae toebehblage spisalicneneny &R nis gmbpdiment thus
apparatus of cda B2 GsdieS BbMedt IGNSIRIAI BabiRemibisdrs ¥ nORINERLS N sGastRes t e
and the third processi ng chanber conprises renoving the substrate fromthe
third processiefaiivetatiseiobphbledgh t he access port and noving the substrate
to the cassette. 8. The apparatus of claim1l wherein the 6-axis articul ated
robot is furt Hee3seBNhilgtheddregoing isaliretied to leenbodipentatod thxeprasent inventioas siker e

and the first in r...420 9. .The a rat. | &l further
conprising an eﬁi"g@z‘gb’a&{)gaﬂ%ﬁ%Sfdt%‘o’d”‘gﬁn“gﬂ??%@‘23835'?%%%@%@9??%&”&£‘§rﬂghe
chanber. 10. Thsiapaseatheteddf and tarscbpshmerion is deweshimedi bygthehslainsiat Rillow.
between the cassette and the first processing chanber conprises renoving
the substrate fromthe first processing chanber through the access port and
novi ng the substrate to the cassette. 11. The apparatus of claim 1l wherein
the cluster tool is disposed in a track
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lithography tool. 121

We claim:

1. A cluster tool for processing substrates, comprising:

a cassette that is configured to contain two or more substrates;

a processing module comprising:

a first processing chamber that is configured to perform a chill process on a
substrate supported above a surface of a chill plate in a first processing region;

a second processing chamber that is configured to perform a bake process on
the substrate supported above a surface of a bake plate in a second processing region;
and

an input chamber, wherein the first processing chamber, the second processing
chamber, and the input chamber are substantially adjacent to each other;

a robot that is configured to receive the substrate in the input chamber and
transfer and position the substrate in the first processing chamber and second
processing chamber, wherein the robot comprises:

a robot blade;

an actuator that is configured to position the robot blade in the first and second
processing chambers; and

a heat exchanging device that is in thermal communication with the robot blade
and is configured to control the temperature of a substrate positioned thereon;

wherein the heat exchanging device comprises a chilled transfer arm assembly;
and

a 6-axis articulated robot configured to transfer the substrate between the

cassette and the input chamber.

2. The apparatus of claim 1, wherein the first processing chamber is a chill chamber
and the second processing chamber is a bake chamber, a HMDS process chamber or a
PEB chamber.

3. The apparatus of claim 1, 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 configured to perform a chill process on the

substrate supported above a surface of a second chill ptate in a third processing region;
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a fourth precessing chamber that is configured to perform a bake process on a
substrate supported above a surface of a second bake plate in a fourth processing
region, wherein the third processing chamber and the fourth processing chamber are
substantially adjacent to each other, and

a robot that is configured to transfer and position a substrate in the third
processing chamber and fourth processing chamber, wherein the robot comprises:

a robot blade:

an actuator that is configured to position the robot blade in the third and fourth
processing chambers; and

a heat exchanging device that is in thermal communication with the robot blade
and is configured to control the temperature of a substrate positioned thereon; wherein
the 6-axis articutated robot is configured to transfer the substrate between the cassette

and the third processing chamber.

4. The apparatus of claim 3 wherein transferring the substrate between the cassette
and the third processing chamber comprises removing the substrate from the third

processing chamber and moving the substrate to the cassette.

5. The apparatus of claim 3 wherein the third processing chamber is a chill chamber
and the fourth processing chamber is a bake chamber, a HMDS process chamber or a
PEB chamber.

6. The apparatus of claim 3 further comprising an access port disposed on a

surface of the third processing chamber.
7 The apparatus of claim 6 wherein transferring the substrate between the cassette
and the third processing chamber comprises removing the substrate from the third

processing chamber through the access port and moving the substrate to the cassette.

8. The apparatus of claim 1 wherein the 6-axis articulated robot is further configured

to transfer the substrate between the cassette and the first processing chamber.
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9. The apparatus of claim 8 further comprising an access port disposed on a

surface of the first processing chamber.
10. The apparatus of claim 9 wherein transferring the substrate between the cassette
and the first processing chamber comprises removing the substrate from the first

processing chamber through the access port and moving the substrate to the cassette.

11. The apparatus of claim 1 wherein the cluster tool is disposed in a track

lithography tool.
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